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EXECUTIVE SUMMARY

In 1983, as a prelude to the monitored retrievable storage (MRS) facil-
ity conceptual design, the Pacific Northwest Laboratory (PNL) conducted an
evaluation for the U.S. Department of Energy (DOE) that examined alternative
concepts for storing spent LWR fuel and high-level wastes from fuel
reprocessing. The evaluation was made considering nine concepts for dry
away-from-reactor storage. PNL engaged subcontractors to provide preliminary
conceptual designs of an MRS facility utilizing each of the alternate con-
cepts. These designs were based on a conceptual MRS receiving and handling
building design provided by the Kaiser Engineers Hanford Company. The stor-
age concepts were developed based on identical parameters for construction
and operating schedules, operating rates, and size of the storage facility.
The nine concepts evaluated were:

» Concrete storage cask e Tunnel drywell
o Concrete cask-in-trench + Open-cycle vault
» Metal casks (transportable o C(losed-cycle vault

and stationary)
¢ Tunnel-rack vauit
e Field drywell
In the initial evaluation, the storage concepts were rated against
seven criteria used to define the relative suitability to the waste system.
The criteria selected and against which each storage concept was rated were:

o Safety and licensability « Storage costs
e Environmental impact + Maturity of concept
» Socioeconomic impact » Flexibility

¢ Siting requirements

Employing several teams of experts experienced in waste management tech-
nology, from PNL and elsewhere in industry, academic institutions and DOE
Taboratories,'and using state-of-the-art applications of Delphi techniques
and hierarchical analysis, these criteria were weighted for importance to MRS
storage, the concepts were rated against the criteria, and weighted composite



rankings were developed defining the order of preference for use of the stor-
age concepts. As a check on the validity of the numerical rankings, a "pair-
wise" comparison of technical attributes and of advantages and disadvantages
of the concepts was performed to verify the selection against the criteria.

The resuits of this evaluation were reported in PNL-5176 (Triplett and
Smith 1984) and in DOE/RL-84-2 (DOE 1984), with the concrete cask selected
as the preferred concept and the field drywell as a backup. These two con-
cepts were used throughout the conceptual design effort that resulted in
DOE’s MRS Submission to Congress in March 1987 (DOE 1987a).

With the subsequent enactment of the Nuclear Waste Policy Amendments Act
(NWPAA) in December 1987, DOE determined that a review of the resuits of the
- earlier concept selection process was needed. This review was intended to
update the data that formed the basis for that selection, and to determine
whether recent changes in the mission, role, or anticipated construction
schedule of an MRS facility might introduce changes that would affect the
validity of the earlier selection.

The purpose and scope of the re-evaluation did not require a repetition
of the expert-based examinations used earlier. Instead, it was based on more
detailed technical review by a small group, focusing on changes that had
occurred since the initial evaluation was made. Two additional storage
concepts--the water pool and the horizontal modular storage vault (NUHOMS
system)--were ranked along with the original nine. The original nine con-
cepts and the added two conceptual designs were modified as appropriate for a
scenario with storage capacity for 15,000 MTU of spent fuel. Costs, area
requirements, and technical and historical data pertaining to MRS storage
were updated for each concept.

The criteria for concept assessment were reviewed and updated. Each
concept was ranked against all other concepts for its performance under each
criterion. The criterion weights developed during the 1984 study were
applied to the rankings under each criterion and a preference ranking of the
storage concepts was computed. The sensitivity of the final preference rank-
ing to the values of the criterion weights was also examined for a reasonable
range of values for the weights. Alternative preference rankings were com-
puted and compared, with the result that the ranking of the top concepts is
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essentially insensitive to the weights assigned to the criteria, over the
range of values examined. Finally, a "pair-wise" comparison of technicail
attributes, advantages, and disadvantages for each concept was made to pro-
vide a check on the numerical ranking process.

This re-evaluation, reported herein, resulted in the following order of
preference for selection of an MRS technology:

1. Concrete cask (sealed storage cask)

2. Field drywell

3. Open-cycle vault

4. Water pool

5. Storage-only metal cask/NUHOMS horizontal modular vault.

As a result of this re-evaluation, it was determined that any of the
concepts examined could be successfully utilized for an MRS facility. How-
ever, the order of preference for concept selection Tisted above was derived
from the evaluation. Exceptions to this order of preference could arise for
some storage scenarios. As an exampie, it may be desirable to construct an
MRS facility in a series of phases; the first phase would do 1ittle but
receive and store fuel, with other handling and preparation capabilities
being added later. For such an application, the transportable storage cask,
despite its higher costs, would he unexcelled as a choice for storage in the
first phase of operations; concrete casks or another concept would be used in
later phases. '
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1.0 INTRODUCTION

In 1983, the Pacific Northwest Laboratory (PNL) performed an evaluation
of monitoried retrievable storage (MRS) concepts for the U.S. Department of
Energy (DOE). The evaluation examined alternative concepts for storage of
spent LWR fuel and high-level radioactive wastes from fuel reprocessing. The
results of that evaluation were reported in PNL-5176 {Triplett and Smith
1984). The storage concepts selected during the PNL-5176 evaluation were
used throughout the conceptual design effort that resulted in DOE’s MRS
Submission to Congress in March 1987 (DOE 1987a).

With the subsequent enactment of the Nuclear Waste Policy Amendments Act
(NWPAA) in December 1987, a review of the earlier concept selection was con-
sidered to be needed. This review was intended to update the data that
formed the basis for that selection, and to determine whether recent changes
in the mission, role, or permissibie construction period of an MRS facility
might introduce changes that would affect the validity of the earlier
selection.

1.1 INITIAL EVALUATION OF MRS STORAGE CONCEPTS

The initial evaluation was made considering eight concepts for dry,
away-from-reactor storage. A ninth concept was in effect synthesized by con-
sidering one of the eight concepts (metal casks) for storage only and for
both storage and transportation of the spent fuel.

PNL engaged several subcontractors to provide preliminary conceptual
designs of an MRS facility utilizing each of the alternate concepts. As a
first step, the Kaiser Engineers Hanford Company was engaged to provide a
conceptual MRS receiving and handling building (Kaiser 1984). The storage
concepts were developed based on Kaiser’s design and on identical parameters
for construction and operating schedules, operating rates, and size of the
storage facility. The subcontractors and the concepts they evaluated were:

» Boeing Engineering Company

- Concrete storage casks (BEC 1983a)
- Open-cycle vault (BEC 1983b) '
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- Concrete cask-in-trench (BEC 1983c)
¢ GA Technologies

- Closed-cycle vault (Washington and Ganley 1984)
- Tunnel rack vault (Morrisette and Ganley 1984)

= Westinghouse Electric Corporation, Waste Technology Services
Division

Metal casks (storage only) (WEC 1983a)
Transportable metal casks (WEC 1983b)
Open-field drywells (WEC 1983c¢)

Tunnel drywells (WEC 1983d)

The concepts, after normalization, were ranked with respect to seven
different criteria relating to their feasibility for use as storage facili-
ties. The criteria considered were: -

s Safety and licensability e Costs of storage
» Environmental impact o Maturity of concept
 Socioeconomic impact e Flexibility

o Siting requirements

The ranking was performed by a committee of experts drawn from different
disciplines related to waste management from within PNL. This ranking was
based on data developed by the concept evaluation subcontractors and from
other available information. Discriminating factors were developed to define
each of these criteria, and the storage concepts were evaluated and numeri-
cally graded for their conformance with each factor. These grades were
accumulated into rankings for each of the criteria. Criterion rankings
developed by each committee member were statistically combined into a single
set of rankings for each concept.

Weighting, or relative importance, of each criterion was estabiished by
a second, independent committee of experts thrdugh a modified Delphi approach
wherein individual matrices of importance of the criteria to the waste
management system were constructed. Each committee member assigned a weight
to each of the criteria based on his developed matrix. The weights for the
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criteria developed by each committee member were then statistically combined
into a single set of weights using the so-called Analytic Hierarchy Process
(Saaty 1980).

The rankings by criterion for each céncept were muitiplied by the appro-
priate weighting factor for each criterion and the products summed to provide
a composite rank, which was then transposed into an ordinal ranking of the
concepts. Sensitivity analyses were applied to the ranking to assess its
applicability. Finally, a detailed "pairwise" comparison of each concept
against each of the others was carried out to verify the order of ranking.

Based on the results of the study, the concrete cask concept was
selected by DOE as the preferred technology for MRS conceptual design, and
the field drywell was selected as the backup concept. The field drywell was
also taken through the conqeptua] design phase.

1.2 NEED TO UPDATE CONCEPT EVALUATION

In order to provide the best possible data to the DOE, the prior evalua-
tion was reviewed and restated in terms of today’s Tevel of knowiedge.
Several factors were involved in the decision to perform this review. These
included:

¢ Additional information has been developed since the original evalu-
ation, through efforts in DOE programs and those of utilities and
utility groups.

o Additional storage concepts have been developed, and some are being
adopted, for at-reactor storage. Comparison of these concepts with
those considered previously will add to the depth of information
made avaiiable to the DOE, and will insure that potential storage
candidates are not overlooked in the review,

o Recent changes in the OCRWM program resulting from enactment of the
NWPAA may make modification of MRS implementation activities
desirable to minimize time required until the initiation of spent
fuel acceptance. One such modification is the "phased" introduc-
tion of MRS, providing early storage capability prior te full-
feature operation of the facility. The compatibility of the
storage concepts to such mission variants is an important item of
additional information which the present review attempts to
provide.
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2.0 SUMMARY OF RESULTS

The initial evaluation process for selection of monitored retrievable
storage {MRS) concepts, performed in late 1983 by Triplett and Smith (1984),
resulted in selection of the concrete cask and field drywell, respectively,
as the primary and backup concepts to be developed in the conceptual design
effort.

Recently, the enactment of the Nuclear Waste Policy Amendments Act
{NWPAA} by Congress, and its signing into law by the President, has mandated
significant changes in the federal waste management system. Meeting these
changes may involve significant changes in the time and method of MRS devel-
opment and of the role MRS may play in the future. For example, one possible
scenario would involve rapid, phased development of an initial MRS facility
to allow early acceptance of fuel from utilities, with subsequent addition of
the capability for preparing fuel for emplacement in the repository.

To ascertain the effects of such changes on MRS needs, and to inves-
tigate storage concepts most compatible with changed deployment timing and
possible new functions for MRS, the storage concept selection process was
repeated, following the course of the prior analysis but with a view to the
changes that might evolve. Like the prior analysis, this evaluation centered
on a multi-attribute analysis technique considering a range of characteris-
tics required of a nuclear waste storage facility. As before, the multi-
attribute analysis was backed up by extensive comparisons of the characteris-
tics of each of the storage concepts considered.

The evaluation resulted in selection of the concrete cask concept as the
preferred storage technology for development, reinforcing the choice made
earlier. Additionally, the field drywell was selected for recommendation as
backup methodology; it is recommended that its development be carried along
with that of the concrete cask until the point where definitive design of the
system is started.

Each of the eleven storage concepts evaluated in this study was indi-
cated to be suitable for use in an MRS system. However, the concrete cask
and field drywell were indicated by the evaluation to be the most suited and
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cost-effective over the range of attributes examined. The other concepts
were judged to have lower applicability in one or more of those attributes.
Some promising concepts had insufficient development or operating history to
assure timely construction and reliable operation; others would be difficult
to expand rapidly if storage needs increased; still other had features that
could restrict the availability of sites. The overall preference ratings of
the concepts considered are summarized in Table 2.1.

Details of the normalization of concept rankings from which this order
of preference was derived are given in Appendix A and summarized in
Table 5.2. The normalized rankings show that the top concepts in Table 2.1,
the concrete cask, field drywell, open-cycle vault, water pool, stationary
metal cask, and NUHOMS horizontal vault, were very close in the composite
rankings.

One of the proposed MRS functions to be examined is the "tailoring" of
repository containers that vary Tittle in the heat generation rates of the
contained fuel. The ability for random retrieval of fuel--common to all the
first five concepts in Table 2.1--may be important for the adequacy of this
tailoring. All of these concepts allow ready access to individual assemblies
or canisters of fuel {as canistered consolidated rods or as canistered or

TABLE 2.1. Order of Preference for Concept Selection

Order of

Preference Concept
1 Concrete Cask
2 Field Drywell
3 Open-Cycle Vault
4 Water Pool
5 Stationary (storage only) Metal Cask
5 } tie NUHOMS Horizontal Vault
7 Concrete Cask-in-Trench
8 Transportable Metal Cask
9 Closed-Cycle Vault
10 Tunnel Drywell
11 Tunnel-Rack Vault
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bare integral assemblies) with relatively 1little effort. Combined with lag
storage capability in the reference receiving and handling (R&H) building
design, adequate flexibility for age-tailoring should be available with any
of the first five concepts. Other concepts (except the transportable metal
cask) entail progressively greater difficulties in rapid, repetitive
retrieval of specific canisters or assemblies.

If further analysis were to show that greater precision in the tailoring
were needed, involving intensive retrieval and substitution of fuel, the
open-cycle vault might be preferred. It allows rapid, random selection of
any canister in storage, and is capable of being "close-coupled" with the R&H
building so that transit time between the storage location and the R&H pack-
aging areas can be minimized. A simple system of overhead cranes or transfer
carts may suffice for fuel movements in such a system.

On the other hand, a decision to store spent fuel as integral assem-
blies, with any consolidation and canistering performed at the time of ship-
ment, might favor storage in a water pool. Pool storage would permit the
same random selection of fuel as the open-cycle vault, on an assembly-by-
assembly basis. Retrieval from a pool would likely be stower than from a
vault, but if it were performed at the head end of a disassembly operation a
slower retrieval rate might be acceptable. Contamination resulting from
storage of bare fuel assemblies could also be easier to contro] with use of a
pool. Pool storage would be less favored, however, if the period of storage
were extended considerably; the higher operating costs for a pool would dis-
favor pool storage under these conditions. Dry storage of fuel is important
to meeting the Nuclear Waste Policy Act (NWPA) direction that requires capa-
bility for "continuous monitoring, management and maintenance of...spent fuel
and waste for the foreseeable future."

Overall, the greatest flexibility for use of storage at the MRS facil-
ity, in view of the uncertainty both of timing and of role of MRS, is
achieved with use of the preferred concept, the concrete cask, or its alter-
nate, the field drywell.
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3.0 METHODOLOGY OF THE EVALUATION REVIEW

The methodology of the present review of monitored retrievable storage
(MRS) concepts followed that of the original evaluation (Triplett and Smith
1984) in simplified form. The same list of criteria was used, and the cri-
teria were again subdivided into descriptors, which were compared against
the current state of knowledge of characteristics of the storage alterna-
tives. A listing of the criteria used in the ranking of concepts, and their
descriptors, is given in Table 3.1. As is shown in the table, descriptors
were added to the c¢riterion of flexibility to include the suitability of a
concept in supporting phased construction of an MRS facility, and its
suitability for long-term starage.

The original evaluation followed a full, rigorous muiti-attribute
approach involving a team of experts selected from various disciplines within
the Pacific Northwest Laboratory (PNL); the procedure used is described in
Triplett and Smith (1984). The present re-evaluation involved primarily
updating of information and consideration of two additional concepts. Repe-
tition of the initial evaluation in its entirety was not required for this
incremental adjustment, and the scope of the re-evaluation did not permit the
use of a team of experts such as was employed in the initial evaluation.
Therefore, a simpler method was adopted for re-evaluation of the concepts.
This method primarily used the authors’ engineering judgment, and coordi-
nation of judgment of others familiar with waste management requirements, on
the impact of the new information on the relative merits of the concepts for
use in an MRS facility.

Four specific MRS design attributes were examined in the re-evaluation,
to conform to the requirements of the MRS System Studies Task C (Storage Con-
cepts for the MRS Facility). These included:

e the ability to be integrated with at-reactor storage

o the ability to support a repository emplacement strategy based on heat-
tailoring of the waste packages

¢ the ability to be integrated with a waste packaging facility

e the adaptability for phased MRS development.
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TABLE 3.1. MRS Storage Concept Ranking Criteria and Descriptors

Safety/licensability

Fase of Conformance with
Licensing Requirements

Criticality Safety

Ease of Monitoring
Containment Integrity
Accident/Malfunction Recoverability
Design Testing

Penetrability and Security
Accountability

Previous Licensing Experience
Environmental Impact
Radioactivity Release

Storage Area Size
Recoverability of Area
Socioeconomic Impact
Aesthetic Considerations
Labor Force Impact

Economic Impact

Siting Requirements

Land Requirements
Geological Requirements
Hydrological Requirements

Resource Requirements

Cost

Life-Cycle Costs

Cost Sensitivity

Cost Estimating Confidence
Concept Maturity
Concept Development
R&D Requirements
Conservatism Needed
Deployment Time
Storage Retrievability
Engineering Simplicity
Flexibility

Site Adaptability

Expandability of Throughput Rate
and Capacity

Sensitivity to Waste Form
Sensitivity to Heat Load
Recoverability of Capital Assets

Critical Resource Consumption and
Recovery

Suitability for Phased Deployment™

Suitability for Long-Term Storage*

NOTE: Descriptors marked (") were added to the initial items Tisted in

Triplett and Smith (1984).



The first three of these attributes were implicitly contained in the
descriptors included in the initial evaluation, particularly in the Concept
Maturity and Flexibility criteria. Only the fourth attribute, that of
adaptability for phased MRS development, was explicitly added to the list of
descriptors. An additional descriptor, that of suitability for long-term
storage, was also added to "cover bases" in the event a future need for such
evaluation should develop.

Following the rankings of the concepts for each of the criteria, an
overall ranking of concepts was made by applying the weighting factors
described in Triplett and Smith (1984). Each criterion was assigned a frac-
tional weighting factor (adopted from the initial evaluation), and rankings
for each concept for a given criterion were multiplied by the weighting fac-
tor assigned to that criterion. The products for each criterion, for a given
concept, were summed to provide an overall ranking, which was then normal -
ized. The sensitivity of this preference ranking to the values of the
weights assigned to each criterion was examined by varying these values over
reasonable ranges and recalculating the rankings.

The final preference ranking was reviewed to assure the reasonableness
of that ranking by performing a pair-wise comparison of all pairs of
concepts. Each pair was compared for each criterion and its descriptions,
and included consideration of specific advantages and disadvantages for each
concept.

In order to update the evaluation, the database for each storage concept
in the original evaluation was modified as appropriate to reflect current
status of system maturity, selection for use, costs, etc. Two new alter-
natives were added to the comparison: water storage pools and horizontal
modular vaults (the latter is marketed as the NUHOMS system). The water pool
represents an old, established storage technology that has raised interest
recently as a potential storage candidate, and the NUHQMS system has been
chosen by two U.S. utilities for at-reactor storage of spent fuel. In view
of the lack of data on these concepts from the earlier evaluation, equivalent
data was gathered from current sources (NUTECH 1985} and from recent
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Battelle-Northwest evaluation projects to the extent it was available. As
before, the data were normalized to comparable storage situations.

In the initial evaluation, the comparisons of costs, schedules and area
requirements included a complete MRS facility, including the R&H building and
all support facilities. For the present review, the scope was limited to
only the storage facility and those support functions directly affecting
storage (except for licensing time requirements, which normally involve
Ticensing of the complete facility). While there is no fundamental dif-
ference resulting from the scopes of comparison, the more direct comparison
used herein demonstrates more clearly the differences among the storage
facilities themselves.

Life-cycle costs and required storage areas were recalculated, for a
15,000-MTU storage system, for each of the nine original concepts and for the
two added systems. Design and construction schedules also were restated for
the storage-only cases; these were taken from the schedules submitted by the
original evaluation subcontractors. Data for the water pool concept were
taken from internal Battelle studies. NUHOMS vault system data were taken
from vendor information, from a published topical report (NUTECH 1985}, and
from internal Battelle studies. The cost, schedule, and area data are pre-
sented in Appendix A. Additional, detailed descriptions that were developed
for the initial evaluation were reviewed. Pertinent information from that
study was updated, and information on the added concepts was included. These
data are included in the text of appropriate sections of this report.

The review was based on a total MRS capacity of 15,000 MTU, to establish
compatibility with the earlier evaluation. A simplified annual operating
schedule was assumed, including: a) loading of the storage field at
3,000 MTU per year for five years, from 2003 through 2007, to a total of
15,000 MTU; b) storage of the fuel for 17 years, through the year 2024, with
gradual reduction of the storage inventory to 9,000 MTU; and ¢) unloading of
the storage field at 3,000 MTU per year over a three-year period, from 2025
through 2027. - Results based on this scenario should be valid for other
scenarios centering on the 15,000 MTU storage inventory.
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The scenario used in this review involved a fundamental change in the
assumed handling of transportable {dual purpose) storage casks. Usually
these casks are treated as a minority constituent of the storage field,
rather than as the primary storage vehicle. A transportable storage cask
received from a reactor would be transported directly to the storage field
without opening; after the storage period it would be shipped directly to the
repository. No opening of the cask, or handling of the contained fuel, would
be performed.

In the present review, the MRS facility is viewed as the primary facil-
ity for consolidating spent fuel into canisters ready for subsequent loading
into emplacement containers. In considering the transportable storage cask
concept, spent fuel received at MRS in any cask (transportable storage cask
or dedicated shipping cask) is removed and prepared for the repository. Fol-
lowing preparation, all fuel to be stored is loaded into transportable casks
and placed in the storage field. At the end of the storage period, the casks
are shipped directly to the repository. Thus, this concept offers system
benefits in avoidance of the waste handling and cask reloading costs and of
purchase of MRS-to-repository shipping casks. However, the saving from
avoidance of purchasing the MRS-to-repository shipping casks benefits the
transportation system rather than MRS itself, and was not counted as a
savings in storage costs. Only the cost savings resulting from avoidance of
waste handling and cask reloading in the direct shipping of storage casks to
the repository was c¢laimed as an MRS benefit.
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4.0 RESULTS OF THE MULTI-ATTRIBUTE COMPARISON

The results of the review of multi-attribute comparisons of the moni-
tored retrievable storage {MRS) concepts are given in this section. These
results are discussed primarily as differences from those reached in the
earlier evaluation (Triplett and Smith 1984). The earlier evaluation was
judged to remain valid with the exception of the noted differences. The
rationale for changes made in the ranking of concepts is discussed in this
section and in Section 5.

4.1 SAFETY AND LICENSABILITY

In conformance with nuclear standards, the criterion of safety is para-
mount in any selection of operating equipment. Assurance of licensability,
derived from safety of the equipment, is important in minimizing delays in
the licensing process that might otherwise seriously delay deployment of an
MRS facility, whose worth to the system hinges on its early availability.

4.1.1 Ease of Conformance with Licensing Requirements

The original nine concepts were ranked for this factor in the initial
evaluation on the basis of 1) system complexity; 2) availability of data
from testing, demonstration or operational experience; 3} effects of equip-
ment failure on safety of operation; 4) methods and effectiveness of venti-
lation and cooling systems; 5) susceptibility to disabling accidents; #6)
available margins of safety in operations; and 7) protection of operating
staff against radiation exposure. The conclusions of the reference evalu-
ation as to the safety and licensability remains valid, with the following
changes:

¢ Both the concrete storage cask and the field drywell concepts have
undergone conceptual design evaluation in the MRS program to date.

Both concepts appear licensable with some additional data confir-

mation. One topical report has been submitted to NRC, and dock-
eted, for a concrete cask design {NUPAC 1987).

o Metal casks have been licensed for at-reactor storage of spent fuel
at Virginia Power Surry site, thus demonstrating conformance with
Ticensing requirements. However, no casks have as yet been lic-
ensed in the U.S. for shipment after a period of storage. A
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significant question as yet unanswered is the reguirement for
recertification of a cask for shipment after a significant period
in storage, and how this requirement can be satisfied for a loaded
and sealed cask.

e A topical report has been submitted to NRC by the Foster-Wheeler
Corporation, and docketed, for an open-cycle vault (FW 1987), sized
for at-reactor storage applications but similar in configuration to
the one (BEC 1983b) included in this review and the initial evalua-
tion. Both the Foster-Wheeler and Boeing concepts are directly
derived from a vault concept developed in Britain by the British
General Electric Company (GEC).

o Both the added concepts (water pools and modular horizontal vaults)
have been licensed for storage under 10 CFR 72. The pool at the
Morris, I1linois, Fuel Storage Facility was licensed for away-from-
reactor storage in 1982 {NRC 1982); before that time all pools
were licensed under 10 CFR 50. The NUHOMS horizontal modular vauilt
system was licensed for storage at the Carolina Power and Light
Company’s H. B. Robinson site in 1987, and licensing of this con-
cept for the Oconee site of Duke Power was recently granted.

4.1.2 Criticality Safety

The previous evaluation indicated that all the concepts then considered
can be designed and built to minimize the potential for occurrence of a
criticality event, but that differences existed in the ease of assuring
criticality safety over a wide range of events, including natural phenomena
such as tornados or flooding. Since all the concepts are capable of being
critically safe, the earlier concept ranking was based on the relative ease
of attaining assured safety from critical events. No change in this basis
was noted for the concepts previously covered. For the added concepts, cri-
ticality can be precluded in pools by appropriate design of the storage
racks for the material being stored. For the NUHOMS concept, administrative
procedures, supporting calculations, and use of added poison material when
necessary are used to assure non-criticality. Allowance for burnup credit,
not considered in the earlier evaluation, would not affect the relative
ranking of the storage concepts.

4.1.3 Ease of Monitoring

The initial evaluation was based on the ability to detect and locate
leaking canisters to permit retrieval for repair or encapsulation, and for
ease of accountability of fuel in storage. That evaluation remains valid for
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the covered concepts. The NUHOMS system is amenable to monitoring of the
individual storage canisters, each of which contains several spent fuel
canisters. Pool storage is not well adapted to identification of leakage
from individual fuel assemblies or canisters, but the visibility of all
assemblies (or canisters) in storage in a pool enhances the ease of account-
ability.

4.1.4 Containment Integrity

This factor considers the ability of the storage concepts to protect
against physical damage during handling operations or during storage that
might result in radioactive releases, and the ability to contain such
releases as might occur. AlT concepts were deemed to be 1icensable from this
aspect, but to vary in the ease of demonstrating licensability. Surface
storage devices were judged more susceptible to damage than the below-surface
concepts or those where storage or handling operations are confined within
protective buildings. The evaluation previously performed remains valid. Of
the added systems, the pool has been demonstrated to afford low probability
of radioactive releases and ready recoverability from radiation release. In
the NUHOMS system, field handling of the heavy (12-ton} storage canisters in
loading and unloading the vault modules may make the system more susceptible
to radionuclide releases in the storage field, where containment of any
release would be difficult. However, overall probabilities of such releases
appear low.

4.1.5 Accident/Malfunction Recovery

The ability to recover from accidents or malfunctions is important in
assessing the safety and operability of a storage system. Simplicity of both
the fuel transport and storage systems was paramount in judging recovera-
bitity; compiexity can result in both greater chances of component failure
and difficulty in recovery. Results of the initial evaluation appear valid
except that, with appropriate design, the open-cycle vault concept should be
equivalent to drywell systems in recoverability from accidents and malfunc-
tions. Pools have been shown to be amenable to recovery from failure situ-
ations. The fuel handling in a pool is simple and manually controlied;
furthermore, although a pool is "active" and requires continual operation of
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the cooling and cleanup systems, the large inventory of water provides iner-
tia that provides ample time for repairs and recovery. For the NUHOMS sys-
tem, as discussed above, recovery after transfer operation accidents may be
more difficult because of the heavy weights being handled and the open-air
environment.

4.1.6 Design Testing

Continued testing of metal casks under the CSFM program has verified
their feasibility for storage, as has the licensing of metal-cask storage at
the Surry piant. Prior test programs for concrete casks and drywe11s have
been supplemented by the design evaluations made during the MRS conceptual
design effort. Demonstration testing of concrete casks in storage use is
scheduled to begin soon at the Idaho National Engineering Laboratory ({INEL).
As was pointed out in Triplett and Smith (1984), the open-cycle vault has
been used for storage at INEL and in Britain. Pools have been used exten-
sively for storage; the first NUHOMS system has been licensed and construc-
ted, and is awaiting its first loading with fuel. Licensing was recently
granted for~a second NUHOMS instaliation. Pools are considered an estab-
1ished technology, whereas the NUHOMS horizontal module concept is less well
established; no operating experience has been achieved to date, although
loading is scheduled for the fall of 1988 at the H. B. Robinson plant. No
major differences were found in the overall ratings of concepts considered in
the prior evaluation.

4.1.7 Penetrability and Security

Performance as regards this factor was considered in the initial evalu-
ation to be dependent on size of the storage area and distribution of storage
modules within that area, ease of visual surveillance of the area, and the
presence of additional penetration barriers within the security fence, such
as massive buildings or tunnel structures. No changes were noted from the
prior evaluation; all concepts can be made adequately secure. Costs of
security systems should be directly proportional to the length of the secur-
ity perimeter required for the area, and thus to the size of the area itself.
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4.1.8 Accountability

The pool concept permits constant visual affirmation of the spent fuel
inventory; the NUHOMS concept uses sealed canisters which require precise
documentation of their contents, but which make it very difficult to remove
fuel or otherwise perturb the inventories. The conclusions of the prior
evaluation were that direct visual examination (including TV sensors) of the
stored fuel may be impossible and (except for the tunnel-rack vault) would
not be feasible, but that documentation of contents of each canister and of
its placement in storage, augmented by monitoring of closures on the indivi-
dual storage units, could satisfactorily provide the needed accountability.
The open-cycle vault was judged to be among the most amenable to visual
inspection; drywell, cask, and closed-cycle vault concepts {and the NUHOMS
concept) are more difficult to cover by the closed-circuit TV scanner tech-
nique; the above-ground storage units reduce visibility within the field.
The pool affords complete visibility of each fuel assembly or canister.

4.1.9 Previous Licensing Experience

At the time the initial evaluation was performed, none of the concepts
then considered had been licensed in the U.S. The accumulated experience
with concrete casks, vaults, and drywells in the U.S. was noted, however, as
was the licensing of metal casks in Europe and of open-cycle vaults in
Britain. Additions to licensing experience since the initial evaluation
include: 1) licensing of metal casks for at-reactor storage at Virginia
Power’s Surry plant, and of the NUHOMS modular vault system at Carolina Power
-and Light Company’s H. B. Robinson plant, and 2) recent licensing of the
NUHOMS system for the QOconee plant of Duke Power. The Morris pool was
licensed in 1982 for storage under 10 CFR 72.

4.1.10 Ranking of Concepts for Safety and Licensing

Ranking of concepts for this criterion were Tisted in the earlier
evaluation (Triplett and Smith 1984). Changes from that evaluation include:
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e The pool storage concept is assigned a ranking of 1, and joins
other concepts with this ranking.

e The open-cycle vault is elevated in ranking from 3 to 1; proper
design can make this concept essentially equal to the field drywell
in safety and licensability.

e The NUHOMS concept is assigned a ranking of 1. This concept has
been licensed for at-reactor storage applications. Its potential
applicability to MRS is discussed under the criterion of maturity.

e Two concepts were lowered in rating. The transportable storage
cask was reduced from a rating of 1 to 2, based on currently
outstanding questions relating to recertification of a cask for
transport service following an extensive period of use in storing
spent fuel. The tunnel drywell concept was reduced from 2 to 3 in
ranking, based on a complete Tack of any licensing action on this
concept.

The revised ranking of the storage concepts as to safety and licensa-
bility is shown in Table 4.1.

TABLE 4.1. Concept Ranking for Safety and Licensability

: Original Re-Evaluated
Concept Group Group
Concrete Cask 1 1
Field Drywell 1 1
Stationary Metal Cask 1 1
Transportable Metal Cask 1 2
Open-Cycle Vault 3 1
Closed-Cycle VYault 4 4
Concrete Cask-in-Trench 1 1
Tunnel Drywell 2 3
Tunnel-Rack Vauit 5 5
Water Pool -- 1
NUHOMS Horizontal Vault - 1
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4.2 ENVIRONMENTAL IMPACT

For the environmental impact criterion, there are no changes in the
evaluation previously performed as regards potential radioactivity release.
Facility area requirements have been modified to reflect only the areas {with
security perimeter) required for storage of the spent fuel. Comparisons of
the water pool and the NUHOMS horizontal vault system are added.

4.2.1 Radioactivity Release

The potential for release of radioactivity to the biosphere depends on
1} 1ikelihood of damaging fuel canisters in handling procedures used in
loading or unloading the fuel; 2) capability of recovering released contami-
nants (recovery from release much more difficult outside than within the R&H
building); 3) potential of penetrating a canister (through physical force or
corrosion) while in storage; and 4) pathways to the environment (via cooling
air streams, groundwater, etc.). Most of the concepts rated high in their
ability to prevent or restrict releases of radiocactivity. However, the
tunnel-rack was rated somewhat lower, since it provides no barrier to release
other than the fuel] canister itself, and the natural-draft cooling system
provides a pathway for release outside the tunnels.

The prior evaluation remains unchanged for the concepts covered. Of the
added concepts, the NUHOMS system relies primarily on the outer storage can-
jster to preclude release of radioactive species. The version licensed has
no provisions for air sampling during storage, although monitors can be pro-
vided for canister-by-canister sampling if required. Water pools have been
recognized as safe storage facilities by NRC in its Waste Confidence Decision
rulemaking (49 FR 171). However, pools are notably inadequate for identify-
ing an individual leaking assembly {or canister). They rely on radwaste sys-
tems for maintaining water purity. Minor gaseous leaks are normally not
treated; for larger leaks, the leaking assemblies are commonly placed in
canisters.

The safety of pools for storing spent fuel generally relates to contin-
ued storage of fuel in the pools, generally as assemblies. After the fuel
has been removed from the pool and kept under inert-atmosphere conditions for
some time, as when fuel is shipped to the MRS and then disassembled and
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consolidated into canisters, cladding temperatures stabilize at considerably
higher temperatures than those of the pool. Reinsertion into the pool after
such an interval, either as integral assemblies or in canisters, may result
in quenching of the fuel cladding and may induce thermal shock to the point
of damage to some rods. This could result in radiation releases into the
pools (for integral assemblies). Instances invelving introduction of heated
fuel into pools have consistently resulted in spallation of crud from the
cladding surfaces, and in several cases have resulted in fission gas
releases, apparently through re-opening of pinholes in the cladding.

Although sealed consolidation canisters would prevent escape of the releases
from the fuel, the potential presence of large quantities of canistered,
failed fuel rods or of Toosened crud within the canisters may affect the
acceptability of this fuel for geologic disposal without more than the normal
treatment. Facilities could be added to provide a cooling period for the
fuel before it is immersed in the pool; this would require an additional han-
dling step, added time in handling, and added costs. Additional data are
needed on the potential effects of quenching and on their avoidance.

The "underground” concepts--field and tunnel drywells, and the tunnel-
rack vault--have potential pathways for radioactivity releases via ground-
water pathways. However, this factor can be accommodated by proper siting in
the case of field drywells (maintaining the wells above the water table}, and
by normal monitoring of both field and tunnel drywells to verify maintenance
of sealed drywell liners. The tunnel-rack vault may be more susceptibie to
possible releases of this type; if the tunnel extends below the water table
at any place, or intersects pathways for water descending to the water table,
sophisticated drainage systems may be needed to assure that the water does
not contact potentially contaminated air.

4.2.2 Stgrage Area Size

Sizes of the required storage areas for each concept, including the
security perimeter with capacity for storing 15,000 MTU of consolidated spent
fuel with associated non-fuel assembly hardware, are shown in Table A.2,
Appendix A. They are summarized below in Table 4.2.
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TABLE 4.2. Storage Facility Area Reguirements for MRS Concepts

Storage Area
{15,000 MTU),

Concept Acres

Metal Storage Cask 45

Concrete Cask 47

Concrete Cask-in-Trench 147

Field Drywell 92-295 {see text)
Tunnel DBrywell 380 (underground)
Open-cycle Vault 17

Closed-cycle Vault 47

Tunnel Rack Vault 20 (underground)
Transportable Metal Cask 45

NUHOMS Horizontal Vault 58

Water Pool 9

The variation indicated for area requirements for field drywells is of
particular interest. The smaller area {92 acres) was calculated by the sub-
contractor performing in the initial evaluation. The higher value
(295 acres) is that estimated by the MRS architect-engineer (Parsons 1985);
it is for a site with large-scale leveling requirements and more requirements
for rock drilling in the placement of drywells, and utilizes more conser-
vative estimates of heat dissipation at the site selected, as compared to the
generic site of the first subcontractor. The subcontractor’s 92-acre field
was used for this re-evaluation as well as for the prior evaluation. These
differences represent the variation in area requirements and area-dependent
costs that can result in an area-intensive concept such as the field drywell.

4.2.3 Recoverability of Area

The ability to recover a storage area during decommissioning of a facil-
ity, and to release it for other purposes, was found to vary considerably
among the concepts initially evaluated. The surface-cask facilities (metal
and concrete casks) rated highest in recoverability No changes in the
conclusions reached in the prior evaluation were made in this re-evaluation.
As before, the tunnel-rack vault and the tunnel drywell concepts entail the
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production and handling of massive quantities of excavation spoils. The
cask-in-trench concept also produces large quantities of these spoils, but
they are mainly backfilled around the casks.

4.2.4 Ranking of Concepts for Environmental Impact

No changes were made in the rankings from the prior evaluation. The
horizontal module concept was added into Group 1. Water pools were assigned
to Group 2, primarily because of the concern over thermal stress when intro-
ducing fuel at elevated temperatures into the water. The resulting grouping
is given in Table 4.3.

TABLE 4.3. Concept Ranking for Environmental Impact
Original Re-Evaluated
Concept Group Group

Concrete Cask 1 1
Field Drywell
Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vault
Concrete Cask-in-Trench

Tunnel Drywell
Tunnel-Rack Vault

Water Pool

NUHOMS Horizontal Vault
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4.3 SOCIOECONOMIC IMPACT

The socioeconomic impact criterion measures the effects on the Tocal
population and economy from building and operating an MRS facility using a
given storage concept. Portions of this criterion are highly subjective, and
much of the impact is site-specific; a negative impact in one area may be
near-neutral or positive in another. Consequently, as is indicated later in
the report, a relatively Tow weight was assigned to these factors in the
initial evaluation, and was retained for this re-evaluation.
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4.3.1 Aesthetic Considerations

The thrust of the earlier analysis of this factor was that 1)} the pres-
ence of the large R&H building would render less significant the differences
in impressions from the storage areas; and that 2) the presence of many dis-
crete shapes, such as casks, would have less desirable visual impact than a
large building. While this conclusion may be questionable, it was accepted
for the present evaluation. On this basis, the pool storage building was
included with the most desirable grouping, while the NUHOMS medular vaults,
involving several separate structures, were placed with the "lesser desira-
bility" group such as casks. Ranking of the nine original concepts, in
which the surface cask concepts were rated low, was not changed.

4.3.2 Labor Force Impact

The initial evaluation ranked concepts on this factor according to the
"swings" of labor demand projected as future additions were made to the
storage facilities. Facilities requiring large increments of addition were
rated lower than those approaching continual expansion. Using this philos-
ophy, the NUHOMS system was rated high while the pool was assigned a lower
rating. The NUHOMS module banks are added in essentially a continuous con-
struction program until full capacity is reached {(essentially the same as
for the open-cycle vault). Storage pools can be incremented in size, but
usually only in fairly large increments, thus producing fairly large swings
in labor. On the other hand, the operating crew of the pool is appreciably
larger than those for most other concepts, thus ameliorating this "swing.”

4.3.3 Economic Impact

As in the prior evaluation, no significant degree of discrimination was
found for this factor. For the two concepts having the highest overall
costs--the metal cask storage systems--the bulk of the costs were for offsite
purchase of the casks.

4.3.4 Ranking of Concepts for Socioeconomic Impact

Minor changes were made to the earlier ranking; the concrete cask was
moved to Group 1 (most desirable) from Group 2, while the transportable metal
cask, because of the high purchase cost of the casks involved, was moved to
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Group 2 (the scemario in the earlier evaluation required no fuel packaging
facilities with these casks; they are required for the present study). The
pool and NUHOMS concepts were both placed in Group 1. The resultant grouping
is shown in Table 4.4.

TAB .4. Concept Ranking for Socioeconomic Impact
Original Re-Evaluated
Concept Group Group

Concrete Cask 1
Field Drywell
Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vault
Concrete Cask-in-Trench
Tunnel Drywell
Tunnel-Rack Vault
Water Pool
NUHOMS Horizontal Vault
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4.4 SITING REQUIREMENTS

The requirements imposed on a site by the storage concept chosen for an
MRS facility are a measure of the number of available sites which might be
found that are satisfactory for its deployment. While many siting deficien-
¢ies can be overcome by added engineering {and cost), a concept with the
Teast restrictive requirements for its siting will be most acceptable from
both cost and environmental aspects.

4.4.1 Land Requirements

"~ As was pointed out in the prior evaluation, the area required for stor-
age of a given quantity of material can determine relative availability of
sites in a region, although the availability of a given size plot will vary
from one region to another and from one site to another. The earlier
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evaluation assigned relatively low importance to the land availability factor
in the overall siting requirements criterion; that assumption was retained
for the present re-evaluation.

One factor that may influence site area requirements is the need to
Timit possible exposure to radiation at the site boundary to 75 mrem per year
or less to the thyroid, or 25 mrem per year or less to the whole body or any
other organ, as is required by 40 CFR 191 and 10 CFR 72.104. Typically, the
criterion for distance from the storage area to the boundary represents a
trade-off between allowance for extra separation distance and provision of
additional shielding for the storage vessel or structure used. In one case,
at Gorleben, West Germany, the intensity of sky shine from a field of metal
storage casks forced the enclosure of the casks in a shielding structure.

The radiation levels experienced were attributed to insufficient shielding in
the Tids of the early casks used at that site. For the present study, suf-
ficient shielding was assumed to be provided with each concept that distance
to the site boundary was governed by security considerations. Actual dis-
tance requirements may vary from one site to another, as determined by the
trade-offs mentioned.

Estimated surface (and underground) area requirements were summarized
for the current review in Table 4.2.

4.4.2 Geological Requirements

This factor considers seismic characteristics at a site and seismic
behavior thermal conductivity, and chemical type of the host rock. Another
factor is the depth to bedrock at a site. Shallow overburden provides ease
of constructing building foundations, but increases the costs of excavation,
drilling for drywells, etc. Excessive depth to bedrock, on the other hand,
can increase costs of building foundations and may detract from seismic
safety. Thermal conductivity of the rock affects the required storage area
size for concepts relying on heat dissipation through the rock structure; and
rock chemistry, combined with hydrological conditions, can affect corrosion
of drywell Tiners or other storage features.
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No changes were made to the original ranking of concepts. Both added
concepts, the pool and the NUHOMS modular vault system, were placed in the
highest category, with the other surface storage concepts.

4.4.3 Hydrologica] Requirements

Groundwater can affect storage systems which it contacts by promoting
corrosion of structures or containment of the systems, or more directly by
flooding portions of the storage area. As before, surface concepts were rated
highest from a hydrologic standpoint. No changes were made in the original
ratings. Both the NUHOMS system (an above-ground concept) and the pool were
rated in the highest category. Although the structural shell of a pool may
be in contact with groundwater, pools at reactor sites have generally opera-
ted well with no discernible effect from groundwater-induced corrosion.

4.4.4 Resource Requirements

For this factor the pool and the NUHOMS system were both placed at
second-Tevel category. Pools require large amounts of stainiess steel for
lining of the pool itself, and for storage racks. The NUHOMS concept uses
large quantities of lead in the end shields for the storage canisters. Metal
casks, as noted in the initial evaluation, use Targe amounts of lead and
stainless steel in some designs. As was noted earlier, the discrimination
among concepts on resource requirements is not significant; no unusually
large amounts of scarce or strategic resources are used.

4.4.5 Ranking for Siting Requirements

Only minor changes were made in the prior ranking. With the new con-
cepts added, the ranking order is as listed in Table 4.5. The order of
ranking in this table shows the greater sensitivity of the concepts interfac-
ing below-ground strata to heat-dissipation capacity and possible corrosive
action.

4.5 COST AND COST SENSITIVITY

As might be expected for a system 1ike the MRS, which is basically
environmentally benevolent and has low sensitivity to siting regions or
characteristics, cost factors involved in the storage concepts take on
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TABLE 4.5. Concept Ranking for Siting Requirements

Original Re-Evaluated
Concept Group Group

Concrete Cask 2 1

Field Drywell

Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vauit
Concrete Cask-in-Trench
Tunnel Drywell
Tunnel-Rack Vault

Water Pool

NUHOMS Horizontal Vault

S h N W == = = N

— = W N A N e e e

considerable significance. Added to this significance is DOE’s mandate from
the Nuclear Waste Policy Act (NWPA) to use Waste Fund money in as cost-
effective a manner as possible. In 1ike manner, confidence that a cost
estimate will be accurate, and the sensitivity of costs to changes in size or
throughput of a facility, are important. These factors--life-cycle costs,
cost sensitivity, and cost-estimating confidence--were considered in the
initial evaluation and are re-cast herein.

4.5.1 Life-Cycle Costs

The 1ife-cycle costs of concepts in the initial evaluation were given in
undiscounted, 1983 dollars. A1l costs were reviewed, re-cast by eliminating
those MRS costs not directly associated with the storage facility, and recal-
culated in view of current knowledge, including data from later studies and
results of recent research and demonstration projects where appropriate.
Costs for the pool and the NUHOMS system were included. In the course of the
recalculation, all costs were updated to mid-1988 dollars. As in the ori-
ginal study, undiscounted dollars were used for the ranking. Life-cycle
costs for the concepts, under these conditions, are given in Table 4.6.



JABLE 4.6. Life-Cycle Costs for Storage Concepts{(?)

Life-Cycle Costs

Concept _{$ miilion)
Field Drywell 141
Concrete Cask 189
Water Pool 227
Tunnel-Rack Vault 326
Open-Cycle Vault 344
NUHOMS Horizontal Vault 509
Concrete Cask-in-Trench 625
Closed-Cycle Vault 668
Tunnel Drywell 821
Stationary Metal Cask 1709
Transportable Storage Cask 2330

{a) Costs shown are given for 15,000 MTU spent fuel
storage facilities at an MRS site in undiscounted
mid-1988 dollars.

A1l concepts were assumed to be utilized for storage in the same con-
text, except that transportable storage casks were assumed to be shipped
directly to the repository from the storage field. This use of the casks is
estimated to save approximately $30 million by avoiding trans-Toading of the
fuel into dedicated shipping casks. Additional savings to the transportation
system of about $70 million would accrue from the avoidance of capital costs
of dedicated MRS-to-repository shipping casks. The Tatter savings, however,
were not considered as savings to MRS, and hence were not inciuded (even if
they had been fully allowed the ranking of this concept would not have
changed). The projected savings are included in the cost estimates of
Table 4.6.

Costs of the metal casks were taken from DOE estimates of recent cask
designs currently under consideration {DOE 19B87b). For either the storage-
only or transportable metal cask concepts, it was estimated that 1187 casks
would be required in the scenario assumed, for storage of the 15,000-MTU fuel
and the associated assembly hardware. Since all casks are purchased from
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vendors, normally quantity discounts would be assumed with this high a usage.
However, it was assumed that no casks could be purchased until NRC has
granted a Ticense for the MRS facility. All casks must be purchased and
delivered during a 24-month construction period and the ensuing 4.5 years of
the first five years of operation {all casks are filled at the end of the
five-year period). Therefore, the casks must be produced at a minimum rate
of about 185 per year, ar nearly two orders of magnitude above current
industry capability. During approximately the same time period the entire
fleet of dedicated transport casks must be procured from and manufactured by
the same industry. Furthermore, no storage casks would be required after the
MRS storage field was filled. Under these conditions, costs charged per cask
may represent a premium rather than a discount; therefore, no discount was
assumed for cask costs. However, a reduction of $500,000 (out of $1.75
million total) per cask was assumed for transportable storage casks, repre-
senting a possible reduction in the costs of cask certification,

Other scenarios involving less intensive use of metal casks may
encounter more favorable costs than projected above. One such scenario is
that of the three-phase MRS, whose first phase would involve transportable
storage casks, filled at the reactor sites, with little required at MRS but
cask pads and equipment for unloading incoming casks frem their carriers and
transporting them to the pads. Later, after the full MRS handling and pack-
aging capabilities were in place, the fuel in these casks would be unloaded,
processed through the MRS facility, and either returned to a (final-phase)
storage field or shipped to the repository. 1n such a scenario, use of the
casks in only the early-phase acceptance would require fewer casks, would
place less burden on the manufacturers, and could result in some discounting
of the cask purchase price.

4.5.2 Cost Sensitivity

This factor examines the ability of a storage facility to adapt to 1)
increase or decrease in the rate at which material is received and stored,
or 2) increase (once or repeatedly) in the storage capacity of a facility
above that originally provided, with minimal increase (or, hopefully, with a
decrease) in the unit costs of storage.
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In the initial evaluation, the drywell and tunnel-rack vault concepts
were found to be least sensitive to waste form and to storage capacity. No
change in that ranking was made in this review. Of the added concepts, the
NUHOMS system is assigned a mid-range ranking. The individual banks of
horizontal storage vaults are sequentially constructed as needed; expansion
should therefore be accorded an essentially constant unit cost. Storage
pools, however, involve considerable effort to increment, and any expansions
are probably best done in large increments. No pool has as yet been expanded
in storage area; however, provisions for future additions were made in the
construction of the Morris spent fuel storage facility, which was initially
built as the receiving pool for a planned fuel reprocessing plant. The ini-
tial excavation for the pool was extended far enough to accommodate the then-
planned addition, then backfilled to the size needed for the present pool;
this was done to avoid future stress on the pool walls caused by excavations
for future construction work., Also, a transfer channel and gate were
installed at the "outer” end of the pool to provide fuel transfer between
the planned pool sections.

Because of the perceived difficulties in operations of this type, the
pool was given a low rating in cost sensitivity.

4.5.3 Confidence in Cost Estimate

This factor weighs the base of construction and operations experience
for the various storage concepts as a measure of the confidence that a given
cost estimate will be realized in actual cost experience. No changes were
made in the original ranking. The water pool, with its wealth of history,
was ranked in the top category on this account. The first NUHOMS system
constructed, for Carolina Power and Light Company, was completed for about
$60/kg. Since this is the first unit completed, the system was assigned a
third-level category. Additional construction experience could well improve
this rating.

4.5.4 Concept Ranking for Cost

Ranking of the candidate concepts for the cost criterion is shown in
Table 4.7.
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TABLE 4.7. Concept Ranking for Costs
Original Re-Evaluated
Concept Group Group
Concrete Cask 2 1
Field Drywell
Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vault
Concrete Cask-in-Trench
Tunnel Drywell
Tunnel-Rack Vault
Water Pool
NUHOMS Horizontal Vault
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4.6 CONCEPT MATURITY

A concept that is well-developed, has been demonstrated, and has had
prior usage will have a minimum of unknown factors affecting the cost and
schedule of deployment. Such a concept would require little research and
development to verify design, and would have a high 1ikelihood of operating
at design rates without extended learning perieds. Since a major benefit of
MRS may be its compatibility with rapid deployment to provide early start of
acceptance of spent fuel from the utilities, the criterion of maturity has
considerable weight in concept selection. A mature storage concept can be
deployed in less time, and with greater certainty of meeting operational
objectives, than can Tess-developed concepts.

The overall maturity of the concepts was based on analysis of the
following factors:

e state of concept development
e research and development requirements
e need for conservatism in design and construction

e time required for deployment



e retrievability from storage
¢ engineering simplicity.

As for other criteria, the initial evaluation was reviewed, modified if
appropriate, and analyses for the pool and NUHOMS concepts were added. A
ranking of concepts for maturity was made based on a composite of the factors
above.

4.6.1 Concept Development

The concepts initially reviewed ranged from those having well-developed
designs and demonstration facilities, and in some cases extensive histories
of successful operation, to those which have not progressed beyond the con-
ceptual design phase and which require extensive, complex remote handling
systems. '

Of the concepts initially evaluated, the field drywell, concrete cask,
and open cycle vault have been used extensively in storage operations in the
U.S., Canada, and the United Kingdom. Concrete casks have been used exten-
sively in Canada and at the E-MAD facility at the Nevada Test Site. Tunnel
drywells have been extensively tested in the Climax mine at the Nevada Test
Site, and more recently in test facilities for the former Basalt Waste Iso-
Tation Project. The concrete cask-in-trench is configured similarly to a
drywell, giving confidence as to its operability. Metal casks have been used
as the mainstay of radioactive materials transportation for over 40 years;
they are also used extensively in Europe for spent fuel storage. In the
U.S., metal casks have not been used operationally for Tong-term storage, but
testing is under way, and the storage facility at Virginia Power’s Surry site
has been in operation since 1987. The extensive past history of this concept
gives high confidence that its Tong-term reliabitity and operability will
meet expectations.

On the other hand, the closed-cycle vault and the tunnel-rack vault have
been neither built nor operated. The closed-cycle vault uses developed
technology, but no testing of the system--and particularly of the use of
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heat-pipe cooling--has been performed for spent fuel storage. The tunnel-
rack vault exists as a design only. It makes use of complex placement-and-
retrieval systems based on remote operations. Similar operations have been
developed for use in warehousing operations, but evidence of reliable opera-
tion in high-radiation fields, and demonstration of procedures for main-
tenance and recovery from failure under those conditions, is lacking.

O0f the added concepts, the water pool is highly developed; pools have
been used for spent fuel storage since the earliest reactor operations in the
1940s, and are universally used in today’s power reactors. On the other
hand, the NUHOMS modular horizontal vault concept is new; it has only
recently been licensed by NRC, and the first commercial application is still
under construction, with leoading scheduled to begin in the fall of 1988.
Thus, it has not been "proved out" in operation. Its maturity would rank
below that of open-cycle vaults, but above the closed-cycle vault and tunnel-
rack vault concepts.

4.6.2 Research and Deveiopment Requirements

An important measure of the maturity of a concept is the amount of
research and development effort required prior to construction and operation.
For the various storage concepts involved, the R&D effort can range from
routine testing for design optimization to complex programs to develop
untested systems.

The water pool concept is by far the most developed of the storage
methods considered; littie if any R&D effort would be needed for normal
storage operations. Concrete and metal casks are undergoing testing under
the Commercial Spent Fuel Management (CSFM) Program, at the Idaho National
Engineering Laboratory and at several reactor sites and the Morris storage
facility; as noted above, metal casks are in service at the Surry storage
yard. Sufficient data should be available from these activities to minimize
additional R&D needs associated with use of these concepts at MRS. For the
transportable storage cask, however, development of an appropriate method for
instrumented inspection of cask body integrity would be needed for recer-
tification without need for emptying a loaded cask.
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Some benchmark data are available for drywells, but additicnal on-site
tests may be needed at some locations to assure sufficient heat dissipation
capability. Further studies on long-range corrosion characteristics of dry-
wells in various soils would be desirable.

Open-cycle vaults and NUHOMS horizontal vaults operate on well-under-
stood principles with their natural-draft cooling arrangements. However,
verification testing involving prototypes or models may be desirable to
"prove out" the operability of specific designs. The heat pipe cooling
system of closed-cycle vaults would need additional development of similar
nature. Although heat pipes have been used in a variety of applications, the
design principles involved are not yet mature.

The tunnel-rack vault concept appears to require more R&D effort for
successful deployment than any of the other concepts evaluated. The complex
remote-handling systems involved in storage of fuel in the tunnels and its
subsequent retrieval are based on similar systems developed for warehousing
operations, but the high radiation environment and remote operation require-
ments require substantial development of this system. In addition, the
natural-draft cooling system would require demonstration, and modification if
needed, to assure that it could function adequately while confining radio-
activity releases.

4.6.3 Conservatism Needed

The degree to which conservative estimates and design features must be
included in a concept to assure operability is dependent on the state of
development, and thus is directly related to the factors discussed in the
last two subsections. The ranking of concepts for conservatism requirements
thus follows directly from the rankings for the factors of development status
and R&D requirements.

4.6.4 Deployment Time

The required deployment time for a storage concept can heavily influence
both planning processes for an MRS facility and the merits of the facility in
the waste management system. This is particularly true for a "phased" MRS
facility, in which a storage facility with minimal fuel handling capabiiities
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would be deployed initially to advance the date when it could begin receiving
spent fuel, with the full MRS facility coming into service later.

In the earlier evaluation, deployment of the complete MRS facility was
considered; thus the deployment period required for the receiving and hand-
ling facility would mask shorter deployment periods for some storage facili-
ties. Benefits from short-deployment storage systems were thus limited. For
this study, the analysis was repeated for the storage facility itself,
together with any interconnections with an MRS facility but excluding the
non-storage portions of that facility. This procedure gives a better indica-
tion of those concepts with short deployment times, which might best be used
in a phased MRS deployment.

The estimated deployment times (excluding times for facility siting) are
shown in Table 4.8. The estimated times in the initial evaluation included
schedules for design and construction, but did not include time requirements
for licensing actions by NRC. For this re-evaluation, estimates of licensing
time were added to provide more complete estimates of time requirements for
deployment.

The estimated total times are shown in the table for three cases:

o Deployment of a full MRS facility utilizing the storage concept
{Table 4.8a);

o Designing and licensing a full MRS concept, but advance construc-
tion of the storage field {(Table 4.8a);

e Designing, licensing and construction of a storage field only, in
advance of the remainder of the MRS facility (Table 4.8b).

The table is based on an ultimate storage capacity of 15,000 MTU for
each concept. The capacity supplied at the time fuel acceptance begins is
indicated in Table 4.8c; the balance of the storage capacity is assumed to be
added over the first five years of operation, during the time when additional
fuel is assumed to be placed in storage.

Time estimates for design and construction in the table (4.8a and 4.8b),
for the previously evaluated concepts, were taken from overall schedules
furnished by the evaluation subcontractors. The schedules for the water pool
and NUHOMS concepts were derived from other Battelle analyses.
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TABLE 4.8a., Estimated Deployment Times for Storage Concepts

(Time for Facility Siting Excluded)

Deplevment Time {months)/Total Facility Deployment Time (months)/Storage Facility Only
Cancept Design‘a’Licensing‘a)(:onstru:tig(b)Total Desigg‘a) Licemim(a) construction“)rotal
Field Drywell 26 30 50 106 26 3 1% 70
Tunnel Drywell 26 30 50 106 26 L] 30 85
Cancrete Cask 25 30 50 106 26 3 24 ao
Carcrete Cask-in-Trench 26 30 50 106 26 30 24 20
Stationary Matal Cask % .30 50 106 26 30 24 80
Trensporteble Metal Cask 26 30 50 104 26 30 24 B0
NUHOMS Horizontal veult 26 30 50 106 2b 30 30 8&
Open-Cycle Vault 26 30 50 106 26 30 36 92
Closed-Cycle Yault 26 48 S0 124 26 48 48 122
Water Pool 26 30 50 106 26 k1) 38 92
Tunnel-Rack vault 26 48 50 124 26 48 40 114

(8) Assumes design and Licensimg of full MRS facility.

¢(b) Fram MRS proposal - initial construction phase only (from granting of license until fuel acceptance starts).

{c) From contractors’ estimates - initial comstruction phase for storage field only (from granting of license until
fuel acceptance atarts).

TABLE 4.8b. Estimated Deployment Times for Storage Concepts
Assuming Separate Licensing of Storage Facility

{Time for Facility Siting Excluded)
Deployment Time (months}/Storage Facility Only

Concept Desiqn(a) Licensing(b) Construction{€) Total
Field Drywell 14 30 14 58
Tunnel Drywell 18 30 30 78
Concrete Cask 12 24 24 60
Concrete Cask-in-Trench 12 30 24 66
Stationary Metal Cask 14 24 24 62
Transportable Metal Cask 14 30 24 68
NUHOMS Horizontal Vauit 16 24 30 70
Open-Cycle Vault 24 24 36 84
Closed-Cycle Vault 14 48 48 110
Water Pool 24 24 36 84
Tunnel-Rack Vault 22 48 40 110

{(a) Completion of Tlicense application design for storage facilities only
(estimate based on contractors’ estimates).

(b) Assumes separate licensing action on storage facility prior to
licensing of balance of MRS.

{c) From contractors’ estimates: Initial construction phase for storage
field only (from granting of license until fuel acceptance starts).
See Table 4.8c.
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TABLE 4.8c. Storage Capacities Provided During Initial Construction
Phase (total storage capacity 15,000 MTU)

Initial
Concept Capacity, MTU

Field Drywell 0
Tunnel Drywell 3,000
Concrete Cask 1,500
Concrete Cask-in-Trench 3,000
Stationary Metal Cask 4,500
Transportable Metal Cask 4,500
NUHOMS Horizontal Vault 3,000
Open-Cycle Vault 3,000
Closed-Cycle Vault 5,700
Water Pool 15,000
Tunnel-Rack Vault 15,000

Based on experience gained in the MRS conceptual design, licensing times
for a full MRS facility that utilizes concepts with prior licensing histories
or substantial prior use are estimated at 30 months (limited by the MRS
Ticensing period); for the less proven concepts, a 48-month period is assumed
to be required.

For the third case, involving advance licensing of the storage concept
and necessary support facilities prior to licensing of the full MRS facility,
those concepts that have previously been Ticensed at reactors (metal casks,
NUHOMS horizontal vault, and the water pool) or have received approval of a
:topica1 report {open-cycle vault) were assumed to require 24 months for
licensing (at-reactor licenses for some concepts have been granted in as
1ittle as 18 months; added time allowance was made for the larger size of the
MRS storage field and the likely greater interest paid by interveners to
MRS). Other concepts were assumed to require 30 months for licensing, except
for two advanced concepts. These, the closed-cycle vault and the tunnel-rack
vault, were assigned 48-month licensing periods.

Task H of DOE’s MRS System Studies addresses the questions of NRC licen-
sing; the assumptions made above are subject to change depending on the out-
come of that task, but are believed to be appropriate for use in the ranking
of the concepts.
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The time required for siting an MRS facility is indeterminate at pres-
ent; it will depend in part upon the selection process, and on siting guide-
1lines now under development. However, the site selection must be made before
the deployment steps in Table 4.8a and b can proceed; thus, the deployment
times shown in the table must be preceded by an adequate time for siting the
facility (although for a concept with sufficient flexibility as to site con-
ditions the site selection could perhaps overlap into the early design
period).

Preliminary conceptual design of the storage facility is assumed to be
performed during the period of siting of the facility.

A different factor may affect the timely deployment of a storage field
employing metal casks. As was previously mentioned, the storage of
15,000 MTU of consolidated spent fuel, together with its associated assembly
hardware, is estimated to require about 1187 casks; these casks are assumed
to be filled during the first five years of facility operation. Thus, they
must be procured over a period not appreciably longer than 6.5 to 7 years
{Section 4.5.1).

Production of casks at the required rate would require a substantial
industrial base, particularly for the casting and/or forging of the heavy
cask bodies. Today’s manufacturing base would require major expansicn over
the next decade to make the casks available in the quantities and on the
schedule needed (170 to over 200 casks per year above those needed for
transportiation). Further, after the repository begins operation, there would
be no "aftermarket" for additional storage casks. The uncertainties of major
industrial expansion to meet a short-term demand Tead to corresponding
uncertainty as to meeting the "up front" demand for storage in casks. This
led to the assumption of an extended Tead time of 24 months for procurement
of the first casks (about 356 casks would be supplied initially).

4.6.5 Storage Retrievability

The MRS storage facility is intended to store spent fuel only until the
time it can be received at the repository. For the scenario used in this
evaluation, the maximum storage time would be that of the projected operating
life of MRS - about 25 years. AIll fuel placed in storage must be retrieved
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within that time period, with minimum effort. From time to time, early
retrieval of specific fuel canisters may be required--for example, for
blending with other canisters to provide "heat-tailored" loads for disposal
containers, or to repair a canister that has shown indications of radio-
activity leakage.

The drywell, water pool, and the open-cycle vault concepts provide rapid
and random access to any canister in storage, with relatively simple opera-
tions involved in the retrieval. Metal and concrete casks offer similar
ready access; however, a cask must be transferred to the R&H building port,
opened, and the desired spent fuel canisters removed. The cask, if canisters
are left inside, must then be returned to storage.(a) Closed-cycle vaults
and NUHOMS horizontal vaults use special storage canisters, each of which may
contain several spent fuel canisters. The storage canisters must be removed
from the vault and transferred to the R&H building (using shielded carriers)
where the storage canisters are opened and the fuel canisters extracted. If
only one (or a few) canisters are desired, the remainder must be re-sealed in
the storage canister and returned to the vault.{(38) 1In addition to the extra
effort involved, some added opportunity for transfer accidents would be
introduced.

The cask-in-trench concept requires excavation of the cask before its
return to the R&H building, again adding to the required effort.

The tunnel-rack vault concept is fundamentally different in its opera-
tion. Fuel is normally stored in and retrieved from storage in a first-in,
last-out process; each rack is removed from its storage rail in the reverse
order of its placement. Thus, retrieval of any spent fuel canister other
than one in the last rack stored requires extensive shuffling of the racks to
empty rail positions, removal of the desired rack, then replacement of the

(a) To a limited extent, "extra" fuel canisters, left in a cask or storage
canister after removal of selected canisters for heat tailoring pur-
poses, may be stored in the in-building MRS lag storage facility
instead of being returned to the storage field.
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displaced racks. Such a procedure, carried out by remote control, would be
time-consuming and costly; it also could introduce hazards of fuel canister
damage or of equipment breakdown.

4.6.6 Engineering Simplicity

Simplicity in engineered systems generally equates to ease and relia-
bility of operation and to lTower operational costs. The reljability factor
applies both to handling requirements during storage and retrieval operations
and to periods of unattended storage. Thus, there are considerable incen-
tives toward use of simple systems for storage.

Metal and concrete casks are the simplest of the concepts investigated.
A1l handling of radiocactive materials during storage or retrieval is per-
formed within the R&H building. The only operations outside the building
involve the transport, placement and removal of sealed casks. During
operation, passive cooling of the casks by the surrounding air suffices to
maintain desired storage temperatures of the fuel. Drywells are similar in
simplicity, depending only on the surrounding sail to remove heat. However,
this concept requires a shielded transporter for placement and removal of
fuel canisters. The open-cycle vault is similar in operation to the drywell
concept, but has the added complexity of a natural-draft cooling system to
maintain cooling.

The heat-pipe cooling system employed in the closed-cycle vault intro-
duces additional complexity; this concept also requires use of a shielded
transporter for the storage canister.

By far the most complex of the concepts evaluated is the tunnel-rack
vault. Its highly complex, remotely operated fuel transfer system may
involve remote maintenance or removal of failed equipment from high-radiation
areas. Its natural-draft cooling system is simple in operation, but could be
complicated if confinement capability were required (large quantities of fuel
would be stored in ventilated tunnel drifts in this concept, with no barriers
to radioactivity escape other than the fuel canisters).

The water pool shares simplicity of storage and retrieval with the cask
and drywell concepts; any canister stored can be readily retrieved, without

4.28



restriction. On the other hand, the pool requires active cooling and rad-
waste treatment systems, which must be in continuous operation. This
entails added operating costs. However, the large thermal capacity of the
pool allows routine maintenance or repairs to the system to be carried out
without additional hazard in event of maifunction or breakdown,

The NUHOMS vault and closed-cycle vault concepts use storage canisters
carrying several fuel canisters each. Heavy, shielded transfer casks must be
used for movements to and from the R&H building. In addition, the sealed
canisters must be opened to retrieve fuel canisters.

The NUHOMS system is current1§ designed for use with a reactor pool.
Substantial modification may be necessary to adapt it for use with a hot cell
and at MRS handling rates. Specific points are:

e The canister must be held within the transfer cask, or supported in
a horizontal position, at all times during handling and storage.
It has no provisions for vertical 1ifting, and when loaded it is
questionable that the seal-weld at the top 1id could support the
weight of the canister plus fuel. Thus, in a hot cell fuel must be
loaded/unloaded with the canister held in the transfer cask, or the
cell must be provided with a horizontal entry port for loading and
unioading the cask, and an adequate cradle for the canisters.

o The operations of seal-welding the top plate to the canister, and
of breaking the weld seal during fuel removal, should be mechanized
for use at MRS handling rates. Currently these operations are
performed manually with the canister in the opened cask; dose rates
at the canister top surface range from 50 mrem/hr (at the edge of
the plate) upward, and dose accumulation is estimated at up to
100 mrem per canister operation (based on the application for the
H. B. Robinson plant) (NUTECH 1985). At an MRS facility some 250
to 400 NUHOMS canisters per year may be filled and stored, depend-
ing on the size of shielded canisters used. An occupational dose
of up to 20 man-rem per year would result for this operation alone
if manual operations are adopted.

e The costs and related considerations of disposal of used, contami-
nated and slightly neutron-activated canisters have not been
addressed for at-reactor operations, let alone for MRS. Oisposal
costs for these heavy structures could be significant, and recovery
of the shielding lead may be important.
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4.6.7 Concept Ranking for Maturity

Based on the foregoing evaluations of reliability, operational experi-
ence, simplicity, and ease (and speed) of depleyment, the concepts were
ranked as shown in Table 4.9. The drywell and cask concepts were ranked
among the highest because of their simplicity and their long history of
testing and operation. Because of their exceptionally long and favorable
history in service, water pools are also ranked in this group, although they
are more complex systems. As in the initial evaluation, the two Towest-
ranked systems--closed-cycle and tunnel-rack vault--were so ranked because
they are complex systems with no developmental history.

The stationary metal storage cask is normally considered as one of the
most mature of storage concepts. However, because of the questions as to the
ability to procure and deploy large numbers of casks in the schedule needed
(Section 4.6.4), this concept was rated a "2" in maturity. In the initial
evaluation the metal cask was rated "3" for this criterion,

TABLE 4.9. Concept Ranking for Maturity
Original Re-Evaluated
Concept Group Group
Concrete Cask 2 2
Field Drywell
Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vauit
Concrete Cask-in-Trench
Tunnel Drywell
Tunnel-Rack Vault
Water Pool
NUHOMS Horizontal Vault
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4.7 F BILITY

The MRS facility, in most of the scenarios considered to date, has the
role of receiving spent fuel from the utilities, preparing it for emplacement
in the repository, and delivering it in that state to the repository. In
addition, the MRS facility is'provided to allow initiating acceptance of
spent fuel from the utilities at the earliest feasible date, storing it
until the repository is ready to receive fuel, and maintaining the storage
facility as a buffer to allow fuel acceptance and shipments to the repository
to be carried on independently of fuel receipt, providing capability for
continuity of acceptance from the utilities or of shipments to the repository
if disruptions should occur in either of these two activities. Delays in
repository startup, or an enforced halt in emplacement following startup, for
example, could quickly influence the storage capacity required of MRS. A
future decision to reprocess fuel before emplacement would change the waste
form and package configuration to be handled at MRS. Similarly, changes
could occur in required throughput of the waste management system, affecting
MRS design and operating conditions. The MRS facility should ideally be able
to accommodate changes in storage capacity, acceptance rate, required length
of storage, or waste form in these and other situations. In 1ike manner,
adaptability of an MRS storage concept to a variety of sites is desirable to
minimize deployment times after site selection with minimum penalties in
construction or operation.

Additional factors included in the flexibility criterion are those of
consumption of (and recovery of) critical resources, and recovery of capital
assets. The 1ist of factors analyzed in assessing flexibility is, in
summary :

e site adaptability

e expandability of throughput rate and capacity
e sensitivity to waste form

e sensitivity to heat load

o recoverability of capital assets
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critical resource consumption and recovery

suitability to phased deployment

suitability for use in long-term storage.

4.7.1 Site Adaptability

The MRS concept selected should provide as much siting flexibility as
feasible, to preserve siting options, minimize restrictions on usable sites,
and minimize the amount of site-specific information required to design,
license, construct and safely operate the facility. The surface cask con-
cepts, water pool, and the surface vault concepts--open-cycle and closed-
cycle vaults, and the NUHOMS horizontal vault--are the most adaptable to a
variety of siting conditions. None requires restrictive site conditions.
Near-surface storage concepts, the field drywell and cask-in-trench, are
somewhat Tess flexible; they should be installed with the storage units above
the groundwater table, and bedrock should preferably be deep enough to mini-
mize installation costs. Construction of earthen berms and associated
drainage facilities could suffice to compensate for deficiencies in either
condition, but at extra cost.

The tunnel drywell and tunnel-rack vault concepts are least adaptable.
A mountainside is required for their construction. An alternative could be
constructed using shielding and structural concrete to augment the available
bedrock, with an earth overburden applied; such an approach, however, could
add appreciably to the cost.

4.7.2 Expandability of Throughput Rate and Capacity

As previously discussed, a number of possible cohditions, or modifi-
cations of the MRS role, could require increase in the storage capacity and/
or throughput capability of an MRS facility after it is in operation. Capa-
city additions are most easily accommodated with the field drywell or surface
cask concepts, which are capable of expansion in small increments. The open-
cycle and closed-cycle vaults, NUHOMS, and cask-in-trench concepts require
addition of capacity in larger increments; however, this is merely a con-
tinuation of the year-by-year additions which would 1ikely be used to bring
the storage facility to its rated capacity if no expansion occurred.
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The situation with water pools is similar to that of the open-cycle
vaults, except that provisions for expansion must be made when the original
pool is built, and more precautions are needed in preserving the integrity of
the pdb] when adding the increments of capacity. Because of these restric-
tions, larger capacity increments would 1ikely be opted for {as was pre-
viously discussed, enlargements have not as yet been made at any spent fuel
pool).

The tunnel concepts--tunnel drywell and tunnel-rack vault--require
substantially more effort to expand. Much larger increments of capacity
would be involved, and in the tunnel-rack vault temporary shielding must be
installed, or new access drifts constructed, to avoid expesure of the
tunneling crews to radiation from the stored fuel. Expansion of throughput
rate would probably affect the R&H building as well as the storage facility.
Within the storage facility, rate expansion would primarily affect the fuel
transfer systems; additional transfer equipment {transporters, cranes, etc.)
may be needed. 1In this respect the tunnel-rack vault may be least adaptable,
if the rate capacity of its initial emplacement system is exceeded.

4.7.3 Waste Form Sensitivity

Currently the waste forms envisioned for storage at an MRS facility
would be primarily consolidated, canistered spent fuel and its associated
assembly hardware. Future changes in the waste management system could
change the handling and storage regquirements. A resumption of commercial
spent fuel reprocessing, for examplie, could make HLW canisters the pre-
dominant waste form. As was noted in the initial evaluation, only minor
modifications would be needed in any of the storage concepts to meet changes
in waste form such as this. The same is true with the added concepts.

NUHOMS would need only modifications to the basket in the storage canister; a
water pool would require installation of new storage racks.

Water pools present a special case of waste form sensitivity. The
packaging of spent fuel for geclogic deposition is intended to assure long-
term isolation of the fuel and its package from the surrounding environment.
The fuel must be dry when packaged to assure this condition. Fuel that is
stored as bare assemblies in water pools is subject to internal wetting of
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some rods via water entry through pinhole leaks in the cladding. Normally
the handling of fuel after its removal from a reactor pool suffices to remove
this water as the fuel temperature increases during shipment, handling and
pre-emplacement storége. I[f water pool storage is used at MRS, re-wetting

of some fuel rods may occur; a separate drying step would be required prior
to packaging of the fuel. Additional in-building vault storage or its equi-
valent would be needed to provide for the storage, and time required for
handling of a batch for shipment would be increased.

4.7.4 Heat load Sensitivity

Spent fuel arriving at the MRS facility is expected to range in age
(time since discharge) from 5 years (the minimum age set in 10 CFR 961) to
20 years or more. There will also be a considerable range of burnup of the
fuel prior to discharge. These factors will combine to result in substantial
variation of the heat generation rate in the spent fuel. Spent fuel in stor-
age must be maintained with cTadding temperatures below specified Timits,
generally taken as 400°C when the fuel is in an inert-gas atmosphere, to
preclude possible deterioration of the cladding. Criteria for the MRS con-
ceptual design call for a maximum temperature of 375°C (PNL 1985) to provide
an additional safety factor.

The storage concepts emplioying surface storage generally have Tow
sensitivity to the heat Toad of the fuel. Water pools are outstanding in
this respect, since they normally operate at low temperatures and have sub-
stantial heat dissipation capability. The open-cycle vault, the NUHOMS
vault, and the tunnel-rack vault also have low sensitivity, since they
operate with natural-draft air cooling systems in which a rise in canister
temperature would tend to increase the flow of cooling air. The heat-pipe
cooling of internally-circulating air in closed-cycle vaults should similarly
act to minimize heat sensitivity.

Casks that depend on both conduction of heat through the cask wall and
convective cooling by the surrounding air would exhibit somewhat greater
sensitivity. In-ground concepts, the drywells and cask-in-trench designs,
depend primarily on soil conductivity for their cooling, and hence would be
the most heat-rate-sensitive. For the cask and drywell concepts (and for
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others if needed), heat rate can be regulated by adjustment of loading:
 selectively loading Tow-heat canisters with those of higher heat rate into a
cask, varying the number of canisters loaded, or varying the loading of
individual canisters. Any of these adjustment methods will increase the
number of storage units (casks or drywells) needed; this would increase the
required storage area and the costs of storage.

4.7.5 Recovery of Capital Assets

The MRS, as currently conceived, has a lifetime on the order of 25 to
35 years in its service to_the first repository. Presumably, the nuclear
power industry will be an ongoing one. Recovery of capital equipment from
the MRS for use in other such facilities, or elsewhere in the waste manage-
ment system, would serve to minimize total costs from the Waste Fund. For
the most part, little other than salvage values can be recovered from most of
the MRS concepts included in the prior evaluation or in this review. How-
ever, metal casks if used for storage could conceivably be used in storage
or transportation service elsewhere in the system after their MRS service has
ended. The metal cask concepts are outstanding in this regard, but the
assessment of recoverability must be tempered with the question of the usa-
bility of "ancient" casks in a future technological era--if, indeed, there is
a use for casks at all after fuel acceptance and disposal become routine.

4.7.6 Critical Resource Consumption

Certain construction materials are classified as scarce materials, and
are potentially subject to market shortages, price escalation, or possible
governmental regulation of use. Chromium, vanadium, lead, and nickel are
among the metals in this classification that are Tikely to be used in MRS
construction; fuel o0ils or other non-renewable energy resources may also be
considered as scarce materials in future years. MRS concepts tied to exten-
sive use of such materials could be subject to future delays in the construc-
tion or subsequent expansion of the storage facilities, or to unexpected cost
escalations.

As found in the prior evaluation, none of the concepts have serious
Jimitations in this respect. However, the most intensive use of critical
materials is in the metal cask concept. Metal casks were rated lower than
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the other concepts in this aspect, balancing out their potential capability
for cost recovery. Of the newer concepts, water pools use stainless steel in
pool linings and storage racks; the NUHOMS canisters are constructed of
stainless steel with lead-and-steel end shields. In neither case is the use
of scarce materials as intensive as in the metal cask concept.

4.7.7 Suitability for Phased MRS Introduction

The DOE Standard Contract with Utilities (10 CFR 961) provides for
acceptance of spent fuel from utilities starting in January 1998. One sug-
gested application for MRS to meet or approach that date is the construction
of an initial, simplified facility having only receiving and storage facil-
ities for acceptance of fuel in the early years, followed by the addition of
complete facilities for the consolidation and canisterization of the fuel for
shipment to the repository. This approach would favor a storage concept that
is modular, capable of rapid deployment, and capable of safe storage of
intact spent fuel assemblies in its early years, and of consolidated and
canistered fuel after the MRS reaches full capability. Scenarios for both
two-phase and three-phase MRS installations are being developed.

The MRS Review Commission’s report to Congress, scheduled by the NWPAA
for submission in June 1989, was recently relaxed to November 19898. With a
favorable report, authorization to proceed is assumed, for this evaluation,
to be granted in January 1990. If a phased MRS facility is to meet the
January 1998 acceptance date in 10 CFR 961, it must first be sited, then
designed, constructed, and placed in operation within an eight-year period.

Estimated deployment times for the design, licensing and construction of
the storage concepts were given in Table 4.8. As was previously noted, an
appropriate period for siting an MRS facility must be added to the times
shown on the table. However, the table indicates that the closed-cycle vault
and tunnel-rack vault could not be depioyed with the eight-year period
assumed, even if the siting time requirement were ignored. The indicated
deployment time from the table is 12 to 14 months longer than that available
to meet the January 1998 date for operation. The open-cycle vault and pool
concepts are indicated to have only 12-month margins in meeting the startup
date; it is questionable that additional siting time requirements could be
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accommodated within that margin. The other concepts would have wider margins
for deployment, ranging from 18 to 38 months, and may more easily accommodate
the large degree of uncertainty in the siting schedule. A major factor in
accommodation of siting schedules would be the degree to which initial stages
of design can proceed independent of site selection.

If the spent fuel received during the first phase of operations in a
multi-phase MRS facility is directly stored without canisterization, con-
tamination of the storage units in contact with the fuel would occur. This
would not be of immediate concern if the only use of these storage units
were for storage of this fuel until it is returned to MRS for preparation and
shipment to the repository. However, if the prepared fuel is required to be
returned to storage, the contaminated storage units probably could not be re-
used without decontamination, to prevent contamination of the spent fuel
canisters. The water pool, with its radwaste system, may have some advantage
it this respect; however, some decontamination of the fuel canisters would
still be required prior to their shipment.

If a three-phase MRS is deployed, the transportabie metal cask has
unique application for the first (storage only) phase; loaded at the
reactors, the casks would require little more MRS site facilities than cask
pads and a transporter for moving the casks from their carriers to the casks.
However, the earliest fuel to be accepted may include considerable fuel from
older reactors, several of which cannot handle rail casks. Special loading
techniques, or special, lighter-weight casks, may need to be considered.

4.7.8 Suitability for Use in Long-Term Storage

The NWPA requires that MRS design be capable of storing spent fuel "for
the foreseeable future." Although the current mission of MRS involves stor-
age over a relatively short time, future occurrences in the waste management
system could result in considerable extension of storage requirements for an
MRS facility, with or without concomitant expansion of storage capacity. The
ability to respond to such conditions must be embedded in the design to meet
the NWPA "foreseeable future" requirement.

A1l storage alternates other than the water pool entail dry storage of
the fuel in an inert atmosphere, with monitoring to assure integrity of the
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storage units containing the fuel. A1l should be capable of iong-term exten-
sion of the storage period; thus, all the dry storage options were rated
equally for this factor.

Water pools, however, utilize active cooling systems and have con-
siderably higher operating costs, even during gquiescent storage when no fuel
handling is performed. Furthermore, fuel storage in water may in some cases
result in wetting of fuel with leaking cladding {if bare fuel is stored), or
wetting the interior of canisters if leaks develop. Additional equipment and
operational steps may be needed to verify integrity of the canisters, and/or
to allow drying of any wetted fuel, prior to packaging for disposal. Because
of the unknown factors involved, water pools were given a lower rating than
the other concepts for suitability for long-term storage.

4.7.9 Concept Ranking for Flexibility

The ranking of concepts for flexibility in the initial evaluation was
used without change in the current review, except for downgrading of the
closed-cycle vault because of its inability to meet schedules for a phased
MRS facility. Rankings for the water pool and NUHOMS concepts were added.
The resultant ranking is shown in Table 4.10.

TABLE 4.10. Concept Ranking for Flexibility
Original Re-Evaluated
Concept Group Group

Concrete Cask 1 1
Field Drywell
Stationary Metal Cask
Transportable Metal Cask
Open-Cycle Vault
Closed-Cycle Vault
Concrete Cask-in-Trench

Tunnel Drywel]
Tunnel-Rack Vault

Mater Pool

NUHOMS Horizontal Vault
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4
3
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The concepts in Group 1 were found to have high performance ratings in
the evaluation; the NUHOMS horizontal vault concept was added to this group.
All were rated high on the factors included in the flexibility criterion;
differences among these concepts were minor in comparison with those in
lower-rated groups.

The water pool was given a Group 3 rating, based largely on its lesser
adaptability to expansion of storage capacity, its apparent inability to meet
schedules for phased-MRS introduction, and the uncertainties involved in its
use for long-term storage. The tunnel facilities--tunnel drywell and tunnel-
rack vault--were assigned the lowest rating (4) because of their topographi-
cal restrictions.
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5.0 COMPOSITE RANKING QF CONCEPTS

In the initial concept evaluation of monitored retrievable storage (MRS)
alternatives, the procedures following the criteria-based ranking involved
committee response evaluation, statistical data reduction, hierarchical
analysis, and pairwise comparisons of concepts to evolve a set of weightings
for the seven evaluation criteria and an ordered set of numerical rankings
involving a minimum of subjective input. The complete process was not
repeated in this re-evaluation. First, the criteria weightings derived in
the initial evaluation were accepted, since no factors were discovered in the
review which necessarily affect them. These weightings were combined with
the rankings, or groupings, assigned to the concepts for each criterion, as

"described in Section 4, and normalized numerical rankings were derived from
them. The sensitivity of the preference ranking to different values of the
criterion weights was examined over a reasonable range of values for the
weights. As a final step, pair-wise comparisons of the concepts were made
based on updates of the detailed descriptions of concepts from the prior
evaluation. Similar descriptive data for the water pool and NUHOMS concepts
were added to the original base for these comparisons. The final result,
while Tess rigorously derived than that for the initial evaluation, follows
from consideration of the same factors. It is believed to be unlikely that
the repetition of the prior evaluation in its full rigor would introduce
sufficient change to displace the two leading contenders, or to modify appre-
ciably the ranking arrived at herein.

The factor of flexibility could be of more importance at the current
time than is indicated by its weighting, because of the uncertainties invol-
ved in the siting schedule and in the final functions assigned to MRS. How-
ever, inspection of the sensitivity analyses in Section 5.3 shows that the
ranking of the top five concepts would be 1ittle affected if different weight
were assigned'to this criterion.

5.1 WEIGHTING OF CRITERIA

Criteria weightings were derived in the initial evaluation, using an
analytical technique described in the report of that evaluation (Triplett and
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Smith 1984). Those weightings were accepted for use in this review, and are
shown in Table 5.1. The addition of several new descriptors under the Flex-
ibility criterion was judged to have no impact on the appropriate weight for
that criterion. Therefore, the weightings developed in the initial study
were accepted.

TABLE 5.1. Assigned Weights for Concept Evaluation Criteria
(Triplett and Smith 1984)

Criterion Weight
Safety and Licensability 0.43
Environmental Impact 0.11
Socioeconomic Impact 0.05
Siting Requirements 0.09
Cost - 0.10
Concept Maturity , 0.12
Flexibility 0.10
Total 1.00

5.2 NORMALIZED CONCEPT RANKING

The overall ranking of the concepts was obtained by 1) for each concept,
multiplying the ranking assigned under each evaluation criterion by the
weight assigned that criterion in Table 5.1, and 2) summing the resuiting
products for each criterion. This base composite ranking is shown in col-
umn 1 of Table 5.2. The composite ranking was then normalized to the lowest
number (highest ranking} obtained, and finally ordinal rankings were assigned
in order of the normalized composite; these final rankings are given in the
last column of Table 5.2. Oetailed calculations in the ranking procedure are
shown in Appendix A, Table A.l.

Note that the storage-only metal cask and the NUHOMS vault concept, with
a composite ranking difference of only 0.01, were given a tie for fifth ordi-
nal rank.
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TABLE 5.2. Normalized Rankings from Multi-Attribute Evaluation

Base Normalized

Composite Composite Ordinal

Concept Ranking Ranking Ranking
Concrete Cask 1.12 1.00 1
Field Drywell 1.27 1.13 2

Stationary Metal Cask 1.57 1.40 5 (tie)
Transportable Metal Cask 2.34 2.09 8
Open-Cycle Vault 1.34 1.20 3
Closed-Cycle Vault 3.16 2.82 9
Concrete Cask-in-Trench 2.19 1.96 7
Tunnel Drywell 3.33 2.97 10
Tunnel-Rack Vault 4.53 4.04 11
Water Pool 1.41 1.26 4

NUHOMS Horizontal Vault 1.56 1.39 5 (tie)

5.3 SENSITIVITY OF RANKING TO CRITERION WEIGHTS

In any evaluation of alternatives that employs a numerical ranking and
weighting methodology, critics can claim that the results are biased by the
value judgements made by the evaluators in ranking the alternative concepts
under a given criterion, and by the weights assigned to each criterion. The
analyses presented here explore the sensitivity of the final preference rank-
ing of the storage concepts to the values of the weights assigned to each
criterion, and aiso explore the effect of requiring a full 11l-position rank
under each criterion even when several concepts are tied.

K.3.1 Variations in Assigned Criterion Weights

The criterion weights utilized in the base analysis were developed by an
independent committee of experts, as described in Section 1.1. For this sen-
sitivity analysis, three additional sets of weights were selected that cover
a range of reasonable values for such weights. The values of all four sets
of weights are shown in Table 5.3.

5.3.2 Utilization of 11-Position Criterion Ranking

In the original analysis (Triplett and Smith 1984) and in the base anal-
ysis for this re-evaluation, the rankings under a given criterion were given
sequential numbers; i.e., if three concepts tied for 1lst place under that
criterion, the next ranking concept was assigned a rank of 2. This has the
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TABLE 5.3. Values of Criterion Weights Used in the Sensitivity Analyses

Safety
and Environ- Socioec- Siting

Weight Licens- mental onomic  Require- Concept

Set abiljty _Impact Impact ments Cost_ Maturity Flexibility
Base 0.43 0.11 0.05 0.09 0.10 0.12 0.10
Equal 0.143 0.143 0.143 0.143 0.143 0.143 0.143
Var. 1 0.20 0.10 0.05 0.10 0.25 0.15 0.15
Var. 2 0.10 0.05 0.05 0.10 0.30 0.20 0.20

effect of compressing the spread under a given criterion between the top- and
bottom-ranked concepts. The number of positions in the criterion rankings
ranged between 1 to 3 and 1 to 6, rather than 1 to 11, as would reflect the
number of concepts. To examine the effect this compression had on the final
preference ranking, a sensitivity analysis was performed wherein the ranking
under each criterion was required to have the equivalent of 11 positions.

For example, if three concepts were tied for Ist, then those three ranks were
averaged, {{1 + 2 + 3)/3] = 2, that average rank was assigned to the three
equally ranked concepts, and the next-ranked concept was assigned a rank of
4. If two concepts were tied for 4th, ranks 4 and 5 were averaged (4.5} and
that value assigned to both concepts and the next-ranked concepts would be
placed in position 6, and so on. The resulting rankings under each criterion
are shown in Table A.5 of Appendix A. Sets of concept preference rankings
were computed using both the compressed and the ll-position criterion ranks,
for each of the four sets of criterion weights given in Table 5.3. These
detailed computations are presented in Tables A.5 through A.8 in Appendix A.

5.3.3 Results of the Sensitivity Analyses

The results of the analyses on the sensitivity of the final preference
ranking to different sets of criterion weights and to a compressed versus
full 1l1-position ranking under each criterion are presented in Table 5.4. By
inspection of the table, it can be seen that the top concept remains the top
concept throughout all of the variations. For the most part, the second-
ranked concept also remains the second-ranked, and similarly for the third-
ranked concept. There is some switching back and forth among the concepts
ranked fourth, fifth, and sixth, and among the concepts ranked seventh,
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TABLE 5.4. Results of the Sensitivity Analyses

Final Preference Concept Rankings
Computed for Various Weights .
(Compressed criterion rank / 11-position criterion rank)
Base Equal ¥ariation Variation

Storage Concept Weights Weights I Weights 2 Weights

Concrete Cask

Field Drywell

Open-Cycle Vault

Water Pool

Horizontal Modular Vault
Stationary Metal Cask
Concrete Cask-in-Trench
Transportable Metal Cask
Claosed-Cycle Vault
Tunnel Drywell
Tunnel-Rack Vault
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eighth, and ninth. The tenth and eleventh ranked concepts remained in those
positions throughout the variations. The conclusion to be drawn from these
results is that the ranking of concepts is relatively insensitive to the
assigned criterion weights over a wide range of values, and is also rela-
tively insensitive to whether one uses a full ll-position rank or a com-
pressed rank under each criterion in the evaluations. This result reinforces
the validity of the ranking derived using the base ranking methodology and
the pair-wise comparisons.

5.4 RANKING VERIFICATION

In a step similar to the pairwise comparisons used in the initial eval-
uation, a compilation of concept characteristics that was provided 1h a sup-
port paper for the initial analysis was thoroughly reviewed to ascertain that
the rankings given the concepts were in concordance with the earlier evalu-
ations of the concepts, as updated, and with the characteristics of the added
storage candidates. During the verification, lists of advantages and disad-
vantages of each concept that are listed in Triplett and Smith (1984) were
used and updated to cover recent experience; similar lists were prepared for
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the added concepts. This comparison verified that the order of ranking
obtained in the multi-attribute evaluation was appropriate, with one excep-
tion as shown later.

The comparative listings are given in the following subsections; the
order of Tisting conforms to the ranking developed and reported in Table 5.2.

5.4.1 Concrete Cask

The concrete cask was first-ranked of the storage concepts evajuated
herein. It has been studied extensively in the past, has a long history of
successful use in storage demonstrations, and provides a simpie and flexibie
design with safety, ease of retrievability and low cost. The principal
advantages of the concrete cask are:

+ Its history of successful application for demonstration storage pro-
grams, and for storage of CANDU and HTGR fuels, provides ample evidence
of its safety and reliability in operation, and of its low and predicta-
ble costs of construction and operations. This extensive history also
gives confidence of ease in licensing.

e The concrete cask was selected in 1975 by the National Academy of
Sciences (NAS 1975) as the recommended storage concept for the Retriev-
able Surface Storage Facility (RSSF), for temporary storage of commer-
cial reprocessing wastes prior to their disposition in a repository. It
was also selected by DOE as the reference storage concept for the MRS
facility {(DOE 1984).

o« The concrete cask is the second least expensive storage concept con-
sidered. It is slightly more expensive than the field drywell. How-
ever, the cost of cask storage is relatively insensitive to site con-
ditions. Unfavorable soil conditions at a site, for example, can
increase the cost of a drywell system to near-equality with those of one
using concrete casks.

e The cask concept is highly adaptable to incremental expansion; additions
of as Tlittle as one cask can be readily made. Also, casks are assumed
to be manufactured at an on-site {or near-site) concrete batch planti;
they can be produced in the number needed, with minimal concern over
delays in delivery of the units.

e« All handling of fuel or fuel canisters is performed within the R&H
building, where any radioactive releases that may result from handling
accidents can easily be controlled or contained. In contrast, several
alternative concepts invoive extensive handling in the storage yard, in
movable transfer casks or similar mechanisms, where releases, should
they occur, would be difficult to control.
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The ready transportability of the casks and the ease of construction of
the surface pads on which they are mounted make them insensitive to site
characteristics which may affect the size, shape or continuity of the
storage field. Also, as was noted in the initial evaluation (Triplett
and Smith 1984), casks may be perceived as less permanent than other
concepts.

The casks are constructed on-site as needed; cask availability
would be independent of outside suppliers.

The principal disadvantages of the concrete cask concept are:

A field of concrete storage casks is highly visible; the cask design
selected for the MRS Program is approximately 6.7 meters in height and
3.7 meters in diameter. Approximately 1200 casks would be required to
contain the projected 15,000 MTU inventory of spent fuel with associated
disassembly hardware. In this study, a storage area of 47 acres was
estimated to be required; the more conservative estimate of the MRS A-E
was 90 acres. Such a field would present a significant visual impact in
either case, and masking or blending in of this impact would be diffi-
cult. Construction of a berm around the storage field would help in
this regard.

The cask manufacturing facilities (located on or near the MRS site
because of the awkwardness of offsite transportation of the casks} would
add to the site complexity and need for services. The cost of the manu-
facturing plant is amortized in the cost of the casks, however, inde-
pendent of its location.

The "forest" of casks in a field would impede visibility of all but the
outermost casks. Comparatively more emphasis would need to be placed on
instrumented surveillance systems to counter entry into a field and
resulting exposure to the residual radiation field.

5.4.2 Field Drywell

The field drywell is second-ranked of the concepts studied in this

evaluation. In addition to its Tow cost, it has the advantage of extensive
operational experience and use in demonstrations, is simple to construct, and
is non-obtrusive. It was the lowest-cost of all concepts evaluated, although
the costs are subject to considerabie variation with changes in site
conditions. The principal advantages of the field drywell are:

This concept has been used in storing HTGR spent fuel from Peach Bottom-
1 since 1971, and for Fermi-1 since 1975 (Anderson and Meyer 1980). It
also has an extensive history of testing and demonstration at Hanford,
the Idaho Nuclear Engineering Laboratory, the Nevada Test Site, and
elsewhere in the DOE waste management program. A large amount of
experimental data has been gathered from these activities, resulting in
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a high level of confidence that behavior of the drywells and their costs
of construction and operation can be accurately predicted. The experi-
ence gained also lends confidence that a drywell system could be
designed, licensed and constructed in a timely and predictable manner.

» The drywell provides a high degree of flexibility, and readily adapts to
changing storage capacity requirements. As Tittle as one drywell at a
time may be added if desired; this can be equivalent to 0.3 to 1 metric
ton of fuel. The drywell field also permits random and rapid access to
any canister desired for retrieval,

o The field drywell, under favorable conditions, is the least expensive of
all storage concepts considered. Its cost also tends to be insensitive
to the type of fuel stored. Variations in well diameter and spacing can
be made to accommodate essentially any waste type.

o This concept has much smaller visual impact than do others {on the other
hand, surface area requirements for a drywell field are considerably
greater than for any other concept studied except the related tunneil
drywell or concrete cask-in-trench). Leakage of one canister would not
contaminate other canisters in storage in adjacent drywells; facility
operations would not be disrupted by such an incident, and recovery
would be eased by the relative isolation of each canister.

e The field drywell concept provides for ready identification and location
of a leaking fuel canister. Each drywell is individually monitored
through sampling of the inert gas space around the canister, and
groundwater beneath the storage field is monitored to guard against
transport of any radionuclides from the vicinity of the drywells if they
should somehow escape from the canister and drywell structure without
detection by the gas monitoring system.

+ The low construction cost and simplicity of the drywell concept result
in correspondingly low decommissioning costs (Appendix A). The
indicated decommissioning costs for this concept are lower than for any
other concept except the water pool.

The principal disadvantages of the field drywell concept follow. They

result mainly from the below-surface storage used in a drywell concept and in
the effects of various site characteristics on drywell cost and performance.

e Sites requiring extensive leveling of the field, or extensive rock
drilling for placing the drywell liners, could increase capital costs
considerably.

o The surface area requirement for the field drywell concept is the

largest of the concepts considered except the closely-related tunnei
drywell concept or the cask-in-trench concept.
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The underground location of spent fuel in drywells may lend an air of
permanence to the storage field; in addition, some may view drywell
storage as presenting a hazard of soil contamination.

Low conductivity of the soil could increase the already large surface
area requirements for the drywell field significantly. Similarly,
excess s0il moisture could resuit in problems of corrosion of the
drywell structure. Use of cathodic protection from corrosion, or
construction of earthen berms for placing the drywell field, could
alteviate problems associated with ground water and possibly could
provide higher-conductivity pathways for heat dissipation.

Handling of the spent fuel canisters in placing them in drywells takes
place in an open field; any radiation releases resulting from handling
accidents would be difficult to confine.

5.4.3 0Open-Cycle Vault

The open-cycle vault concept has been employed extensively in Britain

for storage of Magnox fuel. It is similar to the drywell in some of its

operational aspects, but features a storage facility enclosed in a protective

building shell. The principal advantages of this storage concept are:

Its modular structure allows considerable flexibility of expansion as
capacity requirements increase. Like drywells, the canisters are placed
one to a storage position and can he readily accessed for retrieval.
However, unlike field drywells, the storage additions are made by adding
segments to the vault structure; for a typical design, the unit of
increase is approximately 300 storage units.

Vaults at the Idaho National Engineering Laboratory in Idaho and at
Wyfla in the United Kingdom have provided a significant base of
operating experience.

A vault features storage within an engineered surface facility that is
essentially independent of site features. It is moderate in its land
requirements.

The enclosed structure of a vault makes unauthorized access to the
stored material more difficult than in open storage arrays.

The life-cycle cost of a vault structure is relatively insensitive to
the type of material stored. For this evaluation (Table 4.6), the Tife-
cycle cost of an open-cycle vault installation is estimated to be about
85% above that for a concrete cask system, or about 2.4 t1mes that for a
drywell installation.

A topical report on the open-cycle vault concept has been filed with NRC

by Foster-Wheeler (FW-1987) as a first step toward licensing of the
concept.
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The principal disadvantages of the open-cycle vault concept are:

The concept has less accumulated experience and more operational
complexity than either the concrete cask or the drywell concepts, and
its licensability is less assured than those two concepts.

The large vault structure may be perceived as more permanent than the
concrete cask or drywell concepts, and therefore less desirable in the
eyes of the local public.

5.4.4 HWater Pool

has

The water pool is the most developed of all the concepts studied. It
been used for spent fuel storage since the earliest days of nuclear

reactor operation, and is universally used at LWRs today. The principal
advantages of the water pool for MRS are:

The

Licensability of the water pool is essentially assured. A1l U.S. LWR
power reactors utilize pools, all of which have been licensed under NRC
regulations 10 CFR 50; the pool at the Morris spent fuel storage
facility has been licensed under 10 CFR 50, and subsequently under

10 CFR 72 {(NRC 1982), as an away-from-reactor storage facility.

NRC, in the Federal Register publication 49 FR 171, has expressed its
confidence in pool storage of spent fuel for up to 30 years following
final shutdown of the reactor where it was irradiated.

The water pool affords ready accessibility of any canister of spent
fuel (or assembly, if uncanistered fuel is stored) with Tittle
effort. Each canister is stored in an individual rack position
within the pool. .

The life-cycle costs for a pool were found to be midway between
those for drywells and those for the open-cycle vault.

The large inventory of water in the pool provides thermal inertia,
which would preserve cooling action for considerable lengths of
time if the active cooling system should fail. It also provides
radiation shielding, and tends to provide some cushioning of the
fuel against impact from falling objects.

principal disadvantages of the water pool concept are:

The pool is an "active" storage system. Its cooling and radio-
active waste treatment systems must be kept in constant operation,
involving consumption of electric energy, periodic replacement of
jon-exchange resins, and utilization of multi-shift crews for
operations and maintenance. This requires considerably larger
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operating costs than storage concepts using passive cooling. These
costs could mount rapidly during protracted storage periods should
they occur.

» The pool is not readily amenable to incremental expansion. While
expansions could be achieved, no pool has as yet been expanded in
physical dimensions. Pool expansion may require pre-planning
(including advance excavation of the expanded pool base) before the
initial pool is constructed. The limitations on expandability
could result in inefficient utilization of a large pool, or lack of
storage capacity due to delays in expansion of a small one, should
spent fuel storage requirements change substantially.

« Depending on the age and quantity of fuel present, pools will prob-
ably operate in a water temperature range of 30°C to 40°C. Fuel
that has been out of pool for transportation or packaging opera-
tions will typically be at temperatures of 300°C to 350°C. The
extent to which thermal shock may degrade the fuel cladding when it
is introduced into the pool is not well known. Large-scale spal-
T1ing of c¢rud from the fuel cladding has been observed under similar
conditions, together with development of hairline cracks in clad-
ding which may have had incipient cracking before immersion. The
effects of immersing a canister full of consolidated fuel under
similar conditions, and the effects of crud spallation and cracking
of the cladding on suitability of a canister for further storage
and geological emplacement, need to be assessed.

e Wetting of stored fuel may occur when bare assemblies are stored,
through water penetration of pinhole leaks in the cladding. Simi-
larly, if leaks develop in fuel canisters, inleakage of water may
result. Since the fuel in storage cannot conveniently be monitored
for either occurrence, post-storage testing is needed to assure
integrity, and additional drying steps (and resealing of canisters)
must be added prior to packaging for emplacement.

5.4.5 Stationary Metal Cask

The stationary (storage-only) metal cask builds upon many years’ exten-
sive experience in transportation of spent fuel and other radioactive mate-
rials, and provides assurance of safety, reliability and flexibility in
operations. This concept is Ticensed for at-reactor storage and is in use at
Virginia Power’s Surry plant. Its main drawback is its relatively high cost.
This concept tied for fifth place in the multi-attribute evaluation. The
principal advantages of the stationary metal cask are:



Many years of experience have been accumulated in the use of metal
casks for spent fuel transport. There is considerable experience
in metal cask fabrication, and the confidence in expected construc-
tion and operations costs is high, as are the assurances of safe
operation. Further, metal casks are used extensively for spent
fuel storage in Europe.

The metal cask exhibits a degree of flexibility essentially equal
to that of the concrete cask and drywel]. Storage capacity can be
added one cask at a time, if desired, and random access to each
cask can be had in the storage field.

No handling of storage canisters or the contained fuel takes place
outside the R&H building; radiological safety and recoverability
from possible accidents are maximized.

The above-ground location and independent placement of the metal
cask makes it largely independent of site characteristics. Its
land usage requirements, estimated at about 43 acres, are only
marginally larger than those of the concrete cask.

Because of its above-ground siting, it may be perceived to be less
permanent than concepts featuring in-ground or underground place-
ment, or those requiring large structures.

The metal casks would not be subject to a high degree of contamina-
tion; presumably they could be re-used or the contained metals
could be salvaged, at the end of their service. However, no credit
was taken in the analysis for possible re-use or recovery. The use
of an "ancient" cask in an ongoing nuclear system, some 25 to 30
years after its construction, may not be a valid assumption.

Metals recovery will depend on the specific design of the cask
itself, on then-existing regulations regarding re-use of materials
from the nuclear industry, and on the need for storage casks in a
mature waste disposal system.

The principal disadvantages of the stationary metal cask concept are:

The metal cask concept is expensive, due primarily to the cost of
the cask itself. The calculated life-cycle costs for use of this
concept, based on use of a {nominally) 125-ton cask holding about
24 MTU of fuel and costing $900,000 each, were $1.7 billion, or a
factor of 10 greater than was estimated for concrete casks.

The costs for this concept are quite sensitive to the type of
material being stored, to the size of individual canisters or
packages, and to the heat Toads of the stored material. 1In the
scenario evaluated, about 40% of the total casks used were required
for storing drums of non-fuel-bearing hardware from the fuel
assemblies.

5.12



e In the same manner as with other surface-cask concepts, the metal
casks are highly visible in the storage yard, and by impeding clear
view of the yard tend to be more susceptible to intrusion than are
some other concepts.

5.4.6 NUHOMS Horizontal Modular Vault

The NUHOMS horizontal vault concept, a comparative newcomer to the scene
of spent fuel storage, ranked sixth in the multi-attribute evaluation. This
concept has been licensed for use at the H. B. Robinson site of Carolina
Power and Light Company, and licensing at Duke Power’s Oconee site is
pending, Operation at Robinson is due to commence in the spring of 1989.

The principal advantages of the NUHOMS system are:

e The modular system features a natural draft cooling system in which
the cooling air in each module flows directly around a stainless
steel sleeve that supports the storage canister. This arrangement
appears to provide adequate cooling and a reasonable margin of fuel
cladding temperature-

e The thick-walled concrete storage module offers appreciable physi-
cal protection against physical damage to the storage canister it
contains.

e The storage canister is equipped with shielded end pieces, which
reduce occupational dose during handling operations.

The principal disadvantages of the NUHOMS horizontal modular vault concept
are:

» The storage canister is large, heavy, and awkward to handle. It is
designed for support from its transfer cask during fuel Toading and
preparation for storage; all movements into and out of the storage
module are by horizontal movement. There are no provisions for
vertical 1ifting of the canister, and it is questionable whether
the seal weld at the top 1id could support the loaded weight.

e« Loading and unloading of the vaults requires the use of a special
transfer cask which accepts a storage canister in the R&H building,
is placed in horizontal position in front of a vauit module, and
then slides the canister horizontally into the module by means of a
hydraulic ram mounted on the transfer cask carrier. The handling
steps required outside the R&H building increase the possibility of
an accident, and could complicate recovery.

» Following storage, the seal-welded storage canister must be
returned to the R&H building where it is opened; the spent fuel
canisters or storage drums are removed and transferred to a ship-
ping cask for transportation to the repository. The extra work
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involved in these steps adds to the operating costs, as does the
procurement of the large, end-shielded stainless steel storage
canisters.

» The NUHOMS canister is currently designed for manually loading with
fuel, underwater in its transfer cask, and for manually drying,
inerting, and seal-welding the canister, also within the transfer
cask. These operations and the equivalent unloading operations are
extremely slow for MRS application, and unless mechanized would
result in unacceptable levels of occupational exposure at MRS.
Considerable design change would be required for MRS application.

s Costs of disposal of the NUHOMS canisters following use have not
been discussed in any application to date. The disposal operations
could add considerably to system cost.

5.4.7 Concrete Cask-in-Trench

The cask-in-trench consists essentially of a concrete cask submerged in
a trench and backfilled so that it essentially becomes a drywell. The con-
cept shares many of the attributes of both the concrete surface cask and
drywell systems. This concept was ranked seventh in the multi-attribute
evaluation, behind the NUHOMS system. The principal advantages of the cask-
in-trench concept are:
e The subsurface casks are well-protected, and much less vulnerable

to physical damage from natural or man-caused event than are casks
mounted on the surface.

o The visual impact of a field of buried casks would be much less
than for the surface casks.

The principal disadvantages of the cask-in-trench concept are:

o The heat dissipation capability of a buried cask is considerably
less than for a cask in air. Smaller, more lightly loaded casks
must be used, resulting in more casks and larger storage area
requirements for a given storage capacity.

e The life-cycle cost of a cask-in-trench system is substantially
higher than those for surface concrete casks, field drywells, or
for a pool.

e The land requirements for a cask-in-trench system are nearly eight
times greater than that for surface casks.

e Each cask must be excavated prior to its removal from storage.
This considerably increases the complexity of retrieval operations.

5.14



e Lowering of a loaded cask into a trench position, and its retrieval
from that position, entail appreciably more difficult 1lifting
operations than are required for surface casks, with increased
potential for accident and damage.

5.4.8 Transportabie Metal Cask

For the scenario against which the candidate concepts were evaluated,
the transportable metal cask system placed eighth in the multi-attribute
evaluation. This concept is basically similar to that of the storage-only
(stationary) metal cask, except that the same cask is used both for storage
and transportation of the fuel. The principal advantages of the trans-
portable metal cask are:

¢ The transportable metal cask can conceptually be used to store fuel
at reactor sites {as is being done at the Surry reactor); ship the
fuel to the MRS facility without reloading; store the fuel {either
as received or after consolidation and canisterization in prepa-
ration for repository emplacement) in the MRS storage yard; and
again ship the fuel, without further handling, to the repository.

o Use of transportable storage casks can reduce the need for procure-
ment of dedicated shipping casks, since the transportable casks can
conceivably be used for transport service after they are emptied at
the repository. This option is Timited, however, since only from
20 to 50 casks of this type can be accommodated within the trans-
port fleet {DOE 1987b), whereas some 1190 casks are estimated to be
required for storage at the MRS facility.

+ Reloading of spent fuel from a storage cask to a shipping cask at
the end of the storage period is not required, resulting in savings
in operating costs of the R&H building during shipment.

The principal disadvantages of the transportable metal cask concept are:

» The transportable metal casks are very expensive for storage use;
this concept had the highest capital costs of all those considered
in the evaluation. A 125-ton cask certified and licensed for
shipping was estimated to cost approximately $1.75 million (DOE
1987b), as compared with $900,000 for the same cask design fabri-
cated for storage only. However, in this study the cost per cask
was assumed to be reduced to $1.25 million, to reflect possible
savings in certification costs through high-volume use {nearly
1,200 casks would be required). Fifty sets of personnel barriers,
impact Timiters, and associated shipping hardware, for re-use in
the system, were also assumed at an additional $500,000. Total
Tife-cycle costs for this system approximated $2.3 billion dollars
(Appendix A), including an estimated savings of $30 miliion in
reduced R&H building operations. An additional $70 million was
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estimated in savings to the transportation system, in elimination
of the need for separate MRS-to-repository shipping casks.
However, this saving was not credited to the MRS system.

e As with the storage-only metal cask, system costs are quite sen-
sitive to the form and characteristics of the material being
stored.

o As with other cask concepts, the casks during storage are open and
exposed, and have high visual impact. They are also more sus-
ceptible to intrusion than are in-ground or building-enclosed
concepts.

5.4.9 Closed-Cycle Vault

The closed-cycle vault is similar to the open-cycle vault concept in
that large, engineered surface structures are used in both systems to house
the material being stored. However, the closed-cycle vault is more complex
and jess mature than is the open-cycle system. The closed-cycle vault ranked
ninth in the multi-attribute evaluation. Its major advantages are:

o+ Its design and operation are relatively independent of site
characteristics.

s In this concept, the canisters of spent fuel or disassembly hard-
ware are sealed within special storage containers prior to place-
ment in the vault. The container in turn is sealed into a position
in the vault module. Air ducts cast into the module structure pro-
vide natural-draft convective cooling of the containers; the air in
turn transfers the heat to a heat pipe, which then transfers it to
the outside air. This arrangement provides total isolation of the
stored material from the environment.

e« Rapid, random access to all storage Tocations, for retrieval of
specific fuel canisters or groups of canisters, is available.

e The vault structure is modular in nature, and can be expanded as
the need arises by adding more pre-cast concrete modules.

» Storage increments as small as one storage module {pre-cast module
with approximately nine canister storage positions) can be made
when needed.

The principal disadvantages of the closed-cycle vault concept are:

e The concept lacks demonstration or operational experience; it

exists only as a concept without the benefit of full design.
Therefore, confidence in the prediction of heat-removal performance

5.16



is less than for several other concepts. Considerable additional
design development, and 1ikely a demonstration of the concept,
would be needed before licensing could be considered.

e Costs of the closed-cycle vault are higher than for any surface
facility concept except metal casks.

o The use of sealed storage canisters to enclose the fuel/waste cani-
sters introduces additional handiing steps, in the application of
the outer canisters and in their opening and the removal of the
contents for shipment.

5.4.10 Tunnel Drywell

The tunnel drywell concept shares many of the same features as the field
drywell. The extensive operational experience with tunnel drywells at the
Nevada test site, and later at the Basalt Waste Near-Surface Test Facility at
Hanford, gives confidence in the operational characteristics of the concept,
including heat removal capabilities. Reasonable confidence also exists in
the estimated costs of construction and operation. The main advantages of
the tunnel drywell concept are:

e With the drywells contained in tunnels, there is essentially no
visual impact from the storage installation.

« The storage field is easily secured against intrusion.
The principal disadvantages of the tunnel drywell concept are:

o This concept requires a nearby hiliside or mountain composed of
capable rock for construction of the tunnel facility; this reduces
the number and locations of suitable sites.

s Since the stored materials would be placed underground in the
tunnels, the concept could encounter public resistance in that it
would be perceived as a near-surface repository. This could cause
delays both in finding an acceptable site and in subsequent inter-
vention in licensing procedures.

e« Construction of the tunnels causes additional interaction with the
site, primarily from the spoils piles resulting from tunnel con-
struction. Similarly, costs of recovery of the site during decom-
missioning would be increased due to backfilling of the tunnels.

o The construction of tunnels would Tend an air of permanence to the
storage facility.
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The estimated 1ife-cycle cost of this concept is higher than for

any other concept except metal casks. Surface land regquirements

are minimal, but underground area regquirements, at 380 acres, are
higher than area requirements for any other concept.

5.4.11 Tunnel-Rack Vault

moderately priced and providing secure storage, is the least mature and most
complex of all the concepts considered.

The tunnel-rack vault concept is an innovative one which, although

ment and demonstration to assure safe, reliable and licensable operations.

Consequently, this concept was ranked Towest of all those considered in the
multi-attribute evaluation.

The principal advantages of the tunnel-rack

vault concept are:

With all storage Tocations within tunnels, there is essentially no

~ visual impact from the storage area, a feature this concept shares

with the tunnel drywell.
The storage Tocations are easily secured against intrusion.

Estimated life-cycie costs of this concept are intermediate between
those of the concrete cask and water pool concepts.

Surface land requirements for the tunnel-rack concept are minimal;
they consist only of an addition to the R&H building to provide
interface with the tunnel systems, and head structures for vent
shafts from the underground tunnels, used for natural-draft cooling
air circulation. The tunnel system itself is estimated to cover
approximately 20 acres; this is the smaliest area requirement for
any concept except the water pool or open-cycle vault.

The principal disadvantages of the tunnel-rack vault concept are:

The complete lack of demonstration and operating experience leads
to lower confidence in estimates of heat-removal performance and of
life-cycle costs.

The complexity of the fully automatic operating system, with fully
remote operation, leads to major questions of the safety and relia-
bility of operations. Recovery from malfunctions of equipment in
the storage area could present major problems. Substantially more
development and demonstration would be needed to assure licensa-
bility of the concept.

Access to the stored canisters is siow and in sequential, last-in-

first-out, order. Considerable shuffling of canisters among stor-
age Tocations would be needed to retrieve selected canisters.
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e The canisters are the last barrier to prevent escape of radio-
activity to the cooling air, if the fuel cladding were to fail.
This air is discharged directly to the atmosphere. Containment of
radioactivity if a canister were ruptured during handling, for
example, would be difficult.
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6.0 CONCLUSIONS AND RECOMMENDATIONS FOR STORAGE CONCEPTS

The multi-attribute evaluation performed as described in Section 4, as a
review of the earlier anaiysis in 1983, followed by intensive comparison of
characteristics as discussed in Section 5, led to a conclusion similar to
that reached in the earlier analysis {Triplett and Smith 1984): any of the
eleven candidate concepts evaluated could function satisfactorily as the
storage concept for an MRS facility. However, the concepts have wide varia-
tions in characteristics that affect their performance as storage facilities
under differing conditions. The earlier evaluation pointed out several
bases for selection of one or more candidate concepts, resulting from the
concept evaluations performed at that time. The initial evaluation was made
on the assumption that the MRS facility would be a backup to a repository.
Later, the integral MRS facility, with functions central to the waste manage-
ment system, was carried through conceptual design and a proposal for its
construction was submitted to Congress {DOE 1987a). The enactmeni of the
NucTear Waste Policy Amendments Act (NWPAA} in 1987 introduced further
changes in both the timing and the process of developing the waste management
system. However, the basic requirements for an MRS concept remain as before;
the changes that have occurred are relatively minor.

In this present evaluation, the multi-attribute evaluation set up a
putative order of preference for selection of a concept. The effects on the
rankings of assigning other reasonable values to the criterion weights were
examined, and the rankings were found to be essentially insensitive to
changes in the values of the weights. The subsequent examination of dif-
ferences in concept characteristics, as expressed in the 1lists of advantages
and disadvantages, and evaluation considering the five-point base for
selection described below, reinforced that order of preference.

The basis for MRS concept selection, modified from that given in the
earlier analysis, comprises five factors as follows:

1. While the benefits from constructing and operating an MRS facility
are basic to the waste management system, additional benefit
accrues from the ability to deploy an MRS facility such that opera-
tions can begin as soon as feasible. Starting the acceptance of
fuel in 1998, as specified in the original NWPA, minimizes the
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requirements and costs for at-reactor storage of fuel. Thus,
deploying an MRS facility by this date, or as soon as feasible
thereafter, would maximize storage benefits to the waste system.
Storage concepts that can be put in operation in minimum time, with
few requirements for development and demonstration and with
assurance of 1icensability and of safe, sure operation, have
definite advantages over others whose development and deployment
requires more time and effort. One concept in consideration is
that of the phased MRS, which begins operation as a storage-only
facility and later adds the full array of handling and preparation
procedures prior to emplacement in a repository. Concepts having
short deployment times and minimum need for support facilities are
advantageous from this standpoint.

A site for MRS has not been selected. The "best," most versatile
and most useful MRS facility is one that is easily adaptable to any
of a large number of sites of varying characteristics. With such a
concept, a major limitation on site availability would be removed.
The storage concept serving an MRS facility is the portion most
1likely to be site-dependent; selecting a concept relatively free of
dependencies on site removes much of the potential difficulties in
site selection.

The storage capacity that will be required at an MRS facility is
not certain at this time. Projections of storage requirements
could be changed without notice if difficulties should arise in
post-licensing completion of a repository, or if ongoing operations
at the repository were disrupted by operating problems. Rapid
increases in capacity could be required in such cases to avoid
accumulation of fuel inventories at reactors to the point where
operation could be affected. The capability of a storage facility
to be expanded incrementally as needed is an important factor in
its worth to the facility.

Much of the controversy about MRS has centered on the perception
that an MRS facility once put in service would become a permanent
facility, delaying or perhaps displacing a repository. In view of
this perception and the highly political nature of opposition to
MRS, it is important that an appearance of "temporary" facilities
be maintained, particularly in the storage facilities. Thus, an
array of storage casks looks more "temporary" than a concept
requiring a substantial building, and may be more desirable for
that reason.

The life-cycle costs of a storage concept were given low weight in
the multi-attribute evaluation. Nonetheless, cost can be an impor-
tant discriminator when other attributes are less than dramatically
different. Also, DOE is mandated by the NWPA as well as by good
practices to carry out development and operation of the waste man-
agement system in a cost-effective manner. Costs are always
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subservient to reliability and safety of operation. However,

significant cost differences among the concepts are important in

selecting the "right" concept.

The preference order as determined in this re-evaluation is given in
Table 6.1. The two most-preferred concepts, the concrete cask and the field
drywell, were similarly ranked in the earlier selection process. The com-
bination of Tow cost, adaptability, and confidence in prediction of both cost
and performance entered highly into the affirmation. of this choice. Of the
two, the concrete cask is preferred as the most adaptable of the concepts to
changing conditions in the waste management system and the most independent
of potential site conditions. It is recommended that the MRS Program concen-
trate on development of the concrete cask as the primary storage concept,
with the drywell as backup until definitive design begins.

The third-rated concept is the open-cycle vault. This concept requires
a large structure to house the storage chambers, and is somewhat higher in
cost than the concrete cask or drywell concepts. However, it provides secure
storage, is capable of close coupling to the R&H building, and, 1ike the two
previous concepts, offers random retrievability of fuel as needed. It is
also modular in design, capable of being expanded as needed, and essentially

TABLE 6.1. Order of Preference for Concept Selection

Order of
Preference Concept
1 Concrete Cask
2 Field Drywell
3 Open-Cycle Vault
4 Water Pool
5 Stationary Metal Cask
tie
5 NUHOMS Horizontal Vault
7 Concrete Cask-in-Trench
8 Transportable Metal Cask
9 Closed-Cycle Vault
10 Tunnel Drywell
11 Tunnel-Rack Vauit
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independent of site characteristics. Although the open-cycle vault has not
been Ticensed in the U.S., its extensive past experience suggests that licen-
sing would not be difficult. However, it appears to be less conducive than
the concrete cask and drywell concepts to the fast-track, phased-introduction
mode that may well be designated for MRS deployment, and less suited for
rapid, short-response increases in storage capacity that the MRS facility may
be subject to accommodating. The vault structure is more complicated than
that of a cask field. Design of the vault must include seismic and wind
resistance of the building shell as well as integrity of the fuel-handling
portions of the structure {(this is true of all concepts enclosed in building
structures). Construction of the vault likewise takes longer than for con-
crete casks, and larger increments of addition may be required commensurate
with the longer construction time required. Casks, on the other hand, may be
built rapidly in as much quantity as needed, matched to the demand for their
use.

The water pool concept, although well-developed and with lower 1ife-
cycle costs than the open-cycle vault, appears to adapt poerly to a need
for incremental expansion. Questions relating to possible thermal stress
when hot fuel assemblies or fuel canisters are re-introduced into a water
pool, and to wetting of fuel over Tong perieds, also need investigation.
Furthermore, the pool entails high operating costs; life-cycle costs would
increase disproportionately if the period of storage were to be extended
significantly.

The NUHOMS concept, although it has been licensed for at-reactor stor-
age, was ranked Tow because of its higher cost and because of the complex
loading/unloading procedures required in the storage yard. Such procedures
may be less desirable with a 3,000 MTU-per-year rate than with the much lower
handling rates at a reactor site.

Both the metal cask concepts were given low preference ratings princi-
pally because of their higher costs. Other concepts could perform as well
for much less. However, for storage of smaller quantities of fuel, the dis-
advantages of metal casks are less important. In particular, transportable
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storage casks could serve well for the first phase of a three-phase MRS
facility, with an alternate concept used for later phases.

Tunnel drywells and the concrete cask-in-trench concept have substanti-
ally higher costs, and do not add appreciably to the safety or reliability of
operation afforded hy the preferred concepts. The concrete cask-in-trench
concept is awkward in retrieval operations, and the tunnel drywell concept
would severely restrict the available sites.

Neither the closed-cycle vault nor the tunnei-rack vault has any devel-
opmental history, and it is doubtful that they could be developed in time for
use in the MRS Program. In particular, the tunnel-rack vault concept is
highly complicated and would require a major development effort.

Thus, although all the storage concepts considered could provide suita-
ble storage for an MRS facility, the concrete cask and the field drywell, in
that order, have the combination of attributes that offer low-cost, reliable
operation, flexibility to different site characteristics and to changes in
system requirements, and ease of Ticensing that make them the preferred con-
cepts for further development as MRS technologies.
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TABLE A.2. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion
Ranking Procedure--Equal Weighting, Original Ranking Order
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TABLE A.3. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Reconstructed Weighting (Var 1), Original Ranking Order
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TABLE A.4. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Reconstructed Weighting (Var 2), Original Ranking Order
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TABLE A.5.

Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Original Weighting, Forced 11-Rank Series (ties averaged)
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TABLE A.6. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Equal Weighting, Forced 11-Rank Series (ties averaged)
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TABLE A.7. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Reconstructed Weighting (Var 1), Forced 11-Rank Series (ties averaged)
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TIMEL-FACE Wl T PiLoo oz 2,20 ! 1.0 0 LI0 VIO O X ! 8.0 0.1 0.0 ! 730 0.3 LB }1L00 0T LA F130 0l 103 4 %I Y LI I
NWEE HRITONTAL WAAT @ 400 (0,2 0.80 | 400 O 04 i 53 045 ¢18 ! Jx™ 0.3 0.3 ; 3% o2 L3 ! 6.0 0i3 LY @ 40 &1 68 0 483 ¢ L3 1 3
WATER PO I &0 0.2 0.8 ! A% ¢l 08 | 3¥W 0@ 018 ! Lo 4! 0¥ ! 1® 03 0@ ! LW 0.J3 4T %00 O 0 0 LI LT 4
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TABLE A.8.

Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking
Procedure--Reconstructed Weighting (Var 2), Forced 11-Rank Series (ties averaged)

I RITER] M i CONPOSITE CIMCEFT Riwt [NG
RE-ME[SMTIN] v 2 "

FORCED 1} RANE~WA TIES § SAFETY A 1 EWIRMENTAL | EOCIEOMINIC § SITING H i CINCEPT i CINCEPT i1 BREE MORMALITED

i LICOaTNE ' InPCT i IHPRCT i REIRERENTS | =114 i MATLRITY H AEIRILITY i OWPOSITE (OMPOSITE (RDINAL

CINCEPT } R MEISHT PRINLLCT ! RASK MEIENT PRINACT | Rigel  WEIEHT PRODLLCT ! RAMC METONT PRIUCT | RE  WEIGHT PRIEACT | ROME WE[GHT PRODWCT | RAMK ETEHT FROOLCT | RAMELME  RAMEING  AAMEINE

CIMCRETE CASE P40 41 0 A 0B X LW 008 0 200 0l 0.3 ¢ L9 0T 043 1 W 02 0 ! 400 02 0 i 10X P 00 ) L
CASE-1m-TREH | &0 01 04t A% O 04T ! A3 0.0F 04 ] LW 01 0T ! %% 0 LB ! OB 02 L0 i, 400 02 OB I M & ! 8 (TR
FIELD DRIELL | %00 01 080 ! 40 0®@ X ! I 000 049 ! AW 0] O ) LB 0T 641 LB 062 0D ) A 02 0B ! 1M ! L0 2
TusEl, INTHELL VoS00 00 00 led 0@ 03 B 008 441 PIL00 0 L0t R® 0T LD ! O3W K2 LI NN 02 Zle i 83! LI oW
STATIONGAY METAL CASH | 400 O D40 | A0 0.0 GN | &3 003 43 ; 3 0 0D | %2 03 1é3 ! 3L® 0.2 o070 ! 40 B2 080 ¢ &R 1 LB® ) 4
TRUSPORTARE METAL CAGE | 8.0 0. 0.0 | 40 000 0.20 ! .3 005 643 ; 3 0.1 O3 {1500 O3 3B ! 600 0.2 L& i 4N 0.2 0.80 (! T4} LAY} B (NME
DPEN-CYILE LY P4 Bl 0% ) 4 603 A ! 3 0@ 018 0 MW Ol 6N AR &3 L3P L3 02 L1940 92 0.0 if 403 LB Y]
CLOED-CYTIE vl T 10,00 0.1 kOO 40 &0 00 ! 33 00 O0F ! 700 Gl 070 4 5B O3 183 {1009 0.2 N} AO0 0.2 L0} IV zez i T
TUMEL-R¥ICK WALLT P10 01 et L0 %0 03 LM g 0m ;o 6.0 O 0B ! T &I A 1IN0 62 22X 1.5 0.2 21008 %M Ll 1
MHEIE HRIZONTAL WAAT | 4,00 0.1 040 ¢ 40 003 0.2 ! 350 0.0 018 300 0l 0.3 ¢ 53 03 185 0 80 02 LA P o400 0.2 080 M RIT! L1 3
WIER AL P40 0 Al 4R 0@ 44 P LH® 00 08 ¢ OO 01 0 33 0T L) LW 02 0N ! R0 G2 1B 1 49 L A
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TABLE A.8. Comparisons of Storage Costs and Required Storage Areas

CONCEPT LIFETIME CDSTS {UNDISCOUNTED) #MILLIONS

! LABDR MATERIALS COMPOSITE | ! HET | STORAGE | PERCENT TOTAL
CONSTRLCTION P YEAR OF UPDATE UPDATE LABIR MAT'LS UPDATE | UPDATED ¢ SYSTEM TOTAL { AREA | CAPRCITY (N
INITIAL  AOD-ON OFERATINE [FLIM  TOVAL | ESTIMATE FACTOR  FACTOR FRACTION FRACTION FACTOR ¢ COST 3 SAVINGS COSTS ¢ ACRES 1 INIT CONSTRICIN 44
TIRMCRETE LA R 3% N v 55 63 15.5 1783 3 19ED LOTA9IY L0422 .55 0,43 1,070821  1B9.8 H &7 10
CINFETE CASK-IN-TREMCH ¢ 112,64 3734 8,1 30,4 5647 ¢ 1981 L.I24562 1.034534 0.8 0.2 {,106576 1 4249 | HE U ¥ S 20
FIELD DRYMELL (N} L8 0.0 5.0 1.5 1313 ) 1983 L0799 1062122 0.6 O0.T06 L.071992 1 140.7 | | 72 10
FIELD DRYMELL (P) 1 5.2 1083 B.7 18,2 18A6 1 1983 L.OTTYXY L.O&2I22 0424 0074 ).071%Z ! 00,0 | . ~ I T -
TUNMEL DRYWELL iO187.3 4A%.4 50 A1 FALO 1 1983 1,124552 L.0M6M  0.70 0.2 1104778 | B20.8 | i o+ | 0
FETAL CASI, STORARE LI 1% SR/~ | 7.8 1SR4 1697.6 b 1983 1124042 L.OMEM 0.25 0.7 Lol | Ir0e2 | H 8 L]
FETAL CASI, TRASPORT | 787.7 11t 3.2 2.4 2W7.3 1 1983 1.124562 1,0M6M 0.2 0.8 1.052520 | Z330.2 o} 0 760,24} A5 30
OPEN-CYCLE WALLT {134 180.8 1.5 27.4 3151 ¢ 1983 1.124542 108 0.45 0.35 109387 | M4 H 7o n
DLOSED-CIOLE WRLT 1 - S 7 4.3  S4.3  4llB ¢ 1993 1. 124342 LOMAM 081 0.37 1.0M287 ! bb7.4 ! H a7 k'
TUNNEL-RACK WALLT {1823 100.5 18.2 011 1 1983 1.124562 1.004534 0.5 0,45 108407 | 126.4 ! H 0+ 100
WHIS HRIIONTAL VALLT ¢ 98.8  JIB.A 15.5 AL7 4747 | 1985 L0779V [.0AMZ Q.48 0.35 1072003 W71 ! H L I 20
WATER POOL i B3 119.5 8,7 2155 | 1984 1.001448 1.04YS2E 0.4 0.35 1.050904 ! 226.5 ! i ? 100
MJTES:

¢+ lse of transportable setal casks results in offsetting system savings of approx. $100 million
$30 wikljon in avoidance of fuel transfer to shipping cask
$70 millim in c2pital cost from avoidance of purchase of separate MRS-torrepository shipping cask
(Cagk cout gavings not included — tranwportation system savings)
t+ The higher costs and acreage requiresents for the Parsons dryweil design result fromd
= More advanced stage of conceptual design (Parsons is the MRS facility Architect-Engineer}
- A were cnservative estimate of heat-dissipation abilities af the earth surrounding the drywalls
- Considerable excavition requirements for leveling and preparing the storage site
= FRock near the field surface. increasing drilling costs for the drywells
+ Storige areas for the tunnel rack and tunel drywell concepts are underground

++ Estimates based o required tinds for procuresent /construction of storage
vs, five-year period assumed for filling storage #leld
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TABLE A.10. MRS Storage Deployment Times

b INITIAL CONSTRUCTION SCHETULE, MONTHS
¢ NITH FILL MRS DESIEN, LICENSING.
i FULL FACILITY CONSTRUCTION

INITIAL CONSTRLCTION SCHEDWLE. MONTHS
WITH FILL MRS [ESIEN % LICENSING:
STORAGE CONSTRUCTION DALY

INITIAL CONSTRUCTION SCHEDULE, MOMTHS
WITH DESIEN, LICERSING, AND CONSTRICTIGN
(F STORAGE FIELD DMLY

(SINGLE-PHASE MFS}

{TWO-PHASE MRS) (THREE-PHASE RRS)

LICNS'S  STORAGE
OF FILL PROCUREMT &

LICENS'S  STORAGE
OF FLL PROCUREMT &

LICENS'E  STRAGE
OF  PROCURENT &

H
H

{
CONCEFT ESIEN WS OMSTRECT  TOTAL i DESIGN MRS CONSTRUCT  TOTAL ¢ DESIGN STORAGE CONSTRUCT  TOTAL
H t
COMCRETE CAsi i % 0 % 104 H 24 L] M 0 ! 12 pil 24 ]
CONCRETE CASE-TN-TREMCH | 2% X X 108 ‘ 24 L] H Bo H 12 X H bh
FIELD DRYWELL (W) i i X 0 10 ' Fi ] ] 14 n H 14 X 14 =
TURNEL DRYWELL i 2b » % 106 H . X o ) H 18 0 x 78
HETAL CASL, STORAGE ! 26 X X 106 ‘ Fi ] L] o] o H 14 24 il ]
1ETAL CASL. TRANSPORT i F. ] X 0 104 ' i X A 0 H 14 X % 4
OPECYDLE WAL T i 25 30 - 104 t 4 2 h 8 H 2 2 h -]
CLOSED-CYOLE valLY i % ® € 124 H Fi ] L) 48 122 ‘ 14 L] ® 110
TURNEL-RACK WAIAT i 24 48 0 124 : % L] L L] H 73 48 L 1o
NHO'G HORIIONTAL WALT ! % X 5 104 ' % X L] B4 H 16 24 30 ]
WATER POOL | % 0 € 104 t Fi ] 30 ¥ 2 { il o] L] )
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TABLE A.11. Cost/Area Estimate for Concrete Cask Option

CONCAETE CROS
ONSTRICTION COSTS {8009}

CAPITAL COSTS: 15.000 MTU DIR COSTS  DEDMCT DIR COST INDIRECT TOTAL COST

TOTAL DIRECT COST {BEC-MRS-3302) ! 197129 FEF PAGE 103

INIT(AL COST (REF) 13142

| H i
LESS:  CASK PRDS i i KT
CHTRL' STORREE H H ol
SORITY A6 H i 213 3
SUPPORT FALILITIES H (I E: I
CANISTERS i H 0l i TRAKSPORTERS 4 2065( IMOLLIDED
INIT CaSx CIsT | H i MNETCR SYSTEM 3 Z50K INCLLIDED
PLUS: INIT BF CASK [DST (7)) | S0 i
INIT NFBH CASK COST {47) } Ly, U i CASKS FUR & PINTHS' ACCEPTANCE {1500 KTL)
CASX PADS (240 CASKS) { B4 3 i CASIS &0 IN. 1D BY 12 FT OD(SF)
WET INIT STORAGE FACILITY COST i ! L i1 CASKS &) IN. D BY 1L FT 0D (NFEH)
H i : FUEL CAPAITY SF: 24 9-IN CANISTERS
SUM OF ANMUAL ADDITIONS (REF) i A5MT ' S 44 &-IN CRNISTERS
LESS: ' H ' MFEH: 3 DRUM STACKS (5 DRLMS EA)
CARISTERS i I 7~ £
CASY COsT (983) i T 42545 | TOTAL CASMS FOR 15:000 MTU:
CASX PAD £OST i H W2
PLLS; ¢ H i & CASXS ™
SF CASIS (724-73) i S H WFEH CASK LI
NFEH CASKS (473-4T% VT H TOTAL 1197 ALLOM SPRCE FIR 1200
PAl OOETS (940 CASKS) i HT | H
SBTOTAL i H H CASK COsT
MET ADCED COSTS: i ' HE ) SF 480,000 WFEH 470,000
| H i
TOTAL STGE FACILITY DIRECT COSTS | H i B ASSLME 10 RIS OF PADS
{ i { PRD LEMGTH PER FIM 1050.5 FT
ENITIAL DIRECT COSTS ‘ } L TATAL PAD LENSTH 10505 FT
INITIAL INDIRECT CIESTS : i ' D NIDTH kg
(ONSTR SVCS i i ' 1639, 5757 FIELD LEMGTH 1150.53 FY
HINE GFFICE i i H 1769, 4534 FIELD WIDTH 720 FT
CONT IMGEMCY i i H 4129.251] LNIF PAD COST ¢ 411.11 PER FOOT LEMETH
(WMERS COST i H i 1843, 2414
TOTAL INITIAL CORNSTRUCTION COSTS | H i 2715
ADDED DIRECT COSTS H i [~
ADTED INDIRELT LOSTS: H H H
(INSTR SVCS 3 i H 10683, 242
HOFE (FFICE i i i 168,991
CONTINGRMCY i H i Z5479.313
DWMERS COST i i i 07 N7
TOTAL ADDED COMSTRACTION CDST t i H 132493, 4
TOTAL COMSTRUCTION COST i i H 1543585, ¢

DECIMMISSIONING COSTS  (8000)

DECOMMIESIONING COST: | H
101 OF CONSTRICTION 09T | H

1958,3
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TABLE A.11. (contd)
COWCRETE CASKS
OPERATING COSTS  (8000)
OPERATING COST t PERSIMNMEL | AV6 CIOST  § AMN COST
H H H
CREW CHIEF H 11 ) W S 1”2
[CRAME OPERATIR 1 21 oy v S .4
JORNETTHN H 2 1 m2 70.4
W | F ) B S 7.4
TOTAL CREW | H L 744
MAINTENAMCE OW TRAHSPORT | i ' 206.5
MAINTENNCE O MMLTIRS § H l 3.0
i H H
TOTAL ANNLAL | H 1 83.7 FULL VALLE 2003 THROUGH 2007
i 1 | HALF VALLE 2008 THROUGH 2024
H 1 H FULL VALLE 2075 THROUEH 2027
TOTAL LIFE H | I &304
COST SUMHARY
TOTAL LIFE-CYQLE COSTS (NDISCY 4 H H
(IMSTRLTIN H H 15
OPERATION t H H AN
DELOMM ISSIOMING H H H 1157
H H i
TOTAL t H HE ¥/
STORAGE AREA REQUIREMENTS
STORAGE AREA &7 AFES
10 PADS T7X1050.5
50 FIXT ROADWAY BETWEEN % ARDLMD FADS
X0 F1 SEDLRITY PERIMETER
S FEET AFES
BRIC AREA Ba141D 19.78 {1050.51 # (379 10+50e3) BATHLO SQ FT
ROADNAY 1970850 4.52 {1050, 342050) ¢ {37 10+504 114197 197050 5¢ 7
SECINITY PERIMETER
{Z00 FEET EACH SIIE) 78200 2,89 {1050, FevI0+400) ¢ (T7 e 1045001 L+4001) FERI00
={L93ATH
TOTAL SQUARE FEET 2XH65460 &,79
TOTAL ALRES R
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TABLE A.12.

{IMOETE CANS IN TRERCHES
CINSTRUCTIN CONTS

(9000}

Cost/Area Estimate for Concrete Cask-In-Trench Option

STOREE CAPRCITT 13,000 WTU

FIR COSTS  DEMET

DIR BT INDIRECT TOTAL 05T

TOTAL IMIT DIR COST HEC-PRE-I300)

TR REF PR 03

LESS: O STORMGE H H ™ !
SUPPORT FRCILITIES I i e D" ID TR MOLDS 31" (R 12-4" CAMISTERS
CANJHTERS i H I 1 CISTS ¥, 200 {RET}
INIT CASE (st i oM 0" 1D CASE MOLDA 13 MINE TFRUAS
SNFAE PREP H ' " CSTH a4 0 (REF}
1 i 1
PLUS: INIT ChSe DDET (201} H 1 1
[ e PR~ N B TR Fy 7= B I
WM CASES (113 wML A Im 1
ENCAN, BCEFILL, TRAINAE o ] i MNITOR SYSTEN 3 2308 [M1LIFD
H H i TRARSPIRTERS § 204 JACLLEED
MET IMITIAL DIRECT (RETS i 1 1 &hBél
I 1 :
UM OF AL ADDITIINES Ponme H
LESS: 1 H H
CAmISTERS H i m i
Cnsx CIET (W) 1 i DwE !
SURFACE PREF H I ¥ |
ALUS: H 1 i
& [RFG (W14 ionEn | 1
DM CASS (IX5-T1) LI v~ I |
EIDW, BOCIFILL DRRINSGE | JI90 | |
SSTOTAL I ATe | |
I i '
NET ADMED DIRECT (O5TE: i T P ATM
I t i
TOTAL STHE FACLLITY DIRELT COSTS ! H ! Dow
i H H
INITIAL BIRECT (OSTS ' I i A
TNITE&L 1ND)RECT CTHTS ' V I
[INITR EVCS H i 1 I3, 108
MIE OFFICE H H i W3NG
I IGENCY i H i 1100812
OWRERS COST H ¥ H T™Y. N3
TOTAL [NITYA DOWSTRUCTION COST5 ! H H 112641.4
H 1 I
AXED DIRECT CINTS B 4 [ =110
ADUED {MDIRECT (TETS: t H i
(INSTR EVCS ' H i nne.om
MIE OFFICE H H i M7
CIIMT INEERCY i H i THAT. Y
DWMERS CDST i H i 1519914
TOTAL ADED COMSTRUCTION CIET i H B T4
TOTAL COMSTRUCTION CIST 1 1 1 J05010.9
CASE-TH-TREMCH ECOMISSTONING CIETS  48000)

DECOMMISSIONING (IET:
101 OF CIMNSTRIETION COST

Whd] .1
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OPERAT I CTETE  (sX0)

TABLE A.12. (contd)

OPERATING COST | MERSINMEL 3 NG LDST | Al COST
CRER CHIEF } 1! me | .2
CpE (PERATIR ! 1 me | A
JREYF 4 F I mi i .4
w H 21 .2 4 LA
TUTAL (M H H LI
MINTERSCE (M TRARSFIRT | H [ %]
MINTERTCE (M AORITORS | H 1 %0
1 H !
TOTAL AL OPERATINE CIISTS I } [ -R FUli VLLE 2003 THROUEW 2007, 2025 TMROLEH X2
LIFETIME OPERATING ODSTS } H .- A WLF WALLE 2008 THROUGH 2024
CRSR- In-THEMEH CIES1 SUPRY
TOTAL LIFE-CCLE TOSTE MDISC | ' L
CIMETRLLT T L i L.
TPORATEON 1 I 1 B
LIRSS 1IN i ' [
' ' 1
TOTAL H { [0
SR - In-THEMEH STORGEE AREA REXUINEMENTS
STORAGE ARER JLLA. ]
CAE PAD )3 4780 FT
WM OemE O 1% FUEL + IO O
40 CRERS PER PAD
100 P RESD U W) BELPINE 1102 PAD AREA}
X FT FOANAY BETOFEN PROS
0 71 ALY BETW S & AT S
10 FT ENEE FRCED
100 FT (UTER TONE
BRSIC ARER 100, 4613 ACRES 31490 90 FT (0w IO TH 2380} £ (T JoB0u 4}
SECIRITY PERIMETER 43,290 ARES SO0 90 FT RO+ I0TH 20B0-4001 x (4930 J0000 ++400) - £ W)
(200 FEET EADH S10F)
TOTAL SANFE FEXT 1%, W7 ACRES ¥ B FT
TOTAL ACRES 47 AFES
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TABLE A.13. Cost/Area Estimate for Field Drywell Option (Original stimate)

FIELD ANELLS: wEyTareE
CONSTRLETION CST  (14000)

EAPITAL CISTS: 15,000 MTU DIR (ISTE DEDUCT MR COST INDIRECT TOTAL COST

TOTAL DIRECT CUST (WTSD-TRE-O11) {128y (R WTSD-THE-O11 PRGE 31D

LESS: H
CHRTU BTORREE H Trh
SPPINAT FRCILITIER ¢ 1180w
CARIETERS { e
L L1 1
175 F DRNELLS W INCLUDES TRARSFORTER @ 3008
142 NFEC DRYWELLS 2 ! ASSIME MONITORS 4 0K
v MALE DRILLING INCLLIED }
A* CAMISTR DvRRX 410 & O 28 AR 5 D2
MET INIT DIRECT COETS H 1473 344 FIR PUK & (OIVER
H 373 TOTAL
TOTAL ANMIL ADDITIONS i
DRTWELLS FIR SF CANISTERS 11 7 WFEC DN: T8 AR NFEC M:
DRAELLS FOR NFEC CRRISTERS wun (283 FIR PLUS & CIMER
IRVWELL WILE DRILLING {NCLIEED ! 4574 TOTAL
&" CANISTER DNERPACX 40 1
1
i
§

am mE mE omm e sk EE EE RY We mm == AW mE EE e s A BE EE mE WE Y= —— AR BN mE e T —— Am aA EE mr e —
AW mw v ok N EE WE o m— we e e EE Y mw e s Gk MR N Y= —— AR AR mm wE T me e da A we mw T

NET ADOED DIFELCT COETR 031
TOTAL DRYMELLS RERLIIRED:
TOTAL GYORASE FACILITY DIRECT CIETE me 17,300 FIR & CANISTERS
1420 FIR WFBM
TOTAL INIT DIRECT COST ; 14693
INDIRECT (COSTS H ASHPE 10T INITIALLY (6 MO GUPFLY)
CNSTR EVCE ! 1604.842
HIME (FFICE 1 1983811
CIMT INEENCY | 420,572
TMNERS (ST | 1620, 182
TOTAL SMIT CNSTRUCTION COSTE ! HIth.6
1
TOTAL ADIED DIRECT COST ! 051
CNSTR BWCS ’ 7%
HIE OFFICE [ 1D, 448
CINTINGEMCY H 17306. 47
TMNERS CIST | 81293
TOTAL ADIED CINGTRTIN COST ! .7
T07AL CONGTRUCTION CTIST ! 1473.3

IECIMISSIINING COSTS  14000)

DECTMMISSIONING (TIST
101 OF CMSTRLLTSON IRV i H

-

11473.8




9LV

FIELD DRNELLS

TABLE A.13. (contd)

OPERATINE CISTS (8000}

OPERATING COSTS | PERSINMEL | AWG COST | &4 CIET TOTAL CIIST
CREN CHIEF I 1t ™21 32
TRWEPORTER CPERATIR | 21 W21 T
JLRNEYWN ! 21 W™24 M4
w i 21 W2 T4
i ' !
TOTAL AL CREM { 71 oI FUILL WEUE 2003 THRILEM 7007
MAINT: TRANGPORTERS © ! %00 HLF VOLLE 2000 THRILGH 2024
MAINT: PONITORS : 1 : 5.0 FULL VALLE 2029 THRILGH 2027
A LIFE : : P OS04%.8
FIELD DRYVELLS COET SRy
09T CATERRY QST (8000}
TOTAL LIFE-CYCLE CUSTE (MDIED) ¢ { |
CONGTRLCT [N 1 ! I uarm
FERATING ! t ! 548
DECOMISSTONING i t T
; ! !
ma, t : P12
SIORMGE AREQ t 1 '
(PER W REPORT WTSO-TRE-011) 42 ACRER | I
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TABLE A.14. Cost/Area Estimate for Field Drywell Option (from MRS Conceptual Design)

INTWELLS: FARIRG YERIION
CIMSTRCTION COSTS  14000)

STORAGE CAPACITY {5,000 WU DIR COSTS DEMCT  BIR COST INDIRECT TOTAL OISV
TOTAL DIRELT COST WTED-TME-G11) | 177289 REF POEE 51
LESS: DHTRU GTORAEE I H L2
SPPORT FACILITIER ! tleoe |
CANISTERS H H ¥ ! ;L INOLMIFS §2500 MONITOR[NE EQFT
TRANSPORTER H H 00 4
PLLS: ' H !
500 SF DAMELLS {144 ) 1 S DRNELLS § v3841
00 NFEC (RELLE ) 2 | H WFEC DAVWELLS @ #9630
¥ HLE DRILLTME H W00 | H
TRANSPORTERS H 3300 ¢ !
&" CAMISTER OvRFY 3 LI L H
MET INIT DIRECT COSTS H ! NS
L] [ 1
TOTAL ANMIL ADOLTNE (S} FRIM A-E © H H
DRYWELLS FIR SF CAMISTERS LI LI H TOTAL 5F DRNELLE = Ry,
DRATMELLS FIR NFEC CAN]STERS LI |24 - 1 TOTAL WFEC IRNIELLE = 142
DRNELL HILE DRILLING t 5000 1
MET ADDED COSTE H H i my
i H |
TOTAL STORAAE FACILITY DIRECT DIOETY | H 1 101439
H H !
TOTAL INIT DIRECT OIST H H LR
IMGIRECT COSTS H i t
(SR BCS H H 1 LIE
H*E OFFICE H ! 1 4250.857
CIT INGENCY ' H 1 YHLT?
WNERS COST H [ 1 HN.67
TOTAL INIT COMSTRUCTION C£ST3 i H H a7
H H H
TOTAL RDDED DIRECT COST H ! HI
CMSTR 5WCS H ! H 7, &40
HIE OFFICE t ! H 7ie.710
CONTINEENCY H ! ! 0832, 14
TS (ST H H H 4154 427
TOTAL ADED CONSTRUCTION COST H H H 108327.1
H H H
TOTAL COMSTRUCTION COST ' H H 161515.8
TECOMISSIONING COSTS

DECOMMISSIONING COST | | }
107 OF COWSTRUCTI(N OOST i

161917
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TABLE A.14. (contd)
FIELD DRYELLS (PARSING)
FERATING CISTS
IPERATING COGTS ! PERGNEL : VB COST | AN CIIST
! ! (PORSIDG) § ¢ 9000 )
TOvEE FEN : ! :
CREW DNIEF ! 17 W2t W2
TRAGFIRTER (PEATR | 21 W21 T4
TRENTS : 21 Mm21 704
w : 21 B2 TR
! : !
TOTAL AR CREM ' 71 1 a0 2001 THROUGH 2007
MINT: RASPRTERS | ' i 3W.0 HILF VALLE 2008 THROUGH 2024
WINT: ANITIRS ! : i %0 FLL WLUE 2023 THROUGH 2077
TOTAL LIFE : ! | 8L
: : !
FIELD DRYWELLS (PARSTNS) ST SIWRY
TIIST CATEBORY COST (8000}
TOTAL LIFE-CYOLE CIGTE (OIS | : |
MSTALTIN ! ! T
PERATING ! ! 1 en
[ECOMISSINE ! t BT
: I !
AL : | 1 1B
AFED REQUIREMENTS
ETORNE AREA
{PER ¥ REPORT WTSD-THE-011) ¥2 ACRES
{PER A€ CINCEFT DESIQN) 5 MRS
AL W/ 20 FT N SPAE 143 ACRES
+ SECARITY PERIN 3 200° 220 ACRES
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TABLE A.15. Cost/Area Estimate for Tunnel Drywell Option

TUSEL OFYerLl
COETRLTION CISTS  (e000)

STORAGE CAFPRCITY 13,000 ATU IR OETS DEIUCT  DIR OT IMDIRECT TOMAL Cosl

ToAL MRECT DST oefsh-mE-0LH ! } 1

TIWNEL § ! } '
RCESS i S18e% H
STIRAE IS o M7 i
VENT BWFTE i w0 :
TUNMEL SUPFINRT FACELITIER H e | H
RYWELLS i H '
TX0 F NNELLE LI 17 2 I H [CUEES TRAMSPORTER 3 J0
X I PRNELLS | . T O] 1 AGIE NNITRS § 1500
N HLE DRILLING } IWOLADED | 3
TRAMSFORTER VEHIOLE H x»m | H
i 1 |
NET TNiT STORRGE FACILITY CINST H H 1 1im
! H |
TOTAL AMMUFL ADDITIHNG {ELB0} | i } I AN FR DN ELIMERE 340 AR SHIALD FLUE & OV = W7D
i i |
TuMELS i H i WFEC TN: 7425 FOR OW & LINERS 1263 FIR SMIELD MR = MT0
AOTS PO 1
STRASE ROMB booaTied H
VENT EHOFTS 1 1 H
1 | t
[RTELLE FIR BF CANIETERS S sy H
IRYHELLS FOR NFBC CAMUSTERS H LI |
DRYWELL HILE DRILLIwG 1 DRLUED | I
1 1 i
MET  ADDED COSTS 1 H i Jm
H H i
TOTAL STORMEE FACILITY DIRECT CINTS H [RLF2 0t
! 1 t
TOTAL IWIT PIRECT CIST 1 H I
TMDTRECT COSTS H H |
OMSTR BVCS 1 H I 1704, 488
MIE OFFICE 1 H i TI1T, 063
COWYTNEENCY i H L R, e13
(MRS ST ! 1 i 12263, Y34
TOTAL [NIT CIMSTRLTION CBTS 1 { H 167441.0
' i t
TTAL AIED DIRECT CIST i H [T Yy -]
CIMSTR SVCS E H i WL
HrE FFICE t H H 1044, 1TH
CONTINGENCY : H 1 FITI).
(WNEWS [IST ! i i 1859, 7%
TOTAL ADDED CONSTRUCTIOW COSY i ! I AT, §
H t i
TOToL CXMSVALCT MM £05Y H H } [y AR ]
RMEL IFMELLS DECOAMISSEONING COSTS S00G}H

DECIMHISSIONING COST i i
101 OF COMSTRETIIM [H9T H H i &7082.4
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TABLE A.15. ({contd)

2003 TWRILGH 2007
WALF VALLE 2008 THRELEH a4
FUL WUE 275 TWREH 2027

TUNMEL [RTWELLS
TUMNEL PRELLS OPERATINE (ISTE {9000
OPERATING OIETS | PERGINEL | V6 (ST | AN ST
STORAGE CREM I i '
CREW CHIEF i [ L B M2
TRAMSFIRTER OPERATOR ! P b .4
TLRETAN H 21 mn? | .4
W i 21 me i .4
1 H H
TUTAL AWMUAL LFEW ] LA 1 k.4
MAINT: TRAMSPIRTERS | H H .0
MRINT MO TORS } ' i 5.0
TOTAL LIFE 1 1 [ Y
I 1 1
TOTAL LIFE-CYCLE COSTS {UNDISC) 1 ' |
COMSTRUCT LOW ! ' [ Y, v |
OPERRTING H ' | b
[ELIMAIESEON] S5 i H I [ 1]
1 t |
10T H H I IR
STORAGE ORER 30 RS {UMIERERCLMD)

{MOTE: SPOILAGE DISFIGAL NEVWUIRES 130 ACRES AT SURFACE}



I2°v

TABLE A.16. Cost/Area Estimate for Storage-Only Metal Cask Option

STORAOE-OMLY METAL CAXKY
CONSTRICTION COSTS {4000}

STORAEE CAPRCITY 15,000 MTU DiR COSTS  DETRECT DIR COS7 INGIRECT TOTAL COST

TOTAL DIRECT COST (WTSD-THE-0100 | REF WTSD-THE-010 PREE 52

SITE PREP
SITE IHPRIVEMENTS
STORAEE PADS {240 CASKS)
CASE TRANSPORTERS
PNITCRING EQFT

ALS:  INIT CAsS k IS (7D

125-F0N CADIS 24 9% & 5°

TOTAL CASKS REQUIRED:
#-[NCH CAMISTERS 484
1mz7i.e trINCH CAMESTERS s

WFEH (X5 DRUMS) 73
AN ADDITIONS —_—

817 ChAKS & SXIDS
CASE PADS (940 CASKS)
TOTAL ADDED PIRELT COSTS

1e?
TOTAL PAD LENGTH, FT 1
42540, 9 (ALLOW FTR 1200 CASKS)
INITIAL CAODES hE
1080872, ADDED CASKS B17
CASKS (OTHER CASKS  OTHER CASKS OTHER TOTAL

t
{
1
E
et ;
:
|
E THE0 23, %8 CASK COST. ER, 900,000
H
t
i
i
i
i
j
!
i
i
j

i
i
NET INITTAL DIRELT COSTS H
i
1
H

TOTAL STRE FACILITY DIRECT COSTS

INITIAL DIRECT COSTS

INITSAL INDIRECT COSTS
CINSTR SVCS
HI'E OFFICE
CIWTINGENCY
(WNERS COST

[ASX QAILS: EA 3. 000
418553 428.0 STORAGE PAD./CHV YD %200
12006 2.2 STORAEE PAD. / FT #1111
177,86 10785
N7z WA
TOTAL INITIAL CONSTRUCTION COSTS 5643039 5I70.1 570076.1
ADOED DIRECT COSTS
ADDED INDIRECT COSTS:
CONJTR SWCS
HIFE OFFICE
CONTINGEMCY
MNERS [DST

73303, 0 3141902

I¥i5
2136
14gd. 3 3.2
34969.3  1BH.b

TOTAL ASOED CONSTRUCTEON COST 951200.5  4904.0 W4105.3

e mm ke Mmoo e k= mm mm e R mm bk Bk dne ok B Ae mk Ml e mm e e = me Y we == =

TOTAL CIMSTRUCTION COST 1334181, 4

STORAGE-DLY METAL CASKS DECOMMISSIONING CISTS (%000}

[ECOMMISSIONING COST:
10X OF CONSTRUCTION ST

—

153418.1
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TABLE A.16. ({(contd)

STORAGE-OMLY METAL CRSKS (8000}

OPERATINB [DSTS
CPERATING COST | PERSIRMEL | AVS COST | AWM COST
i t H
CREW CHIEF 4 i) M2 n.2
TPERATIR t 3 ®¥2 ! 1174
JOURMEYMAN i 2} w2 10.4
W H 21 23 .4
TOTAL ANMLAL CREW ! | [ o3
! H i HALF VALLE 2008 THROUEH 2024
101 OF TRANSPIRTER COSTS | i L | -] FULL VLl 2025 THROURH 2027
74 OF MONITIR EQPT COST 1 H H 3
A TNTENANCE. i { I 1055
TOTAL LIFE i H {79
STURAGE-TMLY METAL CASKS LDST SUMWRY
OIST CATERRY oSt (a0}
TOTAL LIFE-CYOLE COSTS (UNDISCH } '
CIMSTRICTTIN i ! ! 133181
OPERATION H i t iz
IECOMATSSIINING i H V153818
| \ {
TataL H H LI T
PREA FEQUTRIMENTY
STORAGE AREA 43 ACRES
FIELD 120 CASKS/ROM x 10 ROWS
ACTUNL STORAEE AREA 9754820 PR RO LDBTH: 974 FT FIELD LENGTH
50-FOOT ROADWAY PETMEEN & AROLND PAIS: PRD ROW WIDTH: 37 FT FLELD WEDTH
NET STORAGE AREA 10754920
200-FT SEDIRITY PERIMETER
STORAEE AREA R.TAA MWW SR FT
SETIRITY PERIMETER 2,00 A, 758400 S8 FT

TUTAL ARER M. 73 A 19020 S FT

97k
1t
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TABLE A.17. Cost/Area Estimate for Transportable Metal Cask Option

TRAXSTORTAGLE METAL CAXKD
CONSTRCTION COSTS {4000)

CAPITAL COSTS: 13.000 NTU DIR COSTS  DETLCT BIR COST IMDIRECT TOTAL COST
TOTAL DIRECT CONST (WTSH-TME-O1JF 1§ REF WTSD-TrE-013 PREE 36
SITE PREP Pl foon i H
SITE IMFROVEMENTS I m i H
STORARE PADS (240 CASKS) § | LON i 125-TON CASES
CASE TRANSPORTERS i 1995 ! i CONISTER CAPRCITY 24-9*. 604"
MNITOR EOPT (DST T -~ ] i
INIT CASKS & SKIDS (3701 | | #p4350 | | TOTAL CASXS REQUIRED: TOTAL CASKS
i H i 9-INCH CAMISTERS bB4
NET INIT STORAGE FACILITY COST 1§ | i i Ty ' & INCH CANISTERS - FNITTAL kel
() i ‘ NFEH (313 [RUMS) LK) ADDED oIy
SM OF ANMLAL AITIONS H H H —_
LI i H TOTAL 117 1187
817 CAXS L SULDS LI 117~ L H TOTAL PAD LENGTH. FT §a1%
IMPACT LINITERS i 300t H {ALLDW FOR 1200 CASKS)
CASK PADS i3 1503 1 i INITIAL CROKS Ry}
1 H i ADTED CASXS 817
NET ADED COSTS: H H i 10277440 TOTAL  CASKS ¥/ DERTIF. 1,730,000 EA (REF DOE/R-0)54)
. i ' FEDULE TO $1, 250,000 FOR QUANTITY LSED
TOTAL STGE FACILITY DIRECT COSTS 3 & i i 1494819 CASx SXIDS. EA & 5,000 ER
I i H STORREE PRD $200 4 QU YD
i i i CAX  UTHER CASX QOTHER CAX (TER TOTAL  STORAEE PRD $ 1.5 7 FT
INITIAL DERECT LOSTS i H i WBAT30 302924 IMPACT LIMITERS % 10,000 EA {ASSIME 30 MEETED
INITIAL INDIRECT CDSTS i ! i AT SHIFPING)
(INSTR VLS o H H 38044 T7H.54 RELCFRTIFICATION $ 45,000 PER CASK {AT SHIFPIMG}
HIFE (FFICE I | H 62687 M04.73 (REF DOE/RM-C154)
CONTINGENCY Pl i ' 146270 .21
(MMERS CIET - i H 31195 By
1 1 : :
TOTAL INITIAL COMSTRUCTION COSTS § | i ) 6254 510%,03 AN
H. i H CASE  OTHER
ADMED DIRELT COSTS i i { 102ET 16047
ADDED INDIRELT CDSTS: HE i H
CONSTR SVCS L i i 200,462
HFE OFFICE H i i 109. 4
CONT IMGEMCY HE] H i LAY 470.48
OWNERS COST ol H ' 3wz 70
¥ L] = :
TOTAL ADTDED COMSTRUCTION COST HE i H 13315686 Z488.11 13073,
P H !
TOTAL CORSTRUCT IO COST P { i 2173724
TRANSPIRTABLE METAL CASKS [ECOMISSIINING COSTS  (3000)

DECOMMISSIONING (DST: '
101 OF COMSTRUCTION COST

i ! 2472.4
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TRANSPORTRBLE PETAL CASKS
OPERATING COSTR {8000}

TABLE A.17.

(contd)

OPERATING COST i | PERSONNEL | AVG COST ¢ AMN ODGT
I H H
[REM CHIEF 11 1 mn2 i ?.2
OPERATOR ol 11 2 | 117.4
JOURNEYTHN Lot 2 i me2 | .4
w P 21 n2 | 78.4
LI H i
LABCH LI H H N34 FULL WALLE 2003 THROLGH 2007
HE H H HALF YALLE 2008 THRILGH 2024
101 OF TRANSPORTER [OSTS § ! H H 108.5% FULL WIF 2075 THROUGH 2027
2 OF MONITOR EOPY COST 1§ i H 5.0
WA INTENARCE b i } 193.5 LOADT OPERATIONS SAVINGS:
LESS: SAVINGS IN RiH LDADOJT it i i =30000 UTILITIES
PORT OPERATIONS L] H i MAINT &
CASX RELERTIFICATEOM LI - <. I i 1S REPLACEMENT
t i H ! TOTAL
TOTAL LIFE I H L1 V-7 W
TRANSPORTABLE METAL CASXS (ST SMRY
TOTAL LIFE-CYCLE COSTS (UNDISC) 1} H H
CONGTRCT 1N HI : LI F ATy
PERATIOR LI ' i nzn
[ECOMALSSIINING td H H Aa5n
H | H
ToTAL P ! i 22673
#FEA REGUIREMENTS
STORAGE AREA 43 ACRES

ACTUAL STORAEE AREA TToeB20820
SO-FOOT ROADMAY TETWEEM &% Ak AROUND PADS:
MET STURAGE ARER 10764720 ©
2007 GECLRITY PERINETER R

STURAGE AREA QA A
SECIR(TY PERIMETER 2.0 A
TOTAL AFER u.A

PAG ROM LENGTH: 975 FT

PAD RN WIDTH: I7 FT

RN S0 FT
TIBA00 50 FT
1948120 SQ FT

FIELD 120 CASXS/ROM x 10 ROMS

FIELD LENGTH
FIELD WIDTH

976
620

Plant electricity use in “loadout anly" phase
is $1.8 nillion per year. Assume use in joadout
operations Is ¥2,8 million per year.

2800 PER YEAR
7300 PER YEAR

AL LIFE
Slod 30417 JO0GQ
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TABLE A.18. Cost/Area Estimate for Open-Cycle Vault Option

OFENCTIAE WRALT
CIMETRLET [(M COSTS {8000) (w000}

STORAGE CAPRCITY 15,000 NTV BIR COSTS DEMEY  BIR COST IMDIRECT TOTAL COST

TONAL INIT DIRECT COST (BEC-MRS-X304) 147338  REF GEC-RS-I004 PAGE 15

LESS: .
[HTH FTORAEE +
SQUPFORT FRCILITIES
TRANGFNTER + Casx

PLUS: ADED EWPLACENT IVCE
CRES

n ¢ DNTRE Contact-handlsd trameranios waates
110444
[ 0]

1200
EBTOTAL OF INIT COETH kibTH
AV CINSTR (M SUBS 5T8 CAPSC

EILAW & FREP
WALT STRETURER

TOTAL INITIAL CODSTS

SITE CORRELTION FACTIR

NET INIT GTORREE FACIL DIR OOST

1809
20
T1400
113
6037} ZME MMITIR COST TM0L

INDIRECT COBTS
10040, 481
10843, T3
ZINL317
Y. 6Bt
TOTAL [NITIAL COETH LTS8, 5§
ANNUGL ADDITIONE {SLM) {REF) P, &3
LESS: AW COMSTALCTIEN {DL4..Di0)

HET AL, ADD)TTONG

SIIE CORRECTION FACTIR

SET ADUED DIRECT COBTR

xnr

INDIRELT DSTS
CINSTR B35
HEE FFICE
COMT INEENTY
(MNERS OET

113,643
8123418

07019

HET ADUED CUSTS

1
H
H
H
I
H
]
!
I
|
1
H
1
i
H
|

HIE OFFICE i
H
H
H
H
H
H
1
|
H
H
}
|
|
|
}
|
1 150634, 5
|

AE EE A A R ek EE A A RS SR AN e ek e e = e EE WE R T EE RE EE MR SN A e e v wE wE EE EE EE mE A

TOYAL CIOMSTRUCT [Ow CST 76003, 0

[ECTRMISSIONING [DSTS {8000

RECOMMISSIONING CRST H
10T OF CONSTRLCTION DOST i

{ 700, 3
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TABLE A.18.

OPEM-CYOLE WlLT
OFERATING (DSTS  (9000)

{contd)

OFERATING COSTS { PEREDEL | M8 C0ST 1 AW CIST TOUAL COST
H | (PARSEMS) 1 { %000 }
STORAGE CREW ' ! ]
CREN CHIEF H 11 n2? ¢ 2
CRANE UFERATIR t 21 »2t T4
JOURNEYRN | 41 »2 | 1B
L 4 1 2| w21 0.4
H | H
TITAL AR CREN | ¥ I I8 2003 THROLEH 2007
MINT: TRANGPT CRANE § H L 19 | WALF WLIE 2008 THRIUGH
MAINT: MONITORS t H i Lo FUL YALLE 2023 THROUEH
TOTAL LIFE 1 t { U175
OPEN-CYILE WALTY COET SUWRY
TOTAL LIFE-CYOLE COSTS (NDISC) l H H
OETRLTIN H H b Treh03
OFERATING I t I 115a
DECMISS[ONINS i l 1 Tre0
1 i H
TUTAL H 1 to3s
GPEW-CYCLE WAALT BIORARE AFEA RERIIREMENTE
ACREAEE; 17 ACRES

72 STORAGE MELAEE & 190X18 FT
(ADD &0-FT CAMIGTER TRFR ROOM)
NRRLES 2 DEEP: BLDS 40015% 50 FT
STIRITY FERMMETER: 200 FT EA SIE

(3004202001 X (£90+200)

TAL PREA

712000 50 FT

16, 35 ARES

58
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TABLE A.19. Cost/Area Estimate for Closed-Cycle Vault Option

CLOND-CTOLE vaLT
CONSTRCT 10N COSTS {8000)

GTORAGE CAPACITY 13,000 WTU

DIR COSTS  DERET DIR COST INDIRECT TOTAL COST

DATA FROM 6 TECHMILBIES DRAFY

} REF PAEE 4-6

INITIAL COMSTRLETION COSTS
LAND THPREVEMENTS
R INTERFACE
STORAGE FRCILITY
TRANSPORT EOPT
MNITIRING & SECIRITY

SH OF INITTAL DIRECT CDSTS

INITIAL YMDIRELT CDSTS
(TR SVCS 12,50
HIE OFFICE 121
CONTINEEDEY 231
MRS COST 71

TOTAL INITIAL CONSTRUCTION CIGTS

SH OF ANNML. ADITIONE
STORAGE LNITS
CANISTERS

NET ADDED DIRECT COSTS

INDIRELT CUSTS:
CONETR SVCS 12,50
HIE OFFICE &1
CONT INEENCY 231
st 4

TOTAL ADDED CUMSTRUCTION COST

TOTAL CINSTRAETION COST

| t H

H 2t H

H 198 1 t

118621 t ST FOR 13544 CAMISTERS PER GA TECHNOL REPORT
! 003 3 I

{ 09T H

{ } i

H ! I 125654

! H :

i { H

t ! H 19833, 230

B ! ! 17099.910

' ¢ i N ™

| 1 t 190927

; H ;

H H i nsl.e
{ I |

H H |

Powan i i 5T6 FIR 2337 CANISTERS
(RN - - L 4103 CANISTERS ¥ *&
f H i 212687

I ! H

t 1 i

H H 1 25583, 973

H ' H 1433%6.37)

H I t 53407312

H i | 12581, 452

H H I

H H H 9716.0
i ! i

{ H i b RITHE:)

DECTMMISSIONIMG COSTS (9000}

DECOMMISSIOMING COST:

107 OF CONSTRUCTION COST

-

a2
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OLOSED-CYOLE Wil T
OFERATING COSTS (8000}

TABLE A.19. (contd)

OPERATINE CXST | FERSOMMEL | AvG COST | AMN (XST TOTAL COST
CREN CHIEF I b m2 | n2
OPERATIR ' 2 i m2 .4
JOURMEYHAN H | m2? | N.2
[ I 11 n.2z | n.2
: H i
TOTAL AWM. FOR CREN t 34 1 FULL YALLE 200 THROUEH 2007
1 H H HALF VALLE 2008 THROUEH 2024
107 OF TRANSPORTER CDSTS | : P W00 FUL YALLE 2023 THROUEH 2077
21 OF MNITOR ERPY COST ¢ ! ! 11.9
MAENTENANCE { H 1 #1.9
TOTAL ANMUN. OPERATING (OSTS ! ! {8
LIFETIME QPERATING [DSTS H ! H 14233
CLOSED-LYOLE WAILT (XST SMRY
CUST CATEGORY COST (%000}
TOTA. LIFE-CYOLE CISTS {UNDISC) : H '
CINETRUCTION ! H HE- N )t 7
OPERATION H ! YL
DECOMNISS 1ONING i H { N
i i !
TOTAL } H i M1
GTORREE AREA REOLIREMENTS
BTORAGE AREA 47 MRS
CANISTERS 3 7 PER MIDULE
MDOULEY FOR 4103 CANISTERS 3.0 3%
ROWS 2 16 MODULES/RIM x4 n
BASE STORAGE AREA 24,52 AORES 1173000 S0 FY (PER RN T30x70 50 FT)
SECIRITY PERIMETER 2.1 ACRES 85000 5@ FT
TOTAL PREA 4.0} ACRES 2040000 50 FY
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TABLE A.20.

Cost/Area Estimate for Tunnel-Rack Vault Option

TUreEL. RACKY
CONSTRUCTION COSTS (8000)

CAPITAL COSTS: 13.000 WTU

DIR COSTS

BEDUCT DIR COST INDIRECT TOTAL COST

TOTAL DIRECT COST (BA)

226167

REF PAGE 48

LESS:
SUPPORT FACILITIEB

NET INIT STORASE FACILITY COST
SUM OF ANNUAL ADDITIONS

STORAGE RACKS

NET ADDED COSTH:
TOTAL STEE FACILITY DIRECT COSTS

TOTAL INDIRECT COSTS
CONSTR 5VCS

HIE OFFICE
CONTINGENCY

- OWMERS COST

TOTAL CONSTRUCTION COSTS

- S B o mEm mw e W B S R mE M deE R R wem e b Wl el

{ INCLLIDED

TUNNEL-RACX VALLT

117968 MONITOR SYSTEM @ 250 INCLLIDED
TRANSPORTERS 3 20563 INCLLIDED

108199

OPERATING COSTS)

108199

13324. 875
14504, 863
34082, 583
11928, 940

162342, 3

. s

DECOMMISSIONING COSTS

DECOMMISSIONING COST:
{01 {F CONSTRUCTION COST

- w-

182342

]
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3000 MTU/YR LOAD 2003 THROUGH 2007
STORAGE & T30 MTU/YR DISCHARGE 2008 THROUGH 2024
3000 MTU/YR 2025 THROUSH 2027

TABLE A.20. (contd)
TUNNEL-RACK VALLT
OPERATING COSTS (8000}
OPERATING COST i PERSOMMEL | AVG COST @ ANN COST
FROM GAT DOCUMENT t H '
' : {
TOTAL ANNDAL, LOAD/AUNL ¢ H ! 364
TOTAL ANNUAL. STORAGE H i | 39
H H !
TOTAL LIFE H H i 100475
TUNMEL-RADK  VALLTS COST SiMMARY
YOTAL LIFE-CYCLE COSTS (UNDISCY & H !
CONSTRLCTION H : ¢t 182342
OPERATION H ! t 100475
PECIMMISSIONING : H H 187234
: H H
TOTAL H ' ! Y1032
STORAGE AREA 20 ACRES {REF)

STORAGE AREA 15 UNDERGROUND
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TABLE A.21.

Cost/Area Estimate for Modular

NHIT HRIIONTAL VALLTI
CONSTRUCTION COSTS (8000)

Horizontal Vault Option

. STORAEE CAPRCITY 15,000 WTU DIR COSTS DEMXCT DIR COST IMDIRECT VYOTAL COST
TOTAL DIRECT CXET i i i
INITIAL COSTS i H !
INITIAL MODULES (23 BAMKS) { 12110 3 i 1 WSS CANISTER HOLDS 12 9" CAM]ISTERS
INT¥IAL WUHOMS CANISTERS 1400) I X ' A 30 & CANISTERS
TRANSPORTER H 15300 H (R 1 HIME DR STADXS (15 [MMS)
MNITIRING (9500 PER MODWLE + $150K) L U H
SECIRITY FEMCIHG & SRVEILLAMCE SYST | s | i 16457 9" CANISTERS = 17142 = 1372 MHOYES
CAKISTER MELDER/OPENING EDPT (RUH) | Do i ! 1440 4&* CANISTERS z .47 = 55 NHOMS
i H i 7074 HIME DRIMS = 473.00 = 473 NHOMS
NET INIY DIRECT CDSTS i H I 1YV {1419 DALN STACES)
' i H TOTAL 1900
ANNLAL ADDITIONS (SUM) H i H MIDULE BAMNS RERD = 118,75 = 117 BANKS
ADDED MODLALES (74 BAMKS) LI 7. 1 '
ADDED MUMDS CANISTERS (1500) T 163500 4 i 16-MODULE BAMM CIISTS 454,400 (5342,200 PER SIDE}
FNITCHING i TN } (BAM 1S 16 MODULES TN 2x8 ARRAY)
i ' { NLHRS MODULE (50" ID) COSTS $109,000
SEY ADED (11§ i H i 205338
i H H SEOIRITY FENCIMG & (ETECTIRS § $23.00/LINEAR FOOT
TOTAL STORAGE FACILITY DIRECT COSTS ¢ i HI 1) v
H i H ROADMAYS: MUTECH RECUMMENDS 200 FT CLEARANCE
INITIAL DIRELT CDSTS H | i eI HETWEEN &k AROLND MOORES FOR CASK TRAILER MAMELVERING.
INDIRECT COSTS i : i ASSLME AN INTERRAL TRAMSPORTER RATHER THAM TRAILER
CINSTR SVCS i H i TA7.423 {SIMILAR TO THE TRACKED VEHITLE EN MRS REFERENCE [ESIEN).
HFE OFFICE i H i BZ5%.219 SHOWLD BE FEASIBLE TO REDUCE PAMELMER SPACE TO 120 FT.
CONTENGENCY i i H 19271.511
DWNERS COST H i i 02,471
TOTAL INIT OMSTRCTION OET H i i 8820
i H i
ADDED DIRELT COSTS ! ‘ [t~
INDIRECT CXETS i H i
CONSTR 5WCS i i H T2, 18
HIME OFFICE i i H 13871741
CONTINEENCY H i i 61771, 847
{RMERS COST ' i i 12255,17
TOTAL ADDED DONSTRUCTICM COST i H i 318633
TOTAL CONSTRUGCTIEN COST i i H 411453
[ECOPNISSIINING COSTS  {6000)

DECOMMISSIONIMG ST
10% OF CIMSTRLCT IOM COST

41743
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TABLE A.21. ({(contd)

NUHOMG HORIIGNTAL VALLTS
OPERATING COSTS  ($000)

OPERATING COSTS i PERSONNEL | AVG (OST | A COST TOTAL COST
OPERATING COSTS | PERSOMMEL | AVG COST  AWN OOST TOTAL (ST
SIRAEE CREM i i i
CREM CHIEF i 11 ™2 i M2
CRAME OPERATOR H 2t B2 .4
JOURHEYHAN i 21 M2 i .4
He i 21 ™2 ! a4
CANISTER CREW i LI 2t 1%
(F ILL /W1 D-0PEN/EXPTY) i H
OTHER OOSTS i ! H
101 MAINT (M CAN, DPPR ! ! I~ R
101 MAINT (N TRANSPRTR § i LI R
21 MATNT [N MNITORS 3 H H 1.0 LRE0R:
TOTAL AMNUAL H 1t . FULL vALLE 2003 THROUBH 2007
H i H HALF VALLE 2008 THROUBH 2024
TOTAL LIFE H i i15539.8 FULL VALLE 2075 THROUGH 2077
NUHMS NODULAR HORTZONTAL WALLTS COST SUMRY
COST CATEGORY COsT  {$000)
TOTAL LIFE-CYDLE COSTS (UNDISC) i i H
CINSTRLTION H i P OATMSS
OPERATING H i i 15540
DECOMMISSIONING H i b &L743
H H H
TOTAL H i i AT
NLHNS YALLTS STORAEE AREA REQUIREMENTS
SIORAGE AREA 3 ACFES
STORAGE FIELD CONFIGLRED FOR:
120 DAMRS (20x6 ARRAYH
120-FT ROADWAY BETMEEN ROMS
AND AROLND PERIMETER (OF AREA
BANKS ARE 54 FT LING x 38 FT WIDE
ACTIVE LOT: LEMGTH {20x542x120) = 1320 FT
NIDTH (4x30¢7x120) = 1048 £1
FENCED PERIMETER: (2J90+2¢)91) = AT T
ALTIVE ARER 1409750 SA FT 12.34 ACRES
SECRITY PERIMETER 1200 FT EA SIDE} 1113200 50 FT 23,450 ACRES

TOTAL STORAGE AREA

25243980 5 FT 37.97 ACRES
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TABLE A.22.

WATER ML

CONSTAUCT IO COSTE (8000)

¢ %000}

Cost/Area Estimate for Water Pool Option

STIRAGE CAPACITY 13,000 MTU

DIR OOETS DEDUCT  DiR COST INDTRECT TUTAL CoST

TOTAL DIRECT ST t i :
EXCAVATIIN { 10 | H 70,000 Q1) YD EXECAVATION
BALXFILL & DISPOSAL i 18 i t AGILME 30T 1IN ROCK. 0T IN SUBSDIL
NIOLEAR CINCRETE i H i
PR, ! loles H 73 () YO RLLEAR CONCRETE @ 92000/YD
CASX PITB i mwm 1 19 " "
CRAE COLUMNS H 10 i 30 -
SIANDARD OINCRETE H nur i H T80 (1) YO STAMDARS CONCRETE @ #130/YD
BRIDEE CRAME, 73 TIM ; b O L
FOOL CRANES (2) } 1500 1 H
CRAME RANLS H w ! H
WATER COM & MREIF } W00 H
HWL I - H
ELEC ] ™ } !
PO LINDG ¢ #4890 ! H
FRAMING. SI10NMG, ROOFING, ETC. 1 !
RACXS H ! '
SPENT REL i Eme | t
HINE DALM STACES i 70 i
TRANSPORTER & CASK H 10 | i
FEMCING & EECLRITY SvdTen H & | | FOLINE & SORITY $Z3/LDNEAR FOOT
i i i
NET INITIAL STORAGE FACILITY OET 51791 ! I N
} H {
ANFL ADDITIONS (SUD H 01 H
i H H
TOTAL STORAGE FACILITY DIRECT COSTS | H .-}, ]}
t H i
INDIRELT CIETS ! ' !
CINSTR 6VCS i H H &72. 550
HEE UFFICE 1 H i &79%0, 452
CINTINGENCY i t ' 18311,07
DNSERS COST H } I 3708.8717
H | H
TOTAL CINSTRUCTION OOST ' i ' o264
DECOMAISIIOMING COSTS  (4000)

DECOMMISSEIONING CDST
107 OF CONSTRUCTION COST

68724
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TABLE A.22. (contd)

10020 TUTAL CCST OF TRANSPORTERS, CRANES,
COOLING & PURIFICATION SYSTEMS
MINT: 101 OF ABME: 21 OF OTHER CIWSTR QOSTR

FULL WALLE, 20032027

WATER POOL
OPERATING CISTY  {%000)
OPERATING CDSTY ! PERSONNEL | AvB COST  ANN CIST
4 SIFT BASIS FIR POOL H ! H
CREM CHIEF ! 4 3 ! 137
POOL. OPERATOR i 131 i 30
JOREN H 91! n! =
HAINTENANCE H 11 1 118
w H 31 ¥ 1%
1 H H
TOTAL CREM 1 b I ! R
MINT H : H 7
UTILITIES ! H H =0
CONSUMABLES 1 H ! 850
TOTAL AL 1 H H 4790
i ‘ i
TOTAL LIFE H H I} 1)
WATER POOL COST SLMWRY
COST CATERORY ST (#0004
TOTAL LIFE-CYOLE COSTB {UNDISC) i t !
CRMSTRCTIN i ! i M
OPERATING ! 1 b7
DEDOMNISSIMNING H I H a4
H H H
TOTAL t H 1 219498
GTORAEE AREA REGAIREMENTE
STIRAEE AREA ¥ AR
RILDING ! AR
ACCESS AREA 0.29 ACRE
FERIMETER ROADWAY i A
SORITY PERIMETER 7 ARES
TUTAL AREA 9 AREY

PERIMETER 2124 LIMEAR FEET
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SC S OF 010 CONCEPTS FOR MRS
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