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PREFACE 

On December 20, 1982, the Nuclear Waste Policy Act of 1982 passed both the 

United States Senate and House of Representatives and is expected to be signed 
by President Reagan. The bulk of this study was completed prior to passage of 

the Nuclear Waste Bill and therefore, is not entirely cognizant of the 

terminology and final provisions of the Bill. The most important provisions in 

the Bill relating to spent fuel transportation to Federal interim storage 
include the following: 

o Capacity - 1900 MTU of spent fuel; this is not approached in any of the 

scenarios in this report 

o Title - Government assumes title to the fuel at the reactor sites 

o Transportation - Government is responsible for transportation from reactors 

to storage sites 

o Transfer requirement - Removal of the fuel is required within 3 years after 

repository or Monitored Retrievable Storage Facility is available. 

The above provisions do not significantly affect the results obtained in this 

study. Further analyses could be performed to identify new scenarios and 
impacts of the Bill on the future spent fuel transportation system requirements. 
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ABSTRACT 

Transportation of commercial spent fuel from light water reactors (LWRs) is 
expected to significantly increase in the 1980s and 1990s. Overflow spent fuel 

from reactors with inadequate storage capacity could be placed in Federal 

interim storage facility as early as 1984. This study examined potential 

competition for the use of available transportation casks and costs to 
determine impacts on this program. A computer model was developed to quantify 

the transportation hardware requirements and transportation costs associated 

with shipping spent fuel in the commercial nuclear fuel cycle in the near 

future. Alternative spent fuel management scenarios are examined to determine 
their effect on transportation cost and hardware requirements, including 

investigation of the impacts of delaying the opening of a fuel reprocessing 
plant, alternative spent fuel shipping systems, and increased utilization of 

truck systems. The current shipping cask fleet size is examined to determine 
its adequacy to provide the needed services for the above facilities. Results 

are presented for alternatives in transportation hardware configurations and 
spent fuel management strategies. 

Results from this study indicate that alternative spent fuel shipping 
systems (consolidated or disassembled fuel elements and new casks designed for 

older fuel) will significantly reduce the transportation hardware requirements 

and costs for shipping spent fuel in the commercial nuclear fuel cycle, if 
there is no significant change in their operating/handling characteristics. It 
was also found that a more modest cost reduction results from increasing the 

fraction of spent fuel shipped by truck from 25% to 50%. Larger transportation 
cost reductions could be realized with further increases in the truck shipping 
fraction. 

Using the given set of assumptions, it was found that the existing spent 

fuel cask fleet size is generally adequate to perform the needed transportation 

services until a fuel reprocessing plant (FRP) begins to receive fuel (assumed 
in 1987). Once the FRP opens, up to 7 additional truck systems and 16 
additional rail systems are required at the reference truck shipping fraction 

of 25%. For the 50% truck shipping fraction, 17 additional truck systems and 9 
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additional rail systems are required. If consolidated fuel only is shipped 

(25% by truck), 5 additional rail casks are required and the current truck cask 

fleet is more than adequate until at least 1995. Changes in assumptions could 

affect the results. 

Transportation costs for a Federal interim storage program could total 

about $25M if the FRP begins receiving fuel in 1987 or about $95M if the FRP is 

delayed until 1989. This is due to an increased utilization of Federal interim 

storage facility from 350 MTU for the reference scenario to about 750 MTU if 

reprocessing is delayed by two years. 
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1.0 INTRODUCTION 

Transportation of irradiated light water reactor (LWR) fuel is an integral 

part of the commercial nuclear fuel cycle. Shipments of spent fuel have been 

made commercially on a routine basis in the United States for many years. In 

the future, shipments of these materials are expected to increase substantially 

as chemical reprocessing plants and geologic isolation facilities become 

operational. Current technology appears adequate to assure the safe, reliable, 

and efficient transportation of spent nuclear fuel. 

The objective of this study is to provide quantitative logistics and cost 

information for the transportation of commercial spent fuel associated with 

government emergency relief storage. Commercial reprocessing and disposal 

demonstration facilities compete for available casks so were also considered. 

Funding for this study was provided by the U.S. Department of Energy (DOE) -

Office of Spent Fuel Management and Reprocessing Systems and the Richland 

Operations Office through the Commercial Spent Fuel Management (CSFM) Program 

managed by Battelle, Pacific Northwest Laboratory (PNL). Results in this 

report include an assessment of the adequacy of current spent fuel transpor

tation hardware fleet sizes to perform the needed transportation services and 

transportation cost estimates for an emergency storage facility. This infor

mation can be used by the DOE to encourage construction and operation of needed 
transportation hardware if the predicted future demand exceeds current capabi

lities. Cost information can be used to facilitate planning and evaluation of 

future spent fuel transportation systems, including transportation hardware. 

Delays in the development of commercial reprocessing and/or spent fuel 
disposal facilities have resulted in nuclear utility companies retaining their 

spent fuel in on-site storage basins. Since many reactors were built at a time 
when commercial reprocessing was expected to be a viable business, utilities 

opted for small spent fuel storage basins (1-2 annual discharges plus full core 

reserve) because they assumed they could ship their spent fuel to a fuel 
reprocessing plant (FRP). Since commercial reprocessing has been delayed for 

more than a decade, many utilities are being faced with the possibility of 
shutdown due to a lack of adequate spent fuel storage capacity. The U.S. 
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Congress is currently considering legislation that would require the DOE to 
provide a temporary, interim storage facility for emergency relief storage of 

spent fuel to prevent the shutdown of affected nuclear power plants. 

The remainder of this report is divided into six sections. A summary of 

the results obtained in this study is given in Section 2.0. Future spent fuel 

transportation system scenarios and their mathematical computer models are 

discussed in Section 3.0. Section 4.0 contains descriptions of the current 

spent fuel cask fleet and the reference truck and rail casks selected for use 
in this analysis. Transportation unit costs (dollars per shipment) are 

developed in Section 5.0. Results of the spent fuel transportation logistics 

and cost studies are presented in Section 6.0. Conclusions and recommendations, 

for further work are discussed in Section 7.0. 
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2.0 SUMMARY 

This report presents descriptions of potential future commercial spent fuel 

management systems and a quantitative analysis of transportation hardware and 

cost requirements for transport of commercial spent fuel in the commercial 
nuclear fuel cycle. Also presented is an assessment of the adequacy of the 

current U.S. spent fuel shipping cask fleet size to provide the needed 

transportation services. The potential future spent fuel management system is 

developed using Commercial Spent Fuel Management Program (CSFMP) guidelines and 
is cognizant of nuclear waste legislation currently under consideration by the 

U.S. Congress. Spent fuel transportation hardware requirements and cost 

information is developed using a computer modeling technique. The model 

developed for this study is interfaced with the CSFMP spent fuel data base. 

The total spent fuel management system was considered in this study to 

quantify competition for transportation services. This study was based on the 

following assumptions: a system for Federal Interim Storage of spent fuel, a 
disposal demonstration at a Test and Evaluation facility (TEF), and a fuel 

reprocessing plant (FRP). Transportation services will also be needed for the 

spent fuel in storage at the Western New York Nuclear Service Center (West 

Valley) and the damaged core at the Three Mile Island (TMI) nuclear power 

station and these requirements were included in the study. In addition, some 

nuclear utility companies are planning to transship spent fuel from a storage 

basin approaching its maximum storage capacity to a less-full storage basin. 
Only planned transshipments within a utility system or to the Morris, Illinois 

storage facility (DOE 1982) are considered in this study. 

Four commercial spent fuel management scenarios are developed and 

investigated in this study. The reference scenario provides for a 1984 opening 
date of the interim storage facility to receive spent fuel from the following 
facilities; LWRs that lose FCR capability, West Valley, and the damaged reactor 

core from TM!. The TEF is assumed to receive spent fuel beginning in 1987. A 
FRP (assumed to be the Barnwell Nuclear Fuels Plant) is assumed to begin 

receiving fuel in 1987 in preparation for start-up in 1989. After this date, 
all commercial reactors, the Federal interim storage facility, and the TEF 

(begins retrieval and shipping out operations in 1993) are assumed to ship 

their spent fuel to the FRP (up to 1500 MTU/yr design capacity). 
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Three alternatives to the reference scenario were developed and 

investigated to establish a range of transportation service demands. The first 

alternative represents shipping only consolidated fuel (disassembled fuel 
elements that have fuel rods only placed in canisters). In this case, shipping 
cask capacities are assumed to increase by a factor of two. This case could 
also represent the introduction of a new generation of shipping casks that are 

designed to transport long-cooled spent fuel (at least five years after reactor 
discharge). Only the costs and logistics for consolidated fuel shipping are 

considered. Engineering aspects of this alternative are beyond the scope of 
this study. The opening dates of all of the facilities are identical to the 

reference scenario. The second alternative scenario investigates the impact of 

delaying the opening date of the FRP until 1989. This increases substantially 

the amount of spent fuel transported to and stored within the Federal interim 

storage facility. The third alternative scenario in this study examines the 

effects of increasing the fraction of spent fuel shipped by truck from 25% in 
the reference scenario to 50%. 

Annual spent fuel transportation hardware requirements and transportation 

costs resulting from this study are shown in Table 2.1. The Table also 
includes information pertaining to the planned spent fuel transshipments DOE 

1982). Transshipments are the only spent fuel movements planned for the years 

1982 and 1983 on Table 2.1. Subsequent transshipments are planned for 

succeeding years but are all on-site transfers and do not significantly impact 
the cask requirements for those years. 

Cask requirements for the reference spent fuel management scenario (FRP 
opens in 1987, 25% truck shipping fraction) are 29 truck and 22 rail shipping 
systems. If fuel is assumed to be consolidated prior to shipment, the cask 

requirements are roughly one-half of the reference scenario requirements. The 
maximum annual cask requirements for the delayed reprocessing scenario are 

essentially identical to those for the reference scenario; however, there is a 
two year delay before this large number of casks is required. This is due to 
the delay in the opening date of the FRP. For the scenario where 50% of the 
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TABLE 2.1. Summary of Cask Requirements and Transportation Costs 
for the Four Spent Fuel Management Scenarios Develooed 
for this Study 

Reference Scenario Consolidated Fuel Scenario De1a~ed ReQrocessing Scenario 50% Truck ShiQQing Scenarj~ 
Transpor- Transpor- Transpor- Transpor-

Cask Requirements(a) tation(b) Cask Requirements tation Cask Requirements tation Cask Requirements tat ion 
costs, Costs Costs Costs 

Year Truck Rail (M$Ij'r} Truck Rail (Mllj'r} Truck Rail ~1m::L Truck Rail ~MlLi'r'L 

1982 0 2.99 0 1.50 0 2.99 0 2.99 

1983 3 4.97 2 2.49 3 4.97 3 4.97 

1984 2 3 4.60 2.30 2 3 4.60 2 2 4.41 

1985 2 2.56 1.28 2 2.56 2.46 

1986 4 4.8'1 2 2.44 4 4.89 4 4.84 

1987 29 18 58.08 15 9 29.04 7 2 9.6fi 37 13 57.71 

1988 28 20 59.45 14 10 29.73 7 5 13.41 36 14 58.91 

1989 28 18 57.15 14 9 28.57 20 23 55.94 36 13 56.82 

1990 28 19 58.03 14 10 29.02 26 20 57.52 36 13 57.65 

1991 27 19 58.08 14 10 29.04 25 20 57.49 35 14 57.65 

1992 27 17 56.99 15 9 28.49 29 17 56.92 37 11 56.66 

1993 27 20 59.04 14 10 29.52 27 20 58.96 36 14 58.28 

1994 26 21 60.03 13 11 30.02 26 21 60.02 36 14 59.26 

1995 29 22 64.18 15 11 32.09 29 22 fi4.18 39 15 63.15 

NOTE: For comparison purposes, the current spent fuel cask fleet contains approximately 22 reference truck-cask-
equivalents (including overl~eight truck systems) and 6 reference rail-cask eouiva1ents (inc1udinQ the 
uncompleted rill 10/24 systems). 

(a) NulTbers in these columns represent the nulTber of truck cask sys tems (capacity of 1 PWR or 2 BWR fue 1 elements) and ra i1 
cask systems (capacity of 7 PWR or 18 BWR elements) required to transport the amount of fuel specified for each scenario. 

(b) Transportation costs shown are the combined costs for truck and rail shipping in mid-1982 dollars. Transportation costs do 
not include capital costs for construction of neN cask systems. Numbers contain excess significant fi'lures for consistencY. 



spent fuel is shipped in truck casks, 39 truck casks and 15 rail casks are 
required. A significant capital expenditure savings for spent fuel casks could 

be realized by increasing the amount of fuel shipped by truck. 

Shipments of spent fuel to an FRP is the greatest demand on the trans
portation hardware in this study. When this facility opens, cask requirements 
and transportation costs reach a steady-state for subsequent years. The 

average transportation costs (costs incurred by the shipper, including handling 

costs) over these years are approximately $59M/yr for the reference scenario, 
$30M/yr for the consolidated fuel scenario, $58.5M/yr for the 50% truck 

shipping scenario, and $59M/yr for the delayed reprocessing scenario. This 

represents about a 50% decrease in transportation costs for the consolidated 

fuel scenario and a small reduction in costs for the 50% truck shipping 

scenario. 

The current cask fleet size was determined by telephone contacts with cask 

suppliers. Approximately 22 reference truck-cask-equivalents (counts each of 

the TN-8 and TN-9 overweight truck casks as three reference truck-cask

equivalents) and 6 reference rail-cask-equivalents (counts the NLI-10/24 as 1.5 

reference rail-cask-equivalents) are available. These values were compared 

with the near-term (up until 1995) cask requirements determined in this study. 
In general, the current cask fleet size is adequate until the FRP begins to 
receive fuel (1987 for the reference, consolidated fuel and 50% truck shipping 

scenarios, and 1989 for the delayed reprocessing scenario). It was found that 
7 additional truck cask systems and 16 additional rail cask systems are 
required to be in service before the FRP opens for the reference scenario. 
Seven more truck casks and 17 more rail casks are required for the delayed 
reprocessing scenario. For the consolidated fuel scenario, five additional 

rail casks are required and the current truck cask fleet is adequate until at 
least 1995. If the shipping fraction is changed to 50% truck and 50% rail, 17 

additional truck casks and 9 additional rail casks are required prior to the 

FRP opening date. As expected, capital expenditures for additional casks are 

minimum for the consolidated fuel scenario. Next largest is the 50% truck 
shipping scenario. The highest capital expenditures are for the reference and 
delayed reprocessing scenarios. These results are valid only for the given set 

of assumptions. 
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It is recommended, based on the results of this study, that licensing of 
existing spent fuel casks for transport of consolidated fuel be pursued if the 
additional fuel handling costs do not affect transportation savings. It is 

shown that spent fuel transportation hardware requirements and costs can be 

reduced by about a factor of 2 for consolidated fuel shipping due to increased 

shipping cask capacities. Cask capacities for future spent fuel transportation 

purposes could also be increased by a separate factor of about two by designing 

a new generation of casks to transport long-cooled fuel, using current bases 

for cask handling and occupational exposures. Either of these two alterna

tives, consolidating the fuel or designing new casks, is able to substantially 

reduce the costs associated with spent fuel transportation. 

It is recommended that further studies be undertaken to refine cost 

estimates of transporting and handling spent fuel. This study should include 

an assessment of the costs associated with consolidating fuel at reactors or at 
centralized fuel consolidation facilities, including equipment, construction, 

and operating costs. Other studies recognized by this analysis which may be of 

use to utility companies include a detailed economic assessment of legal-weight 

truck shipments versus over-weight truck shipments and an analysis of the 
advantages and disadvantages of shipping fuel in dual-purpose storage and 

transportation casks. 
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3.0 COMMERCIAL SPENT FUEL TRANSPORTATION NETWORK MODEL 

This section provides the bases and assumptions required to define the 
future LWR spent fuel transportation system. Included are assumptions 
pertaining to a proposed system for Federal Interim Storage for nuclear utility 
spent fuel, a fuel reprocessing plant (FRP), a disposal repository Test and 

Evaluation Facility (TEF), the disposition of the damaged core at the Three 
Mile Island (TMI) Nuclear Station, and removal of spent fuel from the Western 

New York Nuclear Service Center (West Valley). All of the above facilities 

will eventually require spent fuel transportation services and will receive 

spent fuel from commercial LWRs (except TMI and West Valley which will ship 
fuel). These assumptions are used to define the baseline spent fuel 

transportation network connecting the facilities. Also defined in this section 

are the shipping distances between commercial LWRs and the facilities listed 

above, bases and assumptions for transportation cost calculations, spent fuel 
storage requirements, and reference truck and rail spent fuel shipping systems 

for this study. In addition, the computer model developed at PNL to examine 
the spent fuel cask fleet requirements and transportation costs is described in 

this section. 

3.1 SPENT FUEL MANAGEMENT SCENARIOS AND STUDY BASES 

A number of alternatives are currently being considered for management of 

spent nuclear fuel from commercial LWRs. Transportation demands and, 
therefore, logistics and costs are unique to each alternative. Final decisions 
on spent fuel management strategies are not expected for some time, although 
nuclear waste bills are currently being debated by the U.S. Congress. Several 
spent fuel management scenarios were developed utilizing CSFM Program 
guidelines and the nuclear waste legislat~on to include changes in future waste 

transportaton system demands. The reference spent fuel management scenario and 
appropriate sensitivity cases are discussed in the following sub-sections. 

Further information concerning the amounts of spent fuel to be shipped in the 
near-future is discussed in Appendix A. 
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3.1.1 Reference Spent Fuel Management Scenario 

Commercial spent fuel is currently stored in water basins at power reactor 

sites. The capacities of several reactor storage basins are rapidly being 
reached. Nuclear electric utility companies are at this time attempting to 
increase their spent fuel storage capabilities through several means including: 

1) pool expansion, 2) reracking, including use of high density neutron poison 

racks, 3) on-site transfer to a less-full storage basin that serves a separate 

LWR and 4) discharging fuel from the reactor core less frequently. Utility 

companies wish to maintain full core reserve (FCR) in their storage basins 

which is the storage capacity for discharging the entire reactor core. If 

utilities with reactors with near-term storage problems decide not to maintain 

FCR, they delay their need for interim storage. However, utilities will pay a 

significant economic penalty if FCR is required for reactor pressure vessel 

inspection or other maintenance activities and the storage space is not 
available. Thus, there is considerable incentive to maintain FCR. 

Alternatives to losing FCR, if all other on-site storage options are exhausted, 
include shipping spent fuel to Federal interim storage or shutting down 

electrical production. Obviously, the former alternative is considered 

preferable. Shipping spent fuel to Federal interim storage is a major demand 

on the spent fuel transportation hardware fleet considered in this study. 

Federal interim storage in this study is assumed to begin receiving 

commercial spent fuel in 1984. Only reactors that have reached maximum on-site 
storage capacity (maintaining FCR) will be allowed to ship their spent fuel. 

Only the amount of fuel in excess of FCR discarge capability will be shipped to 
emergency storage, i.e., utilities will not be allowed to empty their storage 
basins into Federal interim storage. The maximum capacity of Federal storage 
differs in the House and Senate versions of the nuclear waste bills (H. R. 7187 

and S. 1662, respectively) although, neither of the proposed capabilities are 

expected to be reached according to the spent fuel storage projections made by 

DOE (1982). A final assumption concerning interim storage relates to the 
transfer of fuel. It is assumed that fuel transfer operations will begin in 

1987 and be completed by 1991. No spent fuel will be shipped to the Federal 

interim storage facility after 1987 in the reference scenario. Fuel that was 

in interim storage is assumed to be shipped to a Fuel Reprocessing Plant (FRP) 
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which is expected to be opened in 1987 (see below). All commercial LWRs, 
including those with no near-term storage problems, are also assumed to begin 
shipping spent fuel to the FRP in 1987. 

At this time, no commercial fuel reprocessing activities are occurring. 

However, the ban on reprocessing has been revoked opening the way for these 

operations to occur. It will be assumed in this study that a commercial FRP, 

the Barnwell Nuclear Fuels Plant (BNFP), will begin receiving fuel in 1987 in 
preparation for a 1989 start-up of reprocessing operations. BNFP has the 

capability to reprocess spent fuel containing up to 1500 MTU annually. It is 

assumed that all spent fuel will be shipped to BNFP for reprocessing, i.e., 

spent fuel will not be disposed of as waste. An additional fuel reprocessing 
facility is expected to be operational around the year 2000. However, this 

study is primarily interested in evaluating near-term transportation 
requirements and the second FRP was not included in the reference scenario. 

BNFP is assumed to receive spent fuel from several sources. These include 
fuel discharged from LWRs in excess of their maximum storage capacity 

(maintaining FeR) and from Federal interim storage (assumed to be emptied of 

spent fuel in a levelized manner by the year 1991). In addition, a Test and 

Evaluation Facility (TEF) is assumed to ship the spent fuel to BNFP (see 
below). The last sources of spent fuel for BNFP are commercial LWRs that do 

not currently have on-site storage problems. Spent fuel from these LWRs is 
assumed to be shipped in quantities that will make up the balance of the 1500 
MTU/yr reprocessing capacity. 

Current nuclear waste legislation contains provlslons for a Test and 
Evaluation Facility {TEF}. This facility is intended to demonstrate the 
feasibility and safety of disposal of spent fuel and radioactive wastes in deep 

geologic repositories. During the period 1987 - 1993, up to 300 waste packages 
will be emplaced in the TEF. It will be assumed that the facility for 
packaging of the waste form {in preparation for geologic disposal} will be 

collocated with the TEF. Therefore, the spent fuel shipping systems need not 
be used for transfer of the packaged spent fuel between the packaging facility 

and the TEF. The source of spent fuel for the TEF is assumed to be an 
unspecified LWR 4000 km (2500 mi.) away from the TEF location, assumed to be 
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somewhere in the western U.S. The TEF is assumed to complete its demonstration 
activities by 1993 and the spent fuel packages are assumed to be retrieved, 

removed from the burial package, and shipped to BNFP for reprocessing. 

Retrieval and transfer operations are assumed to be completed by 1995. 

Another potential source of commercial spent fuel may be the storage pool 

at the former Nuclear Fuels Services, Inc. (NFS) reprocessing plant at West 

Valley, New York (DOE 1982). The state of New York has ordered that all of the 

spent fuel in the storage pool must be removed off-site. For this study, it is 

assumed that this spent fuel (about 169 MTU) will be shipped to Federal interim 

storage beginning in 1984. All of the fuel is assumed to be transferred to 
interim storage in a levelized manner by 1987. This spent fuel is assumed to 

be shipped to BNFP by the year 1991 in the same manner as the fuel stored 
temporarily for utility companies. 

The final source of spent fuel considered in this study is the Three Mile 

Island (TMI) Unit II Nuclear Reactor. Shipment of the damaged TMI core was 

initially evaluated for the DOE by Allied-General Nuclear Services (AGNS 

1980). Approximately 200 spent fuel assemblies or spent fuel debris canisters 

may be produced by operations to remove the damaged core. These ore assumed to 

be shipped to Federal interim storage beginning in 1984, although it is 
possible shipments will not begin until the late 1980's. Shipments are assumed 

to be made in a levelized manner to complete the transfer of the entire core 

off-site by the end of 1986. 

A further demand for spent fuel transportation services is transshipment of 

fuel. Transshipment is the transfer of spent fuel from a power reactor storage 
basin to a less-full storage basin at another reactor or to the Morris, 
Illinois, storage facility. Due to legal and licensing difficulties, only 

transshipment within a utility system is considered practical. The planned 

utility transshipments are presented in document DOE/RL-82-1 (DOE 1982). Only 

the shipments planned to take place prior to 1987 are included in the logistics 

and costs information developed in this report. In addition, one utility 
company planning to transship fuel already owns shipping casks. The planned 

transfer is entirely within their site boundaries. Thus, this will not require 
the transportation services considered in this study. 
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This section has served to indicate the reference nuclear spent fuel 
management scenario considered in this study. The reference scenario defines 
the transportation links connecting the facilities of most concern to the CSFM 
program. This information is summarized in Figure 3.1. This figure shows the 
facilities under consideration in this study, their planned operational dates, 
and the transportation links connecting them. 

The spent fuel transportation network must be further defined in order to 
construct logistics and cost models. Important parameters include the 

transportation distances between the fuel cycle facilities under 
consideration. For this study, the U.S. is assumed to be divided into 5 

regions shown in Figure 3.2 to define shipping distances. Average shipping 
distances to Federal storage, TEF, or BNFP were assigned to all LWR's in a 

particular region. For example, all LWRs in Region 1 (western U.S.) are 
assumed to have an average shipping distance to BNFP of 4000 km (2500 mi.). 

The average shipping distances between the facilities in this study are shown 
in Table 3.1. It is felt that these distances are conservative estimates based 
on the locations of commercial reactors, BNFP, the proposed Federal interim 

spent fuel storage site, and the TEF. It is assumed that the proposed Federal 
interim storage site is located in the eastern U.S. (nearest to most of the 

operating LWRs) and the proposed TEF is located in the western U.S. (most site 
exploration work is in the western region). These data are also based on 
information contained in Shirley et al. (1981) and a recently published report 

(Cole 1982). 

Spent fuel is assumed to be transported in either truck or rail shipping 
systems, i.e., water transport of spent fuel is not considered in this study. 
Reference truck and rail shipping systems were selected to define and 

standardize important shipping parameters, such as empty and loaded weights and 
shipment capacities (see Section 4.0). It is assumed for the reference 
scenario in this study that LWRs will ship 25% of their fuel (by weight) in 
truck systems and 75% in rail systems. This applies only to LWRs that are 
equipped with rail sidings. Reactors with no rail sidings are assumed to ship 

all of their spent fuel by truck. Federal interim storage, the TEF, and BNFP 

are assumed to have adequate provisions for receiving and/or shipping 25% by 
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FIGURE 3.1. Spent Fuel Transportation Links Connecting Fuel Cycle Facilities 
in this Study - Reference ~cenario 
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truck and 75% by rail. BNFP currently does not have adequate truck receiving 

facilities but modifications to include more truck docking space may be made in 

the future. Further details concerning the shipping mode split are discussed 
in Section 3.2 •. 

TABLE 3.1. Assumed Average Shipping Distances 
Used in this Study 

km (mi.) 

~ TO FEDERAL 
, 

INTERH1 
FROM "~ STORAGE TEF BNFP 

Region 4000 (2500) BOO (500) 4000 (2500) 

Region 2 2400 (1500 ) 2400 (1500 ) 2400 ( 1500) 

Region 3 1600 (1000) 3200 (2000) 1600 (1000 ) 

Region 4 1200 (750 ) 4000 (2500) 1600 (1000 ) 

Region 5 BOO (500) 4000 (2500) BOO (500 ) 

Federal Emergency 3200 (2000) 1200 (750 ) 
Storage Facility 

TEF 3200 (2000) 4000 ( 2500) 

BNFP 1200 (750) 4000 (2500) 

The reference truck shipping system in this study is a legal-weight truck 

(LWT) system, i.e., gross vehicle weight (tractor, trailer, shipping container, 
cargo, and ancillary equipment) does not exceed 36.3 MT (80,000 lbs.). It is 
recognized that over-weight truck (OWT) systems may be more economical due to 

increased payload capacities. However, in order to calculate the costs of 

transporting spent fuel in OWT systems, specific routes must be defined and 

over-weight penalties for each state on the route must be calculated (penalties 

differ between states). Furthermore, the use of OWT shipments on a routine 

basis (if this is allowed in the future) would require considerable 
administrative effort to obtain repeatedly the special permits from the states 

involved. 
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The key assumption used when calculating transportation costs is that 
transportation services will be supplied by private industry as a commercial 
venture. The costs reported are in mid-1982 dollars and include operating 

costs plus amortization of transportation hardware plus profits, at commercial 
rates. Thus, transportation costs are calculated according to the following 

formula: 

Total 
Transportation = 

Costs 

Round-trip 
Freight 
Charges 

Cask 
+ Leasing + 

Fees 

Special 
Equipment + 

and 
Security 

Costs 

Facility 
Demurrage + Handling 

Fees Costs 

The factors in the above equation are discussed in greater detail in Section 5.0. 

3.1.2 Sensitivity Cases 

Sensitivity cases are analyzed to determine the impacts on the reference 

scenario of alternative spent fuel management strategies. Three alternatives 
are considered in this study: 1) shipping only consolidated spent fuel 2) 
delaying the opening date of the FRP until 1989, and 3) changing the shipping 

mode split to 50% truck and 50% rail. These three alternative scenarios are 

described in this section. 

The first sensitivity case considered in this study examines the impacts of 

shipping consolidated spent fuel in currently licensed shipping systems. The 

planned opening dates for the facilities are assumed to be identical to the 
reference scenario. Fuel consolidation consists of cutting and disassembly of 
spent fuel elements and placing fuel rods only into monolithic steel canisters. 
The remaining fuel assembly skeleton (end plates, spacers, etc.) is removed, 

compacted, placed in canisters, and disposed of as non-transuranic waste. 
Uncertainties still exist in the criticality and thermal analyses for storage 
and transportation purposes, but it is believed that shipping and storing 

consolidated fuel is practical. This study only considers the logistics and 
costs associated with shipping consolidated fuel. Engineering limitations, 

such as impacts of the extra weight on cask strength, shielding considerations, 
and crane lifting capacities, are beyond the scope of this analysis. 
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The primary advantage of fuel consolidation can be visualized by 

recognizing that the cross-sectional area occupied by fuel rods in an intact 

fuel assembly ranges between 38 and 44 percent of the cross-sectional area of 

various LWR fuel asemblies (DOE 1981). For this study, it is assumed that the 
fuel rods will be placed in canisters with the identical dimensions of the 

unconsolidated fuel element, i.e., the canisters for consolidated BWR and PWR 

fuel occupy the same envelope as the unconsolidated BWR and PWR fuel elements, 

respectively. However, the consolidated fuel canisters will accept the number 

of fuel rods normally contained in two fuel elements. Therefore, the 

capacities of the reference truck and rail shipping casks are assumed to double 

when transporting consolidated fuel. Fuel consolidation operations are assumed 

to occur in reactor storage pools. The costs associated with fuel 

consolidation are not considered in this study. 

The sensitivity case for shipping only consolidated fuel is essentially 

identical to a case where a new generation of spent fuel shipping systems is 

introduced. Future spent fuel casks will most likely be designed to transport 

longer-cooled fuel (at least 5 years after reactor discharge) as opposed to the 

current generation of casks that are designed to transport short-cooled fuel 
(about 120 days after discharge). The need for this type of cask can be 

illustrated by recognizing that the average age of the fuel that is expected to 

be reprocessed at BNFP is about 16 years after discharge (Carr 1982). This 

results in significantly lower heat dissipation and shielding requirements for 
future cask designs. Capacities of the future truck and rail spent fuel casks 
can be up to twice the capacity of the currently licensed casks with present 
handling and radiation control practices. This is similar to consolidated fuel 

shipment capacities. However, increasing the cask capacities by reducing the 

amount of shielding on the cask could increase occupational exposures. This 
trade-off may necessitate new cask-handling techniques and equipment that are 

designed to reduce occupational exposures to personnel. It is not known at 

this time if this will significantly change the current cask handling 
characteristics. These engineering analyses of new casks are beyond the scope 

of this study. 
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The second sensitivity case is a scenario where the opening date of BNFP is 
delayed until 1989. This will significantly increase the amount of spent fuel 

destined for Federal interim storage. For the delayed reprocessing scenario, a 
total of approximately 500 MTU of spent fuel will be shipped to Federal 
interim storage. This compares to about 90 MTU shipped to Federal interim 

storage in the reference scenario (DOE 1982). The impacts on the spent fuel 

transportation hardware requirements and on transportation costs for delaying 

the startup of reprocessing operations are evaluated. 

The last sensitivity case considered in this study investigates the impacts 

of increasing the amount of spent fuel shipped by truck. It is not clear at 

this time which mode, truck or rail, will be used most extensively in the 

future. Rail systems have the advantage of about 7 times the payload capacity 

of truck systems. However, truck systems are able to travel much faster 

average speeds than rail systems. The trend is toward more truck shipping. In 

fact, something over 90% of the U.S. commercial spent fuel that has been moved 

has been transported in truck casks (NAC 1981). To determine if there are 

significant impacts on spent fuel transportation hardware requirements or 
transportation costs, the reference shipping mode split will be changed to 50% 

rail and 50% truck for this sensitivity case. The opening dates of the 

facilities are the same as the reference scenario for comparison purposes. 

3.2 SPENT FUEL TRANSPORTATION SYSTEM MODEL 

PNL has developed a spent fuel transportation system model to support 

calculations in this study. This model represents the transportation of spent 
fuel from commercial power reactors and the West Valley storage pool to interim 
storage facilities and/or to final destination facilities. The spent fuel 
origin and destination facilities were described in detail in previous 
sections. This section describes the spent fuel transportation system model 
developed for this study. The model has two primary functions; the first is to 

calculate shipping schedules and transportation hardware requirements and the 
second is to calculate transportation costs. 

The transportation system model contains provlslons so that spent fuel may 

be shipped either by rail or by truck with separate accounting for the two 
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modes. The shipments may be a single shipment leg from reactor to final 

destination (reprocessing plant, TEF, or FES) or two shipment legs from reactor 
to an interim storage sites and later to the final destination. Two distinct 

interim storage facilities are allowed and up to four final destination 

facilities are allowed. The roles of the various facilities are described 

later. The transportation system was illustrated previously in Figure 3.1. 

Input requirements for the model are described in Appendix B. 

The model is interfaced with the Commercial Spent Fuel Management 

Program's spent fuel data base. This data base contains information for all 

operating or planned commercial nuclear reactors and other existing storage 

faci 1 it i es. The "maxi mum at -reactor II storage case shown in the document 

describing this data base (DOE 1982) is used as the reference case in this 
study to determine the utility spent fuel storage and transportation 

requirements. The information required by the model for each reactor includes 

present spent fuel inventory, present and future water basin capacities, and a 

projection of future spent fuel discharges. This information serves as the 
transportation source term in the model. Other information required by the 

model includes descriptions of transportation equipment, average truck and rail 

shipment speeds, descriptions of shipping/receiving facilities, and 

transportation unit costs. Examples of this type of information include 

shipping cask capacities, annual spent fuel handling capacities at terminal 

facilities, and fractions of spent fuel shipped by truck or rail. 

The model represents transportation of spent fuel to two interim storage 

sites represented by the Test and Evaluation Facility (TEF) and Federal interim 
storage. The TEF is assumed to receive or ship only by truck and Federal 
interim storage can receive either by rail or truck. All shipments from 

Federal interim storage are assumed to be rail shipments for this study. Some 
reactors do not have rail sidings so all spent fuel from those reactors must be 
shipped by truck. It is assumed that the spent fuel from reactors that do have 

rail sidings will be shiped by either rail or truck in proportions defined by 
input variable RFR (see Appendix B), the fraction that is assumed to be shipped 

by rail. RFR can be changed by the user to any value less than 1. The truck 
shipping fraction is 1 minus the rail fraction. 
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The spent fuel logistics are determined sequentially by the following four 
steps. The first three are site specific but the fourth step is calculated by 
region and is not reactor-specific. The four steps are listed below and are 
discussed in the following paragraphs. 

1. Specified shipments from specific reactor to TEF or Federal 

interim storage. 
2. Shipments required to maintain full core reserve at each reactor. 

3. Shipments to remove the inventory from the TEF and Federal interim 

storage. 
4. Shipments to make up the balance of the design receiving rate at 

the final destination facility. 

The user may explicitly specify the number of assemblies shipped from 

specific reactors to the TEF or Federal interim storage. The shipments to 

Federal interim storage are specified by the user so that shipments from the 

West Valley storage pool and TMI can be incorporated. The specifications are 
input in arrays IRSH and NASH (see Appendix B). 

After calculating the specified shipments, the model calculates the number 

of assemblies that need to be shipped from each reactor each year so that full 

core reserve is maintained. Such requirements will be either shipped to 

Federal interim storage, or shipped to the final destination depending on what 

facilities are receiving fuel in that year. The shipments are made to the 
final destination facility if it is receiving spent fuel. If the final 
destination facility is not yet operating, but Federal interim storage is 

operating, the shipment is made there. No shipments can be made before the 
facilities are operating. 

Next, the model calculates the shipments required to remove the spent fuel 
inventories from the TEF (truck only) and from Federal interim storage (rail 

only). These shipments go to the final destination facility. The annual 
removal rate is specified in input array FREM (see Appendix B) and ;s given as 

a fraction of the total receipts at the interim storage facilities that will be 
shipped each year. 

Finally, the remaining shipments to fulfill the specified receiving rate 

at the final destination facility are calculated on a regional basis, rather 
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than a reactor specific basis (see Figure 3.2). The number of assemblies of 
each type (BWR or PWR) by each transit mode (rail or truck) from each region 

received at the FRP in a given year is assumed to be proportional to the total 
amount of fuel available in that region. This availability is the cumulative 
regional discharges minus specified shipments and shipments to maintain full 

core reserve requirements, both projected over the entire study period, and 

minus regionally determined shipments during previous years. The final 

destination's spent fuel receving rate is input in array NASREC (see Appendix B). 

After the number of shipments are calculated, the model calculates the 

transportation cask requirements. Since the bulk of the shipments will be 

determined on the regional basis rather than individual reactors, all assumed 

distances are based on regional average transit distance rather than specific 

reactor locations. The time required to complete each shipment is based on 

average distance from reactors in a region to destination facilities as shown 

in Table 3.1 (input array DIST, see Appendix B), average speed (input array 

SPEED, see Appendix B), and the time to load and unload the cask (input array 

TT, see Appendix B). The cask requirements are thus based on the calculated 

number of shipments, the calculated time to complete each shipment, and the 

average cask utilization fraction (input variable CUSE). 

The shipping schedule (in shipments per year for each origin-destination 

combination), the number of cask days required to transport the appropriate 

quantities of spent fuel, and the annual cask requirements are calculated by 
the first functional component of the transportation system model. This is a 

major output of the model. The shipping schedule is used to calculate 
transportation costs. The output format includes summaries of the numbers of 

shipments and casks (truck and rail are listed separately) required for each 

origin-destination combination in each year. 

The total transportation costs include shipping charges, demurrage costs 

(costs assessed by transport company for non-travel. status), security costs, 

cask lease costs, and facility handling costs. Shipping charges are based on 
numbers of shipments and shipment freight cost (input array SHCOST, see 

Appendix B). Demurrage cost is based on the average time to load and unload 
each cask (input array TT) and the daily demurrage rate (input array OEM). The 

security cost is based on a security charge assessed per mile of shipping 
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distance (input array SECCSM), a charge per day (input array SECCSD), the 
distance by region (input array DIST) and the daily travel speed (input array 
SPEED). Cask lease costs are based on a daily lease rate (input array CASK), 

the number of shipments, and the calculated time to complete a shipment. 

Handling costs are based on a daily charge and the time to complete handling 

operatins (input arrays HAND and TT). Transportation cost parameters and unit 

costs are described in more detail in section 5.0. 

The output from the cost section of the model includes the total 

transportation costs as well as a summary of the charges for each of the four 

transportation cost elements described in section 5.0. These costs are also 
divided into each origin-destination combination considered in this study so 

costs incurred by each region and facility in each year can be seen. 
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4.0 LWR SPENT FUEL SHIPPING SYSTEMS 

This section provides detailed information on the current spent fuel 

shipping cask fleet and descriptions of the reference truck and rail casks used 
in this study. The current cask fleet size discussed in the following section 
will be assessed to determine its adequacy to satisfy near-term spent fuel 

transportation needs. The next two sections contain descriptions of the 

reference truck and rail spent fuel shipping systems that will be used to 

define important shipping parameters used in the logistics and cost models. 

There was no intent to endorse or reject any particular shipping system. 

However, reference systems were selected to provide consistency within this 

study using state-of-the-art hardware. 

4.1 Current Spent Fuel Shipping Cask Fleet 

Spent fuel from commercial nuclear power reactors has been shipped in the 

United States for many years. Existing cask systems are massive, heavily

shielded, and designed to transport high-burnup and short-cooled fuel from 

current generation LWRs. Spent fuel that will be shipped in the future will 

most likely have cooled in reactor storage basins for significantly longer than 

the fuel the existing casks are designed to transport (i.e., a cooling period 

as short as 120 days after reactor discharge). Therefore, future cask systems 
may be designed to transport longer-cooled fuel, perhaps on the order of 5 

years after reactor discharge. Casks designed for long-cooled fuel may have 

increased capacities due to reductions in shielding thicknesses and cooling 

requirements. However, existing casks will be used as reference shipping 

systems in this study to be conservative and because the shipping parameters 
(cask weights, capabilities, etc.) are not adequately defined for the 
conceptual systems. 

The spent fuel shipping casks that are existing and have been licensed in 
the U.S. are shown in Table 4.1. Included in this table are two rail casks 

that are not currently licensed in the U.S. for fissile materials (NAC-3 and TN-

12). These casks are included for information purposes only. Cask 

characteristics are primarily extracted from Vigil and Allen (1982). The 

numbers of casks in existence in the U.S. were obtained from telephone contacts 
with the cask supplier companies in June, 1982. Supplementary availability 

information on existing and licensed casks is as follows: 
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TABLE 4.1. Current Spent Fuel Cask Characteristics and Fleet Sizes(a) 

Cal!ac1t~ Cask Cask Dimensions 
Primary Thermaf Empty Internal 

Cask Current Transport Fuel Assemblies Limit Weight External Cavity 
Designation Su(!(!lier(b) Mode PWRLBWR {kw} --.lliI.L (m} (m) 

NAC-l NAC LWT( d) 1/2 2.5 Dry 22,660 1.27D x 5.13 0.34D x 4.52 
11.5 Wet 

NFS-4(e) NAC LWT 1/2 11.5 Wet 22,660 1.270 x 5.13 0.340 x 4.52 
NLI-l/2 NAC LWT 1/2 10.6 Dry 19,770 1.200 x 4.90 0.340 x 4.52 
NLI-10/24(f) NAC Rail 10/24 70.0 Dry 83,540 2.460 x 5.18 1.40 x 4.56 
IF-300 G.E. Rail 7/18 61.5 Wet 63,490 1.910 x 5.03 PWR 0.950 x 4.25 PWR 

11.7 Dry 1.91D x 5.28 BWR 0.950 x 4.57 BWR 
TN-8 TN OWT(g) 3 PWR 35.5 33,000 1.7D x 4.87 3 Square 

Cavities x 4.28 
TN-9 TN OWT 7 BWR 24.4 32,500 1.670 x 5.1 7 Square 

Cavities x 4.52 
FSV-l G.A. LWT 6 HTGR(i) 4.1 Dry 20,860 0.790 x 5.33 0.420 x 4.98 
NAC-3K(j) NAC Rail 12/32 100.0 Wet 85,710 2.340 x 5.41 1.220 x 4.95 
TN-12(j) TN Rail 12/32 120.0 Dry 82,990 2.500 x 5.90 1.22D x 4.59 

(a) Cask characteristics are from Vigil and Allen (1982). 
(b) Supplier companies are abbreviated as follows: NAC = Nuclear Assurance Corp., G.E. = General Electric Co., TN = Transnuclear Inc., 

G.A. = General Atomic Co. 
(c) These data were obtained in telephone contacts with cask supplier companies. 
(d) LWT = legal-weight truck 
(e) NAC-l and NFS-4 casks are of the same deSign. 
(f) Internal baskets for spent fuel do not currently exist. 
(g) OWT = overweight truck 
(h) Two TN-8 casks are expected to be delivered by Oecembp.r 1982. 
(i) This cask is used to ship high temperature gas cooled reactor (HTGR) fuel elements from the Fort St. Vrain reactor. 
(j) The NAC-3K and TN-12 rail casks are currently under development. 

Number of 
Casks in 
u.s.(e) 

5 

2 
5 

2 
4 

O(h) 

2 
3 

0 
0 



Transnuclear Inc. (TN). TN is the only U.S. company fabricating spent 
fuel shipping casks at this time. Currently, there are two TN-9 casks (for BWR 
fuel) in the U.S. and one additional TN-9 on order. Of the two that are 
completed, one is owned by a utility company (Commonwealth Edison) and one is 
owned by TN. There are no TN-8 casks (for PWR fuel) in the U.S. at this time. 
However, two are currently being fabricated in France and TN expects both to be 

delivered to the U.S. by the end of December, 1982. Both TN-8 casks are 
currently owned by TN. 

General Electric Co. (GE). GE supplies the IF-300 spent fuel rail 
cask. there are a total of four completed IF-300 casks in existence. Three 

are owned and operated by GE and the fourth is owned by a utility company 

(Carolina Power and Light). GE and CP and L have recently suspended use of the 
IF-300 cask for shipment of BWR spent fuel due to irregularities in the BWR 
internal baskets. The casks will not be used for BWR spent fuel shipments 
until compliance with NRC regulations has been demonstrated. 

Nuclear Assurance Corp (NAC). NAC supplies the NAC-1 (NFS-4){a) and 

NLI-1/2 truck casks, and the NLI-10/24 rail cask. National Lead Industries 
(NLI) manufactured five NLI-1/2 truck cask systems. NAC currently has a long 

term lease on all five of these casks (NLI is out of the spent fuel shipping 
business at this time). Two complete NLI-10/24 rail casks have been fabricated 
(including rail cars) and NAC holds leases on both of them. A third is 20% to 
30% complete on a railcar and nine more are in various stages of completion 
without railcars; all are leased to NAC. The internal spent fuel baskets for 

the two completed NLI-10/24 casks have been removed and melted so NLI could 
recover the silver contained therein. These two casks cannot be used until new 
baskets are designed and fabricated. 

Five complete NAC-1 truck casks and two complete NFS-4 casks have been 
fabricated. Nuclear Fuel Services, Inc., (NFS) was the original owner of the 
NFS-4 casks. These casks are currently supplied by NAC which holds a long term 
lease agreement on them. Of the five NAC-1 casks, two are owned by a utility 
company (Duke Power Co.) and the other three are owned by NAC. All five of 

(a) NAC-1 and NFS-4 casks are of the same design 
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the NAC-l casks and both NFS-4 casks were temporarily suspended from use by the 

NRC in 1979. Apparently there is some evidence of a manufacturing defect which 

may have caused one or more of the steel shells of the casks to warp or bow, 

potentially causing them to not meet the requirements of their Certificate of 
Compliance. Upon inspection and measurement of the casks' inner shells, it was 

determined that three of the NAC-l casks (2 owned by NAC and one utility-owned 
cask) were within the license drawing tolerances and the NRC lifted the 

suspension imposed on these. The order (issued by NRC) that lifted the 

operating suspension of the three NAC-l casks also revised the Certificate of 

Compliance to reduce the maximum allowable decay heat load in the cask from 
11.5 kW to 2.5 kW, required dry shipment only (no water coolant), and also 

required inspection and measurement of the casks' inner shells at least every 
six months. NAC is currently performing analyses required by NRC to restore 

the Certificate of Compliance for the NAC-l and NFS-4 casks to its original 

form. NAC expects that all of the NAC-l and NFS-4 casks will be recertified. 

4.2 Reference Truck Spent Fuel Shipping System 

In order to define shipping parameters (capacities, empty weights, etc.) 

required to model the spent fuel transportation network and calculate transport
ation costs, reference spent fuel shipping systems were selected. The 
reference spent fuel truck cask used in this study is the NAC-l, owned and 

operated by the Nuclear Assurance Corp. (NAC). The NAC-l and identical NFS-4 

casks have been used to transport more U.S. commercial spent fuel than any 
other cask design (NAC 1981). Figure 4.1 shows the important structural 
features of the NAC-l cask. Descriptive information is primarily extracted 
from Elder (1981). 

Nuclear Fuel Services Inc. (NFS) designed and fabricated the NFS-4 spent 
fuel shipping casks. These casks were licensed in 1972 for a design capacity 

of 1 PWR or 2 BWR current generation fuel assemblies. Nuclear Assurance Corp. 

(NAC) purchased the rights to the NFS-4 cask and redesignated it as the NAC-l. 

These cask systems operate as a legal-weight truck (LWT) system, i.e., the 
gross vehicle weight (tractor, trailer, cask, cargo, and ancillary equipment) 

is less than 33.3 MT (73,280 lbs.). 

External dimensions of the NAC-l cask are 1.27 m (4.2 ft.) in diameter and 
5.13 m (16.8 ft.) in length. The internal cavity is 0.34 m (1.1 ft.) in 
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diameter and 4.52 m (14.8 ft.) long. The primary cask cavity consists of a 
nominal 0.8 cm (0.3 in.) thick stainless steel pressure vessel surrounded by a 

17 cm (5.6 in.) thick lead gamma shield and a 3.2 cm (1.25 in.) thick stainless 

steel penetration barrier. Neutron shielding is provided by a borated water
ethylene glycol solution contained in a compartmentalized tank surrounding the 

cask which is 11.4 cm (4.5 in.) thick. An expansion tank is provided to 

accommodate temperature changes of the water-antifreeze solution in the neutron 

shield tank. Stainless steel-sheathed balsa wood impact limiters are placed at 

each end of the cask for impact protection. Figure 4.2 shows a cross-section 

of the NAC-1 cask. 

LEAD GAMMA SHIELD 

SUPPORT PLAIT 

FUEL PINS 

PWR DES I GN BAS IS 
FUEL ASSEMBLY 

~~..w4¥.¥B+Bf~IIr- COOLANT 

OUlER SHELL 

WA TER JACKET 
(NEUTRON SH I ELD) 

FIGURE 4.2. NAC-1 Spent Fuel Shipping Cask Cross Section 
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The inner cavity of the cask is filled with water coolant. Water 
transfers decay heat from the spent fuel elements by convection to the inner 

cavity wall. Heat is conducted through the inner shell, lead gamma shield, and 

outer shell to the neutron shield where it is transferred by convection to the 
cask outer wall. Heat is then conducted through the outer wall and rejected to 
the atmosphere by convection and radiation. No active cooling system is 
required. The maximum heat rejection capability of the cask is 11.5 kW (about. 

39,000 BTU/hr). 

The cask has a single lid which seals and shields the cask cavity. The 

lid is stainless steel and is attached to the cask by 6 high-strength bolts. 

Two teflon O-rings provide the head seal. They are arranged so each may be 
pressure tested. Nominal cavity pressure is 1220 kPa (175 psig). A rupture 
disc is provided that vents the cavity to the atmosphere when cavity pressure 

exceeds 7220 kPa (1100 psig). 

The bottom of the cask consists of a 20 cm (7.9 in.) thick disc of 

stainless steel welded to the main 3.2 cm (1.25 in.) thick cask shell and the 
inner cavity shell. The top end of the cask consists of a stainless steel ring 

flange welded to the cask shells in a similar fashion. There are two 1.3 cm 
(0.5 in.) drain holes in the bottom end of the cask. The drain holes open to 
the end of the cask cavity and are drilled through the gamma shield to ball 
valves imbedded in the cask outer perimeter. A 1.3 cm (0.5 in.) diameter 
rupture disc is buried in the cavity flange and connected to the cask cavity. 

The rupture disc assembly is mounted in a counterbore sealed by a cap and also 
has a safety relief valve for backup. 

Two sets of trunions are used for normal cask handling and transport tie
down purposes. The upper set, attached to the upper impact limiter, is used 
for lifting the cask in conjunction with a special "swing-arm" type lifting 
yoke. The yoke is normally permanently locked to the lifting trunions 
throughout the complete handling cycle (loading or unloading). The lower 

trunions are off-set to provide a gravity pivot from the vertical loading and 
unloading position to the horizontal transport mode. 
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4.3 Reference Rail Spent Fuel Shipping System 

The reference rail spent fuel shipping system selected to define shipping 

parameters is the General Electric Co. Model IF-300. Descriptive information 

was primarily extracted from Elder et al. (1978). The IF-300 cask is primarily 
transported by railroad, although it is also designed to facilitate truck 

shipment on a special overweight basis for short distances. Only shipments by 

rail were considered in this study. This cask was licensed for a design 

capacity of 7 PWR or 18 BWR current generation fuel assemblies. Fuel is held 
within the cask cavity by a removable stainless steel basket. There are 

several basket configurations which may be used depending upon the specific 

fuel being shipped (PWR or BWR). There are also two heads which permit a 

variation in cask cavity length (longer cavity for BWR fuel). The IF-300 spent 

fuel shipping cask is shown in Figure 4.3. 

Overall dimensions of the IF-300 cask include a diameter of 1.91 m (6.26 

ft.) and lengths of 5.03 m (16.49 ft.) or 5.28 m (17.31 ft.) for PWR or BWR 
fuel, respectively (different lid configurations). The internal cask cavity is 

0.95 m (3.11 ft.) in diameter and is 4.25 m (13.93 ft.) long for PWR fuel and 

4.57 m (14.98 ft.) long for BWR fuel. The cask inner cavity is a stainless 

steel cylinder with 1.27 cm (0.5 in.) thick walls. The bottom is sealed with a 

3.8 cm (1.5 in.) thick stainless steel plate. The upper end is welded to the 

closure flange. 

Surrounding the inner cavity is a depleted uranium (DU) metal gamma 
shielding layer 10.2 cm (4.0 in.) thick. The DU shielding layer is surrounded 
by a 3.8 cm (1.5 in.) thick cylindrical outer vessel. Both the DU shielding 
layer and cask outer vessel are shrink-fitted in place to ensure good heat 
transfer characteristics. The bottom end shield is a 9.5 cm (3.75 in.) thick 

DU metal casting. 

The cylindrical portion of the cask is encircled by a thin-walled 

corrugated stainless steel water jacket. The water jacket extends axially from 
the upper valve box to a point slightly above the cask bottom, thus masking the 

active fuel zone. Neutron shielding is provided by water in this structure. 

The surface of the water jacket is corrugated for heat transfer purposes. 
Antifreeze may be added to the water in this structure when the cask is 

subjected to cold ambient temperatures. 
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The IF-300 can be equipped with two different heads. These heads are 

provided to match the different cavity lengths required for PWR and BWR fuel 

assemblies. Shielding in the hea d is provided by 7.6 cm (3.0 in.) of DU 

metal. The closure head is sealed with a metallic gasket. The maximum normal 

operating pressure for the cask cavity is about 1400 kPa (200 psig), and the 

design working pressure is 2800 kPa (400 psig) at a material temperature of 

4350 C (8150 F). A pressure relief valve, set to open at 2600 kPa (375 psig) 

is provided for protection against overpressure. The cask cavity i s equipped 

with two nuclear service valves, one in each of two valve boxes (see Figure 

4.3 ) . 

Decay heat from the irradiated fuel assemblies is transferred to the cask 

cavity walls by natural circulation of coolant water in the cavity. Heat is 

then conducted through the cask walls (stainless steel shells and DU shielding 

layer) to the neutron shield, transferred by convection through the neutron 

shi eld to the corrugated outer wal l and dissipated to the atmosphere by 

radiation and convection. A cask cooling system is provided (and mounted on 

the railcar) that blows air in a direction perpendicular to the cask surface. 

Air is blown through four ducts, running the length of the cask and 90 degrees 

apart, bisecting the four quadrants. Cooling air is supplied by two air-cooled 

diesel-engine driven blowers. The maximum heat removal capability of the cask 

system is 76 kW (260,000 BTU/hr). Under low fuel decay heat conditions, the 

internal cask cavity may be shipped dry (air coolant) with a thermal limit of 

11.7 kW. 

The IF-300 cask is normally transported by rail on a 100 Mg (110 ton) 

capacity, four-axle flatcar. The cask is mounted on a skid and supported on a 

saddle at the head end and a cradle at the bottom end. The shipping cask, 

skid, and railcar are shown in Figure 4.4. The saddle and cradle are welded 

directly to the skid frame. The U-shaped saddle supports that cask at its 

upper lifting rings. Hardened pins are inserted through the lifting rings to 

provide vertical and lateral restraint of the head end. Axial restraint for 

the total cask weight is provided by the ears of the saddle. The pivot cradle 

consists of two pedestals and a counterbalanced cradle that supports the cask. 

The cradle pivots between the two pedestals on two trunions. 

4.10 







5.0 SPENT FUEL TRANSPORTATION COSTS 

This section defines the cost factors input to the computer models for 
spent fuel transportation cost calculations. Cost estimates for these services 
are based on the assumption that they are provided by private industry as a 
commercial venture. Total transportation costs are the sum of five factors; 1) 

round-trip shipping charges, 2) shipping container leasing fees, 3) special 
equipment and security costs, (a) 4) demurrage fees and, 5) facility handling 

costs. These factors are discussed in the following subsections. Unit 

transportation costs are calculated and summarized at the end of this section. 
All charges listed are as of June, 1982. 

5.1 SHIPPING (FREIGHT) CHARGES FOR LWR SPENT FUEL 

Shipping (freight) charges are the fees assessed by truck or railroad 

carrier companies to deliver the spent fuel shipping containers to the terminal 
facilities. These charges are assessed per unit weight of the cargo and 
shipping container, i.e., the weights of the truck tractor and trailer or 

railcar are not included in the shipping charges. The actual fee charged by a 
truck or rail carrier to transport spent fuel cannot be determined until a 

contract is negotiated due to the current deregulation of the transportation 
industry. These charges are based on several conditions, including shipment 

origins, destinations, sizes, weights, specific routes, the volume shipped, 

frequency of shipments, and existing competition. Fortunately, basic shipping 
charge structures for spent fuel do exist in various forms in the U.S. 
Shipping charges for truck and rail shipments are discussed in the following 
subsections. 

5.1.1 Truck Shipping Charges 

All truck shipping charges included in this report are from a single 

carrier (Tri-State Motor Transit Co. 1981) to provide a uniform basis within 
this study for calculating these charges. This carrier services the 48 
contiguous states and, furthermore, has the capability to comply with NRC 

(a) These charges are required by NRC Regulations (10 CFR 73) 
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requirements for shipping spent fuel. Other carriers may use different 

charges. 

Basic freight charges for spent fuel shipments using legal-weight and 

legal-dimension vehicles do not vary across the country. Basic weight and 

dimension charges are shown in Appendix C, Table C.1. There are two columns 

for shipping charges on Table C.1; one for shipments with cargo (loaded) and 

one for shipments without cargo (empty). Freight charges are calculated by 
finding the charge rate per hundred poundS(a) on Table C.1 for the one-way 

transportation distance in question and multiplying this rate by the number of 

lOa-pound increments in the loaded and empty cask system (commodity) weights. 

The commodity weights used in these calculations are the combined weights of 

everything placed on the truck trailer (i.e., cask, spent fuel, tie-downs, 
impact limiters, and personnel barrier) and are not the same as the gross 

vehicle weight. Total round-trip shipping charges are the sum of the one-way 

charges for loaded and empty shipments for each specific transport distance. 

5.1.2 Rail Shipping Charges 

Rail shipping charges are more complicated than truck shipping charges. 

Rail charges are often not uniform with the distance traveled and can be 

affected by topography, state regulations, competition, and the route 

traveled. The shipping charges developed in this section are for rail general 
freight service. It is assumed that Special Trains(b) will not be used for 

future spent fuel shipments. This assumption is based on the outcome of recent 
litigation between shippers and rail carriers regarding the assessment of 

special train freight rates (U.S. Law Week 1980). 

Freight charges assessed by rail carriers are based on transporting a 
commodity between "rate-basing areas" which are major rail points where branch 

lines connect to local towns or communities. Specific origins and destinations 

must be defined in order to determine which rate-basing area a particular 

facility is within. The rail shipping charges are assessed between rate-basing 

(a) 100 pounds = 45.45 kg. 
(b) Special trains are defined as trains made up solely for the shipment of 

one commodity or for one shipper. 
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areas regardless of the route or mileages traveled. For example, assume a 
utility wishes to make a shipment of spent fuel from the state of Washington to 

Illinois (this is a hypothetical shipment for illustration purposes, only). 
The shipping charge is calculated between the rate-basing areas that contain 

the two facilities regardless of whether a direct route is taken or whether the 

shipment travels through Texas on the way to Illinois. Therefore, "generic" 
rail shipping charges do not exist. 

The rail freight charges used in this study were obtained from a recently 

published report (Cole et al 1982). The rail freight charge information in 
this report was obtained from appropriate railroad tariffs by the DOE/Hanford 

Traffic Managers, except that recently established Northeastern U.S. single car 

rates could reduce charges on shipments to, from, or within that region. Inter

regional rates were used for uniformity. The rates quoted in the report (Cole 

et al 1982) are not necessarily the lowest rates applicable to a specific ship

ment. Deregulation permits negotiation of the rates to a certain extent. The 

rail freight rates used in this study are discussed in more detail in Appendix 

C. The procedure used to calculate the rail freight charges for the specific 

transport distances used in this study is identical to the procedure used to 

calculate truck freight charges using empty and loaded freight rates. The 

commodity weight used in these procedures is the combined weight of everything 

placed on the railcar. For the reference rail cask in this study, the 

commodity weight is the sum of the weights of the cask, spent fuel (if loaded), 

impact limiters, personnel barrier, tie-downs, and the skid assembly (includes 
cooling equipment and diesel fuel for the blower system). 

5.2. SPECIAL EQUIPMENT AND SECURITY COSTS 

Since spent fuel might be a target for theft or sabotage, physical 

protection is required when shipments are in transit. Requirements for 
physical protection of spent fuel shipments are delineated by NRC regulations 

(10 CFR 73). These requirements and their costs are discussed in this section 

for truck and rail shipments of spent fuel. 

NRC regulations (10 CFR 73) require specially equipped vehicles and 

specially .trained personnel for spent fuel shipments. The regulations require 
that these shipments must be scheduled, in writing, at least 7 days in 

5.3 



$1000 fee is assessed by the carrier. When a carrier is required to furnish 

armed driver(s) or escorts(s), an additional charge is assessed. Furthermore, 
if a separate escort vehicle is required or necessary, another fee is added to 

the shipment costs. 

The regulations state that a truck transport vehicle within a heavily 

populated area must be occupied by a least two individuals, one of whom serves 
as an escort, and either 1) escorted by an armed member of the local law 

enforcement agency or 2) preceeded by a separate vehicle and followed by an 

additional vehicle, each vehicle containing at least one armed guard. A spent 

fuel truck shipment not within a heavily populated area must be either 1) occu
pied by at least one driver and escorted by a separate vehicle occupied by at 

least two escorts, or 2) escorted as required in heavily populated areas. For 

this study, it is assumed that the transport vehicles will not travel through 

heavily populated areas, thus eliminating the need for separate escort vehicles. 

Special equipment and security costs for shipments of spent fuel by truck 

were obtained from a carrier company (Tri-State Motor Transit Co. 1981). This 

company charges $0.12/km ($O.20/mi.) for each armed escort/driver (both persons 

in the vehicle can serve as drivers and escorts). Two armed escorts/drivers 

are required for a total of $O.24/km ($0.40/mi.) for these services. An addi
tional special equipment charge of $0.57 per loaded km ($0.92 per loaded mile) 

is also required by the carrier company. 

The charges listed above are multiplied by the total distance traveled to 
obtain the special equipment and security costs for spent fuel shipments. The 
travel distance is normally based on special equipment and personnel domiciled 
at Joplin, Missouri (home office of the carrier company). Distances are 
computed from Joplin, Missouri, to the point of origin of the shipment, then 

through to the destination, then back to the domicile point of the shipment. 

For simplification purposes and because specific routes are not defined for 

this study, the special equipment and security costs will be computed for only 

the distances between the shipment origin and destination. 

Rail shipments of spent fuel require security provisions and special equip

ment similar to truck shipments. Rail shipments within heavily populated areas 
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must be accompanied by two armed escorts that mayor may not be members of the 

local law enforcement agency. A rail shipment not within a heavily populated 

area must be accompanied by at least one armed escort (10 CFR 73). For this 
study it is assumed that rail shipments will have two escorts to ensure 

continuous surveillance of the transport vehicle. 

At this time, rail carrier companies have no provlslons to supply an armed 

escort service. It is expected that this service will be provided by the 
shipper. Rail carriers have indicated they will supply a caboose or car for 

the escorts to ride in. The charge for this service would be the price of a 

coach-class passenger ticket. This charge amounts to about $0.06 per km ($0.09 

per mile) after escalation of this charge obtained by Cole et al (1982). 

Rail security costs must also include the wages and living expenses of the 

escorts. It is assumed that trained security personnel will cost about $150 

per day for each, including expenses. Cole et al (1982) found that the average 

distance a train can travel in one day varies with the distance traveled, as 

shown in Table 5.1. These average rail speeds were determined from information 

supplied by the DOE/Hanford Traffic Managers Office. These averages cause the 

charge for continuous surveillance to range from $2.18 per km ($3.48 per mi.) 

TABLE 5.1. Average Rail Transit ,peeds and 
Rail Security Costs a 

One-Way Shipping Average Speed, Security 
Distance, km {mi.) km/d {mi ./d) Costs, $/Shipment 

800 (SaO) 140 (88) 1740 

1200 (750) 140 (88) 2690 

1600 (1000) 140 (88) 3630 

2400 (1500) 230 (143) 3720 

3200 (2000) 290 (182) 3810 

4000 (2500) 290 (182) 4500 

(a) Based on data obtained by Cole et al. (1982). Security costs include 
wages, living expenses, and passenger train tickets for 2 escorts to 
ensure continuous surveillance of the loaded spent fuel rail cask. 
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for an 800 km (500 mi.) shipment to $1.13 per km ($1.80 per mi.) for a 4000 km 
(2500 mi.) shipment. Adding the cost of the coach class passenger ticket 

causes the total cost for the rail escort service to range between the values 
shown in Table 5.1. 

5.3 SHIPPING SYSTEM LEASING FEES 

One of the bases for this study is that spent fuel transportation services 

will be supplied by private industry. Therefore, the total transportation 

costs must include a fee for rental or lease of spent fuel shipping systems 

from commercial cask supplier companies. These charges are based on capital 

cost estimates that reflect manufacturers profits, engineering and development 

costs, sales, overheads, and similar expenses in addition to material and fabri

cation costs. Leasing fees also include maintenance costs and a use factor. 
Capital cost estimates for the reference truck and rail spent fuel shipping 

systems (including the cask, tie-down system, and other necessary features 

including auxiliary cooling equipment for rail systems) were calculated in 

document OOEjET-0028 (00E-1979) in mid-1976 dollars. These costs are converted 
to mid-1982 dollars using an escalation factor of 1.71. This results in 

capital cost estimates (assuming purchased equipment is supplied repetitively 

on a competitive basis) for the truck and rail shipping systems of $1.5 million 
and $5.1 million, respectively. 

The cask leasing fees used in this study are calculated assuming casks 
will be supplied repetitively on a competitive basis and will be used at or 
near their maximum efficiency, assumed to be 80% or 292 days per year. An 
inflation-free rate-of-return of 10% per year is assumed in the calculations. 
It is felt that this rate of return is appropriate, assuming relatively low 

risks for such factors as technical obsolescence of casks (future cask systems 
will not likely be substantially different than current casks) and collapse of 

the spent fuel transportation industry. The cask leasing fee calculations also 

assume maintenance costs are 2% of the initial capital costs per year and cask 
systems have economic lifetimes of 10 years. Using the cask capital cost 

estimates above and standard capital recovery factor tables, the cask leasing 

fee for the NAC-1 truck system is calculated to be about $940 per day and for 
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the IF-300 rail system is about $3190 per day. These charges are in constant 

mid-1982 dollars. 

Calculations of the cask leasing fees for each of the shipping distances 

in this study requires the round-trip transit times. Transit times are 
determined using the average speeds of the truck and rail casks. It has been 

shown that trucks can travel up to 1440 kmjday (900 mi.jday), assuming two 

drivers can continuously operate the vehicle (Cole et al 1982). Average rail 
speeds are difficult to characterize because of their frequent stops and 

potential long waits in rail yards. However, it was estimated (Cole et al 

1982) that average speeds for rail shipments vary with the transit distance, as 

shown previously in Table 5.1. 

5.4 DEMURRAGE FEES 

The fourth fee included in the transportation cost calculations is a 

charge for demurrage or detention of transportation equipment and drivers (or 

escorts) at the terminal facilities while the spent fuel cargo is being loaded 

or unloaded. This fee is assessed to compensate for idle equipment and for the 

drivers wages and living expenses during this time. To calculate these 

charges, turnaround times must be determined for the truck and rail shipping 

systems. Turnaround time is the length of time between arrival of a cask at a 
terminal facility and departure of the cask from the facility, after either 

loading or unloading operations occur. The average time to load or unload the 

truck and rail casks as well as the amount of time the shipping casks wait for 
loading or unloading operations to begin and the amount of time the casks wait 

after loading or unloading and before departure from the facility are included 
in the turnaround times. The two waiting times are referred to as "queuing" 

times. The terminal facility turnaround times are assumed to be 24 hours for 
truck shipments and 48 hours for rail shipments. 

Typically, demurrage fees are negotiated prior to the shipments and vary 

between contracts. Demurrage fees for truck shipments were obtained from a 
truck carrier company (Tri-State Motor Transit Co., 1981) and result in a 
charge of $490 per day per shipment. In addition, the leasing fee for the 

truck shipping system for the duration of turnaround time must be added. Thus, 
the demurrage fee for truck shipments is $3365 per handling operation assuming 
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drivers/escorts deliver a cask and wait at the terminal facility for the same 

cask before departing. This fee is assessed at both the loading and unloading 

facilities for a total of $6730 per round-trip shipment. 

Escorts for rail shipments are assumed to return to their domicile 
locations or return to another shipment origin as soon as they arrive at the 

destination facility. Therefore, rail demurrage fees need not include the 

wages and living expenses of the escorts. The resulting demurrage fee consists 

only of the cask leasing fee for the duration of turnaround at the facility, or 
$6380 for the assumed 48 hour turnaround time. This charge is assessed at 

both the origin and destination facilities for a total of $12,760 per round

trip shipment. 

5.5 Facility Handling Costs 

The final element of transportation costs for this study are the costs 

incurred for loading or unloading spent fuel shipping casks at the terminal 

facilities. These costs are difficult to characterize accurately. They were 

included here to avoid biasing results in favor of the truck shipping mode. 

Without handling costs, a significant cost advantage exists for truck shipping 

(on a cost per mile or cost per MTU basis). Therefore, handling costs for truck 
and rail shipments are developed in this section and will be incorporated in 

the transportation unit costs. Capital costs for additional truck receiving 

facilities are not included in the analysis due to large uncertainties. 
However, it is believed that this would not affect the results significantly. 

The dominant component of the facility handling costs is the cost of 
labor. For this study, the personnel requirements for loading and unloading a 

shipping cask are shown in Table 5.2 (Lambert et ale 1981). Operation A on 
Table 5.2 requires two persons; one health-physics technician and one person to 

inspect the cask and vehicle. Operations B to E require a health-physics 

technician and two cask/fuel handling persons. The total labor requirements 

for loading or unloading the NAC-1 cask is about 43 man-hours and for the IF-

300 cask is about 84 man-hours. It is assumed that the idle times when the 
casks are waiting for an available handling bay or waiting for their over-the

road movers are essentially free of handling costs. It is also recognized that 
a supervisor will most likely be present in the handling facilities. The 
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TABLE 5.2. Labor Requirements for Loading or Unloa~l~g 
the Reference Spent Fuel Shipping Casks 

NAC-1 

Operation(a) No. of People 

A. Inspection, Moni
toring, and Pre
paration 

B. Cask Unloading, 
Washing, Prep., 
Lid Removal, and 
Placement in Pool 

C. Fuel Movement(c) 

D. Lid Replacement 
Removal from Pool, 
Decon., and Drying 

E. Cask Prep. for Load
Out, Replace on 
Vehicle, Install 
Ancillary Equipment, 
Move Outside 

TOTAL OPERATING TIME 

TOTAL MANHOURS 

2 

3 

3 

3 

3 

IF-300 

Hours No. of People 

1.0 2 

3.5 3 

0.5 3 

2.7 3 

6.9 3 

14.6 

42.8 

Hours 

1.8 

6.7 

4.5 

3.9 

11.6 

28.5 

83.7 

(a) Source for operating times is document NEDG-24905 (Lambert et al. 1982). 
(b) Operations do not include idle times waiting for an available handling 

bay or for pick-up by over-the-road movers. 
(c) These times are for loading or unloading BWR fuel assemblies at the 

rate of 4 assemblies/hr. 

costs for this person are assumed to be included in the overhead expenses for 
the operating personnel. Labor charges are calculated assuming the wages, 
benefits, and overhead expenses for the operating personnel amount to 
$30.00 per hour. A 50% contingency ;s added to this to cover occasional 

overtime, utility and material requirements, waste disposal, and special 
handling equipment. Therefore, the cost for the handling operations is about 

$45.00/hr. The resulting facility handling costs are $3780/rail cask and 
$1935/truck cask. 
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5.6 Unit Transportation Costs for LWR Spent Fuel 

This section contains the unit transportation costs for spent nuclear 

fuel that were developed for this study. These costs are the sum of the 

freight charges, cask leasing fees, special equipment and security costs, 
demurrage fees, and handling costs. The final information required to 

calculate unit transportation costs is the commodity weight or the sum of the 
weights of everything placed on the railcar or truck trailer. The truck and 

rail commodity weights are required to calculate freight charges. It is 

important to note that the commodity weights include the weights of the cask 

and ancillary equipment. This means that, since the cask and other equipment 
are reusable, they will be returned empty to transport more fuel thus, 

incurring freight charges even though no fuel is transported on the return 

trip. 

The difference between the commodity weights for empty and loaded spent 

fuel shipments is the weight of the fuel assemblies themselves. The average 

weights for truck and rail shipments are developed assuming two-thirds of the 

commercial LWRs are PWRs and one-third are BWRs. Therefore, it is assumed that 
approximately two-thirds of the future spent fuel shipments will be PWR fuel 

assemblies. The average weights of PWR and BWR fuel elements are 658 kg (1450 

lbs.) and 284 kg (625 lbs.), respectively. Using the reference truck and rail 

cask capacities, the average cargo weights are calculated to be 630 kg (1385 
lbs.) per truck shipment and 4775 kg (10,500 lbs.) per rail shipment. The 
commodity weights used to calculate freight charges in this study are shown 

below. 

Commodity Weights 

Empty, kg (lbs.) 

Loaded, kg (lbs.) 

NAC-1 

23,700 (52,260) 

24,330 (53,650) 

IF-300 

79,400 (175,100) 

84,200 (185,660) 

Tables 5.3 and 5.4 summarize the transportation unit costs (dollars per 

shipment) for truck and rail spent fuel shipments for the one-way distances in 

this study. The costs are input to the cost models described in section 3.2. 
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It is felt that the costs shown in these tables are representative 

approximations and provide reasonable bases for this study. 
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TABLE 5.3. Summary of Unit Transportation Costs for Shipments 
of Spent Fuel in the Reference Truck Shipping System 

ROUND-TRIP ROUND-TRIP ROUND-TRIP HANDLING AND ROUND-TRIP 
SHIPPING SHIPPING CASK LEASING SECURITY DH1URRAGE TRANSPORTATION 
DISTANCE CHARGE FEE COSTS FEES 
km (mi.) ($/Shipment) ( $/ SH I pr·1EN Tl ($/SHIPf;1ENT) ($/SHIPr1ENT)(a) 
---

800 ( 500) 2740 940 860 6730 

1200 (750) 3710 1880 1290 6730 

1600 ( 1000) 4630 2820 1720 6730 

2400 (1500 ) 6950 3760 2580 6730 

3200 (2000) 9300 4700 3440 6730 

4000 (2500) 11 ,640 5640 4300 6730 

(a) Includes demurrage fees assessed at both ends of the transportation link, i.e., at both the 
loading and unloading facilities. Includes cask leasing fee for duration of handling. 

COST 
($/SHIP[\lErn) 

11 ,270 

13 ,610 

15,900 

20,020 

24,170 

28,130 



(.J1 

(.V 

ONE-HAY 
SHIPPING 
DISTANCE 
km ~t.) 

800 (500) 

1200 (750) 

1600 ( 1000) 

2400 (1500) 

3200 (2000) 

4000 (2500) 

TABLE 5.4. Summary of Unit Transportation Costs for Shipments 
of Spent Fuel in the Reference Rail Shipping System 

ROUND-TRIP ROUND-TRIP ROUND-TRIP HANDLING AND 
SHIPPING CASK LEASING SECURITY DH1URRAGE 

CHARGE FEE COSTS FEES .. 
($/Shipment) ( $/ SH I P~.lENJl ($/SHIPNENT) ( $/SHIPf1ENT) (a) 

20,480 35,100 1740 20,320 

25,990 54,200 2690 20,320 

30,750 73,400 3630 20,320 

39,030 73,400 3720 20,320 

46,230 73,400 3810 20,320 

52,700 86,100 4500 20,320 

ROUND-TRIP 
TRANSPORTATION 

COST 
( $/SI-II PI1ENT) 

77,640 

103,200 

128,100 

136,470 

143,760 

163,620 

(a) Includes demurrage fees and handling costs assessed at both ends of the transportation link, i.e., 
at both the loading and unloading facilities. Includes cask leasing fee for duration of handling. 





6.0 RESULTS OF SPENT FUEL TRANSPORTATION 
LOGISTICS AND COSTS ANALYSIS 

Results of this spent fuel transportation logistics and cost analysis 
include the annual number of truck and rail shipments, numbers of shipping 

casks required to perform the shipments, and the annual transportation costs 
for each of the four spent fuel management scenarios in this study. Only costs 
related to transporting spent fuel are included, i.e., costs for construction 
of facilities, and packaging (when needed) are not included. The results can 
be affected by utilizing a different set of assumptions. 

This section is composed of two sub-sections. In the first, 
transportation hardware requirements are presented. The second subsection 

presents and discusses the transportation costs associated with each scenario. 

6.1 RESULTS OF THE SPENT FUEL TRANSPORTATION HARDWARE REQUIREMENTS ANALYSIS 

This section presents the results of the spent fuel cask requirements 
analysis for each of the four scenarios under consideration in this study. The 
numbers of shipments and numbers of truck and rail cask systems required to 

provide the spent fuel transportation services for each of the four scenarios 
in this study are shown in Tables 6.1 and 6.4. Included are the estimated 
numbers of spent fuel transshipments. Cask requirements for the transshipments 

are included in the total cask requirements and are not shown separately. It 
was assumed that on-site spent fuel transshipments will be performed in rail 
casks because such short-distance transfers take about the same amount of time 
whether rail casks or truck casks are used. Thus, there would not be a 
significant economic advantage for using truck casks in short-distance 
transfers. It was also assumed that spent fuel transshipments from the Cooper 
Nuclear Station to the Morris, Illinois storage facility (DOE 1982) will be 
done only in rail casks, as indicated in telephone contacts with General 

Electric Co. personnel involved in this transfer. Transshipments from the San 
Onofre Nuclear Station to the Morris facility (DOE 1982) are assumed to occur 
using the reference shipping mode split of 75% rail and 25% truck. 
Intrautility transshipments using utility-owned spent fuel casks are not 

included because they do not require the spent fuel transportation services 
considered in this study. 
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TABLE 6.1. Near-Term Spent Fuel Transportation 
Hardware Requirements - Reference 
Scenario/75% Rail Shipping 

Number of Number of Total 
Off-Si te On-Site ( ) Number of 
Shi~ments Transshi~ments a Casks Reguired 

Year Truck Rail Truck Rail Truck Rail 

1982 0 29(b) 0 0 0 1 

1983 18 (b) 40(b) 0 0 3 

1984 97 29 0 0 2 3 

1985 41 18 0 23 2 

1986 259 13 0 10 4 

1987 1983 206 0 11 29 18 

1988 1830 229 0 18 28 20 

1989 1940 210 0 11 28 18 

1990 1884 217 0 0 28 19 

1991 1816 227 0 0 27 19 

1992 2016 200 0 0 29 17 

1993 1804 229 0 0 27 20 

1994 1734 241 0 0 26 21 

1995 1990 249 0 0 29 22 

(a) Represents numbers of i ntra-util ity transshi pments reported in 
DOE (1982). 

(b) Transshipments to Morris, Illinois storage facility only. 
Does not include transshipments made with utility-owned spent 
fuel casks. 
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TABLE 6.2. Near-Term Spent Fuel Transportation 
Hardware Requirements - Consolidated 
Fuel Shipping Scenario/75% Rail Shipping 

Number of Number of Total 
Off-Si te On-Site ( ) Number of 
Shi~ments Transshi~ments a Casks Reguired 

Year Truck Rail Truck Rai 1 Truck Rail -- --

1982 0 15(b) 0 0 0 

1983 9(b) 20(b) 0 0 2 

1984 49 15 0 0 

1985 21 9 0 12 

1986 130 7 0 5 2 

1987 992 103 0 6 15 9 

1988 915 114 0 9 14 10 

1989 970 105 0 6 14 9 

1990 942 109 0 0 14 10 

1991 908 114 0 0 14 10 

1992 1008 100 0 0 15 9 

1993 902 114 0 0 14 10 

1994 867 120 0 0 13 1 1 

1995 995 125 0 0 15 1 1 

(a) 

(b) 

Represents numbers of intra-utl1ity transshipments reported In 
DOE (1982). 
Transshipments to Morris, Illinois storage facility only. 
Does not include transshipments made with utility-owned spent 
fuel casks. 
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TABLE 6. 3. Near-Term Spent Fuel Transportation 
Hardware Requirements - Delayed Reprocessing 
Scenario/75% Rail Shipping 

Number of Number of Total 
Off-Site On-Si te ( ) Number of 
Shi~ments Transshi~ments a Casks Reguired 

Year Truck Rail Truck Rail Truck Rail --

1982 0 29(b) 0 0 0 

1983 18(b) 40(b) 0 0 3 

1984 97 29 0 0 2 3 

1985 41 18 0 23 2 

1986 259 13 0 10 4 

1987 468 21 0 11 7 2 

1988 447 52 0 18 7 5 

1989 1344 292 0 11 20 23 

1990 1744 234 0 0 26 20 

1991 1680 244 0 0 25 20 

1992 2021 199 0 0 29 17 

1993 1807 228 0 0 27 20 

1994 1735 240 0 0 26 21 

1995 1990 249 0 0 29 22 

(a) Represents numbers of i ntra-util ity transshi pments reported in 
DOE (1982). 

(b) Transshipments to Morris. Illinois storage facility only. 
Does not include transshipments made with utility-owned spent 
fuel casks. 
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TABLE 6.4. Near-Term Spent Fuel Transportation 
Hardware Requirements - 50% Rail/ 
50% Truck Shipping Scenario 

Number of Number of Total 
Off-Site On-Site ( ) Number of 

Shiements Transshiements a Casks Reguired 
Year Truck Rail Truck Rail Truck Rail --
1982 0 29(b) 0 0 0 

1983 18(b) 40(b) 0 0 3 

1984 167 20 0 0 2 2 

1985 84 12 0 23 

1986 291 9 0 10 4 1 

1987 2459 145 0 11 37 13 

1988 2355 160 0 18 36 14 

1989 2421 148 0 11 36 13 

1990 2384 152 0 0 36 13 

1991 2341 159 0 0 35 14 

1992 2526 133 0 0 37 11 

1993 2383 153 0 0 36 14 

1994 2337 161 0 0 36 14 

1995 2618 166 0 0 39 15 

(a) 

(b) 

Represents numbers of intra-utiltty transshipments reported in 
DOE (1982). 
Transshipments to Morris, Illinois storage facility only. 
Does not include transshipments made with utility-owned spent 
fuel casks. 
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Table 6.1 shows the near-term spent fuel cask requirements for the 

reference scenario. It should be noted that cask requirements for on-site 

transfers did not significantly impact the total cask requirements. All 

fractions were increased to the next highest whole number of casks for 
conservatism. A maximum of 29 truck casks (in 1987, 1992, and 1995) and 22 

rail casks (in 1995) are required. The impact of consolidating the fuel is a 

50% reduction in both the number of spent fuel shipments and the annual and 

maximum annual number of truck and rail casks required (see Table 6.2). Both 
of these scenarios show a significant increase in spent fuel cask requirments 

the first year of FRP operation, assumed to be 1987 for these scenarios. 

For the delayed reprocessing scenario (See Table 6.3), the large increase 

in annual cask requirements is delayed until 1989 when the FRP is assumed to 

begin receiving fuel. The maximum annual cask requirements are the same as the 

reference scenario, i.e., 29 truck and 22 rail cask systems. This indicates 

that shipping the required annual amount of spent fuel to the FRP is the 

controlling factor for these spent fuel management scenarios. 

The effect of increasing the amount of spent fuel shipped by truck to 50% 

(compared with 25% by truck in the reference scenario) is the maximum annual 

requirement for ten additional truck cask systems and seven fewer rail cask 

systems. The maximum annual requirements for this case are 39 truck systems 
and 15 rail systems. Capital costs for the maximum annual number of casks 

required are $156M and $135M for the reference scenario and 50/50 shipping 
scenario, respectively. This indicates that a significant capital expenditure 
savings could be realized by increasing the amount of spent fuel shipped by 
truck. This is due to the fact that truck shipments can be made more quickly 

than rail shipments, thus requiring fewer casks to transport equivalent amounts 
of spent fuel: 

The current spent fuel cask fleet includes approximately 22 reference 

truck cask systems (neglecting the FSV-1 and counting the TN-8 and TN-9 as 

three reference truck-cask-equivalents) and 6 equivalent rail-cask-systems 

(counting the NLI-10/24 as 1.5 reference rail-cask-equivalents, although they 

are not in service at this time). Additional cask requirements as well as an 
assessment of the undiscounted capital expenditures required to furnish the 
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additional number of truck and rail casks is shown in Table 6.5 for each of the 
spent fuel management scenarios in this study. For the reference scenario, the 
current cask fleet size is adequate until 1987 when the FRP begins receiving 

fuel. If consolidated fuel only is shipped, the current truck cask fleet is 

adequate until at least 1995; however, additional rail casks are required in 

1987. If the opening date of the FRP is delayed until 1989, additional casks 

are not required until that date. In fact, additional truck casks are not 

required until 1990 for this scenario. The current cask fleet is also adequate 

until 1987 (opening date of the FRP) for the 50% truck shipping scenario. 

Table 6.5 indicates there are significant economic incentives for 

increasing the fraction of spent fuel shipped by truck. Undiscounted capital 

costs indicate that a potential savings of about $20M is possible if the 

fraction of spent fuel shipped by truck is increased from 25% to 50%. However, 

the most significant capital cost savings is realized by shipping consolidated 

fuel only. Table 6.5 shows that only 5 additional rail casks are required for 

this scenario which results in undiscounted capital expenditures of about 

$25M. In fact, this expense could be reduced further because the current truck 

cask fleet size exceeds the requirements by about 7-truck cask equivalents. 

Use of all of the current truck casks would further reduce the demand for rail 

casks to only one or two additional rail systems. The effect on cask and 

capital expenditure requirements of delayed reprocessing is minimal in 

comparison with the reference scenario. Total transportation hardware and 

undiscounted capital expenditure requirements are the same for this scenario 

and amount to one more rail cask and about $5M more than the reference scenario. 

Cask requirements for Federal interim storage are as follows. The maximum 

annual cask requirements for Federal interim storage are 3 rail and 4 truck 

systems for the reference scenario. These requirements are reduced to 1 rail 
and 2 truck systems for the consolidated fuel scenario. For the delayed 
reprocessing scenario, maximums of 5 rail and 7 truck systems are required 

which reflects the increased amount of spent fuel transported to Federal 
interim storage in 1987 and 1988. A maximum of 10 rail casks is required to 

transport the fuel from Federal interim storage to the FRP in the years 1989, 
1990 and 1991, assuming all of the fuel contained therein is shipped in rail 

cask systems. Increasing the fraction of fuel shipped by truck from 25% to 50% 

6.7 



. 
co 

Year 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

TOTAL 

TABLE 6.5. Annual Additional Cask Requirements and Capital Expenditures 
for Spent Fuel Shipping Systems 

Reference Scenario 
Consolidated 
Fuel Scenario 

Delayed Reprocessing 
Scenario 50% Truck Scenario 

Additional 
Casks () 

Required a 
(Truck/Rai 1) 

o 

o 

o 

7/12 

0/2 

o 

o 

o 

o 

o 

0/1 

0/1 

7/16 

Capita 1 
Costs 
($M) 

o 

o 

o 

71. 7 

10.2 

o 

o 

o 
o 

o 
5.1 

5. 1 

92. 1 

Additi ona 1 
Casks 

Required 
(Truck/Rail) 

o 

o 

o 

0/3 

0/1 

o 

o 

o 

o 

o 
0/1 

o 

0/5 

Capita 1 
Costs 
($M) 

o 

o 

o 

15.3 

5. 1 

o 

o 

o 

o 

o 

o 

o 

25.5 

Additi ona 1 
Casks 

Required 
(Truck/Rai 1 ) 

o 

o 

o 

o 

o 

0/17 

4/0 

o 

3/0 

o 
o 

o 

7/17 

Capita 1 
Costs 
($M) 

o 

o 

o 

o 

o 

86.7 

6.0 

o 

4.5 

o 
o 

o 

97.2 

Additional 
Casks 

Required 
(Truck/Rail ) 

o 

o 

o 

15/7 

0/1 

o 

o 

o 

o 

o 
o 

2/1 

17/9 

Capita 1 
Costs 
($M) 

o 

o 

o 
58.2 

5. 1 

o 

o 

o 

o 

o 
o 

8/1 

71.4 

(a) These values represent the number of additional truck/rail casks required to provide the spent 
fuel transportation services in this study. 

(b) Capital costs for truck and rail spent fuel cask systems are $1.5M and $5.1 mid-1982 dollars, 
respectively (see Section 5.3). 



changes the maximum annual cask requirements for Federal interim storage to 2 
rail casks and 4 truck casks. This illustrates that the receiving requirements 
for Federal interim storage can be accommodated with 1 less rail cask and the 
same number of truck casks if the shipping mode split is increased to 50% 

compared with 25% truck shipments in the reference scenario. 

The maximum annual spent fuel shipping cask requirements for the FRP (1500 

MTU/yr capacity) in the reference scenario are approximately 29 truck casks and 

22 rail casks (25% of the spent fuel assemblies are shipped in truck casks for 

this scenario). As expected, cask requirements are reduced by a factor of two 

for the consolidated fuel shipping scenario and are essentially equal for the 
delayed reprocessing scenario. However, for the 50% truck shipping scenario, a 
maximum of 15 rail casks and 39 truck casks are required to deliver spent fuel 

to the FRP at the design processing rate of 1500 MTU/yr. This is 7 fewer rail 

casks and 10 more truck casks than the reference scenario requires. At this 

time, the receiving facilities at the Barnwell Nuclear Fuels Plant are not 
designed for receiving 50% of their spent fuel in truck casks but they could be 

modified to do so if a significant cost savings results from receiving a larger 

fraction of fuel by truck. 

6.2 RESULTS OF THE SPENT FUEL TRANSPORTATION COST ANALYSIS 

This section presents the results of the spent fuel transportation cost 

analysis performed in this study. The undiscounted truck and rail 
transportation costs for each of the spent fuel management scenarios considered 

in this study are shown in Table 6.6. It should be noted that the costs of on
site transshipments are not included in the totals. However, the costs for the 
spent fuel transportation campaigns from the San Onofre and Cooper Nuclear 
Stations to the Morris, Illinois storage facility (DOE 1982) are included in 
the totals. 

Transportation costs for all spent fuel shipments are shown in Table 6.6. 

They reach a steady-state after the FRP begins receiving fuel in each 
scenario. Therefore, the costs for the several years after the opening of the 
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TABLE 6.6. Spent Fuel Transportation Costs 
for the Reference Spent Fuel 
Management Scenario and Sensitivity 
Cases in this Study 

Total TransEortation Costs ($M)(a) (b) 

Delayed 
Reference Consolidated Reprocessing 50% Truck 
Scenario Fuel Scenario Scenario Scenario 

Year Truck Rail Truck Rail Truck Rai 1 Truck Rail -- --

1982(c) 0 2.99 0 1. 50 0 2.99 0 2.99 

1983(c) 0.44 4.53 0.22 2.27 0.44 4.53 0.44 4.53 

1984 1. 23 3.37 0.61 1.69 1.23 3.37 2.16 2.25 

1985 0.54 2.02 0.27 1. 01 0.54 2.02 1.11 1.35 

1986 3.32 1.57 1. 66 0.78 3.32 1. 57 3.81 1.03 

1987 30.42 27.66 15.21 13.83 6.84 2.82 38.36 19.35 

1988 28.70 30.75 14.35 15.38 6.59 6.82 37.51 21.40 

1989 29.42 27.73 14.71 13.86 20.09 35.85 37.43 19.39 

1990 28.82 29.21 14.41 14.61 26.63 30.89 37.29 20.36 

1991 27.91 30. 17 13.95 15.09 25.75 31.74 36.6-5 21.00 

1992 30.44 26.55 15.22 13.27 30.50 26.42 38.95 17.71 

1993 27.90 31.14 13.95 15.57 27.93 31 .03 37.45 20.83 

1994 26.84 33.19 13.42 16.60 26.85 33.17 37.10 22.16 

1995 30.14 34.04 15.07 17.02 30.14 34.04 40.43 22.72 

(a) Does not include costs for on-site intra-utility transshipments. 
(b) Numbers contain excess significant figures for consistency. 
( c) Represents costs for spent fuel transshipments to Morris~ III inois 

storage facility shown in DOE (1982). 

6.10 



FRP can be used for comparison between scenarios. For the reference scenario, 

the total truck plus rail transportation costs for the steady-state years (1987-
1995) average about $59M/yr. These average costs are about $30M/yr for the 

consolidated fuel shipping scenario and $58.5M/yr for the 50% truck shipping 
scenario. The average annual transportation costs for the steady-state 

reprocessing years in the delayed reprocessing scenario (1989-1995) are 

$59M/yr. This information indicates there is a significant economic advantage 

to shipping consolidated fuel or alternatively to designing a new generation of 
shipping casks for older fuel (assumed to be equivalent cases). This also 

illustrates that a very small annual savings is realized by increasing the 

fraction of spent fuel shipped by truck from 25% to 50%. Further savings could 

be realized by increasing the truck fraction to higher levels. 

It is interesting to compare the transportation costs associated with 

Federal interim storage for the reference, delayed reprocessing and 50% truck 

shipping scenarios as shown in Table 6.7. The total transportation costs for 

incoming spent fuel shipments in the reference scenario are $12.1M (truck plus 

rail costs) compared to $34M and $11.7M for the delayed reprocessing and 50% 

trucking scenarios, respectively. Therefore, a three-fold increase in 

transportation costs for incoming spent fuel shipments to Federal interim 

storage facility results if reprocessing is delayed until 1989. This reflects 
the increased amount of spent fuel shipped to Federal interim storage in this 

scenario. A small decrease in transportation costs for incoming shipments 

results if the truck/rail shipping fraction is increased to 50% truck from 25% 
truck in the reference scenario. 

Transportation costs associated with removing spent fuel from 
Federalinterim storage are $13.1M for the reference and 50% truck shipping 

scenarios, assuming all out-going shipments are done in rail casks. This is 
increased to $34M for the delayed reprocessing scenario again reflecting the 
increased amount of spent fuel shipped to Federal interim storage in this 

scenario. 

The total costs associated with transportation of spent fuel to/from the 

TEF are the same for each scenario except the consolidated fuel shipping 
scenario. The transportation costs for the reference, delayed reprocessing, 
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Cl"I . 
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TABLE 6.7. 

Reference 
Scenario 

Year Truck Rail 

1984 1. 23 3.37 

1985 0.54 2.02 

1986 3.32 1. 57 

1987 0 (2.6l)(c) 

1988 0 (2.61 ) 

1989 0 (2.61) 
1990 0 (2.61 ) 

1991 0 (2.61) 

Total for 
Incoming 
Shipments 12.05 

Total for 
Outgoi ng 
Shipments (13.05) 

Total Fuel 350 
Shipped (MTU) 

Annual Transportation Costs Associated with 
Federal Interim Storaqe 

Total Transportation 

Consolidated 
Fuel Scenario 

Truck --

0.61 
0.27 

1.66 

0 
0 

0 
0 
0 

6.02 

(6.55) 

350 

Rail 

1.69 

1. 01 
0.78 

(1.31) 
(1.31) 
(l .31 ) 

(1.31) 
(1.31) 

Costs ($r1) (a) (b) 
Delayed 

Reprocessing 
Scena ri 0 

Truck Rail 

1.23 

0.54 
3.32 

6.27 
6.02 
Cl 

0 

0 

3.37 

2.02 
1. 57 
2.82 
6.82 

(20.46) 
(20.46) 

(20.46 ) 

33.98 

(61.38) 

750 

(a) Does not include costs for on-site intra-utility transshipments. 
(b) Numbers contain excess significant figures for consistency. 

the 

50% Truck 
Scenario 

Truck Rail 

2.16 2.25 

1.11 1.35 
3.81 1.03 

0 (2.61) 

0 (2.61) 

0 (2.61) 

0 (2.61) 

0 (2.61) 

11. 71 

(13.05) 

350 

(c) Numbers in parenthesis denote costs for outgoing shipments. All outgoing shipments are 
delivered to the reprocessing plant in rail cask systems. 



and 50% truck shipping scenario are $2.5M, and for the consolidated fuel 

shipping scenario are $1.2M. As indicated previously in this report, all 

shipments to and from the TEF are performed in truck systems. 

The annual transportation costs associated with the FRP are considerably 

higher than the costs reported above for the TEF and for Federal interim 

storage. The average annual spent fuel transportation costs associated with 

the FRP in the reference scenario are about $58.9M/yr. This compares with 

about $29.4M/yr in the consolidated fuel shipping scenario to $58.3M/yr in the 

50% truck shipping scenario. This indicates that a 50% reduction in 

transportation costs could be realized by shipping only consolidated fuel to 

the FRP, while a relatively insignificant costs savings results from increasing 

the truck shipping fraction. It is not known at this time what the impacts on 

the reprocessing facility are for these alternatives. 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

The impacts of various spent fuel management strategies on spent fuel 

transportation hardware requirements and transportation costs were examined in 
this study. A reference spent fuel management scenario was developed and the 

associated cask fleet requirements and transportation costs were determined 
using a computer modeling technique. In addition, sensitivity cases reflecting 

increased cask capacities due to consolidating spent fuel (or alternatively due 
to a new generation of spent fuel shipping casks), delaying the opening of a 

fuel reprocessing plant, and increasing the amount of spent fuel shipped by 
truck were analyzed and compared with the reference scenario to determine their 

effects on cask requirements and transportation costs. Conclusions related to 
optimization of the transportation study can be drawn from the results in this 

study. These conclusions are discussed in this section as well as the 
recommendations for further work that were recognized during the course of this 

analysis. The conclusions from this study can be affected by changing the 

given set of assumptions used in this analysis. 

There are significant economic advantages to shipping consolidated fuel. 

This conclusion can also be applied to the operational costs of a new 
generation of spent fuel shipping casks designed to transport longer-cooled 

fuel than the current generation of casks. In each case, the cask capacities 
can be up to twice the capacities of the current generation of casks. 

Transportation hardware requirements and costs are reduced by up to a factor of 

2 for each of these cases. Further refinement of the information developed for 

this study could include a more detailed treatment of a consolidated fuel 
shipping scenario or a scenario using a new generation of casks. The 
assessment presented in this study could be improved to include refined 

shipping parameters and transportation unit costs for this scenario. It is 
recommended that consolidated fuel shipping technology be licensed if fuel 
consolidation costs do not negate savings. 

Increasing the fraction of spent fuel shipped by truck reduces capital 

cost expenditures for additional spent fuel shipping systems. This is because 

truck systems are able to complete shipments much faster than rail systems, 
thus requiring a cask fleet that costs less to transport the same amount of 
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spent fuel. In addition, total transportation costs (truck plus rail) are 
reduced by a small amount when increasing the fraction shipped by truck from 

25% to 50%. Future work in this area that would be useful includes increasing 
the truck fraction to even higher levels to determine whether a larger 
transportation cost savings is realized for the higher truck shipping 

fractions. The model developed for this study could be refined to include 

capital cost estimates for additional truck handling facilities that may be 

needed. 

One of the objectives of this study was to determine if the current cask 

fleet size is adequate to perform the required transportation services. It was 

found that, in general, the current cask fleet is large enough until the year 
that an FRP is scheduled to begin receiving fuel. The presence of an FRP 
initiates the demand on spent fuel transportation hardware in a mature fuel 

cycle. 

A delay of two years in the implementation of the first reprocessing 

facility results in a significant increase in the total amount of fuel shipped 
to/from Federal interim storage. This obviously increases the transportation 

costs associated with this case. Further work concerning Federal interim 

storage could include an assessment of shipping fuel to or from the system in 

storage casks, assuming they can be licensed for over-the-road transportation. 

Additional studies could refine transportation cost estimates. Impacts of 

spent fuel consolidation equipment location and an assessment of legal-weight 
versus over-weight truck shipping are significant. In order to determine if it 
is cost-effective to transport consolidated fuel, it is necessary to study the 
equipment, construction, and operating costs of fuel consolidation facilities. 
Consolidation facilities may be located either at individual reactors or at 

centralized packaging facilities for many reactors. An economic comparison of 
the two truck shipping modes would include a state-by-state assessment of the 

costs for required over-weight truck permits and the administrative efforts 

involved to obtain such permits. It is not known at this time if the increased 
cargo capacities associated with overweight truck systems overcomes the cost 

disadvantages of the permit process and administrative efforts. It is felt 
that utility companies and cask supplier companies would benefit from these two 

studies. 
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APPENDIX A 

QUANTITIES OF LWR SPENT FUEL REQUIRING TRANSPORTATION SERVICES 

IN THE NEAR FUTURE 

This appendix discusses the quantities of commercial LWR spent fuel that 
will be transported in the near future. The bases and assumptions that were 
made to facilitate the computer modeling process used in this study are also 
discussed. Separate subsections are provided for each source of spent fuel 

that will be shipped in the near future, i.e., until the early 1990's. Tables 
A.1 and A.2 summarize the annual receipt rates of spent fuel at each facility 
in this study for the scenarios previously discussed. 

A.1 LWRs WITH NEAR-TERM STORAGE PROBLEMS 

Delays in the development of U.S. reprocessing and spent fuel disposal 

capabilities have caused a lack of adequate spent fuel storage capacity at 

commercial nuclear electric generating stations. This has resulted in many 
nuclear power plants being faced with the possibility of shutdown. The U.S. 

Congress is currently considering legislation that would require the DOE to 
provide Federal interim storage for temporary relief storage of spent fuel to 
prevent shutdown of affected power reactors. Although the government will 
provide Federal interim storage for commercial spent fuel, it will provide 
storage only as needed to prevent power plant shutdowns. The ultimate 
responsibility for spent fuel management rests with the utilities. The interim 

relief storage is also assumed to be unlicensed dry storage in metal casks at a 
government site. The utilities are assumed to retain title to the stored spent 
fuel. 

As indicated in Section 3.1, Federal interim storage is assumed in the 
reference scenario to begin receiving spent fuel in 1984 and will receive and 

store fuel until 1987. After 1987, LWRs with inadequate spent fuel storage 
capacity are assumed to have first priority in shipping their fuel discharges 
to the FRP, which is assumed to open in that year. For the reference spent 

fuel management scenario, a total of 93 MTU of spent fuel will be shipped to 
Federal interim storage from these reactors, assuming maximum at-reactor 
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TABLE A.l Summary of Annual Spent Fuel Receipt Rates For Destination 
Facilities - Reference, Consolidated Fuel and 50% Truck Shipping 

Annual Receipts of Spent Fuel at Spent Fuel Origin (Percent 
Destination Facilities (MTU/tr) of Annual Receiet Rate)(a) 

Fuel Fuel 
Interim Reprocessing Interim Reprocessing 

Year Stora~e TEF Plant Storage Plant 
19 4 96.4 0 0 USP-14(b) NA(c) 

WV-58 
n1I-28 

1985 83.4 0 0 USP-O NA 
W-68 

TrlI-32 

1986 163.4 0 0 USP-27 NA 
vlV -49 

TMI-24 

1987 -68.6(d) 11.0 1500 (e) FIS-5 
USP-ll 

UNSP-84 

1988 -68.6 11 .0 1500 FIS-5 
USP -16 

UNSP-79 

1989 -68.6 0 1500 FIS-5 
USP-32 

UNSP-63 

1990 -68.6 0 1500 FIS-5 
UPS-30 

UflSP-65 

1991 -68.6 0 1500 FIS-5 
USP-35 

UNSP-60 

1992 0 0 1500 USP-45 
UNSP-55 

1993 0 -11.0 1500 USP-46 
UNSP-54 
TEF- 0.4 

1994( f) 0 -11.0 1500 USP-68 
UNSP-31 
TEF- 0.4 

(a) The TEF is assumed to receive 100% of its spent fuel from an 
unspecified LWR not currently experiencing on-site storage 
difficulties. 

(b) Abbreviations are as follows: USP = utilities with storage 
.E.rob1ems; UNSP = !!.ti1ities with !Lo ~torage e.rob1ems;-W.V. = 
West Valley; TMI = Three Mile Island; FrS = Federal interim 
storage; TEF = TesCand Evaluation FacTITty.-

(c) NA = Not Apj51 i cab 1 e. - -
(d) Negative number denotes out-going shipments. 
(e) It is not known at this time in what order fuel will be 

removed from Federal interim storage. 
(f) This is the final year under consideration in this study. 
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TABLE 8.2 

Year 
1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

Summary of Annual Receipt Rates For Destination Facilities -
Delayed Reprocessing Scenario. 

Annual Receipts of Spent Fuel at Spent Fuel Origin (Percent 
Desti~ation Facilities (~ITU/yr) of Annual Receipt Rate)(a) 

Interim 
Storage 

96.4 

83.4 

163.4 

167 

TEF 
o 

o 

o 

11.0 

238 11.0 

-249.4(d) 0 

-249.4 o 

-249.4 o 

o 

o -11 .0 

-11.0 

Fuel 
Reprocessing 

Plant 
o 

o 

o 

o 
o 

1500 

1500 

1500 

1500 

1500 

1500 

Interim 
Storage 

USP-14(b) 
I~V-58 

mI-28 

USP-O 
WV-68 

mI-32 

USP-27 
vJV-49 

nU-24 

USP-100 

USP-100 

(e) 

Fuel 
Reprocessing 

Plant 

F IS-17 
USP-31 

UNSP-52 

FIS-17 
USP-30 

UNSP-53 

F 1S-17 
USP-35 

UNSP-48 

USP-45 
UNSP-55 

NA 

NA 

NA 

NA 

USP-46 
UNSP-54 
TEF- 0.4 

USP-68 
UNSP-31 
TEF- 0.4 

(a) The TEF is assumed to receive 100% of its spent fuel from an 
unspecified LWR not currently experiencing on-site storage 
difficulties. 

(b) For definition of abbreviations, see Table 3.1. 
(c) NA = Not Applicable. 
(d) Negative number denotes out-going shipment. 
(e) It is not known at this time in what order fuel will be 

removed from Federal interim storage. 
(f) This is the final year under consideration in this study. 
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storage capacity is installed at reactors (DOE 1982). All of this fuel will 

originate from pressurized water reactors (PWRs) including the Surry-1 and 2 
(Virginia Electric Power Co.), Palisades (Consumers Power Co.), St. Lucie-1 

(Florida Power and Light Co.)~ and Trojan (Portland General Electric Co.) 
nuclear power stations. For the delayed reprocessing scenario, Federal interim 
storage will extend their receiving and storage operations until 1989, the 
delayed opening date of BNFP. This increases the amount of fuel shipped to 

interim relief storage from these sources to 497 MTU. The reactors shipping 

spent fuel for interim storage will include the aforementioned PWRs plus 

Robinson-2 (Carolina Power and Light Co.), Oconee-1 and 2 (Duke Power Co.), and 
Turkey Point-3 (Florida Power and Light Co.), all PWRs, plus Brunswick-1 
(Carolina Power and Light Co.), LaSalle-1 and 2 (Commonwealth Edison Co.), 

Monticello (Northern States Power Co.), Fitzpatrick (Power Authority of the 
State of New York) and Peach Bottom-2 and 3 (Philadelphia Gas and Electric 

Co.), all boiling water reactors (BWRs). The total number of fuel assemblies 
that are assumed to be shipped to Federal interim storage from these reactors 
in the reference scenario is 207, all of them from PWRs. A total of 712 PWR 

and 1026 BWR assemblies is assumed to be shipped to Federal interim storage 

from these reactors in the delayed reprocessing scenario. This data is shown 
for information purposes only. The computer model described in section 3.2 
uses actual reactor discharge projections contained in the spent fuel data base 

(DOE 1982). 

A.2 LWRs WITH NO NEAR-TERM STORAGE PROBLEMS 

The commercial power reactors that have adequate on-site spent fuel storage 
capacity are assumed to continue storing their entire discharge quantity until 
the FRP opens in 1987 (reference scenario) or 1989 (delayed reprocessing 
scenario). These reactors are assumed to provide the balance of the 1500 MTU/yr 

reprocessing capacity of the FRP after all other facilities have shipped their 

annual requirements. In addition, the TEF will receive spent fuel from an 
unspecified LWR that has adequate on-site storage capacity. 

It is important to recognize that some of the reactors in this category 

will lose FCR capability in their storage basins at some time after Federal 
interim storage stops receiving fuel. These reactors are identified using the 
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spent fuel data base (DOE 1982) and placed on the list of reactors having first 

priority for shipping spent fuel to BNFP. 

The disposal demonstration TEF is assumed to receive and emplace spent fuel 

as a secondary waste form for demonstration purposes (defense high-level waste 

is assumed to be the primary waste form). Therefore, a total of 48 PWR 

assemblies is assumed to be shipped to the TEF packaging facility (assumed to 

be collocated with the TEF demonstration disposal facility) from an unspecified 

PWR. The one-way shipping distance is assumed to be 4000 km (2500 mi.) for 

conservatism. Half of the fuel assemblies will be shipped in the first year of 

TEF operation (assumed to be 1987) and the balance in the second year. 

A.3 WESTERN NEW YORK NUCLEAR SERVICE CENTER (WEST VALLEY) 

The state of New York has indicated that they would like the spent fuel in 

the West Valley storage basin to be removed as soon as possible. For this 

study, it was assumed that these shipments will begin in 1984 and will continue 

in a levelized manner until 1987. These fuel assemblies are assumed to be 

shipped to Federal interim storage, although this may eventually not be the 

case. The current inventory of the West Valley fuel storage pool is 515 BWR 

and 235 PWR assemblies that contain a total of about 169 MTU (DOE 1982). This 
fuel will be shipped at a rate of one-third of the current inventory in each of 

the years 1984, 1985, and 1986 for all scenarios. 

A.4 THREE MILE ISLAND (TMI) NUCLEAR STATION 

The disposition of the damaged TMI reactor core was discussed in a report 
prepared by Allied-General Nuclear Services (AGNS 1980). AGNS researchers 
estimated that about 200 canisters of fuel assemblies and core debris will be 

required to contain the entire damaged core. For this study, it is assumed 
that the canisters will have roughly the same dimensions as the PWR fuel 
assemblies and, therefore, can be shipped in much the same manner as intact 

fuel assemblies, i.e., 1 canister can be shipped in a truck cask and 7 
canisters can be shipped in a rail cask. These shipments are assumed to 

commence in 1984 and one-third of the total is assumed to be shipped to the 
interim storage facility in each of the years 1984, 1985, and 1986 for all of 

the scenarios. 
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A.5 FEDERAL INTERIM STORAGE 

Federal interim storage is assumed to receive and store for a short period 

of time the spent fuel elements from reactors with near-term storage problems 
and from West Valley and spent fuel canisters from TMI. These in-coming 

shipments will begin in 1984 and continue until 1987 for the reference scenario 
and until 1989 for the delayed reprocessing scenario. In all scenarios, 

incoming shipments to Federal interim storage are terminated as soon as the FRP 
begins receiving spent fuel. At that time, Federal interim storage is assumed 

to begin shipping the spent fuel contained therein to the FRP. Shipping to the 

FRP is assumed to be accomplished in a levelized manner until the year 1991 for 

both scenarios. The resulting shipping-out rate for the reference scenario is 

about 70 MTU/yr and for the delayed reprocessing scenario is about 250 MTU/yr. 

A.6 TEST AND EVALUATION FACILITY (TEF) 

The TEF is assumed to receive and demonstrate disposal of 48 PWR fuel 

assemblies as well as commercial and defense high-level wastes. It is further 

assumed that the fuel assemblies will be retrieved from the TEF and shipped to 

BNFP for reprocessing after the demonstration is completed. The demonstration 
is assumed to be completed in 1993 and retrieval and shipping operations are 
assumed to be completed by 1994. Therefore, 24 PWR assemblies will be shipped 

from the TEF to BNFP in each of the years 1993 and 1994. 
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APPENDIX B 

INPUT REQUIREMENTS FOR THE SPENT FUEL 
TRANSPORTATION SYSTEM MODEL 

The spent fuel transportation system model developed for this study is 
written in FORTRAN and is installed on the UNIVAC 1110 computer at DOE-RL. 
This appendix contains descriptions of the input requirements for the spent 
fuel transportation system model. This discussion is intended to facilitate 

use of the model by persons who are familiar with computer modeling tech
niques. Therefore, many words and terms that are meaningful to persons 
familiar with FORTRAN modeling techniques but not to the lay-man are not 

defined and discussed. For further information of this type the reader is 
directed to a FORTRAN users manual. 

Three sets of input data are required by the model. The first set is 
the spent fuel discharge file which is created from the Commercial Spent 
Fuel Management Program's spent fuel discharge data base. It is input on 
logical unit 22. The second set of input data is the case control parameters 
and is read on logical unit 5. It consists of 1 case title card and the 
FORTRAN name1ist CONTRL. The final set of data is a set of region specifi
cations and is also read on unit 5. These data sets are described below. 

B.1 Data Set 1: Spent Fuel Discharge File 

This file consists of card images and includes reactor descriptions and 
spent fuel discharge information. Each reactor has been assigned a reactor 
ID code. This code is used in all data sets. The list of reactor codes is 
shown in Table B.l. There are two cards describing each reactor plus one 
card for each discharge projected for the reactor. The formats for these 
cards are shown below; I designates integer numeric field, F designates 
numeric field with a decimal point and A designated alpha numeric information. 
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TABLE B.l. Reactor Listing 

Reactor 
Code Reactor Name 

1 ':AIH.'hl 
a ;AI1L.~ h2 
" rA~~UL.~ C~u~TY·~ 

,5 ';AI.O Ye:~OF-1 
" I:IAI.U ~E~O~·~ 
7 "AI.U WEl1u~·j 
a aR~~~SAS N~~L. QNf.l 
9 i~KANS4S ~u~1. UN~.2 

10 C~L.Y~~T CLL~F~·l 
11 r.AI.Y~~T CLL~F~.~ 
12 "ll.blth'-l 
14 ~a~lN~llN-2 
15 ~RUN:;'''lCI(_~ 
1& II~UN:i"IC,(_l 
17 Io4A"kl~-l ' 
lq ... A';id;;)-C! 
Z2 7l"!"IC:~.1 
a3 pt:~Hn·l 
24 ~E~tn·2 
25 ;;$U:~Ul:.N-l 
20 ~~E:H)t.N-C 
i7 nREailf", .. 3 
28 ~UAO CITI~~·l 
29 "UAO CITI£~·i 
30 lIoN-i 
31 ,10ill-i 
:sa i'A UI.I..S-i 
33 i'A UL.I..~~2 
34 "yADN"'l-
35 lIyMIlN-a 
3& ARA10"OoO .. 1 
31 efU10wOOO.i 
38 r.ONht~TICu! YANKEE 
3~ ~NOIAN POr~r.l 
qO TNOIA~ POyN!-a 
~1 QIG ~UC~ ~ULNr 
"2 ~AL.UAOES .. 
43 NIOI..~j)-a 
44 10410I.A'''0-1 
45 LA t;HuSSE, 
4fJ rrE~~1.2 
49 neONiS-1 
50 MCCNi:.~.a 
51 "COr;Ii.~.3 
52 .. CGUI~!"l 
53 ",CGUl'(E-a 
54 ~AiA"'U.l 
55 rATA:.Ilh-c 
&3 QEAY~~ VALI.~Y·l 
~4 ~fAVE~ V~LL.~'-~ 
65 C~Y~TAL, ~t~~~-j 
b& TU~~EY pa!~!·! 
b7 TURK~Y PO~N!.~ 
b8 qT I.U~If-i 
El9 fliT I. UfIE-2 
10 j;4,HCI't-1 
71 ~ATgl'i-2 

Reactor 
Type 
p~R 

DWfoi 

Pw'" 
p;j~ 

p.~ 

P","i 
~.,;.t 

p~~ 
!':I~1oi 

p,,;.t 
~ .. ~ 
P"';.( 
~,oj~ 

;1!",~ 

Ih.R 
Orl~ 

9 .oj" 
~ ... ~ 
"..,1( 
a ... ~ 
~ .. ~ 
8"''' 
!1wJ; 
RwR 
p"'R 
I'd 
~ .. ~ 
Bii~ 

PW" 
pwit 
pwR 
PWR 
p\tIR 
pw~ 

P"~ 
8 .or( 

p\lfij 

"fiR 
pw;.t 

SWIi 
R',oj~ 

pwR 
Doj~ 

PlOl~ 

pwR 
p"i; 
pwH 
p",;.t 

P .. ;.t 

" ... Ii 
p .. " 
P .... 
p\oj~ 

PIII~ 
p;jR 

8 wif 
d .. R 

Utility Name 

AI.AdAI'1A Pawt,1( ~Q 

~ I. A a A I'! ~ ~ U .. Co;i L: 0 
CQ~MU~ .. t.A~TH EU1~aN 
A~lZU~~ ~Uda~;(V cC 
~~IlUNA p~c ~~~~ C~ 

A~llU~A ~~~ ~t"~ cW 
~R'AN~A5 P A~~ I. CG 
A~1(4NS"S P A~ll ~ CiJ 
d~I.TIMU"f ~ A~u Co ~J 
dAI.T~MU~~ G ANU ~ ~~ 

~a5Tn" tiJI~Q'" cu 
C~~OI.I~. ~ ANO ~ CO 
C~;(Ol.l~~ ~ ~~~ ~ C~ 

~AWUL.l~A P .~U ~ C~ 
C 4;( f.l L.l' i\ ? A ': J I,. C C 
r.;~;.j<JL.l;·" i'I ""'I.; ;., ::1. 
C I ',c 1 ~, " 0\ T l !j .. r, oJ i 
Cl.tvtL.~~V ~~tCr~lc 
CL~V~I.A~~ ~L.tc'~'C 
r.;JM~O~"'CAI.T" Eul~0N 
CO~MU~"~AI.T~ ~vlS0~ 
C~M~U~"fA~r~ EULaQ~ 
COMMa~"'t~l.r" Ewl~u~ 
'J"~U~~:AI"T~ tUl~aN 
COM~UN~fA~Tri E~l~a~ 
COM~O~wEAI.T~ E~l$a~ 
COM~UN"fA~TM EuL~Q~ 
COMMON~EA~T~ EJ!SO~ 
COMHUN"~ALTM ~Ul~U~ 
COMMON·£A~T~ E~l~U~ 
CuMMU~~~A~T~ Eul~O~ 
CCMMO~"~A~r~ fUl3Q~ 
NOMT"f-ST utl~lTlES 
CaN5U~~~.TtJ E~~~Q~ 
CQNSal.'UAr~~ E~!~J~ 
'ON3U"~~~ P~-E~ ~~ 
CJN~UM~"~ pa~e~ co 
CO~~u~~~~ ~U~i~ ~O 
CONS~M~~~ pa~~~ ~o 

UAl~V~~NO ~U~E~ ~ahP 
~ET~ulr ~~,~u~ ~O 
uUK~ pu~tR ~J~~ANY 
Ju~E PU~t~ ~J~~.~y 
~UKE PQ~tR CW~~A~Y 
JUKE PUw~~ CU~~A~y 
JUKE. PiJ .. t~ ~i.l:PANV 
~J~E ~U~~~ ~Q~~A~Y 
:J lj K E P IJ ., c: ~ C J , , .... \ !. Y 

UU~ut5~t ~lj'r ~~ 
U~~u~S~e Ll~~T ~: 
"I.Ut1~I)~ toI,j"':''1 ';";1'\" 

FL,iJi'l10 A '" 1\ f.U I. ~J 
I"I"Okl(JA ~ A!\IU I. r.; ,J 
FL,Ufd~A ~ '\/''411 ~ (';J 
"~OiUOA ~ ""U L. l.O 
(,ie:O~IIIA POlllti't 1,;0 
IiEoRGIA Puifl~~ Cw 
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TABLE B.l. (Continued) 

Reactor 
Code Reactor Name 

72 vOliTl.E-l 
73 vOGtL.~-a 
74 IJIV~Iof-@fN".~ 
7CJ r.I.I~rU"'-l 
at ,.; C CU'ljo(-i 
62 n C CUlJ!(-2 
a3 ~IJAlit. ArCNClI.~ 
65 "vsrEI1 C~f!-~ 
37 ,..,OL.F CRi:;El( 
Be qrtO~t:.:1.M 
'n lo/H~)o(~"'~U_~ 
94 ~AI~~ Y~Nk~t:. ATOMIC 
CJS T"k~E MI~~-l~I.ANU_l 
~6 ~~H~~ MI~~ ~aL.ANU_~ 
~7 r.R~NU GUI.';-l 
qa ~~A"U !2uL.F·~ 
'i~ rwO"'t:.rC " 

104 ~I~~ nII.E ~ULNT-l 
lOS NIN~ ~IL.E PuL~T-c 
lOb I4IL.L.STONE.l 
101 wIL.I.:ii'a~E.~ 
108 ",IL.l.stO~jE.j 
109 ",II.I.~rQNE_J dW" PL 
1 U 101 ON TICEL.L.n . 
113 DR.i~lE ISL.ANO.1 
114 o~AIRIE lsL.ANU-a 
118 ;OHT CAI.MnUN-l 
l1q ~UMSOCOT B~X 
lao nIA6L.U CANYUN·~ 
121 ~lAd~U CA~rU~·l 
122 ~uS~Ut~.N~A.l 
1a3 ~U3~~~HANNA.a 
1a4 pEACH ~OTToM.a 
la, oEACH BQTTUM-3 
laft j'IMe."lCI<-i 
1?7 ·,'I"'t:.RICr\-, 
1 a 8 T R U J A ,~ ~ 
133 FITZP"TRIC" 
134 ,NOLAN POtN!-J 
137 ",AR~L.i HILI.-l 
13& ~A~oL.E MILI.-c 
13'l qE"tHtUO~·l 
140 !ilEAd~1l01'(-~ 
143 ~AI.;i1·1 
144 ~AI.~"'·2 
1145 wLlfolE C~EEf(·J. 
151 qKAblt-l -
lSZ ~I(A~l!-a 
153 r.lf'I"l'\ 
155 Q4NC~U SEcU-1 
15ti IlU/'!(11:.i'( 

lSq ~~t; Uj'40F~E·l 

ltIO ~AN CI'IOFHF--C 
101 SAN ONOFRE-~ 
loa ~OUT~ TEXA~ ~~ANT_l 
103 ~OUT~ T~XA~ P~ANT.c 
104 RRCWNa ~EA"!·i 

Reactor 
Type 
Po'il( 

?"'~ 
~AR 

B;lPoi 

I',oj'" 
~., k 
\~ .... 
~"'H 
",~ f.i 
~ "' 0( 
p"i< 
p..,~ 

FI .. " 
P,>j~ 

H .. ,~ 
,~ .,( 

,j1 .. 

l-j .; 11 

~ .-I.e 
~;oj" 
pw,. 
p.,tt 
~wR 
a .. i( 
Q",~ 

p\oj~ 

pwit 
AW~ 
Q ... R 
P\lil~ 

Rw~ 

Bioi" 
!3wR 
Flw~ 

8'.,~ 
(pH. 
P"'~ 
,!Ool'i 

P J/ ioi 
pwro/ 
pHtoI 

I' .. ioi 
I'''~ 
?'<lR 
plo/R 
a 'j~ 
;:l .. ~ 

~ ... ~ 
p"k 
p~ • .e 
1:1 .~ 

1'''''' 
Pol/I-( 

F'W" 
Q"4ioj 

" .... foe 

RwR 

Ut i 1 ity Name 
(:;I!OI'i.alA P':]I'It:.", \..iJ 
liEGilf,iI" Fa~C:." cu 
Gu~F 5JiTESUTL.T5 Cu 
L\..L.INU1J PC~~~ CU 
l~J A~U ~l tLt~ ~u" 
Iii; ~:,:J ;'11 r;l.r;.~ ~J 

J.'J"" t ~ ~~u P i,;\oi 
Je"~EY ~t:.~T~A\.. PI. C~ 
~~~8A3 G A~U ~ ~J 

~C~G l~~AhG l.l~ArI~~ 
l.Juljl-NA p A1V l. L~ 

~AI~t '~N~t:.~ AT ~w" 
~e~E~~l. Puti~'C ~rILl 
~E~E~Al. ~Jc~LC YTI~l 

'lLS:;Ii;J\i.("'r'l t.l ... r.;t; ~ 

'1!8;,l,S;;H'PI P :h:'; l-
. ~ E: d :-r A ~ i'I ,\ ;# to ., p,..( ;;' oS 
"1 j; Po ~ " r. M W;1 A " I'i i-' \,; " i! !< 

~I~G~~ ~~~4·~ ~~~~ft 

NO~T"~ASr ~TL~'11~S 
~Q~T~EA~T ~ilLITI~S 
Na~THE~~T LtlL.4T'~8 
Na~r~~AST LtIL1TIES 
~J~TnE~~ STAT~~ "'~~ 
Na~TMf~N ST~T~3 ~~H 
~aRT~~~~ 5TAr~~ p,~ 

UM~"A ~ud~ P~H U!S 
~ACIFIC ~ A~U ~ ~a 
~.ClrIC G A~U ~ Co 
PACIFIC ~ ANO ~ LU 
~ENN~Y~VA~IA F ANO ~ 
PENNa'~VANI4 ~ AN~ ~ 
PHIL.AO~~P~LA ~L.~~ ~Q 
PHlI.AOa~pHlA EL.~~ Co 
"'HILAOI:.~~~IA EL~~ CO 
~~I~AO~~P~IA EL~~ ~0 
PO~TLA~~ ~~~ E~~~ CJ 
tJ'l~.AUrM.3"JATt. UfO I\Y 
~a~.Aut~.3TATi ~~ NY 
PUd 3~~YICE INUIANA 
PU~ ~~NV"~ 1~J1A~A 
tJsc uf ~t~ NA~~S~I~~ 

tJsc u~ N~rl "A~~~"I~e 
~U& ~E~v ~ ANU ~ CO 
~U~ ~t~y E A~u G cO 
PUtl Sf !'I II ii; "'JI1 l' CO 
~uGET ~uu~u ~ A~U ~ 
tJUGET ~~u~C P ANU ~ 
"1C~~6It~ G ~~~ e ~~ 
:.i'\C~"'l"l:.itTu "'1.;', WT oJ ~ 
.)oj C,., .. Wt..'" jU ~ Ji "tt., i,j 
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TABLE B .l. (Continued) 
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Card Type 

Card 
Column Description Format 

1-5 Reactor ID code. This is a unique code assigned 15 
to each reactor in the Spent Fuel Data Base 

6-25 Reactor Name 5A4 

28-30 Reactor Type (PWR or BWR) A3 

31-35 Power, MWe Net F5 

67-70 Startup Year 14 

Card Type 2 

Card 
Column 

1-5 

6-10 

16-20 

21-25 

26-30 

31-35 

36-40 

Description 

Reactor 10 number where this spent fuel will be 
stored. This number will usually be equal to the 
reactor number in card 1 except when water basins 
are shared. 

Pool inventory as of December 31, 1981 -
Number of assemblies 

Reactor core size - Number of assemblies 

Current pool capacity or initial pool capacity 
for planned reactors - Number of assemblies 

Licensed pool capacity - Number of assemblies 

Maximum pool capacity - Number of assemblies 

Pool capacity after first planned expansion -
Number of assemblies 

42-45 

46-50 
56-60 
66-70 

. Year of first planned pool expansion 

52-55 
62-65 
72-75 

76-80 

Pool capacity after second, third, and fourth 
planned expansion - Number of assemblies 

Year of second, third, and fourth planned pool 
expansions 

Number of discharge cards following 

8.5 

Format 

15 

15 

15 

15 

15 

15 

15 

14 

15 

14 

15 



Discharge Cards (one for each discharge) 

Card 
Column Description Format 

2-5 Discharge year 

9-10 Discharge month 

11-15 Number of assemblies discharged 

B.2 Data Set 2: Case Control Parameters 

l4 

I2 

I5 

This data set describes the case to be run. Included are facility times, 
receiving rates, and parameters that describe the transportation system. The 
first card in Data Set 2 is a case title card. The entire card can be used to 

describe the case. It is printed on the shipment summary report. 

The next group of card inputs defines a set of variables and arrays using 
the standard FORTRAN input scheme called "namelistll input. This scheme is 
described in any FORTRAN reference manual. A standard set of rules must be 
ob~erved in this input convention. The name-list set is called CONTRL. The 

first card must have $CONTRL in columns 2 through 8 and the last card must 
have $END in columns 2 through 5. The cards between those two cards define 
the following variables and arrays. In the variable definitions below, the 
first set of parentheses following array names defines the subscript and the 
second set of parentheses contains the maximum dimensions of the array. MYR 
is a FORTRAN parameter (used as a constant at program compilation time) for 
maximum number of years in the model and is presently set at 20. 

In the variable definitions given below, the subscripts have the 
following significance: 

IND - A general index for number of allowable items in the array 
YRIND - Year index, 1 through MYR. 
ISF - Index for interim storage facility (l for TEF, 2 for Federal 

storage facility) 
TYPE - Reactor type (l for PWR, 2 for BWR) 

INDF - Index for final destination 1-3 
MODE - Transit mode (1 for rai.l, 2 for truck) 
FROM Shipping origin index (1-5 for reactors in region 1-5, 

6 for TEF, 7 for Federal storage facility) 
TO - SHIPPING DESTINATION INDEX (l for TEF, 2 for Federal storage 

facility, 3-6 for final destination facility 1-3) 
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Variable Definitions 

LFIRST - First year of analysis. This must be consistent with the 
year of the spent fuel inventory defined in the Spent 
Fuel Discharge file (described in Table A.l), presently 
1981. 

LAST - Last year of analysis. If last is greater than LFIRST + 
MYR - 1, it is effectively set to that value. 

NFRP - Number of final destination facilities that will be 
receiving spent fuel shipments. 

LFYFIS - Index of the year the Federal interim storage site is 
available. LFYFIS = 4 if it starts in 1984 and LFIRST = 
1981. 

I RSH (I NO) (10) 
- The reactor codes for user-specified shipments. This array 

is used in conjunction with NASH. 
NASH (YRIND, IND, ISF) (MYR 10, 2) 

- Number of assemblies shipped per user specification. 
The value specified in array IRSH is the reactor code. 

NASREC (YRIND, TYPE, INDF) (MYR, 2, 3) 
- Receiving rate (assemblies) at the final destination facilities. 

FREM (YRIND, ISF) (MYR, 2) 
- Fraction of total receipts at an interim storage site to 

be removed and shipped to the final destination. 
DIST (FROM, TO) (7, 6) 

- Distance between facilities, one way miles 
RFR - Fraction shipped by rail for reactors with the rail option. 
SPEED (FROM, TO, MODE) (7, 6, 2) 

- Average transit velocity varies with distance traveled, miles/day 
TT (MODE) (2) 

- Average time for loading plus unloading a shipping cask, days 
DEM (MODE) (2) 

- Demurrage cost, the cost charged by a carrier while the 
shipment is not in transit (TT), $/day 

SECCSM (MODE) (2) 
- Security cost, Slone-way miles 

SECCSD (MODE) (2) 
- Security cost, $/day 

SHCOST (FROM, TO, MODE) (7,6, 2) 
- Freight charge, $/shipment 

NAPS (TYPE, MODE) (2, 2) 
- Number of assemblies per shipment 

HAND (MODE) (2) 
- Handling change $/shipment 

B.7 



B.3 Data Set 3: Region Specifications 

This data set is a set of card images that assigns reactors to regions 
and also indicates which reactors do not have rail sidings. Its format is: 

Card 
Column Description 

1-5 Reactor code as shown in Table B.l 

6-10 Geographic region 1-5 

11-15 No rail indicator (0 means the reactor has provisions 
for rail service, 1 for no rail service) 

Format 

15 

15 

15 

The last card is an end card and should have a reactor code larger than 260, 
such as 999. 
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APPENDIX C 

FREIGHT CHARGE RATES FOR TRUCK AND RAIL SPENT FUEL SHIPMENTS 

This appendix contain the freight (shipping) charge rates for truck and 
rail spent fuel shipments. These charges are assessed by commercial carrier 

companies to deliver the spent fuel shipping systems and cargo to the terminal 
facilities. It should be noted that these charges are negotiable due to the 
current deregulation of the truck and rail carrier industries and are not 

necessarily the lowest charges applicable to a specific shipment. However, the 
freight charges contained in this appendix are considered representative of the 

current charges for shipping spent fuel. 

C.1 TRUCK FREIGHT CHARGE RATES 

It was indicated in Section 5.1 that the truck freight charges used in this 

study are from a single carrier company that services the 48 contiguous states 

and has the capability to comply with NRC safeguards and security regulations. 
The freight charge rates published by this carrier company are shown in Table 

C.1 (Tri-State Motor Transit Co. 1981). Note that these charges are assessed 
per 100 lbs. (45.45 kg) of the commodity being transported, either an empty or 
loaded shipping system. The commodity weights used to calculate shipping 
charges are the combined weights of everything that must be placed on the 

flatbed trailer. This includes the weight of the shipping cask, spent fuel (if 
a loaded shipment), tie-downs, personnel barrier, and other ancillary 
equipment, but excludes the weight of the tractor and trailer. The empty and 
loaded shipping weights were previously discussed in Section E.6. The 
resulting truck freight charges were shown in Table 5.3 and will not be 
repeated here. 

C.2 RAIL FREIGHT CHARGE RATES 

Rail freight charges are much more complicated than truck freight charges. 

As indicated, the rail shipping charges used in this study are for rail general 

freight service. The information contained in this appendix is extracted from 
a recent report (Cole et ale 1982) that primarily used the DOE/Hanford Traffic 
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TABLE C.l Truck Freight Rates for Spent Fuel(a) 

RATES IN DOLLARS PER 100 POUNDS(b) 

Mil es- Miles-
~ot Over Full Empty Not Over Full Empty 

100 1. 52 .98 950 4,68 3.71 
110 1.60 .98 975 4.76 3.81 
120 1.61 1.03 1000 4.84 3.89 
130 1.65 1.06 1025 4.93 4.01 
140 1.71 1.08 1050 5.JO 4.10 

150 1.77 1.10 1075 5,2.0 4.17 
160 1.84 1.11 1100 5 .. 35 I 4.27 
170 1.90 1.14 1125 5..46 

I 4.42 
180 2.02 1.17 1150 5 .. 5.6 4.48 
190 2.07 1. 21 1175 5.]2- I 4.56 

200 2.16 1. 24 1200 5.80 I 4.68 
225 2.23 1. 31 1225 5.94 4.76 
250 2.35 1. 39 1250 6.07 4.87 
275 2.42 1.40 1275 6.19 4.96 
300 2.49 1. 45 1300 6.31 5.08 

325 2.59 1. 56 1325 6.41 5.15 
350 2.68 1. 60 1350 , 6.57 5.25 
375 2.73 1.61 1375 6.66 5.36 
400 2.83 1.65 1400 6.79 5.45 
425 2.94 1.77 1425 6.91 5.54 

450 3.02 1.82 1450 7.01 5.63 
475 3.09 1.90 1475 7.17 5.75 
500 3.19 1.97 1500 7.27 5.82 
525 3.24 2.12 1525 7.38 5.95 
550 3.32 2.20 1550 7.53 6.05 

575 3.44 2.29 1575 7.63 6.12 
600 3.51 2.39 1600 7.77 6.21 
625 3.60 2.50 1625 7.90 6.33 
650 3.67 2.62 1650 7.98 6.41 
675 3.76 2.66 1675 8.13 6.52 

700 3.84 2.72 1700 8.24 6.61 
725 3.93 2.89 1725 8.35 6.79 
750 4.01 2.98 1750 8.49 6.87 
775 4.08 2.03 1775 8.59 6.98 
800 4.16 3.11 1800 8.73 7.11 

825 4.26 3.22 1825 8.84 7.17 
850 4.31 3.30 1850 8.96 7.25 
875 4.44 2.39 1875 9.08 I 7.37 
900 4.49 3.50 1900 9.23 I 7.50 i 925 4.57 3.63 1925 9.34 I 7.57 

(a) Updated April 22, 1982 
(b) Source: Tri-State Motor Transit Co., Docket MC-109397. 

Item No. 2000, First Revision. 
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TABLE C.l (continued) 

RATES IN DOLLARS PER 100 POUNDS 

Miles- Mil es-
Not Over Full Empty Not Over Full Empty 

1950 9.43 7.64 3200 15.53 12.55 
1975 9.60 7.76 3250 15.77 12.78 
2000 9.68 7.84 3300 16.02 12.92 
2025 9.83 7.93 3350 16.22 13.14 
2050 9.94 8.05 3400 16.49 13.35 

2075 10.07 8.16 3450 16.74 13.53 
2100 10.19 8.24 3500 16.98 13.72 
2125 10.30 I 8.32 3550 17.20 13.91 
2150 10.40 8.44 3600 17.45 14.12 
2175 10.56 8.53 3650 17.69 14.33 

2200 10.67 8.65 3700 17.95 14.48 
2250 10.92 8.82 3750 18.18 14.74 
2300 11.16 9.04 3800 18.42 14.92 
2350 11.40 9.23 3850 18.64 15.11 
2400 11. 65 9.42 3900 18.92 15.29 

2450 11. 91 9.62 3050 19.16 15.50 
2500 12.10 9.83 4000 19.41 15.69 
2550 12.35 10.00 4050 19.63 15.92 
2600 I 12.60 10.21 4100 19.87 16.09 
2650 12.85 10.39 4150 20.10 16.29 

2700 13.09 10.61 4200 20.38 16.48 
2750 13.34 10.77 4250 20.61 16.65 
2800 13.57 11.00 4300 20.84 16.87 
2850 13.83 11.18 
2900 14.05 11.39 

2950 14.32 11.53 
3000 14.52 11.78 
3050 14.79 11.96 
3100 15.03 12.12 
3150 15.27 12.32 
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Manager's office as the source of information. The Traffic·Managers used 

appropriate railroad tariffs except that recently established northeastern 

U.S. single car rates could reduce charges on shipments to, from, or within 

that region. Inter-regional rates were used for uni~ormity in the recent 

report. 

It was disclosed in Section 5.1 that rail freight rates are often not 

uniform with the distance traveled and can be affected by such factors as 
competition between rail lines, topography, and state and local regulations. 

The methodology used by Cole et al. (1982) to determine consistent rail freight 

rates is as follows. First, several origin-destination combinations (shipping 

and receiving facilities) were defined. Then the freight charges assessed for 
transporting spent fuel between each origin and destination were determined by 

the DOE/Hanford Traffic Managers from appropriate tariffs except for the 

Northeastern region as previously discussed. These freight charges were then 

plotted on a freight rate (dollars per 100 lbs) vs. one-way shipping distance 

coordinate system. Since the charges for empty and loaded shipments are not 

the same, curves are obtained for both. Equations for the rail general freight 

costs were determined from these data as a function of the distance traveled 

and the commodity weight. The freight charge rate is only a function of 

distance and the equations developed by Cole et al. (1982) as shown below 

determine these rates. 

Rail general 
freight rate 0.1535 *(Oistance)0.5860 

(loaded) 

Rail general 
freight rate = 0.1405 *(Oistance)0.5895 

(empty) 

These equations represent a national average of the charge rates obtained by 

Cole et ale (1982). The resulting freight rates for the assumed one-way 
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shipping distances used in this study are shown in Table C.2. The freight 

costs calculated using the data in this table and the empty and loaded 

shipment commodity weights were previously shown in Section 5.6 and will not be 

repeated here. 

TABLE C.2 Rail General Freight Rates for 
Spent Fuel Shipments(a) 

Freight Rate {$1l00 lbs} 

One-Way Shipping 
Distance, km (mi.) Loaded Empty 

800 (500) 5.86 5.48 

1200 (750) 7.43 6.96 

1600 ( 1000) 8.79 8.24 

2400 (1500) 11.15 10.47 

3200 (2000) 13.20 12.41 

4000 ( 2500) 15.04 14.15 

(a) Rates were calculated from data obtained by Cole et al. (1982). 
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