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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 patameters for construction 
and operating schedules, operating rates, and size of the storage facility. 
The nine concepts evaluated were: 

• Concrete storage cask 

• Concrete cask-in-trench 

• Metal casks (transportable 
and stationary) 

• Field drywell 

• Tunnel drywell 

• Open-cycle vault 

• Closed-cycle vault 

• Tunnel-rack vault 

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: 

• Safety and licensability • Storage costs 

• 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 
laboratories, 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 
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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 results 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 results 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 va 1 ues ex ami ned. Finally, a "pair-wise" comparison of techni ca 1 
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: 

I. 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 listed above was derived 
from the evaluation. Exceptions to this order of preference could arise for 
some storage scenarios. 
MRS fac1lity in a series 

As an example, it may be desirable to construct an 
of phases; the first phase would do little 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 be 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 permissible 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 1 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 (SEC 1983a) 
- Open-cycle vault (SEC 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: 

• Safety and licensability • Costs of storage 

• Environmental impact • Maturity of concept 

• Socioeconomic impact • Flexibility 

• 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 established by 
a second, independent committee of experts through 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 ranki ngs by criterion for each concept were multiplied 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 11 pairwise 11 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 conceptual 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 level of knowledge. 
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. 

• 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 available to the DOE, and will insure that potential storage 
candidates are not overlooked in the review. 

• 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 11 introduc
tion of MRS, providing early storage capability prior to 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.!, 
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 11 of 
repository containers that vary little 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 Conce t 

I Concrete Cask 
2 Field Drywell 
3 Open-Cycle Vault 
4 Water Pool 

55 } tie 
Stationary (storage only) Metal Cask 
NUHOMS Horizontal Vault 

7 Concrete Cask-in-Trench 
8 Transportable Metal Cask 
9 Closed-Cycle Vault 
10 Tunnel Drywell 
II Tunnel-Rack Vault 
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bare integral assemblies) with relatively little 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 11 Close-coupled 11 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-
b l i es, with any canso 1 i dati on and cani steri ng p·erformed 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 slower 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 control 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 
1 (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 criterion of flexibility to include the suitability of a 
concept in supporting phased construction of an MRS facility, and its 
suitability for long-term storage. 

The original evaluation followed a full, rigorous multi-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: 

• the ability to be integrated with at-reactor storage 

• 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 

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

Safety/Licensability 

Ease of Conformance with 
Licensing Requirements 

Criticality Safety 

Ease of Monitoring 

Containment Integrity 

Accident/Malfunction Recoverability 

Design Testing 

Penetrability and Security 

Accountabil i ty 

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 

Fl exi bil ity 

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 listed in 
Triplett and Smith (1984). 

3.2 

' 



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 11 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 NUHOMS 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 
licensing 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 c) 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. 

3.4 



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 claimed 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). 

• Metal casks have been licensed for at-reactor storage of spent fuel 
at Virginia Power Surry site, thus demonstrating conformance with 
licensing 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 requirement 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. 

• 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 (SEC 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). 

• Both the added concepts (water pools and modular horizontal vaults) 
have been licensed for storage under 10 CFR 72. The pool at the 
Morris, Illinois, 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 vault 
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 eveOts. 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 i ndi vi dua 1 fue 1 assemblies or canisters, but the vi si bil ity of a 11 

assemb·l ies (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. All concepts were deemed to be licensable 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 
loa~ing 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
bility; complexity 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 controlled; 
furthermore, although a pool is 11 active 11 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 
the Surry plant. 
been supplemented 

for storage, as has the licensing of metal-cask storage at 
Prior test programs for concrete casks and drywells have 
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 installation. Pools are considered an estab
lished 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: I) 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 Oconee 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 listed in the earlier 
evaluation (Triplett and Smith 1984). Changes from that evaluation include: 
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• The pool storage concept is assigned a ranking of I, and joins 
other concepts with this ranking. 

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

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

• Two concepts were lowered in rating. The transportable storage 
cask was reduced from a rating of I 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 lack 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 
CQnce~t Groyg Groug 

Concrete Cask I I 
Field Drywell I I 
Stationary Metal Cask I I 
Transportable Metal Cask I 2 
Open-Cycle Vault 3 I 
Closed-Cycle Vault 4 4 
Concrete Cask-in-Trench I I 
Tunnel Drywell 2 3 

Tunnel·Rack Vault 5 5 

Water Pool I 
NUHOMS Horizontal Vault I 
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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.I Radioactivity Release 

The potential for release of radioactivity to the biosphere depends on 
I) likelihood 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 radioactivity. 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
ister 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 involving 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 loosened 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 susceptible 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 Storage 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 Requirements for MRS Concepts 

Storage Area 
(15,000 MTU), 

ConceQt Acres 

~~ Storage Cask 45 
Concrete Cask 47 
Concrete Cask-in-Trench 147 
Field Drywell 92-295 (see text) 
Tunnel Drywell 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 drywe11. 

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 I I 
Field Drywell I I 
Stationary Metal Cask I I 
Transportable Metal Cask I I 
Open-Cycle Vault I I 
Closed-Cycle Vault I I 
Concrete Cask-in-Trench 2 2 

Tunnel Drywell 3 3 
Tunnel-Rack Vault 4 4 
Water Pool 2 

NUHOMS Horizontal Vault I 

4.3 SOCIOECONOMIC IMPACT 

The socioeconomic impact criterion measures the effects on the local 
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 low 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 I) 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 modular vaults, 
involving several separate structures, were placed with the "lesser desira
bilityw 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 1 abor 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 I (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 scenario 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. 

TABLE 4.4. Concept Ranking for Socioeconomic Impact 

Original Re-Evaluated 
~qncegt G[QY~ GrQyg 

Concrete Cask 2 I 
Field Orywell I I 
Stationary Metal Cask 2 2 
Transportable Metal Cask I 2 
Open-Cycle Vault I I 
Closed-Cycle Vault I I 
Concrete Cask-in-Trench 2 2 
Tunnel Orywell 2 2 
Tunnel-Rack Vault 3 3 

Water Pool I 
NUHOMS Horizontal Vault I 

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
cies can be overcome by added engineering (and cost), a concept with the 
least 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 
limit 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 lids 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 drywe1ls, 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 condi-tions, can affect corrosion 
of drywell liners 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 Hydrological 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-level category. Pools require large amounts of stainless 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 large 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 
cepts added, the ranking order is as listed in 

ranking. 
Table 4.5. 

With the new con
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 like 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 
Conce~t Groug Groug 

Concrete Cask 2 I 
Field Drywell 5 4 

Stationary Metal Cask I I 
Transportable Metal Cask I I 
Open-Cycle Vault I I 
Closed-Cycle Vault 3 2 
Concrete Cask-in-Trench 5 4 

Tunnel Drywell 6 5 

Tunnel-Rack Vault 4 3 

Water Pool I 
NUHOMS Horizontal Vault I 

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 like 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 life-cycle costs of concepts in the initial evaluation were given in 
undiscounted, 1983 dollars. All 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. 
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TABLE 4.6. Life-Cycle Costs for Storage Concepts<•) 

Concept 
Field Drywell 
Concrete Cask 
Water Pool 
Tunnel-Rack Vault 
Open-Cycle Vault 
NUHOMS Horizontal Vault 
Concrete Cask-in-Trench 
Closed-Cycle Vault 
Tunnel Drywell 
Stationary Metal Cask 
Transportable Storage Cask 

Life-Cycle Costs 
($mill jon) 

141 
189 
227 
326 
344 
509 
625 
668 
821 

1709 
2330 

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

All 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-loading 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 latter savings, however, 
were not considered as savings to MRS, and hence were not included (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 1987b). 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 license 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, or 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 from 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. In 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 rat'tng. 

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 
Conce~t Groug Groug 

Concrete Cask 2 I 

Field Drywell I I 

Stationary Metal Cask 5 5 
Transportable Metal Cask 4 6 
Open-Cycle Vault 3 2 
Closed-Cycle Vault 4 5 
Concrete Cask-in-Trench 6 5 
Tunnel Drywell 4 4 
Tunnel-Rack Vault 3 4 
Water Pool 2 

NUHOMS Horizontal Vault 3 

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 likelihood of operating 
at design rates without extended learning periods. 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 less-developed concepts. 

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

• state of concept development 

• research and development requirements 

• need for conservatism in design and construction 

• time required for deployment 
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• 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
lation 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 long-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 long-term reliability 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. 

Of 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 loading 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 Development 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; little 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 additional 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 capabilities 
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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: 

• Deployment of a full MRS facility utilizing the storage concept 
(Table 4.8a); 

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

• 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 Siti~ Excluded) 
Deelovment Time {monthsUTotal Facil itl! O!Qlovment Time ~roonthsJlStorage Faci l it:t: Only 

Ccroceet Design< a) Licensing (a) Construction {b)y ota I Design(a) Licensing(a) Construction(c)Total 

Field Drywell 26 30 50 106 26 30 14 70 
Tlnnel Drywel l 26 30 50 106 26 30 30 86 
Concrete task 26 30 50 106 26 30 24 so 
Concrete C&slc·in-Trench 26 30 50 106 26 30 24 so 
Stationary Metal Cask 26 30 50 106 26 30 24 so 
Transportable Metal Cask 26 30 50 106 26 30 24 so 
NUHCJtS Horizontal Vault 26 30 50 106 26 30 30 86 
Open-Cycle Vault 26 30 50 106 26 30 36 92 
Closed-Cycle Vault 26 48 50 124 26 48 48 122 
Water Pool 26 30 50 106 26 30 36 92 
Tlrnel-Rack Vault 26 4S 50 124 26 48 40 114 

(11) AssL.IIleS design ard Licensing of full MRS facility. 
(b) Fran MRS proposal · initial construc:ticn phase only (from granti~ of License l.l'ltit fuel acceptance starts). 
(c) Fran contractors' estiiiBtes- initial construction phase for storage field only (from granting of license 1..11til 

fuel acceptance starts). 

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

(Time for Facility Siting Excluded) 
Deglo~ment Time (months)[Storgge Facility 

Concegt Design(•) Licensing(b) Construction( c) 

Field Drywe ll 14 30 14 
Tunnel Drywell 18 30 30 
Concrete Cask 12 24 24 
Concrete Cask-in-Trench 12 30 24 
Stationary Metal Cask 14 24 24 
Transportable Metal Cask 14 30 24 
NUHOMS Horizontal Vault 16 24 30 
Open-Cycle Vault 24 24 36 
Closed-Cycle Vault 14 48 48 
Water Pool 24 24 36 
Tunnel-Rack Vault 22 48 40 

Only 
Total 

58 
78 
60 
66 
62 
68 
70 
84 

110 
84 

110 

(a) Completion of license 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. 

4.24 



TABLE 4.8c. Storage Capacities Provided During Initial Construction 
Phase (total storage capacity 15,000 MTU) 

Concept 

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

Initial 
Capacity, MTU 

0 
3,000 
1,500 
3,000 
4,500 
4,500 
3,000 
3,000 
5,700 

15,000 
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 
licensing 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 licensed at reactors (metal casks, 
NUHOMS horizontal vault, and the water pool) or have received approval of a 
topical report (open-cycle vault) were assumed to require 24 months for 
licensing (at-reactor licenses for some concepts have been granted in as 
little 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
lines 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 expansion 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 
transportation}. 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 lead to corresponding 
uncertainty as to meeting the "up front" demand for storage in casks. This 
led to the assumption of an extended lead 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. All 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.(•) 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.{a) In 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 1 imited 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 lower operational costs. The reliability 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. 
All handling of radioactive 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. Drywalls are similar in 
simplicity, depending only on the surrounding soil 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 
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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 malfunction 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 currently 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: 

• 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 lifting, and when loaded it is 
questionable that the seal-weld at the top lid 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 tr.ansfer cask, or the 
cell must be provided with a horizontal entry port for loading and 
unloading the cask, and an adequate cradle for the canisters. 

• 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. 

• 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. Disposal 
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 deployment, 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 lowest
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 
Concegt Groug Groug 

Concrete Cask 2 2 
Field Drywell I I 

Stationary Metal Cask 3 2 
Transportable Metal Cask 4 4 

Open-Cycle Vault 4 3 

Closed-Cycle Vault 5 5 

Concrete Cask-in-Trench 4 4 
Tunnel Drywell 2 3 

Tunnel-Rack Vault 6 6 
Water Pool I 

NUHOMS Horizontal Vault 4 
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4.7 FLEXIBILITY 

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 like 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 list of factors analyzed in assessing flexibility is, in 
summary: 

• site adaptability 

• expandability of throughput rate and capacity 

• sensitivity to waste form 

• sensitivity to heat load 

• 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 less 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 Throughout 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 likely 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 pool when adding the increments of capacity. Because of these restric
tions, larger capacity increments would likely 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 exposure 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. In 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 requirements. A resumption of commercial 

spent fuel reprocessing, for example, 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 geologic 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 storage. If 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 cladding temperatures below specified limits, 
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 employing surface storage generally have low 
sensitivity to the heat load 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 low-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 likely to be used in MRS 
construction; fuel oils 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 
limitations 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 1989. With a 
favorable report, authorization 
to be granted in January 1990. 

to proceed is assumed, for this evaluation, 
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 deployed 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 transportable 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 "foreseeab 1 e future" requirement. 

All 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. All should be capable of long-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 quiescent 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 

Concept 
Concrete Cask 
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 

Original 
Group 

I 

I 
I 
I 
I 
I 
I 
2 

2 
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Re-Evaluated 
Groyp 

I 
I 
I 
I 
I 
2 
I 
4 

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 OF 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 less 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 little 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 I) 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 resulting 
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. Detailed calculations in the ranking procedure are 
shown in Appendix A, Table A.!. 

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 

Concegt Ranking Ran~ing Ranking 

Concrete Cask 1.12 1.00 I 
Field Drywell 1.27 1.13 2 
Stationary Metal Cask !.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 
Tunne 1 Drywe 11 3.33 2.97 10 
Tunnel-Rack Vault 4.53 4.04 II 
Water Pool 1.41 1.26 4 
NUHOMS Horizontal Vault !.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 also explore the effect of requiring a full 11-position rank 
under each criterion even when several concepts are tied. 

5.3.1 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 1st 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 anomie Require- Concept 
Set ability 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.!43 0.143 0.143 0.143 
var. I 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 I to 3 and I to 6, rather than I to II, 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 1st, then those three ranks were 
averaged, [(I + 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.S of Appendix A. Sets of concept preference rankings 
were computed using both the compressed and the 11-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.S through A.B 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 11-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 I 11-position criterion rank) 
Base Equal Variation Variation 

Storage Concept Weights Weights I Weights 2 Weights 

Concrete Cask I I I I I I I I I I I I 
Field Drywell 2 I 2 2 I 3 2 I 2 2 I 2 
Open-Cycle Vault 3 I 3 2 I 2 3 I 3 3 I 3 
Water Pool 4 I 4 4 I 5 4 I 4 4 I 4 
Horizontal Modular Vault 5 I 4 5 I 4 5 I 5 5 I 5 
Stationary Metal Cask 5 I 6 6 I 6 6 I 6 6 I 6 
Concrete Cask-in-Trench 7 I 7 9 I 9 7 I 7 8 I 8 
Transportable Metal Cask 8 I 8 7 I 7 8 I 9 9 I 8 
Closed-Cycle Vault 9 I 9 8 I 8 8 I 7 7 I 7 
Tunnel Drywell 10 I 10 10 I 10 10 I Io 10 I 10 
Tunnel-Rack Vault II I II II I II II I II II I II 

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 11-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 in 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 listing 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 evaluated 
herein. It has been studied extensively in the past, has a long history of 
successful use in storage demonstrations, and provides a simple and flexible 
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. 

• 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). 

• 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. 

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

• 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 conta·ined. In contrast, several 
alternative concepts involve 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 low 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 cons i derab 1 e 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
! since 1971, and for Fermi-! 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 little as one drywell at a 
time may be added if desired; this can be equivalent to 0.3 to I metric 
ton of fuel. The drywell field also permits random and rapid access to 
any canister desired for retrieval. 

• 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. 

• 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 tunnel 
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. 

• 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. 

• Sites requ1r1ng extensive leveling of the field, or extensive rock 
drilling for placing the drywell liners, could increase capital costs 
considerably. 

• The surface area requirement for the field drywell concept is the 
largest of the concepts considered except the closely-related tunnel 
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 soil moisture could result 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 
alleviate 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 Open-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 be 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 life
cycle cost of an open-cycle vault installation is estimated to be about 
B5% above that for a concrete cask system, or about 2.4 times 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 Water Pool 

The water pool is the most developed of all the concepts studied. It 
has 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: 

• Licensability of the water pool is essentially assured. All 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 little 
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. 

The principal disadvantages of the water pool concept are: 

• The pool is an 11 active" storage system. Its cooling and radi a
active waste treatment systems must be kept in constant operation, 
involving consumption of electric energy, periodic replacement of 
ion-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
ling of crud 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. 

• 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 licensed 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: 
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• 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 drywell. 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 1 oads of the stored materia 1. In the 
scenario evaluated, about 40% of the total casks used were required 
for storing drums of non-fuel-bearing hardware from the fuel 
assemblies. 
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• 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: 

• 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· 

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

• 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 loading and 
preparation for storage; all movements into and out of the storage 
module are by horizontal movement. There are no provisions for 
vertical lifting of the canister, and it is questionable whether 
the seal weld at the top lid could support the loaded weight. 

• 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 vault 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. 

• 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: 

• 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. 

• 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: 

• 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. 

• 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. 

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

• Each cask must be excavated prior to its removal from storage. 
This considerably increases the complexity of retrieval operations. 
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• Lowering of a loaded cask into a trench position, and its retrieval 
from that position, entail appreciably more difficult lifting 
operations than are required for surface casks, with increased 
potential for accident and damage. 

5.4.8 Transportable 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. 

• 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 limited, 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 (OOE 
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 limiters, and associated shipping hardware, for re-use in 
the system, were also assumed at an additional $500,000. Total 
life-cycle costs for this system approximated $2.3 billion dollars 
(Appendix A), including an estimated savings of $30 million 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. 

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

• 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 less mature than is the open-cycle system. The closed-cycle vault ranked 
ninth in the multi-attribute evaluation. Its major advantages are: 

• Its design and operation are relatively independent of site 
characteristics. 

• 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. 

• Rapid, random access to all storage locations, for retrieval of 
specific fuel canisters or groups of canisters, is available. 

• 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: 

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

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

• The use of sealed storage canisters to enclose the fuel/waste cani
sters introduces additional handling 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: 

• 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: 

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

• 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. 

• 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. 

• The construction of tunnels would lend an air of permanence to the 
storage facility. 
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• The estimated life-cycle cost of this concept is higher than for 
any other concept except metal casks. Surface land requirements 
are minimal, but underground area requirements, at 380 acres, are 
higher than area requirements for any other concept. 

5.4.11 Tunnel-Rack Vault 

The tunnel-rack vault concept is an innovative one which, although 
moderately priced and providing secure storage, is the least mature and most 
complex of all the concepts considered. It would require extensive develop
ment and demonstration to assure safe, reliable and licensable operations. 
Consequently, this concept was ranked lowest of all those considered in the 
multi-attribute evaluation. The principal advantages of the tunnel-rack 
vault concept are: 

• With all storage locations within tunnels, there is essentially no 
visual impact from the storage area, a feature this concept shares 
with the tunnel drywell. 

• The storage locations are easily secured against intrusion. 

• Estimated life-cycle 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 smallest 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 slow and in sequential, last-in
first-out, order. Considerable shuffling of canisters among stor
age locations would be needed to retrieve selected canisters. 
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• 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 analysis 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 enactment of the 
Nuclear Waste Policy Amendments Act (NWPAA) in !987 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 lists 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: 

I. 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 licensability 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. 

2. 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 
likely to be site-dependent; selecting a concept relatively free of 
dependencies on site removes much of the potential difficulties in 
site selection. 

3. 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. 

4. 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 11 temporary" facilities 
be maintained, particularly in the storage facilities. Thus, an 
array of storage casks looks more "temporary 11 than a concept 
requiring a substantial building, and may be more desirable for 
that reason. 

5. 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 twfr most-preferred concepts, the concrete cask and the field 
drywell, were similarly ranked in the earlier selection process. The com
bination of low 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, like 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 ConceQt 

I Concrete Cask 
2 Field Drywell 
3 Open-Cycle Vault 
4 Water Pool 
5 

] tie 
Stationary Metal Cask 

5 NUHOMS Horizontal Vault 
7 Concrete Cask-in-Trench 
8 Transportable Metal Cask 
9 Closed-Cycle Vault 

10 Tunnel Drywell 
II Tunnel-Rack Vault 
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independent of site characteristics. Although the open-cycle vault has not 
been licensed 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 life
cycle costs than the open-cycle vault, appears to adapt poorly 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 long periods, 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 low 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 a~ 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 by 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 tunnel-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 licensing that make them the preferred con
cepts for further development as MRS technologies. 
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TABLE A.3. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking 
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TABLE A.S. 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) 

~·==-=·=----·= 

OUrotJ[Jj tDf'DS!TE ataPT :W..Ih& 
Efi.IV._ ~llill!IIi 

FtREill -!F-M ll£5 : 
_ .. 

EltfUUftNTII. ' U:HECCIU!Jt : SIT!IIl ~ 
~· ~ -!ZED 

' liCENSIIII ' - ' - ""'"""' "'' ' I'H\JUTY FL.El191LlTY Cllt'!6Hi !Df'O!IIE IIIDJNAl 

"""' I IIIIC IEIIIIT I'IDUT:- llll!lll' PfOLCI i- IEI!III' f'!UlrT :- IE!IIfl' P!UlrT: - IEUtiT PRIIlrl : - IElliiT PIDl.CT :- ilf:I&IT I'RQil£T : -!Mil 
_,. -·· 

"""" "' I 4.00 o.m ••• 4,00 0.143 ••• 3,:!0 O,JU • •• J,oo o.m o.u [.~ 0,[43 0.21 l.~ 0.143 0,:!0 : 4.00 0.143 • •• '·" ••• ' Cl8-lll-1!1£10t I 4,00 0.143 •• a.:lO o.J4J '·" 8,:10 O,JU 1,21 9.:!6 0.[43 '·" 9.:50 0.!4J ••• 8.00 0.143 1.14 : 4.00 0.143 ••• '·" 2.21 • 
Fla.JI llmEll I 4.00 0,J4J ••• 4,00 0.143 ••• 3,:')0 0.143 ••• f,:IQ O.IU '·" !.XI 0,143 0.21 1.:.0 0.14J 0.21 : 4.00 0.143 ••• • •• ).[9 ' """' """" I 9,00 0.14:1 '·~ 10.0 0.143 '·" 8.:!0 0.143 1.21 u.oo 0,143 ••• 7,:10 0.141 1.07 ~.:')0 0.143 '·" LO.SO O.l!l '·" u '·" ,. 
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.--rNLE IETII. Cia I 8.00 0.143 ).14 4,IXI 0.143 •• 1.:10 0.143 1.21 l.IXI U43 '·" u.oo 0.143 '·" 11.00 0.143 1.14 l 4.00 0.14] '·" ••• '·" ' """""' ''"' I 4.00 0.143 ••• 4.IXI 0.143 •• 3.:10 0.143 ••• 3.00 0.143 o.n 3,:10 o.1n ••• ~.~ 0.143 0.11 I 4.00 0.143 '·" >.n 1.17 ' """"""""'-' t 10.00 0.143 '·" 4.00 O,JCJ •• 3,:10 0.143 ••• 7.00 0.143 '·" ~.:10 0.143 o.n 10.00 0.143 1.43 B.OO 0,14l 1.14 ••• "" • 
TIJIEI. -RIO IIIU. T t u.oo 0.143 , .. u.o 0.143 , .• u.oo 0.143 '·" a.oo o.1u 1.14 7.:10 0.143 1.07 u.oo 0.143 1,:11 I 10.~ 0.14J '·" 10.00 '·" " IU0'8 IQUI[JN'Hl. \W.lT I 4,00 U43 ••• 4,00 0.143 ••• 3.:10 0.143 ••• 3.00 O,IU '·" ~-:10 0.143 '·" B.OO 0.143 1.14 4.00 O.lU ••• ••• '·" • 
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TABLE A.B. Sensitivity of Concept Rankings to Weighting of Criteria and Criterion Ranking 
Procedure--Reconstructed Weighting (Var 2)' Forced 11-Rank Series (ties averaged) 

... 
IJIITellC. " COI'OSl!E ClXE'f -~~· IE-IEJQITIMI \WI 2 " FlR1II II IIIWI&-M TIES I ""' .. ' .. ...... ' U:l!I!DOIIC SlTIMi ' """' ' """' :: ... _,, 

LI!IHSHII ,.., ,.., IBliiAEJEhfS ' ""' IIITIJI!tT FW:IIILITl :I IDFOSITE C!lt'OSIT£ (JII)IIMI. 

"""' I 11M! lltl!i!T l'llllJ;I' I - IIEIIIIT PIUlCT : fWII IEIIHT f'IIIU:T IIIWI IIEIIIII' PIIIUT I iW\1 IIEIIIIT l'lllllCT : !WI IIEIIJII' I'IIIU:T : - lltllilll' f'IIIU:T I: IIIWIUII 
-·~ 

.... ~ 
"""" ... : (,01) ••• '·* ••• ••• 0.2(1 : J,:IO ••• 0.18 • •• • •• • •• ••• '·' 0.4~ • •• '·' 0.70 : 4.00 '·' o.ao 11 ·~ ' J,OO I ' CAll-.I!IENl1 I 4.00 ••• 0.40 I 8,:10 ••• '·" •• ••• ••• ••• '·' ••• • •• '·' u • •• ., 1.110 I, 4.00 '·' o.ao 11 ••• '·~ 8 (Tf[J 
FIELIIIII'ftlll I 4,00 ••• 0.40 I 4.00 ••• 0.20 : J,:IO ••• 0.18 ••• '·' 0,., : ••• • •• • •• ••• ., O.JO ! 4.00 '·' o.ao :1 3.28 : ].Ill : ' -""'" : ,,1)0 ••• O.'i'O : 10.0 ••• ••• ••• ••• '·" 11.00 '·' 1.]0 ••• ••• '·~ ••• '·' 1.10 : 10.5) '·' 2.10 :: 

··~ 
2.n : " S'TATI!IWII' lEI"- tASI : 4.00 ., 0,40 I 4.011 ••• ••• ••• • •• •• • •• '·' ••• ••• • •• •• ••• '·' ••• • •• '·' 0.80 :: Ult I ••• • 

lliiii&'(IITAEU PEriL CASI : a.oo '·' ••• ••• • •• 0.20 : a.:!O ••• ••• ••• • •• O.JO : 11.00 ., u ••• '·' 1.60 : 4,1)0 ., 0.80 :: '·" •• I lt!EI 

""""" -· I 4.00 '·' 0.40 : 4.00 •• ••• ••• ••• 0,11 • •• • •• 0,30 I 3.:10 ., ••• ••• .., 1.10 : 1,00 '·' o.ao :: I,OJ I 

··~ ""'"""'-· I 10.00 '·' ••• • •• • • ••• ••• • •• • •• • •• ., ••• ••• ., ••• 10.00 '·' z.oo : a.oo '·' 1.110 II 

··~ 
2.42 

l\HEL-1!10 WU.T : 11.(10 '·' 1.]0 u.o •• 0.::1:1 : u.oo •• • •• •• '·' 0,110 ! 7,:5(1 ., '·~ 11.00 ., 2.:.'0 I 10.:50 '·' 2.!0 :: 9.~ I l.l& I n 
fUIIIi IIIU!.rM. IW.lT ••• ••• ••• ••• ••• • •• ..~ • •• 0.18 0.00 .. ' ••• ••• '·' ..~ ••• '·' ••• ••• '·' 0.111) :: ~.13 : l,i9 I ' *"'"" : 4.00 ••• ••• ••• • •• O,fl I J,~ • •• 0,18 0.00 '·' ••• ••• '·' ••• ••• '·' O.JG : 9.00 '·' 1.110 II ••• 1.47 
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TABLE A.9. Comparisons of Storage Costs and Required Storage Areas 

CIKEPT LIFETU£ [l)STS UNll5C!lMTEDl tlllll!CNS : LAiDI MTERII'lS ID'I'OSITE : : IU : SUllAGE 
=Ill< : YEAR iF tm\TE lJ'DATE """' MT'LS l.f'DATE : IJ'DATED : S'tSIDI TDlll. : ""' INITIAL AD11-1:W Cf£RA TUti """ TOTAL : ESTIMTE F~ FACTtJl FRACTIIJ4 FRAI:Tfllt Flalll : aJST : SAVItES COSTS : """ 

IXKRETE CA~ 22.1 IJ2.5 '·' 15.5 m.J l'nl:5 t.07m9 1-~122 '·" G.45 1.070021 : IBB.II : : 47 : 
cat:RETE tA!l-ltt-lFfNJt 112.~ "'·' B. I "·' ~4.7 1'193 1.1245112 t.Ol4b34 O.B 0.2 1.1~6 : 624.'1 : : 147 : 
F!El..D DRYiiELl tMl 24.11 .... '·' 11.5 Ill.] 198:1 I.On9J9 t.OiillZ2 0.624 o.n& 1.onm 1 140.7 : I " : 
FinD lliMEll !PI 5J.2 108.3 ••• 16.2 lllb.6 I~ I.On9'J9 1.062122 0.1.24 O.J76 1.071992 l 200.0 I : mn: 
1\HE. omn:. 187.~ "'·' '·' 67.1 743.0 1'193 1.124S62 1.004034 '·" 0.22 1.104nB : 820.8 : : 3!10 + : 
1£TAl CASio STWtl£ :570.1 966.1 7.6 1:0.6 lb97.6 1'183 1.124~ 1.0341.34 '·" 0.~ l.fmll6 : 170'1.2 : : " : 
I£T Ill CASI, lRI¥5'ffiT 7<1.7 1336.1 31.2 212.4 2367.3 1'183 1.12451.2 1.034634 0.2 0.11 1.~ : 2330.2 •: 70 2260.2 •: " : 
"""""-' VOLT IJ:i.4 140.11 11.5 27.6 315.1 198J 1.1245!.2 I.Ol411l4 '·" 0,J5 1.093087 t 3«.4 I 
D..OSEIH:Yil..E WU.T I 213.5 "'·' 14.3 '"·' 611.8 198J 1.1201.2 t.OJ46J4 '·" 0.37 1.091211'i : 61.7.6 : 
T1Jf\El. -fiACII WU. T : 182.3 100.5 IB.2 JOt.! 19BJ 1.124562 t.OJ4634 '·" 0.45 1.0640'14 : 326 •• l 
NKr6 !OIIZOO{t. VIU.T : "·' JIB.6 1~.5 41.7 474.7 tm t.onm t.062t22 '·" O.l5 t.On40J : :109.1 I 

"""' PlD. 
I "·' U'l.5 8.7 21~.5 198i> t.o:i16411 1.04'152B '·" O.l5 1.050'101, : 226.~ l 

ICJTES: 

lJ5e of tran§!'orhble .et•l ti§ks results In offwttlng systl!ll savin9'!i of if>prox. t!OO •ilHm 
130 •Hll~ In •voicW!tt of flll!l transfl!l' to 5hipplns c•sk 
t70 •lllilll in capital tost frill avollln:e of ptrch•se of sepante tllS-tltTeposittry shippi119 usk 

IC.U t05t So~vln~ llllt tncludld - tr&lllf'O'titian systN savings) 

u The hi!tJer costs .nd .Kf'fi!l! re~u1ret11!11ts ftr the PoiMiin5 lt')'lll!ll desi!Jl result frm: 

ltra ~anced stagl! of conceptuoil desi!Jl IP.,.sons is til& I1!S f;u:ility Architect-Engil\ll!'l 

A .are tlllHrvatiVI! estiutl of hut-disslp.~tlan ibllitles of the earth strrllll'lding the lt')'llills 

Considerable excantioo re"'irl!llllnts ftr leveling il\d preparing tht sttrll911 site 

Rtdc nllil' th1 field strf~. IIICN!asin'J lt'illin'J costs fer the lt')'lll!lls 

+ stera91! ii'HI klr the h11nel raci< o~ond hmel lt')'llill cancepts are lflller'J"'Ofld 

++ Est iNtes b.-sed 111 re~uired tilft fer proctre.ent/clllstruc:tian of stera91! 
vs, five-year pl!l"iDd •s~d fer filling stera'31! field 

: 17 : 
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TABLE A.!!. Cost/Area Estimate for Concrete Cask Option 

""""' '"'" ca.sTRLCTI~ lllSTS l$000! 

CAPIHL COSTS: 15,000 lfTU 

TOTft_ DIRECT COST IBEC-I'RS-D02J 

INIWL COST t!U"I 
LESS: CASl PtDS 

"""'""""' !Bl.RITY IILlXi 
Sti'I'CRT FACillTIES 

'""""" um CA5l msr 
PLUS: !NIT !i' CASK IDST C7JJ 

!NIT IIlii CA511 IDST 147! 
CASl PADS 1240 CASI(SJ 

t£T 11m SllllA6E FACILITY COST 

SUI IF rHlll1.. AIIDITI!Hi llti"l 

"'" 

P\.U" 

'""""" CA5II lllST t'ibll 

""' ... ""' 
Sf rASJ:S ln4--7Jl 
ll'ffl CASKS t47H7l 
PAD CCSTS 1960 CASXSJ 
.. wro. 

Jr£T ADlEI COSTS: 

TDTl1L ST6E FI'II:ILITY DIRECT COSTS 

IM!Wt. DIRECT COSTS 
INITIIl INDIRECT COSTS 

"""" ""' IDE CI'Fitt: 

""''"""' ...,. "'" HITPL INITIAL IDISTRIJ:TUJI COSTS 

AlltED DIRECT COSTS 
AlllEl INDIRECT mns: 

"""" '"" Ill£ IFFICE 

""'"'"'"' ...,. ""' 
TOTN. ADOOl C!JCSTJI£Tllll COST 
TOTAL IIHSTJU:TIIII COST 

Dill CIISTS tm.O DIR COST IICIIRECT TOTAL COST 

"""' 
106113.242 
~loll.~! 

25479.533 
509S.907 

22CRI.5 

IJ249J,6 
~~~.I 

IEllii'IISSIIJIIIIi IDSlS ISOOOJ 

IEDtiiSSU*IIIi aJST: I 
Jot IF CCHiTRI£TUJI COST : 15458.5 

TRAhSPIJIIDIS a 20b5K INl.UIEl 
~mnm SYSTEJI a 25<* Ir«l.LLIEl 

CASlS Fm 6 IINTHS' IQE'TAM;E U~ lmll 
CASKS bO IN. IP BV 12fT ODISFJ 
CASlS liJ IN. ID BY II FT OOIIFBIIJ 
FW. CWAITY SF: 24 't-IN CANISTERS 

9': 44 lriN CANISTERS 
lflH: l mt.t1 STAaS 15 IR.I'IS EAl 

TQT{lj_ CASIIS Fill 15,000 lffiJ; 

.. ""'' ,.,. ""' 
TOTO. 

""' ""' 

n• 
47J 

11'17 AW11 SPACE FtJI 1200 

SF :sao.ooo lfliH :$70.000 

ASSU'E 10 lOIS IF PADS 
I'Aili.HiiTH PB1 RIM 105M FT 
TOTAL PAD LEMml I~ FT 
l'illl MllllH 37 fT 
FIB..D l..flti1ll 1!50.5 fT 
FIELD WIDTH 920 fT 
IJIIT PAD COST S 411.11 Pel FOOT LOOTll 



. 
-- . <

(
 

A
.l2

 



» 
~ 

w 

TABLE A.12. Cost/Area Estimate for Concrete Cask-In-Trench Option 

~ rlliS5 IN _, 

.............. _. ______ _;"'""'~_;~·"~""';::.~·"'==~·--------------------
STIJII& tlf'fltln 15,000 IIIU IIR tom DEfltT IIR a&T 11811ECJ TOTIII. a&T 

TOTII. !MIT DIR lilii! !I!Et-!11&-:D>:Il IT.IDZ liEf 1'1H !OJ 

teS: Olllll STIJWI' 
!U'f'IJil' FJW;:Il!TIES ,, .. .,. 
INJT CA51 lll51 

-n"" 
I'I.US: !NIT 1:18: IXISI 12011 

!f ass 1112:1 1 Ql.211 1 ·~ 
'""ass C11i tM.:zn 1 a•• 
EICIN, M:llflLJ.,IfllllME ; 

• 
N£1 IMlllli. DIIET OOBTS 

!HI IJ' --.. lllliiTIIlNS 
LESS: 

I'LU5: 

a.IISitRS 
rASI CIIIT C'fllll 

-n"" 

~ 

l\1'111 

!f 1:185 l$6U-ll:!:ll I 111112'1 
'""r..u:s cm-m 1 12m 
(lrA'J, M:llf!U.,IMIIM I 3JJ'IO 
!UITIITIII. 

NET MliEII DIIIIEU CUSl!l: 

Tll!M. ST&£ FM:IUTY IIIRT Ol!iTS 

INITIII. DUUT tiiSlS 
IMITIIl. UIIJIECT CU5l!l ........ 
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TABLE A.l3. Cost/Area Estimate for Field Drywell Option (Original Estimate) 
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TABLE A.J4. Cost/Area Estimate for Field Drywell Option (from MRS Conceptual Design) 
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TABLE A.l5. Cost/Area Estimate for Tunnel Drywell Option 
IIJII9. r•m~ns 
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TABLE A.l6. Cost/Area Estimate for Storage-Only Metal Cask Option 
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S~-iti.Y 1£Tl1l rASKS 

I:ECIJI'IiSSIIlUh6 !llST: 
10% CF !IIiSTRI£TICit lllST I 

liTIIIIIIE-tK.l' rtTRL 1:11:111:1 
IDISTRI£TI~ cmTS C$0011 

DIR COSTS I<IOCT DIR COST 

1ti" IITSD-Tl£-(110 m:£ 52 

1001 
m 
'" 1055 I ' 
"' """" ' ' 

I l ll8Z7J.9 

' ' 7J9JIO I ' JIM 1 ' ' I 742548.9 

' II~. 

I ' """ IIllER 
I I JJ48:IO J42J, vee 
I ' ' I 

' I 
' ' ' I rnJe:I.O J\11:1.902 

' I 
' I 
' ' ' ' 

DEC!JIUSSIIJriiNS I:OSTS ltOOOI 

' ' 

IHIIIRECT TOT.ct. COST 

125-TCH CJISl[S 24 -9"· loG -6" 

TOTAl CASICS R£QUIJ1fll: 
9-IIDI OWISTERS ... 
6-1101 CltNISTERS 28 
1FBH IJJ:I m.tiSl m 

---
1187 

TOT~\. PAD L.Ellillt• FT "" (Al..l.l* Fm 1200 1:195) 

INITIAL CASII:S "' .,..,,.., 
"' ,.., ,..., 

'''" IIllER lOT .. 
CA51 COST, EA. 1'10(1,000 
CASI 9[JDS, EA ~ ... 

4185b.J 428.0 STOOAa: PAIJ,fQI YD "" 4:!204.8 "'·' STII!ASE PAD, I FT t-111.11 
105477.8 1078.~ 

36917.2 m.s 

"""·' :mo.1 570076.1 

"'·' 213.6 
1848%.3 943.2 

36'16'1.3 !BEl. 6 

'1111200.~ 4904.8 91>6105.3 

15311181.4 

153618.1 



)> 

~ 
~ 

lf'ERAT!tli CIIST 

CREII OlifF 
"""llJl ....,._ 
IP 

TOTAl A1tU1L CRE11 

TABLE A.l6. 
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TABLE A.17. Cost/Area Estimate for Transportable Metal Cask Option 
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TRtiEPUITABLE PETit. CASKS 
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TABLE A.l7. (contd) 
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TABLE A.IB. Cost/Area Estimate for Open-Cycle Vault Option 
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TABLE A.l9. Cost/Area Estimate for Closed-Cycle Vault Option 
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TABLE A.20. Cost/Area Estimate for Tunnel-Rack Vault Option 
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TABLE A.21. Cost/Area Estimate for Modular Horizontal Vault Option 
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TABLE A.22. Cost/Area Estimate for Water Pool Option 
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APPENDIX B 

DESCRIPTIONS OF CANDIDATE CONCEPTS FOR MRS 

This appendix provides summary information on and descriptions of the 
candidate storage concepts included in the body of this report. Much of this 
information, in an earlier form, appeared in the original concept evaluation 
report (Triplett and Smith 1984). (a) The information has been updated to 
represent current status, and two storage concepts--the water pool and the 
NUHOMS modular horizontal vault system--have been added. 

The storage concepts in general are suitable for use with either inte
gral spent fuel assemblies or consolidated fuel (with provision for separate 
storage of assembly hardware removed during fuel disassembly prior to con
solidation). Consolidated spent fuel is assumed .to be packaged in sealed 
canisters prior to storage. Similar canisters may be required for intact 
fuel assemblies; the canisters aid in radioactivity containment and in 
limiting the spread of contamination and resultant requirements for decon
tamination of equipment. 

In most storage concepts the fuel is held in larger packaging arrange
ments : a cask, storage canister, drywell liner, or similar device. If bare, 
intact assemblies are stored in these devices, the interior of the storage 
device must be filled with an appropriate inert gas, adequately sealed, and 
monitored for atmospheric composition as well as for radioactive content. In 
some concepts, storage of bare assemblies may be questioned by NRC on the 
basis of requirements for multiple barriers against radioactivity release. 
If the fuel is contained in sealed and inerted canisters, inerting of the 
enclosing storage device may be optional, although monitoring for radioactive 
content of the contained atmosphere is required. The only exception is the 
water pool; storage of bare fuel assemblies is permitted under terms of the 
NRC Waste Confidence Agreement , again with adequate monitoring of the pool 
and surroundings and encapsulation of leaking assemblies when needed . 

(a) References in this appendix are listed in Section 7 of the main report. 

8.1 



8.1 CONCRETE CASK 

The use of concrete casks placed in an open field provides a highly 
modular, quickly deployable and easily expandable storage system. A typical 
concrete storage cask is depicted in Figure 8.1. These casks are approxi
mately 10 to 12 feet {3 to 3.7 meters) in diameter and 22 feet {6.7 meters) 
high. A loaded cask may weigh over 200 tons {91 metric tonnes); it would 
probably be fabricated at the storage site. The casks selected for the 

Sampling 
Tube 
(to surface fitting) 

FIGURE 8.1. Concrete Storage Cask 
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evaluation were of 5 feet (1.52 meters) internal diameter (with an outer 
diameter of 12 feet [3.66 meters]), with a capacity of 24 9-inch (23 em) or 
44 6-inch (15 em) spent fuel canisters, or three stacks of 5 waste drums 
each. 

The concrete casks initially designed for use with the MRS facility 
(Parsons 1985) depended on heat conduction through the cask walls for cool
ing; their capacity was limited by restrictions on concrete temperatures. 
The MRS arch i tect-engineer has since conceptually designed a modified cask, 
with an air jacket surrounding the cask liner to provide heat removal by 
natural-draft air circulation. This cask was used in the concept 
re-evaluation. The thermal capacity of casks similar in design has been 
established by tests performed in prior years (Davis 1977; Anderson and Meyer 
1980). The conceptual new cask of Parsons was assumed for this study. 

At the center of the cask structure is a steel liner extending the 
length of the cask cavity . The liner is surrounded by an air jacket used to 
remove heat from the stored fuel or waste. Reinforced concrete is cast 
around the l iner and jacket, forming the bulk of the cask structure and pro
viding both strength and radiation shielding. A basket within the cask 
liner holds the waste canisters within the cask . For this evaluation, three 
types of baskets were assumed: one for each size of spent fuel canisters, and 
another to hold the stacks of drums containing the volume-reduced assembly 
hardware resulting from fuel consolidation. Thermocouple tubes extend 
through the concrete shielding to the liner, and sample tubes communicating 
with the interior of the liner permit sampling the atmosphere within the 
cask. Air ducts extend through the concrete near tne base of the cask, con
necting to the air jacket of the liner. A similar set of ducts is provided 
near the top of the cask. In service, air is drawn through the bottom ducts 
by natural convection, rises through the air jacket where it removes heat 
from the cask liner, and exhausts through the upper ducts. This system pro
vides efficient cooling of the cask, while maintaining the concrete shield 
within its al lowable temperature range. 

A concrete-filled steel shield plug fits into the top of the cask 
cavity. Steel welding flanges extending from the cask liner allow welding of 
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a steel plate, covering the plug; to the liner; this provides leak-proof 
closure of the interior of the cask. 

Heavy-duty transporters are provided to move the cask from its point of 
manufacture to the receiving and handling (R&H) building, where the fuel or 
hardware waste canisters are loaded into the cask, and thence out to the 
storage yard. 

At the R&H building the cask is mated to an outloading port and is then 
filled with spent fuel canisters or stacks of hardware drums. The shield 
plug is then fit into the cask, and closure is made by welding a steel cover 
plate to the welding flange extending from the liner. After testing the weld 
for integrity and leak-tightness, the cask is evacuated and filled with inert 
gas if appropriate; it is then moved by the transporter to the storage field. 

The casks are stored on heavy concrete pads which provide a steady, 
level base for stability. In the reference concept included in the MRS Pro
posal to Congress, each pad is 37 feet (11.3 meters) in width and 18 inches 
(46 centimeters) thick, extending the width of the storage field. The casks 
are placed in two staggered rows on each pad, forming a triangular lattice 
with 5 feet (1.5 meters) minimum clearance between casks in any direction. 
Roadways are provided between the pads for use by the cask transporters. 

B.2 CONCRETE CASK-IN-TRENCH 

This concept uses concrete casks similar to those described above, 
except that the cask pads are constructed in trenches excavated into the 
storage field, the casks are placed on the pads, and the trench is then 
backfilled until only the top surfaces of the casks are above ground. This 
arrangement provides added protection for the casks, and reduces their visi
bility from offsite. These casks and their emplacement are described by 
Boeing (BEC 1983c). 

In the cask-in-trench concept, cooling of the casks is mainly by conduc
tion through the cask body and thence through the surrounding soil (air 
cooling could be provided as above, but would require complex ducting 
arrangements). Therefore, smaller concrete casks which hold less fuel are 
used in this concept, to reduce the heat dissipation requirements for the 
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cask; also, the air jackets for the liners are dispensed with. Because the 
smaller size of the casks requires that more casks be used, storage area 
requirements are considerably larger than for the surface-mounted casks . 

Retrieval of casks from the field is more difficult than with surface
mounted casks. Each cask must be excavated before it can be removed from the 

~ field. Excavation problems may limit random retrieval of casks, requiring 
instead the sequential removal of rows of casks. 

A conceptual cask-in-trench arrangement is depicted in Figure 8.2. 

8.3 METAL STORAGE CASK 

Metal casks have been used for the transportation and temporary storage 
of radioactive materials since the earliest days of nuclear operations in 
the 1940s. Currently metal casks designed for storage of spent fuel and HLW 
are available from several vendors; a list of typical storage casks is shown 
in Table 8.1 . Several of these casks have been used in DOE demonstration 
programs; some are in various stages of the NRC certification process, or are 
certified fo~ storage at licensed sites. One site, the Virginia Power Surry 
site, has been licensed for at-reactor storage using metal casks; the GNS 
Castor V-21 cask is currently being used for storage at this site. 

Handling and storage of spent fuel and associated assembly hardware in 
metal casks is similar to that described earlier for concrete casks. A new 
cask, upon arrival at the MRS site, is held in the new cask storage area 
until required. It is then moved by transporter to a designated outloading 
port of the R&H building and loaded with fuel. Thadual lids to the cask are 
then attached and the cask is welded closed, inerted if appropriate, and the 
welds and internal seals are tested for integrity and leak-tightness. The 
cask is then returned to the transporter, moved to the storage field, and 
placed on a storage pad similarly to the concrete cask . 

The metal casks can be stored in the vertical position, similar to 
concrete casks. Alternatively, if mounting skids or permanently installed 
cradles are provided, the casks can be mounted on the skids and placed in a 
horizontal position, or placed horizontally on the cradles, for storage. 

8. 5 
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TABLE B.l. Characteristics of Typical Metal Storage Casks for Spent Fuel 

Capacity 
Number of(a) GaiTilla 

Manufacturer Designation Assemblies Body Structure Shielding Neutron sbielding 
GNS CASTOR-1C 16 BWR Nodular Iron Nodular Iron Solid 

CASTOR-V/21 21 PWR 

Transnuclear TN-24 24 PWR Forged steel Forged steel Solid resin 
52 BWR 

Mitsubishi MSF-IV 24 PWR Stainless steel SS/Lead Liquid 
52 BWR 

Westinghouse MC-10 24 PWR Forged steel Forged steel Solid 

Nuclear Assurance S/T 26 PWR(b) Stainless steel SS/Lead Solid 

Combustion Dry-Cap-P24 24 PWR Forged Steel Forged Steel Solid external 
Engineering Dry-Cap-860 60 BWR 

(a) Capacity for integral assemblies. If fuel is consolidated, up to twice this number of 
equivalent assemblies may be accommodated. 

Loaded 
Weight 
(Metric 
Tons} 

80 
113 

91 

91 

91 

93 

91 
91 

(b) Larger baskets for the NAC S/T cask are undergoing licensing proceedings. The larger baskets, 
respectively, are designed for 28 consolitlated fuel canisters (56 assemblies) and for 31 
integral assemblies. Licensing of the 31-assembly basket would require acceptance of burnup 
credit. 



Horizontal placement provides greater dynamic stability (against severe 
seismic stress, for example), at the expense of less efficient heat transfer 
to the surrounding air. 

A typical metal storage cask is shown in Figure 8.3. 

Dual Lid 

Gamma 
Shield 
(Steel) 

Neutron 
Shield 
Material 

Cooling 
Fins 

FIGURE 8.3. Typical Metal Storage Cask 
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8.4 TRANSPORTABLE METAL STORAGE CASK 

The transportable metal storage cask concept is identical to that of the 
metal storage cask, except that the cask is assumed to be certified by NRC 
for both transportation and storage uses. Physically, the only difference in 
the concepts is the addition of impact limiters, personnel barriers (if 
needed) and other gear required for transport service In storage, it would 
appear as in Figure 8.3. The cask designs must undergo generic testing as 
described in NRC Regulation 10 CFR 71, and must maintain certification for 
both services. As was mentioned in the body of this report, there is cur
rently some question as to the feasibility of recertifying a cask for trans
port, under current regulations and assumptions, after extended periods of 
storage. 

8.5 FIELD DRYWELL 

The field drywell is one of the simplest, individually least costly, and 
rapidly deployable of the concepts evaluated for MRS storage. Storage in a 
drywell is totally underground, with only the lids of the individual wells at 
the ground surface. Dissipation of heat from the stored fuel is by con
duction through the surrounding soil or rock. 

Field drywells were the backup storage concept for the MRS design pro
posed in the DOE MRS Submittal to Congress (DOE 1987b) . This design was the 
basis for the evaluation reported herein. Two basic drywell sizes were 
assumed; in each case, the drywell body is a steel liner, about 21 feet 
(6 .4 meters) in length, fabricated from carbon steel pipe with a wall thick
ness of 0.5 inches (1.3 em). The pipe is close at the bottom with an end 
cap, at about 30 inches from the top the liner tapers to an increased dia
meter 4 inches (10.2 em) larger than that of the main body. The tapered 
section holds a mating radiation shield plug inserted after the fuel/waste 
canister. 

Drywells for spent fuel utilize liners 16 inches (40.6 em) in outside 
diameter. Such a drywell will hold one 9-inch (23 em) square canister, 
containing a single PWR intact assembly or the consolidated fuel rods from 
two PWR or 5 BWR assemblies . Alternatively, it will hold two canisters 
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six inches (15 em) square (one BWR intact assembly per canister), held within 
a close-fitting stainless steel overpack nominally six by twelve inches 
(15 by 30 em) in size. The drywells containing assembly hardware drums are 
30 inches (76.2 em) in diameter, and are sized to hold a stack of five 
55-gallon drums of waste held within a "skeleton" carrier. 

Installation of the drywells is quick and simple. It has been estimated 
that, using two drilling crews, up to 10 drywells liners may be emplaced per 
day (WEC 1983c). The basic steps are: 

• An oversize hole is drilled to the depth required for the liner; 

• A reinforced concrete collar is poured around the hole, to serve as 
a base for mounting the liner; 

• The liner is installed and temporarily held in place by a clamping 
gauge; 

• The empty space around the liner is filled with cement grout; 

• Monitoring connections are made, and a temporary cover is placed on 
the drywell and clamped or welded in place . 

A typical field drywell installation is shown in Figure 8.4. 

Emplacement and retrieval of fuel is accomplished using a rubber-tired, 
wheeled vehicle carrying a vertically mounted shielded transfer cask, bottom
loading and bottom-discharging, for carrying the canisters to and from the 
storage field. A shielded apron beneath the cask provides radiation shield
ing for the gap beneath the cask; a "pocket" in this apron, beside the cask 
opening, holds a drywell shield plug. In operation, the transfer cask is 
loaded with a canister or drum stack and a shield plug at an outloading port 
of the R&H building, the loaded cask is taken to the designated drywell, the 
drywell temporary cover is removed, and the bottom-opening cask port is 
aligned with the drywell. An annular shield is lowered to the drywell mount
ing ring. The canister is then lowered into the drywell, the transport 
vehicle is repositioned, and the shield plug is lowered into place. The 
emplacement crew then welds ·a permanent cover on the drywell and connects the 
monitoring instrumentation. Unloading is essentially the reverse of these 
operations. 

8.10 

.· 



-. 

8.11 

.
.
.
 

. ·~ ·. \ \. 
. . .. ~ ·'·: ·., 

' .~ .. 
t, ·~ 

\• \ 

c 0 

,.... 
,.... 
Q

) 

~
 

~
 

Q
 

"0
 

,.... Q
) 

..... 
L&

.. 



Spacing of the drywells is determined mainly by the heat-dissipation 
abilities of soils at the storage site. For this reason a drywell storage 
field may vary considerably inn area from one site to the next. 

The grouted-in drywell liner may be subject to long-term corrosion , 
especially in moist climates. At some sites, cathodic protection of each 
liner may be advisable. Alternatively, construction of an earth berm to 
raise the drywell field above the extant water table may be feasible at some 
sites . 

8.6 TUNNEL DRYWELL 

A tunnel drywell storage system is similar to the field drywell system, 
except that the drywells are emplaced in the floor of a system of tunnels 
mined at the storage site. The entire installation is thus underground. A 
tunnel drywell conceptual site is shown in Figure B.S . 

A tunnel drywell system is moch more expensive and requires longer to 
construct than a field drywell system. Tunneling costs and disposal of 
mining spoils are major concerns. In addition, drilling of the drywells will 
almost certainly be done in rock formations, again adding to the cost. 
Placement of the waste within the tunnels provides added safety which may be 
important at some sites; however, the perceived "permanence" of the site may 
also be heightened. Maneuvering of the transport vehicles may slow emplace
ment speed; multiple openings may be required at high rates of emplacement or 
retrieval. 

8.7 OPEN-CYCLE VAULT 

In both appearance and function , the open-cycle vault is essentially an 
"air-cooled drywell field . " Figure 8.6 illustrates an open-cycle vault stor
age facility. The main floor of the vault building is a concrete shielding 
and supporting structure supporting an array of storage tubes similar to the 
drywell liners described above. The storage tubes extend into a vault 
beneath the main floor , and into a support plate mounted above the floor of 
the vault. The tubes are cooled by air which is drawn by natural convection 
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FIGURE B.S. Tunnel Drywell 

into distributing ducts on the outside wall of the building , through the 
vault and around the storage tubes, and then exits up a stack abutting the 
centerline of the building. The figure indicates two mirror-image structures 
forming the vault building. This arrangement may be preferable for large 
installations (e .g. , for reducing the likelihood of recirculation of cooling 
air in multi-building installations), but is amenable to several variations. 

The re-evaluation of concepts based analyses for the open-cycle vault on 
the Boeing reference design (BEC 1983b), as did the initial evaluation . The 
Foster-Wheeler Corporation offers a commercially available vault design 
(F-W 1987) which, like the Boeing design, is based on a concept by the 
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British General Electric Company. The Boeing and Foster-Wheeler designs are 
considered equivalent in their application to MRS . 

The vault structure is modular in its design . Although the operating 
gallery above the main floor extends the length of each side of the build
ing,the building structure and the subterranean vaults are constructed in 
segments which may contain storage for several hundred MTU of fuel each; the 
reference design (BEC 1983b) assumed 310 MTU per building segment, or 155 MTU 
per side. The transverse walls defining the segments strengthen the build
ing, support the operating floor, and confine the air flow pattern through 
each vault. They also provide radiation shielding to construction crews 
while the facility is being expanded. 

Each half of the operating floor is equipped with a fuel handling 
machine--essentially a transverse beam crane mounted a short distance above 
the floor on rails at the sides of the operating galley. The beam crane 
embodies a transversely-moveable carrier which in turn supports a shielded 
loading cask, functionally similar to the transfer cask described for field 
drywell use. 

In loading of the vault, fuel or waste canisters are delivered from the 
MRS outloading port to a pickup area within the vault structure. In one 
possible arrangement, a cask car moves a multi-canister supply cask from the 
port into a cask well provided within and near the entrance to the vault 
structure; the transport mode may well vary depending on the degree of close
coupling between the R&H building and the vault . From the supply cask a 
canister is loaded into the fuel handling machine, moved to and positioned 
over a storage tube, and the canister is lowered into the tube. A shielding 
plug is then positioned in the tube, and the tube cover is placed over the 
tube and welded in place. 

The vault illustrated in Figure B.6 could also be constructed with the 
entire structure above the surface of the surrounding terrain, if the local 
water table is too near the surface to permit emplacing the vault in the 
ground . 
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8.8 CLOSED-CYCLE VAULT 

The closed-cycle vault concept, as evaluated herein, is described by the 
GA Technologies, Inc., report (Washington and Ganley 1984) and is shown in 
Figure 8.7. The basic vault structure consists of a series of chevron-shaped 
(in plan view) concrete modules which are fitted together in rows and mounted 
on storage pads. Each module contains silos, or vertical holes , which serve 
as storage positions. Each of the silos is fitted with a carbon steel liner. 
Air jackets around each liner link with a plenum cast into the base of the 
module and with "hot air" return ducts to provide an enclosed, natural-draft 
air cooling system servicing all the silos in the module. Heat pipes, 
installed in the open sides of each module, connect with the hot-air return 
ducts and transfer their heat to the outside air, thus cooling the module in 
a completely closed system. 

In loading a storage module, canisters of spent fuel or waste drums are 
placed into large storage canisters within the R&H building; internal baskets 
in these canisters hold the contained fuel/waste canisters. The canisters 
are then moved in a silo loading machine, a shielded enclosure carrying both 
a storage canister and shield plug, to the vault complex (the GA report sug
gests a rail-cart transport system similar to that proposed for R&H building 
operations). Positioning the loading machine over a designated silo, the 
machine then lowers the canister, rotates, and l owers a shield plug over the 
canister. Seal gaskets on the shield plugs close the silo openings, isola
ting the interior of the module from the outside air. 

The storage canisters are sized to hold either spent fuel canisters or 
waste drums, by interchanging the internal baskets. A single canister, 
approximately 40 inches (1.22 meters) in diameter in the reference GA design , 
may be fitted with baskets holding 12 9-inch (23-cm) spent fuel canisters, 
30 6-inch (15-cm) fuel canisters, or one waste drum stack. The storage can
isters are closed with dual covers, and sealed using a combination of 0-ring 
seals and seal welding. They may be inerted before storage, allowing their 
use with uncanistered fuel, if desired . 

Retrieval of the storage canisters from the storage modules is essen
tially the reverse of the storage sequence described above. Following 
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retrieval, these canisters must be reopened in the R&H building to remove the 
fuel assemblies or canisters they contain. The storage canisters may then be 
scrapped of re-used. 

8.9 TUNNEL-RACK VAULT 

The Tunnel-rack vault concept (Figure 8.8) was originated by the General 
Atomics Corporation, parent firm of GA Technologies, who performed the ini
tial analysis of this concept for MRS storage (Morrisette and Ganley 1984). 
The tunnel-rack vault concept utilizes state-of-the-art process automation 
and remote handling technology combined with advanced, automated warehousing 
techniques to provide fully automated, underground storage of spent fuel and 
high-level wastes. The storage area for this concept consists of one or more 
access tunnels leading from the surface facilit ies; a series of storage 
drifts is deployed at right angles to each access tunnel ; these drifts serve 

.. .. 

FIGURE B.S. Tunnel -Rack Vault 
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as the storage rooms for the wastes . The access tunnels , if more than one is 
used, are connected to the interface fa.ci 1 i ty by a transverse transfer 
tunnel. 

The primary surface facility, connected to the tunnel system entrance by 
an airlock, i s a building serving as an interface facility to the MRS Receiv
ing and Handling building . The interface facility contains equipment for 
preparing the fuel and waste canisters for storage; it also contains a cen
tral control room for monitoring and control of the automated system opera
tions, and a maintenance and repair area .. This facility, designed for close 
coupling to the R&H facility's loadout port, receives canistered fuel and 
assembly hardware directly from the R&H port via a carrier mounted on an MRS 
rail cart, traveling through a shielded passageway (the facility can also 
function at a more remote location from the R&H building, using transfer 
casks or equi valent) . Within the interface facility , the incoming canisters 
are loaded into storage racks- -open, rectangular stainless steel grid struc
tures designed to hold the canisters while in storage. A typical rack design 
may hold up to 56 9-inch (23-cm) or 6-inch (15-cm) canisters , or somewhat 
fewer waste drum canisters. 

After loading, a storage rack is placed on a rail-mounted carrier , 
which in turn is mounted on a transfer car. The transfer car then enters the 
access tunnel through the air lock, and travels, on rails provided on the 
tunnel floor , to the mouth of a designated storage drift. At this point the 
rack carrier leaves the transfer car and moves down the storage drift to a 
designated position. At this point lifting devices on the carrier lift the 
rack upward, move it laterally to the side wall of the drift, and then down
ward; a lip on the side of the rack engages a side-rail running the length of 
the drift wal l, and the rack is suspended from the rail in its storage posi
tion , above the drift floor. The carrier then returns to the transfer cart , 
and to the interface facility, for another rack. 

Cooling of the fuel in storage is provided by natural-draft circulation 
of air. Atmospheric air enters each access tunnel through an intake duct; it 
then flows through the access tunnels and the storage drifts , cooling the 
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fuel. The heated air is returned to the surface through air-return shafts 
and drifts leading to the surface. 

B.10 WATER POOL STORAGE 

The storage of spent fuel in water pools is a well-known technology; for 
over 45 years underwater storage of LWR spent fuel, at reactors and else
where, has been a near-universal practice. The NRC Waste Confidence 
Decision (49 FR 171) emphasizes the safety and reliability of pool storage. 
The storage pool at Morris, Illinois, has been licensed for commercial fuel 
storage under 10 CFR 72 (NRC 1981; NRC 1982). 

For the present re-evaluation of MRS storage concepts, a single pool of 
15,000 MTU capacity was chosen as a model, with a scenario calling for fil 
ling of the pool to capacity within a five-year period. Alternative concepts 
could include sequential building of segments of the pool , or the construc
tion of several, smaller independent pools. Neither of the alternatives 
appeared appropriate for this analysis. 

To date, no storage pool has been enlarged by the addition of pool seg
ments. However, the pool at the Morris, Illinois, storage facility was 
designed to accommodate later additions if needed . A transfer gate was built 
into the end wall of the pool to allow pass-though of fuel assemblies to 
future pool segments, and the foundation area for a complete new pool segment 
was excavated, then backfilled, at the time the original pool was built. The 
pre-excavation was judged to be required to prevent possible rupturing of the 
initial pool wall , under its load of water, if heavy excavation work were 
performed adjacent to it. Presumably the same precautions would be needed at 
other sites where pool additions were contemplated. For the model pool eval
uated in this report, the projected filling to 15,000 MTU fuel within five 
years appeared to preclude the opportunity for sequential additions due to 
insufficient construction time; at best only a two-segment pool could be com
pleted , and this would require essentially continuous construction, with 
little saving relative to the cost for a single pool . 

A series of smaller pools , rather than a single pool, could have some 
advantages in rapidity of loading and unloading fuel . However, each pool 
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would need to be self-sufficient, with separate cask handling facilities, 
cooling and purification equipment, and added staff . Considerable cost 
additions would result. 

The pool selected for evaluation has capacity for 15,000 MTU of consoli
dated and canistered spent fuel, plus assembled stacks of sealed drums con
taining assembly hardware. The pool is approximately 200 feet (61 meters) in 
length and 130 feet (40 meters) wide. It is equipped with poisoned high
density racks; three rack sizes are required (for 9-inch and 6-inch canis
ters, and drum stacks). The pool is designed for operation as a dual facil
ity, with "right" and "left" operating areas. Two fuel-handling cranes are 
employed; at the center the rails are mounted on a beam running the length of 
the pool superstructure and supported by columns extending down into the 
·foundation beneath the pool floor. At the front end of the pool, two cask 
wells are provided to accommodate canister transfers to and from the R&H 
building. Each well is provided with its own cask crane. A single equipment 
room is provided in a building adjunct adjacent to the pool ; here the water 
cooling and purification equipment is located. 

Spent fuel canisters and drum stacks from the R&H building are loaded 
into a transfer cask (essentially a shipping cask for on-site use), moved to 
the pool, and immersed in the cask well. The canisters and/or drum stacks 
are unloaded and placed in temporary storage positions along the front wall 
of the pool; the cask is removed and returned. Subsequently the fuel hand
ling cranes on each side move the packages to permanent storage positions 
further back in the pool . 

Operations involved in unloading the pool are essentially the reverse of 
those for loading. 

B.11 MODULAR HORIZONTAL VAULT 

The modular horizontal vault concept is a relatively recently developed 
storage concept being marketed as the NUHOMS system by the NUTECH Corporation 
(NUTECH 1985). This concept has been licensed for use at the H. B. Robinson 
site of Carolina Power and Light Company and at the Duke Power Company's 
Oconee site. In October 1988, the Baltimore Gas and Electric Company 
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announced its intent to utilize NUHOMS modules for spent fuel storage at its 
Calvert Cliffs reactor site. 

The NUHOMS concept employs a large, multi-assembly canister for contain
ment of the fuel being stored. The at-reactor licenses are for storage of 
bare assemblies--seven PWR assemblies per canister for Robinson, and 24 per 
canister for Oconee. These canisters are stored in modular, concrete
shielded horizontal vaults equipped with air passages for direct cooling by 
natural-draft circulation of air. Figure 8.9 depicts a typical NUHOMS 
installation. 

Each NUHOMS canister is constructed of a stainless steel cylinder, 
equipped with lead-shielded end pieces. One end piece welded to the canister 
body during fabrication; the other is welded on after filling the canister 
with fuel. The end shields reduce occupational exposure during filling and 
handling of the canisters, and reduce end-streaming radiation during subse
quent storage in the horizontal modules. Baskets within the canisters hold 
the fuel assemblies or fuel canisters during storage; poison may be added to 
the basket if needed. The horizontal concrete modules are built in banks of 
several connected units, as shown in the figure. Thick concrete shields 
cover each face of the module structure, and concrete dividers between the 
modules provide both structural stability and additional shielding. Within 
each module a steel pipe sized to accommodate one canister is held horizon
tally, closed at one end and opening to the front face of the module. Space 
between this pipe and the concrete structure forms an air jacket for cooling 
the canister; air ducts draw air, by natural-draft circulation, in from the 
front face of the module, into the internal air space and around the support 
tube, and out through a duct on the top face. 

Handling of the NUHOMS shielded canister requires use of a transfer cask 
sized to fit the canister, equipped to accommodat e a hydraulic ram entering 
through the bottom end shield; the entrance hole is sealed by a shiel d plug 
when not in use. 

In use at MRS, two sizes of shielded storage canisters are assumed: a 
canister of 48.5-inch (123 em) diameter, capable of holding 12 9-inch or 30 
6-inch spent fuel canisters, and a 50-inch canist er sized for three stacks of 
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five waste drums each. Each canister is loaded within the R&H building out
loading cell, the top shielded end piece is welded in place and tested, and 
the completed canister is loaded into a transfer cask. The cask is closed, 
mounted on a dedicated heavy-haul transporter and moved to the storage yard. 

In the storage yard the transporter aligns the cask with the opening in 
a horizontal storage module. The cask lid is removed, the cask is moved 
against the module, and a hydraulic ram mounted on the transporter is 
inserted through the access hole in the bottom of the cask. The ram pushes 
the canister into the module cavity. The cask is then moved away and closed, 
and a steel door on the module face is closed and welded to a flange con
necting to the canister support pipe, closing the module cavity. 

If desired, the storage canister may be filled with inert gas before 
storage; however, this is not needed when canistered fuel is stored . It 
would be needed for bare assembly storage. 

The steps for removal of a NUHOMS canister for storage are essentially 
the reverse of those for storing. After removal from storage, the storage 
canister must be returned to the R&H building and reopened to retrieve the 
fuel or waste canisters; the storage unit is then discarded for salvage or 
LLW disposal. 
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