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APPENDIX A 

ESTIMATED CAPITAL COSTS FOR METAL AND CONCRETE STORAGE CASKS 

The purpose of this Appendix 1s to develop an estimate of the 

capital cost of metal and concrete storage casks so that the capital costs 

associated with the use of a TSC for at-reactor storage can be compared with 

those of using a SOC and a concrete cask. 

1.0 METAL CASKS (STORAGE ONLY) 

This section discusses the capital costs associated with metal 

casks that are designed and licensed for at-reactor storage of spent fuel. It 

was assumed that at the time of their design and licensing, no attempt would 

be made to certify them for use as a transport casks even though they may be 

able to be used for a one-time shipment or placed in a protective package and 

shipped at the end of the storage period. 

Discussions were held with two separate designers of metal storage 

casks to obtain the current estimated costs for such casks. One firm 

estimated that a metal cask designed for storage-only of 24 PWR or 52 BWR 

assemblies would cost about $1.05-minion (1987 dollars). A second cask 

designer estimated the cost for a 21 PWR assembly cask at ll.O-million (1987 

dollars); this cask could accomraodate as many as 57 BWR assemblies. Included 

in these costs was the cost of performing the initial design of the cask and 

the project management activities associated with the cask design and 

fabrication effort (licensing, quality assurance, etc.). These costs are 

summarized in Table A-1. 

TABLE A-1 

ESTIMATED COST OF DESIGN AND LICENSING OF SOCs 

($000, 1987) 

First 
Description Two Casks 

Design and Engineering $ 534 
Project Management & Licensing 600 

Total $1,134 

Each Additional 
Cask 

$ 32 

$ 32 
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For the purposes of this study, it was assumed that a storage cask 

having a capacity for storing 21 PWR assemblies or 46 BWR assemblies would 

cost $l.0-m1llion (1987 dollars). This was believed to represent a 

conservative composite of the cost estimates obtained from cask design firms. 

Moreover, it was assumed that this cost assumed that the design and initial 

production costs were to be written off over the first 8 casks produced. This 

would put the cost of a cask, before design and initial production costs were 

added, at about $830-thousand. Assuming that the cost of procurement 

management, fabrication follow and the like would amount to 10 percent of the 

cost of fabrication, the actual cost of the fabrication would then amount to 

about $755-thousand. This compared favorably with an independent estimate of 

the cost of cask manufacture developed during the course of the study. 

The prospective reduction of fabrication costs as more casks are 

produced was considered. The nodular iron cask costs described by Sorenson In 

Reference (1) and the Transnuclear cost data shown in Reference (2) were 

subjected to several curve fitting analyses. As a result, the following 

algorithm was developed which shows the relationship of cask fabrication cost 

to the number of casks that have been produced: 

where: C = cost of the nth cask produced 

C. = cost of the Initial cask produced 

By using the foregoing relationship, and writing off the design and 

development costs over the first 10 casks produced, the cost of SOCs were 

calculated for various stages 1n the "learning curve", as shown In Table A-2. 
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3> 
I 
00 

First 10 Units^ 

50th Unit 

100th Unit 

500th Unit 

Average Cost 

Design & Fabric-
Licensing ation 

139 747 

668 

647 

601 

TABLE A-

ESTIMATED COSTS 

(1987 Doll 

of SOC ($000) 

1 
FOR : 

ars) 

Admin & 
Procure­
ment Total 

75 

67 

65 

60 

961 

735 

712 

661 

SOCs 

SOC 

Intact 
Fuer 

9.26 

9.26 

9.26 

9.26 

Capacity 
(MTU) 

Con­
solidated 
Fuel^ 

15.37 

15.37 

15.37 

15.37 

Cost/Unit Capacity 
($/kgU) 

Intact 
Fuel 

103.8 

79.4 

76.9 

71.4 

Con­
solidated 

Fuel 

62.5 

47.8 

46.3 

43.0 

Weighted average based on a cask capacity of 21 PWR or 46 BWR assemblies, a 2/1 weight ratio of PWR to BWR 
fuel, and 461 kgU/PWR assembly and 183 kgU/BWR assembly 

Assumes fuel rods are consolidated and structural parts are compacted so together there is a net compaction 
ratio of 1.66 

Assumes fabrication cost for first cask produced is $800-thousand. 



2.0 TRANSPORTABLE STORAGE CASKS 

This section discusses the capital costs associated with metal 

casks that are designed and licensed for at-reactor storage of spent fuel and 

are certified for use as transport casks at the time they are manufactured. 

Discussions were held with three separate designers of casks. One 

firm estimated that an additional $300-thousand would be required to make its 

SOC certifiable for transport, because a more rugged design would be required 

for the baskets involved. A second designer believed that the basket used in 

connection with its cask was sufficiently rugged for use in transport service, 

and that no additional cost would be required to make its SOC certifiable for 

transport. A third designer believed that a TSC would cost about $100-

thousand more than a SOC. Therefore, for the purposes of this study it was 

assumed that the fabrication cost (net of design, licensing, administration 

and procurement costs) for the first TSC produced would be $100-thousand 

higher than a corresponding SOC (as described In Section 1.0 of this Appendix 

A ) , or $900-thousand, to cover the added cost of manufacturing a cask of 

somewhat more rugged design than a SOC. It was assumed that the same 

algorithm that was developed for fabrication of SOCs in Section 1.0 of this 

Appendix A would be applicable for the fabrication of TSCs, However, in this 

case. In addition to the cost fabrication, it was assumed that 10 percent 

would have to be added for administration and procurement activities 

increasing the costs therefor to $990-thousand. Moreover, it was also assumed 

that design and certification of the TSC would have to be added for the 

foregoing cost. 

Both EG&G and one cask designer estimated the cost of engineering 

and certification of a TSC at about $3.0-mniion (1986 dollars); this would 

amount to about $3.2-minion In 1987 dollars. In a study performed for DOE in 

1983-1985, Transnuclear, Inc. (TNI) estimated the cost of design and 

certification of a transport cask at about $3.5-mmion In 1985 dollars 

(Reference (1)). As a result of a review of the latter costs, it was 

concluded that they would also be applicable to the design and certification 

of a TSC. The personnel-related costs associated with the foregoing TNI 

estimate were escalated by 6.6 percent, and the cost of machinery and 

equipment included in the estimate was escalated by 5 percent, to convert the 

costs to 1987 dollars. These cost estimates for the design and certification 

of TSCs, are summarized in the following Table A-3. 
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TABLE A-3 

ESTIMATED COST OF DESIGN & CERTIFICATION OF TSCs 

($000, 1987) 

First Each Additional 
Description Two Casks Cask 

Design & Engineering $ 858 $ -

Testing & Certification 1,192 

Procurement Activities 103 
Associated With Prototype 

Fabrication Follow 91 

Associated with Prototype 

Project Management & Licensing 1,450 32 

Total $3,694 $ 32 

Applying the algorithm that was developed in Section 1.0 of this 

Appendix A to the cost of fabrication of a TSC, 10 percent of the cost of 

fabrication for procurement management and fabrication follow, and writing 

off the design and certification costs over the first 10 casks produced, the 

costs of TSCs were calculated for various stages of the "learning curve", as 

shown in Table A-4. 
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TABLE A-4 

ESTIMATED COSTS FOR TSCs 

3s» 
I 

First 10 Units^ 

50th Unit 

100th Unit 

500th Unit 

Design & 
Licensing 

$395 

_ 

-

-

Cost of 

Fabric­
ation 

$840 

752 

728 

676 

(1987 

TSC ($000) 

Admin & 
Procure­
ment 

$84 

75 

73 

68 

Dollars) 

Total 

$1,319 

827 

801 

744 

TSC 

Intact 
Fuel^ 

9.26 

9.26 

9.26 

9.26 

Capacity 
(MTU) 

Con­
solidated 
Fuel^ 

15.37 

15.37 

15.37 

15.37 

Cost/Unit Capacity 
($/kqU) 

Intact 
Fuel 

$142.4 

89.3 

86.5 

80.3 

Con­
solidated 

Fuel 

$85.8 

53.8 

52.1 

48.4 

Weighted average based on a cask capacity of 21 PWR or 46 BWR assemblies, a 2/1 weight ratio of PWR to BWR 
fuel, and 461 kgU/PWR assembly and 183/BWR assembly 

Assumes fuel rods are consolidated and structural parts are compacted so together there is a net compaction 
ratio of 1.66 

Assumes fabrication cost for first cask produced is $900-thousand. 



3.0 CONCRETE STORAGE CASKS 

This section discusses the capital costs associated with concrete 

storage casks, designed and licensed for at-reactor storage. While it was not 

the basic purpose of this study to perform a comparative assessment of the use 

of metal storage casks and concrete storage modules, it was necessary to make 

an assessment of any increased costs a utility might incur in using TSCs over 

other dry storage alternatives that could be used at reactor sites in order to 

properly determine the extent to which the use of a TSC was viable. The 

viability of use of TSCs relies on the cost (and other) advantages to the 

combined utility/DDE spent fuel management system at least offsetting the 

disadvantages involved. 

Discussions were held with Nuclear Packaging Inc. (NUPAC) and 

NUTECH, Inc. regarding estimated costs of rtorage of spent fuel in concrete 

storage modules. 

As a result of these discussions it was assumed that the concrete 

storage cask would have a capacity for storing 9 PWR assemblies or 25 BWR 

assemblies, for an average capacity of 4.291 MTU/cask. The cost of the first 

cask built was estimated at $150-thousand and the design and development cost 

of the cask and its loading and unloading equipment was estimated to be $1.75-

million. 

A learning curve similar to that described in Section 1.0 of this 

Appendix A for metal storage casks was applied to the cost of manufacture of 

concrete casks, even though such may not be as dramatic inasmuch as concrete 

casks will probably be produced near the location they are used. This means 

there are likely to be many more locations producing concrete casks than metal 

casks, with limited numbers being produced at any given location. However, 

the same learning curve effect was used for concrete casks as for metal casks 

since it was assumed that the designer would procure the concrete cask 

fabrication services and would pass along his fabrication knowledge to the 

fabricator. 

The cost of concrete storage casks were calculated for various 

stages in the learning curve as shown in Table A-5. 
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TABLE A-5 

ESTIMATED COSTS FOR CONCRETE STORAGE CASKS 

(1987 Dollars) 

I 

erage for 

First 22 Unlts^ 

108th Unit 

216th Unit 

1079th Unit 

Cost of Concrete Cask 

Design & Fabric-
Licensing ation 

$ 80 $136 

121 

117 

108 

Admin & 
Procure­
ment 

14 

12 

12 

11 

($000) 

Total 

230 

133 

129 

119 

Concrete 

Intact 
Fuel* 

4.29 

4.29 

4.29 

4.29 

Cask 
(MTU) 

Capacity 

Con­
solidated 
Fuel^ 

7.12 

7.12 

7.12 

7.12 

Cost/Unit Capacity 
($/kgU) 

Intact 
Fuel 

$ 53.6 

31.0 

30.1 

27.7 

Con-
sol idated 

Fuel 

$32.3 

18.7 

18.1 

16.7 

Weighted average based on a cask capacity of 9 PWR and 25 BWR assemblies, a 2/1 weight ratio of PWR to BWR 
fuel, and 461 kgU/PWR assembly and 183 kgU/BWR assembly 

Assumes fuel rods are consolidated and structural parts are compacted so together there is a net compaction 
ratio of 1.66 

Assumes fabrication cost for first cask produced Is $150-thousand. 



In addition to the concrete casks, it Is necessary for a utility to 

have a means of transferring the spent fuel from the reactor pool to the cask 

loading area, and for loading the casks. This requires a transfer cask, a 

plug cask, a loading collar, and a platform on which the operations are 

conducted. This type of equipment is currently in use at Three Mile Island 

for loading of a transport cask with canisters of fuel material that has been 

recovered from the reactor. In this case the pool water is too heavily 

contaminated to load the transport cask in the pool. In the case of concrete 

casks it has been assumed that these will have to be loaded outside the pool. 

The cost of the equipment was estimated at about Sl.O-million (1987 dollars). 

It was assumed that $750-thousand of this equipment could be leased from a 

service company, but that $250-thousand would represent a needed capital 

investment by the utility. 

The cost of leasing the loading equipment was estimated to be 

$1.45/kgU for intact fuel assemblies and $1.26/kgU for consolidated fuel. 

This is based on the following assumptions: 

(1) Annual revenue requirements of the lessor for use of the 
equipment would be $226.4-thousand, assuming: 

(a) a 15 percent discounted cash flow return on investment 
after taxes 

(b) a 10-year depreciation period 
(c) a 45 percent Federal tax rate 
(d) a 6 percent state tax rate 
(e) property taxes and insurance at $1/$100 valuation 

(2) The equipment would be used at 6 different reactor sites 
during the year for intact fuel assemblies or 7 different 
sites during the year for consolidated fuel; 28 MTU of spent 
fuel would be loaded at each site 

(3) It would cost $3,000 to move the equipment between sites 

(4) Set up and takedown time would amount to 7 days each, shipping 
time would amount to 7 days, 6.7 days would be required for 
loading an annual discharge of intact fuel assemblies, 4.5 
days would be required for loading an annual discharge of 
consolidated fuel, and a SOX utilization efficiency would be 
realized for the use of the casks. 
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In addition to the costs shown in Appendix B for operations at the 

reactor, there is a total capital cost of $395-thousand required In connection 

with the use of the concrete cask at a reactor site, Sl45-thousand of which is 

for canning equipment and $250-thousand which is for loading equipment. 

It should be pointed out that there has been little demonstration 

work performed to date on the viability of the use of concrete storage modules 

for at-reactor storage of spent fuel. While there is no apparent reason why 

such storage would not prove feasible from an operating standpoint, the costs 

associated with such storage are less certain than those Involved in the use 

of metal storage casks. 

4.0 REFERENCES FOR APPENDIX A 

(1) K. B. Sorenson, Cask Materials Cost Comparison Report, Sandia National 
Laboratories, October 17, 1986 

(2) E. R. Johnson Associates, Inc., Assessment of the Use of a Multi-Purpose 
and Centralized Facility for the Disassembly and Packaging of Spent 
Nuclear Fuel to Support the Various Segments of the DOE Waste Management 
System, JAI-254, DOE Contract No. DE-AC01-84RW00037 
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APPENDIX 8 

ESTIMATED COST OF HANDLING OPERATIONS AT THE REACTOR SITE INVOLVING 

SPENT FUEL DRY STORAGE MODULES, TRANSPORT CASKS, AND SOC OVERPACKS 

There are a number of costs that would be associated with the 

handling of TSCs, SOCs, concrete storage casks, DOE-furnished transport 

casks, and overpacks for SOCs (assuming that SOCs would be shipped in 

overpacks), at the reactor site. In this Appendix estimates of the costs 

associated with the at-reactor handling of TSCs, SOCs and concrete storage 

casks and their contents have been developed, along with estimates of the 

costs involved for receipt, loading and shipping of DOE-furnished transport 

casks, and overpacks for SOCs. 

The various operations involved with the handling of TSCs, SOCs, 

and concrete storage casks at the reactor site are summarized in the 

flowsheets shown in Figure B-1 and B-2. Figure B-1 shows the operations 

associated with the use of TSCs as well as SOCs; three different options have 

been shown for the use of SOCs Including: 

0 unloading of SOCs and loading of the contents thereof into 
DOE-supplied shipping casks 

0 direct shipment of SOCs to DOE (use in a single transport) 

0 direct shipment of SOCs to DOE after placing the SOC in a NRC-
approved overpack 

Figure B-2 shows the operations associated with the use of concrete storage 

casks. 

The cost for the various handling operations described in Figures 

B-1 and B-2 were estimated in 1987 dollars. In developing these cost 

estimates for operations involving metal casks (TSCs, SOCs and DOE-furnished 

transport casks), the study made use of previous work performed by Pacific 

Northwest Laboratories (PNL) which included a detailed time and motion 

analysis of the activities Involved in the receipt, loading, decontamination, 

testing and shipment of transport casks (Reference (1)), many of which are 

applicable to the use of TSCs and SOCs. In developing cost estimates for the 
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TSC ©r XC 

t 1.0 

Receipt & Preparation 
for Loading in Pool 

2.0 

Loading & Placement 
©f Cask in Storage 

31" 
Storage 
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Receipt & Loading 
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Preparation for 
Shipment 
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Removal from Storage 
& Unloading in Pool 

7.0 

Inspection 
of Fuel 

8.0 

Loading ol 
Transport Cask 4 

Preparation 
for Shipment 

TSC 

DOE-Furmshed 
Transport Cask 
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Receipt & Preparation 
for Loading in Pool 
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Removal from Storage 
& Preparation 
for Shipment 

Shipment 

* Numbers on upper right hand corner of box are Section numbers in Appendix B in 
which costs are developed. 

' ' Costs associated with storage were not included in this estimate. 

HGUREB-1 

SUMMARY OF OPERATIONS ASSOCIATED WITH THE HANDLING OP METAt STORAGE CASKS 

AT REACTOR SITE^ 
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Numbers on upper right hand comer of box are Section numbers in Appendix B in 
which costs are developed. 

Costs associated with storage were not included in this estimate. 

Part of tht equipment necessary for loading of casks was leased and the cost 
thereof was included in these estimates. 

nCURE B-2 

SUMMARY OF OPERATIONS ASSOCIATED WITH THE HANDLING OF CONCRETE STORAGE CASKS 

AT REACTOR SITES^ 
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canning of spent fuels inspection^ and loading/unloading of a concrete 

Storage cask^ the study made use of previous work performed by E, R. Johnson 

Associatess Inc. (JAI) for PNL as well as the experience which has been 

gained recently at Three Mile Island in the dry loading of canisters of 

irradiated fuel pieces into a shipping cask. In developing cost estimates for 

the loading of an overpack containing a SOC onto the transport vehicle^ the 

study made use of the 1986 FIS Fee Study (Reference (2)) for time requirements 

for riggers as well as crane rental costs. 

In addition to the foregoing^ the following assumptions formed the 

basis for the cost estimates developed: 

(1) Operating costs were based on an assumed rate of $63/hour for 
plant operatorss which covered the cost of wages, supervision^ 
overhead and operating supplies. 

(2) The capacity of TSCs, SOCiJ and DOE-furnished transport casks 
was assumed to be 21 PWR assemblies or 46 BWR assemblies^ or 
the same number of cans of consolidated spent fuel. 

(3) The capacity of concrete storage casks was assumed to be 9 PWR 
assemblies or 25 BWR assemblies^ or the same number of cans of 
consolidated spent fuel. 

(4) Where consolidated spent fuel was involved, it was assumed 
that consolidation of 10 fuel assemblies would result In 5 
cans of fuel rods and 1 can of compacted structural parts^ with 
each can having a slightly larger cross section than the fuel 
assembly from which the consolidated fuel originated (about 9-
inches x 9-1nches for PWR fuel and 6-1nches x 6-inches for BWR 
fuel). 

(5) The reactor has a capability for handling a 120-ton loaded 
cask. (If a reactor does not have such a capabilitys a costly 
dry transfer system would be required.) 

The following sections describe the details of the cost estimates that were 

made. 

1.0 ESTIMATED COST OF RECEIPT OF DOE-FURNISHED TRANSPORT CASKS OR METAL 

STORAGE CASK AND PREPARATION FOR LOADING 

The various steps involved in the receipt of a transport cask^ TSC 

or SOCs placing it in the reactor pools and preparing it for the loading of 

spent fuel assemblies or cans^ is shown in Figure 8-3^ along with the 
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125 person-minytes 175 person-minutes 20 person-minutes 405 person-minytes 

Receive Transport Vehicle and 
Emp^ Cask - Monitor - Inspect -
Detach Ca-ner's Drive Unit-
Attadi Utility Drive Unit 

Move Transport Vehide and 
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Prepare Cask for Removal from 
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Transport Cask, 
TSC or SOC 

ro 
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en 
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TOTAL 
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PWB - 1925 person-minutes 

BWB - 1985 person-minutes : 

305 person-minutes PWR 
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Cask 

Ready for Loading 

Figure B-3 

Operations To Receive And Prepare Transport Casks Or Metal Storage Casks 

For Loading Spent Fuel At The Reactor Site 



corresponding operating labor time requirements. At $63/person-hour the cost 

amounts to $2,021 for a cask for PWR fuel ($96„3/assembly or can)^ and $25,084 

for a cask for BWR fuel ($45.3/assembly or can). This represents an average 

of $0.22/kgU contained in fuel assemblies, based on an assumed mix of two 

thirds of the weight of uranium handled being in the form of PWR fuel 

assemblies and containing 461 kgU, and one third of the weight of uranium 

handled being in the form of BWR assemblies and containing 183 kgU. For 

consolidated fuel the average cost is $0.13/kgU, 

2.0 ESTIMATED COST OF LOADING A TSC OR SOC AND PLACEMENT IN STORAGE 

The various steps Involved in removing the spent fuel from the 

storage pool, loading It Into TSCs or SOCSs removal of the cask from the pool, 

and transferring it to the storage area at the reactor site, are shown in 

Figure 8-4, along with the corresponding operating labor time requirements. 

The costs Involved amount to $3,392 for a cask loaded with PWR fuel 

($161.5/assembly or can), and $5,423 for a cask loaded with BWR fuel 

($117.9/assembly or can). This represents an average of $0.45/kgU contained 

in intact fuel assemblies (assuming the same mix and weights set forth 1n 

Section 1,0 of this Appendix B ) , and an average of $0.27/kgU for consolidated 

fuel. 
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# Decontaminate Cask Exterior 

IDS 

Mow Cask to Vehicle 
Loading Area 

Prepare Cask for Transfer 

22S 
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Figure B-4 

Operations To Transfer Spent Fuel From The Fuel Pool To A TSC Or SOC 

And Move The Cask To The Dry Storage Area 



3.0 ESTIMATED COST OF LOADING A CONCRETE CASK AND PLACEMENT IN STORAGE 

In developing the estimated costs for loading a concrete cask and 

placing 1t in storage, the following assumptions were made: 

(1) the concrete cask would be loaded vertically 

(2) the cask could not be loaded in the reactor pool but would 
rather have to be loaded outside the pool using a transfer cask 

(3) the cask would be brought from a nearby fabrication location, 
loaded close to the reactor building and heavy-hauled to its 
storage pad 

(4) the spent fuel would have to be canned prior to placing it in 
the cask. 

The following sections describe the estimated cost for cask loading and 

placement in storage. 

3.1 ESTIMATED COST OF CANNING 

The estimated capital costs associated with a canning station for 

spent fuel assemblies or for consolidated fuel are set forth in Table B-1. 

TABLE B-1 

ESTIMATED CAPITAL COST FOR CANNING STATION EQUIPMENT 

($000, 1987) 

Description Cost 

Canister Rack $ 7.3 
Jib Hoist 10.3 
Tools 13.3 
Purge System 25.8 
Inert Gas Backfill System 4.5 

61.2 

Modifications to Pool 22.1 

Equipment Ins ta l la t ion 29.2 

112.5 

Engineering 13.6 

126.1 

Contingency (15%) 18.9 

Total $ 145.0 
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These costs were derived from estimates developed in Reference (3) and 

escalated to 1987 using the Machinery and Equipment index. These captial 

costs would be incurred by a utility separately from the operating costs 

otherwise estimated in this Appendix Bj Section 3.0. 

The estimated cost of canisters for canning of spent fuel 

assemblies and consolidated fuel are set forth in Table B-2. 

TABLE 

ESTIMATED COST 

B-2 

OF CANISTERS 

(1987 Dollars) 

Description 

Materials 

SS Sheet & Plate 

Flange Nuts & Bolts 

Purge Lines & Fittings 

Gasket & Miscellaneous 

Fabrication 

Can & Base Plate 

Top Plate 

Flange 

Quality Assurance 

459 

83 

156 

80 

1,555 

363 

156 

Cost 

$ 778 

2,074 

518 

$ 3,370 

Contingency (152) 506 

Total $ 3,876 

These costs were also derived from estimates developed in Reference (3) and 

escalated to 1987. These costs represent an average of $9.03/kgU contained in 

intact fuel assemblies (assuming the same mix and weights set forth in Section 

1.0 of this Appendix B). No incremental cost of canisters Is required for 

consolidated fuel inasmuch as it would have already been canned as part of the 

consolidation process. 

The labor requirements for canning were estimated in Reference (3) 

to be 3.4 person hours per canister. Thus^ the costs involved amount to 

$223/can1ster5 including an allowance for incremental utility costs. This 
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cost represents an average of $0.52/kgU contained in Intact fuel assemblies 

(assuming the same mix and weights set forth in Section 1.0 of this Appendix 

B). 

3.2 ESTIMATED COST OF LOADING CONCRETE CASKS 

Members of the project team involved in this study visited the Three 

Mile Island (TMI) nuclear power plant to observe the transfer of canisters of 

recovered fuel rubble from Unit No. 2 from the spent fuel storage pool to a 

transport cask located outside of the pool, inasmuch as this involved the same 

type of operations visualized for loading the concrete casks. During the 

course of the visit it was learned that TMI had been successful in performing 

a single transfer operation in 2 hours using a crew of 10 operators. While 

this is considered to be better than average performance by TMI, for the 

purposes of this study It was considered to be achievable in routine 

operations involving intact spent assemblies or consolidated fuel which did 

not Involve transfer of highly contaminated items such as that involved at 

TMI. 

Thus, the labor requirements for the transfer of a can containing 1 

PWR assembly, 2 BWR assemblies, or consolidated fuel from a reactor storage 

pool to a concrete storage cask was estimated to be 20 person hours; the 

costs involved amount to $l,300/canister, including an allowance for 

incremental utility costs. These costs represent an average of $3.03/kgU 

contained in intact fuel assemblies (assuming the same mix and weights set 

forth In Section 1.0), and an average of 1.70/kgll for consolidated fuel, 

3.3 ESTIMATED COST OF RECEIPT OF CONCRETE CASK, CLOSURE AFTER LOADING, 

AND PLACEMENT IN STORAGE 

The various steps involved in receiving the concrete cask at the 

reactor site, closure and inspection after loading, and transfering It to the 

storage area, are shown In Figure B-5 along with the corresponding operating 

labor time requirements. The costs involved amount to $l,985/cask. This cost 

represents an average of $0.46/kgU contained in intact fuel assemblies 

(assuming the same mix and weights set forth in Section 1.0 of this Appendix 

B ) , and an average of $0.29/kgU for consolidated fuel. 
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TOTAL 
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Figure B-5 

Operations To Receive Concrete Cask, Close After Loading, 

And Move The Cask To The Dry Storage Area 



4»0 ESTIMATED COST OF REMOVAL OF A SOC FROM STORAGE AND UNLOADING IN 

REACTOR POOL 

The various steps involved in removal of a SOC from the dry storage 

area at the reactor site^ placing it in the unloading pool ̂  and unloading the 

contents thereof^ are set forth in Figure B-6, along with the corresponding 

operating labor time requirements. The costs involved amount to $2,388 for a 

cask loaded with PMR fuel ($113.8/assembly or can), and $3^239 for a cask 

loaded with BWR fuel ($70.4/assembly or can). This represents an average of 

$0.29/kgU contained in intact fuel assemblies (assuming the same mix and 

weights set forth in Section 1.0 of this Appendix B ) , and an average of 

$0.18/kgU for consolidated fuel. 

5.0 ESTIMATED COST OF REMOVAL OF A TSC FROM STORAGE AND PREPARATION FOR 

SHIPMENT 

The various steps involved in removal of a TSC from the dry storage 

area at the reactor site, and preparing it for shipment to DOE, are set forth 

in Figure B-7 along with the corresponding operating labor time requirements. 

The costs involved amount to $1,150. This represents an average of $0.12/kgU 

contained in intact fuel assemblies (assuming the same mix and weights set 

forth in Section 1.0 of this Appendix B ) , and an average of $0.08/kgU for 

consolidated fuel. 
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BWH - $70.4/Assemblf or cao 

TOTAL 
(psrson-minutes) 

PWR - 2275 person-minutes 

BWR - 30as person-minutes 

275 
33S 

PWH 

Remove Cask from Vehicle and 
Place on Cask Serwce Pad 

5S5 persen-minutes i > 

Prepare Cask for Placement in 
Loading Pit - Remove Outer Lid • 
Loosen Inner Lid - Add 
Contamination Shroud 

110 p@raon-mlnutes i r 

Place Cask in Loading Pit-
Remove Inner Lid Bolts 

230 |>ers0ii-mlisyt@s i r 

Prepare Cask for Unloading -
Remove Inner Lid - inspect and 
Clean Inner Cavi^ 

S30 person-minutes PWR 
1380 person-minutes BWR i r 

8 
Unload Spent Fuel Assemblies 
from the Storage-Only Cask 

Figure B-6 

Operations To Move A TSC Or SOC From The Dry Storage Area 
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and Disposal 
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Figure B-7 

Operations To Remove TSC From Storage And 

Prepare For Shipping From The Reactor Site 



6,0 ESTIMATED COST OF REMOVAL OF A CONCRETE CASK FROM STORAGE AND 

UNLOADING 

The various steps involved in removal of a concrete cask from the 

dry storage area at a reactor site are shown in Figure B-8, The costs 

involved amount to $929/cask. This represents an average of $0.22/kgU 

contained in intact fuel assemblies (assuming the same mix and weights set 

forth in Section 1.0 of this Appendix B)^ and an average of $0J3/kgU for 

consolidated fuel, 

The cost of unloading cans from the concrete casks and the removal 

of the fuel from the cans was assumed to be the same as for loading the casks 

(see Section 3.2 of this Appendix B) and canning the fuel (see Section 3.1 of 

this Appendix B)^ respectively. Of course^ in this instance there would be no 

cost for canisters nor any capital costs for equipment since it would have 

been purchased earlier in connection with the canning operation. The leased 

equipment described in Section 3.0 of Appendix A ($750-thousand for a portion 

of the transfer equipment) would be required again^ and the cost thereof 

incurred during unloading of the concrete casks. This amounted to $1.45/kgU 

for intact fuel assemblies and $1.26/kgU for consolidated fuel. 

Howevers it was assumed that the cans used for intact fuel would 

have to be disposed of after use. The cost of disposal of cans was estimated 

as follows: 

(1) It was estimated that a canister had about 0.5 cu.ft. volume of 
metal and that it could be compacted so that when packaged the 
net packing efficiency would be 50 percent. 

(2) It was assumed that each canister would be capable of holding 1 
PWR assembly or 2 BWR assemblies. 

(3) It was estimated that the cost of crushing and packaging a can 
would amount to $250 and that the cost of shipping to a 
disposal site would amount to $200. 
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Figure B-8 

Operations To Move A Concrete Cask From The Dry Storage Area 

To The Fuel Handling Building 



(4) It was estimated that the cost of disposal of a can at a low 
level waste burial site would be $40, based on Chem-Nuclear 
Systems, Inc. schedule of charges for 1987 (Reference (4)). 
This is based on an average of 1 cubic foot/can and the 
following rates: 

Standard Waste $31.50/cu.ft. 
Extended Care Fund 2.80 
South Carolina 4.00 
Low Level Radioactive 
Waste Disposal Tax 
Southeast Regional 0.84 
Compact Fee 

Barnwell County Business 0.94 
License Tax (2.4%) 

Total $40.08/cu.ft. 

The above amounts to a total cost of $490/canister. This represents an 

average of $1.15/kgU contained in intact fuel assemblies (assuming the same 

mix and weights set forth in Section 1.0 of this Appendix B). 

7.0 ESTIMATED COST OF INSPECTION 

It was assumed that in the event it was necessary to remove spent 

fuel from a TSC^ SOC or concrete cask after a long storage period, it would 

also be necessary to reinspect the fuel prior to shipment to DOE in a 

DOE-furnished transport cask. 

In a recent EPRI study Reference (5)^ it was estimated that it would 

require 9.63 person-hours/PWR assembly and 5.74 person-hours/BWR assembly to 

perform a thorough visual inspection of the corresponding assembly. 

It was assumed in this study that only about half of this time 

requirement would apply to cans of consolidated fuel (for visual examination 

and pressure testing). Moreover, it was assumed that no capital equipment 

additions would be required for reinspection inasmuch as the necessary 

equipment would have already been purchased for the initial inspection. Thus, 

the costs involved amount to $607/PWR assembly and $425/BWR assembly, and 

$304/can of consolidated PWR fuel and $213/can of consolidated BWR fuel. This 

represents an average of $1.66/kgU contained in intact fuel assemblies 

(assuming the same mix and weights set forth in Section 1.0 of this Appendix 

B)g and an average of $0.50/kgU for consolidated fuel. 
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8.0 ESTIMATED COST OF LOADING A TRANSPORT CASK AND PREPARING IT FOR 

SHIPMENT TO A DOE SITE 

The various steps involved in loading spent fuel into a transport 

cask (or a TSC if such is used as part of the DOE cask fleet), removing it from 

the cask loading pool, and preparing it for shipment to a DOE site, are shown 

in Figure B-9, along with the corresponding operating labor time 

requirements. The costs involved amount to $3,717 for a cask loaded with PWR 

fuel ($177/assembly or can), and $5,748 for a cask loaded with BWR fuel 

($125/assembly or can). This represents an average of $0.48/kgU contained in 

intact fuel assemblies (assuming the same mix and weights set forth in Section 

1,0 of this Appendix B ) , and an average of $0.29/kgU for consolidated fuel. 
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9.0 ESTIMATED COST FOR RECEIPT AND LOADING OF SOC OVERPACK, AND 

PREPARATION FOR SHIPMENT 

The various steps involved in the receipt of an overpack^ loading of 

a SOC into the overpack9 and preparing it for shipment to a DOE site, is shown 

in Figure B-lOs along with the corresponding operating labor time 

requirements. At $63/person-hour the cost amounts to $3,843/cask, or 

$183/assembly or can for PWR fuel and $83.5/assembly or can for BWR fuel. In 

addition crane rental costs for each such loading are estimated to amount to 

$3,282 {$l^6^1/day, Z days minimum rental), or $156.3/assembly or can of PWR 

fuel and $71.3/assembly or can for BWR fuel. This represents an average total 

cost of $0.77/kgU contained in intact assemblies (assuming the same mix and 

weights set forth in Section 1.0 of this Appendix B ) , and an average of 

$0.46/kgU for consolidated fuel. 

10.0 SUMMARY OF ESTIMATED AT-REACTOR COSTS 

A summary of the unit operating costs developed in Sections 1.0 

through 9.0 of this Appendix B is set forth in Tables B-3 and B-4 for intact 

fuel assemblies and consolidated fuel, respectively. 
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TABLE B-3 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATED HUH DR¥ ST0RA6E MODULES 

(Intact Fuel Assemblies) 

Average Cost C$/kgU, 1987)' 

DO 
I 
ro 
rN3 

(1) Loading & Placement In AR Storage 

Cask Receiving & Placement in Pool 
Cans 
Canning 
Loading & Transfer to Storage 
Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 

(a) Removal from Storage & Unloading 
(b) Decanning 
(c) Can Disposal 
(d) Fuel Inspection 
(e) Receiving of Transport Cask 
(f) Loading of Transport Cask 
(g) Equipment Rental 
(h) Preparation of TSC or SOC for 

Shipment 
(1) Overpacking of SOC for Shipment 

Subtotal 

Section ̂  
Reference 

1.0 

3,1 
2.0s 3.2, 3.3 
App A. 3.0 

TSC ©r SOC 
Destined For 

Shipment 
To DOE 

$0.22 

0.45 

4.0, 
6.0 
6.0 
7.0 
1.0 
8.0 
6.0 
5.0 

9.0 

6.0 

0.67 

Total 

0.12 

0.12 

MM 

SOC 
Shipped To 

DOE In 
Overpack 

$0.22 

0.45 

0.67 

0.77 

SOC 
Used For 

At-Reactor 
Storage Only 

$0.22 

0.45 

0.67 

Concrete 
Cask 

9.03 
0.52 
3.49 
1.45 

14.49 

0.29 
-
-

1.66 
0.22 
0.48 

™ 

=. 

2.65 

$3.32 

3.25 
0.52 
1.15 
1.66 
0.22 
0.48 
1.45 

fflO 

8.73 

$23.22 

Based on: 2/3 of the amount (kgU) of fuel being PWR fuel, with an average of 461 kgU/assembly^ and a cask capacity 
of 21 assembliesi 1/3 of the amount (kgU) of fuel being BMR fuel, with an average of 183 kgU/assembly, and a cask 
capacity of 46 assemblies. 

References are to Sections In Appendix B unless otherwise indicated 

Included In the costs shown In {l)(d) 



TABLE B-4 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATED MITH DRY STORAGE MODULES 

(Consolidated Fuel) 

Average Cost ($/kqO. 1987)' 

w 
I 
ro 

(1) Loading & Placement in AR Storage 

Cask Receiving & Placement In Pool 
Cans 
Canning 
Loading & Transfer to Storage 
Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 

(a) Removal from Storage & Unloading 
(b) Decanning 
(c) Can Disposal 
(d) Fuel Inspection 
(e) Receiving of Transport Cask 
(f) Loading of Transport Cask 
(g) Equipment Rental 
(h) Preparation of TSC or SOC for 

Shipment 
(1) Overpacking of SOC for Shipment 

Subtotal 

Section, 
Reference 

1.0 

3.1 
2.0, 3.2, 3.3 
App A» 3.0 

TSC or SOC 
Destined For 
Shi pment 
To DOE 

$0.13 

0.27 

SOC 
Shipped To 
DOE In 
Overpack 

$0.13 

0.27 

SOC 
Used For 
At-Reactor 
Storage Only 

$0.13 

0.27 

Concrete 
Cask 

« -5 
J 

1.99 
1.26 

4.0, 6.0 
6.0 
6.0 
7.0 
1.0 
8.0 
6.0 
5.0 

9.0 

0.40 

Total 

0.08 

0.08 

$0.48 

0.40 

0.46 
0.46 

$0.86 

0.40 

0.18 

3.25 

1.83 

0.50 
0.13 
0.29 

«• 

1.10 

$1.50 

0.50 
0.13 
0.29 
1.26 

«• 

4.01 

$ 7.26 

* Based on; 2/3 of the amount (kgU) of fuel being PWR fuel, with an average of 770 kgU/can, and a cask capacity of 
21 cans} 1/3 of the amount (kgU) of fuel being BWR fuel, with an average of 306 kgU/can, and a cask capacity of 46 
cans. 

References are to Sections In Appendix B unless otherwise Indicated 
^ Included In the costs shown in (l)(d) 

Consolidated fuel assumed to be canned already 



11.0 REFERENCES FOR APPENDIX B 

(1) K. J. Schneider et al, Radiation Dose Analysis of a Postulated Reference 
Transportation System for Commercial Spent Fuel (Draft)^ Pacific 
Northwest Laboratoriesj September 1986. 

(2) U. S. Department of Energy^ 1986 Federal Interim Storage Fee Study 
Update: A Technical and Economic Analysis^ PNL-BOSl, September 1986 

(3) E. R. Johnson Associates, Inc., Impacts of Certain Spent Fuel Storage 
Acceptance Criteria, JAI-196s PNL Subcontract No. B-B2473-A-G5 October 
1982 

(4) Chem-Nuclear Systems Inc., Barnwell Low-Level Radioactive Waste 
Management Facility Rate Schedule^ effective January 1, 1987 

(5) E. R. Johnson Associates, Inc.^ Maste Acceptance Criteria Study, 
(Preliminary Draft), JAI-267, August 26, 1986 

3.24 



APPENDIX C 

ESTIMATES OF LIFE CYCLE AND UNIT COSTS FOR USE OF DRY SPENT FUEL 

STORAGE MODULES, TRANSPORT CASKS, AND SOC OVERPACKS 

AT REACTOR SITES 



APPENDIX C 

ESTIMATES OF LIFE CYCLE AND UNIT COSTS FOR USE OF DRY SPENT FUEL 

STORAGE MODULES, TRANSPORT CASKS, AND SOC OVERPACKS 

AT REACTOR SITES 

TABLE OF CONTENTS 

Page 

1.0 ESTIMATED REQUIREMENTS FOR DRY STORAGE AT REACTOR SITES C-1 

2.0 ESTIMATES OF LIFE CYCLE AND UNIT COSTS C-5 

3.0 REFERENCES FOR APPENDIX C C-42 



APPENDIX C 

ESTIMATES OF LIFE CYCLE AND UNIT COSTS FOR USE OF DRY SPENT FUEL 

STORAGE MODULES, TRANSPORT CASKS, AND SOC OVERPACKS 

AT REACTOR SITES 

The purpose of this Appendix is to develop estimates of the life 

cycle costs for the utility spent fuel management system that result from the 

use of TSCs, SOCs and concrete storage casks^ as well as the unit costs 

involved. These costs include the capital costs of the storage modules 

involved^ the capital cost of special equipment required, and the operating 

costs associated with the handling of the different storage modules, DOE-

furnished transport casks^ and SOC overpacks. Specifically excluded from 

these estimates, however, are the capital cost of storage facilities (storage 

pad, fencing, security system, monitoring equipment, and the like), and the 

cost of operation thereof during the storage period. For this purposes of 

this study such costs were assumed to be the same for the different types of 

storage modules, even though the cost of storage of concrete casks can be 

expected to be slightly higher than for TSCs or SOCs. Thus the life cycle and 

unit costs presented herein do not represent the total costs associated with 

at-reactor storage by the individual storage modes considered, but rather 

provide a means of estimating the differences in the costs of the storage 

methods considered. 

1.0 ESTIMATED REQUIREMENTS FOR DRY STORAGE AT REACTOR SITES 

An estimate was first made of the prospective requirements for 

additional storage at reactor sites and the amount that would be provided by 

dry storage. This involved the determination of the amounts of storage that 

•jould be required by utilities in the future in excess of their maximum pool 

capacity. In this connection the data developed in Reference (1) was used --

which involved no new orders and extended fuel burnup. The projected 

acceptance rate of spent fuel by DOE was subtracted from the annual amounts of 

storage that would otherwise be needed by the utilities. Three different DOE 

acceptance rates were consideredi these included the 1998 date and spent fuel 
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receiving rates set forth in the June 1985 Mission Plan (Reference 2) for the 

Authorized System, and those involving delays of 5 years and 10 years. The 

requirements for dry cask storage were developed from the estimates of 

additional at-reactor storage requirements by evaluating the fraction of such 

needs that are Hkely to be met using other technologies. Based on an 

evaluation of current utility plans, it was estimated that 50 percent of the 

projected needs for storage would be met by the utilities through 

consolidation or transshipment, with remaining 50 percent being met by dry 

storage. Tables C-1 and C-2 show the prospective requirements for dry storage 

capacity at reactor sites, and the numbers of metal or concrete casks that 

would be required if either were used alone to meet 50 percent of the 

projected needs. Table C-1 shows the numbers of storage modules required if 

all fuel were in the form of Intact fuel assemblies, while Table C-2 shows the 

numbers of modules required if all fuel were in the form of consolidated fuel 

rods and compacted structural parts. 
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2.0 ESTIMATES OF LIFE CYCLE AND UNIT COSTS 

Using the required numbers of storage modules and schedule 

developed in Section 1.0 of this Appendix C, and the costs of using TSCs, SOCs 

and concrete storage casks for at-reactor storage as developed in Appendix A 

and Appendix Bj life cycle costs were developed for the following cases: 

Case 
No. 

1 
2 
3 
4 
5 

5 

7 
8 
9 

10 

Type of 
Cask Used 
For AR 
Storage 

TSC 
TSC 
SOC 
SOC 
SOC 

SOC 

SOC 
SOC 
Concrete 
Cask 
Concrete 

Type Of 
Fuel 

Intact assemblies 
Consolidated fuel 
Intact assemblies 
Consolidated fuel 
Intact assemblies 

Consolidated fuel 

Intact assemblies 
Consolidated fuel 
Intact assemblies 

Consolidated fuel 

Method of 
Shipment to DOE Facilities 

In TSC 
In TSC 
In DOE-furnished transport cask 
In DOE-furnished transport cask 
In SOC; one-time use of SOC for 
shipment 
In SOC; one-time use of SOC for 
shipment 
In SOC in overpack 
In SOC in overpack 
In DOE-furnished transport cask 

In DOE-furnished transport cask 

For each of the foregoing cases, life cycle costs were developed for three 

scenarios of deployment of a repository; on-time (1998), 5-year delay {2003), 

and 10-year delay (2008). These were designated as subcases A^ B and C, 

respectively, for each of the cases described above. 

The life cycle costs and resulting unit costs for each of the 

foregoing cases are shown in Tables C-3 through C-32. Summaries of these 

costs are shown in Tables C-33 and C-34 for intact fuel assemblies and 

consolidated fuels respectively. The figures set forth in the tables were 

d'-veloped as follows: 

(1) The cumulative amounts of additional fuel to be stored at 
reactors (AR), in excess of their existing storage capacity, 
were the same as those shown in Tables C-1 and C-2. The annual 
amounts of fuel stored at the reactor represent new additions 
to storage, and for any given year were determined by 
subtracting the cumulative amount stored in the preceding year 
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from the cumulative amount stored in the given year. Only 50% 
of these amounts were assumed to be stored in TSCs, SOCs or 
concrete casks. 

The number of metal casks or concrete casks shown in the tables 
represent the number of casks introduced to at-reactor (AR) 
storage in each year. (The number of casks removed from 
storage are shown in parentheses.) These were determined by 
dividing the number of MTU introduced to storage annually by 
the capacity of the corresponding cask -- for metal casks the 
capacities were assumed to be 9.26 MTU/cask for intact fuel 
assemblies and 15.37 MTU/cask for consolidated fuel; for 
concrete casks the capacities were assumed to be 4.291 
MTU/cask for intact fuel assemblies and 7.12 MTU/cask for 
consolidated fuel. The capacities for consolidated fuel 
included the compacted structural parts resulting from 
consolidation. 

The foregoing capacities were based on the following 
assumptions: 

(a) Two-thirds of the weight of fuel (MTU) would be in the 
form of PWR fuel, and one-third would be in the form of 
BWR fuel. 

(b) Metal casks would have a capacity for storing 21 intact 
PWR assemblies or cans of consolidated PWR fuel, or 46 
BWR assemblies or cans of consolidated BWR fuel. 

(c) Concrete casks would have a capacity for storing 9 intact 
PWR assemblies or cans of consalidated PWR fuel, or 25 
intact BWR assemblies or cans of consolidated BWR fuel. 

(d) A PWR fuel assembly would contain 461 kgU and a BWR fuel 
assembly would contain 183 kgU. 

(e) A can of consolidated PWR fuel would contain 765 kgU and a 
can of consolidated BWR fuel would contain 304 kgU. This 
represents an average consolidation ratio of 1.66, 
including compacted structural parts. 

The costs of the casks for each year were determined by 
multiplying the number of casks required by the corresponding 
unit cost of the cask. The unit cost of the casks for any 
given year was the average unit cost of casks for that year, 
taking into account the total number of casks produced to that 
point. Thus by referring to the cumulative numbers of casks 
required to the mid-point of any ye^r in Tables C-1 or C-2, 
applying the algorithm described in Appendix A to obtain 
fabrication costs, and adding the cost of design and licensing 
(as applicable) and administration and procurement (10% of 
fabrication cost), the average cost of casks for the year was 
obtained. For example, in the case of a SOC in Table C-9, the 
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mid-point in the number of casks required for intact fuel in 
1994 was 78. Using the algorithm from Appendix A, the 
fabrication cost of the 78th cask produced is calculated to be 
$655-thousand. The total cost of the cask is 10 percent 
higher, or $721-thousand, when administration and procurement 
costs are added. This unit cost for the cask is applied 
against the total of 23 casks needed that year, giving a total 
cask cost of $16,583-thousand. 

The unit costs for TSCs used to develop the cask costs in 
the tables did not include any cost for design and licensing, 
while the unit costs for SOCs and concrete casks did include 
such costs. The reason for this was that it was assumed that 
DOE would use TSCs for its rail shipping fleet and that the 
cost for design and licensing would be incurred by DOE in 
connection with the procurement of the fleet. 

(4) The cost of loading of a storage module and placement thereof 
in storage was determined by multiplying the sum of the 
applicable unit costs from Tables B-3 or B-4 by the 
mathematical product of the number of casks introduced to 
storage and their respective storage capacities. 

(5) The cost of removal of a storage module from storage and 
preparation for shipment was determined by multiplying the sum 
of the applicable unit costs from Tables B-3 or B-4 by the 
mathematical product of the number of casks removed from 
storage and their respective storage capacities. 

(6) In cases involving the use of concrete storage casks, the 
capital costs of canning and cask loading equipment were 
included in a separate column in Tables C-27 through C-32. The 
capital cost of a canning station was estimated in Appendix B 
(Section 3.1) to be $145-thousand, and the capital cost of 
loading equipment was estimated in Appendix A (Section 3.0) to 
be $250-thousand. (The cost of rental equipment was included 
in the operating costs covered in (4) and (5), above.) It was 
assumed that this equipment would be added to the utility 
spent fuel management system as follows: 

(a) For cases where the repository commences operation in 
1998 -- one set of equipment would be added to the system 
each year through 1996. 

(b) For cases where the repository commences operation in 
2003 -- one set of equipment would be added to the system 
each year through 1996, and two sets of equipment would 
be added to the system each year during the period 1997-
2001 (inclusive). 

(c) For cases where the repository commences operation in 
2008 -- one set of equipment would be added to the system 
each year through 1996, two sets of equipment would be 
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added to the system each year during the period 1997-2001 
(inclusive), and three sets of equipment would be added 
to the system each year during the period 2002-2006 
(inclusive). 

In cases involving the storage of intact fuel assemblies, each 
set of equipment costs $395-thousand; in cases involving the 
storage of consolidated fuel, the equipment set costs were 
only $250-thousand inasmuch as they did not include the $145-
thousand cost of canning equipment -- since it was assumed 
that the fuel would have already been canned as part of the 
consolidation process. 

(7) The total costs were discounted by two different net discount 
rates to 1987 (3 percent/year and 5 percent/year) to get the 
total discounted costs (and the total discounted cost for each 
element thereof) associated with the use of the different 
casks, in each of the different scenarios involved in terms of 
1987 dollars. The reason two different discount rates were 
used was to illustrate the impact of the discount rate on the 
unit cost. However, the unit costs resulting from the use of 
the 3 percent/year discount rate were used for analysis 
purposes elsewhere in this report. 

(8) The unit costs were determined by dividing the total 
discounted costs by the total discounted amount (MTU) of spent 
fuel introduced to storage, as follows: 

Discounted Costs = Discounted (Unit Costs x Units of Storage) 

Discounted Costs = Unit Costs x Discounted Units of Storage 

Unit Cost = Discounted Costs 
Discounted Units of Storage 
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M» 
174 
ii 
n 
130 

?4I 
5,50? 
7,W« 
ksUr 

11,OM 
12,547 
11,5W 
1I,7W 
U,144 
If,114 
21,224 
7,0f3 

ll,7d? 
W,455 

3 3 
52 52 

IW 119 
% 54 

Ml 
S,34f 
7,5U 
5,553 
f,l30 

10,123 
f,AW 

15,215 
12,744 
14,703 
U,53? 
5,124 
1,247 

11,205 
2 

34 
74 
34 

m 
5,247 
7,233 
5,241 
f,WI 
?,MI 
t,433 

13,340 
M,W7 
11,3a 
13,443 
4,147 
4,543 
1,727 

I 
15 
54 
24 

TOt»l 195 

nut use 131 
Wit CBST/K 

TOfAl use 151 
M i l COST/lg 

W4,»W 

132,542 
l»7.f 

115,0W 
l U . l 

1,272 

1,011 
• .7 

175 
1.7 

230 

143 
l . t 

104 
1.1 

147,5M 133,714 

133,714 
III.? 

114,074 

114,074 

12 
51 
77 
5i 

104 
123 
loa 
174 
144 
174 
IW 
41 

n 
133 

1,501 

12 
59 
74 
54 
n 

112 
M 

152 
124 
144 
l i t 
49 
74 

103 

1,30* 



tMlg C-4 
e*si II -- COST or TSC« m m-nmm smmi m wmt nti «SSIMII I I 

RIPOSITWt CMKNCES OPIWIIM W 2003 
mmn w m 

O 
I 

11/ 5/lfS7 

YEAR 

IM7 
!?«» 
1?M 
IWO 
IWl 
im 
1W3 
1W4 
i m 
l??4 
IW7 
im 
im 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
200? 
2001 
200» 
2010 
2011 
2912 
2013 
20H 
2015 
2014 
2017 
2011 
201f 
2020 

tOT« l 
^HOUNt FUEI 

STORI» M (RTU> 

MWl cwuinivi 

24 
104 
143 
124 
23J 
M4 
251 
121 
345 
454 
514 
5*» 
472 
?W 
«44 
n? 
415 
504 
41f 
117 

140 
323 

»,534 
»,?n 

HO. (f 

CMII 

1 
4 
f 
7 

13 
15 
14 
23 
29 
24 
21 
31 
34 
43 
45 
50 
33 
U 
33 
10 

c;»i 

m) 
U4) 
179) 
(73) 
(»7) 

(«) 

COST OF 
KTAl 
MSIS 
i%m) 

m 
5,472 
?,flS 
4,924 

M,m 
12,454 
U,4®2 
ia,454 
14,020 
1?,035 
22,050 
24,141 
27,144 
33,040 
34,323 
37,154 
24,434 
W,510 
24,451 
?,45f 

COST or 
UMIKC 
1 PUCI- 1 
mi m 

(lOOOl 

4 
37 
54 
43 
» 
n 
®7 

143 
124 
149 
174 
192 
223 
247 
279 
310 
205 
141 
205 
42 

COST or 

nmrnu. 
FROR 

StORACE 1 
W M R ^ T W N 

m 
SNIPBIW 

CM«0) 

m 
104 

tota 
(MM) 

nt 
5,50? 
7,f74 
4,047 

11,044 
12,547 
11,54? 
«,??? 
14,144 
1?,U4 
22,224 
24,340 
21,017 
33,307 
34,402 
3«,«4 
25,041 
W,471 
I4,«54 
7,521 

42 
102 
104 
U 
11 
17 
? 

TOTAL CUSt 
use. At 

I I TO WI7 
<W00) 

?4I 
5,34? 
7,514 
5,553 
?,»30 

10,823 
?,4W 

15,215 
12,744 
14,703 
14,537 
l?,5?l 
1?,700 
22,410 
22,174 
24,4?7 
15,405 
11,?0I 
14,400 
4,M? 

23 
55 
55 
44 
40 
44 
4 

TOIAl COST 1 
IISC.AT 

51 TO » I 7 
IM«0> 1 

?« 
5,247 
7,233 
5,241 
?,102 
?,«3l 
1,433 

13,340 
10,127 
12,344 
13,443 
14,243 
15,440 
17,443 
17,474 
M,35? 
11,471 
»,5I3 

10,321 
2,??4 

U 
3? 
34 
2? 
25 
2? 
3 

HKOUWB 
MlUE OF 

WO s i o m 
IN CKI I 
1 31 <501 

9̂  MNUtt) 

I t 
51 
77 
5J 

104 
123 
101 
174 
144 
174 
1?2 
204 
134 
24? 
27? 
zn 
in 
153 
112 
53 

IBCOUMTll 
m v i Of 

WU STORB 
n Mils 

1 51 HOI 
OF MWM) 

12 
50 
7^ 
54 
n 

112 
?4 

»2 
124 
144 
154 
144 
147 
20? 
113 
223 
141 
110 
m 
37 

l O T ^ l 4*7 344,743 2,W7 523 341,144 24l ,??l 213,444 3,0 2,4?3 

TOTAL use 131 
OMIT C0IT/I6 

240,445 
M4.5 

2,05? 
1.7 

241 
I.I 

2i2,ffl 
•15.2 

TOTftl 9ISC 151 
UNIT COST/It 

tU,4W 
M4.? ».7 

173 
• . I 

213,444 
M5.4 



TWLE C-5 
M i l IC -- COST or TSCi FOR «t-«MC!OI SIOMSl IF MTKT FUll M S I I I l l l l 

Rirositott cowacis BPBMW M IOOI 
SilWIHT M TSC 

«50I ef m %Un%t ^f^iirmwts fnniH l^ Cisls) 

O 
I 

11/ 5/lfl7 

urn 

l?J7 

1?M 
1?» 
w?o 
1??1 

W?2 
t??3 
1??4 

l??5 

1??4 

1??7 
l??g 

1??? 

2000 

2001 

2002 

2003 

20S4 

2005 

2004 

200? 
2004 

200? 

2010 
20U 
2012 

2013 
2014 

2015 
2014 
2017 

2011 

201? 

2021 

TOTW 

fflOWT FOIL 

SfBKS m <HTO» 

^WWa CUWllMIMI 

14 
104 
143 
124 
23» 
214 
25» 
421 
345 
454 
514 
54? 
472 
7?® 
144 
?27 

1,015 

?04 
1,01? 
1,0S? 

1,083 
?0I 
$50 

1,135 

750 

54 
14« 
323 
44? 
417 
f73 

1,231 

1,45? 
2,024 

2,471 

2,»?4 

3,543 
4,235 

5,025 

5,14? 

4,??4 

7,«11 

«,71? 

?,734 

10,123 

l l , ?04 
12,114 

13,444 

14,7?? 
15,54? 

m. or 
KT«l 
CMIS 

1 
4 
? 
7 

13 
15 
14 
23 
2® 
14 
2» 
31 
34 
43 

n 
50 
51 
4? 
55 
5? 
51 
4» 
44 
41 
41 

(22) 
im 

(103» 
U35) 
(1@8) 
<U0) 
(130) 
(120) 
a4) 

cost Of 
mui 
€»IS 
«M0«) 

?42 
J,472 
7,?1S 
4,024 

»,»I3 
12,454 
11,412 
11,454 
14,020 
lt,035 
22,050 
24,141 
27,144 
33,04® 
34,323 
3?,®54 
4l,3?4 
34,403 
4«,a?? 
43,475 
42,73? 
35,?42 
33,43* 
44,44? 
2?,®43 

COST OF 

W B I K 
1 mtt' 1 
lENI 111 
ST0RA6I 

<I0«0) 

4 
37 
54 
43 
11 
?3 
»7 

143 
124 
14? 
174 

m 
m 
247 
27? 
3I« 
341 
304 
341 
344 
3*0 
304 
2S5 
371 
254 

COST OF 

gIMOVtt 

FRO^ 

STOtKi 1 

mtmmm 
tm 

Lsra 

snirneifB 
(MM) 

24 
W? 
114 
150 
120 
122 
141 
133 
14 

tOTtt 
(fOOO) 

?4» 
5,5©? 
7,??4 
4,047 

11,944 
12,547 
11,54? 
1»,7?» 
14,144 
1?,1«4 
22,224 
24,340 
21,017 
33,307 
34,402 
31,144 
41,735 
34,?®? 
41,240 
44,041 
43,®?? 
34,244 
33,?23 
44,$47 
3®,«?7 

24 
10? 
114 
150 
129 
122 
144 
133 
14 

lOTAI. cost 

use. n 
31 TO 1?»7 

(MOO) 

m 
5,3« 
7,514 
5,553 
?,M® 

W,M3 
?,4I? 

15,215 
12,744 
14,703 
14,537 
17,5?l 
1?,7»» 
22,4N 
n,S74 
I4,4?7 
24,001 
22,32? 
24,224 
25,114 
23,143 
1?,4M 
17,704 
22,724 
H,S04 

12 
50 
52 
44 
51 
50 
51 
52 

* 

1 

lOTtt COST 1 
IISC.M 

51 TO »»7 
(1000) 1 

?4® 
S,247 
7,233 
5,241 
?,»2 
?,I31 
»,433 

13,340 
»,?27 
11,344 
13,443 
14,243 
15,44® 
17,443 
17,474 
11,35? 
l? , l l ? 
14,102 
17,134 
17,42? 
14,244 
13,010 
11,5?7 
14,4M 
?,332 

7 
11 
31 
31 
2? 
28 
32 
M 
3 

HSCOUMTII 
WLUE OF 

ITU ItORO 
m CKIS 
1 31 (501 

w mmm 

12 
51 
77 
5« 

104 
123 
Wl 
174 
144 
174 
l? l 
204 
234 
24? 
17? 
2?l 
314 
27^ 

m 
310 
300 
244 
221 
2M 
I M 

NXOUNTII 
m U l OF 

ITU STORB 
IN CKIS 

1 51 (SOI 

or mmm 

11 
5® 
74 
54 

n 
112 
?4 

152 
124 
144 
W» 
144 
U7 
2«f 
t l J 
223 
132 
l ? l 
212 
21J 
204 
143 
145 
US 
114 

TOTAL 

TOTAL use 131 
oan COST/IS 

«3» 437,48? 

49?,275 
182.8 

5,1?? 

3,312 
%.1 

?33 

3?4 
«.l 

443,422 412,?« 

4H,?I3 
M3.5 

314,71® 4,»43 3,74/ 

WMl MSC 151 
UNIT CBST/IS 

3tl,?72 
183.3 

2,519 
1.7 

227 314,710 
«4,6 



M i l l C-1 
MSE 2« " CKT i r ISC« FBI M-tlftCIW STIWE » £ I » 0 1 I I » T B W I I --

K M S I I W COHKKES SPIRATM M l » ? l 1 1 / 5/W87 
mmar w m 

mi »f m St§ri»t l e ^ t i r f » w t i ftmiiei hy Ci«K») 

COST OF 

COST OF FROM IISCOOIITEI BlSCOyWII 
TOIAL UAWK STO«»« I ««WI OF m U l OF 

AWWI roil COST W 4 PLACE- PKFARATIO* TOIAl COST TOttt COST BIB SIORE0 m STOtEl 
STORit m <«!«) no. cr HITAI HS«T m FOR u s e . « IISC.OT m c«sis H CASK 

nm . . . . — . . . „ . KtAL CASK sioMEi mmm ma. 31 TO I?«7 SI TO IM7 I 31 mi 1 sz (SM 
iwnii cumwiMi e»sii «»#«> «®9§) iwooi «I«»M «»«§) »§««) or mmu ir »«i«i) 

1?B7 24 54 1 ?5? 4 ?45 ?45 ?4$ 12 12 
l ? » l 104 140 4 3,714 25 3,741 3,432 3,5« 51 50 
l?M 143 323 5 4,50® 31 4,531 4,271 4,11® 77 7^ 
1??0 124 m 4 3,520 25 3,545 3,244 3,042 5i 54 
1??1 231 4a7 7 4,044 43 4,107 5,424 5,024 104 ?i 
1??2 2»4 ??3 10 8,5«5 41 1,544 7,3?® 4,712 123 112 
1??3 25» 1,231 i 4,714 4? 4,743 5,444 5,047 W l M 
\m 421 1,45? 14 11,407 14 11,4?3 ?,508 1,310 174 152 

O im 345 2,024 12 ?,a42 74 ?,?U 7,121 4,7U 144 124 
1^ 1??4 454 1,471 15 12,201 ?2 W,2?3 ?,422 7,t24 174 M4 
VM W ? 514 2,??4 17 13,4?4 1®5 13,7?? 10,247 1,471 M l 151 

tm W 3,143 5 4,005 31 4,®34 2,?U 2,340 41 4? 
1??? 172 3,435 ? 7,11? 55 7,244 S,«»l 4,034 ?$ 74 
2000 3f® i,IH 12 f,531 74 ?,495 4,540 igiU 138 W3 
2001 < U 1 1 1 1 
2002 (2?) 34 34 23 17 
2003 <«4) ?? 7? 4? 34 
2004 IJ®) 37 17 21 14 
2005 
2004 
2007 
2001 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
201? 
2011 
201? 
2020 

TOTtt 123 102,047 754 152 102,?54 « ,247 71,454 1,501 1|3W 

TOT«l HSC 131 «l,550 402 ?5 M,247 
UMIf CB5T/B 154.1 1.4 1.1 154.5 

T0T«L PISC H I 70,$45 522 79 71,454 
UNIT COBt/B 154.3 1.4 «.l 154.7 
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T » l l C-1 
CiSl 2C - COST OF TSti FM ^T-»E«£TOI SmXt OF C«SOHI«T£l W I I 

tlMSlTIW CWHI«B §«»TIW W 2001 

imrmm n isc 
(501 ef m Sterift »tfilf»»tits ftmiiti fcy UiM 

11/ S/ l t» 

K « 

nni 

STOKEt M (NTU) M. CF 

tWII 

COST OF 
BtTtt 
C^SIS 
»OtO) 

COST OF 
LO P̂IMC 
I PLMi-
KNT M 
STO^AtE 

(1000) 

COST or 

ftOH 
STORACE I 

mamnm 
m 

minm 
mm} 

TOTtt 
IMOO) 

TOTAL COST 
MSC. m 

I I to i?a7 
(I0««) 

lOTtt COSI 
MSC.W 

51 TO 1»I7 
IMOtt 

MSCOlliTII 

nn 8TSREI 
IN C«SK 
! K (5®1 
OF MNML) 

O 
I 

1?I7 
l?»l 
1?» 
1??0 
l??l 
1??2 
l??3 
W?4 
l??5 
1??4 
1??7 
l??l 
1??? 
2000 
2001 
2«01 
2003 
2004 
2095 
2004 
290? 
2001 
200? 
2010 
2911 
2012 
2013 
2014 
2015 
2014 
201? 

toil 
201? 
2920 

24 
104 
143 
124 
231 
2®4 
25« 
421 
345 
454 
514 
54? 
472 
??0 
144 
?27 

1,015 
?94 

1,91? 
1,017 
1,013 
?9I 
150 

1,135 
?50 

54 
14® 
323 
44? 
41? 
??3 

1,231 
1,45? 
2,024 
2,471 
2,??4 
3,543 
4,135 
5,025 
5,14? 
4,7?4 
?,S1I 
§,71? 
?,734 
10,123 
U,?04 
12,SH 
13,444 
14,??? 
15,54? 

1 
4 
5 
4 
7 
1® 
t 
14 
12 
15 
17 
It 
22 
24 
27 
31 
32 
30 
33 
35 
35 
2? 
24 
37 
24 

(13» 
<5?) 
(42» 
(It) 
(45) 
(1?) 
(?l» 
«?2) 
(f» 

?5? 
3,714 
4,500 
3,52® 
4,044 
1,595 
4,714 
11,407 
?,P2 
12,201 
I3,4?4 
14,371 
17,424 
20,444 
21,050 
24,02? 
24,424 
22,»50 
25,134 
24,4?? 
24,311 
2I,??4 
20,??? 
27,5?? 
17,14? 

4 
25 
31 
25 
43 
41 
4? 
(4 
74 
f2 
105 
111 
135 
140 
144 
1?1 
1?7 
114 
203 
115 
215 
171 
172 
227 
HI 

14 
73 
74 
190 
M 
12 
?4 
1? 
11 

?45 
3,741 
4,531 
3,545 
4,107 
S,544 
4,743 
ll,4?3 
?,?U 
12,2?3 
13,7?? 
14,4»? 
17,55? 
20,494 
21,214 
24,22® 
24,121 
23,134 
25,337 
24,714 
14,5?4 
21,??2 
21,151 
27,124 
17,??5 

14 
73 
74 
100 

ao 
»2 
?4 
1? 
11 

?45 
3,432 
4,271 
3,244 
5,424 
7,3?® 
5,444 
?|5®« 
7,121 
?,422 
10,247 
W,447 
12,314 
14,032 
14,024 
15,544 
15,447 
13,??7 
H , M 3 
15,235 
14,724 
11,111 
11,03? 
14,9?a 
»,S52 

» 
34 
34 
44 
34 
34 
31 
34 
4 

?45 
3,542 
4,119 
3,042 
5,924 
4,712 
5,047 
l,3W 
4,7U 
7,?M 
1,471 
»,471 
?,?7a 
M,?2» 
10,714 
11,450 
11,371 
10,®?3 
19,524 
10,572 
l«,OM 
7,»87 
7,231 
f,®5? 
5,JI® 

5 
2® 
M 
25 
» 
1? 
21 
1? 
2 

12 
51 
77 
51 
104 
123 
101 
174 
114 
174 
1?1 
104 
234 
24? 
27? 
2fa 
314 
274 
I?? 
31® 
3«® 
244 
222 
2U 
114 

« 
5® 
74 
54 

n 
111 
?4 

152 
124 
144 
154 
144 
117 
20? 
213 
2» 
232 
191 
212 
215 
104 
143 
14$ 
115 
114 

TOTtt 594 3?2,454 3,0»? 422 3?4,175 B4,373 l?3,t34 4,?0 3,7« 

TOI*l u s e 131 
DMII COBT/IB 

252,134 
151.9 

1,?75 
1.4 

244 
1.1 

254,373 
•51.5 

TOTftl nx HI 
WIT C0SI7ie 

1?2,M? 
151.3 

i,m 
1,4 

151 1?3,>34 
« l . l 



TMII C-t 
MSI 3» " CKf IF SOCs FOI U-UIKTM STBSCI OF MTKT WII I S I B I U B — 

Krositm cwiwcii omwiw w itti 
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1—8 

Ul 

nm 

in? 
i?»i 
i?a? 
1??9 
i??i 

mi 
1??3 
1??4 
1??5 
1??4 
W?7 
1??» 
1??? 
2900 
2091 
2102 
2903 
2004 
2095 
2904 
200? 
2008 
290? 
201® 
2011 
2«H 
2013 
2914 
2015 
2014 
2017 
2011 
201? 
2020 

TOT* 
«OWT FBtt 

STOREI M (NT» 

MNl«l n M L I f i n 

14 
104 
143 
124 
231 
214 
251 
421 
345 
454 
SI* 
14? 
272 
3ff 

54 
140 
323 

m 
417 
?73 

1,231 
1,45? 
2,024 
2,471 
2,f?4 
3,143 
3,435 
3,«» 

HO. sr 
KTAL 
CASK 

1 
4 
? 
7 

13 
15 
14 
23 
20 
24 

n 
f 

15 
I I 
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(47) 

U«7! 
(50) 

tost or 

CASES 
«#0®l 

?54 
5,73* 
7,931 
5,355 
?,743 

11,070 
1®,»* 
14,5«3 
14,24® 
I4,f2# 
1?,4®I 
4,155 

M,3t5 
M,511 

COST or 
LOAtlW 

1 nm-
nm IN 
ITOMCI 
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37 
54 
43 
11 
?3 
»7 

143 
124 
14? 
174 
54 
f3 

m 

COST OF 
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1 
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1,153 
2,424 
1,227 
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«l®««) 

?4I 
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7,9?4 
5,3?i 
?,»44 

11,143 
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14,724 
14,344 
17,04? 
»,774 
4,311 

M,4M 
14,441 
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1,153 
2,424 
1,117 
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MSC, « 

3X TO » i 7 
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5,495 
4,4a7 
4,?40 
1,744 
?,42? 
1,420 

13,490 
11,33? 
13,®»2 
14,714 
4,J5f 
7,354 
f,?7t 

« 
74® 

1,434 
742 

mm COS! 1 
IISC.W 

5110 » I 7 
$Mt®) 
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5,4?® 
4,434 
4,443 
l,0?» 
1,747 
7,411 

11,U7 
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11,13? 
3,«» 
J,I4® 
7,745 
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M5 
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1 31 (5®l 
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77 
58 

1@4 
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S74 
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?5 
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i M <5®l 
Of «MUU 
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74 
54 
?l 

112 
?4 
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S« 
Ut 
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74 
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ISTtt 205 141,421 1,271 5,910 154,f7» K l ,?7* W4,« f 1,511 

T0T«IMSCI3I 111,791 l,«ll 3,1M 12l,?74 
UMICIST7K »?«.• •.? « . l 111.5 

TOT«lBISCHI 193,254 W5 2,33® W4,45? 

«MTCOST/ES « ? . l t'J «!.« ttl-S 
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TOT* 
MWNt Fyil 

STORII M (HTU) m. m 

ANNA oiNUiATni mn 

COST Of 
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CWIS 
(MOO) 

COST OF 
lO^IINC 

1 ritti-
MENT IN 
IT«« 

IIOOO) 

COST or 
I M O M I M , 

IBmtlill 
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umm w 
mmmi 

CASI 
(MO®) 

TOTAL 
(»090) 

TOTtt COST 
use. «T 

31 t o IW7 
(W9M 

IOTA cost 
I I IC.W 

SI TO » I 7 
(MO®) 

MSCBDMTEJ 
m U E OF 

ITU ITOWI 
W CMIS 
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OF M M U ) 

MSCiWtll 
W W OF 
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• 51 (JOI 
OF MMVMl 
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I 

a> 

l?«7 
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i?a? 
1??® 
i??i 

1??2 
1??3 
1??4 
1??5 
1??4 
1??7 
l??S 

1??? 

2099 
2901 

2902 
2093 
2904 
2005 
2094 
2997 
2091 
290? 
291® 
29U 
2912 
2013 
2914 
2915 
2014 
2917 
2910 
201? 
292® 

24 
104 
143 
124 
231 
214 
251 

m 
345 
454 
514 
54? 
472 
7?9 
M 
W 
415 
504 
41? 
117 

54 
140 
323 
44? 
417 
?73 

1,231 
1,45? 
2,914 
2,478 
2,??4 
3,543 
4,235 
5,925 
5,14? 
4,??4 
7,411 
7,?17 
i,534 
1,723 

1 
4 
? 
7 

13 
15 
H 
23 
29 
24 
21 
31 
34 
43 
45 
59 
33 
24 
33 
1® 

(31) 
<?2) 
t?4) 
(7?) 
«?3! 
<!?» 

m 

?54 
5,734 
7,031 
5,355 
?,?43 

11,07® 
10,294 
14,513 
H,M9 
U,?20 
1?,4®9 
21,483 
24,741 
2?,34? 
30,510 
33,450 
22,07? 
17,342 
2l,?12 
4,430 

4 
37 
54 

295 
141 
2®5 

« 
?32 

2,25S 
2,307 
1,?3? 
1,7?1 
2,135 

l?4 

f42 
5,773 
7,0?4 
5,3?l 
?,a44 

11,143 
I0,2?3 
14,724 
14,344 
17,94? 
1?,774 
21,475 
24,??1 
2?,434 
30,7S? 
3I,?4® 
22,242 
17,503 
12,117 
4,4?2 

?32 
1,251 
2,30? 
1,?3? 
1,7?1 
1,135 

1?4 

f42 
5,405 
»,4»7 
4,?4® 
1,744 
?,41? 
1,429 

13,400 
11,33? 
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14,714 
15,45? 
1?,5M 
19,111 
10,355 
«,??» 
13,M5 
19,5?® 
l l ,?? l 
3,ai4 

514 
1,214 
1,104 
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m 

\,m 
n 

ni 
5,4?l 
4,434 
4,443 
l,®?« 
1,747 
7,4M 

1I,M7 
?,7H 

11,993 
12,13? 
11,473 
13,?14 
15,714 
15,551 
14,335 
10,291 
7,437 

?,m 
1,448 

351 
110 
7a? 
431 
555 
43® 
55 

12 
51 
77 
5» 

113 
1®̂  
174 
144 
174 
1?2 
104 
234 
24? 
27? 
2?l 
1?2 
153 

m 
53 

11 
50 
74 
54 
?i 

112 
n 
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144 
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117 
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37 

TOT«l 447 325,191 1,M7 ll,55« 33?,443 140,435 1?4,532 3,014 2,4?3 

TOTAL MSC 131 
WIT CSST/K 

232,44? 
175.4 

2,95? 
1.7 

5,?9® 
« .? 

249,435 
171.9 

TOttt use 151 
WIT COST/JC 

H?,045 
•75.4 I.? 

3,123 
«.5 

1?4,532 
«».0 
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11/ «7lf» 

1 l« 

1?I7 
WM 
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l?? l 
l ?? l 
1??3 
1??4 
l??1 
l t?4 
W?7 
W?l 
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TOttt 

TOTtt u s e 131 
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TOTil 
A«nMt rail 

iTOiii m i m i 

^ 1 1 CMIMIW 
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1®4 
143 
124 
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114 
251 
421 
345 
454 
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54f 
471 
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144 
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1,9«7 
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1,135 
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313 
44? 
417 
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1,231 
1,45? 
1,924 
1,471 
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3,543 
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7,111 
l,?17 
?,734 

19,113 
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11,114 
11,444 
M,7?? 
15,54? 

N. m 
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1 
4 
? 
7 

13 
15 
14 
23 

» 
14 

» 
31 
34 
43 
45 
5® 
55 
4? 
55 
5? 
5» 
4? 
44 
41 
4! 

(22) 
C?l) 

1103) 
(135) 
(101) 
tUO) 
(130) 
111®) 
(H) 

131 

CKf or 

mm 
Mils 
ll®»M 

?S4 
5,734 
7,®3I 
5,»5 
?,743 

ll,®7® 
»,»4 
li,M3 
14,140 
14,fl® 
1?,*®® 
21,4M 
W,74l 
l?,34f 
30,510 
33,45® 
34,7?5 
31,534 
34,355 
31,122 
37,??® 
31,?4I 
2?,?®0 
3?,SM 
14,517 

547,441 

344,744 
173.1 

l?l,15» 
174.3 

COST OP 
l O A l I K 
1 m a -
NKT IN 

ilSIWi 
ttWW 

4 
3? 
51 
43 
11 
f3 
i? 

143 
124 
M? 
174 

m 
113 
14? 
27? 
31® 
341 
304 
341 
344 
34® 
394 
215 
371 
154 

1,1?? 

J,311 
1.7 

1,51® 
1.7 

CKT m 
MLOMIW. 
nSRCTIOH 

1 
imm OF 

C^SI 
IIN9I 

549 
2,«5 
1,511 
3,313 
2,45® 
1,4?? 
3,1?0 
! ,?« 

344 

10,413 

1,744 
t u i 

5,914 
$1.3 

Tllitt 
itm) 

m 
5,773 
7,®?4 
5,3?a 
t, l44 

11,143 
1®,1?3 
14,714 
14,144 
17,94? 
1?,774 
11,475 
14,ffl 

n,m 
30,7«? 
I3,?4® 
37,114 
31,14® 
34,4?4 
3?,1M 
31,359 
32,251 
39,1J5 
3?,?®4 
24,711 

54® 
1,405 
1,511 
3,313 
1,450 
2,4?? 
3,1?® 
I,?45 

344 

5?l,44@ 

101tt £011 

use. « 
« t o mi 

««§» 

f4l 
5,405 
4,417 
4,?«® 
1,744 
?,4» 
1,41® 

O,4«0 
11,33? 
13,011 
14,714 
15,45? 
17,511 
2®,MI 
19,355 
l l , ?? l 
13,141 
W,i4? 
11,555 
21,341 
21,133 
17,337 
15,754 
i^,m 
11,175 

251 
1,115 
1|13S 
1,44® 
1,115 
1,111 
1,174 
1,144 

130 

374,112 

374,121 
174.2 

l IKOt tRS 

WTftl COST 1 
ilSC.OT 

SI TO I f l 7 
IH#«I 1 

»4I 
5,4?l 
4,434 
4,443 
l,®?S 
1,747 
7,411 

U,M7 
?,?l l 

11,003 
11,13? 
Sl|473 
I3,?14 
15,714 
15,551 
M,335 
17,913 
14,321 
15,14® 
15,501 
14,454 
11,577 
10,31? 
Il,??l 
1,304 
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474 
477 
MS 
444 
425 
7@J 

m 
m 

IB,7»S 

115,715 
174.3 

uu% m 
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l i CKIS 
1 i l o « 

W M M U 

1! 
SI 
77 
51 

M4 
113 
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174 
144 
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»2 
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m 
m 
m 
in 
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3U 
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m 
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IM 
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54 
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u 

HI 
114 
144 
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WTAl 
CISK 
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290S 
290? 
2010 
2011 
2012 
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13« 
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1,45? 
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3,435 
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W 
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4,?M 
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41 
4? 
14 
74 
?2 
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31 
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74 
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3,14? 
4,111 
3,153 
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7,421 
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10,494 
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11,177 
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1,544 
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4?9 
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597 
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4,511 
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4,343 
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7,950 
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1?2 
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158 

m 
74 

l«3 
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im 
mi 
au 
mi 
tm 
im 
1191 
mi 
mi 
mu 
mi 
?ooi 
imi 
mi 
tmi 
mi 
1092 
0091 
4441 
1441 
7141 
?44I 
im 
M4I 
£441 
1441 
1441 
0441 
4141 

mi 
a4i 

CT» 
I 

(!»!•» II 
X«S» K 1 
SISW m 

mma MN 
JO i n i w 

lUMOOSU 
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(90911 
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UOdSMWl 

M xmn 
1 

M0U33«HI 
*3N1M01M 

JO 1103 

IIMII 
MMOiS 
MI WM 

•m-u 1 
a« iMn 
JO U03 

(0091) 
SISW 

inm 
m IS03 

iK®3 
1W3« 

U 'ON 

sumima WIM» 

(iUH) m i i n i s 

law wow 
WM 

mu 

man m 
tm mmmi IM NI USMIIIS 

tmi Ml Noiuiuo suNiMMis mimm 
HBj laimosKOj JO iwuis mnnn u nu *M m mi -

€1-3 3tlM 
»isra 



T«ILi C-14 
CiSI 4C " COST or SOCi FOR OT-8WCT8R STOMSI Or CMSOIIIOTII WIL 

RIPOSItORt CBHKKES OTHMION W 190J 
SHIPHENt IN NE TRANinRT CKI 

(591 ef m Sternt «t̂ »ip«H»«t$ Hmiiti ^ Cask») 

117 471?l? 

O 

no 
o 

nm 

l ? i7 
1?M 
1?»? 
1??0 
1??1 
1??2 
W?3 
1??4 
1??5 
1??4 
1??7 
i??a 
1??? 
1004 
1001 
1001 
1903 
2094 
2095 
1994 
1907 
looa 
299? 
1919 
1011 
1912 
2913 
2014 
2915 
1014 
2017 
1911 
101? 
2010 

IStt t 
ftMUHT rUIL 

STOREI Â  (HTU) 

^HMOa CUIUIMIVI 

14 
104 
143 
124 
131 
2U 
m 
m 
345 
454 
514 
54? 
472 
7?® 
M4 
m 

1,915 
?04 

1,01? 
1,917 
1,913 

m 
m 

1,135 
750 

54 
14® 
313 
44? 
417 
?73 

1,231 
1,45? 
2,024 
l , « l 
i,m 
3,543 
4,135 
5,015 
5,14? 
4,??4 
7,111 
a,7l7 
?,?34 

I®,ai3 
11,?®4 
l l ,a i4 
13,444 
14,7?? 
15,54? 

m. SF 
HEtAL 
CKIS 

1 
4 
5 
4 
7 

19 
a 

14 
12 
15 
1? 
11 
22 
24 
2? 
31 
32 
3® 
33 
35 
35 
2? 
11 
37 
24 

(13) 
(5?) 
(41) 
(ai) 
(45) 
(4?) 
(76) 
(72) 
(?) 

COST or 
KTtt 
CASK 
(too®) 

?54 
3,124 
4,?»9 
3,12$ 
5,3?0 
7,549 
5,»4I 

10,311 
»,?4» 

19,145 
11,172 
12,71® 
i5,4at 
11,174 
11,711 
11,35? 
21,IU 
10,409 
21,341 
13,555 
13,450 
1?,372 
11,441 
14,531 
15,144 

COST or 
LIMINC 
1 PIACI-
m« IH 
STORKI 
(MOt) 

4 
15 
31 
15 
43 
41 
4? 
M 
74 
?1 

105 
111 
135 
U® 
144 
1?1 
1?7 
IM 
293 
115 
115 
17S 
171 
127 
141 

COST OF 
UMUAIIHS, 
WSPECTWH 

1 
mms or 
TMNSPORt 

C^SI 
(190®) 

229 
??J 

1,041 
1,34? 
1,9?? 
1,133 
1,31? 
1,11? 

151 

TOTtt 
(1090) 

?42 
3,M? 
4,411 
3,153 
5,433 
7,411 
4,91? 

10,404 

t ,Kl 
10,?37 
11,2?? 
11,WI 
15,413 
11,334 
«,S?? 
11,550 
12,005 
1®,5S4 
11,544 
13,770 
13,445 
1?,550 
11,120 
14,75S 
14,912 

119 
??a 

1,041 
1,34? 
1,0?? 
1,133 
1,31? 
1,117 

151 

TOTAL COST 
MSC. AT 

31 TO 1?I7 
(MOO) 

?42 
3,734 
4,535 
2,US 
4,a27 
4,574 
5,03? 
1,45? 
4,?44 
§,311 
?,135 
?,312 

W,?5» 
11,414 
12,4i0 
13,131 
13,742 
12,454 
13,142 
13,554 
13,193 
19,56? 
?,M1 

12,545 
j,m 

105 
443 
m 
m 
444 
44? 
517 
473 
57 

1 

mu. COST 1 
MSC.W 

SI TO WI7 
(HO®) 1 

?41 
3,445 
4,343 
1,723 
4,479 
5,?72 
4,4?® 
7,3?4 
5,?71 
7,959 
7,537 
7,537 
1,700 
?,713 
?,534 

10,344 
19,117 
»,?»1 
?,34? 
?,407 
l ,?l? 
7,017 
4,434 
1,041 
4,?45 

45 
111 
111 
34? 
247 
142 
2?1 
255 
30 

lISCOWtEl 
VttOE OF 

ITU STOKB 
n CASES 
1 31 (50X 

DF M M L ) 

11 
51 
7? 
% 

194 
113 
191 
174 
144 
174 
1?2 
294 
234 
14? 
17? 
m 
314 
274 
If? 
310 
390 
144 
•m 
2M 
IM 

nscowTio 
w i K or 

WU storei 
IN CKIS 

1 51 (501 
or MMUAL) 

11 
5i 
74 
54 
?l 

111 
?4 

151 
124 
144 
151 
144 
117 
10? 
113 
m 
131 
l?l 
111 
111 
104 
143 
145 
IIS 
114 

tOIAl 

TOTAL lISC 131 
UMIT COST/K 

594 359,259 

115,441 
145.4 

3,0?? 

1,??5 
1.4 

1,555 

3,42? 
1.7 

341,?94 131,945 

231,045 
144.? 

175,104 4,?43 3,747 

TOTA IISC 151 
Wi t COST/Ig 

1?1,«7 
•44.® 

l,4?l 
1.4 1.4 

175,104 
144.? 



T«lll €-15 
c « 5» " COST or soc« rui «-KACTOK stoR^gi w n t c T rya W I W I I E S --

RiWSlTOET COIiaCES OWMtlON l i l f» l 
OK-THi USE or SOC tm mmm tmmnj 

(501 ef m St«r»f t Kt%nnmm% trmUtt hf C»sks) 

COST or 
KWy^L F M l 

COST or StOEAtE IISCOOOTII J I K O P t E l 
TOTAL LOAMMC I V W I OF M»lUi OF 

mouHt rya COST or i Pi»ci- PKPmtioN TOTAL COST TOTAL COST nu STOKI nu STOKI 
ST«n m (TO) MO. or K T « I IEMI W roR use. AT BISC.M M CKIS M CASIS 

IM — — KItt C«SIS STORKI iHIPiW TOTtt 31 TO 1?87 51 TO Wl? I 31 (501 I 51 (591 
COWIMIW CASK (199®) (M«9) (MOO) (lOOO) (WOO) (1900) « « W « l ) Of MWUtt) 

1?I7 14 54 1 ?54 4 ?42 ?42 ?42 11 11 
1?M 10* 140 4 5,734 37 5,773 5,495 5,4?i 51 50 
1?J? 143 313 ? 7,938 54 7,9?4 4,41? 4,434 ?? ?4 
1??® 124 44? 7 5,355 43 5,3?l 4,?4» 4,443 58 54 
1??1 23» 4«? 13 ?,?43 01 ?,«44 1,744 »,9»l 104 ? l 
1??1 M» ?73 15 11,970 ?3 11,143 ?,42? 1,747 123 111 
1??3 251 1,131 14 19,204 »? »,2?3 »,42® 7,4»1 W» ?4 
W?4 411 1,45? 13 14,5»3 143 14,724 13,490 11,0*7 174 152 
1??5 345 1,924 1® 14,24® 124 14,344 11,33? ? ,?H M4 124 
W?4 454 1,471 14 14,?10 14? 17,94? 13,912 ll,®93 174 144 
l»?7 514 l,m n 1?,4®0 174 l?,7?4 14,714 11,13? 1?2 151 
l??l 14? 3,143 ? 4,155 54 4,311 4,55? 3,4?9 41 4? 
1??? 271 3,435 15 1®,3?5 ?3 1®,4M 7,354 5,149 fS 74 
H90 3?® 3,115 11 14,511 139 14,441 f,f?0 7,745 IM M3 
1001 (3) 3 3 1 1 
2091 (47) 52 51 34 15 
2903 (19?) 11? 11? 74 54 
2904 (50) 54 54 34 14 
1005 
1994 
100? 
1991 
199? 
291® 
2011 
1911 
1913 
1914 
2915 
2014 
2017 
2011 
191? 
2016 

TBTtt 105 148,4» 1,172 130 150,130 11?,?52 104,235 1,591 1,3©4 

TOTAL IISC I3X l ia,??« 1,911 143 n?,?51 
UNIT COST/16 »?«.» • .? 1.1 «??.5 

TOTAL IISC 151 193,254 875 104 194,235 
mn COST/K m.i i.? i.i i7».« 



T«IIE C-14 
tmt 51 " COST or socs rot »T-«I»CTO» s n w « or IMTKT r ua ASSIHILIES 

REraSlTORt COWIHCB OPERATMM H 1993 
OHI-tlNE USI OF SOC FOR SHIMENT 

(501 §f « Stof i f t «tpip»»Bt» fnnitt hy Cisks) 

cost OF 

COST 9? ilSCDUNTg^ I I S C O U M T D 

O 
I 

I\3 

117 3/1*17 

KM 

1?S7 
WM 
i?e? 
1??0 
1??1 
1??1 
l??3 
1??4 
1??5 
»?4 
1??7 
im 
\m 
190® 
MOI 
2991 
1003 
1004 
2995 
2904 
190? 
2991 
199? 
2019 
Mil 
2012 
1013 
2914 
1015 
1014 
2917 

»» 
291? 
192® 

TOTIL 

TOTAL IISC 131 
UNII COST/ie 

TOTAL 
mmm mi 

STOREI M HTU) 

AMUAl CUMIMIW 

t^ 
194 
143 
124 
13a 
214 
15» 
411 
345 
454 
514 
54? 
471 
7?0 
t44 
?1? 
415 
504 
41? 
117 

54 
14® 
323 
44? 
4i? 
??3 

1,131 
1,45? 
1,014 
2,471 
1,??4 
3,543 
4,235 
5,925 
5,14? 
4,7?4 
7,411 
7,?17 
4,534 
1,723 

w. or 

CMIS 

I 
4 
? 
7 

13 
15 
H 
23 
» 
14 
11 
31 
34 
43 
45 
5® 
33 
24 
33 
19 

(34) 
<?2) 
(?4) 
(7?) 
(73) 
(«7) 
II) 

447 

COST or 
«ITtt 
C»IS 
(t®00) 

?54 
5,734 
?,93» 
5,355 
?,743 

U,®?« 
19,204 
14,513 
14,149 
14,?20 
1?,40® 
11,413 
14,741 
1?,34? 
39,510 
33,459 
11,077 
17,341 
11,?11 
4,430 

315,291 

132,44? 
$75.4 

lO^IINC 4 
1 mci- nwmmm 
RENT IH 
STOMCE 

(MOO) 

4 
37 
54 
43 
t l 
?3 
17 

143 
IM 
14? 
174 
l?l 
H3 
147 
17? 
31® 
105 
Ul 
205 
tt 

1,«?7 

2,95? 
».? 

FOR 
uira 

snsrngiji 
(MOO) 

n 
192 
104 
I t 
ai 
?7 
? 

523 

141 
1.1 

TOTAL 
(M®t) 

?41 
5,773 
?,®?4 
5,3?» 
?,»44 

11,143 
10,1?3 
14,724 
14,344 
17,04? 
1?,7?4 
11,475 
14,??1 
1?,434 
30,74? 
33,?4® 
22,211 
17,593 
11,117 
4,4?1 

42 
191 
W4 
M 
11 
f7 
f 

31»,«f 

TOttt COST 
IISC. m 

31 TO 1?»7 
(1090) 

m 
5,495 
4,41? 
4,?40 
1,744 
?,41? 
1,429 

13,490 
11,33? 
13,@I2 
14,714 
15,45? 
1?,52S 
2®,111 
2®,355 
11,7?S 
13,M5 
19,5?® 
12,??1 
3,114 

13 
55 
55 
m 
m 
u 
4 

134,??5 

134,??5 
«74.1 

TOttt tost 
gISC.M 

51 TO 1?»7 
(M®®) 

?41 
5,4?® 
4,434 
4,443 
l ,«?l 
a,747 
7,411 

11,M7 
?,?21 

11,093 
11,13? 
12,473 
13,>U 
15,714 
15,551 
14,335 

» , » 
7,437 
»,1?® 
1,441 

14 
37 
34 
1? 
15 
« 
3 

l ?®, l i l 

v« i or 
ITU STOREI 
W t « S 
1 31 (591 
w tmmu 

12 
51 
77 
51 

194 
113 
101 
174 
144 
174 
l?l 
104 
134 
24? 
17? 
Ml 
1?1 
153 
111 
53 

3,0M 

WLUi or 
NTU itOKEB 

M CWIS 
1 R (501 
OF AMUAL) 

12 
59 
74 
54 
n 

112 
?4 

151 
114 
M4 
151 
144 
W7 
lOf 
i n 
113 
141 
1» 
12? 
17 

2,4f3 

TOTAL 8ISC 151 1»?,045 1,444 173 W9,«S1 
UNIT CBST/K 175.1 •.? 1.1 174.4 



T« l l t-l? 

mi it - COSI OF m% tm «-Ri»ctot stotisi sr IK»CT run 
RIPOSlTÔ t COfflMCB BPKMIO* W mt 

O « - T I K USE or SOC wt sHiPBim 
(591 of m St«i-»|t ResMir««w:s Prwiit* if CisH) 

m% mmiw 

o 
I 

I i M 

Wl? 
1?8I 

1?M 
l?fO 
W?l 
1??1 
1??3 
W?4 
W?5 
t??4 
»?7 
l ?? l 

im 
190® 
2091 

tm 
1903 
1094 

2905 
1004 

2097 
20®» 
100? 

201® 
1011 
1012 
2913 
2014 

2015 
2914 
1017 

20M 
Ml? 
1019 

Tom 

l O t t t MSC M I 

» i ! cest/K 

TOTtt MSC H I 
UNI! COSt/K 

TOTIL 
MiKiMT r u n 

STORII m (WU) 

ANMAl CUNULWIK 

14 
194 
143 
114 
13« 

tu 
251 
42« 
345 
454 
514 
54? 
472 
7?9 
144 
?27 

1,915 
?04 

1,01? 
1,01? 
1,913 

?®l 
15® 

1,135 
75® 

54 
149 
323 
44? 
4S7 
?73 

1,231 
1,45? 
1,014 
1,471 
2,??4 
3,543 
4,235 
5,925 
5,14? 
4,7?4 
7,111 
«,?l? 
?,?34 

10,123 
ll,?04 
12,114 
13,444 
14,??? 
15,54? 

NO, tt 
KTftl 
C K 

1 
4 
? 
7 

13 
15 
14 
23 
19 
14 
21 
31 
3* 
43 
45 
5® 
55 
4? 
55 
5? 
51 
4? 
44 
41 
41 

(22) 
«fj» 

(193) 
(135) 
1191) 
111®) 

•n«) 
( IM) 
(14) 

134 

COST or 
niJM. 
CMIS 
(MO®) 

?54 
5,734 
7,03« 
5,355 
?,743 

11,07® 
19,104 
14,5M 
14,240 
14,?1» 
1?,490 
21,413 
24,741 
1?,34? 
39,51® 
33,459 
34,??5 
31,534 
34,355 
3«,IH 
3?,??® 
3l,?4l 
2?,?®9 
3?,51S 
14,527 

547,441 

344,744 
•?3.l 

27»,15l 
»?4.3 

COS! or 
IBOytt 

COST OF 
l i t tWS 

FtON 
STOMtE 

1 
1 PLKI- P«iP*WTIO» 
RENT n 
StWKI 

«@®®) 

4 
37 
54 
43 
SI 
?3 
17 

143 
114 
14? 
174 
1»2 
113 
247 
17? 
31® 
341 
304 
341 
344 
340 
304 
115 
371 
154 

1,1?? 

3,311 
».? 

2,5» 
• .? 

rô  
' ^ 0 

snarnBi^i 
(M®®> 

14 
19? 
114 
150 
I M 
I M 
144 
133 
14 

?33 

3?4 
1.1 

H7 
• .I 

TOTftl 
lt®99) 

?42 
5,773 
7,9?4 

5 ,3? l 
? ,M4 

11,143 
W, l?3 
14,724 
14,344 
17,94? 
1?,774 
11,475 
24,??1 

2?,434 
39,71? 

33,?40 

37,134 
31,a49 
34,4?4 

3?,1M 
31,350 
32,152 

30,115 
3?,?94 
14,7M 

24 
10? 
114 
159 
120 
112 
144 
133 
14 

5?3 ,7 i l 

TOTftl COST 
IBC. M 

31 to i f l 7 
(tOW) 

?41 
5,405 
4,417 
4,?40 
1,744 
?,41? 
1,419 

13,400 
11,33? 
13,«»1 
I4,7M 
15,45? 
17,52e 
20,IU 
19,355 
11,7?» 
13,141 
1?,I4? 
11,555 
H,34» 
21,»3 
17,337 
15,754 
19,120 
13,175 

11 
50 
52 
44 
51 
50 
51 
51 
4 

341,474 

341,474 
174.5 

I 

TOTtt COST 1 
IISC.K 

51 TO 1?I7 
(two) ( 

?42 
5,4?$ 
4,434 
4,443 
l,9?l 
0,?4? 
7,411 

l l ,M7 
?,711 

11,903 
11,13? 
11,473 
13,?14 
15,714 
15,551 
14,335 
17,013 
14,311 
15,1« 
15,59® 
14,454 
11,57? 
l®,31f 
11,??1 
1,304 

7 
31 
31 
31 
2? 
M 
31 
M 
3 

m,m 

2M,ff4 
$75.0 

•isiouwa 
mUE OF 
«U STOREI 
M CMIS 
1 31 (5»l 
IF «ll i»L) 

11 
51 
77 
5S 

104 
123 
191 
174 
144 
174 
W l 
194 
234 
li9 
27? 
2?l 
314 
174 
2?? 
31® 
3®0 
2» 
212 
211 
I M 

4,?0 

HSCOUMTII 

mw Of 
nn %imm 

IN CASES 
1 SX ($®I 
BF M W « U 

12 
50 
74 
54 
?l 

m 
u 

152 
124 
144 
151 
I M 
117 
10? 
113 
113 
231 
l ? i 
112 
215 
194 
143 
145 
I K 
114 

3,747 



I t t l i C-ll 
c»SE m •• w f m m% m n-nmrm STSWI m cowiiiMiEi ran --

KPOSItMl CiWtKB WHWIW IH l « l 11/ 8/WW 
wi-iWE MSI «p 8SC m mmm 

mi if m St®pin I tp i r twt * ffwiie< ly £iski> 

O 
I 

4^ 

K « 

WI? 
Sf»l 

W» 
IWO 
IWl 
mi 
IW3 
W?4 
W?5 
im 
im 
»? i 
W?f 
20®9 
2001 
mi 
2003 
2004 
2001 
2994 
2007 
2«©l 
200? 
2§» 
2011 
mt 
2013 

20M 
2®n 
tm 
2817 
2011 
201? 
2010 

TOTAl 
mmi TOEL 

SWRII « <8TO> 

MNAl OMIATIVE 

24 
»4 
U% 
m 
231 
214 
251 
m 
3« 
454 
SU 
1» 
271 
m 

54 
IM 
323 
44? 
W 
W3 

1,231 
1,«? 
2,624 
2,471 
2,??4 
3,1*3 
3,435 
1,115 

HO, » 
KTAl 
USIl 

1 
4 
5 
4 
7 

10 
i 

14 
12 
15 
17 
5 
? 

12 
m 

«2?l 
«4) 
an 

COST or 
HETAl 
CMI8 
HOOO) 

n^ 
3,124 
4,7M 
3,121 
5,3?0 
7,5M 
5,fM 

10,318 
»,74» 

10,145 
12,U2 
3,5M 
4,3W 
1,412 

COST m 
inmm 
1 flKE- 1 
Nin IN 
STORKE 

UOOOI 

i 
25 

105 

COST Bf 
REMM FROK 

ilOMK 
I 

MIPMATIOH 
tm 

mmtm 
IMOtI 

I 
31 
n 
V 

TOÎ l 
(»«0) 

m 
3,14? 
4,111 
3,153 
5,433 
7,«1 
4,017 

»,4©4 
1,122 

W,?37 
12,277 
3,5?1 
^,m 
i|544 

1 
3i 
7? 
3? 

TOTAl COST 
IMC. m 

n n WW 
<MOM 

m 
3,734 
4,535 
2,l»5 
4,S2; 
4,574 
5,03? 
»,45? 
4,M« 
l , 3K 
?,135 
l,5?4 
4,521 
5,IW 

1 
23 
4? 
H 

nSCOUKTEB 
mm or 

TOTAl COST ny MOREI 
i i s c ,« m cMis 

51 TO SfW 1 31 (501 
CMOO) OF MMUK) 

HZ U 
3,445 51 
4,343 7? 

i,m M 
4,470 W4 
5,?72 m 
^,m 101 
7,3?4 174 
5,?71 144 
7,050 174 
7,537 in 
2,0?? 4! 
3,51? f5 
4,532 131 

I 
17 
34 
14 

MSCOWTEI 
MftWE or 

«TI S T « a 
m CASKS 

1 K «3»l 
IF ^MWALI 

12 
50 
;4 
54 
n 

112 
?4 

152 
124 
144 
IJI 
4? 
74 

%n 

TOTtt 123 ?2,lll 754 152 ?3,®20 74,51? 44,111 1,501 S,3 

Toni n% m, n,m mi n n,m 
WIT COST/B Mt.O 1.4 $.1 I4f.4 

TSTtt OISC 151 44,m 522 7® 44,IM 
WIT COSI/K »4?.2 1.4 I.I 14?.? 



TMII Mt 
c«SE 41 - COST ir »c« ro«»? nmm $nmt m cowoiwTa m i 

IIPiSlIBRT COIRIKK IPWKIW M 2t»3 
mi-im isi m « n. SIOTEII 

(54* ef m Stwut itmirtmmt trmim ^ Cisl§J 

O 
I 

l i M l 

TOTA H8C 131 
WIT COST/IK 

214 203,204 

145,444 
$47.1 

1,74* 

1,23? 
1.4 

34? 205,301 

1?J 
• . I 

144,IM 

M4,M4 
M7.I 

1»,354 3,0U 2,413 

11/ i/m? 

1»R 

we? 
1?M 
l?«f 

l t?0 

1??1 
1??2 

1??3 
1??4 

1??5 

1??4 

l??7 
l??» 
1??? 

2000 
2001 

2002 

2003 

2004 

2095 

2004 

2007 

2«0» 

200? 
2010 

2011 

2012 
2013 

2014 

2015 
2014 

2017 

2011 

20W 
2020 

T O » l 

mmi nil 
STORES »8 «Hfll» 

M W « l CWHIOTPI 

24 
SO* 
143 
124 
23« 
2M 
25« 
424 
3*5 
454 
514 
54? 
472 
7?0 
M4 
?27 
415 
504 
m 
117 

54 
m 
323 
44? 
t»7 
»7J 

1,231 

1,45? 
2,024 

2,478 

2,?f4 
3,5*3 

4,235 

5,025 

$,»« 
4,7?4 
7,m 
?,tl7 
1,534 
•,721 

no. er 

C«SK 

1 
4 
5 
4 

; 
w 
1 

14 
12 
15 
17 
I t 
22 
24 
V 
31 
20 
17 
20 
4 

«3> 
«5> 
<57» 
im 
<44» 

n n 
(51 

CiSI OF 

K T » l 
CftSIS 
»§«»> 

?54 
3,«24 
4,?«0 
3,121 
5,3?0 
7,5W 
1,?4I 

W,3I I 
«,?4« 

10,145 
12,172 
O,?S0 
15,4JI 
1»,174 
11,711 
21,35? 
13,700 
11,411 
13,420 
4,074 

1 
COST OF 

UABWe 

» t m i - 1 
Him IM 
SfOSASE 

W#I0» 

4 
25 
31 
25 
43 
41 
4? 
U 
74 
?2 

105 
H i 
135 
140 
14* 
» 1 
123 
105 
121 
37 

COST 01 
8EHW»i nm 

%immt 
I 

PWftRMIOM 

ro» 
p 

SSBftrogPI 
CIM0I 

TOlftl 
«M0O) 

»42 
3,14? 
4,111 
3,153 
5,433 
7,421 
4,017 

10,494 
1,122 

10,?37 
12,277 
12,i?l 
15,423 
11,334 
l l ,«7 ; 
21,550 
13,123 
11,714 
13,?43 
4,111 

2» 
41 
70 
5? 
54 
44 
4 

101*1 COST 
MSC. «T 

3Z TO wa? 
«M00) 

nt 
3,73* 
4,535 
2,M5 
4,M? 
4,574 
5,03? 
1,45? 
4,?*4 
»,3M 
?,I31 
?,31Z 

10,?5« 
«,4»4 
12,410 
13,®32 
1,414 
?,0»l 
1,073 
1,344 

14 
34 
37 
30 
27 
31 
1 

1 

TOTftL COST i 
IISC.OT 

51 TO » » 
(MOe> 1 

?42 
3,445 
4,343 
2,723 
4,470 
5,?72 
4,4M 
7,3?4 
5,t71 
7,050 
7,537 
7,537 
1,700 
?,723 
?,534 

10,344 
4,332 
5,111 
1,710 
1,42? 

U 
14 
24 

» 
17 
n 
2 

HSCOUMTE* 
»« i« or 

m STCREI 
IM ttSSS 
! 31 1501 

m Ai»«l> 

12 
51 
77 
51 

104 
123 
lot 
174 
144 
174 
1?2 
204 
234 
24? 
27t 
291 
l ? l 
153 
112 
i l 

MSCOWTB 
VALUE or 

i lU STUB 
m CASIS 

• 51 (501 
or ANNUAL) 

12 
50 
74 
54 
n 

112 
?4 

152 
124 
14* 
15» 
144 
W 
20? 
213 
223 
Ml 
110 
m 
i? 

TOWl HSC 151 
• 1 1 t05 l /K 

118,234 
M7.4 

1,012 
1.4 

115 
1.0 

1»,J54 
147.? 



T*IIE C-20 
MSE 4C -- cost Of mt% ro« T̂-WACTflg %mmt m COMSOHMTEI r u n 

IIPOSITOK? COmEMCES WIMTIOH lH 2001 
OHI-IWI ySE Of soc roR SHIPHWI 

(501 of « StBFifi te^airt»f»t» fnniti hf biM 

o 
I 

11/ S/lf» 

K M 

1?»7 

1?U 
1?W 
1??0 

»?t 
1??2 

1??3 
»?4 
1??5 
1??4 
1??7 
»?« 
1??? 
2000 

2001 
2902 

2903 
2004 

2005 
2904 
2997 

200S 
299? 
29W 
2011 
2912 

2913 
2014 

2015 

2014 
2017 
2011 

201? 

2010 

TOTtt 

AWUHT rUEl 
STORES m <NTU> 

MNU^l CUNttl^TIVi 

24 
104 
143 
124 
231 
214 
25« 
42a 
345 
454 
514 
54? 
472 
7?0 
$44 
?27 

1,015 
?04 

1,01? 
l , 9 i ? 
1,013 

?0® 
150 

1,135 
750 

54 
140 
323 
44? 
4a? 
•73 

1,231 
1,45? 
2,024 

1,471 
2,??4 
3,543 
4,235 
5,025 

5,«4? 
4,??4 

7,111 
8,717 
?,734 

10,123 
l l , ?04 
12,114 
13,444 

14,7?? 
15,54? 

m, m 
KET̂ L 
CUES 

1 
4 
5 
4 
7 

10 
1 

14 
12 
15 
17 
11 
n 
24 
27 
31 
32 
30 
33 
35 
35 
2? 
2« 
37 
24 

(13) 
im 
im 
( t l ) 
(45) 
(47) 
(7») 
(72> 
(?) 

COST or 

CKIS 
(MOO) 

?54 
3,124 
4,?W 
3,12» 
5,3?0 
7,540 
5,?4a 

10,311 
»,74l 

10,145 
12,172 
12,710 
15,40« 
»,174 
1S,711 
21,35? 
21, I M 
29,400 
22,341 
23,555 
23,450 
1?,372 
l l ,44t 
24,531 
15,141 

1 
COST OF 
U^IING 

1 PWCI- 1 
«EHT W 
STORAGE 

(1000) 

4 
25 
31 
25 
43 
41 
4? 
14 
74 
f2 

105 
111 
135 
140 
m 
m 
m 
114 
203 
215 
215 
17S 
172 
227 
H I 

COST OF 

mmhl F M 
STORWI 

1 
«M»TIOH 

FOE 
® 

snirns^i 
(1000) 

u 
73 
74 

100 
M 
tt 
H 
m 
11 

mu. 
(1000) 

?42 
3,»4? 
4,M1 
3,153 
5,433 
7,421 
4,017 

10,404 
1,122 

10,?37 
12,277 
12,l?l 
15,423 
11,334 
ia,w7 
21,550 
22,«»5 
20,514 
22,544 
23,770 
23,445 
W,550 
11,12$ 
24,75$ 
U,012 

14 
73 
74 

MO 
SO 
12 
?4 
n 
11 

TOT l̂ COST 
use. m 

31 TO 1?I7 
(1000) 

?42 
3,734 
4,535 
2,sa5 
4,S27 
4,574 
5,03? 
i,45? 
4,?44 
a,3i2 
?,135 
?,312 

10,?5» 
12,4M 
12,410 
13,132 
13,742 
12,454 
13,242 
13,554 
13,103 
10,50? 
?,i22 

12,545 
7,177 

1 
34 
34 
44 
34 
34 
M 
11 
4 

fOT^L COST 1 
IISC.M 

J l TO 1?I7 
(MOO) 1 

?42 
3,445 
4,343 
2,723 
4,470 
5,??2 
4,4?0 
7,3?4 
5,Wl 
7,050 
7,537 
7,537 
1,700 
?,723 
?,534 

10,344 
10,117 
a,?»i 
?,34? 
?,4®7 
l,?W 
7,017 
4,434 
t,041 
4,f45 

5 
20 
20 
25 
1? 
1? 
21 
I f 
2 

IISCOWTB 
MlUE OF 

m ST8WI 
IH C«IS 
1 31 (501 

w «wytt) 

12 
51 
7? 
51 

104 
123 
too 
174 
144 
174 
m 
204 
234 
2W 
27? 
2?l 
314 
2/4 
2?? 
3U 
300 
244 
222 
M l 
IM 

IISCOWTIJ 
m U I OF 

m STURIl 
IN USK 

1 SI (501 
OF mmu 

12 
50 
74 
54 
n 

112 
?4 

152 
124 
144 
151 
144 
IS? 
20? 
213 
223 
232 
l ? l 
212 
215 
204 
U3 
145 
115 
114 

?OI»l 504 350,250 !,»?? 422 I5i,?/1 127,700 1/3,174 4,M1 ijn 

TOTAL IISC 131 
M f CBIT/K 

215,441 
M5.4 

t,?75 
1.4 

244 
I.I 

w,7m 
144.1 

TOTtt u s e 151 
WIT CDST/K 

172,227 
144.0 

1,4?® 
1.4 

151 
1.0 

173,174 
144.4 



T « l l C-21 

CKI 7« -- Wf 01 SK» m ftT-RE«CTI» STOMCI OF WWCI Wll MSHIIIB --
mmmm COWIMKS OPBAIIM m mt 

SHiwHT IN mamm sic 11/ mn? 
( ;n ef M itsraff RcpirtMMi PrsvMti I f Ciste) 

IM 

101* 
MowT r u n 

stmm m (rai 

iN»««l CWyUfWE 

»®. cr 
i n» i 
CiSK 

COST OF 
iCTAl 
C^SIS 
(tOM> 

CIST or 
» 9 W 
» WCI-
H W W 
STORACe 

(If00) 

COST OF 
ummi nm 

ST««E, 
mmfmim i 
nifmnim 

m 
minm 
imn 

TOTft 
(MOO) 

TOTftl COST 
BISC. AT 

31 n »s/ 
tlOtO) 

lOTtt COST 
IISC.AT 

$1 TO » » 
«W«0» 

IISCOWEI 
um w 

m %mm 
m CASK 
13S mi 

OF MmMll 

BiscmiEi 
MMI OF 

WM ITOKI 
IM CMS 

1 SI (501 
OF IHMl) 

»S? 24 14 1 ?54 4 ?42 ?42 ?4I 12 12 
WIS 104 m i 5,734 37 5,773 5,405 5,4?$ 51 50 
WM 143 323 ? 7,031 5* 7,0?4 4,487 4,434 7/ 74 
»H 124 44? / 5,355 43 5,3?l 4,?4® 4,443 51 54 
1??1 23$ 417 13 ?,743 M f,M4 1,744 l,0?l 104 91 
1??2 m m 15 11,070 ?3 11,143 ?,42? «,747 123 S12 
W?3 2% l,2Jl U 10,204 17 I0,2t3 1,420 7,m Ml ?4 
m 4 421 1,45? 23 14,513 143 U,?24 13,400 il,M7 174 152 

V 1??5 345 2,024 20 14,24® 124 14,344 11,33? ?,/22 144 124 
r\3 %m m 1,4/1 14 «,?2® 14? l/,04? 13,012 11,OM 174 144 
" ^ W7 514 2,?f4 » 1?,400 174 W,774 14,714 12,13? W2 15® 

1?M 14? 3,143 ? 4,155 54 4,311 4,55? 3|«t 41 4? 
1??? 172 1,435 15 l t ,»5 f3 W,4M 7,354 5,»40 ?5 74 
2000 l?0 1,125 21 I4,«l 130 14,441 ?,»/» /,74S 133 W3 
2001 (3) n 21 14 U 
2002 im 33S 135 215 M l 
2003 nm 713 741 4/J 35® 
2904 (SOI 15/ 35/ 214 151 
2005 
2904 
2097 
2901 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
201/ 
2011 
201? 
2020 

TSm m 14I,4M 1,2/2 1,4/4 151,3/4 t2®,/2? M4,MI 1,501 1,314 

tOTftioiscni i»,??i 1,011 m 120,72? 
«MICOSI/B •/».» 1.7 •.4 IIO.O 

TSni BISC 151 103,154 175 4?/ W4,I04 
BMiraST/K «?.l »./ ».5 M®.3 



I « l l c-21 
c»si 71 -- CKT m SK% FÔ  «f-«acT(w snmt m mm mi « » B I I K S 

WOSITORI COWINCES iflWTMi M 2003 
SHIPHWf IN WBPMKI SKs 

(501 tf m i?®r«|t it^«irf»fiiit» frmUti ^ C»ite) 

11/ 4/»l/ 

COST m 

COST OF IISCOWTEI I I I C O U H l l 

O 
I 

m 

xm 

in? 
mt 
wa? 
1?»0 
i??i 
l?f2 
1??3 
W?4 
1??5 
1??4 
1??7 
l??l 

1?9? 
2000 
2901 
2091 
2093 
2904 
2005 
2094 
209/ 
2001 
290? 
2010 
2011 
2912 
2913 
2014 
2015 
2014 
2017 
2011 
291f 
2020 

TOTAL 

TO?a u s e 131 
M i l COST/K 

fOT̂ L 
«wiiiT p y a 

SIOIB m (ITU) 

mmi UMi^TiME 

24 
W4 
143 
124 
23a 
2W 
251 
421 
345 
454 
514 
54? 
4/1 
/?0 
144 
?2/ 
415 
504 
41? 
11/ 

54 
149 
323 
44? 
417 
?73 

1,231 
1,«? 
2,024 
2,47« 
2,?»4 
3,543 
4,235 
5,025 
5,14? 
4,/?4 
7,411 
/ , ? ! / 
1,534 
l,/23 

m. m 

CASK 

1 
4 
? 
7 

13 
15 
14 
23 
10 
24 
21 
31 
34 
43 
45 
50 
33 
24 
33 
10 

(31) 
(?2» 
(?4) 
(/?) 
(/3) 
(«7) 
(1) 

447 

COST OF 

KT«l 
CMI8 
(1000) 

?54 
5,734 
7,031 
5,355 
?,743 

11,070 
10,204 
14,513 
14,240 
14,?20 
1?,400 
21,4»3 
24,741 
l?,34? 
30,510 
33,450 
11,07/ 
17,342 
tl,?12 
4,430 

325,201 

232,44? 
»5.4 

lOMiK mmmtm i 
1 Plttl- MWMflDH 
REN! IN 
iiowei 

UNO) 

4 
37 
54 
43 
11 
?3 
1/ 

143 
124 
Mf 
174 
1?2 
223 
24/ 
27? 
310 
205 
141 
105 
41 

2,1?/ 

2,05? 
1.7 

FOR 
MIPKiT 

(MOO) 

271 
454 
4/0 
543 
521 
420 
57 

3,35» 

1,717 

1.4 

TOTAl 
«IOW» 

?42 
5,//3 
7,0?4 
5,3?l 
?,M4 

11,143 
»,2?3 
14,/24 
14,344 
l/,04? 
l?,7/4 
21,475 
24,»tl 
2?,M4 
30,/M 
33,?4® 
22,212 
17,503 
12,117 
4,4?2 

2/1 
454 
4/0 
543 
521 
420 
57 

331,444 

nm cost 
BISC. AT 

31 TO m? 
(WOO) 

?42 
5,405 
4,417 
4,?40 
»,/44 
?,42? 
1,420 

n,MO 
11,33? 
13,012 
14,714 
1S,45? 
17,521 
iO,lM 
20,355 
21,/?S 
13,U5 
W,5?0 
12,??1 
3,114 

150 
353 
350 
m 
m 
m 

14 

234,444 

134,444 
1/4.4 

TOT*l COS! 1 
IISC.M 

51 TO 1?S/ 
(I0««) 1 

?42 
5,4?l 
4,434 
4,443 
l ,0? l 
1,74/ 
7,411 

11,U7 
»,/22 

11,003 
12,13? 
12,4/3 
1J,?M 
15,714 
15,551 
14,335 
w,2oa 
7,43/ 
?,1?0 
2,441 

m 
235 
22? 
113 
141 
113 

U 

»1 , I20 

WLUi OF 
nu STORIl 
H n s i s 
1 31 (501 

j F « « m » 

12 
51 
77 
5» 

104 
123 
tot 
1/4 
144 
1/4 
m 
iU 
m 
m 
i/f 
m 
m 
153 
112 
J3 

3,014 

MMI OF 
Wi STWEl 

III CMIS 
1 51 (501 
or IHAl) 

12 
50 
n 
54 
?l 

112 
?4 

152 
124 
144 
151 
144 
11/ 
20? 
213 
223 
141 
11© 
12? 
37 

2,4?3 

TOI» IISC « 1 li?,041 1,444 M U 
UMIT COST/K «?5.» %.7 1.4 

1?1,M9 
»4.? 



T«ll C-23 

CASE /C -- CISI m SOCs FBI «-RI»CT08 SlltftK « IMTACT Mil SSSIilllB 
I1F681T0RI CMKKES iPIR«II(W l i 2001 

SWPIEMT H 0«ItPiCIEI SBC 
<JH ef m Sterile tuairewsts PrwMfi ly Cisks) 

11/ 4/lfS/ 

K«R 

mm. 
AHOUm fUEl 

STORES M «TO> 

CyWlMWE 

HO. t r 
KTAl 
t»SK 

COST IF 
lETAl 
C8SB 
(leOO) 

COST OF 

I fUtt-
KMT IH 
STORAtE 

(I9I«» 

COST or 
KNOVAl r *o i 

SIOR»tE, 
PIRPACSIK » 
PRIffttftTWS 

FOR 
SBIPSEW 

llOOOt 
TOIAl 
(WOO) 

lOTftl COST 
WSC. W 

31 W l » l / 
(M90> 

TOTftl COST 
BISC.OT 

51 TO 1»»7 
(»«««) 

WaWSTEl 

umi or 
IW SliREI 

l i C«IB 
t 31 (5W 

w mmu 

MSCOBiTB 
m u i Of 

m CftSIS 
• 51 (501 
BF mmm 

o 
I 

WIS 
it«? 
mo 
iwi 
Wf2 
l??3 
l»?4 
1?»5 
1??* 
1»»7 
im 
im 
2000 
2001 
2002 
2003 
2004 
2001 
2094 
2097 
2001 
200? 

mo 
2011 
2012 
2013 
2014 
2915 
2014 
2017 
2011 
201? 
2020 

24 

m 
m 
m 
m 
214 
251 
421 
341 
454 
514 
5« 
472 
7?0 
iU 

m 
1,015 

?94 
1,01? 
1,01/ 
l,9a3 

?0« 
159 

1,135 
750 

11 
U6 
323 
44? 
41/ 
??3 

l,2Jl 
1,45? 
2,024 
2,4/1 
2,??4 
3,543 
4,235 
5,025 
5,M» 
*,/?4 
?,tu 
1,717 
?,734 

10,123 
U,?«4 
12,114 
13,444 
14,7?? 
15,54? 

1 
* 
? 
7 

13 
15 
14 
23 
20 
24 
2S 
31 
34 
43 
45 
5® 
55 
4? 
55 
5? 
5« 

<v 
U 
U 
41 

I22» 
«?») 

1103) 
11351 
tWJI 
llSO) 
I139» 
(120) 
(HI 

?54 
5,734 
7,038 
5,355 
?,7M 

11,070 
10,204 
1*,5«3 
14,210 

u,m 
1?,A90 
21, « 3 
24,/*» 
2?,34? 
30,510 
33,450 
34,??5 
32,534 
34,355 
31,122 
37,??9 
31,?4I 
2?,?00 
3?,52l 
24,527 

4 
37 
54 
43 
ai 
?3 
17 
143 
124 
14? 
174 
1?2 
223 
24/ 
27? 
310 
341 
304 
341 
344 
340 
304 
215 
3/1 
254 

?42 
5,?73 
/,0?4 
5,3?l 
?,I44 

11,143 
10,2?3 
U,724 
14,3*4 
17,04? 
S?,774 
21,475 
M,??l 
2?,04 
30,71? 
33,?40 
37,134 
32,140 
34,4?4 
3?,1M 
31,350 
32,252 
30,115 
3?,?04 
I4,7M 

157 
4?? 
734 
?43 
779 
?»4 
f2/ 
»54 
100 

?42 
5,405 
4,4«7 
4,?40 
1,74* 
?,42? 
1,420 

13,400 
11,33? 
13,912 
14,714 
15,45? 
l/,52a 
20,111 
20,355 
21,/?S 
23,142 
l?,J4? 
21,555 
22,341 
21,233 
17,337 
15,754 
20,220 
13,175 

75 
324 
331 
421 
32/ 
323 
371 
332 
3» 

m 
5,m 
4,434 
4,443 
»,0?» 
»,/4? 
7,M1 

U,M/ 
?,7!2 

U,W3 
12,13? 
12,473 
W,?14 
15,/14 
15,551 
14,335 
17,013 
14,321 
15,241 
15,501 
14,454 
11,57/ 
16,31? 
12,??2 
1,304 

44 
19/ 

m 
244 
117 
111 
204 
110 
20 

12 
51 
77 
51 
104 
123 

m 
1/4 
144 
1/4 
1?2 
204 
234 
24? 
m 
m 
314 
2/4 
2?? 
31® 
300 
244 
222 
2M 
114 

12 
50 
74 
34 
?l 

112 
?4 

152 
124 
14* 
151 
IM 
1»7 
20? 
213 
223 
232 
WI 
212 
215 
204 
143 
145 
115 

m 

mill m 5*7,44» 5,m 5,»1? 5/1,13* 370,41? 212,224 l , f « 3,/47 

TOMl BISC Ml 

mil cosi/ie 
3*4,74* 

$73.1 
3,312 2,541 

• .5 
3/0,41? 

175.0 

TOTtt MSC 151 
WIT COST/IE 

2/1,258 
174.3 

2,5W 
1.7 

1,457 2I2,2!4 
«5.3 



TMIE C-24 
c«E s» -• CK! m mt F« «-tacT« sittwc or C«S®LII«O run --

MWSITOW COIiKCS »H«WII H !??» H/ V I W 
SilPSIH W WE«P«»II S« 

<5«I if »l Storiff Uumftmntt ftmUti b^ Ciita) 

O 
I 

U» 
O 

! i « 

WI? 
WM 
1?»? 
l??0 
l??l 
S??2 
l??3 
1??4 
1??5 
1??4 
1»?7 
W?l 
W? 
2000 
2001 
2902 
2003 
2004 
2095 
2094 
2007 
2001 
209? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
201? 
2021 

TOlftl 
AMW! r u a 

sfWB m (IW) 

mmu. CWBLOTMI 

24 
194 
m 
124 
231 
214 
25» 
421 
345 
454 
514 
14? 
I/I 
3»0 

54 
140 
323 
44? 
41/ 
?/3 

1,231 
1,45? 
2,014 
1,4/1 
2,??4 
3,141 
3,435 
3, l» 

M, it 

C«iK 

1 
4 
5 
4 
7 

10 
1 

14 
12 
15 
1/ 
5 
? 

11 
<l) 

(2?) 
(14) 

»«» 

cost or 
KTtt 
CASES 
«0««) 

?$4 
3,124 
4,719 
3,121 
5,3t» 
/ , 5 « 
S,?4I 

10,311 
l,/4l 

W,M5 
12,172 
3,540 
4,3f§ 
l i « l 

COST IF 
mmki F»w 

COST or ITOtMI, 
UMlMg OMERMCIIW 1 
1 rucE- r » « M I O i 
HENT in m 
STOIACi snraEMT 

(MOO) nm) 

4 
15 
31 
25 
43 
41 
4? 
M 
/4 
?2 

S05 
31 
55 
74 

7 
205 
452 
Hi 

fOI«l 
(lOW) 

?42 
3,14? 
4,111 
3,153 
5,433 
7,421 
4,01/ 

10,404 
1,122 

tt,?3/ 
12,2// 
3,5tl 
4,445 
l|S44 

7 
205 
452 
211 

fOTtt COST 
HSC, IT 

a 10 nu 
(1000) 

?i2 
3,/34 
4,531 
2,US 
4,12/ 
4,5/4 
5,03? 
1,45? 
4,?44 
1,312 
?,135 
2,5?4 
4,521 
5,IW 

J 
132 

nt 
121 

MSCOWTEI 
VAUI OF 

l o m COST wo siflira 
IISC.OT III CWIS 

51 TO WI/ 1 31 ( M 
(MOO) m tmmu 

m n 
3,445 51 
4,343 / / 
2,723 51 
4,470 m 
%m m 
%m Ml 
/,3?4 174 
5,?71 144 
/,®5« 1/4 
/ , » / WI 
2,0?? « 
3,M? n 
4,532 131 

4 
?? 

10/ 
f l 

Mscwnii 
f»lME OF 

ItU STOKI 
l i C»8K 

1 SI ($01 
Of ^mmu 

12 

so 
74 
54 
?l 

m 
u 
m 
124 
M4 
151 

m 
71 

IW 

lOTtt 123 ?2,111 754 I/? f3,744 74,?M l i jHO l,5@l 1,114 

fOT«l HSC 131 73,132 402 54/ / 4 , « 0 
WIT COII/Ig M?.0 1.4 1.4 M?.7 

TOTtt HSC 151 44,2?4 522 402 45,22® 
UWI COSI/K M?.2 1.4 1.3 M?.? 



T«IIE C-B 
CISI II -- COS! sr sre» FOR M RIMTOR smm m wisei iMra ran 

WISITOW CWmCB 0̂ a«T10« W 2««3 
SHIPBEMT m OMIWOII IK 

(501 i f IR Stwift RtpiftBtitf frmiiti I f Cifis) 

11/ Vlt» 

nm 

nm 
AHOWT FUEl 

S T « » m (ITU) 

MMM c i n i n n t 

HO. cr 
KTAl 
CiSI! 

COST OF 
BITAl 
C^SIS 

«#«) 

COST OF 
UMINE 

I rua-
HEMT IN 
ITOMCE 

(MOO) 

COST K 

mnmm. FROM 
STOMSE, 

mwmm i 
tmmmiu 

FOR 
mimm 

(1000) 
TOT»l 
JIOOO) 

TOItt COST 
BISC. a 

n TO i t i / 

ami 

TOTAl COST 
lISC.ftT 

51 Tl 1?!/ 
(MOO) 

MIOraNTB 
MUE OF 

ma STORES 
n ctsis 
1 31 (501 

or MMMU 

Mscoyma 
mm OF 

ITD STOKI 
IN CUK 

1 5X (501 
Us B^Pwrato? 

o 

m? 
i?« 
i?i? 
i??0 
mi 
1??2 

im 
1??4 
l??5 
1??4 
1??7 
i??i 
WW 
2000 
2091 
2902 
2003 
2004 
2005 
2904 
2007 
2001 
200? 
2011 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
201? 
2020 

24 
104 

U3 
124 
231 
214 
251 
421 
345 
454 
514 
54? 
472 
7?0 
144 
?2/ 
415 
504 
41? 
117 

54 
140 

323 
44? 
41/ 
t73 

1,231 
1,45? 
2,024 
2,471 
2,??4 
3,543 
4,235 
5,025 
5,M? 
ifJH 
7,4U 
7,?17 
1,534 
1,723 

1 
4 

5 
4 

/ 
10 
1 

14 
12 
15 
17 
11 
22 
24 
V 
31 
2® 
1/ 
20 
4 

(13) 
(§5) 
(57) 
(41) 
(44) 
(51) 

m 

?5* 
3,M« 
4,710 
3,128 
5,3?9 
/ , 5 » 
5,MI 

U,31S 
l,/4l 

W,»45 
12,1/2 
H,/8» 
11,411 
W,l/I 
11,711 
21,35? 
l3,/«0 
11,411 
13,420 
4,0/4 

4 
25 
31 
25 
43 
41 
m 
U 
74 
?2 

105 
HI 
m 
140 
144 
1?1 
123 
»5 
123 
3/ 

143 
31? 
403 
3Jf 
311 
141 
IS 

?i2 
3,14? 
4,«1 
3,153 
5,433 
7,421 
4,017 

10,404 
1,122 

10,?3/ 
12,27/ 
11,111 
15,423 
11,334 
14,17/ 
21,550 
13,123 
11,/W 
13,743 
4,111 

143 
3»? 
403 
33? 
I l l 
3«l 

» 

?42 
3,734 
4,535 
2,»a5 
4,12? 
4,5/4 
5,©3? 
1,45? 
4,?i4 
1,312 
1,135 
f,31? 

W,?5I 
«,4S4 
12,410 
13,132 
1,414 

/,»» 
1,0/3 
2,344 

?0 
20? 

no 
172 
153 
174 
l i 

f42 
3,4*5 
4,343 
2,721 
4,470 
5,?/2 
l,4?0 
/,3f4 
J,?7l 
/,@5» 
/,13/ 
/ ,53/ 
l ,/«0 
?,/M 
?,534 

U,3M 
4,331 
5,111 
5,710 
1,42/ 

« 
140 
131 
IM 
W 

St? 
U 

12 
51 
7/ 
51 

104 
123 
101 
S/4 
144 
1/4 
1?2 
204 
134 
2W 
179 

m 
in 
153 
1(2 
53 

12 
50 
/4 
54 
n 

112 
t4 

152 
124 
144 
« l 
IM 
11/ 
20? 
213 
223 
141 
m 
m 
3/ 

l l l t t 214 203,204 , /4t 2,001 204,f4» M/,/U lW, f l l 3,M4 t,m 

TO»l Bia 131 

mt cosi/B 
I45,«* 

M/.l 
1,23? 

1.4 
1,024 

t.3 
M/,/K 

M/.f 

TOm »I8C 151 
• IT COST/18 

m,23» 
»4/.4 

1,002 
1.4 

444 
1.3 

ll?,?02 
Ml. I 



TAILI C-24 
C»SI IC -- COST i f S8C» Tm »!-R«CTO« SI0M6I tF COKSOIIMTII FUEL 

KfOSITOM COWaCES iPERAtWM l i 2001 
SHiPNEHf li mmmm m 

(501 §f m St»r»|t t e ^ i i r e i t i t i frmUti fc^ C»sks) 

I 

tOT«l 

TOTtt IISC 131 
UNIT COST/K 

504 359,250 3,0?? 3,571 354,?24 2a,?54 

225,441 l,?/5 1,51? 22»,?54 
t45.4 1.4 t.3 144.3 

174,5?5 4,?43 3,/4/ 

11/ 4/WI7 

T !« 

i?a7 

1?M 
1?»? 
1»?0 

1??1 

W?2 
1??3 
1??4 

1??5 

1??4 

1??7 
l ?? l 

1??? 
2000 
2001 
2992 

2003 
2004 

2095 

2004 

290? 

2901 

209? 
2919 

2011 
2012 

2913 
2014 

2915 

mt 
2017 

2911 

201? 

2020 

TOTM 

mmi run 
STOREP m (HTU) 

MHUAl CUWUTIMI 

24 
104 
143 
124 
231 
214 
251 
421 
345 
454 
1U 
54? 
4/2 
/?0 
144 
?2? 

1,015 

?04 
1,01? 
1,9«7 

1,913 

?0I 
150 

1,135 

750 

54 
140 
323 
44? 
417 
?73 

1,231 

1,45? 
2,024 
2,471 

2,??4 

3,543 

4,235 
5,025 
5,14? 

4,??4 

? , l l l 

»,/!/ 
?,?34 

10,123 

U,?94 
12,114 

13,444 
14,7?? 

15,54? 

NO. OF 
HETftl 

CASIS 

35 
35 
2? 
2S 
37 
24 

(13) 
(5?) 

(42) 

(M) 
(45) 
147) 

( / I ) 
(72) 
(f) 

COST or 
NEIAl 

CASIS 

(MOO) 

?54 
3,«4 
4,710 
3,121 
5,3?9 
7,540 
5,?4a 

10,311 
1,741 

10,141 
12,172 
12,/M 
15,4M 
11,174 
l § , / l l 
21,35? 
21, l U 
20,499 
22,341 
23,555 
23,459 
l?,3/2 
11,441 
24,531 
15, U4 

1 
COST or 

COST or 

mmhl FROR 

STO^ACE, 
lOAIING OVERPACIIHg 1 

1 PlftCE- 1 

ffiW IH 
STORKE 

(MOO) 

4 
25 
31 
25 
43 
41 
4? 
14 
74 
?2 

195 
i l l 
135 
UO 
144 
1?1 
1?7 
1§4 
203 
215 
215 
171 
1/2 
22/ 
141 

mwmmm 
FOR 

SHIPMNT 

(•0««) 

n 
417 
431 
573 
440 
4/4 
551 
50? 
44 

TOTtt 
($000) 

?42 
3,14? 
4,111 
3,153 
5,433 
7,«1 
4,017 

10,404 
1,122 

10,?3/ 
12,27/ 
»,a?i 
15,423 
11,334 
1»,»77 
21,550 
22,015 
20,5»4 
22,544 
23,//0 
23,445 
1?,559 
1I,U0 
24,/5« 
14,912 

n 
417 
431 
5/3 
440 
474 
551 
SO? 
44 

TOTAl COST 
tISC. M 

31 TO 1?I7 
($009) 

?42 
3,/34 
4,535 
2,»I5 
4,127 
4,5/4 
5,03? 
4,45? 
4,?44 
1,312 
?,135 
?,312 

w,?5a 
12,414 
12,480 
13,132 
l3,/42 
12,454 
13,242 
13,554 
13,193 
10,50? 
?,M2 

12,545 
/ , ! ? / 

44 
1?3 
1?/ 
250 
1?5 
1?5 
221 
l? l 
24 

WTAl cost i 
IISC.M 

51 TO 1?I7 
(UOO) 

?42 
3,445 
4,343 
2,723 
4,479 
5,»/2 
4,4t0 
/,3?4 
5,?/l 
/,050 
7,53/ 
7,53/ 
l,/00 
?,/23 
?,534 

10,344 
10,11/ 
a,?ii 
?,347 
?,40/ 
l,?l? 
7,917 
4,434 
1,041 
4,?45 

27 
11/ 
117 
144 
112 
110 
122 

»/ 
13 

IISCWWB 
MAIUE OF 

RTU StOKB 
IH CASIS 
1 31 (501 

m mmu 

12 
51 
7/ 
5® 

104 
123 
101 
1/4 
144 
1/4 
1?2 
204 
234 
24? 
2/? 
2?« 
314 
2/4 
2?? 
310 
300 
244 
222 
2 » 
IM 

Mscoymj 
OALUE OF 

m u STORIB 
IN CMIS 

1 51 (501 
OF MNUU) 

12 
50 
/4 
54 
f l 

112 
?4 

152 
124 
144 
151 
144 
11/ 
20? 
213 
223 
132 
l ? l 
212 
215 
204 
143 
145 
115 
I M 

I0TAI JISC 151 
W I ! COST/K 

172,22? 
W.O 

1,4?S 
1.4 

m 
1.2 

1/4,5?S 
144.4 



T « l l C-2/ 

c«sE n • Wf or COKKTE C»SIS FOR «T-»iwot STIRISE m in»ci wa ISSEWHIS 
REPBSITOOT COWBKII SPBRAIIW W l??l 

SHlPillT I I IOI TtJiSPilT ttSI 
(501 of m Stora?» Re| i i r t i i» t» ttmUti ^ C»sl»» 

T M 

1?«7 

WM 
W»? 
1??0 

1??1 

W?2 
I W 
W?4 
»?5 
1??4 
W?7 
l « « 
1??? 

2000 

2091 
2002 

2003 

2004 

2005 

2094 

200/ 

2091 

200? 

2010 

2011 

2012 
2013 

2014 

2015 

2914 
2017 

291» 

201? 
2020 

TOTtt 

TOTtt BISC 131 

M l COST/K 

TOTAl BISC 151 

• I I COST/K 

TOTtt 

ANWn FUEL 

STORIl « l (WW 

A M U CUNUTIVE 

24 
104 
143 
124 
231 
21* 
251 
421 
345 
454 
5U 
14? 
272 
3?0 

54 
1*9 
323 
44? 
417 
??3 

1,231 

1,45? 
1,024 

2,471 

2,??4 

3,143 

3,435 

3 ,M5 

HO, IF 
COMCRITI 
C«SIS 

3 
12 
W 
15 
2/ 
34 
30 
50 
42 
53 
40 
20 
32 
45 

(4» 
1102) 

(231) 

110/) 

442 

CISI or 

cwcms 
C*SB 
IMOM 

* / l 
2,/12 
2,4?l 
2,085 
3,4/2 
4,554 
3,f4« 
4,500 
5,411 
4, /M 
/,420 
1,590 
4,090 
5,425 

5»,»®a 

47,145 

•31.3 

41,045 

M l . 4 

COST OF 

CAWIMS I 
UANMC 

tmmim 
(UtO) 

3?S 
J?5 
3t5 
3?5 
3?J 
3»5 
3f5 
3?5 
3f5 
3f5 

3,»50 

3,171 
« .3 

3,203 
12,5 

COST or 
CAHNIK, 

UASIHC 1 
PIKBENT 

U 
ITORAK 1 
(1900) 

11/ 
?44 

1,111 
?33 

1,47? 
2,114 
1,145 
3,10? 
2,411 
3,2f5 
3,/31 
1,244 
1,?»0 
2,/?» 

27,4J2 

21,845 
•14.5 

1S,?14 
• 14,5 

COST or 
P lOAt lK , 
KCWilHC, 
IWrECTIW 
1 LOAUK 

mm%fmt tmi 
(MOO) 

225 
3,120 
1,451 
4,00/ 

14,793 

10,414 
»4.? 

7,4*3 
•5.? 

WT«l 
(WOO) 

1,240 
3,153 
4,274 
3,413 
5,744 
/,945 
4,22® 

10,004 
1,424 

M,474 
11,351 
3,744 
5,??0 
»,423 

225 
3,120 
1,451 
4,00/ 

104,944 

lOfAl CIS! 
NSC. AT 

3X TO mi 
(I09#» 

1,240 
3,741 
4,02? 
3,123 
5,W5 
4,0»4 
5|2«? 
1,134 
4,450 
1,021 
1,444 
l,/04 
4,201 
5,/3* 

14? 
2,452 
J,3»l 
1,415 

12,1/7 

12,87/ 
154.? 

1 

Tgftt COST 1 
MSC.W 

J l 10 m? 
um) 1 

1,140 
3,470 
3,8// 
2,?48 
4,727 
5,534 
i,U2 
/ ,1M 
5,702 
4,752 
4,f4t 
I,1M 
3,3» 
4,44/ 

113 
1,131 
3,»tt 
l , / 4 l 

70,144 

/e,M4 
»54.2 

MSCIUnSB 

vttui or 
nu STSREI 
n CASIS 
1 31 (501 

JF « » D 

12 
51 

// 
51 

m 
123 
101 
1/4 
144 
1/4 
l?2 
41 

n 
133 

i,5oa 

lISCOnNTEl 
WIDE or 

IW sf«n 
IM CASIS 

1 51 (JOI 
OF M « M . ) 

11 
59 
74 
54 
fS 

112 
U 

152 
l l « 
144 
IJS 

« 
/ I 

103 

1,JM 



W81I C-24 
CM£ f l - CiS! m CIHCKTI CKB FOR «T-K«T0R i T § R « BF M f O WEI MIHILIII 

REPDS1T8M tmiKB OPBATIW IH 2003 
SHIPHIMT IN IOI TMMSPWT C M 

1501 of m SUn^t n^tnmmu frtniti fc^ Cisks) 

O 
I 

us 
4 ^ 

11/ 5/»W 

TEAR 

l? i7 

1?M 
1?«? 

1??0 
1??1 

l??2 

1??3 

1??4 
1??5 

1??4 

S??/ 
l ? ? l 

1??? 

2000 

2001 

2002 

2903 

2904 

2003 

2094 
2907 

2091 
200? 
2910 
2011 

2912 

2013 

2014 

2015 

20U 
2017 
2011 

201? 

1020 

TOTftl 

mmi nil 
STORB « («HH 

mnmi cuHuuTni 

24 
104 
143 
124 
23S 
2i4 
251 
421 
345 
454 
514 
14? 
472 
7?0 
i44 
?2? 
415 
504 
41? 
117 

54 
140 
323 
44? 
4S? 
?73 

1,231 

1,45? 
2,024 

2,4?a 
2,??4 

3,543 

4,235 

5,925 

5,14? 

4,7?4 

7,411 

7,?17 

1,534 

1,723 

m. or 
COUCWTI 

c»s 

3 
12 
1? 
!5 
27 
34 
30 
50 
42 
53 
40 
47 

/a 
?2 
f l 

10$ 
72 
5? 
72 
22 

(I4> 

tl?7) 
(2041 
U?0) 
(15») 
iisa) 
(14) 

COST or 
CWCREIi 
CASIS 
(MOO) 

471 
2,/12 
2,4?a 
2,0S5 
3,472 
4,554 
3,?40 
4,500 
5,41» 
1,704 
/,420 
1,3/5 
?,4?2 

11,314 
n,?54 
13,174 
»,712 
?,13? 
1,440 
2,440 

COST or 

uwm I 
lOMHC 

EjyiWENT 

CIOOO) 

3?5 
3?5 
3?S 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
7?0 
/?0 
7?0 
/?0 
/?0 

COST or 

CAmm, 
LOASIHS 1 
PIKIHEN! 

IM 
STomi 
(1000) 

117 
74* 

1,111 
?33 

1,47? 
2,114 
1,145 
3,10? 
2,411 
3,2?5 
3,731 
4,144 
4,150 
5,?20 
4,®?3 
4,715 
4,477 
3,441 
4,4/7 
1,341 

COST or 
UNIBAOING, 
KCMMIMg, 

IWPECTIOM 

1 UMINC 
riMSPSW C MI 

(1000) 

3,14* 

7,37® 
/ ,449 

4,34? 

5,?!/ 
/,941 

5?? 

fOT^l 
(MOO) 

1,240 
3,153 
4,2/4 
3,413 
5,/44 
/,045 
4,220 

10,004 
a,424 

10,4/4 
12,141 
13,331 
15,312 
17,124 
M,W? 
1?,0?1 
13, W? 
10,19/ 
13,11/ 
4,00» 
3,144 
/,3?« 
7,440 
4,34/ 
5,?1? 
/,041 

5ff 

lOT^l COST 
MSC. « 

elk's) @» a A&'9 
31 10 I f l / 

(MOO) 

1,2M 
3,741 
4,02? 
3,123 
5,195 
4,0?4 
5,20? 
1,134 
4,45® 
1,020 
?,034 
?,430 

W,/ i? 
12,13? 
12,455 
12,747 
1,21? 
4,53? 
7,705 
2,2M 
l|74t 
3,?4I. 
3,?$/ 
3,224 
t , ? n 
3,343 

2/a 

TOm COST 
MSC.M 

$1 T® W I / 
UNO) 

1,240 
3,4/9 
3 , 1 / / 
t,m 
4,/2/ 
5,534 
4,442 
7,110 
5,702 
4,752 
7,453 
7,7f4 
S,52* 
?,454 
?,§15 
?,S4I 
4,042 
4,715 
5,450 
1,5®4 
1,1M 
2,441 
2,412 
1,0/3 
1,IH 
1,07? 

I4f 

»ISCOUMTi} 

mm m 
m STOREI 

n c«8 
1 31 (SOI 

W WMML) 

11 
51 
7/ 
J l 

M4 
123 
M l 
1/4 
144 
1/4 
in 
204 
234 
24? 
2/? 

m 
m 
153 
i t t 
J3 

IISCMTEI 
m u i OF 

HTU STOREI 

M c*ns 
1 51 (501 
I f «iBM,) 

12 
50 
?4 
54 

n 
i l l 
?4 

152 
124 
144 
151 
144 
11/ 
20? 
213 
123 
141 
1 » 

«» 
3/ 

TOlftl 1013 121,30? 42,?I5 3I,0M 13/,M1 142,35? lM,?t/ l,M4 I,4f3 

lOTtt MSC 131 
u m COIT/IC 

?1,?33 
«?.! 

4,243 
•2.0 

44,/» 
114.5 

lf,4/3 
M.3 

142,35? 
IS2.I 

TOTAl use 151 
MT COST/18 

74,7?3 
130.0 

5,40/ 
12.2 

34,115 
W.5 

12,401 
« . l 

12l,?2/ 
111./ 



TAILI C-2? 
C«Si ?C - - COS! or COHCREII C*SK FOR « T - « « C I S I ITOMgl ®F HlftCT FUa WIHIIIES 

lErOSlTORlf CONHENCES BPI»«WH W 2901 
SHiPHEiT III »Bi mmfm tmt 

an af m Ston^ Ut%%ummn Proviiti kf Cttkt) 

C-) 

t o 

11/ 3/MI/ 

K M 

1?«7 

l?M 
1?S? 

1??0 

1??1 

t ? ? l 

W?3 
1??4 

ms 
l??i 
1??/ 
1?»8 
1??? 
2000 
2091 
2092 
2903 
2004 
2005 
2004 
2007 
290» 
200? 
2010 
2011 
2012 
2913 
2014 
2015 
2914 
2917 
291» 
201? 
2020 

TOTtt 

MouMi run 
STOKI m (my) 

«HW»l raWLOTWI 

24 
104 

1,015 

1,01? 
1,08? 
i,oe3 

1,135 

54 
149 
323 

m 
m 
m 

1,231 
1,45? 
2,914 
2,4?» 
l,??4 
3,543 
4,235 
5,025 
5,14? 
4,??4 
7,111 
»,7I7 
?,734 

i9,S23 
ll,?04 
12,114 
13,444 
14,??? 
15,54? 

m, K 
COtCIITI 
CMII 

3 
12 
t? 
15 
27 
34 
30 
50 
42 
53 
40 
47 

n 
n 
n 

108 
11? 
101 
11? 
127 
11* 
10* 

n 
132 

«/ 
(4«) 

(210) 
<2I4) 
f2»0) 
(233) 
(23l» 
12??) 
(2*1) 
(2?) 

COST OF 

COMCRETi 

C»SK 

(»00) 

471 
2,712 
2,4?l 
2,915 
3,472 
4,554 
3,?40 
4,500 
5,41» 
4,714 
7,«0 
1,375 
?,472 

11,314 
1I,?54 
13,174 
14,3?? 
12,409 
14,2a» 
11,113 
14,»?4 
12,5©« 
l t ,4t2 
15,5/4 
W,l /? 

COST or 

CANNIHC 1 

UAIIHC 

mmmt 
(WOO) 

3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
3?5 
7?0 
/?0 
/?0 
7?9 
/?0 

l,l»5 
J,l»5 
l , l « 
1,1»5 
l,«5 

COST OF 

CANHINC, 

lOMINC 1 

fiKmm 
IN 

ITO«KI 1 
(WOO) 

11/ 
7 « 

1,111 
?33 

1,47? 
2,114 
1,»45 
3,10? 
2,411 
3,2?5 
3,731 
4,144 
4,159 
5,72® 
4,0»3 
4,715 
7,3»? 
4,5J? 
/,3?» 
/ ,M4 
7,»34 
4,1»l 
4,155 
«,29/ 
5,49? 

COST or 
UNW^OIHS, 

Ktmmm, 
WSPECTIOi 
1 lOA lK 

rsMSfon c«si 
(MOW 

l,??l 
7,a45 
»,3«? 

19,$4I 
1,72* 
l,?14 

10,44? 
?,/75 
1,014 

WT»l 
(1010) 

1,240 
3,»53 
4,2/4 
3,413 
5,/44 
/,945 
4,220 

10,904 
1,424 

10,474 
12,141 
13,331 
15,312 
17,124 
1»,M? 
11,0/4 
22,?83 
20,314 
22,144 
24,l?4 
22,»2» 
W,9?? 
17,»3/ 
23,/»3 
15,5M 
i,??a 
7,145 
»,3W 

10,141 
1,724 
l ,?M 

10,44? 
?,/75 
1,0M 

fOTAl COST 
NSC. AT 

31 T6 l?«/ 
(MOO) 

1,240 
3,741 
4,02? 
3,123 
5,105 
4,«?4 
5,20? 
a, 134 
4,450 
«,«2« 
?,034 
?,430 

W,/3? 
12,13? 
12,455 
13,52« 
14,322 
12,2?0 
13,430 
13,7?l 
12,43? 
10,24/ 
f,30? 

12,951 
7,44« 

15? 
3,447 
3 , / / / 
4,74/ 
3^703 
3,4/2 
4 , l / t 
3,/?4 

40? 

1 

rawi COST 1 
MSC.M 

51 TO 1?I7 
(lOW) f 

1,240 
3,4/0 
3,1/7 
2,t4» 
4,/2/ 
5,534 
«,4« 
/ , 1 » 
5,702 
4,/S2 
/,4!3 
7,/?4 
J,524 
?,4J4 
f,J15 

10,13t 
10,52? 
I,t43 
t,50® 
?,575 
»,404 
4,855 
*,0?» 
?,743 
4,133 

531 
1,212 
1,24/ 
2,/71 
2,120 
2,0« 
2,303 
2,051 

217 

)ISCOUI)TEB 

m U E OF 

m STOREI 

H CASK 

1 31 (501 

IF WMMl) 

11 
H 
7/ 
51 

104 
123 

»» 
174 
144 
174 
1?2 
204 
234 
24? 
27? 
2?l 
314 
2/4 
1?? 
310 
300 
244 
222 
2U 
114 

IISCOIMTEB 

VALUE OF 

HTU STOREI 

l i CMIS 
1 51 (501 
or ANWAL) 

12 
50 
74 
54 

n 
112 
H 

152 
124 
144 

isa 
144 
11/ 
20? 
213 
213 
232 
1?8 
212 
215 
204 
«3 
145 
I M 
114 

TOlftl IMS 222,50? 13,125 112,415 47,142 414,411 153,443 111,214 4,?43 3,74/ 

TOm BISC 131 
HUH C9SI/K 

143,22? 
«?.0 

f,«31 
•2.0 

71,413 
•14.J 

21,/P 253,443 
151.3 

TOTtt use 151 
W l l COST/B 

»?,422 
«?.2 

/,»t? 
12.1 

14,212 
114.5 

14,514 
•4.4 

111,214 
I50.2 



TAIll C-30 
CMI io» -- CiSf ar CONCRETE CASK FOR »?-K»CTO» STOMJE or wisoi inTEi FOE 

WOSITOtl CWMKS OPKMIii W l??l 
s m w B f n ftoi Ti«Sf(»T c^si 

(591 ef m Ster«|i RuiirtaiWs fnniti ^ C»rt»J 

11/ I/1M7 

TBI 

lOTtt 
AHOWT FUEL 

STORB m (RW) HO. IF 

cuwuTivE mm 

COST sr COST 0? llSCOUira HSCOUiTEB 

:osT or 
:ONCK!I 
C*SK 
IWOO) 

COST OF 
U^IIMg 

HOIPHEW 
(MOO) 

UAtlKC t 
ri»cE«in 

IN 
ITOtAtE 
(MOO) 

WlDA l̂NC 
IWPBCtlON 
1 U^SIHC 

TIMSPOn C M 
(loot) 

TOTtt 
(1000) 

TOT^L COST 
MSC. a i 

31 to 1?I7 
(MOO) 

lOTftl COST 
BISC.M 

J I TO l ? l / 
(l#0» 

M»IUI or 
WU STORB 
IM CKIS 
1 31 (501 

OF M N l ) 

m u i or 
nu ST«» 
IM CASIS 

1 11 (501 
JF »iWtt) 

o 

1?«7 

1?M 

1?»? 

1??9 

1??1 

1??2 

1??3 
im 
im 
im 
\m 
i??i 
1??? 

2090 
2091 
2002 
2003 
2004 
2095 
2004 
2007 
2001 
290? 
2010 
2011 
2912 
2013 
2914 
2015 
2914 
201/ 
291S 
201? 
2010 

24 
104 
143 
124 
23S 
214 
251 
421 
341 
454 
514 
14? 
2/2 
3?» 

54 
140 
323 
44? 
417 
?73 

1,231 
1,45? 
2,924 
2,471 
2,??4 
3,143 
3,435 
3,125 

I 
t 

11 
? 

1/ 
20 
IS 
39 
U 
3! 
37 
12 
If 
1 / 

(4) 
(41) 

1140) 
(441 

224 
1,§9I 
2,414 
1,271 
t,3S9 
2,720 
2,430 
3,??9 
3,432 
4,041 
4,M0 
1,541 
2,451 
3,454 

259 
»0 
259 
250 
150 
250 
259 
250 
250 
25® 

23 
115 
215 
201 
3?3 
443 
41/ 
4?4 
402 
717 
154 
271 

m 
m 114 

1,742 

3,??7 

i,m 

m 
2,243 

2,??1 
l , /34 
3,023 
3,433 
3,0?/ 
4,?34 
4,214 
5,02* 
5,444 
1,024 
l , l ? l 
4,011 

114 
1,742 

3,??/ 
1,12/ 

m 
1,1/® 
2,11? 
1,51? 
2,414 
2,?41 
2,1?3 
4,012 
3,3M 
3,154 
4,21* 
1,31? 
2,02/ 
2,/7? 

/* 
1,111 
2,4?l 
1,U4 

m 
2,134 
2,/13 
1,50® 
2,417 
2,4W 
2,311 
3,50/ 
t,®?? 
3,241 
3,47? 
1,04/ 
1,410 
2,144 

51 
131 

1,131 
7?? 

12 
51 
77 
51 

104 
123 
101 
1/4 
144 
174 
W2 
41 

n 
m 

12 
50 
74 
54 

n 
HI 
n 

152 
124 
144 
m 
4? 
/* 

103 

Tora 244 37,074 2,500 4,155 53,412 41,794 M,«I4 1,501 1,394 

TOTAL ^ISC 131 
UNIT COST/IB 

2?,a24 
ii?.a 

2,1?7 
11.5 

4,»2 
M.2 

4,??9 
13.2 

41,704 
tt/.4 

TOlftl HSC 151 
MMIf COSI/K 

24,041 
• I?,9 

2,027 
• 1.* 

4,234 
13.? 

3,5?4 

«?.7 

35,a2t 
«7.4 



T « l l C-31 
C»SE WI -- COST or COiCRITI C«SIS FOR A!-RE«CTOt STO»MI OF CfiiSOlliMEe W a 

REPOSITORI COWWCIS OPlRWlOi W 2903 
SHIPHIMT H mt T»»IISPO»T CMI 

(501 of m Steriflt t ep i r i s tn ts rrmiiti if C»ste) 

nm 

1?87 

i ? i i 
i?»? 
1?»9 

i??i 
»?2 
1??3 
1??4 

1»»5 
1??4 
1»?7 

l ? ? l 

1??? 

2900 

2091 

2002 

2903 

2004 

2005 
2094 

200? 

2001 
200? 

2919 
2011 

2912 

2013 

2014 

2015 

ZOW 
201/ 

2011 

291? 

2020 

TBI»l 

TOTAl MSC til 

UMI COST/ie 

TOfAt MSC »5I 

WIT COST/K 

TOTftl 

AHOUHT FUEL 

SWRi l m (WU) 

«MH««l CUWlATIVi 

24 
194 
143 
124 
23» 
214 
251 
42a 
345 
454 
514 
54? 
472 
/?0 
«44 
?27 
415 
504 
41? 
11? 

54 
1*0 
323 
44? 
mi 
m 

1,231 
1,45? 
2,024 
2,471 

2,»M 

3,543 

4,235 
5,925 

5,a»? 

4,??4 

7,411 
7,?17 

1,534 

»,723 

HO. OF 
CONCRITI 

CKIS 

1 
ft 

11 
? 

1? 
20 
11 
30 
24 
31 
3? 
40 
47 
55 
m 
45 
43 
35 
44 
13 

(50) 

(11?) 
(123) 

(103) 
(?5) 

1113) 

(10) 

410 

COST OF 
CONCRETE 

CWIS 
(•099) 

22* 
1,«©8 

2,4J* 
1,27« 
2,3«0 
2,720 
2,439 
3,VfO 
3,432 
4,941 
4,110 
5,140 
4,014 
4,?»5 
?,500 
1,940 
5,332 
4,305 
5,412 
1,5?? 

7?,??0 

57,4»? 
I l t . t 

4*,«7? 
•IJ.8 

CBST or 
lOAJIMO 

EOVIPHENT 

(MOO) 

259 
259 
25® 
259 
250 
250 
250 
250 
259 
259 
590 
590 
500 
509 
500 

5,000 

3,?52 

11.3 

3,422 

11.4 

cost or 

UAOINC I 

PIACIHENT 

ITORAK 1 

(MOO) 

23 
115 
K5 
m 
3?3 
443 
417 
4?4 
402 
71/ 
154 
?2* 

1,08« 
1,273 

1,381 
1,504 

??5 
SIO 

l,01i 
301 

14,115 

l« ,«» 
•3.2 

»,0?4 
M.2 

COST OF 

UHWASIW, 
INSPECT WM 

4 l O A I I K 

fRAMSPORT CASI 

(1000) 

1,42a 

3,3?« 
3,512 
2,?41 

2,712 
3,224 

214 

17,502 

1,147 

«2.? 

5,7?0 

12.3 

TOTAL 

(«00©) 

4?? 
2,243 
2,??1 

1,734 
3,023 

3,433 
3,0?/ 
4,?34 

4,2»4 
5,92« 

4,144 

4,5*4 
7,»4 
»,75S 
?,3«« 
?,544 
4,32? 
5,115 
4,430 
1,?00 
1,42S 
3,3?8 
3,512 
2,?41 
2,712 
3,224 

2i4 

114,10/ 

TOTftl COST 
BISC. m 

31 TO WI7 
(•009) 

m 
2,171 
2,»1? 
1,58? 
2,*i4 
2,?41 
2,5?3 
4,012 
3,382 
3,154 
4,58» 
4,751 
5,333 
5,?44 
4,207 
4,13? 
3,?43 
3,0?5 
3,7/7 
1,0S3 

7»0 
1,124 
1,133 
1,4?9 
1,334 
1,541 

132 

i0,4®4 

»«,404 
W . l 

TOlftl COST 1 
IISC.AT 

JX TO l » i / 
(MOO) 1 

4?? 
2,134 
2,713 
1,500 
2,4«/ 
2,*?0 
2,311 
3,50/ 
2,1?? 
3,241 
3,715 
3,»5« 
4,234 
4,444 
4,742 
4,400 
2,»?» 
2,232 
2,472 

752 
53» 

1,229 
1,291 

?57 
S41 
?53 
m 

44,113 

«4,W3 
125./ 

i i scounn 
Mftiui or 

nu STORB 
IM CASIS 
1 31 (501 

IF ANNUAL) 

12 
51 
77 
51 

104 
123 
1®» 
174 
144 
J74 
1?2 
204 
234 
24? 
2?t 
2?l 
1?2 
153 
112 
53 

3,014 

DISCOUNtEB 

m U E OF 

m STORIl 
m CftSIS 

1 51 (501 
OF AHHiAL) 

U 
§0 
74 
54 
t l 

m 
U 

152 
124 
11* 
151 
I M 
1«/ 
20? 
213 
223 
141 
no 
12? 
V 

z,m 



TAIll C-32 
CM WC -- COST 8F COHCSITE MSB F0« «T-K«Tlt STO«« K MPSOlIMfil Wll 

RIPOSIIOn COHHEHCES OPIMTIW l i 2001 
SHIPHEHf IH Ml fWNJPORT C«SI 

an of At Stsri^f Rtpirestnts fTmiiti if C»sl») 

11/ yiw 

s 

nm 

m? 
1?«S 

1?M 
1??9 

i?? i 

1??2 

1??3 

l f?4 

1??5 

1??4 

1??? 

l ?? l 

I??? 

2909 

2001 

2902 

2003 

2004 

2005 

2004 

209? 

2091 

too? 

2010 

2911 

2012 

2013 

2014 

2015 

2014 

2017 

2018 

201? 

2029 

TOTAl 

mmi nil 
STOREI m mm 

mmi cuwi»fivi 

24 
194 
143 
124 
23S 
2(4 
251 

m 
365 
454 
514 
54? 
472 
/?0 

m 
m 

1,015 
?04 

1,01? 
1,987 
1,003 

?9i 
159 

1,135 
759 

54 
149 
323 
44? 
417 
?73 

1,231 
1,45? 
2,024 
2,47a 
2,??4 
3,543 
4,235 
5,015 
5,14? 
4,7?4 
?,»U 
a,/17 
?,73A 

»,$23 
U,?0* 
12,»14 
13,4*4 
14,/?? 
15,54? 

HO. CF 
COHCRin 

CASI£ 

1 
8 

It 
? 

17 
20 
U 
30 
24 
31 
37 
40 
47 
55 
40 

» 
/ I 
44 
71 
74 

/* 
44 
40 

m 
52 

(2?) 

nm 
11341 
U75) 
(140) 
1144) 
(U i ) 
«15?) 
( i l ) 

COST OF 

mtmi 

(1000) 

224 
1,»0» 
2,4»4 
1,2?® 
2,310 
2,729 
2,430 
3,??0 
3,432 
4,041 
4,ai9 
5,140 
4,014 
4,?a5 
7,500 
1,040 
l,«04 
/,«72 
4,442 
?,2/2 
?,1?4 
/,/44 
7,249 
?,400 
4,249 

COST OF 

lOWIHC 

IWIPBEMT 

(WOO) 

259 
259 
250 
250 
250 
259 
259 
25© 
2S0 
259 
599 
590 
590 
500 
500 
/5» 
/59 
750 
/SO 
750 

COST or 

lOAOIHg I 

P IWERM 

IH 

ITORW 

(J900) 

n 
115 
215 
29^ 
393 
443 

n/ 
4?4 
492 
71? 
»54 
?24 

i,oaa 
1,273 
1,3M 
1,504 
1,443 
l,4tt 
1,443 
1,75? 
1,75? 
1,411 
1,3M 
I,K1 
1,203 

COST or 

WIOMIHC, 

IHSPECTIOH 

I lOMIHg 

ftMSPDRT CASI 

(1000) 

42a 
3,424 

3,124 

4,??4 

3,t?7 

4,111 

4,7?/ 
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TABLE C-33 

COMPARATIVE COSTS OF USE OF CASKS IN AT-REACTOR STORAGE OF INTACT FUEL ASSEMBLIES 

($/kgU. 1987)* 

On-Time Repository 

TSC Shipped Directly to DOE 

SOC One-Time Direct Shipment 
to WE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

Concrete Cask 

Unit Costs for Indicated Equipment or Activity 

Casks 

$87.9 

78.8 

78.8 

78.8 

Loading 
Equipment 

$ -

-

-

. 

Loading & 
Placement 
In Storage 

$ 0.7 

0.7 

0.7 

0.7 

Removal 
Froin Storage 
4 Preparation 
For Shipment 

$0.1 

0.1 

0.6 

2.1 

Total 

$88.7 

79.6 

80.1 

81.6 

31.3 2.3 14.5 6.9 55.0 

5-Year Repository Delay 

TSC Shipped Directly to DOE 

SOC One-Time Direct Shipment 
t® WE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

84.5 

75.4 

75.4 

75.4 

0.7 

0.7 

0.7 

0.7 

0.1 

0.1 

0.5 

1.9 

85.3 

76.2 

76.6 

78.0 

Concrete Cask 29.8 2.0 14.5 6.3 52.6 

10-Year Repository Delay 

TSC Shipped Directly to DOE 

SOC One-Time Direct Shipment 
to DOE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

Concrete Cask 

82.8 

73.8 

73.8 

73.8 

29.0 

0.7 

0.7 

0.7 

0.7 

0.1 

0.1 

0.5 

1.8 

83.4 

74.6 

75.0 

76.3 

2.0 14.5 5.8 51.3 

'Averaged at a 3X/year discount rate 
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TABLE C-34 

COMPARATIVE COSTS OF USE OF CASKS IH AT-REACTOR STORAGE OF CONSOLIDATED FUEL 

($/kgU, 1987)* 

On-Time Repository 

TSC Shipped Di rect ly to DOE 

SOC One-Time Direct Shipnent 
to WE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

Concrete Cask 

Unit Costs for Indicated Equipment or Activity 

Casks 

$54.1 

49,0 

49.0 

49.0 

Loading 
•EquliMient 

$ . 

-

-

. 

Loading S 
Placement 
In Storage 

$ 0.4 

0.4 

0.4 

0.4 

Removal 
From Storage 
i Preparation 
For Shipment 

$0.1 

O.l 

0,4 

0.9 

Total 

$54.6 

49.5 

49.8 

50.3 

19.8 1.5 3.2 3,2 27.7 

5-Tear Repository Delay 

TSC Shipped Direct ly to DOE 

SOC One-Time Direct Shipment 
to DOE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

52.5 

47.1 

47,1 

47.1 

Concrete Cask 18.6 1.3 

0.4 

0.4 

0.4 

0.4 

0.1 

0.1 

D.3 

0,8 

53.0 

47.6 

47,8 

48.3 

3.2 2.9 26.0 

10-year Repository Delay 

TSC Shipped Direct ly to DOE 

SOC One-Time Direct Shipment 
to DOE 

SOC Shipped to DOE In Overpack 

SOC Used for At-Reactor Storage 
Only 

Concrete Cask 

51,0 

45.6 

45.6 

45.6 

18.0 

0.4 

0.4 

0.4 

0.4 

0.1 

0.1 

0,3 

0.7 

51.5 

46.1 

46.3 

46.7 

1.3 3.2 2.7 25.2 

Averaged at a 3I/year discount rate 
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The following basic conclusions can be drawn from the results shown 

in Tables C-33 and C-34 with respect to the comparative costs of acquiring and 

handling TSCs, SOCs and concrete casks at the reactor site: 

(1) TSCs cost about $7.2/kgU (or 9.1 percent) more than SOCs when 
used to store intact fuel assemblies, and about $4,6/kgU (or 
9.5 percent) more than SOCs when used to store consolidated 
fuel -- if the SOC has to be unloaded at the end of the storage 
period and the contained fuel loaded into a DOE-supplied 
transport cask for shipment to a DOE facility. 

(2) If the loaded SOCs can be licensed for a one-time shipment to 
DOE facilities, TSCs would cost about $9/kgl) (or 11.7 percent) 
more than SOCs when used to store intact fuel assemblies, and 
about $5.3/kgU (or 11.1 percent) more than SOCs when used to 
store consolidated fuel. 

(3) If the loaded SOCs must be overpacked for a one-time shipment 
to DOE facilities, TSCs would cost about $8.6/kgU (or 11.1 
percent) more than SOCs when used to store intact fuel 
assemblies, and about $5.1/kgU (or 9.5 percent) more than SOCs 
when used to store consolidated fuel. 

(4) TSCs cost about $33/kgLJ (or 62 percent) more than concrete 
casks when used to store intact fuel assemblies, and about 
$27/kgU (or 104 percent) more when used to store consolidated 
fuel. 

However, it should be remembered that the costs associated with storage of 

spent fuel in concrete casks have not yet been demonstrated and thus the 

foregoing conclusions regarding the costs of such storage may be optimistic. 

In addition, other factors may make the concrete cask less desirable, such as; 

(1) Higher land requirements 

(2) Larger number of fuel handling operations 

(3) Higher prospective worker exposure 

(4) The prospective transportability of TSCs and SOCs -- which 
give a lesser impression of the permanence of storage 

There are concrete storage cask designs that reportedly might be capable of 

being loaded in the reactor pool, thus eliminating the concerns outlined in 

(2) and (3), above, and which have the potential for further reducing the 

costs involved. The results of further demonstration work with concrete casks 
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(both the NUHOMS horizontally loaded modules as well as the NUPAC vertically 

loaded cask) should help to clarify the relative desirability of concrete and 

metal casks. 

It should also be recognized that there are also significant 

uncertainties about the cost of licensable TSCs as well as the feasibility of 

shipping SOCs either on a one-time basis or in overpacks. Thus the foregoing 

comparisons have a wide range of uncertainty associated with them. 

Nonetheless, the comparisons are indicative of the fact that the use of TSCs 

or SOCs for at-reactor storage of spent fuel may well result in significantly 

higher costs to utilities than alternative methods of dry storage -- which 

would have to be offset by savings in the DOE spent fuel management system 

resulting from the use of TSCs or SOCs, or other advantages of their use, in 

order for them to be viable. 
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APPENDIX 0 

ESTIMATED COSTS FOR TRANSPORT OF SPENT FUEL FROM REACTOR SITES TO 

DOE FACILITIES IN STANDARD TRANSPORT CASKS, TSCs, AND SOCs 

(BOTH WITH AND WITHOUT OVERPACKS) 

The purpose of this Appendix is to develop estimates of the cost of 

transporting spent fuel from reactor sites to DOE facilities in (i) standard 

transport casks, (ii) TSCs, (1ii) SOCs used for a single shipment only, and 

(iv) SOCs used with a protective overpack, so that the extent of the benefits 

involved in shipping TSCs and SOCs over those for standard transport casks can 

be determined. The estimated capital and operating costs associated with the 

foregoing methods of shipment, and the estimated life cycle and unit costs of 

various shipment scenarios, are developed in the following sections. 

1.0 ESTIMATED CAPITAL COSTS 

1.1 COST OF TRANSPORT CASKS 

For the purposes of this study, it was assumed that DOE-supplied 

transport casks would cost the same as a TSC. The cost of design and 

fabrication of TSCs has been previously discussed in Section 2.0 of Appendix 

A, and the cost of the first 10 such units (over which the design and 

development has been amortized) was estimated at $1.319-minion (Table A-4). 

In addition to the costs shown in that section, additional costs would be 

required for auxiliary and support equipment. These include the following: 

TABLE D-1 

ESTIMATED COST OF AUXILIARY EQUIPMENT REQUIRED 

TO SUPPORT OPERATION OF A TSC 

($000, 1987) 

Description Cost 

Rail Car, Personnel Barrier $538 
& Tie Downs 
Impact Limiters 108 
Lift Beam, Misc. Equipment 108 
& Special Tools 

Total $754 
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The foregoing costs were based on estimates provided by 

designer/vendors and escalated to 1987 dollars. A cask that is used solely in 

transport service usually has the auxiliary equipment dedicated to its use. 

Thus, the cost of a transport cask is estimated to be $2.073-minion. 

It should be pointed out here that a TSC or SOC used for storage of 

spent fuel would to have the auxilary equipment described in Table D-1 

available to it whenever it is used in transport service. This means that 

while there may be scenarios where a TSC or SOC could be used to replace a 

transport cask, the auxiliary equipment described above would still be 

required. 

1.2 COST OF SOC OVERPACKS 

For the purposes of this study, it was assumed that an overpack for 

use with a SOC would cost about $0.38-minion, and that the cost of design and 

development thereof would amount to about $2-minion. It was further assumed 

that the latter cost would be spread over 10 units, thus giving a total cost 

of the overpack of $0.58-million. Here again, as in the case of the TSC, the 

auxiliary equipment described in Table D-1 would be required for the shipment 

of overpacks. 

The weight of the overpack loaded with a SOC containing spent fuel 

was estimated to be 324,500 Ibsj the empty overpack was estimated to weigh 

92,500 lbs. 

2.0 ESTIMATED TRANSPORT COSTS 

The costs for transport of spent fuel from reactors to DOE 

facilities was estimated for three different distances (300 miles, 900 miles 

and 2300 miles) in order to obtain a range of expected costs. The following 

sections describe the development of the component costs. 

2.1 FREIGHT RATES 

PNL has recently developed truck and rail charges for spent fuel for 

a number of origin and destination combinations (Reference 1 ) , based on the 

assumption that the casks would be transported at general commodity rates 

(Class 40). The rail freight rates contained in the PNL report were used to 

develop a relationship of distance to freight rate, as follows: 
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R̂  = 0J678 D°-^^^^ 

R = 0.1600 D°-^^^° 
e 

where R, = loaded cask freight rate expressed in $/CWT 

R = empty cask freigl 

D = one-way distance 

R = empty cask freight rate expressed in $/CWT 

While the PNL freight rates were in 1986 dollars, they were not escalated 

inasmuch as the price index for rail freight has declined slightly during 

1986; it was concluded that the 1986 values should be applicable for 1987 as 

well. 

The freight rates determined using the foregoing relationships were 

as follows: 

Distance Freight Rate ($/CWT) 

(Miles) Loaded Empty 

300 $4,63 $4.35 

900 8.76 8.22 

2300 15.12 14.14 

In computing the total freight charges for an individual shipment^ 

it was assumed that the railroads would apply a 250sOOO lb minimum weight to a 

loaded cask shipment and a 225,000 lb. minimum weight to an empty cask 

shipment. However, for cases where the rail car^ impact limiters§ etc. were 

shipped to the reactor to pick up a loaded TSC or SOC^ a 40^000 lb minimum 

weight and the empty cask freight rate was assumed to be acceptable to the 

railroads. (The foregoing conclusion was reached after discussing the matter 

with the Rockwell-Hanford traffic manager.) In cases where the empty overpack 

is returned to the reactor^ a 132^500 lb. weight and the empty cask freight 

rate were assumed to be applicable. 

2.2 SECURITY COSTS 

Under existing NRC regulations, shipments of spent fuel must be 

escorted by armed guards. The cost for these escorts was developed using the 

following assumptions: 
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(1) Two men (a guard sergeant and an officer) would be located in 
the caboose during the entire loaded portion of the shipment. 
The sergeant would carry a rate of $12.56/hr and the officer a 
rate of $11.42/hr. Each would receive 16 hours of pay for each 
24 hours involved in the shipment. The guards' pay would carry 
a 35 percent burden; a 13 percent general administrative cost 
would be applied to the salary rate plus burden; and a 5 
percent profit would be applied to the sum of the foregoing. 
This produces a total of $615/day for the escorts. This cost 
was applied to the total elapsed time of the shipment plus a 16 
hour layover, air travel at 500 mph, and 4 hours for ground 
travel time. 

(2) Each of the guards would each receive a $25/day subsistence 
allowance. 

(3) In addition to (2), above, the guards would receive $70 for 
hotel and taxi expenses on the return trip. 

(4) A rail fare of $.085/mile per guard was assumed to be 
applicable to the shipment. Air fare was estimated at 
$0.30/mile per guard for the return trip. 

(5) A security equipment charge of $12/day (total) was assumed to 
be applicable. 

These costs were developed by escalating similar costs used to develop 

estimated transportation costs in the 1983 FIS Fee Report (Reference 2) by the 

applicable indexes. Using the above costs, the security costs associated with 

a single 300-mile shipment would amount to $5,273, for a 900-mile shipment 

would amount to $8,372, and for a 2300-mile shipment would amount to $11,160. 

2.3 OPERATING COSTS 

Most of the operating costs associated with the use of a transport 

cask, a TSC or a SOC have been included in the cost of operations at the 

reactor site (Appendix 8) and at the DOE receiving facilities. Thus the only 

cost not otherwise covered is that for maintenance of the transport cask and 

the associated auxiliary support equipment. 

The annual cost of maintenance of the transport cask and associated 

auxiliary equipment was estimated to be $60-thousand (1987 dollars). In cases 

where a TSC or SOC is used for a one-way shipment, no maintenance cost was 

ascribed to the cask, but the annual cost of maintaining the auxiliary 

equipment was estimated to be $10-thousand (1987 dollars). In cases where an 
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overpack is used in a SOC shipment, the annual maintenance cost was assumed to 

be $35-thousand (1987 dollars). 

3.0 LIFE CYCLE TRANSPORT COSTS AND UNIT COSTS 

The total life cycle costs associated with the use of a single 

transport cask, or the equivalent number of TSCs or SOCs, for shipment of 

spent fuel from the reactors to DOE facilities were developed for the 

following cases: 

Case I -- Transport in DDE-Supplied Transport Casks 

Case II — Transport in TSC Provided by Utility and Used in 
Repetitive Shipments of Other Fuel; TSC Provided by 
Utility on a Schedule That Permits DOE Avoidance of 
Purchase of a Transport Cask 

Case III -- Transport in TSC Provided by Utility and Used in 
Repetitive Shipments of Other Fuel; TSC Provided by 
Utility on a Schedule That Does Not Permit DOE 
Avoidance of Purchase of a Transport Cask 

Case IV — Transport in TSCs or SOCs Provided by Utilities and 
Shipped One-May Only; TSCs or SOCs Provided by 
Utilities on a Schedule That Permits DOE Avoidance of 
Purchase of a Transport Cask 

Case V — Transport in TSCs or SOCs Provided by Utilities and 
Shipped One-way Only; TSCs or SOCs Provided by 
Utilities on a Schedule That Does Not Permit DOE 
Avoidance of Purchase of a Transport Cask 

Case VI — Transport in SOCs Provided by Utilities in Overpacks 
and Shipped One-Way Only; SOCs Provided by Utilities 
on a Schedule That Permits DOE Avoidance of Purchase 
of a Transport Cask 

Case VII — Transport in SOCs Provided by Utilities in Overpacks 
and Shipped One-Way Only; SOCs Provided by Utilities 
on a Schedule That Does Not Permit DOE Avoidance of 
Purchase of a Transport Cask 

For each of the foregoing cases, life cycle costs were develop for transport 

over distances of 300 miles, 900 miles, and 2300 miles (one-way). These are 

designated as subcases A, B and C, respectively for each of the cases 

described above. 
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The life cycle costs and resulting unit costs for each of the 

foregoing cases are shown in Table D-2 through D-22. A summary of the unit 

costs is set forth in Table D-23. The figures set forth in the Tables were 

developed as follows: 

(1) The total costs were assumed to be incurred over the period 
1996 to 2023 inclusive. In 1996 and 1997 the costs of 
acquiring needed equipment would be incurred; during the 
period 1998 through 2022 the cost of operations would be 
incurred; and in 2023 the cost of decommissioning the 
transport cask and/or overpack would be incurred. 

(2) The annual quantities shipped each year for 25 years were 
assumed to be as follows: 

300 miles — 176 MTU/year 
900 miles — 118 MTU/year 
2300 miles — 98 MTU/year 

The foregoing were based on an average cask capacity of 9.25 
MTU, an average cask availability of 300 days/yr., a total 
turnaround time of 72 hours for each round trip cask shipment, 
and the following rail speeds (Reference 1): 

Distance Miles/Day 

0-300 47 
301-1100 88 
1101-1900 143 
1901-2400 182 

(3) The capital costs used were as follows: 

(a) For cases involving the use of a DOE-supplied transport 
cask (Case I), the capital costs used was $2.073-million 
(see Section 1.1). 

(b) For cases involving use of a TSC or SOC where commitments 
are made by utilities to deliver casks in sufficient 
quantities and on a schedule that permits DOE to avoid 
purchasing a transport cask (Cases II and IV), the 
capital cost used was $1.149-million ($0.754-million for 
auxiliary equipment plus $0.395-min ion for the pro rata 
share of the transport cask development costs). 

(c) For cases involving the use of TSCs or SOCs were DOE 
cannot avoid the purchase of a transport cask even though 
the use of it may be displaced by TSCs or SOCs (Cases III 
and V), the capital cost used was $2.073-million (see 
Section 1.1). 
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(d) For cases involving the use of a SOC in an overpack where 
commitments are made by utilities to deliver casks in 
sufficient quantities and on a schedule that permits DOE 
to avoid purchasing a transport cask (Case VI), the 
capital cost used was $1.729-minion ($0.754-million for 
auxiliary equipment, plus $0.395-million for the pro rata 
share of cask development costs for the displaced 
transport cask, plus $0.58-million for the overpack). 

(e) For cases involving the use of SOCs in overpacks where 
DOE cannot avoid the purchase of a transport cask even 
though use if it may be displaced by TSCs or SOCs (Case 
VII), the capital cost used was $2.653-million. 

) The operating costs used were as follows: 

(a) For cases involving the use of a DOE-supplied transport 
cask, or TSCs used in repetitive shipments, (Cases I, II, 
and III) the annual operating cost used was $60-thousand. 

(b) For cases involving the use of TSCs or SOCs (without an 
overpack) in one-way shipments (Cases IV and V ) , the 
annual operating cost used was $10-thousand. 

(c) For cases involving the use of SOCs in overpacks (Cases 
VI and VII), the annual operating cost used was $35-
thousand. 

) The freight charges used were those set forth in Section 2.1 
applied against the following weights: 

(a) For cases involving the use a DOE-supplied transport 
cask, or TSCs used in repetitive shipments, (Cases I, II 
and III) -- 250,000 lbs loaded and 225,000 lbs empty. 

(b) For cases involving the use of TSCs or SOCs (without an 
overpack) in one-way shipments (Cases IV and V) --250,000 
lbs loaded and 40,000 lbs empty. 

(c) For cases involving the use of SOCs in overpacks (Cases 
VI and VII) — 324,500 lbs loaded and 132,500 lbs empty. 

) The security (escort) charges used were those set forth in 
Section 2.2. 

) The cost of decommissioning a DOE-supplied transport cask or 
SOC overpack after use was assumed to be 7% of the cost 
thereof, excluding development, design, certification and 
auxiliary equipment. No decommissioning cost was ascribed to 
auxiliary equipment or to TSCs (the latter has been estimated 
in Appendix H). 
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(8) The total costs were discounted by 3%/year to 1987 to get the 
total discounted costs. 

(9) The unit costs were determined by dividing the total 
discounted costs by the total discounted amount (MTU) of spent 
fuel shipped, as follows: 

Discounted Costs = Discounted (Unit Costs x MTU Shipped) 

Discounted Costs = Unit Costs x Discounted MTU Shipped 

Unit Cost = Discounted Costs 
Discounted MTU Shipped 
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1034 
544 
544 
544 
544 
564 
544 
544 
544 
544 
544 
544 
544 
546 
544 
544 
544 
544 
5« 
544 
544 
5*4 
544 
544 
544 
544 
40 

14,213 

S,»20 

1001 

)I8C. TO 
mj 

1 31/Yr. 

7f5 
771 
409 
3f7 
3B 
374 
343 
353 
342 
332 
323 
313 
304 
2W 
217 
271 
270 
242 
255 
247 
240 
233 
224 
220 
213 
207 
201 
21 

l,?2i 

ANHUAl BUM DISC 
liAMc 1 
8«1PPEB ! 

174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 

^,m 

UMlf COST 

! 3Z/IR 
rO W87 

127 
123 
120 
114 
113 
110 
104 
103 
100 
n 
f5 
n 
m 
a 
M 

a 
7? 
77 
75 
73 
70 
4S 
ii 
44 
43 

2,210 

341 

D-9 



TAILI »-3 
CISE IB - COST OF TRAHSPilT OF SPIMT FUEL FRM REftCTORS II M E FACIIITIES 

?oo MIES mm - m ME-SUPPLIII TRANSPORT cftsi 

COSTS «»00, WS7) 

mmu. use, TO 
urn CAPITAL Wm FREKHT ESCORT lECOBH TOTAL l?i7 

C081 COST CHftRGiS CHARCIS COSTS COSTS I 3X/Yf, 
im 
im 
IWi 
im 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
too? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
20W 
2020 
2021 
2022 
2023 

TiTftL 

use IDIAL 

I if IITAL 
use CIST 

1,037 
1,034 

2,073 

1,544 

151 

40 
m 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

71 

517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
117 
517 

12,f25 

4,4?? 

441 

107 
107 
107 
1«7 
107 
U7 
107 
117 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
117 
107 
107 
117 
107 
107 
107 

2,475 

1,314 

131 

1037 
1034 
4«4 
414 
4S4 
414 
484 
414 
414 
484 
4S4 
414 
414 
444 
4S4 
iS4 
414 
484 
4J4 
4J4 
414 
4&4 
484 
4S4 
4B4 
484 
4t4 

40 40 

40 W,233 

21 10,449 

01 1002 

7f5 
771 
414 
4B0 
444 
452 
43f 
424 
414 
402 
3W 
37f 
341 
357 
347 
334 
327 
317 
301 
2ff 
2»0 
2S2 
274 
244 
251 
250 
243 
21 

10,44? 

8UANTITIES (WU) 

iHNUAL eyftH use 
MAN. I 3X/TI 
SHIPPEl TO 1M7 

85 
43 
to 
78 
74 
74 
71 
4? 
47 
45 
43 
42 
40 
58 
54 
55 
53 
52 
50 
4f 
47 
44 
44 
43 
42 

2,W0 !,52f 

UNIT CBST 4.13 

D-10 



TABLE B-4 
m i IC • COST OF TRANSPORT OF SPENT FUEL FRON REACTORS Tl M i FACIlIfES 

2300 HIES m a - IN PE-SUPPlIEl TRANSPORT CASI 

IIAI 1 

Wf4 
lf?7 
im 
im 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
20M 
200f 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
20W 
2020 
2021 
2022 
2023 

TOIll 

use TITAl 

1 IF TITAL 
BI8C CIST 

:APITAL 
COST 

1,037 
1,034 

2,073 

1,544 

121 

COSTS (tOOC 

AIHUAL 
O P E m 1 
COST 1 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
41 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

41 

'RII6HT 

), m?) 

ESCOl! 
:HAR61S CHARGES 

73? 
73f 
73f 
73? 
739 
73f 
73f 
73» 
73f 
739 
73? 
73> 
73? 
73? 
73f 
73? 
73? 
73f 
73? 
73? 
73f 
73f 
73? 
73? 
73? 

11,475 

f,575 

711 

Ill 
114 
HI 
lis 
lis 
Hi 
IIB 
III 
118 
m 
lis 
m 
Hi 
m 
lis 
lit 
ill 
m 
111 
lU 
111 
lU 
HI 
HI 
118 

2,?50 

1,52? 

HI 

lECOHH 
COSTS 

40 

40 

21 

02 

TOTAL 
COSTS 

1037 
1034 

25,054 

13,441 

1001 

»ISC. TO 
l?S7 

! 32/!r. 

7?5 
771 
442 
443 
421 
404 
58? 
571 
555 
53? 
523 
50J 
4?3 
47? 
445 
151 
43i 
425 
413 
401 
31? 
371 
347 
314 
344 
336 
324 
21 

13,44i 

liANTITIES <HIU) 

AIHUAL BUAN BISC 
MAN. 1 3X/YR 
SHIPPES 10 19S7 

n 71 
n 4? 
?8 47 
n 45 
?l 43 
?8 41 
n 5? 
% 58 
?8 54 
n 54 
?J 53 
n 51 
n 50 
n 44 
n 47 
n 45 
n 44 
n 43 
n 42 
n 40 
n 3? 
?8 38 
n 37 
n 34 
?8 35 

2,450 1,270 

OMIT COST 10.41 

D-11 



TftBLI 1-5 
CASE I W - COST QF IRftNSPORT OF SPEH! f ' M FIOH KflCIORS 10 ME FACILITIES 
300 H I l l S ftiAY -- IN ISC PROVIIEI BY yTILlIY A » ySEI 11 REPETITIVE 
SHIPIEMTS OF OTHER F I I L | TSC PROWIEP BY UTILITY OH ft SCHiME THAT P M I f S 

BOE AVOIlftiCE OF PURCHASE iP I TRANSPORT CftSI 

YEAt 1 

1??4 
1??7 
l??8 
1??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
20M 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
201? 
2020 
2021 
2022 
2023 

TOTAL 

use TOTAL 

I IF TOTAL 
use CIST 

:APITAI 
COS! 

575 
574 

1,14? 

m 

m 

COSTS mw 

ANMUftL 
OPER'I ; 
COST ( 

40 
40 
40 
40 
40 
40 
41 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

n 

FIEICHT 

1, l?a7) 

ESCOIT 
MARGES CHARKS 

404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 

11,150 

5,241 

441 

ISO 
100 
IM 
too 
100 
100 
100 
100 
IM 
100 
100 
100 
100 
too 
IM 
100 
101 
100 
110 
too 
100 
100 
100 
IW 
100 

2,500 

l,2?« 

162 

lECOm 
COSTS 

0 

0 

0 

« 

1 
TOTAL 
COSTS 1 

575 
574 
544 
544 
564 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
546 
544 
564 
544 
544 

15,2?? 

S,20l 

1001 

5ISC. TO 
1?87 

1 3X/Yr. 

441 
427 
40? 
3?7 
385 
374 
343 
353 
342 
332 
323 
313 
304 
2?5 
2S7 
278 
270 
242 
255 
247 
240 
233 
224 
220 
213 
207 
201 

1,201 

iUAHTiTiES mm 

ANHUAl QUAN BISC 
iOA«. 1 
SHIPPEl ' 

174 
174 
174 
174 
174 
174 
176 
174 
174 
174 
174 
174 
174 
174 
174 
176 
174 
174 
174 
174 
174 
174 
174 
174 
176 

4,400 

USII CBST 

1 3Z/YR 
IB 1?87 

127 
123 
120 
114 
113 
110 
104 
103 
100 
?7 
?5 
?2 
S? 
87 
84 
82 
79 
77 
75 
73 
70 
44 
44 
44 
43 

2,210 

3.40 

D-12 



TABLE 1-4 
CASE IIB - COST OF TRAHSPORI OF SPENT FUEL FIOH REACTORS TO M l FACIIITIES 
?00 HILES AMAY -- II TSC PROVIIEI lY WILITY All U8E1 IH RiPETITIVl 
SHIPHEiTS OF OTHER FU!L| ISC PMWIEJ BY OTIIITY M A SCHEIULE THAT PEIHII8 

I K AVOIMNCE OF PURCHASE OF A TRANSPORT CA8I 

YEAR 1 

l?f4 
1??7 
l?fl 
I??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
200? 
2010 
2011 
2012 
2013 
2M4 
2015 
2014 
2017 
2011 
201? 
2020 
2021 
2022 
2023 

TOTAL 

use TOTAL 

I OF fITAL 
BISC COST 

:APIIAI 
COST 

575 
574 

1,14? 

i4l 

n 

COSTS (1000, 1?J7) 

AMHUAl 
OPEt'M 
COS! 

40 
40 
40 
40 
40 
40 
41 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

M 

FREIGHT ESCORT 
SHARKS CHAiCES 

517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 107 
517 117 
517 107 
517 107 
517 167 
517 107 
517 117 
517 107 
517 117 
517 107 
517 107 
517 117 
517 117 
517 107 
517 107 

12,?25 2,475 

4,4?? 1,3S4 

4?X 141 

lECOm TOTAL 
COSTS COSTS 

575 
574 
414 
4S4 
414 
AM 
484 
484 
4S4 
484 
4B4 
4«4 
484 
484 
484 
484 
484 
444 
4S4 
484 
484 
411 
484 
484 
484 
414 
6«4 

0 

0 li,249 

0 ?,73§ 

01 1001 

HSC. Ti 
1?87 

1 3X/Yr. 

441 
427 
494 
«0 
444 
452 
43? 
424 
414 
402 
3?0 
37? 
348 
357 
347 
334 
327 
317 
308 
2?? 
2?0 
282 
274 
244 
25S 
250 
243 

?,730 

liANIITIES (ITU) 

AHHUAl SyftN use 
iUAH. 1 31/11 
8MIPPE1 Ti 1?S7 

118 85 
III S3 
118 80 
U S 74 
118 74 
m 74 
118 71 
118 4? 
118 47 
118 45 
118 43 
118 42 
111 40 
114 5S 
111 54 
118 55 
118 53 
118 52 
118 50 
U l 4f 
118 47 
114 44 
H I 44 
U S 43 
H I 42 

2»f50 1,52? 

yNII COST 4.36 

D-13 



TABLE 1-7 
CASE IIC • COST OF TRANSPORT OF SPENT FUEL FtOH REACTORS TO BOE FACILITIES 
2300 HILES AMAY -- IN TSC PRiVWEB lY yTIlITY ANJ USEB IM RlPETITIVl 
SHIPiENTS OF OTHER FUIL', TSC PROVIIEI BY UTILITY ON ft SCHEIULE THAT PERNIIS 

lOE AVOIMHCl OF PyRCHASE OF A TRANSPORT CftSI 

YIAR CAPITAL 

1??4 
1??7 
l?f8 
im 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
201S 
201? 
2020 
2021 
2022 
2023 

TOTAL 

use TITAl 

I IF TITAL 
118C CBST 

COST 

575 
574 

1,14? 

m 

n 

COSTS am 

ANHUAl ' 
OPIR'H I 'REIGHT 

1, 1?S7) 

iSCOR! BECOMH 
COS! CHARGES CHARGES COSTS 

40 
40 
40 
40 
60 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

41 

73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 
73? 

11,475 

?,575 

752 

111 
lis 
111 
iia 
118 
118 
118 
118 
HI 
lis 
Hi 
118 
iia 
lis 
118 
114 
HI 
HI 
lis 
HI 
118 
iia 
HI 
118 
lis 

0 

2,?50 0 

1,52? 0 

122 « 

1 
TOTAL 
COSTS I 

575 
574 
?17 
?17 
917 
?17 
?17 
?17 
?17 
917 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
?17 
917 
?17 
917 
917 
?17 

24,071 

12,74? 

lOOX 

)ISC. TO 
1?87 

! 31/Yr> 

441 
427 
442 
443 
424 
404 
5ft? 
571 
555 
53? 
523 
508 
493 
479 
445 
451 
431 
425 
413 
401 
389 
378 
347 
354 
344 
334 
324 

12,749 

BUAMTITIES S«TO) 

ANMUAL BiftH IISC 
lUAN. 1 31/YR 

SHIPPEB TO 19S7 

n 
n 
98 
98 
98 
98 
98 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 

2,450 

UNIT CBST 

71 
49 
47 
45 
A3 
41 
59 
5S 
54 
54 
53 
51 
50 
48 
47 
45 
44 
43 
42 
40 
3? 
31 
37 
34 
35 

1,270 

10.04 

D-14 



TABLE 5-S 
CASE IIIA - COST OF TRAHSPORI OF SPEMT FUEL FROH REACTORS TO M E FACILITIES 
300 BILES ft«AY - IM ISC PWVIBII I! UTILITY AMI ySEJ IN REPITIIIVE 
SHIPHENTS OF OTHER FUELi ISC P W V W l l lY UTILITY ON A SCHilULi THAI liES HOT 

PEiHlT lOE AVOIJANCI OF PURCHASE OF A TRAHSPORI CASK 

YEAR 1 

1?94 
1??7 
1??B 
19?? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
201? 
2020 
2021 
2022 
2023 

TOTAL 

use TOTAL 

I IF TOTAL 
use CiST 

:APIIAI 
COST 

1,037 
1,034 

2,073 

1,544 

III 

COSTS If00< 

ANNUAL 
OPER'N 1 
COST ( 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

n 

FREKHT 
»RGES 1 

404 
404 
404 
494 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 
404 

10,150 

5,241 

5?X 

), 1?S7) 

ESCORT 1EC0«« 
IHftRCES COSTS 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
liO 
110 
100 
100 
100 
110 
100 
101 

0 

2,500 0 

1,294 0 

151 01 

1 
TOTAL 
COSTS 1 

1,037 
1,034 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 
544 

14,223 

8,899 

1001 

HSC. TO 
1987 

1 31/Yr, 

795 
771 
40? 
397 
3«5 
374 
343 
353 
342 
332 
323 
313 
304 
295 
2S7 
27i 
270 
242 
255 
247 
240 
233 
224 
220 
213 
207 
201 

4,899 

iUANIITIES («fU) 

ANNUAL QUAN DISC 
flUAM. 1 3X/YR 
SHIPPEl TO 1917 

174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 

4,100 

UMIT CBST 

127 
123 
120 
114 
113 
110 
104 
103 
100 
97 
95 
92 
S? 
87 
S4 
12 
79 
77 
75 
73 
70 
4S 
44 
44 
43 

2,2M 

3.90 

D-15 



TABU B-? 
CISE Illi • COST OF TRAMSPORT OF SPEII FUEL FROM REACTORS TO JOE FftCILIIIlS 
900 NIIES m a -- IK TSC PROVIIEI BY UTILITY INJ USEI IN iEPEIIIiyE 
8HIPHENTS OF OTHER PUEl| TSC PROWIKI lY UTILITY ON A SCHESyLE IHM MES SOT 

PERHIT M I ftVOIBAiCE OF PURCHASE OF A TRANSPORT CASI 

YEAR 1 

l??4 
1997 
199S 
199? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
2019 
2020 
2021 
2022 
2023 

liliL 

M 8 C TOTAL 

1 OF TOTAL 
W 8 C CiST 

:ftPIIAL 
COST 

1,037 
1,034 

2,073 

1,544 

151 

COSTS 1*000, 1987) 

ANNUAL 
OPER'N 
COST 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

7Z 

FREICHT 
IHARBES 

517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 
517 

12,925 

4,49? 

44Z 

ESCORT JECOHH 
CHARGES COSTS 

107 
107 
107 
107 
107 
107 
107 
107 
107 
U7 
107 
U7 
107 
107 
197 
107 
107 
107 
107 
147 
117 
117 
117 
107 
107 

0 

2,475 0 

l,3S4 0 

131 OX 

TOTAL 
COSTS 

1,037 
1,034 
484 
444 
484 
414 
414 
484 
414 
484 
414 
414 
484 
484 
464 
484 
484 
4M 
414 
484 
484 
4ft4 
484 
484 
484 
484 
644 

If,173 

10,428 

1001 

HSC. Ti 
1987 

! 3X/Yr. 

795 
771 
494 
«l 
444 
452 
439 
424 
414 
102 
390 
37? 
348 
357 
347 
334 
327 
317 
308 
299 
290 
282 
274 
244 
258 
250 
243 

10,428 

iUANTITIES (ITU) 

ANNyAL QUAN IISC 
BUAN. 

SHIPPEB 

118 
Hi 
114 
118 
118 
lis 
118 
lis 
118 
III 
Hi 
Hi 
118 
Hi 
118 
U8 
HI 
lis 
lis 
118 
118 
IIJ 
118 
1L8 
HI 

2,950 

UNIT COST 

8 32/YR 
TO 1?I7 

85 
S3 
80 
71 
74 
74 
71 
4? 
47 
45 
43 
42 
40 
58 
54 
55 
53 
52 
50 
49 
47 
44 
44 
43 
42 

1,52? 

4.12 

D-16 



f » L I 1-10 
CftSI I I IC - COST OF IRftMSPOl! OF 8PEM! FUEL PRON REACTORS TO M i FftCIlIIlES 
2300 MIES AMAY - IN ISC PWWBEl BY UTILITY INI USII IM RIPITIIIVE 
SHIPMEHTS OF OTHER FUEL} TSC PROWIlIt BY UTILITY M A SCHEIULE THAI MES M l 

P E M l ! BOI AWIJANCS OF PURCHASE OF A fRANSPWI CASI 

COSTS ($000, 1917) 

IMNUAl BISC. Tl 
YEftt CAPITAL OPER'M FREICHT ESCORT lECiHN TOTAL I9S7 

COS! COST CHAICES CHAICES COSTS COSTS I 3X/Yr. 

IUANTITIE8 flTUl 

AMNuii m m use 
iUAi. I 3Z/YR 
SilPPEl Ti 19S7 

1??4 
1??7 
1?9S 
1??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
200S 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
20W 
2020 
2011 
2022 
2023 

TOTAL 

use TOTAL 

1 OF TOTAL 
M8C COS! 

1,037 
1,034 

2,073 

1,544 

121 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

1,500 

777 

41 

73? 1] 
73? 1 
73t 11 
73? 1 
73? 1] 
73? 1 
73? 11 
73? 11 
739 11 
73f 11 
73! IJ 
73? 11 
73? 11 
73? 1 
73? 1 
73? 1 
73? 11 
73? 1 
73f 11 
73? 1 
73? 1] 
73? 1 
73? 11 
73? 1 
73? 1 

11,475 2,»: 

?,575 1,5 

711 1 

1,037 
1,034 

0 

10 0 24,99S 

>9 0 13,447 

11 « 1001 

795 
771 
442 
443 
424 
404 
58? 
571 
555 
53? 
523 
501 
4?3 
47? 
445 
451 
431 
425 
413 
401 
319 
371 
347 
354 
344 
334 
324 

13,447 

98 
98 
n 
n 
91 
n 
n 
n 
n 
91 
91 
98 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
» 

2,60 

UNIT COST 

71 
4? 
47 
45 
A3 
ii 
5? 
51 
54 
54 
53 
51 
50 
48 
47 
45 
44 
43 
42 
40 
3? 
3S 
37 
34 
35 

1,270 

10.5f 

D-17 



TAIL! 1 - 1 ! 
CASE IVA - COS! OF TRANSPOftI OF SPIMT FUEL FROH REACTORS TO ME FACILITIES 
300 HUES AiAY -- IH TSCs OR SOCs PROVIIEI B! OTILIT118 A l l SHIPPEl fllE-lAY i i L Y | 

TSCs OR SOCs PROVIIEI W ITILII IES 01 A SCHEIULE IHftl P i R i l l S 
JOI flVOllAMCE OF PURCHASE OF ft TRAMSPORT CASI 

YEAR 1 

1994 
1??7 
1??8 
1??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
20M 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2114 
2017 
201« 
201? 
2020 
2021 
2022 
2023 

lOIftl 

use TOTAL 

1 OF TOTAL 
use COST 

:APITAI 
COST 

575 
574 

1,14? 

Ml 

142 

AHWAL 
iPER'M 
COST 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
M 
10 
It 
10 

250 

130 

22 

COSTS tlOO( 

FREIGHT 
CHARGES t 

253 
253 
253 
253 
253 
253 
153 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 

4,325 

3,27S 

591 

>, 1917) 

ESCOIT lECOHi 
lARCES CiSlS 

100 
100 
100 
100 
190 
100 
100 
100 
100 
WO 
100 
100 
100 
100 
100 
100 
100 
110 
100 
100 
100 
wo 
100 
100 
100 

0 

2,500 1 

1,214 0 

231 M 

TilAl 
COSTS 

575 
574 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 

10,224 

5,571 

1001 

M8C. TO 
1947 

! 3Z/Yr. 

5,571 

flMIITIES (TO) 

ANMiAL iUAN BISC 
QUAH. 
SHIPPEl 

174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 

4,400 

yilT COST 

1 3I/Yi 
ro 1987 

127 
123 
121 
114 
113 
110 
104 
103 
100 
97 
?5 
?2 
1? 
S7 
M 
S2 
7? 
77 
75 
73 
70 
48 
44 
44 
43 

2,210 

2.44 

D-18 



lAILI 1-12 
CASE IW - COST OF TRANSPORT OF SPENT FUEL FRii IIACTORS TO BOE FACILITIES 
too illlS AiftY " IM TSCs OR SOCs PROVIIEI BY iTlllTIES A » SHIPPEl e»I-«AY OiLT| 

TSCs 01 SOCs PROVIIEI lY UIIL1TIE8 m A SCHIBULE THAT PBSHIIS 
M I AVilJANC! OF PURCHASE OF ft llftMSPORl CASI 

COSTS (MOO, 1987) 

ANNUAL M8C. TO 
YEAR CAPITAL OPEfH FRIICH! ESCOIT lECOHH TOTAL l?«7 

COST CiST CHA16I8 CHARGES COSTS COSTS I 31/Yr. 

1994 575 
lf?7 574 
W?l 1 
1??9 1 
2000 1 
2001 1 
2002 1 
2003 1 
2IM 1 
2005 1 
2004 1 
2007 1 
2004 1 
200? 1 
2010 1 
2011 1 
2012 1 
2013 1 
2014 1 
2015 1 
2014 1 
1017 1 
2011 1 
201? 1 
2020 1 
2021 1 
2922 I 
2023 

0 322 
0 322 
0 322 
0 322 
1 312 
0 322 
0 322 
0 322 
0 322 
0 322 
« 322 
0 322 
0 322 
0 322 
0 322 
0 322 
0 322 
0 322 
0 322 
0 322 
« 322 
0 322 
0 322 
0 322 
§ 322 

107 
107 
107 
107 
107 
107 
107 
W7 
107 
107 
107 
107 
117 
107 
107 
107 
107 
107 
107 
107 
107 
W7 
117 
W7 
107 

575 
574 
43? 
439 
43? 
439 
43? 
43? 
43? 
43! 
43? 
43f 
43? 
43? 
43? 
439 
43? 
439 
43? 
43? 
43f 
43? 
43? 
439 
43? 
43? 
439 

0 

441 
427 
317 
3M 
299 
2?0 
282 
274 
244 
251 
250 
243 
234 
229 
222 
214 
210 
204 
1?S 
192 
m 
ISl 
174 
170 
144 
141 
154 

TOTAL 

use IITAI 

1,14? 

84a 

250 8,050 

130 4,172 

2,475 

1|3S« 

0 12,124 

0 4,554 

4,554 

8UANIITIES («IU) 

AHNUAL QUAH DISC 
mm> I 3Z/YR 
SHIPPiB to 1?I7 

S5 
13 
SO 
71 
74 
74 
71 
4? 
47 
45 
43 
42 
40 
58 
54 
55 
53 
52 
50 
4? 
47 
44 
44 
« 
42 

2,950 1,52? 

X OF lOIAL 
use COST 131 21 44X 211 01 lOOX UMIT COST 4.2? 

D-19 



WILE 1-13 
CftSI IVC • COST OF TRANSPORT OF SPEMT FUIL FRON liftCIORS TO 101 PftCILIIlES 
2300 MLIS ma " IM TSCs OR SOCs PIOVIlEl I ! UTILITIES ANI SHIPPIl OK-IAY OMLI| 

TSCs OR SOCs PROyilEI BY i l l l l T l E S 01 A SCHIMLE THAT PERilTS 
JOE AVOIMNCI OF PyRCHftSE OF ft TRANSPORT CASI 

COSTS (WOO, 1917) 

mmki use . TO 
YEAR CAPITAL OPER'i FIEICHT ESCORT lECMN TOTAL 1987 

CiST COST CHIRKS CHftRCES COSTS COSTS 8 3X/Yr. 

lf?4 575 
19?7 574 
l?fS 1 
1??? I 
2000 1 
2001 I 
2002 1 
2003 1 
2004 1 
2005 1 
2004 1 
2007 I 
ZOOS 1 
200? 1 
2010 1 
2011 1 
2012 1 
2013 1 
2014 1 
2015 1 
2014 1 
2017 1 
2011 1 
201? 1 
2020 I 
2021 1 
2022 1 
2023 

0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 
0 441 

575 
574 
549 
5S9 
51? 
5S9 
519 
519 
51? 
549 
5S9 
5S9 
58? 
519 
58? 
5S9 
589 
589 
589 
549 
5«9 
5S9 
519 
589 
5S? 
5S9 
519 

0 

441 
427 
424 
413 
401 
31? 
37S 
347 
354 
344 
334 
324 
317 
307 
291 
290 
211 
273 
245 
257 
250 
243 
234 
229 
222 
214 
209 

TOTAL 

IISC IIIAI 

I OF TOTAL 
use COST 

1,11? 

m 

102 

250 11,525 2,950 

130 5,973 1,529 

0 15,474 1,499 

0 1,49? 

iUftHIITIES (MIU) 

IHNUAl eUAH MSC 
iUAi. I 31/YR 

SHIPPSB Tl 1917 

?s 
91 

n 
a 
n 
n 
n 
ii 

n 
ys 
98 

n 
n 
n 
n 
n 
n 
n 
n 
?i 

n 
YS 
?i 
98 

n 

71 
4f 
47 
45 
43 
41 
5? 
58 
54 
54 
53 
51 
50 
48 
47 
45 
44 
43 
42 
40 
39 
38 
37 
34 
35 

2,450 1,270 

21 701 in 01 1001 y i lT COST 4.4? 

D-20 



TftllE 1-14 
CftSI m - COST OF IRftiSPitI OF SPIHT FUEL FtOH IIACTORS TO Ml FACILIIIiS 
300 NILES m m '• m TSCS OR SOCS P R O V I I E I I ! OTIIIIIK AM SHIPPEl ONMAY ONLY; 

fSCs OR SiCi PROVIIEJ BY UTILITIES OH A SCHIMLE THAT MES HOI PBRIIT 
101 WOIIftNCE OF P0RCHA81 OF ft TRANSPORT CASI 

llftR 1 

1??4 
lt?7 

im 
im 
2000 
2001 
1002 
2003 
2004 
2005 
2004 
2007 
ZOOS 
200? 
2010 
2011 
2012 
2013 
20M 
2015 
2014 
2017 
2011 
201? 
2020 
202! 
2021 
2123 

:APim 
COS! 

1,037 
1,134 

CISIS tlOOO, WS7) 

ANNUM 
iPER-H FillCHf 
CiST CHIRKS ! 

10 253 
W 253 
!§ 253 
10 253 
10 253 
II 253 
10 253 
W 153 
11 253 
10 253 
10 253 
10 253 
10 253 
II 253 
10 253 
10 253 
11 253 
10 253 
10 253 
W 153 
10 253 
11 253 
10 253 
10 253 
10 253 

ISCMT lECOm 
»R6ES COSTS 

100 
100 
100 
100 
100 
WO 
100 
100 
100 
WO 
100 
wo 
100 
m 
100 
100 
100 
100 
100 
100 
100 
wo 
100 
wo 
100 

0 

TOTAL 
COSTS 

1,037 
1,034 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 
343 

MSC. TO 
I9S7 

1 3Z/Yr. 

795 
771 
242 
255 
247 
2« 
233 
224 
220 
213 
207 
201 
195 
IS? 
114 
17f 
173 
141 
143 
159 
154 
150 
145 

m 
137 
133 
12? 

1UAWIIIE8 («Ti) 

ANIML eUAN IISC 
8UM. 
SilPPB 

i 3I/YI 
TO l?J7 

127 
123 
120 
114 
113 
110 
104 
103 
W« 
97 
95 
92 
1? 
17 
14 
S2 
7f 
77 
75 
73 
70 
41 
44 
64 
43 

fOfAl 

1I8C MTAL 

I OF TOTAL 
u s e COST 

2,073 

1,544 

251 

250 4,325 2,500 

130 3,271 l,2?4 

0 11,141 4,24? 

0 4,24? 

4,400 2,210 

22 521 211 OX lOOZ UilT COS! 2.75 
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TABLE J-15 
CASE VI - COST OF TIAHSPOIT OF SPENT FyEl FtO« tEACTiRS TO 101 FACIlITIiS 
900 IILE8 AIAY -- IH TSCs OR SOCs PROWBEB BY UTILITIES AMI SHIPPIJ OME-IAI ONLYf 

ISCs OR SOCs PtiVWEI lY UTILITIES OM ft SCHEMLE THAT MES NOT PEIBII 
lOE A V O I M K OF PUICHftSI OF A TRAHSPORI CASI 

YEftt I 

1??4 
l??7 
l??l 
1??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
20«7 
2001 
2009 
2110 
till 
2012 
2013 
2014 
2015 
2014 
2017 
20IS 
2019 
2120 
2021 
2022 
2023 

TOTAL 

IISC TOTAL 

1 OP TOTAL 
use COST 

:APIWL 
COST 

1,037 
1,034 

2,073 

1,544 

221 

ANNUAL 
OPBfM 
COST 

10 
10 
10 
11 
10 
10 
10 
W 
10 
1« 
10 
M 
1« 
10 
Ifl 
W 
10 
H 
W 
Ifl 
10 
W 
10 
10 
10 

250 

130 

22 

COSTS tlOOl 

FREKHT 
CHAiCES 1 

322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 
322 

1,050 

4,172 

5IZ 

1, 1987» 

ESCOIT lECONi 
lARCES COSTS 

107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
W7 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 

0 

2,475 0 

1,314 0 

191 « 

1 
TITAl 
COSTS 

1,037 
1,034 
43? 
43? 
43? 
43? 
43? 
43? 
43? 
439 
439 
43? 
439 
43? 
43? 
439 
439 
439 
431 
439 
439 
43? 
43? 
43? 
439 
43? 
43? 

13,041 

7,254 

1002 

JISC. Ti 
l?S7 

! 31/Yr= 

795 
771 
317 
308 
29? 
2?« 
212 
274 
244 
251 
250 
243 
234 
229 
122 
214 
210 
204 
191 
1?2 
114 
ill 
174 
170 
144 
141 
154 

7,254 

iUAillTIlS (ITU) 

ANNiAl MAM MSC 
OUAM. 1 31/YR 
SHIPPIl TO 19«7 

118 J5 
U S S3 
III SO 
111 78 
lli 74 
U S 74 
111 71 
lli 49 
H I 47 
U S 45 
H I 43 
U S 42 
lift 40 
lli 5S 
H I 54 
U l 55 
U S 53 
U S 52 
U S 50 
U S 49 
lli 47 
U S 44 
111 44 
114 43 
U S 42 

2,?50 1,529 

UMIT COST 4.74 

D-22 



T i m 1-14 
CASE VC - COST OF TRANSPORT OF SPENT FUEL F«0« REACTORS 10 M E FACIIIIIES 
2300 MLE8 AilY -- III TSCs Ot SiCs PROVIIIJ BY UTILITIES AMI SHIPPIl ONE-yAY 0NIY| 

ISCs 01 SiCs PROVIIEI lY ITILITIES ON A SCHEIULE THAI PES NOT PERHIT 
lOE AWIMHCE OF PURCHASE OF A TRANSPORT CASI 

COSTS IWOO, 19171 

ANMUAL BISC» TO 
YEAR CAPITAL OPER'i FREICil ESCORT lECOW filAL 1987 

COST C081 CHARKS CHARGES COSTS COSTS I 31/Yr. 

!??« 1,037 
1?97 1,034 
l??l 
199? 
2100 
2001 
2012 
2003 
2004 
2005 
2004 
2007 
2008 
200f 
2010 
2011 
2012 
2013 
2014 
201J 
2014 
2017 
2011 
201? 
2020 
2021 
2822 
2023 

Ii 
11 
M 
II 
10 
10 
10 
W 
10 
10 
10 
10 
10 
10 
10 
10 
11 
10 
10 
10 
11 
11 
10 
w 
11 

441 1 
441 1 

441 1 

1,037 
1,034 

IS 5Sf 
IS 589 
18 549 
IS 589 
S 51? 
IS 51? 
11 5S? 
L« 58? 
l« 58? 
IB 519 
J 58? 
IS 58? 
IS 54? 
L8 58? 
18 5»? 
L8 519 
4 5i? 
18 51? 
1 58? 
L» 5S9 
la 589 
L4 5i? 
8 58? 
18 58? 
18 569 

0 

795 
771 
424 
113 
401 
3S? 
37S 
347 
354 
344 
334 
324 
317 
307 
2?l 
290 
211 
273 
245 
257 
250 
243 
234 
229 
222 
214 
20? 

TITAl 2,073 250 11,525 2,150 

MSC TOTAL 1,544 130 5,973 1,52? 

0 14,7?l 9,197 

0 9,197 

I OF TOTAL 
W8C COST 

WANiiTiEs mm 

IHHUAL eUAH SISC 
QUAN. I 3X/YI 
SHIPPIJ TO l?47 

n 
n 
n 
n 
n 
n 
n 
% 

n 
ii 

n 
n 
n 
•ii 
91 
f& 
98 

a 
n 
n 
n 
n 
n 
n 
n 

71 
4? 
47 
45 
43 
41 
59 
58 
54 
54 
53 
51 
50 
4a 
47 
45 
44 
13 
42 
40 
39 
3J 
37 
34 
35 

2,450 1,270 

171 K 451 171 01 1001 UNIT COST 7.24 

D-23 



TAILE 1-17 
CASE VIA - COST OF TRANSPORT OF 8PEIT FUEL FION lEACTORS TO M E FACIIIIIES 
300 HUES m n - m SOCs PROVIIEI BY UTIIITES IH OVERPACI ANl SHIPPEl ONI-BAY ONLYi 

SOCs PROVIIEI 8Y iTILIIIES OM ft SCHEIULE THAT PIRillS lOE 
AVOIIANCi OF PURCHASE OF A TRANSPOR! CASI 

YEAR 1 

1994 
1??7 
1991 
199? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
200S 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2018 
2019 
2020 
2021 
2122 
2023 

TOTAL 

MSC TOTAL 

X OF fOIAL 
use COST 

:APIIAL 

COST 

845 
844 

1,729 

1,304 

141 

COSTS (»00( 

AHIUAL 
OPlR'i 1 
COST 1 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

175 

453 

4Z 

FREICHT 
CHARGES ( 

395 
395 
395 
395 
395 
395 
395 
3?5 
395 
3?5 
3?5 
3?5 
3?5 
395 
395 
3?5 
395 
395 
395 
3?5 
395 
3?5 
3?5 
395 
395 

?,S75 

5,111 

431 

», 1987) 

iscoir 
:HARGES 

wo 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
wo 
110 
wo 
100 
100 
100 

2,500 

1,294 

141 

lEcom 
COSTS 

27 

27 

9 

01 

! 
TOTAL 
COSTS 1 

445 
844 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
•530 
530 
530 
530 
530 
530 
27 

15,004 

1,182 

1001 

HSC, TO 
1?«7 

1 31/Yr. 

443 
443 
383 
372 
341 
350 
340 
330 
321 
311 
302 
2?3 
215 
277 
24? 
241 
253 
244 
239 
232 
225 
211 
212 
204 
200 
194 
118 
9 

i,l«2 

OUAHTITllS (TO) 

ANNUAL QUAH BISC 
8UAi. ! 
SHIPPIB ' 

174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 
174 

4,400 

UMIT COST 

! 3I/YI 
Ti 19«7 

2,280 

3.5? 

D-24 



lAILI 1-11 
CASE VII • CiSf IF TRANSPORT OF SPINl FUEL FIOH REACTORS TO OOE FACIIITIES 
900 WIES AiAY - III SiCs PtOVIMl BY UTILITES IN OVERPACI AND SHIPPIl OHI-BAY ONlYi 

SOCs PROVIIEI BY UTILITIES M A SCMEJUIE IMAI PiRHITS P E 
AVOIIAHC! OF PURCHASE OF A TRAKSPORI CASI 

YEAR CAPITAL 

1?94 
lf?7 
1?9I 
1??? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
201B 
201? 
2020 
2021 
2022 
2023 

TOTAL 

use TOTAL 

I OF TOTAL 
u s e COST 

COST 

145 
t44 

1,72? 

1,304 

142 

COSTS IIOOO, 19a7) 

AHNUAl 
OPER'N 
COST 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

175 

453 

51 

FREIGHT 
:HARCES 

501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
5§l 
501 
501 
501 
501 
501 
501 
501 
501 
501 

12,525 

4,491 

471 

ISCOIT MCOHH 
JIRCES COSTS 

107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
W7 
107 
W7 
107 
107 
107 
W7 
107 
107 
117 

27 

2,475 27 

1,3S4 ? 

141 02 

1 
TOTAL 
COSTS 

S45 
S44 
443 

• 443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
27 

17,831 

9,447 

1002 

»SC. TO 
1917 

! 3Z/YP. 

443 
443 
445 
451 
431 
425 
413 
401 
319 
37S 
347 
354 
344 
334 
324 
314 
307 
298 
219 
211 
273 
245 
257 
250 
242 
235 
229 
? 

9,447 

llUflWniBS «IU) 

ANNUAL eUAN SISC 
flUAl, 
SilP^EB 

Ui 
U« 
118 
UB 
118 
118 
118 
lli 
118 
m 
US 
US 
US 
lli 
m 
118 
lit 
US 
UB 
us 
118 
111 
US 
118 
UB 

2,950 

UHIT CIST 

1 3Z/YR 
TO l?ft7 

85 
S3 

1,529 

4.31 
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TABLE 1-19 
CftSE VIC - COST OF TRANSPORT OF SPEHT Fill FRO« lEACTORS TO lOE FACILITIES 
2300 IILIS m m " IN SOCs PROVIMI BY UTILITiS IH OVERPACI AN5 SHIPPEl OK-iAY OHLYi 

SOCs PROVIIEJ BY UTILITIES ON h SCHEIULE THAT PERMITS BOE 
AVOIMNCE OF PURCHASE OF A TRANSPORT CASK 

COSTS mWf IW) 

ANNUAL IISC. TO 
YEAR CAPITAL OPER'I FREICHT ESCORT BECOHH TITAL 1987 

COST COST CHARGES CHARGES COSTS COSTS I 3Z/Yr. 

1994 
1997 
1998 
19?? 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2§M 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2018 
2019 
2020 
2021 
2022 
2023 

TOTAL 

use TOTAL 

Z OF TOTAL 
MSC COST 

«45 
844 

1,72? 

1,304 

101 

35 7 
35 7 
35 71 
35 7 
35 71 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 
35 7 

475 17,9 

453 9,2' 

4X 7 

7 111 
7 118 
7 111 
7 118 
7 111 
7 m 
7 118 
17 114 
7 111 
17 118 
7 118 
17 m 
n m 
7 III 
7 lie 
17 114 
7 118 
17 lis 
17 118 
17 118 
17 11« 
17 us 
17 118 
17 li« 
17 118 

« 2,950 

n 1,52? 

n 12X 

145 
844 
870 
170 
870 
870 
870 
S70 
170 
870 
870 
870 
870 
870 
870 
870 
S70 
870 
870 
470 
870 
870 
870 
870 
870 
870 
870 

27 27 

27 23,504 

9 12,5M 

01 10« 

443 
443 
42? 
410 
592 
575 
558 
542 
524 
511 
494 
482 
448 
454 
441 
428 
414 
403 
392 
380 
34? 
358 
348 
338 
328 
318 
309 
9 

12,588 

QUftHIITIBS (HTU) 

ANNOftl OUA« MSC 
OUAK. 
SHIPPIB 

98 
yj 
9ft 
ii 

n 
Yft 
n 
vg 
98 
n 
n 
y8 
98 
Y8 
98 
n 
n 
ii 

n 
n 
n 
78 
98 
ys 
98 

§ 3I/Y8 
ro 1987 

35 

2,450 1,270 

UilT COST 9.91 
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TABLE B-20 
CASE VIIA • COST OF TRANSPORT OF SPENT FUEL FROH REACTORS TO lOE FACILITIES 
300 MILES AiftY -- W SOCs PROVIIEB BY iTILITES IN OVERPACI AHB SHIPPEl ONE-iAY OILY? 

SOCs PROVIiEt BY UTILITIES ON A SCHEJULE THAT B0E8 NOT PER«IT 
M E AVOIMHCE OF PORCHASE OF A TRANSPORT CASI 

YEAR 1 

1994 
1??7 
1??8 
1??9 
2000 
2001 
2002 
2003 
2014 
2005 
2004 
2007 
2008 
200? 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2017 
2011 
2019 
2020 
2021 
2022 
2023 

TOTAL 

MSC TITAl 

X OF TOTAL 
BISC COST 

:APIIAL 
COST 

1,327 
1,324 

2,453 

2,004 

23X 

COSTS CtOOO, 1987) 

ANNUAL 
OPER'N 1 
COST 1 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

875 

453 

51 

FIEICHT 
:m«m i 

395 
395 
395 
395 
395 
395 
3?5 
395 
395 
395 
395 
395 
395 
395 
395 
395 
395 
3?5 
395 
395 
3?5 
3?5 
395 
395 
395 

9,875 

5,118 

582 

ESCORT 
:HARCES 

100 
100 
100 
100 
100 
100 
IDO 
100 
100 
100 
100 
100 
10® 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

2,500 

1,294 

152 

MCOHH 
COSTS 

27 

27 

9 

01 

1 
TOTAL 
COSTS 1 

1,327 
1,324 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
530 
27 

15,930 

8,880 

1001 

IISC. TO 
1987 

! 32/Yr. 

1,017 
987 
383 
372 
341 
350 
340 
330 
321 
311 
302 
293 
285 
277 
24? 
241 
253 
244 
23? 
232 
225 
218 
212 
204 
200 
194 
188 
9 

8,880 

0UANTITIE8 («TU) 

AHNUAL QUAN MSC 
QUAi. 1 

SilPPEl ' 

174 
174 

4,400 

UHIT COST 

1 31/YR 
10 1987 

127 
123 
120 
114 
113 
110 
104 
103 
100 
97 
?5 
92 
89 
87 
84 
82 
7? 
77 
75 
73 
70 
48 
44 
44 
43 

2,280 

3.89 
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TftEE 1-21 
CASE VIII • COST OF TRANSPORT OF SPENI FUEL FRON lEftCfORS 10 DOE FACILITIES 
900 IILES AiAY - IN SOCs PROTIIEB 11 UTILITES IH OVERPACI AHJ SHIPPII ONE-yAY OHLYi 

SOCs PROVIiEl BY UTILITIES ON A SCHIMIE THAT JOES HO! PBRHT 
M E ftVOIMNCE OF pyRCIftSE OF I TRftNSPORT CftSI 

YEAR CflPITftl 

mi 
1W7 
i?fi 
im 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
200S 
200f 
2010 
2011 
2012 
2013 
2014 
2015 
20W 
2017 
2011 
2019 
2020 
2021 
2022 
2023 

TOTAL 

MSC TSTftl 

I OF TOTAL 
W8C COST 

COST 

1,327 
1,324 

2,453 

2,004 

in 

COSTS llOOf 

ANNUAL 
OPER"N 
COST I 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

875 

453 

41 

"RIIGHT 
IftRCES 1 

501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 
501 

12,525 

4,4?1 

431 

, mn 

ESCORT BECOHH 
IftiGES COSTS 

107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 
107 

27 

2,475 27 

1,384 9 

131 OX 

DISC. TO 
TOTAL 
COSTS 1 

1,327 
1,324 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
643 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
443 
27 

11,755 

10,344 

lOOX 

1987 
» 3X/!r. 

1,017 
?S7 
445 
451 
43J 
425 
413 
401 
389 
371 
347 
354 
346 
334 
324 
314 
307 
2?S 
289 
241 
273 
245 
257 
250 
242 
235 
229 
f 

10,344 

IIAOTITIES (ITU) 

AMMUAl QUAN DISC 
iUAi, 1 3I/YR 
SHIPPEl 10 1987 

118 45 
114 83 
118 SO 
118 7» 
114 74 
US 74 
U S 71 
111 49 
Hi 47 
118 4S 
118 43 
US 42 
US 40 
U« 58 
118 54 
118 55 
118 53 
118 52 
U S 50 
118 49 
118 47 
118 44 
118 44 
118 43 
118 42 

2,950 1,529 

UHI! COST 4.77 

D-28 



TAILS 1-22 
CASE VlIC • COS! OF TRANSPORT OF SPEIT FUEL FRON REACTORS TO BOE FACILITIES 
2300 HUES AIA! -• IH SOCs PROVIIEI lY UTILITES IN OVERPACl ANJ SHIPPEB ONE-MAY ONLYi 

SOCf PRiVIIEl lY iflllllES Oi A SCHIPUIE THAI 1018 NOT PERill 
M i ftVOIJANCE OF PyRCHASE OF A TRANSPORT CASl 

COSTS (1000, 1947) 

ANNUAL BISC. TO 
YEAR CAPITAL OPIR'N FillCHT ESCORT BECOW TOTAL 1917 

COS! COST CHARCIS CHARGES COSTS COSTS I 31/Yr. 

im 1,327 
1997 1,324 
Iffl 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2004 
2007 
2001 
20«f 
2010 
2011 
2012 
2013 
2014 
2015 
2014 
2617 
2MI 
2919 
202§ 
2011 
2022 
2023 

35 717 
35 717 
35 717 
35 717 
35 717 
3J 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
35 717 
3i 717 
35 717 

1,327 
1,324 

111 870 
118 870 
118 870 
118 870 
H i 870 
118 870 
H I 870 
111 870 
H I 870 
118 170 
118 870 
118 870 
H I 870 
118 870 
H i 870 
H i 870 
118 870 
118 870 
118 870 
118 870 
118 870 
118 870 
H I 870 
111 870 
118 870 

27 27 

1,017 

^VQ 

321 
318 
309 

TOTAL 2,453 875 17,925 2,950 

HSC THAI 2,0«4 453 9,2» 1,529 

27 24,430 13,214 

» 13,284 

lUANTITIES lifU) 

ANNUAL QUAN MSC 
SUAH» I 3X/YR 
SHIPPil TO 1987 

98 
98 
98 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
n 
98 
98 

71 
49 
47 
45 
43 
41 
5f 
5i 
54 
54 
53 
51 
50 
48 
47 
45 
44 
43 
42 
40 
39 
38 
37 
34 
35 

X OF TOTAL 
HSC COST 151 32 70Z 121 OX 1001 

2,450 1,270 

UNIT COS! 10.44 
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TABLE D-23 

SUMMARY OF SPENT FUEL TRANSPORT COSTS* 

(1987 Dollars) 

Unit Cost ($/kgU)'' for . 
Transport for Indicated Distances ° 

Cask Scenario 300 Miles 900 Miles 2300 Miles 

Case I - DOE-Supplled Transport Cask $3.91 $6.83 $10.61 

Case II " TSC Used in Repetitive Shipments-, 3.60 (0.31) 6.36 (0.47) 10.04 (0.57) 
DOE Avoids Purchase of Transport 
Cask 

Case III - TSC Used in Repetitive Shipmentsi 3.90 (0.01) 6.82 (0.01) 10.59 (0.02) 
But DOE Does Not Avoid Purchase 
of Transport Cask 

Case IV - TSC or SOC Used in One-Way Shipmenti 2.44 (1.47) 4.29 (2.54) 6.69 (3.92) 
DOE Avoids Purchase of Transport 
Cask 

Case V - TSC or SOC Used in One-Way Shipment; 2.75 (1.16) 4.74 (2.09) 7.24 (3.37) 
But DOE Does Not Avoid Purchase 
of Transport Cask 

Case VI - Overpacked SOC Used in One-May 3.59 (0.32) 6.31 (0.52) 9.91 (0.70) 
Shipment} DOE Avoids Purchase 
of Transport Cask 

Case VII » Overpacked SOC Used in One-May 3.89 (0.02) 6.77 (0.06) 10.46 (0.15) 
Shipmenti But DOE Does Not 
Avoid Purchase of Transport Cask 

* Intact fuel assemblies 

Averaged at a 3X/year net discount ra te 
c One-way distances shown 

Figures in parentheses are cost savings result ing from the use of ut i l i ty-furnished TSC or SOC for transport 
Instead of DOE-suppHed transport cask 



From the foregoing table it can be seen that if a TSC is supplied by 

a utility on a schedule that permits DOE to avoid the purchase of a standard 

transport cask^ and DOE uses the TSC in repetitive shipments in place of the 

standard transport cask^ savings ranging from $0.31 to $0.57/kgU shipped can 

be realized depending on the shipping distance involved. However^ if the DOE 

is unable to avoid purchase of a standard transport cask essentially no 

savings are realized. 

If a number of TSCs or SOCs are supplied by utilities and are used 

for a one-time shipment of contained spent fuel ̂  and the DOE gets firm 

commitments to receive the casks on a schedule that permits it to avoid 

purchasing a standard transport cask, savings ranging from $1.47 to $3.92/kgU 

shipped can be realized depending on the shipping distance involved. Even if 

the SOCs are shipped in overpackSs savings ranging from $0.32 to $0.70/kgU 

shipped can be realized depending on the shipping distance involved. However^ 

in order for DOE to avoid purchasing a single standard transport cask in both 

of these scenarios it would have to receive advance commitments to deliver 12 

to 21 casks/yeafs or 300 to 525 casks over a 25-year period. This corresponds 

to annual shipments of 111 to 194 MTU and total shipments of 2J75 to 4,850 

MTU over the 25-year period, and means that such amounts of spent fuel would 

have to be stored by utilities in TSCs or SOCs in order for them to be able to 

effect delivery of the required number of casks. On the other hand, if DOE is 

unable to avoid purchase of a standard transport cask, the foregoing savings 

would be reduced by $0.31/kgU to $0.55/kgU for both scenarios depending on the 

shipping distance involved. 

It should be pointed out here that the foregoing savings resulting 

from the use of SOCs in overpacks was based on spreading the design, 

development and licensing cost of overpacks over 10 units. If this estimated 

$2.0-minion expense were to be applied to a single overpack the cost of 

shipments in the overpacked SOC for cases where DOE could avoid the purchase 

of a standard transport cask would range from $0.28/kgU to $0.37/kgU more than 

shipments in a standard transport cask, and for cases where DOE could not 

avoid the purchase of a standard transport cask would amount to $0.58/kgU to 

$0.92/kgU more than shipments in a standard transport cask. 
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Thus, the savings involved through the use of TSCs or SOCs for 

shipments of spent fuel from reactors to DOE facilities are heavily dependent 

both on when a utility commits to turn the storage casks over to DOE for use 

and the schedule on which the turnover is effected. Clearly, the DOE must 

have a certain sized transport cask fleet available to meet its commitments 

for acceptance of spent fuel from the utilities. If the TSCs or SOCs are not 

available soon enough to meet the needs for a transport cask fleet, the fleet 

will otherwise have to be acquired by DOE regardless whether or not TSCs and 

SOCs are ultimately used for shipment. 

The savings associated with the transporting of consolidated spent 

fuel from the reactor to DOE facilities are about 60 percent of those shown in 

Table D-23 for intact fuel assemblies. 

4.0 REFERENCES FOR APPENDIX D 

(1) G. W. McNair et al, Truck and Rail Charges for Shipping Spent Fuel and 
Nuclear Waste, PNL-5797, June 1986 

(2) U. S. Department of Energy, Federal Interim Storage Fee Study for 
Civilian Spent Nuclear Fuel: A Technical and Economic Analysis, DOE/S-
0023, July 1983 
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APPENDIX E 

COST OF LAG STORAGE 

It was recognized that TSCs or SOCs that might be received from 

utilities could be used to provide some lag storage capacity at DOE 

facilities. Thus, the purpose of this Appendix was to develop an estimate of 

the cost of lag storage at DOE facilities, and the relationship between lag 

storage capacity and the cost of lag storage --• so that an assessment could be 

made of the savings that would result from the use of utility-delivered TSCs 

or SOCs for lag storage at DOE facilities. 

While the designs performed to date on MRS and repository surface 

facilities have included facilities for lag storage, the cost of the lag 

storage facilities have not generally been shown as a separate line item. 

Moreover, such costs are not readily extracted from the overall facility 

costs. Therefore, for the purposes of this study, conceptual designs were 

developed for three different sizes of lag storage facilities, the capital and 

operating costs were estimated for each, and algorithms were developed 

relating capital and operating costs (separately) to capacity. 

Lag storage is generally considered to be a storage capacity at the 

interface of major operations which mitigates the impacts of interruptions in 

the supply of materials to, or removal from, the operation. Thus, lag storage 

at the front end of a DOE facility (MRS or repository) can mitigate impacts of 

interruptions in supply of spent fuel from reactors--and it can also provide 

assurance that DOE can continue to accept spent fuel in the event of an 

interruption in operations at the DOE facilities. Lag storage at the front 

end of a repository can also mitigate impacts of interruptions in supply of 

spent fuel from an Integral MRS Facility. 

For the purposes of this study it was assumed that lag storage near 

the receiving end of a MRS or repository facility should be about 750 MTU in 

the form of intact fuel assemblies. This represents 3-months storage capacity 

at a 3000 MTU/year receipt rate. However, designs were also developed for 

capacities of 500 MTU and 250 MTU. 
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1.0 DESIGN DESCRIPTION 

The lag storage facility was assumed to be a hot cell having an 

inside width of 50 feet, a 5-foot wall thickness, and a length of 187 feet for 

750 MTU capacity (130 foot length for 500 MTU, and 71 foot length for 250 

MTU). The hot cell was assumed to be separated into two basic compartments by 

a 5-foot thick slab. The lower compartment is the storage compartment and 

contains an array of stainless steel pipes in which the fuel is stored. 

Access to each pipe is through cavities in the slab, and each such cavity has 

a plug so that the upper compartment can be occupied by personnel when all 

plugs are in place. The upper compartment of the hot cell is open ended 

inasmuch as it was assumed it would probably be the conduit between the cask 

unloading facility and the processing activity at a DOE facility. 

It was assumed that cooling of the stored fuel would be by forced 

air circulation. Separate ventilation and air treatment facilities were 

provided for the upper and lower compartments of the hot cell. 

2.0 CAPITAL COSTS 

The estimates of the capital costs of 750 MTU, 500 MTU and 250 MTU 

capacity lag storage facilities are shown in Table E-1. 

E-2 



TABLE E-1 

BREAKDOWN OF CAPITAL COSTS OF HOT CELL LAG STORAGE FACILITIES 

($000. 1987) 

750 MTU 500 MTU 

Description 

Nuclear Grade Concrete 
Storage Cell 
Ventilat ion Bldg-Storage 
Ventilat ion Bldg-Loading 

Ordinary Concrete 
Ventilat ion Bldg-Storage 
Venti lat ion Bldg-Loading 

Hot Cell Coatings 
Storage Cell 
Ventilat ion Bldg-Storage 
Ventilation Bldg-Loading 

Lights 
Storage Cell 
Ventilat ion Bldg-Storage 
Ventilat ion Bldg-Loading 

Shielding Windows 
5' Thick 
2- Thick 

Shielded Doors & Ceiling Doors 
Air Lock Fixtures 
Control Center Equipment (Vent) 
Cranes. Hot Ce l l , 25 Ton 
Storage Modules & Support 

pm 
BMR 

Ventilat ion System Equipment 

Subtotal 

Equipment Ins ta l l a t ion 
(35X of Bare Equipment Costs) 
(15X of Module Cost) 

Unit 

$ 

$ 

$ 

$ 

$ 
$ 
$ 
$ 

$ 

$ 
$ 

: Cost 

2.1/yd^ 

.55/yd3 

.025/ft2 

.500 ea 

75 ea 
50 ea 
15 ea 
3 ea 

400 ea 

8.4 ea 
9.4 ea 

No. Units 

10,928 
8.667 
1.361 

900 
561 
398 
163 

93.000 
58,000 
22.000 
13.000 

698 
354 
232 
112 

18 
16 

6 
2 
-
2 

1.085 
683 

Total 

$22,949 

309 

2,325 

349 

1,350 
800 

90 
6 

250 
800 

9.114 
6,420 
1,875 

46.637 

1,932 
2,330 

No. Units 

7,793 
6,208 

976 
609 
340 
232 
108 

65.000 
40,000 
16.000 
9.000 

462 
240 
151 
71 

12 
10 
5 
2 
. 
2 

722 
457 

Total 

$16,365 

187 

1.625 

231 

900 
500 

75 
6 

175 
800 

6,065 
4.296 
1.250 

32.475 

1.378 
1,554 

Subcontractor Overhead & Prof i t 
(45X of Labor for Equipment Only; 

Labor SOX of Ins ta l la t ion Cost) 

General Contractor Overhead & Profi t 
(18.65X of Equipment Only; 

Included in Unit Cost for Others) 

Engineering (15X) 
Construction Hanagement (lOX) 

Contingency (20X) 

959 

Total 

3,927 

8,368 
5,579 

13.946 

i83.678 

660 

2.667 

~MJM 

5,810 
3.873 

15^417 

9.683 

$58.100 



An algorithm was developed to describe the relationship between capacity and 

capital costs as follows: 

C^ = 3701 + 113a(x) - ,00865(x^) 

where C is the capital cost of a lag storage facility having a capacity to 

store X MTU of spent fuel. This results in an average cost of $104/kgU 

storage capacity over the 250-750 MTU capacity range (range of 

$100-$109/kgU). 

3.0 OPERATING COSTS 

The estimates of the cost of operation of the lag storage facilities 

described in Sections 1.0 and 2.0, above, are shown in Table E-2. 

TABLE E-2 

ESTIMATED ANNUAL OPERATING COST FOR LAG STORAGE FACILITIES 

($000, 1987) 

Cost for Indicated Capacity 

Description 750 MTU 500 MTU 250 MTU 

Labor & Supervision $1,540 $1,255 $ 960 

Miscellaneous Supplies 210 171 131 

Maintenance Supplies 2,510 1,743 943 

Electricity 2,120 1,288 754 

Total $6,380 $4,457 $2,788 

An algorithm was developed to describe the relationship between 

capacity and operating cost, as follows: 

CQ = 1373 + 5.152(x) + .002(x^) 

where C is the operating cost for a lag storage facility having a capacity to 

store X MTU of spent fuel. This results in an average cost of $7,18/kgU 

storage capacity per year over the 250-750 MTU capacity range (range of 

$6.20-$8.20/kgU). This amounts to about $129/kgU on a discounted cost basis. 
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4.0 TOTAL COSTS 

From the cost estimates developed in Sections 2.0 and 3.0 of this 

Appendix E, it is apparent that the average cost of lag storage in hot-cell 

type facilities is about $233/kgU (1987 dollars). This assumes that such 

facilities are operated at 100 percent capacity (fully loaded) during the 

lifetime thereof. In practice, this will not be the case and, therefore, the 

foregoing costs represent the minimum costs that can be expected to be 

experienced for lag storage in hot-cell type facilities. 
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APPENDIX F 

ESTIMATED COST FOR MRS MODULES 

The purpose of this Appendix is to develop an estimate of the costs 

and capacity for the concrete storage modules that are expected to be used at 

the MRS facility so that an assssment can be made of the value of a metal 

storage cask if it were used to substitute for a concrete module at the MRS. 

1.0 ESTIMATED COSTS 

The Ralph M. Parsons Company (Parsons) estimated the cost of a 

concrete storage module having a capacity for storing 16.2 MTU of consolidated 

rods at $220-thousand (1985 dollars) in connection with its design of an 

integral MRS facility (References 1 & 2). Parsons also estimated the cost of 

a concrete storage module having a capacity for storing 28.7 MTU (equivalent) 

of compacted structural parts at $120-thousand (1985 dollars). The combined 

cost of these modules (casks) for storing consolidated fuel was $17.8/kgU 

(1985 dollars) which when escalated resulted in a 1987 cost of $18.3/kgU. The 

foregoing costs do not include a component for the capital cost of the 

concrete module manufacturing facility. 

In addition Parsons included a facility for manufacturing the 

concrete modules in the design of the Integral MRS facility. This facility 

was estimated by Parsons to cost $21.12-million (1985 dollars) which when 

escalated resulted in a 1987 capital cost of $23.16-minion. It was 

recognized that if TSCs were received by DOE and used in place of some of the 

concrete modules that otherwise would have been used for storage, a higher 

cost per module would have to be allocated as a result of amortizing the 

$23.16-million cost of the module manufacturing facility over a fewer number 

of modules. 

In this connection, it was assumed that 1500 MTU/year would be 

received into storage for a period of 10 years (15,000 MTU total). Under 

these conditions the allocation of the cost of the module manufacturing 

facility to the cost of modules would be $1.8/kgU, developed as follows: 
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storage Module Capacity (MTU) 

Year 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Total 

$23.16-million 
12,796 MTU 

Annual 
Additions 

1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 

15,000 

= $1.8/kgU 

Di 
3X/' 

scounted 
ir to Yr 0 

1,456 
1,414 
1,373 
1,333 
1,294 
1,256 
1,220 
1,184 
1,150 
1,116 

12,796 

Calculations were made of the impact of reducing the number of 

storage modules required on the cost of the modules. The results are shown in 

Table F-1. 

TABLE F-1 

IMPACT OF REDUCING THE NUMBER OF CONCRETE MODULES REQUIRED 

FOR MRS ON THE COST OF THE MODULES ATTRIBUTABLE TO THE 

CAPITAL COST OF THE MODULE MANUFACTURING FACILITY 

Reduction in Requ 
Capacity (%) 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

ired 

Cost/kgU 
Attributable 
to Concrete 

Storage Modules 

$ 1.8 
2.0 
2.3 
2.6 
3.0 
3.5 
4.5 
6.0 
9.0 
18.1 

fo 
Cc 
in 

Added Cost/kgU 
r Concrete Modules 
iused by Reduction 
No. Modules Needed 

$ -
0.2 
0.5 
0.8 
1.2 
1.8 
2.7 
4.2 
7.2 
15.3 
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Thus the net savings involved in the use of TSCs delivered to DOE by 

a utility, as a storage module for MRS would amount to about $16.5/kgU stored 

in MRS. 

In addition to the savings described above, the substitution of a 

TSC for a MRS concrete storage module would result in the elimination of the 

need to dispose of the MRS module at the end of its useful life. The TSC that 

replaced the module would have had to be disposed of in any event, thus the 

net amount of disposal costs would be reduced. A preliminary estimate was 

made of the cost of disposal of the MRS module, assuming that the inner metal 

containment vessel of the module and associated plug would be removed and 

packaged for disposal at a low level waste burial site, with the remainder of 

the concrete monolith being broken up and disposed of in a land fill. The 

following Table F-2 summarizes the estimated costs for disposal of MRS storage 

modules. 

TABLE F-2 

ESTIMATED COSTS FOR DISPOSAL OF MRS MODULES^ 

(1987 Dollars) 

Description 
Module Handling at MRS Facility 

Removal of Inner Vessel 

Transport of Vessel to Barnwell 

Disposal of Vessel at Barnwell 

Breakup of Concrete Shell 

Land and Transport to Land Fill 

Disposal at Land Fill 

Total 

$ 

i 

Cost 
1,000 

15,120 

4,000 

24,400 

10,080 

2,500 

2,000 

59,100 

These costs cover disposal of MRS modules used to store consolidated 
fuel rods. Disposal of MRS modules used to store compacted structural 
parts can be expected to amount to about 55 percent of the above total 
($32,500). 
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APPENDIX G 

ESTIMATED COSTS FOR TRANSPORT OF SPENT FUEL FROM MRS TO 

REPOSITORY FACILITIES IN TSCs AND STANDARD TRANSPORT CASKS 

The purpose of this Appendix is to develop estimates of the cost of 

transporting containers of consolidated fuel from the MRS facility to a 

repository in (i) standard transport caskss and (ii) TSCs^ so that the extent 

of the benefits involved in using TSCs could be assessed. The estimated 

capital and operating costs associated with the foregoing methods of 

shipments and the estimated life cycle and unit costs associated with the 

shipment of three different packages to three different types of 

repositories^ are developed in the following sections. 

1.0 CAPACITY OF CASKS FOR TRANSPORTING PACKAGES OF CONSOLIDATED FUEL 

It was recognized that consolidated spent fuel rods and compacted 

structural parts may be shipped from the MRS to the repository in one of 

basically three different forms^ as follows: 

(1) square cans--nominally 9-inches square 

(2) sleeves--cylindrical thin-walled (0.25-inch) canisters having 
an outside diameter slightly smaller than the inside diameter 
of the repository container 

(3) containerS""for repository disposal. 

For the purposes of this study^ repository containers were assumed to have the 

following dimensions and capacities: 
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TABLE G"l 

DIMENSIONS & CAPACITIES OF REPOSITORY CONTAINERS 

Description 

Outside Diameter (cm) 

Inside Diameter (cm) 

Length (cm) 

Capacity (MTU) 

Salt 

87.1 

64.5 

410 

5.52 

Containers • 
Consolidated 

Basalt 

54.1 

37.1 

410 

1.84 

for 
Rods 

Tuff 

70 

67.5 

410 

2.76 

Containers for 
Compacted 
Structural 

Parts 

70 

67.5 

410 

27.5 equiv. 

Either sleeves or containers will be shipped (not both), depending 

on whether the containerization operation is located at MRS or repository 

facilities. Square cans (from reactors and MRS -storage) may also be shipped. 

However3 it is assumed that in the case of tuff no sleeves will be shipped^ 

only the tuff container^ since it is already relatively thin-walled (1-inch). 

It is also assumed the compacted structural parts will be shipped in tuff-type 

containers. 

For the purposes of this analysis, it was assumed that^ absent any 

consideration of the use of TSCs for such shipments, the casks described in 

Reference (1) would be used to effect shipments of consolidated fuel from the 

MRS facility to the repository. It was recognized that there was really no 

"standard" DOE transport cask for this purpose,, but that the cask described in 

Reference (1) could be expected to be reasonably representative of a 

"standard" cask for the purposes of this analysis. The use of TSCs for such 

shipments was also considered; these TSCs were assumed to be those used for 

reactor storage of intact fuel assemblies. An analysis was made of the 

capacity of TSCs for transporting cans as well as sleeves and canisters 

designed for the three different repository types. The results of this 

analysis as well as the capacities and weights of the casks described in 

Reference (1) are shown in Table G-2. 
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TABLE G-2 

CAPACITIES & WEIGHTS OF CASKS FOR TRANSPORTING CONSOLIDATED SPENT FUEL 

FROM MRS TO REPOSITORY FACILITIES 

"Standard" Transport Casks TSCs 

I 
CO 

Type of 
Package Shipped 

Containers - Salt 

Containers - Basalt 

Containers - Tuff 

Sleeves - Salt 

Sleeves - Basalt 

Square Cans 

Cc 

No. 
Pkgs. 

3 

7 

3 

4 

13 

28 

ipacity 

(MTU) 

16.56 

12.88 

8.28 

22.08 

23.92 

25.76 

Weight ( 

Loaded 

2 J 0 0 

2,670 

2,530 

2 J 6 5 

2,940 

2 J 9 0 

;CWT) 

Empty 

1,535 

1,600 

1,965 

1,941 

1,905 

1,890 

Cost^ 

($000, 
1987) 

$2,867 

2,980 

3,090 

3,199 

3,237 

3,169 

Cc 

No. 
Pkgs. 

1 

4 

2 

3 

9 

21 

ipacity 

(MTU) 

5.52 

7.36 

5.52 

16.56 

16.56 

19.31 

Weight (CWT) 

Loaded 

2,400 

2,610 

2,300 

2,600 

2,630 

2,300 

Empty 

2,000 

2,000 

2,000 

2,000 

2,000 

2,000 

Standard casks are those described in Reference (1) 

^Escalated to 1987 dollars from costs shown in Reference (1) 



2.0 ESTIMATED COSTS FOR TRANSPORT 

Separate calculations were made of the cost of shipping spent fuel 

from MRS facilities to the repository in the form of repository containers, 

sleeves, and square cans--using: 

(1) the standard transport casks described in Reference (1) 

(2) TSCs for one-way shipments 

(3) TSCs for repetitive shipments. 

The cask requirements for these shipments are shown in Table G-3 along with 

supporting data. 
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I 

en 

CASK REQUIREMENTS 

Description 

Fuel Content per Package (MTU) 

No. Packages Annually § 3000 MTU/Yr 
- Consolidated Rods 
- Structural Parts 

Cask Capacity (No. Packages) 
- Standard Casks 
- TSCs 

No. Shipments Annually in 
- Standard Casks 
- TSCs 

Shipping Distance One-Way (miles) 

Speed (MPD) 

Cask Availability (DPY) 

No. Shipments/Year/Cask 

No. Casks Required 
- Standard Casks 
- TSCs^ 

TABLE G-3 

FOR TRANSPORTING CONSOLIDATED 

FACILITIES 

FUEL FROM 

IN CONTAINERS, SLEEVES & CANS 

Containers fo 

Salt 

5.52 

543 
109 

3 
1 

218 
598 

1,300 

286 

300 

22.9 

10 
27 

Basalt 

1.84 

1,631 
109 

7 
4 

270 
463 

2,600 

364 

300 

16.4 

17 
29 

r 

Tuff 

2.76 

1,087 
109 

3 
2 

399 
598 

2,400 

364 

300 

17.5 

23 
35 

MRS TO 

Sleeves for 

Salt Basalt 

5.52 

543 
109 

4 
3 

172 
236 

1,300 

286 

300 

22.9 

8 
11 

1.84 

1,631 
109 

13 
9 

162 
236 

2,600 

364 

300 

16.4 

10 
15 

REPOSITORY 

Salt 

0.92 

3,261 
109 

28 
21 

153 
210 

1,300 

286 

300 

22.9 

7 
10 

Cans for 

Basalt 

0.92 

3,261 
109 

28 
21 

153 
210 

2,600 

364 

300 

16.4 

10 
13 

Tuff 

0.92 

3,261 
109 

28 
21 

153 
210 

2,400 

364 

300 

17.5 

9 
12 

Structural parts are packaged in tuff-type containers 

Number of TSCs required if used to replace entire fleet of standard casks. If TSCs were used for one-way 
shipment only and sufficient TSCs were available to replace fleet of standard casks, this number would represent 
sets of auxiliary equipment required for shipment. 



In addition the following basic assumptions were used in connection with the 

transport cost calculations: 

(1) It was assumed that the casks would be shipped by special train 
with four casks being involved for each shipment. 

(2) The special train charges amounted to $46.76/miles which 
represented the charges set forth in Reference (1), escalated 
to 1987 using the Rail Freight Index. 

(3) The annual cask operating costs associated with the shipment 
were the same as those described in Section 2.3 of Appendix D. 

(4) The freight charges associated with the shipments were 
determined using the algorithms developed in Section 2.1 of 
Appendix D. 

(5) The security charges associated with the shipment were 
determined using the methodology described in Section 2.2 of 
Appendix D. 

(6) Life cycle costs were determined over the 25 year period 
1998-2022 and discounted at 3 percent/year to 1987. Unit 
costs were determined as described in Section 3.0 of Appendix 
D. 

The following Table G-4 sets forth the unit costs for transporting 

spent fuel in the various packages from MRS to repository facilities in both 

standard transport casks and TSCs. 
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TABLE G-4 

ESTIMATED COST OF TRANSPORTING SPENT FUEL FROM 

MRS TO REPOSITORY FACILITIES 

Cost of Transport ($/kgU) 

One-Way 
Use 

$ 9.58 
4.06 
3.66 

13.05 
6.68 
5.98 

15.54 
5.63 

TSCs 
Repetitive 

Use 

$14.02 
5.72 
5.14 

17.87 
9.14 
8.16 

21.47 
7.71 

Standard 
Transport 

MRS Facilities Casks 

To Salt Repository 
- in Containers $ 5.73 
- in Sleeves 4.63 
- in Cans 4.12 

To Basalt Repository 
- in Containers 11.18 
- in Sleeves 7.01 
- in Cans 6.53 

To Tuff Repository 
- in Containers 15.37 
- in Cans 6.12 

From the results shown in the table, it can be concluded that 

standard transport casks are less expensive to use for transporting packages 

of consolidated fuel from MRS to repository facilities than are TSCs when the 

latter are used to replace standard transport casks in repetitive shipments. 

Even if higher payload capacities (20-25%) were feasible for TSCs, there would 

be no savings involved over the use of a standard transport cask specifically 

designed for the payload to be shipped. 

The one-way use of TSCs, if such should be available in sufficient 

quantities, can result in savings in the cost of transport over that involved 

with the use of standard casks in cases where the spent fuel is contained in 

sleeves or cans. Moreover, if higher payload capacities (20-25 percent) were 

feasible, savings would result in all cases with the exception of shipments 

involving spent fuel in salt repository containers. However, in order to 

replace a single standard cask it would be necessary to receive 23 TSCs/year 

for shipments to a salt repository, 17 TSCs/year for shipments to a basalt 

repository, or 18 TSCs/year for shipments to a tuff repository--for a period 
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of 25 consecutive years (totals of 575 TSCs for salt, 425 TSCs for basalt, and 

450 TSCs for tuff). Under such circumstances the magnitude of the savings 

involved in the use of TSCs would range from $0.33-$0.57/kgU using the 

payloads assumed for this study, and from $0.74-$2.94/kgU using payloads 

which were 20 percent higher. 

For any of these savings to be realized, it would be necessary that 

utilities commit to provide TSCs early enough, and to deliver the TSCs on a 

schedule compatible with DOE needs, such that DOE does not have to otherwise 

commit to provide all or a portion of a fleet of rail casks for its use. 

3.0 REFERENCES FOR APPENDIX G 

(1) E. R. Johnson Associates, Inc., Assessment of the Use of a Multi-Purpose 
and Centralized Facility for the Disassembly and Packaging of Spent 
Nuclear Fuel to Support the Various Segments of the DOE Waste Management 
System, JAI-254, DOE Contract No. DE-AC01-84RW00037 
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APPENDIX H 

ESTIMATED COSTS FOR SALVAGE OR DISPOSAL OF USED TSCs, SOCs 

AND CONCRETE STORAGE CASKS 

The purpose of this Appendix is to develop estimates of costs for 

salvage or disposal of storage modules at the end of their useful life. While 

these estimates have been based on decontamination, disassembly, etc. at the 

reactor, essentially identical costs are to be expected if such work were 

performed at DOE facilities. 

1.0 METAL CASKS 

A preliminary estimate was made of the cost of both salvage and 

disposal of metal storage casks (TSCs and SOCs). However, it should be 

pointed out here that there are uncertainties about the acceptability of 

nuclear equipment as salvage, even when thoroughly decontaminated. 

In the case of prospective salvage, the cost of a thorough 

decontamination was estimated to require about 20 person-days, and to cost 

$10,080. The cost of shipping the fully decontaminated cask to the salvage 

site 200 miles away was estimated to be $7,740, assuming that a Class 37̂ 5 

freight rate would apply. The value of the cask as scrap steel was estimated 

at $25/ton, for a total of about $2,500. Other metals (such as lead) would be 

appreciably more. Offsetting this prospectively higher value is the fact that 

the cask would either have to be delivered as a nominal lOO-ton object or 

subject to expensive size reduction operation. In addition, the cost of 

handling the cask at the reactor site, after unloading, to the point of 

shipment to the salvage site was estimated to be about $740 (11.75 

person-hours). The net result of the foregoing is that if the salvage route 

is taken to dispose of the cask, the net cost is about $16,060/cask (1987 

dollars). If the decontamination turns out to be minimal, this cost could 

drop to as low as $9,000/cask. 

In the case of disposal of a cask without salvaging any of the 

materials of construction, the cost of handling the cask (including removal of 

loose contamination on the surface of the cask) was estimated to be $1,764 (28 
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person-hours). The cost of shipping the cask to a disposal site 900 miles 

away was estimated to be $18,495 assuming that a class 37% freight rate would 

apply. Assuming the cask (volume--520 cubic feet) would be buried in a low 

level waste burial ground on an as-received basis, the cost was estimated to 

be $35,084, broken down as follows: 

Base Disposal Charge $16,380 
Surcharge (Weight) 13,108 
Cask Handling Fee 800 
Funds 3,973 
Tax (2.4% of above) 823 

Total $35,084 

The net result of the foregoing is that the cost of disposal of the cask is 

about $55,343. A summary of these costs is set forth in Table H-1. 

TABLE H-1 

ESTIMATED COSTS FOR DISPOSAL/SALVAGE i 

(1987 Dollars) 

Description 

Cask Handling at Reactor 

Decontamination 

Transport of Cask to Disposal or Salvage Site 

Disposal at Barnwell 

Salvage Value 

Total 

OF METAL STORAGE CASKS 

Salvage 

$ 740 

10,080 

7,740 

-

(2,500) 

$16,060 

Cost 

Disposal 

$ 1,764 

-

18,495 

35,084 

_ 

$55,343 

2.0 CONCRETE STORAGE CASKS 

A preliminary estimate was also made of the cost of disposal of 

concrete storage casks. It was assumed that the inner metal containment 

vessel of the cask and associated plugs would be removed and packaged for 

disposal at a low level waste burial site. The remainder of the concrete 

monolith would be broken up and disposed of in a land fill. The following 

Table H-2 summarizes the estimated costs for disposal of concrete storage 

casks. 

H-2 



TABLE H-2 

ESTIMATED COSTS FOR DISPOSAL OF CONCRETE STORAGE CASKS 

(1987 Dollars) 

Description 

Cask Handling at Reactor 

Removal of Inner Vessel 

Transport of Vessel to Barnwell 

Disposal of Vessel at Barnwell 

Breakup of Concrete Shell 

Load and Transport to Land Fill 

Disposal at Land Fill 

Total 

Cost 

$ 462 

3,024 

2,300 

4,726 

6,640 

1,250 

1,000 

$19,402 

Since the storage capacity of a concrete cask is 4.291 MTU (vs 9.26 

MTU for a metal cask), the foregoing cost is essentially equivalent to about a 

$42,000 disposal cost for a metal storage cask. 

3,0 CONCLUSIONS REGARDING MODULE DISPOSAL COSTS 

Based on the preliminary cost estimates developed in the preceding 

sections it is reasonable to conclude that concrete casks may be less 

expensive to dispose of at the end of their useful life than metal casks, if 

the metal casks indeed need to be disposed of. However, if metal casks should 

prove to be salvageable, considerably lower disposal costs would result. 

Moreover, the equipment used to transfer spent fuel to and from the concrete 

casks will have to be decontaminated and disposed of (or salvaged) at the end 

of its useful life, and the cost of this activity would have to be accrued 

over the number of concrete casks serviced. Thus the cost of disposition of a 

metal cask can be expected to range between $26,000 less expensive ($2.81/kgU 

for casks storing intact fuel assemblies and 1.69/kgU for casks storing 

consolidated fuel), to being $13,000 more expensive ($1.40/kgU for casks 

storing intact fuel assemblies and $0.85/kgU for casks storing consolidated 

fuel) than concrete storage casks of equivalent capacity. 

Some savings in disposal costs of both cask types might be realized 

by loading the metal casks or the inner vessel of the concrete casks with 

other low level wastes. 
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APPENDIX I 

SENSITIVITY OF COSTS TO VARIATIONS IN THE CAPACITY 

AND FABRICATION COSTS OF METAL STORAGE CASKS 

The purpose of this Appendix is to determine the sensitivity of 

costs/savings associated with the use of metal storage casks in the utility 

and DOE spent fuel management systems to variations in the capacity of the 

casks and the cost of fabrication thereof. Conclusions are developed 

regarding the relative sensitivity of each of the components of cost 

considered in this study (i.e., at-reactor costs, transport costs, and 

costs/savings at DOE facilities) to these variations. 

1.0 SENSITIVITY TO CHANGES IN THE TSC AND SOC CAPACITY 

The TSCs and SOCs considered in the study were assumed to have a 

capacity for storing 21 PWR fuel assemblies or 46 BWR fuel assemblies (average 

of 9.26 MTU for intact fuel assemblies and 15.37 MTU for consolidated fuel). 

This cask capacity will be referred to as the base case in this sensitivity 

analysis. Two larger capacity casks were evaluated: 

Case A - A TSC or SOC capacity of 26 PWR assemblies or 52 BWR 
assemblies (average of 11.16 MTU for Intact fuel 
assemblies and 18.53 MTU for consolidated fuel) 

Case B - A TSC or SOC capacity of 32 PWR assemblies or 76 BWR 
assemblies (average of 14.47 MTU for intact fuel 
assemblies and 24.02 MTU for consolidated fuel) 

These cases were selected as being representative of future metal cask designs 

that could allow for more densely packed spent fuel assemblies. Case B Is 

considered to be the upper bound of capacity for these metal casks. 

In Appendix C it was assumed that there were fundamental 

similarities between the designs of the transport cask and the TSC or SOC. 

These metal casks were all assumed to have the same capacity (i.e., 21 PWR or 

46 BWR assemblies). For the purpose of the sensitivity analysis it Is assumed 

that if higher capacity TSCs and SOCs would be available for use in the waste 

management systems, correspondingly higher capacity transport casks would 

also be available. 

I-l 



Since this portion of the sensitivity analysis only considered 

impacts of changes in cask capacity^ the cost of the casks was assumed to be 

the same as that used in Appendix C. 

1.1 SENSITIVITY OF AT-REACTOR COSTS TO CHANGES IN THE CAPACITY OF METAL 

STORAGE CASKS 

1.1.1 Sensitivity of At-Reactor Operations Costs to Changes in Cask 

Capacity 

An analysis was performed of the impact of increased capacity metal 

casks on the costs of operation at a reactor site. For this analysis, it was 

assumed that the increased capacity casks were not dimensionally larger or 

appreciably heavier than the base case cask. Therefore, appreciably higher 

capacity handling equipment at the reactor would not be needed. 

The at-reactor operations costs for receiving, loading and transfer 

to storage of increased capacity TSCs and SOCs were estimated. Operations 

costs for removal from storage, unloading, fuel inspection, and receiving and 

loading transport casks or overpacks for the increased capacity SOC options 

were also estimated. 

Only activities involving the handling of individual spent fuel 

assemblies increased in cost for higher capacity metal casks. The cost per 

cask of these activities increased proportionately with the increased number 

of assemblies in the cask. However, it is important to point out that the 

unit cost ($/kgU) for these activities remained unchanged from the base case. 

The total unit costs for at-reactor operations decrease with increasing metal 

storage cask capacity. This is because the large majority of the operations 

involve handling the cask as a whole and the costs of these operations do not 

increase with increased cask capacity. The unit costs for at-reactor 

operations costs for each of the higher capacity metal cask options for intact 

and consolidated fuel are set forth in Tables I-l through 1-4. The percent 

decrease in at-reactor operations costs for handling TSCs or SOCs is somewhat 

less than the percent increase in cask capacity. However, it should be noted 

that the at-reactor operations costs are only a small portion of the total at-

reactor costs. The cost of the casks is the large portion of the total at-

reactor costs as will be seen in the next section. Therefore, even a large 

decrease in the at-reactor operations costs will not significantly change the 

total at-reactor costs. 
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TABLE I-l 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATEO WITH DRY STORAGE MODULES 

(Increased Capacity Metal Casks — Case A (26/52) Intact Fuel Assemblies) 

Average Cost ($/kqU. 1987)^ 

I 

\l] 
(1) Loading & Placement In AR Storage 

aj Cask Receiving & Placement In Pool 
b) Cans 
(c) Canning 
(d) Loading & Transfer to Storage 
(e) Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 

(a) Removal from Storage & Unloading 
(b) Decanning 
(c) Can Disposal 
(d) Fuel Inspection 
(e) Receiving of Transport Cask 
(f) Loading of Transport Cask 
(g) Equipment Rental 
[h) Preparation of TSC or SOC for 

Shipment 
(i) Overpacking of SOC for Shipment 

Subtotal 

Section . 
Reference 

1.0 

3.1 
2.0, 3.2, 3.3 
App A, 3.0 

TSC or SOC 
Destined For 
Shipment 
To DOE 

$0.19 

0.42 

4.0, 
6.0 
6.0 
7.0 
1.0 
8.0 
6.0 
5.0 

9.0 

6.0 

0.61 

SOC 
Shipped To 
DOE In 
Overpaek 

$0.19 

0.42 

SOC 
Used For 
At-Reactor 
Storage Only 

$0.19 

0.42 

0.61 0.61 

Concrete 
Cask 

9.03 
0.52 
3.49 
1.45 

14.49 

Total 

_ 
_ 
_ 
-
-
_ 
-

0.10 

. 

0.10 

$0.71 

-
_ 
-
_ 
„ 

_ 
-
-

0.62 

0.62 

$1.23 

0.26 
. 
_ 

1.60 
0.19 
0.45 

_ 
-

. 

2.50 

$3.11 

3.25 
0.52 
l a s 
1.66 
0.22 
0.48 
1.45 

-

ffiS 

8.73 

$23.22 

Based onj 2/3 of the amount (kgU) of fuel being PWR fuel, with an average of 461 kgU/assembly, and a cask capacity 
of 25 assemblies} 1/3 of the amount (kgU) of fuel being BWR fuel, with an average of 183 kgU/assembly, and a cask 
capacity of 52 assemblies. Concrete casks assumed to have a capacity for storing 9 PWR or 25 BWR assemblies. 

References are to Sections in Appendix B unless otherwise indicated, 
were adjusted for increased capacity raetal casks.) 

Included in the costs shown in (l)(d) 

(Note: Costs developed in these sections 



TABLE 1-2 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATED WITH DRY STORAGE MODULES 

(Increased Capacity Metal Casks -- Case B (32/76) Intact Fuel Assemblies) 

Average Cost ($/kgU. 1987)^ 

I 

(1) Loading & Placement in AR Storage 

(a) Cask Receiving & Placement in Pool 
(b) Cans 
(c) Canning 
(d) Loading & Transfer to Storage 
(e) Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 

(a) Removal from Storage & Unloading 
(b) Decanning 
(c) Can Disposal 
(d) Fuel Inspection 
(e) Receiving of Transport Cask 
(f) Loading of Transport Cask 
(g) Equipment Rental 
(h) Preparation of TSC or SOC for 

Shipment 
(i) Overpacking of SOC for Shipment 

Subtotal 

Section . 
Reference 

1.0 

3.1 
2.0, 3-2, 3.3 
App A, 3.0 

TSC or SOC 
Destined For 
Shipment 
To DOE 

$0.14 

0.38 

4.0. 
5.0 
6,0 
7.0 
1.0 
8.0 
6.0 
5.0 

9.0 

6.0 

0.52 

Total 

0.08 

0.08 

$0.60 

SOC 
Shipped To 
DOE In 
Overpaek 

$0.14 

0.38 

0.52 

0.53 

SOC 
Used For 
At-Reactor 
Storage Only 

$0.14 

0.38 

0.52 

2.40 

Concrete 
Cask 

$ ^^ 
9.03 
0,52 
3.49 
1.45 

14.49 

-
-
_ 
_ 
-
_ 

: 

0.53 

0.22 
_ 
-

1.64 
0.14 
0.40 

~ 

^ 

3.25 
0.52 
1.15 
1.66 
0.22 
0.48 
1.45 

«. 

8.73 

Based on: 2/3 of the amount (kgU) of fuel being PWR fuel, with an average of 461 kgU/assembly, and a cask capacity 
of 32 assemblies-, 1/3 of the amount (kgU) of fuel being BWR fuel, with an average of 183 kgU/asserably, and a cask 
capacity of 76 assemblies. Concrete casks assumed to have a capacity for storing 9 PWR or 25 BWR assemblies. 

References are to Sections in Appendix B unless otherwise indicated. (Note: Costs developed in these sections 
were adjusted for increased capacity metal casks.) 

Included in the costs shown in (l)(d) 



TABLE 1-3 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATED WITH DRY STORAGE MODULES 

(Increased Capacity Metal Casks - Case A (26/52) Consolidated Fuel) 

Average Cost ($/kqU, 1987)' 

(1) Loading & Placement In AR Storage 

(a) Cask Receiving & Placement in Pool 
(b) Cans 
(c) Canning 
(d) Loading & Transfer to Storage 
(e) Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 
[a) Removal from Storage & Unloading 
[b) Decanning 
[c) Can Disposal 
[d) Fuel Inspection 
[e) Receiving of Transport Cask 
[f) Loading of Transport Cask 
[g) Equipment Rental 
[h) Preparation of TSC or SOC for 

Shipment 
(1) Overpacking of SOC for Shipment 

Subtotal 

Section . 
Reference 

1.0 

3.1 
2.0, 3.2, 3.3 
App A, 3.0 

TSC or SOC 
Destined For 
Shi pment 
To DOE 

$0.11 

0.25 

SOC 
Shipped To 
DOE In 

Overpaek 

$0.11 

0.25 

SOC 
Used For 

At-Reactor 
Storage Only 

$0.11 

0.25 

Concrete 
Cask 

» -5 
"d 

1.99 
1.26 

4.0, 6.0 
6.0 
6.0 
7.0 
1,0 
8.0 
6.0 
5.0 

9.0 

0.36 0.36 0.36 

0.16 

3.25 

1.83 

Total 

0, 

0. 

$0, 

_ 
_ 
_ 
_ 

.06 

-

.06 

.42 

_ 
-
-
_ 
-

0.37 

0.37 

$0.73 

0, 
0, 
0. 

1, 

$1. 

.48 

.11 

.27 
_ 
-

» 

.02 

.38 

0.50 
0.13 
0.29 
1.26 

-

m. 

4.01 

$ 7.26 

Based on: 2/3 of the amount (kgU) of fuel being PWR fuel^ with an average of 770 kgU/can, and a cask capacity of 
26 cans I 1/3 of the amount (kgU) of fuel being BWR fuel, with an average of 306 kgU/can, and a cask capacity of 52 
cans. Concrete casks assumed to have a capacity for storing 9 PWR cans or 25 BWR cans. 

References are to Sections in Appendix B unless otherwise indicated. (Note: Costs developed in these sections 
were adjusted for increased capacity metal casks.) 

Included in the costs shown in (l)(d) 

Consolidated fuel assumed to be canned already 



TABLE 1-4 

SUMMARY OF ESTIMATED AT-REACTOR HANDLING COSTS ASSOCIATED WITH DRY STORAGE MODULES 

(Increased Capacity Metal Casks - Case B (32/76) Consolidated Fuel) 

Average Cost ($/kqU. 1987)' 

I 

(1) Loading & Placement in AR Storage 

(a) Cask Receiving & Placement in Pool 
(b) Cans 
(c) Canning 
(d) Loading & Transfer to Storage 
(e) Equipment Rental 

Subtotal 

(2) Removal From AR Storage & Shipment 
Preparation 

(a) Removal from Storage & Unloading 
(b) Decanning 
(c) Can Disposal 
(d) Fuel Inspection 
(e) Receiving of Transport Cask 
(f) Loading of Transport Cask 
(g) Equipment Rental 
(h) Preparation of TSC or SOC for 

Shipment 
(i) Overpacking of SOC for Shipment 

Subtotal 

Section . 
Reference 

1.0 

3.1 
2.O9 3.2. 3.3 
App A. 3.0 

TSC or SOC 
Destined For 
Shipment 
To DOE 

$0.08 

0.23 

SOC 
Shipped To 
DOE In 

Overpaek 

$0.08 

0.23 

SOC 
Used For 
At-Reactor 
Storage Only 

$0.08 

0.23 

Concrete 
Cask 

« -S 
J 

1.99 
1.26 

0.31 0.31 0.31 3.25 

Total 

4.0, 6.0 
6.0 
6.0 
7.0 
1.0 
8.0 
6.0 
5.0 

9.0 

0, 

0. 

$0. 

_ 
_ 
_ 
_ 
-
_ 
-

.05 

_ 

,05 

.36 

_ 
_ 
„ 

_ 
_ 
_ 
_ 
-

0.32 

0.32 

$0,63 

0.13 
-
-

0.49 
0.08 
0.24 

-
-

.. 

0.94 

$1.25 

1.83 
. 
-

0.50 
0.13 
0.29 
1.26 

-

•» 

4.01 

$ 7.26 

Based on: 2/3 of the amount (kgU) of fuel being PWR fuel, with an average of 770 kgU/can, and a cask capacity of 
32 cans I 1/3 of the amount (kgU) of fuel being BWR fuel, with an average of 306 kgU/can, and a cask capacity of 76 
cans. Concrete casks assumed to have a capacity for storing 9 PWR cans or 25 BWR cans. 

References are to Sections In Appendix B unless otherwise Indicated. (Note: Costs developed In these sections 
were adjusted for increased capacity metal casks.) 

^ Included in the costs shown in (l)(d) 

Consolidated fuel assumed to be canned already 



1.1.2 Sensitivity of At-Reactor Life Cycle and Unit Costs to Changes in 

Cask Capacity 

An analysis was performed of the impact of increased capacity metal 

casks on the life cycle and resylting unit costs involved with the use of the 

casks at the reactor site. The analysis was performed using the same 

methodology as was used for determining the at-reactor cask costs for the base 

case (as described in Appendix C). The number of additional metal storage 

casks needed each year was calculated by dividing the amount of fuel requiring 

storage each year by the cask capacity. The resulting number of metal storage 

casks was multiplied by the estimated cost of a cask to determine the total 

cask cost to the utility system for a given year. The calculations were made 

for the total number of years that additional at-reactor storage is projected 

to be required I this is dependent on when the DOE system begins receiving 

spent fuel. The following cases were evaluated for the on-time repository 

(1998) scenario: 

Case 
No. 

Al 
A2 
A3 
A4 
A5 

A6 

A7 
A8 

Bl 
B2 
B3 
B4 
B5 

B6 

B7 
B8 

Type of 
Cask Used 
For AR 
Storage 

TSC 
TSC 
SOC 
SOC 
SOC 

SOC 

SOC 
SOC 

TSC 
TSC 
SOC 
SOC 
SOC 

SOC 

SOC 
SOC 

Cask Capacity 
Number 

Of Assemblies 
(PWR/BMR) 

(26/52) 
(26/52) 
(26/52) 
(26/52) 
(26/52) 

(26/52) 

(26/52) 
(26/52) 

(32/76) 
(32/76) 
(32/76) 
(32/76) 
(32/76) 

(32/76) 

(32/76) 
(32/76) 

Type Of 
Fuel 

Intact assemblies 
Consolidated fuel 
Intact assemblies 
Consolidated fuel 
Intact assemblies 

Consolidated fuel 

Intact assemblies 
Consolidated fuel 

Intact assemblies 
Consolidated fuel 
Intact assemblies 
Consolidated fuel 
Intact assemblies 

Consolidated fuel 

Intact assemblies 
Consolidated fuel 

Method of 
Shipment to DOE Facilities 

In TSC 
In TSC 
In DOE-furnished transport cask 
In DOE-furnished transport cask 
In SOCi one-time use of SOC for 
shipment 
In SOCi one-time use of SOC for 
shipment 
In SOC 1n overpaek 
In SOC in overpaek 

In TSC 
In TSC 
In DOE-furnished transport cask 
In DOE-furnished transport cask 
In SOC; one-time use of SOC for 
shipment 
In SOCi one-time use of SOC for 
shipment 
In SOC in overpaek 
In SOC in overpaek 

The impact of increased capacity metal casks on the total cost of metal casks 

at the reactor is significant. Fewer casks are needed to meet the storage 

requirements, thereby reducing the total cost of casks in the utility system. 

The results of the cost calculations for the TSC and SOC higher capacity cases 
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are included in Tables 1-5 through 1-20. These tables list the at-reactor 

costs for spent fuel stored as intact fuel assemblies and in consolidated form 

in cans. The at-reactor operations costs are also included in the tables and 

added to the cask costs to provide total at-reactor costs. The unit costs are 

calculated (using a 3% discount rate) and also provided in the tables. 

Summaries of the at-reactor costs for Cases A and B are provided in Tables I-

21 and 1-22. The summary tables provide a comparison of the at-reactor costs 

(in $/kgU) for the base case, each of the increased capacity metal cask 

options9 and the concrete cask option. 

1-8 



m'% 

%n 
u 
u 
m 
m 
m K! 

u in 
M 
K 

w K 
II 

lost K i 
SIiV3 MI 

amii nu 10 icn^^ 
I3M03SI« 

tw*i 

ttl 

a 
»• 
Ml 
Wl 
HI 
Ml 

m 
m wt 
fS 
11 
IS 
II 

mtmv m 
xm u 1 

SW3 «I 
o^Ms nil 

JO imtk 

amnmi 

vm 
m'u 

Mi'tt 

u 

11 
1 
«i*i 
Wl'l 
fM'£ 
ai'ti 
til'®! 
111*1 
«l*ll 
m'l 
SM't 
Ul^l 

mh M?«l 
HI'I 
»M 

1 mm 
itU 01 K 
W3SH 

1 MOJ 

1 

IIO'llI 

m'm 

n 
If 
u 
I 
tn'k 
itf'f 
Wf'l 
Mf'll 
Ifl'll 
wi'ai 
KI'II 
itt'i 
i»'4 
l»'f 
IM'I 
S«'g 
m'l 
IH 

mm 
im u K 

U 'OSW 
VUI 

in'9H 

n 

M 
t 

m'ti 
IK% 

m'^ 
m'n ?a'»i 
»«C! 
ftf'Sl 
SW'91 
®tt'@i 
S»*4 
«E't 
la'f 
SCT*I 
IM 

W0I 

ri 
If 

v% 
m 

m 

n 

M 
t 

t 
(9S0II 

snipes 119 
nj 

fi 
Ml 

IM 

m'% 

?n 
If 
M 
ai 
KI 
MI 
«l 
Z» 
4f 
U 
U 
» 
W 
I 

ISVM4I 
n iNW 

WIHWaW -33»l^ 1 
t ISWOB 

VOUJ 

10 U03 

JHUW1 
m IS03 

firt 

ltt*®ll 

IM'tll 

IK«CI 
m'i 
®«'f 

lu'n 
m'n Hh'll 
HS'SI 
t»'4 
Wf'OI 
JK'4 
WI'C 
Ml«? 
IW'I 
IW 

SB¥3 
i^ia 

JO IS03 

Ml 

(II) 
tM) 

a II 
» 
cz N 
fl 
II 
Zl 
11 

n ? 
1 
t 
1 

« 'ON 

SIK 
S»S 
Sflt 
l^« 
9»l 
W®l 
l«1 
IKI 
ta 

m 
m ut 
«i 
M 

@M 

m Ml 
fK 
l» 
W€ 

m IK 
ni 
KI 
?« 
£fl 
?®I 
K 

iftlWims IMMNV 

(KM) m 0»K 
liM iinoM^ 

51/WJ SINK 
Ki JSli IWOi 

9I/iSn IHfl 
Ki 3SH wm 

MSI 

mz 
au 
fW? 

?IK 
mz 
mi 
tm 
UK 
mi 
M« 
W®l 
»0I 
W®l 
mi 
mi 
mi 

MM 
mi 
$IH 

ua im 

uu 
m% 
m% 
m% Ui% 
Uil 
Mil 
«« 
IMl 
im 

nm 

CT» 

jsv»3 «1 »»pi»®ad »W»MJ«»it»» »»M»1S W l» l®S> 

«$/«) - kinun 

«WI NI MOIU»MO Si3MlHM3 U01IS04» 
SiniHSS* 11M 0«1M « JSWffllS lOD^M-W WJ »3M M iSOJ -- I» SSW 

S-I 31W1 



TttLI l-t. 

CASE a -- COST or iscs FOK »T-REAC!OR STORSM or coMsoLii^ia rua 
RiroSIWit COWEMCiS OPERftTlOH IN Wfi 

SHIFHHT IH !SC 
Umm • (24/52) 

mi of Al Staragc ^gquiriwitt fnniti ky €ask«) 

tEt t 

Sf» 

%m 
SfW 
i»® 
Wfl 
WW 
im 
1«4 
SW5 
ITO 
lf?7 
im 
im 

tm 
mi 
zmt 
l@M 
IM4 
IMi 
M®4 
M0I 
tool 
MW 
aoi® 
2@tl 
n i l 
2013 
2914 
mi 
mi 
mi 

tm 
mi 

tm 

nm 

wm use III 
UMIT W l / K 

T i m list B l 
« T t W / B 

Moun roil 
sum m iwtm 

MM^L CUMLMIME 

M 

m 
m 
m 
i3a 
IM 
25a 
421 
Ui 
«4 
5U 

m 
272 
3f® 

M 
IM 
123 
44? 
M7 
W3 

1231 
US? 
I@24 
24?l 
29M 
3U3 
3435 
3S25 

M. er 

asK 

1 
3 
4 
3 
6 
t 
? 

11 
1@ 
12 
M 
5 

/ 
11 

12) 
«4» 
t§4) 
C2S» 

1« 

MSI or 

mu. 
C«IS 

c»oo» 

?41 
2,?M 
3,Mt 
l |44? 
^8224 
k,m 
5,«5 

W,®2® 
i,2W 
?,a2i 

U,3M 
4,»35 
3,42a 
l ,IU 

i5,af? 

M,4?# 
145.4 

Sf84B® 
MS.S 

COST » 
U^MM 

1 mcE-
HEHI M 
STOMI 

(I0®@) 

7 
2® 
27 
2@ 
49 
S3 
47 
M 

» 
§« 

n 
33 
4? 
73 

U7 

M4 
$.4 

472 
1.4 

COS? 01 
KNOWI 

nm 
STORAgE 1 

PRIMEAtlW 
FOR 

<&ur&ui?u •S 

IM®®) 

2 
V 
M 
21 

117 

13 
ts 

S4 
I.I 

TOTSL 
«I0®®) 

941 
2(7S@ 
3,tt7 
2,4W 
%,2U 
i,m 
i,Ut 

1O,1@0 
1,327 
f,m 

11,441 
4,Ma 
S,47S 
l , U 4 

1 
27 
M 
2t 

M|7II 

TOftt 
WSC. « 

31 TO m? 

mm) 

f4l 

t,m 
3,4» 
2,443 

%m 
l,W® 
48»3 
1,112 
4,573 
7,Sf4 
l,5M 

t,m 
3 , m 

^,m 
I 

17 
37 
1? 

If,«lf 

4f,®»f 
Ml.i 

fOMl 
iise.M 

51 TO ita? 
IIM0) 

f4l 
2,44* 
3,2?® 
t,3M 
4,332 
1,414 
4,44» 
7,171 
5,434 
4,31? 
7 , « 
2,37f 

%,m 
4,712 

1 
S3 
11 
12 

If,f24 

5f,f24 
l « . f 

IISCSJNIII 
vMUi or 

nu sioKi 
IN mm 
? 21 «5®I 

« mmm 

12 
Ji 
77 
51 

m 
123 
UI 
174 
144 
174 
1« 
41 

n 
133 

l,5M 

iisrawtii 
WiUE OF 

n u STOKI 
W CASKS 

1 51 iS@l 
OF mmm 

« 
5» 
74 
54 
fl 

lit 
H 

152 
124 
144 
151 

m 
74 

m 

1,3M 



Mill I-? 
ttSE B - rasT or SOCs rot M-IIKTO^ STORKE » HTKT FUEL MSEMIIIES 

KEPOSITOn MHENCIi OPiUTIOM IN I t t l 
SHIPMEif IN Ml IMNSPOXI £MI 

tmtm - 124/52) 
(SSI af m Storaft ̂ i^uirntnts Provild ly Casks) 

cost or 

nm 

AHOUil F i l l 
8 M K B « WTO) NO, OF 

0 - - - - - - 0 - - , - , - . , - , . , ne tM 

MNUa CUHULMIW ttSIS 

COS! IF 
Htm 
CMB 
(W0O) 

COS! OF 
U M I W 
1 PWCI-
N i n IN 
STO^«E 

(M0«) 

rwn 
STORAgl 1 

r^EPAMlIM 
F0« 

SMPHEW 
U0«®) 

Mitt 
($®M) 

Witt 
use. m 

31 10 lfl7 
<$M®) 

fOMl 
IISC.M 

SI to lfS7 
«l®®®) 

IISCOJNIEI 
MUE DF 

nn STBKI 
IN mn 
1 a <5«i 

OF i/mttu 

IISCOUMTEI 
^AUE OF 

nu sn» 
M M S B 

t 51 «5®l 
or Mwa) 

WI7 24 54 I fS4 7 »4I f « f43 12 12 
IfM 104 m S 4,71® 34 4,114 4,474 4,$M SI 5® 
Ifl? 143 323 7 5,514 41 5,544 5,244 5,M4 77 74 
IWO 124 44f 4 4,42® 41 4,441 4,245 4,024 5S 54 
1 » 1 231 m U 1,331 75 1,413 7,475 *,f21 1©4 M 
l f?2 214 ?73 13 f,472 M f,74« »,«» 7,441 123 112 
!fW 251 1231 12 1,12® 12 l,?®2 7,455 4,443 W l W 
l»?4 42® 145? » 13,??4 12? I3,?23 11,321 ?,a?5 174 152 
lf?5 345 2924 14 l l ,4M IS? ll,5»7 ?,155 7,Mf 144 124 
lt?4 454 2471 20 14,24® 134 14,374 11,911 f,l47 174 144 
lf?7 514 2??4 23 U,21S 157 14,371 11,112 W,«51 m 151 
l»?a 14? 3143 « 5,414 54 5,47® 4,0?4 3,315 41 4? 
I??? 272 3435 12 i,4®0 12 l,4it 5,?4? 4,723 ?5 74 
200® 3?® 3a25 17 U,S32 114 1I,?4I 1,134 4,334 133 103 
2091 «3) M 14 55 41 
2®®2 t3?» 1,®M 1,®II 4?i S23 
2993 <W» 284e 1,413 1,547 1,131 
2904 «41) 1,144 1,144 4?2 4?f 
2905 
24®* 
299? 
2«®S 
290? 
2019 
2911 
2®12 
2013 
2914 
2915 
2014 
2917 
291t 
291? 
202® 

IDML 179 124,217 1,157 4,7»f 134,243 113,344 M,47« 1,591 1,304 

TOMl l i s t Wl »f,432 ?21 2,f»3 143,344 
BHII MSI/K l*S.» •.* M.® 141.5 

TBia IMC BS 14,470 7 t l 2,202 l»,479 
WIT COSI/K 144.1 1.4 « J MS.S 



n u I-l 
ttii m -- COST or soc» m n-nmm %mm m COWOUIMII FMII 

REFSSITOn MKNCiS OPEROTIOH IM lf?S 
SHirain IN Ml iRMiran mt 

MMCin - 124/52) 
ISM tf M Starift tt^ttirmtiti rro^idtl ly U%M 

con OF 

con OF nm IBCOMEI iiscottifii 
mnm SIO«MI t moi w nm m 

mmt nil cost or i rum- nmmm nui mu. nu STOKI nu STORB 
sioitii m (nu) m, OF HETAL m m FOR §ISC. M IISC.M M CMIS IN CASK 

W« nnkl CWK STOPMI SHIPSEHT I O M I 3 I to Ifl? 51 M l?a7 I 31 (591 I 51 (591 
CUMLMMI CMK (M99) («099) «I999) «I99«) (1969) (M*®) BF MWtt) OF ^ W t t ) 

l?a7 24 54 1 ?54 7 ?43 ?43 143 12 II 
Wli 194 149 3 2,141 29 1,111 2,»94 2,759 51 19 
M»? 143 323 4 3,824 27 3,151 3,43® 3,4?3 77 74 
1??® 124 44? 3 2,355 2® 2,375 1,173 2,952 51 S4 
»?1 23S 487 4 4,444 49 4,4«4 4,142 3,«54 194 fl 
1??2 2S4 ?73 a 4,0?4 53 4,14? 5,394 4,MI 123 112 
l?f3 251 1231 7 5,25? 47 5,304 4,442 3,?5I 19$ ?4 
1??4 m 145? 12 a,?®4 a® «,?S4 7,395 4,315 174 152 
1??5 345 2924 19 7,349 47 7,407 5,147 5,913 144 124 
1??4 454 2471 12 1,734 I® 1,614 4,757 5,413 174 144 
1??7 Mi tm U 19,W» ?3 19,291 7,5?1 4,243 1?2 151 
l??l 14? 3143 5 3,515 33 3,4t« 2,414 1,114 41 4? 
»?? 272 3435 7 5,995 47 5,952 3,543 2,«3 fS 74 
299® 3?9 3825 11 7,432 73 ?,?95 5,313 4,!»2 133 193 
2991 (2) 31 31 25 1? 
2992 (24) 454 454 2?l 211 
2903 (54) 1,921 1,921 434 441 
2994 (25) 473 473 2i4 294 
2995 
2994 
2097 
2991 
200? 
291® 
29U 
2912 
2013 
2914 
2915 
2914 
29S7 
29U 
291? 
292® 

mu. 193 77,519 417 l,?SS 49,112 43,755 55,242 1,501 1,394 

TOTAL MSC 131 41,??2 544 1,231 43,755 
UNIT C « l / K 141.1 1.4 l .» 142.3 

mu. IBC 151 53,»? 472 ?11 55,242 
U«I? WI/IB 141.3 S.4 «.? 142.3 



niLi I-? 
SMI *5 " cast or socs r « ^T-RI«!OR SMRKI W MIACI raa »ssi«iiiis 

RiresiTIRI CONHCIS OPlMtlDH M Wf« 
OK-fWI USE or ssc FOR SilPHT 

CtfftCm - (24/52) 
ISM of tt Stwajt ItqukiMMs Pro^idtl ky Catkt) 

IIM 
SfOIEl « (Wy) » . ®r 

K M 
CUWUtlVE CftSK 

CMi or 

CMIS 
(M99J 

con or 

COS! OF FUR 
UAIIMC IIORKE t 
4 PUCE- tmmmm 
KMT IM FÔ  
Sn^AK SHWHI 

(l®99) (I09«) 
MMI 
(1099) 

rem 
use. « 

31 10 IfW 
(M9«) 

IISC.AI 
SI W 1M7 

t«99@) 

iiscojnii 
mm m 

n u SMEI 
IN C « l l 
I 31 «5®1 

OF mnu.) 

IISCWWB 
vttOE or 

M CftSB 
I 51 (591 
OF mmu 

MI7 
i?ai 
i?s? 
i??o 
i??i 
1??2 
M?3 
lf?4 
W»5 
1??4 
S??7 
»n 
tm 
tm 
2991 
2992 
2993 
2904 
2995 
2904 
2997 
29«a 
290? 
291® 
2911 
2912 
2913 
2014 
2915 
2914 
2917 
20ia 
291? 
202® 

24 
194 
143 
124 
23a 
2«4 
251 
421 
345 
454 
514 
14? 
272 
3?0 

54 
14® 
323 
»^ 
417 
?73 
1231 
145? 
2024 
2471 
2??4 
3143 
3435 
3a25 

1 
5 
7 
4 
11 
13 
12 
1? 
14 
2® 
23 
1 
12 
17 
(3) 
(3?) 
(a?) 
(41) 

?54 
4,71® 
5,514 
4,429 
B,33S 
»,472 
1,12® 
13,7?4 
U,4U 
14,24® 
14,215 
J,414 
1,400 
U,I32 

7 
34 
48 
41 
75 
M 
12 
«? 
»? 
134 
157 
54 
12 

3 
44 
ff 
44 

?43 
4,IH 
5,544 
4,441 
1,413 
?,749 
l,?92 
I3,f23 
11,3?7 
14,374 
14,372 
5,47® 
1,412 
U,?4I 

3 
n 
»? 
44 

m 
4,474 
5,244 
4,245 
7,475 
1,41? 
7,455 
11,321 
?,1SS 
11,011 
12,1K 
4,0f4 
S,?4f 
1,134 

2 
21 
42 
21 

143 
4,S»5 
5,944 
4,024 
4,121 
7,44S 
4,443 
?,»?! 
7,14? 
f,247 
M,9S1 
3,315 
4,723 
4,334 

2 
21 
44 
29 

12 
51 
77 
5S 
104 
123 
101 
174 
144 
174 
m 
41 
n 
133 

12 
SO 
74 
54 
?8 
112 
U 

m 
124 
144 
15( 
4? 
74 
M l 

lom 

TOTAL use 131 
UNIT COSI/K 

170 124,217 

?t,43l 
145.? 

1,157 

?2l 
1.4 

l?2 

129 
1.1 

125,434 199,472 

199,472 
144.4 

a?,3$4 1,591 1,394 

tOia use §51 
U m CJBI/K 

14,4?® 
144.2 

7?a 
1.4 

n 
i.i 

47,334 
144.? 



IMLE 1-19 
CASE M - COST OF SOCs FOK n-Kmm S10UCE OF COMSOIIMIEI FUEL 

RiraSITOn COMEKES OfERMION IN l f ? l 
OHS-IINI ySI OF SOC FOS SMIfHIMT 

CAWCm - 124/52) 
($01 «f IK Storage ktiuirtmiti Pro^idtl If Catkt) 

im 

m? 
uu 
1?M 
1??® 
l ?? l 
1??2 
l??3 
1??4 
1??5 
1??4 
W?7 

i??a 
»?? 
290® 
2991 
2992 
2903 
2994 
2995 
2994 
2997 
209® 
299? 
29W 
2911 
2912 
2913 
2914 
1915 
2014 
2917 
29» 
291? 
192® 

M M 

n m USE 131 
• IT rasi/K 

tOWl IliC B l 

U«IT WSI/K 

AROUNT FUEL 
STORES m (HTU) 

MMAL CUWLMWE 

24 
194 
143 
124 
23t 
2«4 
251 
421 
345 
454 
SW 
14? 
272 
3?9 

54 
140 
323 
44? 
4a7 
?73 

1231 
145? 
2924 
2471 
2??4 
3143 
3435 
3125 

M . OF 
NEMl 
CASIS 

1 
3 
4 
3 
4 

a 
7 

12 
19 
12 
14 
5 
7 

11 

m 
(24) 
(54) 
(25) 

193 

COST OF 
KTAl 

mu 
(1099) 

?54 
2,141 
3,g24 
2,355 
4,444 
4,9?4 
5,257 
l , ?94 
7,349 
1,734 

10, wa 
3,5M 
5,095 
7,132 

?7,SW 

M,t?2 
«4!. l 

53,171 
141.3 

COS! OF 
U^DIMC 
1 PIKI- 1 
BENT It* 
STOMGE 

(1999) 

7 
20 
27 
20 
40 
S3 
47 

a® 
4? 
1® 
?3 
33 
4? 
73 

M? 

S44 
M 

m 
$.4 

COST 01 
iEMWI 

M 

: 

STOMCE 1 
raEPM^TIOM 

ro8 
stiv&m^uv 

(19991 ) 

1 
V 

m 
21 

117 

n 
%,% 

54 
1.0 

TOfSL 
(M90) 

?43 
2,UI 
3,a51 
2,375 
4,414 
4,14? 
5,304 

a,?a4 
7,407 
I,tl4 

19,291 
3,411 
5,052 
7,?05 

2 
27 
40 
21 

7t,314 

TOia 
gISC. tt 

31 10 lfS7 
(1900) 

?43 
2,»94 
3,430 
2,173 
4,142 
S,304 
4,442 
7,305 
5,»47 
4,757 
7,511 
2,414 
3,543 
5,313 

1 
17 
37 
17 

42,S?0 

41,5?® 
MI.S 

IOTA 

iiic.n 
JI TO wa7 

(1099) 

f43 
1,759 
3,4?3 
2,052 
3,154 
4,aii 
3,?5a 
4,3a5 
5,013 
5,413 
4,243 
2,114 
2,113 
4,l?2 

1 
13 
21 
12 

54,405 

54,«« 
141.7 

MS£OJ«il 
mm. OF 

my %twa 
m mn 
1 U (591 

OF mmu 

12 
51 
77 
51 

194 
123 

wa 
174 
144 
174 
1?2 
41 
fS 

133 

1,501 

IISCOHTEI 

M̂ iuE or 
m STOREt 

M CASXS 
1 SI (501 

m wua) 

12 
50 
74 
54 
fl 

112 
t4 

151 
124 
144 
151 
4? 
74 

103 

S,M4 



TAIL! M l 
C»8I U " COS! OF SOCs F0« M-KC!SI SMMCI OF IWACf FUEL MSIBIIIIS 

RIWSITOM COMEiCIS OMMIOM 11 Wt l 
SHIMEMT IN OVEWACIEt SOC 

C » « ! t t - (24/52) 
(591 ®i m itori)* b p i r m t n t t F m i M ly tnkt) 

nm 

FOIL 
1 (HIS) 

MWAl CUHiMWS 

W. W 
HtlM. 
CASK 

COS! eF 
REta 
CMIS 
(1009) 

COS? OF 
UMIW 
I rwcE-
HEW W 
STORKE 

(199®) 

COST OF 

SIORACE I 

rot 
IMPRINT 

(1909) 
Wl^l 
(1900) 

TOTtt 
MSC. a 

31 TO 1?I7 
($990) 

lOTtt 
IISC.M 

n TO lfl7 
(1099) 

IISCOMEI 

HTU STBREI 

I 31 (591 
I) 

i i icnMiii 
fAWE BF 

n u STORES 
n mn 

I 51 (591 
or 

1?I7 
i?ai 
ita? 
1??0 
»?i 
W?2 
l?f3 
1??4 
1»?S 
1??4 
»?7 
nn 
tm 
2900 
2091 
2002 
2903 
2004 
2995 
2994 
2997 
2991 
209? 
2019 
2911 
2012 
2013 
2014 
2915 
2914 
2017 
2918 
201? 
2020 

24 
104 
143 
124 
23i 
214 
25a 
428 
345 
454 
514 
14? 
272 
3?0 

54 
140 
323 
m 
417 
?73 
1231 
145? 
2924 
247i 
2??4 
3143 
3435 
3825 

(3) 
(3?) 
(») 
(41) 

?S4 
4,7 J® 
5,JU 
4,42® 
l,33» 
f,4?2 
1,129 
13,7?4 
11,4M 
14,24® 
14,215 
5,414 
1,490 
11,132 

7 
34 
41 
41 
75 

la 
12 

12? 
19? 
134 
157 
S4 
a2 

114 
11 
279 
414 
2S4 

?43 
4,ai4 
5,544 
4,441 
1,413 
f,740 
l,?02 
13,?23 
11,5?7 
14,374 
14,372 
5,470 
1,412 
1I,?4S 

21 
270 
414 
214 

f43 
4,474 
5,244 
4,245 
7,475 
«,4» 
7,455 
11,321 
f.lSS 
11,911 
12,l«2 
4,0?4 
5,?4? 
1,134 
14 
173 
314 
172 

?43 
4,515 
5,944 
4,024 
4,?21 
7,441 
4,443 

?,a?s 
7,14? 
?,2A7 
10,051 
3,315 
4,723 
4,334 
1® 
139 
2S2 
124 

12 
51 
77 
SS 

104 
123 
191 
174 
144 
174 
l?2 
41 
?5 

133 

11 
SO 
74 
54 
? l 

112 

n 
152 
124 
144 
ISI 
4? 
74 

193 

lOTAl 179 H4,M7 1,157 I,1Y9 124,434 191,®?$ l7, iH 1,501 1,394 

TOWl l i s t 131 
UNIT tOSI/K 

»?,432 
•45.? 

»21 
I.i 

742 
1.5 

Ml,9f5 
147.9 

TBTftl u s e 151 
UMIT CKT/K 

84,471 
tt4.2 

718 
I.A 

544 
1.4 

17,814 
I47.2 



TttLE M2 
IKE m - COST or socs rot ^T-timot %imm or COMSOIHMB FUEL 

REPOSITOn COHKNCIS OPEttTIOH U l??l 
iMiMiiT M mmmm soc 

C»ACm - I24/S2> 
(59Z al AR Starifc Riquircntitt Prwidt i ky Cuks) 

COST or 

TEM 

mmm tmi 
mum m («iu) m> or 

« i U A l CUWUTIVE CASK 

COST OF 
MT»L 
CASK 
(t099) 

CtS! OF 
ISABIME 
I PLACI-
MNT IH 
STORACE 

(«@9$) 

mn 
STOMCE I 

nimum 
rot 

SHIPBEMT 
(t009) 

MML 
(M00» 

W l * l 
BISC. Al 

31 TO WI7 
(1099) 

lOTIil 
IBC.A! 

SI TO l ? i ? 
(•909) 

IISCBJMIO 
WLUE OF 

BTO STORB 
W CMIS 
S 31 (S9I 

OF INMML) 

IISCOUNTEB 

vAiyi or 
S l y SMREB 

IH CASKS 

151 mi 
OF WHUAL) 

1»I7 

i?ai 
i»i? 
1??9 

i??i 

1??2 
1?93 
1??4 
19?5 
1??4 
1»?7 
l?»l 
1??? 
2090 
2091 
2002 
2003 
2094 
2995 
2904 
2007 
2904 
200? 
2910 
2011 
2012 
2013 
2014 
2015 
20U 
2017 
2911 
201? 
2020 

24 
104 
143 
124 
23a 
284 
25J 
428 
345 
454 
5U 
U? 
272 
3?9 

54 
149 
323 
44? 
417 
?73 

1231 
145? 
2024 
2471 
2»?4 
3143 
3435 
3»2J 

1 
3 
4 
3 
4 
a 
? 

12 
10 
12 
14 
3 
7 

a 
(2) 

(24) 
(54) 
(25) 

?54 
2,S4a 
3,824 
2,355 
4,444 
*,0?4 
5,257 
a,»04 
7,349 
B,734 

10,108 
3,515 
5,905 
7,432 

7 

20 
27 
20 
40 
53 
47 
M 
47 
80 
?3 
33 
47 
73 

14 
145 
370 
171 

?43 
2,aa» 
3,851 
2,375 
4,4a4 
4,14? 
5,394 
a,?a4 
7,40? 
I , t l4 

10,291 
3,4Sa 
5,052 
7,?05 

14 
145 
37® 
171 

?43 
2,104 
3,430 
2,173 
4,142 
5,394 
4,442 
7,305 
5, $47 
4,H7 
7,5?1 
2,414 
3,543 
5,313 

? 
104 
231 
164 

f43 
2,75® 
3,4?3 
2,052 
3,154 
4,aia 

3,?5a 
4,3a5 
5,013 
5,443 
4,2*3 
2,114 
2,113 
4,l?2 

7 
7? 
179 
75 

12 
51 
77 

sa 

104 
123 

lot 
174 
144 
174 
1?2 
41 
?5 
133 

12 
50 
74 
54 

fa 
112 
?4 
152 
124 
144 
ISt 
4» 
74 
193 

lOTtt 

TOTAL use 131 
UNIT COSf/K 

193 77,510 

41,?72 
141.1 

UJ 

544 
«.4 

729 

44f 
• .3 

7I,?17 42,?44 

42,?44 
141.7 

54,412 1,501 1,304 

nT*l use 151 
MMIf COSf/K 

53,i7f 
Ml.3 

472 
t.4 

330 
I.J 

S4,4»2 
Ml.? 



M i l l 1-13 
C»8I I I " COS! OF TSCs F i t il-K»CTOR S1KME OF I I T C ! FOEl ASSIHIIIBS 

IIFOSITin COWENCIS OPEROTIBM M W?l 
imtnmj m isc 

mmu - mm) 
mi of M Storijt it^iiummtt Pfmiiti ly CaAsS 

TIM 

WW 
t?U 
Wl? 
1?»0 

1??1 

i?»a 

l??3 

1??4 
1??5 

1??4 
1??7 

1??® 
1??? 

2090 
2001 

2992 

2003 
2904 

2005 

2994 

2007 

2001 

200? 

291® 

2011 

2012 

2013 
2014 

2015 
2014 

2017 
20« 
201? 

2020 

IOTA 

mu. MSC 131 

UNIT CIST/B 

TOT«l l i s t 151 

U»!T COST/K 

AMUMT ruEi 
SIOREB tt (iTU) 

MNUU CI 

24 
104 
143 
124 
231 
214 
251 
424 
345 

m 
51* 
14? 
272 
3?0 

)Mi«nE 

S4 
149 
323 

m 
487 
?73 

1231 

145? 
2014 
2471 
2??4 
3143 
3435 

3a2S 

NO. OF 
NEttL 

CASK 

1 
4 
4 
4 
1 

to 
f 

15 
13 
U 

» 
4 
? 

13 
(2) 

139) 

un 
(31) 

132 

M S I OF 

HITt t 
CASK 
(»99) 

?41 
3,4ai 
5,344 
3,4?7 
4,115 
1,440 
7,523 

12,493 
10,4» 
12,?49 
14,431 
4,714 
7,15a 

I9,2?4 

19a,??2 

17,191 
157.7 

75,41? 
ISI.9 

COS! OF 

LOABIHG 
1 PLACE- 1 

K « M 
STORACE 

(MOO) 

1 
3® 
45 
30 
40 
75 
4a 

113 
?8 

12® 
135 
45 
41 
?a 

??3 

7?l 
I.S 

4IS 
1.5 

COST Of 
SENOVAl 

rM« 
SIORKE 1 

PRIFARMIOH 

FOR 
«ae?&yi?y@ 

(1099) 
l£ 

2 
3S 
M 
34 

IS3 

»5 
1.1 

70 
1.1 

TOTAL 
(l«09» 

?4» 
3,711 

5,3?1 

3,527 

4,?4S 

a,S3S 

7,5?1 

12,514 

10,714 
13,019 
14,573 

4,S31 
7,224 

I0,3?4 

2 
35 
M 
34 

110,131 

f l l t t 
MSC. m 

31 TO 1?«7 
(1090) 

?4? 
3,493 
S,®M 
3,221 
4,171 
7,343 
4,»7 

10,177 
1,45? 

19,025 
10,a44 
3,4?® 
5,04a 
7,97a 

2 
22 
$9 
22 

I7,?I7 

I7,?I7 
151.3 

mu. 
IISC.AI 

SI TO 1?I7 
(too®) 

?4t 
3,534 
4,1?® 
3,047 
5,714 
4,411 
S,444 
«,«?5 
7,253 
»,432 
l,?4? 
2,125 
4,024 
5,512 

1 
17 
3? 
14 

74,442 

74,442 
I54.S 

IIICOJMIEI 
m u i OF 

MTU S7DKB 
W C M B 

• 31 (501 

BF M W » l ) 

12 
51 
77 
SI 

194 
123 
W» 
174 
144 
174 
1?2 
41 
?S 

133 

1,501 

IISCOUMTEI 

M«Lui or 
«IU SIORB 

H CMIS 
1 51 (501 

or mmm 

12 
59 
74 
54 

n 
U2 
?4 

152 
124 
144 

m 
4? 
74 

193 

1,304 



Uill 1-14 
C*8E »2 - COST or ISCs rOR »T-K»CT0» SIOWQE or COHSOLIBAIB ruEi 

RIPOSIMJ COMEHCES flPEIMTlflN IH WIS 
SHIPKHT IH TSC 

CftPftCm - (32/74) 
(591 gf M Stortf* Xc^airtMits Prov iM by Casks) 

TEM 

1?B7 

1?M 
i?a? 

1??0 

1??1 

1??2 

1??3 

1??4 

1??5 

»?4 
1??7 

1??« 

im 
2009 

2901 

2002 

2093 

2904 

2905 

2094 

2007 

2001 

200? 

2010 

29U 
2912 

2013 

2014 

2015 

2014 

2017 

20ia 

201? 

2920 

WTAl 

lOm IBC 131 
ttHT IISI/K 

n m use 151 
BHT t K I / K 

AROUHT FUEL 

SIOREt tt (NTU) 

A » « L CURyiMlW 

24 
104 

3?0 

54 
140 
323 
44? 
4a7 
?73 

1231 

145? 

2024 

2471 

2??4 

3143 

3435 

3825 

NO. or 

«E1«L 

CftSK 

11 

(1) 
(11) 

(41) 

(1?) 

at 

COS! OF 

KI»L 
CASK 
(»990) 

?41 
1,»5» 
2,715 
2,473 
4,385 
5,1»4 
4,279 
7,5?4 
4,480 
7,452 
?,931 
3,244 
4,M4 
4,419 

47,413 

53,771 
135.7 

44,471 
MS.7 

COST OF 

LOABINg 

I PLCE-

BIHI I i 
SIORACE 

(1009) 

7 
15 
22 
22 
37 
45 
37 
47 
40 
47 
12 
30 
45 
49 

5?4 

473 
1.3 

m 
1.3 

COST IF 

REMMAL 

FMR 
SWACE 1 

PREFMAIIW 

rot 
IP 

tsn&rne^^s 
(MO®) 

1 
22 
4? 
23 

n 

J? 
1.9 

44 

«.» 

TOWl 
(1009) 

?4» 
1,173 
2,737 
2,4?5 
4,421 
5,22? 
4,39? 
7,443 
4,749 
7,51? 
?,113 
3,2?4 
4,92? 
4,54® 

1 
22 
4? 
23 

M,U4 

nm 
BISC. Al 

31 TO l?»7 
(1099) 

?4I 
l,»l« 
2,5»9 
2,447 
3,»2? 
4,519 
1,407 
4,231 
5,32® 
5,743 
4,711 
2,3»® 
3,457 
4,453 

! 
14 
31 
14 

54,393 

54,303 
134.4 

l « * L 
IISC.M 

51 n 1?«7 
(U0OI 

m 
t,m 
2,m 
2,321 
3,431 
4,0?7 
3,214 
5,444 
4,542 
4,147 
5,§?5 
1,?24 
2,744 
3,444 

1 
19 
23 
19 

47,123 

4 J , « i 
I M . I 

mCOJHIB 

nm « 
nn sittEB 
IM CASK 
• a (501 

OF MWAL) 

12 
51 
77 
51 

104 
123 
tot 
174 
144 
174 
W2 
41 
?5 

133 

1,591 

HSCOUHTEl 
mUE IF 

i n STOKl 
IH CASIS 

J 51 (591 
0F ftMWAL) 

12 
50 
74 
54 
94 

112 
?4 

152 
124 
144 
151 
4» 
74 

103 

1,394 



MILI 1-15 
c*si 13 " COS! or SOCs rat « - « c i o t S K K K I or i i m i ruEi WSEMHES 

KFBSIIORI COHWCES OPEttTlOK H l??l 
SHiraENI IN M I IMHSPOn CMI 

C « C i n - (32/741 
(501 i f AR St«ra|t Ut^M?tmU% ftmiiti k^ Ca«k«) 

im» 
SfOIIB m (NIUI « . OF 

K M 
cyRuinivE cMis 

CBS! or 
l E M l 

CASIS 

(1099) 

COS! OF 
U M I K 
I PUtt-

nm m 
SIOMCE 

(1000) 

COST or 

STORACE t 
KIPttMION 

roR 
SHIPHEHT 

(tOO0) 

WML 
(1099) 

WML 
i nc . M 

JI TO WI7 
<I099) 

nm 
IISC.M 

JI w l?«7 
(«00@) 

iiscojiiEi iiscounii 
vauE or vaui or 

HTU STOSEl i lU SIO^EI 
M C^SXI IH CMKS 
I 31 (501 I 51 (501 

OF M U t t ) OF itmm 

mi 
1?M 
l?lf 
1??0 

1??1 

l ? ? l 

1??3 

nn 
1??5 

1??* 
»?? 
mi 
im 
tm 
2001 

2092 

2093 

2094 

2995 

1004 

2007 

2901 

200? 

2919 

2011 

2012 

2013 

2014 

2915 

201* 

2017 

2011 

291? 

202® 

14 
194 
143 
124 
23i 
214 
25» 
421 
345 
454 
514 
14? 
272 
3f® 

54 
14® 
323 
44? 
417 
?73 

1231 
145? 
2924 
247» 
l??4 
3U3 
3435 
3125 

1 
1 

t 
i 

I 
1( 

( 
i : 
i : 

u 
11 

< 
i 

i : 
(2 

(39 
(4? 
(31 

?J4 
3,124 

i S,223 
3,191 

\ 4,12® 
7,52® 
4,417 

11,925 
1 ?,43a 
i 11,520 
1 12,134 
i 4,254 
i 4,343 
1 ?,1SI 

1 
39 
45 
30 
49 
75 
U 

m 
n 

129 
135 

« 
41 
?l 

4f 
1,942 
2,3?4 
1,077 

?4< 
l,iS4 
5,241 
3,131 
4,119 
7,Jf5 
4,755 

11,131 
f,534 

11,449 
128?4? 
4,2f? 
4,431 
f,250 

4f 
1,042 
If3?4 
1,97? 

f44 
J,?42 
4,?44 
2,171 
5,4M 
4,S51 
S,4S7 
f,954 
7,521 
»,?2l 
f,4S0 
3,194 
4,SW 
4,2?? 

44 
44f 

l,4?3 
451 

?44 

3,471 

4,77® 

2,711 

S,9i4 

S,?51 

5,94® 

7,?15 

4,454 

7,503 

78?42 

2,514 

3,511 

4,?0S 

35 

501 

1,®?I 

470 

I I 
51 
77 
51 

I M 
12J 
191 
174 
144 
174 

m 
41 

?5 

133 

12 

S® 

74 

S4 

f l 

112 

?4 

1S2 

«4 
144 
151 
« 
H 

m 

nm 
TOMl use 131 
IMT COSf/K 

131 M,924 

7i,5l2 
«2.1 

m 
7f l 

4,114 

2 , « f 

n.f 

103,401 11,171 

12,172 
»J4.J 

71,131 1,50» t,3M 

T IM use » 1 
« f COSI/IS 

4»,34» 
«i.3 

m 
I.S 

l , IM 
lt.4 

71,131 
I14.J 



IMLI M4 
CftSE 14 -- COST or SOCs m u-mmm SIOKASI or COMSOLIIMM FUEL ASSIHILIIS 

REfOSIIORT COMHENCES 0PER«T1D« IH l??l 
SHiPHEMT III JOE nm^mt ua 

CAPttlTl - (32/741 
(591 of M Swr j f i »iflttire«fit» Pr«»id»4 i ^ Cislis) 

lEAt 

AHiUW rUEl 
STORE! tt (NTU) 

MNUAL CUKUIOTIMI 

m, or 
«EIAL 
C^IIS 

CIST OF 
KTt t 
CASIS 
($900) 

COST or 

UANK 
4 PIACI-
NENI IN 
STORME 

(M94) 

COS! or 

^ENOVAl 

FMK 
STORAK 1 

PKEPttATtOM 
roR 

SHIMEHT 

(»00) 
TOTAL 

(1990) 

TifftL 

use. « 
31 TO l? i7 

(«®00> 

TOTAL 
IISC.AT 

51 TO 1»I7 
(10901 

mmmB 
mm Of 

BTU SIOKI 
IN C<tSIS 
1 31 (501 

or wNytt) 

MSCOUMB 
mUE OF 

wo StOREJ 
H CASIS 

1 51 (501 
OF MMUAll 

I 

o 

1?I7 
1?M 

i?a? 

1??1 

1??2 
1??3 
1??4 
l?f5 
1??4 
1??7 
1??» 
1??? 
2009 
2001 
2092 
2093 
2004 
209$ 
2004 
2007 
209® 
200? 
201® 
2911 
2012 
2013 
2014 
2015 
2914 
2017 
29ia 
291? 
2920 

24 
104 
143 
124 
231 
2S4 
251 
421 
345 
454 
514 
14? 
272 
3?0 

54 
140 
323 
44? 
487 
?73 

1231 
145? 
2024 
2471 
2??4 
3143 
3435 
3825 

1 
i 

( 
1 

< 
! 
i 
1 

11 
i 

( 
1 

(1 
( I t 
(41 
(1? 

f54 
1,?12 
2,®4« 
2,700 
3,?00 
4,494 
3,7?5 
4,759 
5,?34 
4,424 
1,939 
2,?09 
4,344 
5,749 

7 
15 
22 
22 
37 
45 
37 
47 
49 
47 
§2 
30 
45 
40 

23 
494 
f24 
42? 

»43 
1,?27 
2,a?9 
2,722 
3,?37 
4,4S3 
3,132 
4,M? 
5,??4 
4,4?1 
1,112 
2,?30 
4,3i? 
5,M0 

23 
404 
?24 
42? 

f43 
1,171 
2,724 
2,4?1 
3,4?i 
4,913 
3,29? 
5,543 
4,733 
5,121 
4,034 
2,117 
3,97» 
3,?43 

15 
241 
577 
240 

?43 
1,135 
2,422 
2,352 
3,23? 
3,445 
2,14® 
4,145 
4,051 
4,313 

4,?S9 

1,713 

2,444 

3,0i4 
11 

1?1 
424 
IS7 

lam 

TOTAL use 131 
UWT MSI/K 

tBIAL JISC H I 
UNii mim 

41,913 

4S,I?5 
•32.4 

42,545 
M2.4 

5?4 

473 
«.3 

419 
1.3 

1,714 

1,112 

1.7 

l i t 
1.4 

43,442 50,411 

59,411 
133.5 

43,773 

43,773 
133.5 

12 

51 
77 
5« 
104 
123 
101 
174 
144 
174 
1?2 
41 
?5 
133 

l,S9t 

12 
50 
74 
54 

n 
112 
H 
152 
124 
144 

m 
4? 
74 
103 

1,394 



um 1-17 
CftSI IJ " COST OF SOCs rO» AMIACMR SIOMSE « WIACf FKL ASSEMIIES 

RIFOSllOn COHKKIS OPiRMlOi W W»l 
8HE-IINE «SI or SOC FOR SHIFHEW 

CftPACm - (32/74> 
(501 9f Al Ster i j* Ripire«e»ts fmniti If C»sls) 

YEAS 

%W 
l ?S i 
WW 
1??9 
1?91 

1??2 
1??3 

1?»4 
1?»5 

»»4 
l ? f7 

1??S 
1?»? 

29«® 
2991 

2002 
2003 
1004 

2005 

2004 
2007 

290a 

290? 

2019 
2011 

2912 

2013 
2014 

2015 

2014 
2017 

tm 
201? 

2020 

WTAL 

IBIAl use 131 
BHT COSI/It 

t o r n IBC IS! 
UNIT COSI/K 

ftlOUHl FUEL 
SIOREl « (ITU) 

ANNUAL CUM 

24 
194 
143 
124 
23« 
214 
251 

m 
345 
454 
514 
14? 
272 
3?0 

IMMI 

54 
149 
323 
44? 
447 
?73 

1231 

145? 
2024 

2471 

2??4 

3143 

3435 

3S2S 

». or 
BEIAL 
CASIS 

1 
4 
4 
4 
1 

10 
? 

15 
13 
U 
11 
4 
? 

13 
12) 

(30) 
(4?) 
(31) 

132 

CBS! OF 
HITAl 
CASK 
(IO00J 

?54 
3,M4 
5,223 
3,191 
4,120 
7,S2S 
4,41? 

11,025 
?,43« 

U,529 
12,«34 
4,254 
4,343 
?,1S2 

?a,024 

7i,522 
152.1 

41,34? 
152.3 

COST IF 
L0AMM6 
1 riACI- 1 
KW in 
STORAK 

(MO0» 

1 
30 
45 
39 
40 
75 
41 

113 
?« 

120 
135 
45 
U 

n 

m 

m 
$.5 

415 
1.5 

COST OF 
KMMAl 

rwM 
ST08A6E I 

PREfAttlWH 

rot 
1 ^ 

(1000) 

2 
35 
M 
34 

153 

•5 
1.1 

7® 
1.1 

MIAl 
(1000) 

»44 
3,iS4 
5,2*1 
3,131 
4,1U 
7,5?5 
4,755 

U,13l 
?,534 

11,440 
12,?4? 
4,2?? 
4,431 
?,259 

2 
35 
S9 
34 

??,1?« 

WML 
use. Al 

31 10 1»I7 
(MOO) 

»44 
3,742 
4,?44 
2,172 
5,4?1 
4,552 
5,45? 
?,054 
7,521 
®,?21 
?,459 
3,194 
4,510 
4,2?? 

2 
22 
50 
22 

7?,49l 

7?,49a 
t52.4 

fOMl 
IISC.AT 

I I Ti lf87 
(1000) 

?44 
3,471 
4,771 
2,711 
5,®a4 
5,?51 
5,949 
7,?15 
4,454 
7,501 
7,142 
2,514 
3,5»1 
4,?®5 

1 
1? 
37 
14 

i?,195 

4 f ,»5 
«2.» 

IISCOJMIII 
VftUI Br 

i lU STO^a 
m CASK 
J 31 (501 

er AMMiu) 

12 
SI 
77 
5« 

104 
123 
lot 
174 
144 
174 
1?2 
41 

n 
133 

1,50$ 

IISCOWTB 

VALUE OF 

BtU STORES 

M CASIS 

1 SI (SOI 

OF ANMUAU 

« 
50 
74 
54 

n 
112 
?4 

152 
124 
144 
151 
4? 
74 

103 

1,304 



TABLE M i 
CASE U - COST or SOCs r0» AT-KACTO* StOHACE OF COHSOIIBAIEI rUEl ASSEWLIES 

«IPOSITOR» COWEHCES OPESATIOH IH l??a 
ONB-IWi USE or SOC FOR SHIPHEMT 

CAPACm - (32/741 
(501 of Al S torne Rep i re« ( i t» Hmiiti if C»»ks) 

!EA^ 

FUEL 
Al (NTU) NO. OF 

HEW 
CUWLAIIVI CASIS 

COS! OF 
KTAL 
CASIS 
(MOO) 

COST OF 
lOAglUC 
I PlACi-
HEHT IN 
STOMCE 
(M0»> 

COST Of 
REHOWL 
FMH 

SIOMCE t 
PREPARATION 

FQt 
SKIPniKT 
(1900) 

TOMl 
(M»0) 

WTAl 
use. Al 
31 W W»7 
($900) 

WTAl 
IIIC.AI 

SI TO l?a7 
(M9t) 

imUNTEB 
WUE tr 

HTU STOREl 
IN CASIS 
I 31 (501 
OF ANWAL) 

IISCOUNTII 
WLUE or 
n o SIOREB 
IN CASIS 

I 51 (501 
OF AHMUAL) 

1?W 
1?8I 
l?g? 
1??® 
1??1 
1??2 
1??3 
1??4 
1??5 
1??4 
1??7 
1??S 
If?? 
2009 
2001 
2902 
2003 
29«4 
2905 
2994 
299? 
2001 
200? 
2019 
2011 
2012 
2013 
2014 
2015 
2014 
201? 
2011 
201? 
2020 

24 
194 
143 
124 
231 
214 
251 
42a 
345 
451 
514 
14? 
272 
3?® 

S4 
149 
323 
44? 
4S7 
??J 
1231 
145? 
2024 
2471 
2??4 
3143 
3435 
3125 

< 

1 

1 
1 

1 
(1 
111 
(41 
(If 

fS4 
! 1,?12 
1 2,t4l 
1 2,790 

3,?O0 
i 4,491 
» 3,7?5 
> 4,750 
» S,?34 
> 4,424 

1,039 
1 2,?0® 
i 4,344 
1 5,740 

7 
15 
22 
22 
37 
45 
37 
47 
49 
47 
a2 
39 
45 
4® 

1 
22 
4? 
23 

?43 
1,?27 
2,a?o 
1,722 
3,?37 
4,4S3 
3,832 
4,ai? 
5,??4 
4,4fl 
a,H2 
2,?30 
4,31? 
5,®29 

1 
22 
4? 
23 

?4a 
1,171 
2,724 
2,4?1 
3,4?® 
4,913 
3,20? 
5,S43 
4,733 
5,12a 
4,934 
2,117 
3,07t 
3,?43 

1 
14 
31 
14 

143 
13$ 
422 
352 
23? 
445 
140 
145 
osa 
313 
?a9 
713 

1 
19 
23 
10 

It 
51 
7? 
51 
104 
123 
101 
174 
144 
174 
1?2 
41 
?5 
133 

12 
50 
74 
54 
?a 
112 
?4 
152 
124 
144 
151 
« 
74 
103 

IOMI 41,013 $»4 41,774 4?|42« 42,?ff S.JOi 1,304 

n m MSC 131 
MT MSI/K 

4S,»5 
132.4 

473 
t.3 

5? 
t .0 

4?,421 
131.1 

IBM IBC ISI 
IMT tWf/IS 

42,545 
132.4 

410 
1.3 

14 
t.t 

4l,fff 
IK.f 



WILE I - l? 
CASE 17 " COSI OF SOCs FOR AT-giACTOR SIOMCE OF WIACI FUEL ASSEBIIIES 

REPOSnORI COHNEKES OPHATIBH IM W?8 
I H I P W I IM OWtPACKI SOC 

CAPACIII - (32/74) 
mi @1 M i t t r i ^ t Ri<|uir«Mits P r o n i t i h^ Casks) 

COST or 

IBR 

AMUm FUEL 
SfOKI AR (HIB) MO. 0F 

MWAL CIMLAIWI CASK 

COSI OF 
HETAL 
CASIS 
(1000) 

COSI o r 
LOASnC 
1 PLAC!-
HENI IN 
SIOMCE 

(1009) 

rnn 
SIORACI I 

PSEPAKATION 
FOR 

SHIPHINT 
(1909) 

TOTAL 
(1099) 

lOIAL 
@ISC. At 

n 10 i?i7 
($090) 

lOIAL 
IISC.AI 

SI TO 1?I7 
($090) 

iiscojnii 
MLUE m 

iTU STB^EI 
IM CASIS 
8 I I (591 

or ANNUAL) 

l I K D U n i l 
»Lui or 

n u STOREl 
IM CASIS 

1 S I (591 
OF AMUAL) 

WI7 24 54 I fI4 » f44 fl4 f44 H 12 
WM 104 14® 4 3,iM 39 3,SS4 3,741 3,471 SI S® 
1?» 143 323 4 5,213 4S 5,241 4,?4I 4,771 77 74 
1??0 124 m 4 3,101 3® 3,131 2,172 2,711 SI S4 
%m 231 U7 I 4,120 4® 4,110 5,4?1 5,014 104 ? l 
»?2 214 ?73 19 7,52® 75 7,S?S 4,552 5,?51 123 112 
1??3 251 1231 f 4,417 4i 4,7SJ 5,437 5|«40 Wl U 
im m US? 15 11,925 113 11,131 f,054 7,?1S 174 152 
1??5 345 2924 13 ?,43S ?« f,534 7,521 4,454 144 124 
mi 454 247S 14 l l ,S2® 12® 11,44® l , ? 2 1 7,5®J 174 144 
Iff? 514 2??4 II 12,134 135 S2,f4? 1,459 7,?4I W2 151 
l?? l 14? 3143 4 4,254 45 4,1?? 3,104 2,514 41 4? 
1??? 272 3435 ? 4,343 41 4,431 4,519 3,581 ?S 74 
2091 3?0 3125 13 ?,1S2 ? l ?,250 4,2?? 4|?9S 133 103 
2901 m IS IS I® I 
2002 (30) 130 23® 141 111 
2993 im 52? J2? 339 242 
2004 131) 231 231 144 104 
2005 
2004 
2007 
299S 
200? 
2010 
20U 
2012 
2013 
2014 
2015 
2914 
201? 
201i 
201? 
2020 

laiAL 132 ?l,024 ??3 1,912 109,93® ??,?45 4?,4?? 1,591 1,304 

101*1 IKC I3X 71,522 ??1 431 ?f,f45 
BNIT tOST/K 152.1 1.5 • .« 153.® 

TilAL MSC H I «,34» 4«5 4tJ i? ,4» 
BMIT £iSf/K «2.3 1.5 1.4 »53.l 



lASLI 1-2® 
CASE 11 -- COST OF SOCs FOR AT-REACIQR STOMCE OF COMSOLIMTEI rUEL ASSEHILIES 

REPOSITORT COHHEHCIS OPESATMH M » ? l 
SHIPMENT IN OMERPACIEI SOC 

CAPACm - (32/741 
(501 «f m Sun%t h ^ u i r c M i t i P r w i M k^ Caste) 

TEAK 

»»7 
l? i l 
1?$? 

1??0 

1??1 

1??2 

1??3 

1??4 

W?5 
1??4 

1??? 

i??a 
» f ? 
29®« 

2991 
2092 
2003 

2004 

2005 

2004 
2007 

2091 

299? 

2919 

2911 

2012 

2013 
2014 

2915 
2914 

201? 

2018 
201? 

2920 

IKAL 

lOM use n i 
UKII COSI/K 

IBIM. use 151 
B«IT COSI/K 

ANOUHT FUEL 
SIOREl AR (HIU) 

ANNUAL CUMLATWE 

24 
194 
143 
124 
231 
214 
25t 
421 
341 
454 
514 
14? 
272 
3?0 

54 
140 
323 
44? 
417 
?73 

1231 

145? 
2024 
247S 

2??4 

3143 
3435 

3»25 

NO. or 

HETAL 

CASKS 

11 

ID 
( I t ) 
(41) 

(») 

U 

COST or 

HETAL 

CASIS 

(WOO) 

f54 
1,?I2 
2,ua 
2,700 
3,?09 
4,40a 
3,7?5 
4,?59 
5,»34 
4,424 
1,039 
2,?O0 
4,344 
5,74® 
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TABLE 1-21 

SENSITIVITY OF COSTS OF USE OF TSCs OR SOCs IN AT-REACTOR STORAGE OF 

INTACT FUEL ASSEMBLIES TO INCREASES IN CASK CAPACITY^ 

($/kgU. 1987) F 

Unit Costs For Casks Of Indicated Capacity 

I 

ro 

TSC Shipped Directly to DOE 

SOC One-Time Direct Shipment to DOE 

SOC Shipped to DOE in Overpaek 

SOC Used for At-Reactor Storage Only 

Concrete Cask 

Base Case 
21 PWR/46 BWR^ 

(9.26 MTU Capacity) 

$88.7 

79.6 

80.1 

81.6 

55.0 

Case A 
26 PWR/52 BWR 

(11.16 MTU Capaci 

$74.3 

66.6 

67.0 

68.5 

55.0 

ty) (14 
32 
.47 

Case B 
PWR/76 BWR 
MTU Capacity) 

$ 58.3 

52.7 

53.0 

54.5 

55.0 

Assumed On-Time (1998) Repository 

Averaged at a 3%/year discount rate 

'Base Case used in study (from Table C-33) 

For comparison with TSC and SOC costs (from Table C-33) 



TABLE 1-22 

SENSITIVITY OF COSTS OF USE OF TSCs OR SOCs IN AT-REACTOR STORAGE OF 

CONSOLIDATED FUEL CANS TO INCREASES IN CASK CAPACITY^ 

($/kgu, igs?)*" 

Unit Costs For Casks Of Indicated Capacity 

I 
ro 

TSC Shipped Directly to DOE 

SOC One-Time Direct Shipment to DOE 

SOC Shipped to DOE in Overpaek 

SOC Used for At-Reactor Storage Only 

Concrete Cask 

Base Case 
21 PWR/46 BWR^ 

(15.37 MTU Capaci 

$54.6 

49.5 

49.8 

50.3 

27.7 

ty) (18 
26 
.53 

Case A 
PWR/52 BWR 
MTU Capacity) 

$45.9 

41.6 

41.8 

42.3 

27.7 

(24 
32 
.02 

Case B 
PWR/76 BWR 
MTU Capacity) 

$ 36.0 

32.8 

33.0 

33.4 

27.7 

Assumed On-Time (1998) Repository 

Averaged at a 3X/year discount rate 

'Base Case used in study (from Table C-34) 

For comparison with TSC and SOC costs (from Table C-34) 



1.1.3 Discussion of Cost Comparisons 

1.1.3.1 Comparison of Costs for At-Reactor Storage as Intact Fuel 

Assemblies 

From Table 1-21 it can be seen that the least costly option compared 

with the Case A higher capacity metal cask is the concrete cask. The concrete 

cask option is more than $ll/kgU less expensive than the least costly SOC 

option. Of the three SOC optlonSj the least costly is the one-time^ one-way 

shipment of the SOC to a DOE facility. The next least costly SOC option is 

shipping the SOC in an overpack to a DOE facility. The most costly SOC option 

is the storage-only option^ where a DDE-supplied transport cask is required to 

ship the spent fuel stored in the SOC to a DOE facility. The difference in 

cost between the most costly and least costly SOC options is smalls less than 

$2/kgU. For Case A^ the TSC option Is the most costly option and is $6-8/kgU 

more than the SOC options. 

For the Case B higher capacity metal casks^ the SOC options are less 

costly than the concrete cask option. However^ the TSC option remained more 

costly than the concrete cask option. It should be noted that the SOC options 

are only marginally less costly than the concrete cask option. There is also 

greater uncertainty in the cost estimated for the concrete casks. Because of 

this uncertainty, no conclusions should be drawn beyond the statement that at-

reactor costs for high capacity TSCs and SOCs appear to be similar In 

magnitude to the costs of concrete casks. 

1.1.3.2 Comparison of Costs for At-Reactor Storage as Consolidated Fuel 

From the summary table for cases with consolidated fuel (Table I-

22) it can be seen that the concrete cask is the least costly option compared 

with both Case A and Case B higher capacity metal casks. The concrete cask 

option is almost $14/kgU less than the least costly SOC option for Case A 

(25/52) capacity metal casks. The concrete cask option is $5/kgU less than 

the least costly SOC option for Case B (32/76) capacity metal casks. These 

results differ from the results for intact fuel assembly cases due to the 

additional cost for canning intact fuel to be stored in concrete casks. The 

cost penalty for canning Intact fuel does not extend to the consolidated fuel 

cases. The costs for canning consolidated fuel were excluded from all 

consolidated fuel cases because It was assumed that consolidated fuel had 
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already been canned prior to storage. Therefore, the costs for the concrete 

cask options for consolidated fuel are significantly lower than for intact 

fuel due to the exclusion of canning costs. 

Like the cases for intact fuel, of the three SOC options for 

consolidated fuel i the least costly is the one-time, one-way shipment of the 

SOC to a DOE facility. The next least costly SOC option is shipping the SOC in 

an overpack to a DOE facility. The most costly SOC option 1s again the 

storage-only option. In all (32/76) casess the TSC option is the most costly 

option. 

1.2 SENSITIVITY OF SAVINGS WITHIN THE DOE SYSTEM TO CHANGES IN THE 

CAPACITY OF METAL STORAGE CASKS 

The impact of increases in the capacity of metal storage casks on 

savings realized in the DOE system from the use of such higher capacity casks 

was determined. Impacts were determined for the transport of spent fuel from 

reactors to DOE facilities^ replacement of lag storage capacity^ replacement 

of MRS modules^ and transport from MRS to repository facilities. These 

impacts are described in the following sections. 

1.2.1 Sensitivity of Savings In the Cost of Transport from Reactors to DOE 

Facilities to Changes in Cask Capacity 

The life cycle and resulting unit costs for the transport of spent 

fuel from a reactor to a DOE facility were calculated for cases where a TSC or 

SOC is used to replace a DOE transport cask In the transport fleet. For 

comparison purposes^ the TSC or SOC and the DOE transport cask were all 

assumed to have the same Increased capacities. It was also assumed that the 

total number of shipments/year over a given distance remained constant. 

It was determined that the unit costs for transport decreased for 

the higher capacity casks whether they were DOE transport casks, TSCs or SOCs, 

because of the higher payloads involved. Table 1-23 shows the results of the 

unit cost determinations. The results shown in the table demonstrate that 

there 1s a small cost savings associated with the use of a TSC over the DOE 

transport cask (well less than $l/kgU) In every case. This is because the 

cost of the TSC is not Included In the total capital cost for that option. It 

Is assumed that the utility paid for the TSC and, therefore, the TSC costs are 
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TABLE 1-23 

SENSITIVITY OF SAVINGS IN THE COST OF TRANSPORT FROM REACTORS TO DOE FACILITIES 

RESULTING FROM THE USE OF TSCs FOR TRANSPORT TO INCREASES IN CASK CAPACITY^ 

(1987 Dollars) 

Cask Scenario 

Transport 
Unit Cost ($/kgU)° for . 
rt for Indicated Distances ' 

300 Miles 900 Miles 2300 Miles 

I 

Base Case (Cask Capacity. 21 PMR or 
"°46TMR assembliesj 

DOE-Supplied Transport Cask 

TSC Used in Repetitive Shipmentsi 
DOE Avoids Purchase of Transport 
Cask 

Case A (Cask Capacity: 26 PMR or 
"52 BMR assemblTes) 

DOE-Supplied Transport Cask 

TSC Used in Repetitive Shipmentsi 
DOE Avoids Purchase of Transport 
Cask 

Case B (Cask Capacity; 32 PMR or 
~76 BWR assemblies) 

DOE-Supplied Transport Cask 

TSC Used in Repetitive Shipmentsi 
DOE Avoids Purchase of Transport 
Cask 

$3.91 

3.60 (0.31) 

3.25 

2.99 (0.26) 

2.50 

2.30 (0.20) 

$6.83 $10.61 

6.36 (0.47) 10.04 (0.57) 

5.67 

5.28 (0.39) 

4.37 

4.07 (0.31) 

8.80 

8.33 (0.47) 

6.79 

6.43 (0.36) 

Intact fuel assemblies 

Averaged at a 3%/year net discount rate 

One-way distances shown; costs are for round trip 

Figures in parentheses are cost savings resulting from the use of utility-furnished TSC or SOC for transport 
instead of DOE-supplied transport cask 



accounted for in total at-reactor costs. However, the cost of the DOE 

transport cask is Included in the capital costs for that option. The cost 

savings of the TSC over the DOE-transport cask is small because the capital 

costs are only a small portion of the total life cycle transport costs. The 

majority of the life cycle transport costs consist of annual operating costs, 

freight charges, and escort charges which are the same for the TSC and DOE 

transport casks. 

1.2.2 Sensitivity of Savings from Replacement of Lag Storage Capacity to 

Changes in Cask Capacity 

The estimated savings to the DOE system resulting from the 

reduction in the amount of lag storage required at either the Integral MRS or 

repository facility Is $233/kgU (assuming all lag storage capacity is in-cell 

storage), as described in Appendix E. It Is recognized that if DOE determines 

the use of metal storage casks for lag storage Is an acceptable alternative to 

in-cell storage, DOE could purchase SOCs for lag storage at a cost of about 

$735-thousand (1987 dollars), the estimated cost of the 50th unit. Therefore, 

the savings to the DOE system for the lag storage capacity provided by a TSC 

or SOC would be equivalent to the cost of a SOC. On a unit cost basis, the 

savings within the DOE system would go down as the capacity of the delivered 

TSCs or SOCs increases as shown in Table 1-24. However, the savings on a per 

cask basis does not change with increasing capacity. 
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TABLE 1-24 

SENSITIVITY OF SAVINGS FROM REPLACEMENT OF IN-CELL LAG STORAGE CAPACITY MITH TSCs OR SOCs TO INCREASES IN CASK CAPACITY 

TSC or SOC Capacity 

Base Cask (Cask Capacity. 21 PMR or 
46 BMR assemblies or cans) 

Cask A (Cask Capacity: 26 PMR or 
52 BWR assemblies or cans) 

Case B (Cask Capacity? 32 PWR or 
76 BMR assemblies or cans) 

At MRS or Repos 

ximum No. Casks 
That Can 

Be Used For 
Lag Storage 

54 (32) 

45 (27) 

35 (21) 

litory With No 

Savings 

Delivered As 
Intact Fuel 

$79.4 

65.9 

50,8 

MRS In System 

liaaUtJ.9J7i 

Delivered As 
Consolidated 

Fuel 

$47.8 

39.7 

30.6 

At Repos 

Maximum No. Casks 
That Can 

Be Used FOR 
Lag Storage 

26 

21 

17 

iltory With MRS 

Savings ($ 

Delivered As 
Intact Fuel 

$75.9 (PMR) 
56.7 (BMR) 

61.3 (PMR) 
50.1 (BHR) 

49.8 (PHR) 
34.3 (BHR) 

In System 

/kgU, 1987). 

Delivered As 
Consolidated 

Fuel 

$45.6 (PWR) 
34.0 (BMR) 

36.8 (PW) 
30.1 (BHR) 

29.9 (PHR) 
20.6 (BHR) 

* Numbers of casks that can be used to provide 500 MTU lag storage of Intact spent fuel. Numbers in parentheses are numbers of casks that can be used 
to provide 500 MTU lag storage of consolidated fuel. 

Assumes cans of fuel rods are storedj 0.92/can. See note a. 



1.2.3 Sensitivity of Savings from Replacement of MRS Modules to Changes 

in Cask Capacity 

Savings can be realized by substituting TSCs or SOCs for MRS storage 

modules at the MRS facility. The savings involved is equivalent to the cost 

of the storage capacity replaced by the TSCs or SOCs. The savings involved in 

the use of the higher capacity casks was determined; a summary of the results 

Is set forth in Table 1-25. The savings for TSCs or SOCs delivered containing 

BWR spent fuel is less than TSCs or SOCs delivered containing PWR spent fuel 

In every case because of the added expense to replace the BWR fuel basket 

before the TSC or SOC can be used as a replacement for a MRS storage module. 

The results of the calculations show that there is no increase in savings (on 

a $/kgU basis) for higher capacity TSCs or SOCs delivered containing PWR spent 

fuel. Howevers there is a significant increase in savings or^ more 

appropriately, a significant decrease in the cost penalty^ for higher 

capacity TSCs or SOCs delivered containing BWR spent fuel. The increase in 

savings for higher capacity TSCs or SOCs delivered containing BWR spent fuel 

is because the replacement of the basket Is assumed to be a fixed cost per 

cask that is not dependent on cask capacity. The unit cost is determined by 

dividing the cost per cask by the cask capacity (in kgU). Therefore^ when the 

capacity of the cask is increased and the cost per cask for replacement of the 

BWR basket remains unchanged,, the cost penalty (in $/kgU) goes down and the 

savings in the DOE system increases proportionately. 

It should be noted that fewer high capacity casks would be required 

for whatever portion of the MRS storage capacity that is met through the use 

of TSCs or SOCs. 
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TABLE 1-25 

SENSITIVITY OF SAVINGS FROM REPLACEMENT OF MRS MODULES MITH TSCs OR SOCs 

TO INCREASES IN CASK CAPACITY 

TSC Capacity 

Base Case (Cask Capacity: 
assemblies or cans) 

21 PWR or 46 BWR 

Case A (Cask Capacity: 
assemblies or cans) 

Case B (Cask Capacity: 
assemblies or cans) 

26 PWR or 52 BWR 

32 PWR or 76 BWR 

Maximum Number 
TSCs or SOCs 
Accepted At MRS 

240 

194 

158 

Savings (l/kgU. 1987) 

Delivered As 
Intact 

35.5 
10.1 

35.5 
17.5 

35.5 
19.1 

: Fuel 

(PWR) 
(BWR) 

(PWR) 
(BWR) 

(PWR) 
(BWR) 

Delivered As 
Consolidated Fuel 

21.4 
6.1 

21.4 
10.6 

21.4 
11.5 

(PWR) 
(BWR) 

(PWR) 
(BWR) 

(PWR) 
(BWR) 

'Averaged at a 3X/year discount rate. 



1.2.4 Sensitivity of the Cost of Transport from the MRS to a Repository to 

Changes in Cask Capacity 

The impact of using higher capacity TSCs for the shipment of cans of 

consolidated spent fuel from a MRS facility to a repository on the cost of 

such shipments was estimated. It was expected that the higher capacity TSCs 

would be more efficient at this task than the base case TSC which has a 21 MRS 

can capacity. The life cycle transport costs were determined for TSCs used 

for repetitive shipments of MRS cans of consolidated fuel and having cask 

capacities for 26 MRS cans and 32 MRS cans. The transport cost for these 

higher capacity TSC cases were compared with the costs for a standard cask. 

Table 1-26 provides a summary of the unit costs for transport from the MRS to 

three repository locations In TSCs of different capacities and In a standard 

transport cask. The unit costs are higher for the Case A (26 PWR/52 BWR 

assembly) capacity TSC than for the standard cask^ thus^ no transport cost 

savings can be realized by using this capacity TSC In place of a standard 

cask. For the Case B (32 PWR/76 BWR assembly) capacity TSC, the unit 

transport costs are about the same for the TSC and standard cask. 
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TABLE 1-26 

SENSITIVITY OF COSTS OF TRANSPORT FROM MRS TO REPOSITORY FACILITY 

TO INCREASES IN TSC CAPACITY^ 

Destination 

Standard 
Transport 
Casks 

Cost of Transport ($/kgU, 1987)' 

Base Case 
TSC Capacity 

(21 PWR/46 BWR) 

Case A 
TSC Capacity 

(26 PWR/52 BWR) 

Case B 
TSC Capacity 

(32 PWR/76 BMR) 

To Salt Repository In Cans $4.12 $5.14 $4.49 $4.01 

I 

To Basalt Repository in Cans 6.53 8.16 7.14 6.38 

To Tuff Repository In Cans 6.12 7.71 6.77 6.02 

Assumes TSC 1s used repetitively (I.e., that It 1s made part of the transport cask fleet and used to make 
repeated round trip shipments). 

•̂ Averaged at a 3%/year discount rate 



2.0 SENSITIVITY TO CHANGES IN THE COST OF TSCs OR SOCs 

The Impact of changes in the cost for fabrication of metal storage 

casks on the cost of using the casks at the reactor site^ and on the savings to 

the DOE system as a result of a utility delivering spent fuel to DOE in such 

casks, was determined. Two variants in the cost of TSCs were considered; TSCs 

that cost nominally $400-thousand more than the base case TSC^ and TSCs that 

cost nominally $400-thousand less. This variation was applied to the cost of 

the initial cask procured for the base case TSC ($990-thousand) oe SOC ($880-

thousand), as applicable. Variations in the cost of SOCs was not calculated 

separately^ but the absolute changes caused by cost variations to TSCs would 

be applicable to SOCs as well. In calculating the impact of cask cost changes 

on at-reactor costs and costs in the DOE system, the same methodologies were 

used as are described In Appendices A, Bs C, 0, E, F, and G for the base case. 

2.1 SENSITIVITY OF AT-REACTOR COSTS TO CHANGES IN THE COST FOR METAL 

STORAGE CASKS 

2.1.1 Sensitivity of At-Reactor Operations Costs to Changes in Cask Cost 

A change in the cost of TSCs or SOCs will have no impact on the at-

reactor operations costs, since cask cost is not included in the cost of 

operation at the reactor site. 

2.1.2 Sensitivity of At-Reactor Life Cycle and Unit Costs to Changes in 

Cask Cost 

An analysis was performed of the impact of changes in the costs for 

metal storage casks on the life cycle and resulting unit costs involved with 

the use of the casks at the reactor site. The analysis was performed using 

the same methodology as was used for determining the at-reactor cask costs for 

the base case (as described in Appendix C). Two variants in the cost of TSCs 

were considered, one in which the cask cost $580-thousand and one in which the 

cask cost $l,380-thousand. The results of the analysis is set forth in Table 

1-27. From the results shown in the table, it can be seen that a $100-

thousand change in cask cost causes a $8-9/kgU variation in at-reactor costs. 

1-36 



TABLE 1-27 

SEMSITIVITY OF COSTS OF USE OF TSCs OR SOCs IN AT-REACTOR STORAGE OF INTACT FUEL ASSEMBLIES 

TO CHANGES IN CASK COST 

($/kgU» 1987)' 

Unit Costs for Indicated Equipment or Activi ty 

On-Time Repository 

TSC Shipped Directly to DOE 
(1st Cask Cost $580-thousand) 

TSC Shipped Directly to DOE 
(Base Case — 1st Cask Cost $990-thousand) 

TSC Shipped Direct ly to DOE 
(1st Cask Cost $l»380-thousand) 

S-¥ear Repository Delay 

TSC Shipped Direct ly to DOE 
(1st Cask Cost $580-thousand) 

TSC Shipped Direct ly to DOE 
(Base Case — 1st Cask Cost $990-thousand) 

TSC Shipped Directly to DOE 
(1st Cask Cost SUSSO-thousand) 

10-Year Repository Delay 

TSC Shipped Directly to DOE 
(1st Cask Cost $580-thousand) 

TSC Shipped Directly to DOE 
(Base Case — 1st Cask Cost $990-thousand) 

TSC Shipped Directly to DOE 
(1st Cask Cost $l,380-thousand) 

Casks 

$ 51,5 

87.9 

122.5 

Loading 
Equipment 

$ -

-

49.7 

84.5 

118.2 

48.5 

82.8 

115.4 

Removal 
Loading & From Storage 
Placement S Preparation 
In Storage For Shipment Total 

$ 0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

$0.1 

0.1 

0.1 

0.7 

0.7 

0.7 

0.1 

-.1 

0.1 

0.1 

0.1 

0.1 

$ 52.2 

88.7 

123.3 

50.4 

85.3 

118.9 

49.3 

83.4 

Average Change 
In Unit Cost Per 
$100K Change In 

Cask Cost 

116.2 J 

$8.9 

8.6 

8.4 

Averaged at a 3X/year discount rate 



2.2 SENSITIVITY OF SAVINGS WITHIN THE DOE SYSTEM TO CHANGES IN THE COST 

OF METAL STORAGE CASKS 

The change in savings within the DOE system which result from 

decreases and increases in the TSC cost was determined. Impacts on savings 

were determined for the transport of spent fuel from reactors to DOE 

facilitieSs replacement of lag storage capacityj replacement of MRS modules^ 

and transport from MRS to repository facilities. These Impacts are described 

in the following sections. 

2.2.1 Sensitivity of Savings in the Cost of Transport from Reactors to DOE 

Facilities to Changes in Cask Cost 

The impact on savings In the cost of transport between reactors and 

DOE facilities as a result of changes in the cost of metal storage casks and 

DOE transport casks were calculated. Changes in the cost of TSCs or SOCs did 

not impact the savings per se^ since the cost of the cask was not included in 

the calculations. However^ it was reasoned that if the cost of a TSC were to 

varys the cost of a DOE transport cask would similarly vary. Therefore, as 

the cost of a DOE transport cask increased or decreased, the cost of 

transporting spent fuel in the cask would correspondingly increase or 

decrease -- while the cost of shipping In TSCs or SOCs would remain unchanged 

from the base case. 

Life cycle costs for transport and the resulting unit costs 

therefor were calculated for two variants in the cost of the DOE transport 

cask, one in which the cask cost $580-thousands and one in which the cask cost 

$ls380-thousand (excluding development costs and the cost of auxiliary 

equipment). The results of the unit costs obtained for transport in the DOE 

transport cask and a TSC for shipments having one-way distances of 300 miles, 

900 miles and 2,300 miles are summarized in Table 1-28. The impact on savings 

as a result of the use of SOCs would be the same as that shown for TSCs in the 

table. 
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TABLE 1-28 

SENSITIVITY OF SAVINGS IN THE COST OF TRANSPORT FROM REACTORS TO DOE FACILITIES RESULTING FROM THE 

USE OF TSCs FOR TRANSPORT TO CHANGES IN CASK COST 

(1987 Dollars) 

Unit Cost ($/kgU)^ for . 
Transport for Indicated Distances^ 

Cask Scenario 300 Miles 900 Miles 2300 Miles 

1st Cask Cost $990-thousand® 

- DOE-Supplied Transport Cask $3.91 $6.83 $10.61 

- TSC Used in Repetitive Shipmentsi 3.60 (0.31) 6.36 (0.47) 10.04 (0.57) 
DOE Avoids Purchase of Transport 
Cask 

1st Cask Cost $580-thousand^ 

- DOE-Supplied Transport Cask 3.78 6.64 10.38 

- TSC Used In Repetitive Shipmentsi 3.60 (0.18) 6.36 (0.28) 10.04 (0.34) 
DOE Avoids Purchase of Transport 
Cask 

1st Cask Cost $l,380-thousand® 

- DOE-Supplied Transport Cask 4.04 7.02 10.83 

- TSC Used in Repetitive Shipments! 3.60 (0.44) 6.36 (0.66) 10.04 (0.79) 
DOE Avoids Purchase of Transport 
Cask 

Intact fuel assemblies 

Averaged at a 3X/year net discount rate 

^ One-way distances shown 

Figures in parentheses are cost savings resulting from the use of utility-furnished TSC or SOC for transport 
Instead of DOE-supplied transport cask 

Casks costs indicated include fabrication and administrative expenses only; no development costs are included 
in these figures but such were used in the determination of the unit costs shown in the table. 



From the results shown in the table it can be seen that a $100-thousand change 

in the cost of DOE transport cask, there is a change in the savings resulting 

from the use of a TSC or SOC of $0.033/kgU for a 300-mile shipment, $0.048/kgU 

for a 900-m1le shipment, and $0.056/kgU for a Z^SOO-mile shipment. 

2.2.2 Sensitivity of Savings from Replacement of Lag Storage Capacity to 

Changes in Cask Cost 

The savings in the DOE system from using a TSC or SOC for lag 

storage was determined to be equivalent to the cost of a TSC or SOC. Due to 

the significantly higher cost of in-cell storage it was felt that DOE would 

select an alternate means of providing the majority of lag storage capacity in 

the form of modules. Therefore, DOE could not be expected to pay more than 

the cost of a TSC or SOC for that storage. 

If the TSC or SOC cost changes, the savings in the DOE system 

changes by an equivalent amount. In other words, if the cost of a TSC or SOC 

changes and the TSC or SOC remains the least expensive option for providing 

lag storage, then the savings that DOE would realize by receiving a TSC or SOC 

from a utility would be equivalent to the new cost of the TSC or SOC. 

2.2.3 Sensitivity of Savings from Replacement of MRS Modules to Changes 

in Cask Cost 

Changes in the TSC or SOC cask cost have jno impact on the savings 

from substitution of TSCs or SOCs for MRS modules. The savings to the DOE 

system Is determined by the cost of the MRS modules and the capacity of the 

TSCs or SOCs received into the DOE system. Neither the cost of the MRS 

modules nor the capacity of the TSC or SOC were assumed to change from the 

base case, therefore, no change in the amount of savings occurs. 

2.2.4 Sensitivity of the Cost of Transport from the MRS to a Repository to 

Changes in Cask Cost 

The capital costs used in the life cycle transport calculation for 

shipment of fuel from the MRS to a repository do not Include the cost of the 

TSC itself. Only the costs for design and licensing and auxiliary equipment 

are included. It is assumed that the TSC is provided to DOE by a utility that 

has incurred the cost of the cask. Therefore, an increase in the TSC cost 

1-40 



would have no impact on the life cycle transport costs from a MRS to a 

repository. (Note: It is assumed that the cost for a DOE standard cask for 

shipment from MRS to a repository does not change.) 

3.0 SUMMARY OF SENSITIVITY ANALYSES 

3.1 SENSITIVITY OF COSTS AT REACTOR SITE 

The changes in costs in the utility spent fuel management system 

resulting from changes In the capacity and costs of the TSCs or SOCs used for 

spent fuel storage are summarized in Tables 1-29 and 1-30, respectively. 

The costs shown were derived from the cost information developed in 

Appendices A, B, and C -- and Sections 1.1 and 2.1 of this Appendix I, plus 

calculations made using the cost information set forth therein. 
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TABLE 1-29 

SUMMARY OF SENSITIVITY OF COSTS OF USE OF TSCs FOR AT REACTOR STORAGE TO CHANGES IN TSC CAPACITY AND COST 

(1987 Dollars) 

Unit Costs ($/kgU) for Indicated Cask Capacities 

1 — J 

4^ 
ro 

Cask 
Cost 
($000) 

$ 550 

600 

650 

700 

750 

800 

850 

900 

950 

990 

1,000 

1,050 

1,100 

1,150 

1,200 

1,250 

1,300 

1,350 

1,400 

21 PWR/46 
Assembli 

$ 50 

54 

59 

63 

67 

72 

76 

81 

85 

89 

90 

94 

98 

103 

107 

112 

116 

121 

125 

Intact 

BWR 
es 

Fuel Assembli 

26 PWR/52 BWR 
Assemblies 

$ 42 

45 

49 

53 

56 

60 

64 

68 

71 

74 

75 

79 

82 

86 

90 

94 

97 

101 

105 

es 

32 PWR/76 
Assembli 

$ 33 

36 

38 

41 

44 

47 

50 

53 

56 

58 

59 

62 

65 

68 

71 

73 

76 

79 

82 

BWR 
es 

21 PWR/46 BWR 
Cans 

$ 31 

33 

36 

39 

41 

44 

47 

50 

52 

55 

55 

58 

61 

63 

66 

69 

72 

74 

77 

Consolidated 

26 PWR/52 
Cans 

$ 26 

28 

30 

33 

35 

37 

39 

42 

44 

46 

46 

49 

51 

53 

56 

58 

60 

62 

65 

Fuel 

BWR 32 PWR/76 BWR 
Cans 

$ 20 

22 

24 

26 

27 

29 

31 

33 

35 

36 

36 

38 

40 

42 

44 

45 

47 

49 

51 



TABLE 1-30 

SUMMARY OF SENSITIVITY OF COSTS OF USE OF SOCs FOR AT REACTOR STORAGE TO CHANGES IN SOC CAPACITY AND COST 

(1987 Dollars) 

Unit Costs ($/kgU) for Indicated Cask Capacities 

1 

CO 

Cask 
Cost 
($000) 

$ 550 

600 

650 

700 

750 

800 

850 

880 

900 

950 

1,000 

1,050 

1,100 

1,150 

1,200 

1,250 

1,300 

1,350 

1,400 

21 PWR/46 
Assembli 

$ 50 

55 

59 

63 

68 

72 

77 

80 

81 

86 

90 

95 

99 

104 

108 

113 

117 

122 

126 

Intact Fuel As 

BWR 26 PWR/52 
es Assembli 

$ 42 

46 

49 

53 

57 

61 

64 

67 

68 

72 

76 

79 

83 

87 

91 

94 

98 

102 

106 

sembll 

BWR 
es 

es 

32 PWR/76 BWR 
Assemblies 

$ 33 

36 

39 

42 

45 

48 

51 

53 

54 

57 

60 

63 

66 

69 

72 

75 

78 

81 

83 

21 PWR/46 BWR 
Cans 

$ 31 

34 

37 

39 

42 

45 

48 

50 

51 

53 

56 

59 

62 

65 

67 

70 

73 

76 

78 

Consolidated 

26 PWR/52 
Cans 

$ 26 

29 

31 

33 

36 

38 

40 

42 

43 

45 

47 

50 

52 

54 

57 

59 

61 

64 

66 

Fuel 

BWR 32 PWR/76 BWR 
Cans 

$ 21 

22 

24 

26 

28 

30 

32 

33 

34 

35 

37 

39 

41 

43 

45 

46 

48 

50 

52 



3.2 SENSITIVITY OF SAVINGS IN THE DOE SYSTEM 

The sensitivity of savings in the DOE spent fuel management system 

to changes in the capacity of the TSCs or SOCs received are summarized in 

Table 1-31. The costs shown were derived from the cost information developed 

in Appendices D, E, F and G -- and Sections 1.2 and 2.2 of this Appendix I, 

plus calculations made using the cost information set forth therein. 

TABLE 1-31 

SENSITIVITY OF SAVINGS REALIZED IN DOE SYSTEM AS A RESULT OF 

RECEIVING TSCs OR SOCs FROM UTILITIES CONTAINING INTACT FUEL ASSEMBLIES 

TO INCREASES IN CASK CAPACITY^ 

($/kgU, 1987)'' 

Avoided Costs Resulting From 
Receipt of Casks of Indicated Capacities 

Activity 

Transportation -- Reactors 
to DOE Facilities^ 

21 PWR/46 BWR 
Assemblies 
(9.26 MTU) 

$0.31-0.57 

26 PWR/52 BWR 
Assemblies 
(11.16 MTU) 

$0.26-0.47 

32 PWR/76 BWR 
Assemblies 
(14.47 MTU) 

$0.20-0.36 

Lag Storage 

MRS Modules 

Transportation -- MRS 
to Repository 

79.4 

35.5 (PWR) 
10.1 (BWR) 

None 

65.9 

35.5 (PWR) 
17.5 (BWR) 

None 

50.8 

35.5 (PWR) 
19.1 (BWR) 

None 

Savings are not additive, i.e., savings associated with the receipt of an 
individual TSC or SOC is realized in connection with only one activity. 

Savings are expressed in $/kgU contained in the spent fuel delivered to DOE. 
Savings for consolidated fuel are approximately 60% of those shown in the 
table. 

Comparison is based on savings resulting from the use of utility-furnished 
TSCs in place of a DOE transport cask. However, the change in savings 
resulting from the use of higher capacity casks would also be the same for 
all of the SOC cases shown in Appendix C. 

In the case where the TSC or SOC is used to deliver spent fuel and then used 
for lag storage at a repository when there is also a MRS facility in the 
system, the avoided costs shown are reduced to about 96% of the values shown 
for PWR fuel and to about 72% for BWR fuel. 
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The following sets forth the conclusions that can be drawn from the 

table along with comments regarding the impact of changes in cask cost on the 

results shown in the table: 

(1) The savings in transport costs between the reactors and the 
DOE facility decline slightly with increasing capacities of 
the TSCs, SOCs and DOE transport casks, but are small to begin 
with. These savings change by about 5% for each $100-thousand 
change in the cost of a cask. 

(2) The savings in lag storage costs declines as the capacity of 
the TSC or SOC for intact fuel assemblies increases. This is 
because the savings to DOE are equal to the cost of the cask. 
When the cost 1s held constant, and the capacity is increased, 
the savings expressed as a unit of capacity declines. For each 
$100-thousand change In the initial cask cost, the savings 
shown in the table correspondingly change by 12.5 percent of 
the values shown. 

(3) The savings in the cost of MRS modules are independent of the 
capacity or cost of the TSCs or SOCs used to replace them. The 
greater the capacity of the cask, the more it Is worth as a MRS 
module. However, this value has to be distributed over the 
larger amount of fuel that is contained in the cask as received 
from the utility. Thus, the savings expressed in $/kgU 
received in the cask does not change for increased cask 
capacity. Changes in the cost for the cask also do not impact 
savings because the savings are the result of the cost of the 
MRS modules, and not the casks. However, in the case of TSCs 
or SOCs that are received containing BWR fuel, the cost of a 
new basket and the cost of disposal of the old one has to be 
deducted from the savings that would have been experienced If 
the basket had not needed to be replaced. This savings 
increases with Increasing cask capacity inasmuch as it was 
assumed that the cost of a new basket and disposal of the old 
one would not increase, and thus the deduction for these items 
was distributed over a larger amount of fuel received. This 
resulted in increasingly smaller deductions for casks of 
higher capacity, and a correspondingly larger net savings. 

(4) There were no savings that resulted from the use of the TSCs 
for transport of cans of consolidated fuel from the MRS to the 
repository within the range of cask capacities studied. 
Moreover, variations in the cost of the TSCs did not impact the 
transport costs since it was not included as an element of such 
cost. 
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APPENDIX J 

PROSPECTS FOR USE OF TSCs IN CONNECTION WITH THE STORAGE AND 

HANDLING OF DEFENSE WASTES 

The purpose of this Appendix is to perform a preliminary evaluation 

of the feasibility of using TSCs in the storage and handling of West Valley 

and defense wastes. 

1.0 USE OF TSCs FOR WEST VALLEY HIGH LEVEL WASTE 

1.1 BACKGROUND 

High level waste (HLW) from the reprocessing of spent nuclear fuel 

at West Valley will be solidified in canisters that are 3 meters (120") in 

length, and 61 cm (24") outer diameter. West Valley will begin production of 

these canisters in late 1989. Three hundred canisters of HLW will be produced 

during the eighteen months vitrification campaign. The canisters will be 

stored on-site in a building previously used for chemical processing. The 

current plan is to store the HLW canisters at West Valley until they can be 

delivered to a repository. The first delivery of HLW to a repository is 

scheduled for the year 2008. 

Table J-1 provides the production schedule and the repository 

acceptance schedule for the West Valley HLW canisters (References 1 and 2). 

An assumption has been made that the West Valley canisters will be delivered 

to the repository on a priority basis, meaning they will be the first 

canisters delivered starting in the year 2008. This assumption is based on 

the expressed desire of DOE to remove the canisters from the site at the 

earliest opportunity. Based on the above assumption and the current plan of 

storing the HLW on-site, the canisters would be in storage for a minimum of 

seventeen years at West Valley before shipments to a repository. 

Another option being considered by DOE is the transport of the 

canisters to an alternate storage site prior to the time that they could be 

delivered to a repository. This action would allow for earlier 

decommissioning of the West Valley site. INEL and Savannah River are among 

the possible alternative storage sites. 
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Tear 

1990 
1991 
1992 
1993 
1994 
199S 
1996 
1997 
1998 
1999 
aooo 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 

Can 
Product! 

Defense HLW* 

405^ 
405 
405 
405 
405 
405 
405 
540 
540 
540 
S40 
540 
S4Q 
240 
240 
240 
315 
315 
515 
51S 
515 
515 
515 
515 
515 
515 
515 
515 
51S 
465 
410 
410 
410 
410 
410 
380 

T5;i55 

PRODUCTION 

ister 
on Schedule 

West Val 

150 
150 

300 

TAlilt J-1 

SCHEDULE AND REPOSITORY aCCEPTANCE SCHEDULE 

ey 

Repository 
Acceptance Se 
First 

Repos1torj» 

187^ 
433* 
S00 
800 
800 
800 
800 
800 
80Q 
800 
800 
480 

17305 

ttlU . 
hedule^ 
Second 

Repository 

800 
800 
800 
800 
800 
800 
800 
800 
800 
800 

8.000 

FOR HLW CANISTERS 

Inventory of In-Storaae Canisters 
Cumulative Total 

Defense HLW 

405 
810 

1.215 
1.62© 
2,025 
2.430 
2.835 
3,375 
3.915 
4.455 
4.995 
5.535 
6,075 
6.315 
6.555 
6.795 
7.U0 
7.440 
7.955 
8.150 
7,865 
7.580 
7.295 
7,010 
6.725 
6,440 
6.155 
5.870 
5,585 
5,570 
5,980 
6.390 
6.800 
7.210 
7,620 
7,200 
6.400 
5.600 
4.800 
4.000 
3.200 
2.400 
1.600 
800 
0 

West Valley 

150 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
113 
0 

© 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Combined 

555 
1.110 
1,515 
1,920 
2,325 
2.730 
3.135 
3.675 
4,215 
4.755 
5,295 
5.835 
6.375 
6.615 
6.855 
7.095 
7.410 
7.740 
8,068 
8,15© 
7,865 
7.580 
7.295 
7.010 
6,725 
6,440 
6,155 
5,870 
S.S85 
5.570 
5.980 
6.390 
6.800 
7,210 
7,620 
7.200 
6.400 
5,600 
4.800 
4.000 
3.200 
2,400 
1,600 
800 
0 

•For defense HL« there Is a conversion factor of 0.5 MTU (equivalent teat)/canister 

''For West Valley HLM there is a conversion factor of 2.13 (equivalent heat}/cantster 

'First 640 MTU HLW allocated to West Valley 

Defense HLM production schedule obtained from Table 7.1 of "Perspective on Methods to Calculate A fee for Dis(>osal of Defense Hiah-Level Uaste 
in CoBbined (CivilIan/Defensej Repositories", DOE/RL-86-10 

*433 canisters is « sum of 113 West Valley canisters and 320 defense HLW canisters. 

%roii the Draft Hission Plan Araendiaent. January 1987 



1.2 POSSIBLE ROLE OF TSCs IN MEST VALLEY SYSTEM 

As mentioned above, the 300 West Valley canisters will be stored in 

an existing building at West Valley which has been adapted for storage, and 

ultimately will be shipped to the repository for disposal. Storage will begin 

in about 1990s long before the possibility that excess TSCs would be made 

available from utilities or elsewhere. Thus^ TSCs are not a candidate for 

canister storage at West Valley. However^ the possibility of delays in 

repository startup may increase pressures for canister removal from West 

Valley prior to repository startup. This possibility creates a potential role 

for TSCs in both transport and storage of canisters of West Valley waste and^ 

depending upon the timing^ such casks could be available from utility storage 

service. Even without early closure of the West Valley site^ TSCs could be 

used to transport HLW canisters from West Valley to the repository. By the 

year 2008s when shipments to a repository would begins some utilities may be 

in a position to provide TSCs to West Valley for this purpose. Howevers the 

designs of TSCs for spent fuel storage and transport are not optimized for HLW 

canisters. The HLW canisters are shorter than spent fuel assemblies by about 

five feets and only four canisters would fit into a TSC. Also the spent 

fuel assembly basket would have to be replaced with a basket sized for HLW 

canisters^ resulting in a significant reduction in avoided costs to DOE. 

At most only a few TSCs would be needed to deliver canisters to the 

repository at the acceptance rate of 800 canisters per year for both West 

Valley and defense HLW. In such cases DOE could offer a payment to utilities 

for savings in the transport cask cost less the added cost of a new basket^ 

disposal of the replaced basket^ and the added cost of transport resulting 

from the use of a less efficient cask than one specifically designed for the 

purpose. 

2.0 USE OF TSCs FOR DEFENSE WASTE 

2.1 BACKGROUND 

HLW will be solidified in canisters at Savannah River^ Hanford^ and 

Idaho. Production for HLW canisters at Savannah River is planned to begin in 

1990s at Hanford in 1997, and at Idaho in 2008. The canisters that are 

produced at Savannah River will be stored in vaults which consist of shielded, 

air-cooled buildings holding up to l^OOO canisters each (two years 
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production). Delivery of the canisters to the DOE repository is scheduled to 

begin in the year 2008. 

Table J-1 shows both the production schedule for the defense HLW 

canisters as well as the projected repository acceptance schedule. The 

inventory of HLW canisters in storage peaks at 8J50 in the year 2009. The 

inventory declines from 2009 thru 2019 during which time the first repository 

is accepting canisters at a rate greater than the production rate. The 

inventory peaks again at 7s620 in the year 2024 due to a gap of five years 

between the last year of acceptance at the first repository and the first year 

of acceptance at the second repository. The gap is caused by a decision to 

evenly distribute the number of canisters delivered to each repository. 

2.2 POSSIBLE ROLE OF TSCs IN DEFENSE WASTE SYSTEM 

A total project cost of $105-minion was estimated for three 

storage modules (Reference 3). This represents a storage cost of $35s000 per 

canister. DOE could offer a payment for the savings in storage cost less the 

cost of a new basket and the cost of disposal of the old one. The payment 

would be contingent on a utility's commitment to a delivery schedule 

consistent with DOE needs for the storage capacity. The savings from reduced 

handling of the canisters that would be stored in TSCs would increase somewhat 

the payment DOE could offer. Payments for TSCs used to transport defense 

waste to the repository were discussed in Section 1.2 of this Appendix. 

3.0 CONCLUSIONS REGARDING THE USE OF TSCs IN CONNECTION WITH WEST 

VALLEY AND DEFENSE WASTES 

TSCs previously used by utilities could conceivably be used for 

storage and transport of HLW canisters. In the case of West Valley wastes^ 

utility-owned TSCs would not be available in time for storage of canisters^ 

unless those canisters were to be moved from West Valley and stored elsewhere 

prior to disposal. However, utilities with TSCs could be in a position to 

deliver the casks to DOE for the transport of West Valley wastes. In the case 

of defense HLW, starting in 1998 some utilities may be in a position to 

deliver TSCs to DOE for storage of canisters as well as transport. However, a 

factor that reduces the attractiveness of utility-owned TSCs for storage and 

transport of HLW canisters in the DOE system is the non-optimum size of the 

casks, i.e., about one-third of the cask capacity would not be used due to 
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the shorter length of the HLW canisters compared to spent fuel assemblies. A 

cask optimally designed for HLW canisters would be significantly more cost 

effective. For example, an optimally sized 135 ton rail cask could transport 

up to 10 canisters, thereby reducing the number of casks (and shipments) 

needed to deliver canisters in TSCs at a rate that meets the repository 

acceptance schedule. 

As additional information becomes available on the storage and 

transport plans for West Valley and defense HLW, avoided costs in the DOE 

system in connection with such wastes can be estimated more accurately and an 

appropriate incentive schedule developed for delivery of TSCs by utilities 

from at-reactor storage of spent fuel. 
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