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ABSTRACT

This' report contains cost information on the U.S. Department of Energy (DOE) Complex
waste streams that will be addressed by DOE in the programmatic environmental impact statement
(PEIS) project. It describes the results of the task commissioned by DOE to develop cost
information for transportation of radioactive and hazardous waste. It contains transportation costs
for most types of DOE waste streams: low-level waste (LLW), mixed low-level waste (MLLW), alpha
LLW and alpha MLLW, greater-than-Class C (GTCC) LLW and DOE equivalent waste, transuranic
(TRU) waste, spent nuclear fuel (SNF), and hazardous waste. Unit rates for transportation of
contact-handled (<200 mrem/hr contact dose) and remote-handled (>200 mrem/hr contact dose)
radioactive waste are estimated.

Land transportation of radioactive and hazardous waste is subject to regulations promulgated
by DOE, the U.S. Department of Transportation (DOT), the U.S. Nuclear Regulatory Commission
(NRC), and state and local agencies. The cost estimates in this report assume compliance with
applicable regulations.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completzness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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Waste Management Facilities Cost
Information for Transportation
of Radioactive and Hazardous Materials

1. INTRODUCTION

1.1 Background

The Waste Management Facilities Cost Information (WMFCI) report series contains cost
information on the U.S. Department of I2nergy (DOE) Complex waste streams that will be addressed
by DOE in the Programmatic Environmental Impact Statement (PEIS) project. To date, four reports
(EGG-WTD-10443, EGG-WM-10670, EGG-WM-10962, and EGG-WM-10701), covering planning
life-cycle cost (PLCC) estimates for treatment, storage, and disposal (TSD) facilities, have been
issued. This report describes the results of a closely related task commissioned by DOE: development
of cost information for transportation of radioactive and hazardous waste.

This report contains transportation costs for most types of DOE waste streams: low-level waste
(LLW), mixed low-level waste (MLLW), alpha LLW and alpha MLLLW, greater-than-Class C (GTCC)
LLW and DOE equivalent waste, transuranic waste (TRU), spent nuclear fuel (SNF), and hazardous
waste. Unit rates for transportation of contact-handled (<200 mrem/hr contact dose) and remote-
handled (>200 mrem/hr contact dose) radioactive waste have been estimated previously, and a
summary has been included in earlier WMFCI reports. In order to have a single source for obtaining
transportation cost for all radioactive waste, the transportation costs for the contact- and remote-
handled wastes are repeated in this report.

Land transportation of radioactive and hazardous waste is subject to regulations promulgated
by DOE, the U.S. Department of Transportatlon (DOT), the U.S. Nuclear Regulatory Commission
(NRC), and state and local agencies. The cost estimates in this report assume compliance with
applicable regulations. It should be noted that the trend is toward greater restrictions on
transportation of radioactive waste (e.g., truck or rail car speed, shipping route, security escort, and
personnel training requirements), which may have a significant impact on future costs.

1.2 Transportation Cost Estimating Methods

This report presents transportation unit rates in a cost-per-loaded-mile (CPLM) format. This
allows the reader to determine shipping costs. The primary transportation mode is by truck, although
rail has been considered where practical. The transportation cost is divided into two components:
variable cost and fixed cost.

e CPLM unit rate is a variable cost dependent on the distance travelled. It has two
subcomponents: carrier cost and hardware cost.

- Carrier cost covers the variable costs associated with the cargo carrier. The carrier
is the entity that takes title to the waste from the shipper during transportation, i.e.,




the trucking company or railroad company. The carrier costs include tractor, fuel,
labor (drivers), insurance, security escort, taxes, tools, permit fees, and related costs
incurred while the waste or SNF is in transport.

- Hardware covers the variable costs associated with procuring and maintaining the
special hardware used during the transportation of waste or SNF. Special hardware
consists mainly of trailers and railroad cars equipped with special tight-sealing
enclosures or shielded casks.

Fixed costs generally consist of demurrage costs of the carrier and the hardware used in
the shipment, which are independent of the distance travelled. Fixed costs are incurred
during loading and unloading operations.

The cost of labor during the loading and unloading operation (e.g., crane operators and health
physics technicians) is part of the facility operating and maintenance costs rather than transportation

costs.

1.3 Limitations

Appendix A must be consulted regarding limitations and qualifications that apply to developing
transportation costs. To apply data from this report, the reader must consider the following:

L

The CPLM rates given in this report do not include costs of labor or materials needed to
load and unload waste and SNF into the casks or onto shipping trailers. These costs are
included in the facility operating and maintenance costs.

Only the estimate for SNF includes the cost of security escorts. This cost is estimated to

be 20% of variable carrier cost for truck shipments, and 30% of cask rental rates during
loaded portions of the move.

It is assumed that all shipments will follow routes approved by the NRC.
Rail costs are based on tariff rates and do not include special dedicated train charges.

An internal basket has not been designed for the SNF canisters DOE intends to ship by
rail.

No criticality calculations have been performed for the SNF canister and cask
recommendations. Conservative assumptions have been made regarding capacities.

No attempt was made to estimate less than full truckload shipments.




1.4 Mileage Charts

Tables 1 and 2 show distances between DOE sites by truck and by rail. These distances assume
bypassing tunnels and major cities (using beltways when available) and travelling on major highways.

1.5 Report Organization

Section 1 presents the background data and scope of this report. Sections 2 through 5 present
the cost summaries for LLW, MLLW, alpha LLW, alpha MLLW, GTCC LLW; transuranic waste;
SNF; and hazardous waste, respectively. Section 6 contains references. Appendix A lists the
methods, bases, and assumptions used curing the cost-estimating process. Appendices B-F contain
data used in the preparation of LLW, TRU, SNF truck, and SNF rail estimates, respectively.
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2. LLW, MLLW, ALPHA LLW, ALPHA MLLW, AND
GTCC/DOE EQUIVALENT WASTE

Transportation of LLW, MLLW, alpha LLW, and alpha MLLW can involve either contact-
handled or remote-handled shipments. However, a large portion of the GTCC/DOE equivalent waste
will involve only remote-handled shipments. A summary of costs associated with shipment of waste
by truck is presented below.

2.1 Contact-Handled Waste

2.1.1 Truck Shipment

Transportation costs for contact-handled LLW, MLLW, and alpha LLW and alpha MLLW are
estimated based on the assumption that unshielded 48-ft-long truck trailers containing eighty-eight
500-Ib drums are used, yielding a total of 44,000 Ib per shipment. The total transportation costs can
be calculated using the following steps:

a. If the average weight of the drums is 500 Ib or more, divide the total weight of waste (in
Ib) by 44,000 Ib/shipment to obtain the number of shipments. If the average weight of the
drums is less than 500 Ib, divide the total volume of waste by 640 ft> (88 drums at
7.3 ft3/drum) to obtain the number of shipments.

b.  Multiply the CPLM unit rates listed below by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

¢  Less than 30 miles: $5.94/mile
. 30-200 miles: $4.98/mile
. More than 200 miles: $4.00/mile.

¢.  Multiply the number of shipments (from step a above) by $880 per shipment to obtain the
fixed transportation costs.

d. Add the CPLM cost (from step b above) to the fixed cost (from step ¢ above) to obtain
the total transportation cost.

2.1.2 Rail Shipment

Transportation costs by rail for contact-handled LLW and MLLW are estimated based on the
assumption that waste in drums or steel boxes would be moved in 40-ft-long intermodal (sealand)
containers. These containers can be moved by truck or on rail flatcars. Each container would hold
seventy-six 500-Ib drums, yielding a total weight of 38,000 Ib, or would hold eleven 3,945-1b boxes,
yielding a total weight of about 44,000 1b. The total transportation costs can be calculated using the
following steps:

a. Divide the total weight of waste (in 1b) by 38,000 Ib (for drums) or 44,000 Ib (for boxes)
to obtain the number of container loads.
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b.  Multiply the CPLM unit rates listed below by the one-way distance (in miles) and by the
number of container loads (from step a above) to obtain the CPLM.

e 500 to 1,000 miles: $2.32 /mile.
e 1,000 to 2,000 miles: $1.91 /mile
e  More than 2,000 miles: $1.60 /mile

¢.  Multiply the number of container loads (from step a above) by $750 per container load
to obtain the fixed transportation costs.

d. Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain the
total transportation cost.

The cost estimate was prepared on a per-container basis; the number of containers per flat car
will vary by railroad carrier. One can assume three containers per flat car, with an average capacity
of 20 tons per container.

2.2 Remote-Handled Waste

Transportation costs by truck® for remote-handled LLW, MLLW, alpha LLW, and alpha
MLLW, and GTCC/DOE equivalent waste are estimated based on a payload of 13,400 1b per
shipment. Typically fourteen 55-gallon drums are loaded per shipment. The total transportation cost
for a given scenario can be developed zccording to the following steps:

a. Divide the total weight of waste by 13,400 Ib to obtain the number of shipments.

b. Multiply the CPLM unit rates listed below by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

e  Less than 30 miles: $11.70/mile
. 30-200 miles: $7.85/mile
e  More than 200 miles: $4.90/mile.

c.  Muitiply the number of shipments (from step b above) by $2,480 per shipment to obtain
the fixed transportation costs.

d. Add the CPLM costs (from step b above) to the fixed cost (froin step C above) to obtain
the total transportation cost.

a. The volume of remote-handled waste of this type is very small and does not warrant an estimate
of rail costs in addition to truck costs. Also, the standard remote-handled containers are not designed
for rail shipment.




2.3 Guidelines for Liquid Waste Shipments by Truck or Rail

Packaging specifications for radioactive waste shipments are found in the newly revised 49 CFR
173.401 (Subpart I). Liquid shipments of contact-handled LLW, MLLW, alpha LL W, alpha MLLW,
and GTCC waste normally can be shipped in Type A containers. These shipments have to be
evaluated by formulas given in 49 CFR 173.433 to determine whether the source material activity is
lower than the limits given in 49 CFR 173.435 (see A, and A, values). Generally, shipments of liquid
LLW and MLLW will qualify as low-specific-activity shipments. Thus, these shipments can be
packaged in Type A containers. For shipments with A values (Curies) in excess of the limits given
in 49 CFR 173.435, the shipper must use Type B containers.

Shippers of liquids in Type A containers can use the CPLM rates given in Section 2.1 for
contact-handled waste with the following changes to Section 2.1. Liquid shipments differ from solid
shipments because of the need to provide secondary containment of spills that might occur in transit
(shippers must provide a 2:1 ratio of containment volume to liquid volume). The level of activity will
define the packaging combinations. Some very low-specific-activity shipments may not require
secondary containment; however, secondary containment is highly recommended for all shipments.
The cost information for liquid shipments assumes eighty-eight drums per truckload, but the liquid
component will only be 50% of the shipment volume. The total quantity of liquid per shipment is
estimated to be 2,600 gal. The shipper should divide the total quantity of liquid to be shipped by
2,600 gal to determine the number of shipments. A common method used for packaging liquids is
to place the liquid waste in a 30-gal closed-top drum and place this drum in a 55-gal open-head drum.
Absorbent is placed between the two containers.

Shippers of liquids in Type B containers can use the CPLM rates given in Section 2.2 for
remote-handled waste. The number of shipments can be determined by dividing the quantity of liquid
to ship by 3,300 lb. Fourteen drums with 30 gal per drum equals 420 gallons, times 8 Ib/gal equals
approximately 3,300 1b per shipment.

2.4 Guidelines for Lab Pack Shipments

Laboratory chemicals, or sample vials, may be packaged in drums as "lab packs." This type of
shipment typically contain small quantities of liquids. To provide secondary containment, the shipper
places absorbent in the bottom of the drum and adds the vials in a layer, repeating this procedure
until the drum is full. Costs for this type of shipment can be estimated using the procedure given in
Section 2.1 with one exception. Assume lab packs weigh 50% less than solid waste drums. Up to
ninety-six drums of lab packs can be shipped per truckload, which equals 24,000 Ib per shipment.
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3. TRANSURANIC WASTE

This section presents cost for shipment of transuranic waste by truck and rail. The
TRUPACT-II containers represent the standard packaging for contact-handled waste shipped by truck
or rail. The TRUPACT-II is designed for use in DOE’s Waste Isolation Pilot Plant (WIPP) in New
Mexico. Remote-handled TRU waste can be shipped in a variety of Type B configurations. The
specific act1v1ty of the waste must be known by the shipper in order to select the appropriate
packagmg Costs for contact-handled and remote-handled shipments are presented below.

3.1 Truck Shipment of Contact-Handled Waste

Transportation costs for contact-handled TRU waste are based on using TRUPACT-II
overpacks. Each overpack handles fourteen 55-gal drums with a total maximum payload per
container of 7,265 Ib. Three TRUPACT-II overpacks may be shipped per truckload. The total
transportation cost can be calculated by the following steps:

a. Divide the total weight of waste by 7,200 Ib to obtain the number of overpacks needed.
Divide this number by 3 to obtain the number of truck shipments.

b.  Muiltiply the below listed CPLM unit rates by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

¢  Less than 200 miles: $19.65/mile
¢ 200 to 1,000 miles: $10.87/mile
« 1,000 to 2,500 miles: $9.31/mile.
c.  The fixed costs are obtained by multiplying the number of truck shipments by $4,630.

d. Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain the
total transportation cost.

3.2 Truck Shipment of Remote-Handled TRU Waste

Remote-handled TRU waste may come in different forms. The different waste forms will
require various combinations of inner and outer packaging. Two cost estimates are provided below.
The shipper is advised to use the first estimate for materials suitable for packaging in drums or boxes
and then placed in Type B casks. The second estimate is for high-level waste produced from a
vitrification process.

b. In practice, TRUPACT II loadings may be driven by criticality and thermal considerations at some sites.
For instance, some planned TRU shipments from the Rocky Flats Plant are limited to half the container
capacity due to these considerations. Shippers should use their knowledge of the waste characteristics to refine
the shipping capacity estimate.
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Chem-Nuclear and NuPac have an overweight truck cask (Type B) that has been used for truck
shipments of remote-handled TRU waste. The overweight truck cask has a net payload capacity of
10,000 Ib. Total transportation cost can be calculated by the following steps:

a. Divide the weight of waste by 10,000 1b to obtain the number of truck shipments.

b.  Multiply the CPLM unit rates listed below by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

¢ Less than 200 miles: $19.65/mile

e 200 to 1,000 miles: $10.87/mile

. 1,000 to 2,500 miles: $9.31/mile

Fixed costs are obtained by multiplying the number of truck shipments by $4,630.

Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain the
total transportation cost.

A waste stream similar to RH-TRU is high level waste (HLW) generated from defense
operations. HLW has risk characteristics similar to RH-TRU. DOE has provided a cost estimate
for shipping HLW by truck to Yucca Mountain for disposal. The CPLM is given as $13.70 for HLW,
which includes variable and fixed cost components. This information is provided to shippers for
comparison purposes. More information about HLW is provided in Appendix F.

3.3 Rail Shipment of Contact-Handled TRU Waste

The user can assume that six TRUPACT-II overpacks, which are designed for the Waste
Isolation Pilot Plant (WIPP), can be loaded on a railroad flatcar. If drums are shipped, assume each
drum weighs 500 Ib and 14 are placed in each TRUPACT-II overpack, for a total weight of 7,000 1b
per overpack. Therefore, the total weight per rail car for drums is 42,000 Ib. If the waste is packaged
in bins rather than drums, assume each bin weighs 4,000 1b and two bins are placed in each overpack,
yielding a total weight per rail car of 48,000 Ib. The total transportation costs can be calculated using
the following steps:

a. Divide the total mass of waste to be shipped by 7,200 Ib to obtain the number of
TRUPACT:S needed. Divide this number by 6 to obtain the number of rail cars needed.
The cost presented below assumes one rail car per shipment.

Multiply the CPLM unit rates listed below by the one-way distance (in miles) and by the
number of container loads (from step a above) to obtain the CPLM.

. 200 to 500 miles: $42.05/mile
. 500 to 1,000 miles: $33.95/mile

1,000 to 2,500 miles: $24.04/mile




c.  Multiply the number of rail car shipments (from step A above) by $9,260 per shipment to
obtain the fixed transportation costs.

d. Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain the
total transportation cost.

3.4 Rail Shipments of Remote-Handled TRU Waste

Remote-handled TRU waste can be shipped by rail. Only a few shipping containers exist for
this application. The DOE has commissioned designs of equipment, such as the NuPac 72B cask,
which is suitable for truck or rail shipment; however, this cask has not yet been constructed. The
only known shipment of remote-handlecd TRU waste by rail was from the damaged reactor at Three
Mile Island to the INEL. Details on the cost of this shipping campaign are provided in
Appendix A-1.2.
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4. SPENT NUCLEAR FUEL

The cost-estimating procedure for SNF is presented below.

4.1 Truck Shipment of SNF

Transportation cost data for truck shipment of SNF casks are based on quotations from private-
sector firms. These casks are generally used for shipment of SNF from nuclear power plants.

4.1.1 Method for Estimating Truck Shipment Costs
The total transportation cost for a given scenario can be calculated as follows:
a. Determine the number of canisters needed to package the SNF assemblies or elements
(see Table 3). For trucks, the number of canisters is the same as the number of

shipments.

Multiply the CPLM unit rates listed below by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

. Below 200 miles: $47.82/mile

200 to 1,000 miles: $16.70/mile

¢ 1,000 to 2,500 miles: $14.37/mile.

Multiply the number of shipments (from step a above) by $8,110 per shipment to obtain
transportation fixed costs.

Add the CPLM cost (from step b above) to the fixed cost (from step ¢ above) to obtain
the total transportation cost.

4.1.2 Guidance for Determining Number of Truck Shipments

The number of assemblies that can be housed in each cask is known for common fuels such as
boiling and pressurized water reactor fuel. However, determining the number of assemblies per cask
for nonstandard fuel is a relatively complex process and detailed evaluations will be required.© To
facilitate the planning life-cycle cost (PLCC) estimating process, guidance based on several simplifying
assumptions is presented below.

¢. For odd-shaped fuels (e.g., the special SNF at INEL and the N-reactor fuel at Hanford Site), detailed
geometry, physical, and radiological characteristics must be known. Before actual SNF shipments begin, a
detailed evaluation will be required to ensure that the shipment of the fuel meets the limitation of the
NRC license for the cask. Based on this evaluation, special canisters or baskets may have to be provided
to secure the fuel in the cask cavity and to facilitate criticality safety during normal and accident
conditions.




Table 3. Capacity of various cask and canister combinations for transport of N-reactor, high-enriched
uranium, and low-enriched uranium fuel by truck.

Net Canister Cavity Cans  Assem. Total
Ppayload Fuel size dimension per per assem.
Cask (Ib) category (in./1b%) (in.) cask  canister per cask
FSv-1 3,700 FSv 18 x 187/3,225 18 x 192 1 6 6
N-reactor 10 x 187/1,750 18 x 192 1 42 42
NACLTW 2,000 HEU Basket 13.4 x 180.9 1 1 1
LEU Basket 13.4 x 1809 1 12 1-2
N-reactor 8 x 120/900 13.4 x 180.9 1 40 40
BMI-1 1,200 Research 14.75 x 51.5/870  15.5 x 54 1 12 1-2
fuel
GA-4/9 5,000 PWR Basket 18 x 187 est. 1 4 4
BWR Basket 18 x 187 est. 1 9 9

a. Empty weight of canister shell, assuming canisters are 1-in. thick.

4.1.2.1 High-Enriched Uranium (HEU) SNF.

Four factors must be determined to develop the number of truck shipments. Guidelines for
developing these factors are discussed below.

Canister size. Table 3 contains a listing of the canisters that are currently in use or proposed
for canning SNF. If limited data are available on the fuel geometry and criticality specifications, a
canister with a diameter ranging in size from 8 to 12 in. may be assumed for HEU fuel. Long HEU
assemblies will not fit into the 120-in.-long canister originally proposed in the EGG-WM-10670
report. It is simpler to use a longer canister than to cut these assemblies for transportation purposes.
Longer canisters may readily be used because the maximum available cavity length in a truck cask is
192 in.

Number of canisters per cask. In most cases, the shipment will be limited to one canister per
cask. However, several types of HEU fuel already exist in short canisters (i.e., less than 5 ft long).
These may be loaded end-to-end withia the cask cavity.

Number of fuel elements or asscmblies per canister. Three limiting factors determine the
number of fuel elements or assemblies that can be placed in a canister: the heat generation rate of
the total fuel in the shipment must not exceed the specified heat removal capacity of the cask; the
weight must not exceed the cask payload capacity; and the total U,;5 content in each canister must
not exceed 40 kg.

Shielding. The cask must provide adequate radiation protection as measured on the outer
surface of the cask. Maximum dose rate at the package surface should be below the 200 mrem/hr
regulatory limit, and the maximum dose rate at 2 m (6 ft) from the package should not exceed the
limit of 10 mrem/hr.
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4.1.2.2 Low Enriched Uranium SNF.

The number of truck cask shipments for low enriched uranium (LEU) fuel can be determined
in the same manner as the HEU, except that canisters are not restricted to the 40 kg of Uy,
limitation.

4.1.2.3 Other Special Cases.
The recommended shipping methodology for special cases is stated below.

TRIGA SNF. TRIGA can be shipped in a BMI-1 cask, which has a basket specifically designed
for TRIGA fuel. DOE currently owns this cask and lends it to universities to ship research fuels.
It has a flexible design that includes eight licensed basket and canister combinations. TRIGA fuel
is rod shaped; typically 1.5 in. in diameter by 21 in. long. Some of the TRIGA fuel currently in
storage may be in long canisters with multiple rods per canister. TRIGA fuel has three basic levels
of enrichment: 19.8% (the majority of the fuel), 70%, and 93%.

N-reactor SNF. Rod-shaped N-reactor fuel is about 2.5 in. in diameter by 21 in. long. The
average weight of each element is 40 Ib. To develop an estimate of truck shipment costs, assume
transport by a 10 x 180-in. canister containing 42 elements.

Fort St. Vrain SNF. One-third of this high-temperature graphite reactor fuel has been shipped
from Colorado to the INEL. These shipments were made using the FSV-1 truck cask manufactured
by General Atomics. There are typically six assemblies per canister, and one canister per cask in each
shipment. The canisters used for these shipments are too long to ship by rail.

4.2 Rail Shipment of SNF

Table 4 summarizes the casks that are either currently licensed or being considered for rail
shipment of SNF. Two of the rail casks, the Navy’s M-140 and Pacific Nuclear’s IF-300, have been
licensed and are currently in use. Two other rail casks have not yet been licensed: Babcock & Wilcox
BR-100 and the multi-purpose canister (MPC) proposed by DOE’s Office of Civilian Radioactive
Waste Management for use at the monitored retrievable storage facility. General information and
1993 cost data for the M-140 cask is presented in Appendix E. Cost data for rail casks may be
obtained from publicly available literature (TRW 1993a and 1993b) or estimated from this study.

4.2.1 Method for Estimating Rail Shipment Costs

To determine the cost of an SNF rail shipment, first determine the type of cask to be employed.
The IF-300 is suited for facilities with 70-ton lift capacities, and the M-140 is suited for facilities with
100-ton lift capacities. The total transportation costs for a given scenario then can be calculated as
follows:

a. Determine the number of canisters needed to package the SNF assemblies or elements.
Determine how many canisters can be loaded in the appropriate cask to arrive at the
number of shipments. Refer to Table 4 to determine number of assemblies per shipment.




Table 4. Capacity of various cask and canister combinations for transport of N-reactor, LEU, and

HEU fuel by rail.
Net Canister Cavity Assem. Total
Rail payload Fuel size dimension Cans per assem.
cask (iv) category (in./1b?) (in.) per cask  canister  per cask
IF-300 10,000 N-reactor 8 x 120/900 37.5 x 180 4 40 160
N-reactor 26 x 126/3,300  37.5 x 180 1 200 200
PWR Basket 37.5 x 169 Basket 7 7
BWR Basket 37.5 x 180 Basket 18 18
M-140 32,000 N-reactor 26 x 126/3,300 70 x 140 4 195 780
HEU 8 x 120/900 70 x 140 13 1-2 13
LEU 8 x 120/900 70 x 140 25 1-2 25
MPC 32,000 N-reactor 21 x 187/3,800 57 x 187 est. 4 195 780
PWR Basket 57 x 187 est. Basket 21 21
BWR Basket 57 x 187 est. Basket 40 40
BR-100 33,000 PWR Basket 48 x 187 est. Basket 21 21
BWR Basket Basket 52 52
N-reactor 21 x 187/3,800 , 4 150 600

a. Empty weight of canister shell, assuming canisters are 1-in. thick.

b. Multiply the CPLM unit rates for the cask listed below by the one-way distance (in miles)
and the number of shipments (from step a above) to obtain the CPLM cost. Choose the
nearest rate for the intended destination that exceeds the actual distance required for the

shipment.
IF-300 M-140
. Less than 200 miles: $182/mile $205/mile
. 200 to 1,000 miles: $108/mile $127/mile
. 1,000 t§ 2,500 miles: $ 87/mile $103/mile

c. Multiply the number of shipments (from step a above) by $18,000 per shipment to
obtain transportation fixed costs.

d. Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain
the total transportation cost.
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4.2.2 Guidance for Determining Number of Rail Shipments

Determining the number of assemblies per cask will require detailed evaluations as discussed
in Section 4.1.2. To facilitate developing PLCC estimates, guidance based on several simplifying
assumptions is presented below.

4.2.2.1 High Enriched Uranium SNF.
Four factors must be determined to develop the number of rail shipments:

Canister size. If limited data are available on the fuel geometry and criticality specifications,
an 8-in.-diameter canister is recommended for HEU fuel (see Table 4).

Number of canisters per cask. If detailed information on the cask basket is not available, the
assumed geometry for the basket should be based on maintaining a minimum 8-in. separation distance
between the outer surface of any two adjoining canisters. As an example, the basket for the M-140
cask would have twenty-five 13-in.-square cavities with a 1-in. separation between each cavity. In this
configuration, 13 of the cavities could be used for HEU and still maintain an 8-in. separation between
individual canisters.

Number of fuel elements per canister. Three limiting factors determine the number of fuel
elements or assemblies that can be placed in a canister: the heat generation rate of the total fuel in
the shipment must not exceed the specified heat removal capacity of the cask, the weight must not
exceed the cask payload capacity (shown in Table 4), and the total U,;5 content per canister should
not exceed 40 kg.

Shielding. The cask must provide adequate radiation protection as measured at the outer
surface of the cask. Maximum dose rate at the package surface should be below the 200 mrem/hr
regulatory limit, and the maximum does rate 2 m (6 ft) from the package should not exceed the limit
- of 10 mrem/hr. '

4.2.2.2 Low Enriched Uranium.

The number of rail shipments for LEU fuel can be determined in the same way as for HEU,
except that canisters are not restricted to the 40 kg of U4 limitation.

Canister size. Because of lower enrichment, the 21-in. MPC (currently being considered by
DOE’s Office of Civilian Radioactive Management [OCRWM)]) may be used. A 26-in.-diameter
canister (recommended for the Mined Geological Repository at Yucca Mountain) may also be used.

Number of canisters per shipment. If a 21-in. or a 26-in.-diameter cask is used, the number
of canisters per shipment is limited to four. However, if fuel is densely packed inside each canister,
weight limitations will dictate a lesser number of canisters per shipment. Up to twenty-five 8- by
120-in. canisters can be shipped in the M-140 cask. The M-140 can accommodate a 25-channel
basket with 13-in.-square cavities.

Number of fuel elements or assemblies per canister. The number of elements or assemblies
per shipment should be calculated based on the three limitations mentioned above as well as specific
criticality and heat generation calculations, if available.




4.2.2.3 Other Special Cases,

Special research fuels. Fuels, such as TRIGA, plate, and Fort St. Vrain’s high-temperature
graphite reactor (HTGR), have normally been shipped by truck. There are no design, cost, or
packaging guidelines for rail shipment of these types of fuel.

N-reactor SNF. The average N-reactor fuel element is 2.5 in. in diameter, 21 in. long, and
weighs about 40 Ib. A single 21-in.-diameter MPC canister loaded with about 780 fuel elements can
be considered for estimating cost of N-reactor rail shipments. This is based on meeting the weight
limitation of the cask, but does not cornsider potential criticality or heat removal problems.
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5. HAZARDOUS WASTE

5.1 Truck Shipment

Transportation costs for hazardous waste are estimated based on the assumption that
unshielded 48-ft-long truck trailers containing eighty-eight 500-1b drums are used. This configuration
yields a total weight of 44,000 1b per shipment. The total transportation costs can be calculated using
the following steps:

a. Divide the total weight of waste (in pounds) by 44,000 Ib/shipment to obtain the
number of shipments.

Multiply the CPLM unit rates listed below by the one-way distance (in miles) and the
number of shipments (from step a above) to obtain the CPLM cost.

. Less than 200 miles:  $3.00/mile

200 to 1,000 miles: $2.50/mile

. More than 1,000 miles: $1.95/mile.
There are no significant fixed costs for transporting hazardous waste by truck to add to the
variable cost given in step b (see Appendix A, Section A-4.4). However, for very short truck hauls,

e.g., less than 80 miles, trucking costs will be independent of mileage and will not fall below a
minimum charge set by the trucking company (e.g., $250).

5.2 Rail Shipment

Costs for transporting hazardous waste by rail are estimated based on the assumption that
waste in drums or steel boxes would be moved in 40-ft-long intermodal (sealand) containers. The
containers can be moved by truck or on rail flatcars. Each container would hold seventy-six 500-1b
drums, yielding a total weight of 38,000 Ib, or would hold eleven 3,945-1b boxes, yielding a total
weight of about 44,000 1b. The total transportation costs can be calculated using the following steps:

a. Divide the total weight of waste (in 1b) by 38,000 Ib (for drums) or 44,000 Ib (for
boxes) to obtain the number of container loads.

Multiply the CPLM unit rates listed below by the one-way distance (in miles) and by
the number of container loads (from step a above) to obtain the CPLM.

. 500 to 1,000 miles: $1.96/mile.
1,000 to 2,000 miles:  $1.74/mile.

More than 2,000 miles: $1.46/mile




c. Multiply the number of container loads (from step a above) by $750 per container
load to obtain the fixed transportation costs.

d. Add the CPLM (from step b above) to the fixed cost (from step ¢ above) to obtain
the total transportation cost.
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Telephone contacts: A variety of cask vendors, transportation carriers, and DOE contractors supplied
information for use in preparing this report. These include the following firms:

[ J

Argonne National Laboratory, Argonne, Illinois: mileage tables.
Babcock & Wilcox, Lynchburg, Virginia: BR-100 SNF rail cask design information.
Chem Nuclear, Columbia, SC: cask data.

CSX Railroad, Jacksonville, Florida: rail rates.

EG&G, Idaho Falls, Idaho: SNF rates and operational details.

Envirolease/GATX, Morristown, NJ; Intermodal equipment data.

General Atomics, San Diego, California: FSV-1 truck cask rates for HTGR fuel and
TRIGA Information.

Nuclear Assurance Corporation, Norcross, Georgia: truck cask rates.

Pacific Nuclear, various offices: SNF rail cask rates, TRUPACT-II design information,
container information, and operational details.

Santa Fe Railway, Schaumburg, Illinois: rail rates.

SEG, Oak Ridge, Tennessee: LLW shipping cost and container data.

Southern Pacific Transportation Company, San Francisco, California: rail rates.
Tri-State Motor Transit Company, Joplin, Missouri: truck transportation rates.
Union Pacific Railroad, Omaha, Nebraska: rail rates.

Westinghouse, Carlsbad, New Mexico: TRUPACT-II shipping costs for TRU waste.




. Vectra Technologies, Inc., Federal Way, Washington: NuPac Data.

. Cho Yang Shipping Lines, San Francisco, California: intermodal container, chassis
costs.

. DSR-Senator, San Francisco, California: intermodal container cost.

. Mi-Jack, Portland, Oregon: intermodal container lift equipment cost.
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Appendix A
Methods, Bases, and Assumptions

This appendix contains cost estimating methods, assumptions, and technical bases that were
used to develop the planning life-cycle cost (PLCC) estimates. Specific additional assumptions and
bases for waste stream transportation cost estimates are given in the main body of the report. First,
technical assumptions as they apply to the four main waste types in this report are discussed in the
following sections. Second, cost bases and assumptions as they apply to transport in intermodal
containers and without are presented. Third, additional waste type-specific assumptions are
presented. The backup data for the cost estimates are included in separate appendices.

A-1 TECHNICAL ASSUMPTIONS

The approach is based on developing well-documented transportation cost estimates for
various waste streams. Initially, waste is grouped into the following four categories: (1) LLW,
MLLW, alpha LLW and MLLW, and GTCC LLW/DOE eqmvalent (2) TRU waste; (3) SNF; and
(4) hazardous waste.

A-1.1 Shipment Assumptions for LLW, MLLW, Alpha LLW, Alpha
MLLW, and GTCC LLW/DOE Equivalent

Transportation of LLW, MLLW, alpha LLW and LLMW, and GTCC LLW/DOE equivalent
is accomplished either as contact-handled or remote-handled shipments. Contact-handled shipments
are accomplished by placing the waste in DOE, DOT, and NRC approved packages (drums or boxes)
and placing them in open-top truck trailers, rag-top trailers, enclosed trailers, or intermodal (sealand)
containers. Remote-handled shipments are accomplished by placing the waste in packages and
loading the packag&s into trailer or railcar-mounted casks (overpacks) that are licensed by DOE,
DOT, and NRC. It is assumed that remote-handled waste will use Type B casks as defined by the
NRC regulations.

The physical forms of the waste include heterogeneous solid waste (consisting of soils, debris,
trash, surface contaminated metals, stabilized liquids, etc.), activated metals, and organic liquids.

Before shipment, all waste is assumed to be characterized, treated, and packaged in
accordance with all applicable regulations. All LLW is assumed to be transported in DOT/NRC
certified Type A packages, such as 55-gal drums or standard waste boxes. 55-gal drums have a
maximum capacity of 500 Ib (227 kg) according to DOT regulations. Boxes are B25s, made of 12-
or 14-gauge steel, similar to those manufactured by Container Products Corp., of Wilmington, North
Carolina. B25s have a volume capacity of 90 ft* and a maximum rated load capac1ty of 3,945 1b gross.
To convert between volume and mass, assume a density of 70 Ib/ft>. It is further assumed that if
radiological characterization shows that the total activity in a package exceeds A, values, then the
package contents would be divided between one or more additional containers until the A, limits are
met. Shipments of liquid organic waste would meet additional regulatory requirements specified for
liquids (i.e., packages would contain adequate absorbent for twice the liquid volume, and a leak-tight
overpack would be used).

Shipment requirements are determined by weight [total waste mass (kg) at each site divided
by the appropriate vehicle capacity (kg)]. For truck transportation, the DOT gross weight limit is
80,000 Ib. Tractor-trailer combinations are assumed to weigh from 30,000 to 35,000 Ib. The
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maximum payload weight has been taken to be 44,000 Ib (20,000 kg). This would require a 48-ft
trailer to accommodate the shipment. For rail shipment of LLW, MLLW, and hazardous waste, it
is assumed two 40-ft intermodal containers would be placed on a rail flatcar. Payload weight of these
containers would be 38,000 Ib in the case of drums and 44,000 Ib for boxes.

A-1.2 Transuranic Waste Shipment Assumptions

Transportation of TRU waste is accomplished either as contact-handled or remote-handled
shipments. It is assumed that all contact-handled TRU waste shipments will be shipped in
TRUPACT-II containers. Remote-handled TRU waste will be shipped in Type B casks or SNF casks,
depending on the specific characteristics of the waste shipment.

The physical forms of TRU waste are highly variable. They include heterogeneous solid
debris, soils, laboratory trash, surface contaminated metals, stabilized liquids, vitrified high level waste,
and debris reactor cores and fuel rods assemblies, all of which may be contaminated with transuranic
elements. It is assumed that the shipper will package waste in accordance with all applicable
regulations. ~

For contact-handled TRU waste, the payload capacity of each TRUPACT-II is limited to
7,265 1b; 7,200 was used for calculations. Three TRUPACT-IIs are assumed to be transported per
truck and six per rail car. Total shipment capacities are 21,600 1b for truck and 43,200 Ib for rail.
Each TRUPACT-II can accommodate fourteen 55-gal drums. The safety analysis report for the
TRUPACT-II did not address rail shipment of these containers. We assume that TRUPACTS can
be transported by rail. Rates were calculated using costs provided for SNF shipments, and include
two buffer cars for the loaded portion of the shipment.

For remote-handled TRU waste, truck transport has been the normal method of shipment.
Rates for overweight truck casks were supplied by Chem-Nuclear and NuPac. A legal-weight cask
has been design by NuPac, but the cask has not been built. This cask, known as the NuPac 72-B, is
suitable for shipment of vitrified high level waste and has a payload of 8,000 Ib. NuPac stated that
the container could be shipped by truck or rail.

DOE has provided a cost estimate for shipping high level waste by truck to Yucca Mountain

for disposal. The CPLM is given as $13.70 for high level waste, which includes variable and fixed cost

_components. This estimate assumes a waste form similar to the vitrified material produced at

Savannah River. No details are given for the type of container used in this shipment. Yucca

Mountain’s design basis for a repository cask suitable for vitrified high-level waste is 26-in. in diameter
by 10-ft long. More information about this cost estimate is provided in Appendix F.

Otherwise, the cost of shipping remote-handled TRU waste with a high specific activity by
rail is roughly equal to the cost of shipping SNF by rail (refer to Section 4.2). The assumption is
based on the fact that remote-handled TRU waste containers require Type B casks with all the
associated special handling and equipment related to SNF. This assumption has been validated by
the DOE in their campaign to ship remote-handled TRU waste from the damaged reactor at Three
Mile Island.

SNF cask vendors have provided their casks for remote-handled TRU waste shipments. For
example, DOE has purchased three 125-B casks from NuPac to ship remote-handled TRU-related
debris from Three Mile Island. Several shipments were made between 1986-1990. An article
describing these shipments is included in Appendix C. The distance traveled was 2,350 miles each
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way. Each shipment included three casks, four buffer cars, and a caboose. Two railroads, UPRR and
Conrail, provided the locomotives for these dedicated shipments. The Three Mile Island cost data
represents a limited estimate of remote-handled TRU rail shipping costs. A cost estimate based on
DOE’s Three Mile Island shipments is presented below:

Average railroad cost per TMI shipment, including security $200,000
Cask lease rate $ 7,150 per day X three casks X 10 days per shipment $214,500
(based on method presented in A-3.2.3)

Total variable cost = $414,500

Variable cost of $414,500/2,350 miles = cost per loaded mile of $176.30
CPLM $176.30/3 casks per shipment = CPLM per cask of $58.77 '

Fixed cost of 2 days demurrage per cask = $14,300
A-1.3 SNF Waste Shipment Assumptions

Transportation of SNF is accomplished by using licensed SNF casks. Hardware (casks) used
for shipping SNF generally has features for cooling the SNF during shipment, provides shielding, and
has impact absorbing features. Several different SNF casks are available (Schmid et al. 1993), and
each one is licensed for a special type of SNF. Grouping of the various SNF casks, described in
report EGG-WM-10670, is as follows: FEU fuel, which is assumed to have >20% enriched uranium
content, can be shipped in Type A canisters; LEU fuel, which is assumed to have <20% enriched
uranium content, can be shipped in Type B canisters; and Fort St. Vrain Facility fuel
(high-temperature graphite fuel) can be shipped in Type C canisters.

Using the above waste groupings, the CPLM unit rates and fixed costs were estimated by
soliciting bids from carriers (trucking ard railroad) and commercial cask-rental firms. Their prices
(which were specific to specified routes or lease periods and timetables) per shipment were
calculated. Additional conversations with DOE contractors helped to clarify some of the data and
assumptions. The information obtainecd from the vendors has been summarized and presented in
variable CPLM and fixed cost per shipment format.

Additional assumptions are as follows:

. Casks are available 168 days per year, based on a 240-day year and a 70% utilization
rate.

. Average truck cask weight is 40,000 1b for legal weight truck shipments of SNF.
. Cask loading and unloading is performed by facility operations staff.

. Two days are required to load and unload an SNF cask.
A-1.4 Hazardous Waste Shipment Assumptions
Transportation of hazardous waste is accomplished by truck in bulk in appropriate truck
trailers, or in packages (drums or boxes) placed in open-top truck trailers, rag-top trailers, enclosed

trailers, or intermodal (sealand) containers. Transportation of hazardous waste is accomplished by
rail in drums or boxes placed in intermodal containers. The physical forms of the waste include
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heterogeneous solid waste (consisting of soils, debris, trash, surface-contaminated metals, stabilized
liquids, etc.), activated metals, and organic liquids. Before shipment, all waste is assumed to be
characterized, treated, and packaged in accordance with all applicable regulations. The packages are
assumed to be DOT-certified, such as 55-gal drums or standard waste boxes. 55-gal drums have a
maximum capacity of 500 Ib (227 kg) according to DOT regulations. Boxes are B25s, made of 12-
or 14-gauge steel, similar to those manufactured by Container Products Corp., of Wilmington, North
Carolina. B25s have a volume capacity of 90 ft> and a maximum rated load capacity of 3,945 Ib gross.
To convert between volume and mass, assume a density of 70 Ib/ft>.

Shipment requirements are determined by weight [total waste mass (kg) at each site divided
by the appropriate vehicle capacity (kg)]. For truck transportation, the DOT gross weight limit is
80,000 Ib. Tractor-trailer combinations are assumed to weigh from 30,000 to 35,000 Ib. The
maximum payload weight has been taken to be 44,000 Ib (20,000 kg). This would require a 48-foot
trailer to accommodate the shipment. For rail shipment of hazardous waste, it is assumed two 40-ft
intermodal containers would be placed on a rail flatcar. Payload weight of these containers would
be 38,000 Ib in the case of drums and 44,000 Ib for boxes.

A-3 COST BASIS AND ASSUMPTIONS

A-3.1 Shipment Primarily by Rail In Intermodal Containers

Cost estimates for transporting contact-handled LLW, contact-handled MLLLW, and hazardous
waste by rail were based on movement in intermodal (sealand) containers. It is assumed DOE owns
or leases (from a third party) a number of intermodal containers and chassis, which would be
dedicated to the task of transporting these types of DOE waste. Four hypothetical destinations for
the waste were chosen: (1) Hanford Site, (2) Idaho National Engineering Laboratory (INEL), (3)
Nevada Test Site, and (4) Oak Ridge National Laboratory (ORNL). These are hypothetical disposal
sites and are also the assumed locations where containers and lift equipment are stored.

A facility needing to ship waste would call for empty intermodal containers from the nearest
storage location. The shipping facility (waste-generating facility) would call a trucking company to
meet the empty intermodal container at the nearest public rail loading ramp. The trucking company
would bring the empty container to the shipping facility, where it would be loaded by the shipping
facility. The shipper is assumed to have a standard forklift (not included in the transportation cost)
for loading the waste onto the truck. The truck will bring the loaded container to the public ramp,
where the container is placed on a rail flatcar. The disposal installation will purchase a special lift
device to transfer loaded intermodal containers between the rail flatcar and truck chassis; this lift
device will be part of fixed transportation costs. The containers, after reaching one of the destination
installations and being unloaded, are returned to the pool of containers at the destination installation.

It is assumed that rail lines directly service the destination facility. The containers will still
need to be trucked between the rail spur and treatment, storage, and disposal facilities within the
destination installation. A lift device will be needed for this transfer, and a small number of chassis
will be needed for the in-plant moves within the installation.




A-3.1.1 Costs of Tfucking Segments

Trucking costs make up part of the rail transportation costs presented in Sections 2.1.2 and
5.2 (trucking costs are already included in the rail costs presented). The basis for these trucking costs
are as follows.

It is assumed that rail lines do not directly service the shipping facility nor go directly to the
TSD facilities at the destination facility. Therefore, truck shipment will augment rail transportation
at both ends of the rail movement. A total truck shipment distance of 150 miles was added to the
rail shipment.

Assumptions regarding the trucking segments of rail transportation costs are substantially the
same as trucking assumptions used elsewhere in this report (see Section A-3.2.1). The main
exception is an absence of a demurrage charge associated with the pickup, loading, or dropoff of the
intermodal container. It is assumed that drums or boxes can be loaded into and unloaded from the
container in less than 2 hours and that lifton and liftoff of the container at the rail ramps can also
be accomplished within that time.

A-3.1.2 Costs of Rail Segment

Rail movement comprises the main, central segment of the trip described in Sections 2.1.2
and 5.2. Rail rates are based on quotations from railroads for specific routes. Actual rates are
typically defined by a contract between the shipper and railroad. Shipments of contact-handled LLW,
contact-handled MLLW, and hazardous waste are assumed to involve the movement of two 40-foot
intermodal containers on an 89-foot flatcar. The railroad provides the flatcar. A short-haul rate
quote was provided by Union Pacific Railroad (UPRR) for the route from Seattle, Washington, to
Nampa, Idaho (655 miles). Two medium-length rate quotes were provided by CSX for the route
from Bettis Atomic Power Plant, Pennsylvania, to Savannah River Site, South Carolina (947 miles),
and for the route from Rocky Flats Plant, Colorado, to the Y-12 Plant, Tennessee (1,586 miles). A
long-haul rate quote was provided by UPRR for East St. Louis, Illinois, to Hanford, Washington
(2,040 miles) (see Table A-1).

Table A-1. Rail rate quotes for containerized contact-handled LL'W, contact-handled MLLW and
hazardous waste.

Roundtrip rail

rate per
Origin Destination Rail mileage container Railroad
Seattle, WA Nampa, ID 655 $1,125 UPRR
Bettis Atomic Savannah River 947 $1,250 CSX
Power Plant, Site, SC
PA
Rocky Flats Y-12 Plant, TN 1,586 $2,575 CSX
Plant, CO
E. St. Louis, II.  Hanford, WA 2,040 $2,750 UPRR




A-3.1.3 Transportation Hardware Costs

Transportation hardware costs consist of intermodal containers and chassis, and one lift device
at the disposal facility. These costs work out to a charge of $750 per container shipped that DOE
will assess the shipping facility for the use of the equipment.

The costs of a container, chassis, and lift device are amortized over 5 years using a
straight-line depreciation. The total cost of equipment is divided by 5 years to yield an annualized
cost. The annual maintenance cost is assumed to be 25% of the annualized capital cost, and the cost
of money, overhead, and fee are assumed to be 50% of annualized cost. The sum of these
annualized costs are divided by 168 days to obtain the daily container cost. (It is assumed the
equipment will be used 70% of the time 240 days per year, or 168 days per year.) An average
purchase cost of $3,500 for a 40-ft sealand container and $3,000 for a chassis were obtained from Cho
Yang Lines and DSR-Senator Agency. The daily cost for containers and chassis is multiplied by
7 days, assuming the equipment will be used this long during the average round trip movement. Two
cost quotes for a lift device were obtained: $350,000 was quoted by Mi-Jack Corporation, Portland,

Oregon, and $280,000 was quoted by Tenco, Union City, California. These two amounts were
averaged to arrive at a cost of $315,000 per lift device.

A-3.2 Shipment in Other Than Intermodal Containers
A-3.2.1 Truck Carrier Costs

Shipment of waste by truck is based on the following assumptions:

. Carrier costs include the following:
- Dispatching crews from their base of operations to pick up an empty cask,
- One day of demurrage at the shipper’s facility while the cask is loaded.
- Transporting the loaded cask from the shipper to the receiving facility.
- One day of demurrage at the shipper’s facility while the cask is unloaded.
- Return of the empty cask from the receiving to the shipping facility.
- Carrier surcharges for special equipment used to ship radioactive material.
- Carrier insurance costs.

- Security escort as a direct quote where available, or at 20% of the carrier’s
variable costs.

. Carrier cost is converted into dollars per mile by assuming a crew (two drivers) covers
900 round-trip miles per day (or 450 loaded miles per day).

. Carrier freight rates are based on specific rate quotes from Tri-State Motor Transit
for three specific routes.
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. Carrier detention (demurrage) costs are calculated based on a daily rate of $840,
which includes stand-by costs for the special spent fuel crew during cask
loadingfunloading operations.

A-3.2.2 Rail Carrier Costs

Cost estimates for rail shipment in other than intermodal containers are based on tariff
quotations from different railroads. The estimates assume that normal service can accommodate the
35 miles-per-hour-in-transit requirement. Actual rail rates are typically defined by a contract between .
the shipper and the railroad. It is also assumed that rail lines directly serve the shipping facility and
the destination facility and that both facilities have the necessary lift devices (cranes, forklifts) to
move waste onto and off the rail cars.

SNF shipments are assumed to require the movement of a loaded cask, its dedicated flatcar,
two buffer cars, and a caboose for escort personnel. This assumption is similar to the requirements
of Carolina Power and Light, which has maintained a dedicated fleet of its own equipment for
multiple shipments over several years. They contract out only the traction (power) equipment from
CSX. They own two IF-300 casks, two buffer cars, and a caboose. Four IF-300s have been in service
for nearly 20 years. Pacific Nuclear Fuel Services (formerly GE Morris, Illinois) owns the other two
IF-300 casks. Most of the fixed cost portion of SNF rates are based on lease rates for the IF-300
cask supplied by Pacific Nuclear. This cask has a basket design suitable for most types of DOE fuel;
however, a new basket must be designed for the canisters listed in Table 4. A cost estimate cost for
a new basket design is beyond the scope of this report.

Tariff rates were provided on a cost-per-hundredweight basis. The total weight of TRU waste
and SNF shipments were estimated for both the loaded (heavy) and unloaded (light) segments of the
trip. These costs were combined and divided by the total mileage for the estimated range to arrive
at the CPLM.

Two short-haul rate quotes were received for trips in the 200-mile range. These were
provided by Southern Pacific (Mare Island, California, to Sacramento, California, about 80 miles), and
CSX railroad (Newport News, Virginia, to Portsmith, Virginia, about 238 miles). The rate quote in
the 1,000-mile range was provided by UPRR for a trip between Sacramento, California, and Scoville,
Idaho. UPRR provided other rates for shipments from Idaho Falls, Idaho, to both Hanford,
Washington, and Las Vegas, Nevada. It is interesting that the rates from Idaho Falls were lower than
the rates from Sacramento. UPRR explained that distance is not the main factor in rail rates. The
amount of rail traffic along a given corridor is the main factor in determining the shipping cost. For
the 1,000- to 2,500-mile range, a combined move of nearly 2,200 miles was priced out for a shipment
between Idaho Falls and Barnwell, South Carolina. This rate is divided between UPRR and CSX.
A 1,300-mile quote for a shipment between Morris, Illinois, and Albuquerque, New Mexico, has also
been received from Santa Fe Railway. A comparison of only the loaded tariff rates for various
distances has been prepared (see Table A-2).
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Table A-2. Rail rate quotes for SNF and TRU waste.

Origin Destination Mileage Loaded SNF rate  Tariff #

Mare Island, CA Sacramento, CA 80 $ 2.96/cwt. SPTC

Newport News, VA Portsmith, VA 238 $ 2.92/cwt CSXT 4600g
Sacramento, CA Scoville, ID 1,020 $12.15/cwt UPRR 4605d
Idaho Falls, ID Hanford, WA 641 $ 9.07/cwt UPRR 4605d
Idaho Falls, ID Las Vegas, NV 671 $ 8.84/cwt UPRR 4605d
Idaho Falls, ID E. St. Louis, MO 1,510 $13.73/cwt UPRR portion
E. St. Louis, MO Barnwell, SC 665 $ 6.44/cwt CSX portion
Idaho Falls, ID Barnwell, SC 2,175 $20.17/cwt Combined Rate
Argonne Albuquerque, NM 1,315 $ 7.15/cwt Santa Fe 4043-A

cwt = cost per hundredweight

Security related costs were assumed to be 30% of the cask rental charges during the loaded
portion of the move. Train crew and security personnel may have to be relieved while a shipment
is in progress to maintain the designated rate of travel. This often involves special arrangement to
deliver a crew to a remote location when an existing crew has run out of hours as prescribed by the
DOT.

A-3.2.3 Transportation Hardware Costs

Transportation hardware costs include equipment capital and maintenance costs. Capital costs
associated with hardware needed for shipment of contact-handled LLW, MLLW, and alpha LLW and
LLMW are assumed to be negligible.

Capital costs for casks, trailers, and rail cars used during shipment of remote-handled waste
and SNF are estimated using either a commercial lease rate or a purchase cost, as described below.

The annual commercial lease rate submitted by the commercial cask leasing firms are averaged
to obtain a basic daily leasing cost. The basic annual leasing cost is divided by 168 days to obtain the
daily lease rate. The daily lease rate for a given trip is calculated by dividing the one-way distance
by 450 miles to obtain the number of days the hardware will be in use. If the number of days is a
fraction, it is rounded up to the next whole number and multiplied by 2 to determine the cask rental
period for the round trip. Next, the number of days is multiplied by the daily lease rate to arrive at
the variable cost component of the cask rental. For example, a 1,000-mile trip requires 3 days each
way at 450 miles/day, multiplied by 2, resulting in 6 days total cask rental.

The cost of purchased casks is depreciated straight-line over 5 years. The annualized capital
cost is obtained by dividing the capital cost into 5 years. The annual maintenance cost is assumed
to be 25% of the annualized capital cost. The cost of money, and the cask vendor overhead and fee
are assumed to be 50% of the total annualized capital costs. The sum of the annualized capital,
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maintenance, and vendor overhead profit and fee is divided by 168 days to obtain the cask daily
capital payment cost.

The calculation of rates for daily cask rental are presented in Table A-3.

Table A-3. Rates for daily cask rental.

Daily rate based on 168 days per

Vendor Cask ~ 1-year lease rate year

General Atomics FSv-1 $432,000 $2,571
Dept. of Defense M-140 $1,400,000 $8,333
DOE BMI-1 NA $1,200
Pacific Nuclear IF-300 $1,620,000 $9,643
NAC NLI-12 LWT $648,000 $3,214

The cask lease rates for the IF-300 were provided by Pacific Nuclear, of San Jose, California.
The lease terms are $4,500 per day based on a 1-year commitment (360 days). The total for the year
is $1,620,000. In previous reports, capital costs were divided by 168 days (70% of 240 operating days)
to determine the daily rate. Using this formula, the daily lease rate is $9,643. In addition to the
capital cost of the lease, a charge for annual operation and maintenance (O&M) related costs will
be added to the capital rate. Pacific Nuclear estimated $50,000 for annual O&M-related expenses.
This number is divided by 168 and equals approximately $300 day. The total variable cost rate of the
cask rental is $9,943 per day.

The Department of Defense has provided cost information on the M-140 cask used by Naval
Reactors. The basic hardware cost is $4,000,000, which equates to $800,000 per year, assuming use
for S years. The annual maintenance cost is $200,000, and the overhead cost is $400,000 per year.
The total yearly cost for the M-140 cask is $1,400,000. The daily lease rate is $8,333.

The fixed cost portion of the rate is assumed to be two times the daily rate. The average of
the 2-day lease rate was used as the basis for the fixed cost portion, which equals $18,000 (rounded).
There is no train demurrage since the cask and its flatcar can be spotted at the shipper’s or receiver’s
facility.

TRUPACT-1I casks are assumed to weigh 12,000 Ib empty and 19,200 Ib full. Rail rates are
based on cost-per-hundred-weight quotes. The loaded segment of the move includes two buffer cars
at 24,000 1b each. The return assumed six empty TRUPACTS and no buffer cars. No security escorts
are provided for TRU shipments. The total cost per loaded mile is the sum of loaded and empty
return cost divided by the distance between the shipper and the destination facility. No rail car exists
to ship TRUPACTS by rail. A safety analysis report, design, and fabrication of hardware by others
are in progress.

A-11




A-4 BASIS FOR WASTE STREAM SPECIFIC COST ESTIMATES
A-4.1 LLW, MLLW, Alpha LLW, and Alpha MLLW

The backup data used to prepare the cost information present in Section 2 is located in
Appendix B. The main source of information was provided by Scientific Ecology Group (SEG). This
data was presented in an earlier WMFCI report, and has been repeated here to give the user a single
source of cost information. Information on intermodal equipment and transport rates has been added
to Appendix B.

A-4.2 TRU Waste

The backup data used to prepare Section 3 is located in Appendix C. Pacific Nuclear
provided the TRUPACT-II specifications. Phil Gregory, Westinghouse-WIPP, provided cost
information based on life-cycle cost studies prepared by his office.  Bill Dean, EG&G INEL,
provided cost information on the TMI shipments. A journal article on the TMI shipping campaign
is also included.

A-4.3 Spent Nuclear Fuel

The backup data for SNF transportation cost estimates is broken down into two parts.
Appendix D contains the information on SNF truck shipments, and Appendix E contains the
information on SNF rail shipments. Union Pacific Railroad has extensive experience with SNF
shipments to INEL. CSX is the contract carrier for Carolina Power and Light, who has an ongoing
program to ship SNF by rail. Tri-State Motor Transit has an excellent reputation as a highway
carrier. It should be noted that the greatest expense, in the short distance shipments, is dispatching
the crew from their base of operation. For example, the 30-mile quote represents an internal move
at Hanford. However, the crew must travel 1,800 miles each way to pick up the shipment and deliver
it. Another hidden cost is incurred if shipping containers are not stored at the shipper’s or receiver’s
facility.

A-4.4 Hazardous Waste

Transportation costs for hazardous waste are similar to those presented for contact-handled
low-level radioactive waste. Relevant backup data are presented in Appendix B. Costs for shipment
of hazardous waste are sightly lower than radioactive waste, because these shipments differ in the
following ways: :

. There are many more carriers for hazardous waste than radioactive waste

. No significant fixed costs are related to container rental and demurrage

. Hazardous waste does not require complex packaging and secondary containment

. Bulk containers, such as dump trucks, roll-off boxes, and vacuum trucks are readily
available

A-12




.. No requirement exists for health physics technicians to inspect loaded trucks before
 release

J Insurance and training related costs are lower.

The cost difference between radioactive low-level shipments and hazardous waste is reflected
in lower CPLM rates for hazardous waste. The limited number of radioactive waste shippers increases
the cost of mobilization of transportation equipment to the shipper’s facility. In addition, shipment
of radioactive waste requires monitoring by health physics technicians (per NRC regulations CFR 10)
and compliance with DOT regulations (Subpart I of CFR 49.173), which lead to additional fixed costs
for radioactive waste shipments.
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Appendix B

Backup Data for Low-Level Waste Shipments

Appendix B-1: SEG Quotation/Cask Data
Appendix B-2: Chem Nuclear Cask Data
Appendix B-3: NuPac Cask Data




Appendix B-1

SEG Quotation/Cask Data
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SCIENTIFIC ECOLOGY GROUP, INC.

Lisa Penaska

M.K. Environmental

180 Howard Street

12th Floor

San Francisco, CA 94105

Dear Lisa,

Scientific Ecology Group is pleased to provide the attached data sheets for your reference. SEG

February 18, 1993

has a full line of process containers and radwaste shipping casks to meet a variety of needs.

Feel free to contact me at (615) 376-8115 if you have any further questions. We are looking

forward to hearing from you.

Sincerely,

William J. Horsey
- Manager Field Services

Ltr-93-05
P.O. Box 2530
1560 Bear Creek Rd. P.O. Box 2308
Oak Ridge, Tennessee 37831-2530 Caristbad, New Mexico 88220
(505) 887-1673 -

(615) 481-02292

1234 Columbia Dr. S.E.
Richland, Washington 99352
(509) 736-0626
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SCIENTIFIC ECOLOGY

GROUP, INC. Data Sheet No._RT=-=14

A Westinghouse Subsidiary Rev. No. 6
Date 2o~
DISPOBABLE_ CONTAINER DATA BHEET - Reference CN =054
Approved &
Model Designation: K®=-200 =7 igh In i tajne
South Carolina Certification No.: =PL-007
Cask Application: _3-82B Cask & HN-142 §§§k
97.00 3
! - |
60.31
3 A y @ 1600 @8.25
e 50.88 DIA —— MANWAY OPENIORT
e 51.750.D. —l OPENING ING
LL NSION
DESIGN DATA
Total Approx.
Configuration Nom. Cap. {empty) Wt.
Plain 57.5 cu ft 400 1b Material: Polyethylene
Underdrain

a. For Powdered Resin

Max Gross Wt:
56.9 cu £t 450 1b 5,500 1b
£7.3 cu ft 440 1b

b. For Bead Resin
REFERENCE DRAWINGES/DOCUMENTS

User Drawing: STD-03-104

09

User Manual: STD~-D-03-0

HANDLING AND BEIPMENT

Lifting: Double wire rope sling

dosure: Two (2) concentric threaded closures




SCIENTIFIC ECOLQGY GROUP, INC. Data Sheet No RT=-24-1

A Westinghouse Subsidiary Rev. No. 4
: Date 2/3e/ 92
DISPOSABLE CONTAINER DAT2A SHEET Reference | o 92-100

g ”‘ Approved —T LTER (I
SEG Model Designation:__ RADLOK ~ 179 High Integrity Container

South Carolina Certification No.: DHEC-HIC=-PL-005
Cask Application: All HN-100 tCasks except the HN-100 Series 3 w/shield insert

AN

|
119.50
72.88
#10.13
4 ! #£24.25 FILL PORT
MANWAY OPENING
e 5350 0D, el ' OPENING
ALL DIMENSTONS NOMINAL
DESIGN DATA
‘ Total Approx. , ‘
Configuration Nom. Cap. {empty)Wt. Material: Polyethylene
156.8 cu ft 1090 1b
/Underdrain Max. Gross Wt.: 14,000 1lb
For Powdered Resin 155.9 cu ft 1150 1b
For Bead Resgin 156.4 cu ft 1150 1b
REFERENCE DRAWINGS/DOCUMENTS
ser Drawing: STD-03~147 User Manual: STD=D=03-009

HANDLING AND SHIPMENT

cing: _Double wire rope sling
losure: Two (2) concentric eaded closures

A




DISPOSABLE CONTAINER DATA SHEET

SCIENTIFIC ECOLOGY GROUP,
A Westinghouse Subsidiary

INC.
Rev. No.
Date
Referernce

- Approved

Data Sheet No

RT-24-2
0
1Ag[9z

- = LB /5CR

SEG Mocdel Designation:__ RADLOK - 179 High Integritv Container (Grappable

South Carolina Certification No.: DHEC-HIC-PL-005
Cask Application: All HN=-100 Casks except the HN-100 Series 3 w/shield insert

119.50
72.88
!
2 10.13
[ #24.25 FILL PORT
MANWAY OPENING
E—— 73.50 O.D. et OPENING
ALL DIMENSIONS NCMINAL
DESIGN DATA
Total Approx.
Configuration. Nom. Cap. (empty)Wt. Material: Polyethylene
Plain 156.8 cu ft 1290 1b
w/Underdrain Max. Gross Wt.: 14,000 1lb
a. For Powdered Resin 155.9 cu ft 1350 lb
b. For Bead Resin 156.4 cu ft 1350 1b

REFERENCE DRAWINGS/DOCUMENTS
STD-03-147 User Manual:

STD~D=-03-009

User Drawing:

HANDLING AND SHIPMENT

. T°*ting: Grapple or Double wire rope sling
K\.losure: (o) readed closures

conce ic




SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No._RT=25-1

A Westinghouse Subsidiary Rev. No. 4

) Date 23Sz
DISPOSAELE CONTAINEB DATA SHEET Reference DeN 92- /02
- Approved - EL/S00

Model Designation:_RADIOK®-195 High Integrity Container
South Carolina Certification No.: DHEC-HIC=-PL=-005

Cask Application: _14=235H Cask

3
126.625
79.50
! Y MANWAY OPENING
le—— 7ns00D. — OPENING
ALL DIMENSIONS NOMINAL
DESIGN DATA
Total . Approx.
Confiquration Nom. (ap. {empty) Wt.
Plain 172.8 cu £t 1150 1b Material: Polyethylene
Underdrain
Max Gross We:
a. For Powdered Resin 171.9 cu ft 1210 1b 15,500 1lb
b. For Bead Resin 172.4 cu ft 1210 1b

_REFERENCE DRAWINGS/DOCUMENTS
User Drawing: STD-03-147

User Manual: STD-D-03-009
HANDLING AND SHIPMENT

Lifting: Double wire rope sling )

losure: Two (2) concentric threaded closures




SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No._RT=-25-2

A Westinghouse Subsidiary .Rev. No. 0
Date 3/30/9Z
DISPOSABLE CONTAINER DATA SHEET Reference - :
N Approved — L7EL/ SR

Model Designation:_RADLOX®-195 High Integrity Container (Grappable)
South Carolina Certification No.: DHEC-HIC-PL-005

Cask Application: _14-215H Cask

126.625
79.50
1 2 24.25 FILL PORT
MANWAY OPENING
——— 73.50 O.D. B OPENING
ALL DIMENSIONS NOMINAL
DESIGN DATA
Total Approx.
Configuration Nom. Cap. _(empty) Wt.
Plain 172.8 cu ft 1350 1b Material: Polyethylene
Underdrain '
Max Gross Wt:
a. For Powdered Resin 171.9 cu ft 1410 1b 15,500 1b
b. For Bead Resin 172.4 cu ft 1410 1b

REFERENCE DRAWINGS/DOCUMENTS

User Drawing: STD-03-147
User Manual: STD-D-03-009

HANDLING AND SHIPMENT
Lifting: Grapple or Double wire rope sling

losure: Two (2) cénecentric threaded closures

5




SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No._RT-12

A Westinghouse Subsidiary Rev. No. Vi
' Date B-2-al
RISPOGABLE CONTAINER DATA SHEET Reference ~DCN 931-052
° ‘ approved ABRUELT TSP
Model Designation:_RADLOK®=-]. - i i t
South Carolina Certification No.. =HIC~PL~-
Cask Application: _HN=390-1, N- -
_s.n_ﬂu_l..o._s.gr.&_i_s_e_s_L

! ___;l
111.25 rr
71.00
68.75 DIA ~ @ 16.00 Fl?ilf :CS)RT
= e——
.L__ 71.13 O.D. - plind OPENING
ALL DIMENGIONS NOMINAL
DESIGN DATA
Total Approx.
Configuration Nom. Cap, (empty) Wt.
Plain 125.7 cu ft 695 1b Material: Polyethylene
Underdrain

Max Gross Wt:

a. For Powdered Resin 123.9 cu ft 745 1b 10,500 1lb.

b. For Bead Resin 125.4 cu ft 760 1b
REFERENCE DRAWINGS/DOCUMENTS

User Drawing: STD-03-007
User Manual: STD-D-03=-009

HANDLING AND SHIPMENT
Lifting: Double wire rope sling

losure: Two (2) concentric threaded closures




SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No._RT=17-1

A Westinghouse Subsidiary Rev. No. 5
’ ‘ Date 3/30/32
DISPOSABLE CONTAINER DATA SHEET Reference 20N 92-098
. - Approved = [ /T
Model Designation:_RADLOK®=-500 (RADIOK-136) High Integrity Container
South Carolina Certification No.: DHEC-HIC-PL-014

Cask Application: _HN=-3142 Cask & HN-100 Cask

A
A
115.75 : _ U L :
71.81
‘ - / # 16.00 9825
— e — Ty Em
p——-  64.50 0.D. ——

ALL DIMENSIONS NOMINAL

DESIGN DATA

Total Approx.
Configquration Nom. Cap. (empty) Wt.
Plain 111.0 cu ft 680 1b Material: Polyethylene
Underdrain
Max Gross Wt:
a. For Powdered Resin 110.2 cu ft 740 1b 9,500
b. For Bead Resin 110.7 cu ft 745 1b

REFERENCE DRAWINGS/DOCUMENTS

User Drawing: STD-03-110

User Manual: STD-D=03-009
HANDLING AND SHIPMENT

Lifting: Double wire rope sling .

Jlosure: Two (2) coéncentric threaded closures




SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No. RT-17-2

- A Westinghouse Subsidiary Rev. No. 0
Date 38e/52
DISPOSABLE CONTAINER DATA SHEET Reference -
" ’ Approved - fFES T

500 (RADIOK=-136) High Integrity Container

Model Designation:_RADLOK®-

‘ (Grappable)
South Carolina Certification No.: DHEC~HIC-PL~-014

Cask Application: _HN=-142 Cask & HN=-100 Cask

5 EERE

71.81
)
- — MANWAY FILL PORT..
SaE— 70 DIA
63.70 -——A—J OPENING OPENING
e 64.50 O.D e
ALL DIMENSIONS NOMINAL
DESIGN DATA
Total Approx.
Configuration — Nom. Cap. (empty) Wt.
Plain 111.0 ¢cu ft 980 1lb Material: Polyethylene
Underdrain
v Max Gross Wt:
a. For Powdered Resin 110.2 cu ft 1040 1b 9,500
b. For Bead Resin 110.7 c¢cu ft 1045 1b
REFERENCE,_DRAWINGS/DOCUMENTS

User Drawing: STD-03-110
User Manual: STD-D-03-009%

HANDLING AND SHIPMENT
Lifting: Grapple or Double wire rope sling

Closure: Two (2) concentric threaded closures
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BCIENTIFIC BCOLOGY GROUP, INC.

Data Sheet No.
Rev. No.

Date

Refer (EWR/ECN) -
Approved [

RE-13
2
¢-14-90

/el /) -

Model Designation: 14-215
Empty Wgt: 38,400 1lbs Max Payload: 20,000 lbs Shipping wgt: 58,400 lbs

Shielding: 2.75 (Lead Equivalent)
' PROMRY LID LIFT LB (3)

[ &

USNRC Certificate.

/

KR

SECOOARY LID !
LIFT LB
1

Taa

Lanial

.75 X

n.

No. SA/9222/A -

SHIPPING CONFIGURATIONS

Shipping Configuration No. Capacity Max Rad Level

55-gallon Drum 14 55 Gal. 20 rem per hr

215 Liner 1 Data Sheet 20 rem per hr
RT-27

RADILOK =55 14 Data Sheet 20 rem per hr

High Integrity Container RT~-13

RADLOK =195 1 Data Sheet 20 rem per hr

High Integrity Container RT-25

REFERENCE DRAWINGS/DOCUMENTS

- “rawings:

{_ isk Operating Procedures:

STD-02-~077

me

s.

STD=-pP=-02-020




B8CIENTIFIC ECOLOGY GROUP, INC. Data Sheet No. =22

- A Westinghouse Subsidiary Rev. No. =3
Date Zfel5e
RADWASTE SHIPPING CASK DATA SHEET Reference DCN 92-113
Approved - e /s
Model Designation: _14-215 CASK CLOSED TRANSPORT VEHICLE (CTV~2

USNRC Certificate No. USA/9222/3
Empty Wgt: 44,000 l1bs Max Payload: 20,000 lbs* Shipping Wgt: 64,000 1lbs -
Shielding: 3.25" (Lead Eguivalent)

*Indivisible Payload Only- Contact SEG for Additional Information

Side Wall Thickness 1" Maximum
CTV Weight 5600 1lbs Maximum

i )| @)

/ N

Qo

B lr
—pt e

3

w1

il m- —————— : s —— 102* em————————

Side View Front View

Reference Data Sheet No. RE-13 for 14-215 Cask

SHIPPING CONFIGURATIONS

Container Options ' Capacity May Rad Level
See l14-215 CASK DATA SHEETS 45 rem/hr

REFPERENCE DRAWINGS/DOCUMENTS
Drawings: STD-02-077, 9414-M-3205 SHEETS 1 AND 2

Cask Operating Procedures: STD-P--02~020

“uxiliary Equipment Data Sheets: Standard Pallets, DP-1




4(; SCIENTIFIC ECOLOGY GROUP, INC. Data Sheet No. RE-18

Rév. No. 1
, Date 12-19=-90
RADWASTE SHIPPING CASK DATA SHEET Refer (EWR/ECN)
Approved it / &0 / -
Model Designation: 14-215 with 1" Shield Insert

USNRC Certificate. No. USA/9222/A
Empty Wgt: 43,600 _1lbs Max Payload: 14,800 lbs Shipping Wgt: 58,400 1bs

Shielding: 3.35 ({Lead Equivalent)
’ [~ PROVAY LID LIFT LB (3)

UK (4)

8.3 ’ X UIFT

. .3 e x-& .m o
] T g, LEAD SiL.
- 3.0 l- - -0
STL.
- SRR
T 020505
*.0.0.0,
r.5 0.5 $.9,0. ¢
Relelele
et e
AE . 0,00,
KN .09
9 - ""”’. R
) 9, 0.0.0 -
74.25 m—-——-—- A o
57 LR
8.9 e
SHIPPING CONFIGURATIONS
Shipping Configuration No. Capacity Max Rad Level
55~-gallon Drum 14 55 Gal. 30 rem per hr
* 190 Liner 1 30 rem per hr
RADIOK =55 14 Data Sheet 30 rem per hr
High Inteqrity Container RT=-13
RADLOK =195 1 Data Sheet 30 rem per hr
High Integrity Contajiner RT=25
REFERENCE DRAWINGS/DOCUMENTS
Drawings: STD-02-077, STD-02-086
)Cask Operating Procedures: STD-P-02-020
113 i n eets: a ts. Dp-2

C SPECIAL ORDER, CONTACT SEG
E-A




8CIENTIFIC BECOLOGY GROUP, INC. Data Sheet No. RE-14

Rev. No. 2
: Date 12-19~-30
RADWASTE SHIPPING CASK DATA SHEET Refer (EWR/ECN)
Approved ot /[ bad. [ —
Model Designation: 14-~215 with 1-1/4" Shijeld Insert

USNRC Certificate. No. USA/9222/A
Empty Wgt: 45,000 lbs Max Payload: 13,400 ]lbs Shipping Wgt: 58,400 1bs
Shielding: 3.50 (Lead Equivalent)

-

r—-HﬂWWYUDLFTUB(3)

B.2 ‘
CAX LIFT
i
i ? :
-—jzam L*- -
m. 7

.5 0.5

’ -

H \—-—--

\|IK{l /

73.88 MIN =
I -
n.9 . ! ¢ ST LR
SHIPPING CONFIGURATIONS

Shipping Configuration No. - Capacity Max Ragd level
55-gallon Drum 14 55 Gal. 35 rem per hr
190 Liner 1 35 rem per hr
RADLOK =55 14 Data Sheet 35 rem per hr
High Integqrity Contajiner RT=-13
RADILOK =195 1 Data Sheet 35 rem per hr
Hig ntegrity Containe RT-25

REFERENCE DRAWINGS/DOCUMENTS
Drawings: STD-02-077, STD-02-086
Cask gperating Procedures: STLD-P-02-020

—Auxiliary Equipment Data Sheets: Standard Pallets, DP-}

S8PECIAL ORDER, CONTACT SEG

RE=-A
(2




BCIENTIFIC EBCOLOGY GROUP, INC.

Data Sheet No.

RE~-4

Rev. No. 8
. : Date
RADWASTE SHIPPING CASK DATA SHEET Refer (EWR/DCN) -91=-
. * Approved 2L JaR /B
SEG Model Designation: 3-82B USNRC Certificate. No. USA/6574/B()

Empty Wgt: 41,805 lbs Max Payload: 8,195 lbs Shipping Wgt: 50,000 lbs
Shielding: 4.58 inches (lLead Equivalent)

. _,., 18 L_ , <
74-1/2° yat
ot . (o \ad .
o -1 3/8" THICX STERL LIMDTER I
\\,______* ¢ (REDVARLE)
3 3/ m@ lfAD \\‘ 1" mm m
€ . 1
)
s lemaxﬁmummwmgg$r )
! ” ! ! '
! / ! 18-5/18°
.. 1
&-1/2* 0.D.
101-17° 0.D.
SHIPPING CONFIGURATIONS
Shipping Confiquration No. Capacity Max Rad level
55-~gallon Drum 3 55 Gal. 1000 rem pexr hr
176 Standard Steel Liner 1 Data Sheet 800 rem per hr
RADLOK® =55 3 Data Sheet 1000 rem per hr
h_Inte ontainer RT-13
RADLOK® =200 1 Data Sheet 800 rem per hr
High Integrity Container RT-14
REFERENCE DRAWINGS/DOCUMENTS
Drawings: STD-02-076, Sheets 1-3

Cask Operating Procedures:

STD-P=-02-017 and STD-P-02-024

Auxiliary Equipment Data Sheets: Drum Pallet, DP-2
3




SCIENTIFIC ECOLOGY GROUP,
A Westinghouse Subsidiary

RADWASTE SHIPPING CASK DATA SHEET

INC.
Rev.. No.

Date

Reference

Approved

Data Sheet No.

RE-21

0

ZELLEER [pot

Model Desjanatjon: IN-142
— Empty Wgt: 54,000 lbs
Shielding: 4.4" (lead Equiv

USNRC Certificate. No. USA/9073/A
Max Pavioad: 10,000 1bs

W

:$ 64,000 lbs

Upper Impact

-

-r

A RARTRARY

e e e et
a ? S

R

e A T I

Lower Impact
7634

Du —————

L

10
DA

% DIA
Acrom Flats

——————

S8HIPPING CO G 8

Shipping Configuraticn

No. Capacity Max

Rad Level

55-Gallon Drunm

10 55 Gal. 350

rem per hr

*142 liner

1 Contact SEG 350

rem per hr

Barrier Plus 131C
High Integrity Container

1l 114.3CF 350

rem per hr

RADLOK®~-500

High Integrity Container

1 Data Sheet 350

RT=-17

rem per hr

REFERENCE DRAWINGS7DOCUMENTS

Drawings:

9414-M-3204

*ask Operating Procedures: WM-011l, WM-013, WM-021 WM-022
Auxiliary Equipment Data Sheets: Standard Pallets, DP-4

* Special Order, Contact SEG

14




BCIENTIPIC ECOLOGY GROUP, INC.

DWAS

G

s

Pata Sheet No.__RE-12
Rev. No. 7

" Date . ® 02=-11-91
Refer (EWR/DCN)__81-023
Approved L /6 i

!

Model Designation: HN-3142

USNRC Certificate. No.

o8

USA/S208/B ()
Empty Wgt: 58,100 lbs Max Payload: 10,000 lbs Shipping Wgt: 68.300 lbs
Shielding: ___4.4" _ (Lead Equivalent)

b 1312 DA et
|~ MPACT LMrTER
. Y
: - 23 | ?
R A
i 1\ ¢
G=T g
= 65-1/2 RETAINING PIN
)
 mmm— DIA 1PL.T
£ B 172 PLY 130

SHIPPING CONFIGURATIONS

Shipping Configuration Ne. Capacity Max Rad Level
85-gallon Drum 10 55 Gal. 350 rem per hr
*142 Liner 1 Contact SEG 350 7rem per hr
Barrier Plus 131C 1 114.3CF 350 rem per hr
High Integrity Container
RADLOK® =500 . 1 Data Sheet 350 rem per hr
. High Integrity Container RT-17
& EFERENC WING S
} Drawings: STD-SD-02-316
Cask Operating Procedures: STD-P-02-012: STD-P-02-013
Auxiliary Faquipment Data Sheets: Standard Pallets, DP-04
*SPECIAL ORDER, CONTACT BEG
RE-A X




HESTINGﬁOﬁgifEEEEEEEj;EbLKAR INCORPORATED Data Sheet No. RE-1
A Vestin Subsiciary Rev. No. - Z =

RADWASTE SHIPPING CASK DATA SHEET

Date

Reter(EWRﬁgiﬁz,_EEB_ﬁﬁzﬂll__
Approved 4 [GEPB  [ LA~

a

Hittman Model Designation: HN-190-1

USNRC Certificate No. UUSA/QQ8E/A

Empty Wgt: __35.500 lhs Max Payload: __14,.50Q 1bhe Shipping Wgt: .50.000 lhe

Shielding: 2.5" (Lead Equivalent)
LD LFTD8 UB
v ° L ] * 1
— . MK LIFTDS LS
ua .
m.
8.0
8y BT
(I \
75.88 QU
L————l.l OIA. ————-—J
SHIPPING CONFIGURATIONS
Shipping Configuration Capacity Reference Max/Avg Rad Level
$5-gallon Drum ié —— 15/8 vrem per hr
RADLOK® -55 14 Data Sheet 15/8 rem per hr
High Integrity Container RT-13
HN-100 Liner or 1 Data Sheet 12/-- rem per hr
HN-100 Large Vol.(LV)Liner RT-1 or RT-2
RADLOK-100 1 Data Sheet 12/~- rem per hr
High Integrity Container RT-12
HN-600 Large Vol. (LV)Liner 2 Data Sheet 12/-- rem per hr
Stackable/Grappable RT-18
RADLOK-178 1 Data Sheet 12/-- rem per hr
—Bigh Integrity Contaiper RT=-24

_REFERENCE_DRAWINGS /DOCUMENTS _ .

Drawings: STD-02-028, STD-02-029, and STD-02-030

Cask Operating Procedure: STD-P-02-022

Auxiliary Equipment Data Sheets: Standard Pallets, DP-1

| b




WESTINGHOUSE RADIOLOGICAL SERVICES,
A Westinghouse Subsidiary

INC. Data Sheet No. ___RE=2 _
Rev. No. —
Date -_EZgEfE _______
Refer(EwR/E:{> _EWR-88-055
Approved Dg__~ [ AL ) LAk

—— - — - ——

Hittman Model Designation: HN-120-2 USNRC Certificate. No. USA/IFZ24/6
Empty Wot: _Z3,800__lbs Max Fayload: _14,200_ _lbs Shipping Wgt: _48,000 1bsz
Shielding: _ 2.5" {Lead Equivalent)

Data Sheet 1S/8
RT-12

High Imtegrity Conteiner

TRANS100 Liner or 1 Data Sheet 12/-="rem per hr ;

HMN=-100 Large Vol. (LV) Lirner RT-1 or RT-2 !

RADLON -100 Tty Data Sheet 12/-- rem per hr ;

High Integrity Container RT-12

HN-6G0C Large Vol. (LV) Liner . 2 Data Sheet  12/-- rem per hr

Stackable/Grappable RT=-18

RADLOF-17% 1 “Data Sheet  12/-- rem per hr

“1gh Integraty Comtainer RT-24 :

om0 _____REFERENCE DRAWINGS/DOCUMENTS__________ """~ R

rawings: CO001-5-9122, CO001-5-912F, and CO01-5-9124 or :
STD-02-080, STD-02-081, STD-02-082 !

ask Operating Frocedure: STD-F-02-019

wriliary Equipment Deta Sheets: Standard Fallets, DF-1

- e - - - ——" A~ — e > e T - —




WESTINGHOUSE RADIOLOGICAL SERVICES, INC. Data Sheet No.__RE-9

A Westinghouse Subsidiary Rev. No. 6
Date G-24-£9
RADWASTE SHIPPING CASX DATA SHEET Refer(§WR/ECN) EWR 89-016
E - Approvéd E%m
Mcdel Designation: HN-100 Series 3 USNRC Certificate No. USA/9151/A

Empty Wgt: 35,200 lbs Max Payload: 17,800 lbs Shipping Wgt: 53,000 1lbs
Shielding: 2.5" (Lead Equivalent)

‘ T
6" _l‘__xo" Max,
Dia. Typ & Places
73-3/8"
84-1/4"
81=-172"
'y 7. 1 " 1-3"" "
4 4 YOI OISO IIIEN 3‘/1_: - = — e
A" —T e— 75~9/32" Min. Dia.—p .
81=3/4" e
9
SBIPPING CONFIGURATIONS
Shipping Configuration Reference Capacity Max/Avg Rad Level
$3-gallon Drum =000z ee=- 14 15/8 rem per hr
HN-100 Liner or Data Sheet 1 12/- rem per hr
HN-100 Large Vol. (LV) Liner RT-1 or RT-2
HN-600 Large Vol. (LV) Liner = Data Sheet 2 12/- rem per hr
Stackable/Grappable RT-18
HN-190 Liner Data Sheet 1 12/- rem per hr
RT-26
RADLOX ®-55 Data Sheet 14 15/8 rem per hr
High Integrity Container RT-13
RADLOK® -100 Data Sheet 1 12/- rem per hr
High Integrity Container RT-12
RADLOK® -179 Data Sheet 1 12/- rem per hr
- Righ Integrity Container ET-24

REFERENCE DRAWINGS/DOCUMENTS

Drawings: C001-5-9138; C001-5-9139; C001-5-9140; C001-5-9141; C001-5-9142;
\ C001-5-9143; and C001-5-9144

Cask Operating Procedures: STD-P-02-018

Auxiliary Equipment Data Sheets: Standaxrd Pallets, DP¥1

13




Data Sheet No.
Rev. No.

WESTINGHOUSE RADIOLOGICAL SERVICES, INC.
A Westinghouse Subsidiary
( Date

Refer(EWR/ECN)

RADWASTE SHIPPING CASK DATA SHEET
Approved

RE-10

5

L-12-84

EWR 89-016

Model Designation: HN-100 Series 3 Cask with Shield Insert
USNRC Certificate No. USA/9151/A

Empty Wgt: 42,445 lbs Max Payload: 10,555 1lbs Shipping Wgt: 53,000 1lbs
Shielding: 3.2" (Lead Equivalent)
' 0
©
———y 16"
' 71-9/16"
84-1/4" ain,
81-1/2"
s:ll
I 3/8" ~3/4°
IS TINDIN
uin
Bl-3/4"
Dia.

SHIPPING CONFIGURATIONS

Shipping Configuration \ Reference Capacity Max/Avg Rad Level
55-galion Drum ~——— 14 50 rem per hr
RADLOK® -55 Data Sheet 7 50 rem per hr
High Integrity Container RT-13

. RADLOK® -100 Data Sheet 1 50 rem per hr

\ High Integrity Container RT-12

REFERENCE DRAWINGS/DOCUMENTS

Drawings: C001-5-9138; C001-5-9139;

C001-5-9143; C001-5-9144; STD-02-036;

STD-02-035;
.. Cask Operating Procedures: STD-P-02-018

Auxiliary Egquipment Data Sheets: Modified Pallets, DP-3

C001-5-9140; C001-5-9141;

C001-5-9142;
and STD-02-037

(14




~.

8cientific Ecology Group, Inc. Data Sheet No.__RE=15

A Westinghouse Subsidiary ° Rev. No. 1
Date Zhof22
RADWASTE SHIPPING CASK DA'TA SHEET Reference DCN _92-132
Approved ‘ L8R /

Model Designation: HN-100 Series 3 Cask with Shield Insert in Closed
Transport Vehicle (CTV=-1)

USNRC Certificate No. USA/9151/2A Y

Empty Wgt: 51,045 lbs Max Payload: 10,555 lbs* Shipping Wgt: 61,600 lbs

Shielding: 4.0" (Lead Equivalent) :

*Indivisible Pavlioad Only- Contact SEG _for Additional Information

Side wWall Thickness 1" Maximum
CTV Weight 8600 1bs

L 1 0 1 \

- T == =T T

}
1l
g

FRONT VIEW CTV

Reference Data Shéet No. RE-10 for HN-100 Series 3 Cask with Shield Insert
Data

SHIPPING CONFIGURATIONS

Shipping Confiquration Reference Capacity Max Rad level
RADIOK -100 Data Sheet 1 75 rem per hr

High Integrity Container RT-12 '

REFERENCE DRAWINGS/DOCUMENTS

Drawings: C001-5-9138; C001-5-9139; C001-5-9140; C001-5-9141; CO001-5-9142;
C001-5-9143; C001-5-9144; STD-02-035; STD-02-036; and STD~02-037

Cask Operating Procedures: STD-P-02-018 & CTV Operating Procedure

Auxiliary FEquipment Data Sheets: Modified Pallets, DP-3 <
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CNSI MIDWEST

N

. .‘ Liner

Liner S12p/Iype*

Carbon Steel L1-13

NOTE:

“See attached standard codss

R ovem wyd. -

L3-55

L6-80 MT
L6-80 ONT
L6-80 In-Situ
L6-80 FR
L6-80 FP/FEDX

L7-100 HY
L7-100 CuT

L8-120 MT
18-120 v
18-120 In-Sity
L8-120 FR
L8120 FP/FEDX

L14=170 TVA Custom
L14-170 MT

L14-1720 CnT

L14-170 In-Stu RIS
L14-170 FR

L14-170 FP/FEDX

L14-195 HT
L14-195 O(Y
1142195 In-S92y
L14-195 FR
L14-195 FP/FEDX

L21-300 NT
121-300 FP/FEDX
24~ x 12° W

Stael Liners

A. Cemant tiners are for O filters. For 3 filters add 15 ibs. For 6 filters add 25 ibs.

for remote grapple rings adg:

» 14-195 - 93 1bs.
144170 - 91 Ibs.
8-120 - 74 Ibs.
7-100 - 91 tbs.
6~ 80 - 71 1bs.

R c e Tt T ST

CHEM=NUCLEAR DISPOSAL LINERS
VOUUME

500
945

1000
1150
3500
1050
1228

1300
1450

1200
1350
4200
1250
1325

1450
1550
1750

TBD

1600
1750

1650
1850
6300
1700
1860

2200
2450
630

TEL:1-815-467-4646

DIMENSION AND

51.318
109,25

57
87
57
§?
LY

40
Q

74
74
74.5
74
74

73.35
71.378
71.378
74
71.375
1.375

79
79
78.5
7%
9

108
108
2

25
3

58
58
]
58
58

74.5
74.8

61
6!
&Y
61
61

69

74.5
74.5
4.8
74.5
74.5

76
76
76
75
7%

82
82
4

Feb 16,93

Enpty Metght  Refght  Diamster  Max. Internal
Pluan’.  nclen  (inchets Yol (Cu.fte

12.5
52.9

82.9
8z.9
45.8
82.9
82.9

94.1
94.)

120.2
120.2

80.3
120.2
120.2

151.3
172.7
172.7

66.1
172.7
172.7

199.6
199.6
138.5
199.6
199.6

320.6
320.6
16.8

15:24 No.004 P.02

{ ‘u.:gl‘l.Ft Yy ot ]
of. N3N $pOse
Desaterfiolid  olupe

12704
S2/0A

NA
NA/80
LY
TIIRA
75/0R

NA/89

NA
NAZI17
NA
114/HA
12/0A

NA/147
A
RATV68
NA
163/8A
160/MA

NA .

NAZ1SS

NA
190/0A
187/708A

WM
303/MA
14/NA

14.6
§7.4

87.2
87.2
87.2
87.2
87.2

100.9
100.%

125.2
126.2
126

125.2
125.2

158.5
180.1
180.1
186.7
180.1
180.)

207.4
207.4
205.)
207.4
207.4

3300
330.1
8.8




CNSI MIDWEST

.Liner

TEL:1-815-467-4646

(CHEM-NUCLEAR DISPDSAL LINERS
OIMENSION AND VOLUME

Feb 16,93

15:24 No.004 P.03

Hic

NOTE:

A.

HICs

o 0 0o o

7 14=198 -

Liner Size/Tvos*
PL6-BO WY
PLG-80 MTIF
PL6-BO FR
PLE-80 FP/FEDX

PLE~120 NT
PLB=120 MTIF
PLB-120 FR
PLB-120 FP/FEDX

PLI&-170 MT
PL14-170 NTIF
PL14-170 FR
PL14-170 FP/FEDX

PL14-195 MT
PL14~Y95 MTIF
PL14-195 FR
PLI&-185 FP/FEDX

PLY4-215 WT
PLI&-215 MTIF . ..
PLIZ-215 FR
PL14-215 FP/FEDX

PL2}=300 MT
PL21-300 WTIF
PL21-300 FR
PL21-300 FP/FEDX

Overpacks
Small
246-gallon®®
Hediumees
60-galion

For vemote grapple basket add:

14215 ~ 218 s,
218 1bs.
210 Ibs.
148 1bs.

135 1bs.

14170 -
8-120 -
6 80 -

*See attached standard codes
S“For Orums
*esfor Pressure Vessels

Empa Koight  Height Diameter  Max. Iatermal - Vol?s?&?n.) Disposal
L' Linches)  (laches)  Yol, (Cu,ft.) - Dewater/Solid  _Yolume
500 §6.5 57 73.3 NAZEA 83.4
525 56.5 57 64.1 NAZNA 3.4
550 56.5 57 73.3 64/NA 83.4
625 56.5 57 73.3 62/MA 83.4
500 73.5 60 107.6 NAZNA 120.3
628 73.§ 60 95.8 NA/NA 120.3
650 3.5 80 107.6 101/0A 120.3
725 73.5 60 107.6 20/NA 120.3
800 7.5 72.5 150.3 NAZNA 170.8
850 71.5 72.5 134.9 HA/NA 170.8
850 7.8 72.5 150.3 181/8A 170.8
1000 7.6 72.5 150.3 138/NA 170.8
850 78 74 171.4 NA/RA 194.)
500 78 74 154.6 HAZNA 196.1
900 78 74 171.4 162/4A L1940
1050 78 74 171.4 15970A 194.1
1200 78.376 7% 189.2 NAJHA 205.8
1250 78.375 76 7.7 NA/HA 208.8
1250 78.378 76 189.2 177/6A 205.8
1400 78.375 76 189.2 174700 205.8
1100 108 80 285.1 KAZNA 4.2
175 108 80 262.) NA/HA 314.2
1150 108 80 285.1 269/8A 314.2
1350 108 80 265.1 268/0A 314.2
250 56.5 33 23.8 HAZNA 28.0
285 13.75 13 32.7 NA/NA 3.5
300 7.9 3 3.8 NAJNA 38.3
100 4.5 25.5 8.4 NA/NA 10.2

°Lead time is a

minimum of six weeks.




CNSI MIDWEST

TEL:1-815-467-4646

Feb 16,93

CHEM-NUCLEAR TRANSPORT CASK INYENTORY

-

15:24 No.C04 P.04

APPROXIMATE
1£] MAXINUN -
51 INTERNAL SRIELDING RADLEVELS LIKER DRUR . | APPROXINATE | NAXIMUN
ANSPORY CLASSIFICATION DIMENS JONS EQUIVALENCE {R/HR) CAPACITY | (55 GAL) MAX UM PAYLOAD
ATATNER CoF e OIA. X HEIGNT (INCHES) *BASED OF Co-60] (FT%) CAPACITY EMP. T, (LBS) | (LBS)
Type B .
3 1-8 USA/9070/B 24° x 34.50° L 1h] 0.200 8 1 200 550
Type B &
3 1-136 USA/9044/8 26.50° x 54° 6.20 6,000 13 ] 23,050 5,000
Type B
S 1-13C USA/9081 /8 26.50° x 5¢° 5.70 4,500 13 1 20,85 5,000
3-55 Type B
+57+65) USA/5805/B 36° x 116,75 7,00 15,000 60 3 64,980 $,220
Typs B
4-85 USA/6244/8 46° x 100° 3.38 80 B8 4 40,300 5,700
6-75 SPEC 7A . '
-33-90) USA/9108/A §3° x 74.50° 4.00 160 8s 6 31,000 10,300
Strong, Tight o more than
6-80-1] Container, Type A 1 R/hr on )
Quantities Only 59" x 58" 5.00 Contact 85 6 47,500 Est. Limit
SPEC 7A .
£-80+2 USA/9111/A 59" x 58° 5.00 1,000 as 4 44,000 7,500
SPEC A 54,200
6-101 USA/5105/A 34° x 156° 3.28 60 N/A 6 Inc, Tratiler 6,000
-
7-100 el 75.50" x 40.75° 3.50 100 85-100 7 35.5(_)0 13,000
8-120 Type 8
0-100} USA/6601 /8 62* x 75° 4.50 §60 120-3 30 8 68,000 20,000
Strong, tight Mo more than
12-180; Contatner, Type A 54° x 40" x 1 R/hr @ o
1-12D)] Quantities Only 147" 2.00 Contact WA 12 31,000 Limit
14170 USA/9079/A 75.50" x 73.25" 2.13 9 170-185 14 33,800 14,000
41700 usA/S3ISI/A 75.80" x 73.25° 2,13 9 170-185 14 33,800 19,205
51
\Y
'.” 1 . . A\
, ex
L%
"
& >




CNSI MIDWEST TEL:1—815--46?-—46__46 Feb 16,93 15:25 No.004 P.0OS

CHEM-NUCLEAR TRANSPORT CASK INVEMTORY

APPROXINATE
PB MAX INUM
INTERNAL SHIELDING RADLEVELS LINER DRUN APPROXSMATE MAX JMUM
CLASSIFICATION DIMENSIONS EQUIVALENCE (R/HR) CAPACITY | (55 GAL) MAX INUN PAYLOAD
COF C PIA. X MEIGHT (INCHES) *BASED ‘ON Co-60{ (FT3) CAPACITY ENP.NT. (LBS) | (LBS)
Strong, tight o wre than
Contatner, Type A 1 R/hr on
Quantities Only 77° x 80° 2.00 Contact 200 4 N .560&, 17,700
SPEC 7A '
USR/79094 /A 7" x 80° 2.18 18 198 14 38,650 12,700
Type A
USA/SV76/A 77.25° x 80.25° 2.13 25 198 14 39,000 20,000
Strong, tipnht o pre than
contatner, LSA Type ) R/hr on N
A Quantities Only 77.5° x 89° 1.76 Contact 200 14 33,200 Liste
Strong, tight o mre then .
Container, LSA Type[124® x 35" x 1 R/Ar on No
NS15-160S! A Quantities Oaly 72* 1,75 Contact 2980 15 42,000 Limie
Type 8 126" x 36" x
NS15-1608 USA/6144/8 75" 1,50 3 2980 s 37,000 5,000
SPEC 7A . .
RS21-300 USA/9095/A 83" x 109* 1,50 3 as 21 30,200 27,280
1-300
/ SHIELD Type A
USA/9096/A 76" x 106-1/2" 2.0 &) 170 8 39,310 27.260
8'W x 40°L
LAT BED /A 8'W x 45°L R/A 1] N/A u/A 14,000 48,000
EGULAR 13'6°H x 40'L
M/A 13'6°0 x 45°L N/A 56 N/A N/A 17,500 45,000
CLOSED, TRANSPORT
YEHICLE 7'S° x 40* x 9° 0.50 43 N/A 0.750 33,000 26,000
Oump type vehicles for the tramsport of bulk LSA, ragioactive wastes - 620 re? capiciyy,
S 8TC-C | BULK SHIPMENT ONLY | 36,000+ 1d paylocad capacity {depending on various state limits). Ofmensfons 18° x 52° z 83°%)
RS BTC-$ STC Closed box-type containers for the shipment of bulk, LSA, radigactive wmstes - 380 ft’
capacty, co.ﬁu» 1D payload capacity (depending on various state limits)., Oimensions:
without insertes - 78° x 180" x 52°

i3sed on Cobalt 60 gamma energy,
¢ carefully evaluated fa relotion to the specific fsctopes involved.

these Rad levels are generslly found @ be conservative, however, equivalent shfelding shoule
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MODEL NuPac 14-210L Type “A" C of C 9176.

MODEL NuPac 10-142 NRC Type "B" C of C 9208

B NRC-licensed Type A or Type B

B Full range of sizes for drums or bulk
liners

B Shielding thickness from 1.5 to 4.4" lead

B Rapid lid removal lowers operator
exposure

B Designed and fabricated to NRC
approved Q.A. program

A Pacific Nuclear Company

1010 South 336th Street Federal Way, Washington 98003 (206) 874-2235




Nuclear Packaging, Inc. is America's largest supplier of nuclear transportation anc
handling equipment. NuPac casks are used to transport a variety of radioactive
materials, from low-level waste to spent fuel. We can design, license and fabricate
shielded transportation casks to fit your particular application. Or, you may choose
from our list of standard designs as shown on the table below. Typical design
features include:

B High-strength, quick-acting binders secure
the primary lid. This reduces operator
exposure and turn-around time by 50% over
conventional bolting systems.

B High-quality epoxy phenolic paint and
internal stainless steel liner facilitates
decontamination.

B Drain with external plug.

Choose the cask thai best fits your needs. Custom-designed casks can also be provided.

BASIC DATA
Characteristics Weights (Ibs.) Cavity (in.}
PiL Lead inner tnner
USNRC Drum Vol. Equiv. Auth. Dia. Height
Model CofC Cap. {F1.3) {in.) Empty P/ Loaded A B
TYPE A CASKS
NuPac
14/210L 8176 14 217 2.00 31,600 20.000 51.600 77.25 80.25
NuPac
14/210H 176 14 217 273 38.400 20.000 58.400 77.25 80.25
NuPac
14/130L 8158 14 190 2.00 29.200 20.000 49.200 75.50 73.38
NuPac
14D-2.0 9079 14 180 225 34,000 14.000 48,000 75.50 73.38
NuPac
14/190M 9159 14 180 2.25 33,500 20,000 53.500 75.50 73.38
NuPac .
14/190H 9159 14 180 3.50 45,200 20,000 65.200 75.50 73.38
NuPac
10/14C 9177 10 144 3.60 41,500 15,000 56,500 £6.00 73.00
NuPac
7/100 9178 7 105 3.50 35,900 13,000 48,900 75.50 40.75
NuPac
8/100L 9178 6 105 3.25 30.900 12,000 42.900 61.00 62.00
NuPac
6/100H 9179 6 105 4.40 41,900 12,000 53.900 61.00 62.00
NuPac
50-1.5L 9145 —_— 56 1.50 9.000 4.200 13.200 48.50 52.50
NuPac
50-2.5L 9145 — 56 2.50 15,000 4,200 18.200 48.50 52.80
NuPac
50-3.0L 8145 — 56 3.00 18,000 4,200 22,000 48.50 52.50
NuPac
50-4.0L 45 —_ 56 4.00 24,700 4,200 28,800 48.50 52.50
TYPE B CASKS
NuPzc-B
10/140 MB — 10 150 3.25 53,000 15,000 68,000 66.00 73.00
NuPac-8
10142 9208 10 142 4.25 58,100 10,000 68,100 66.00 72.00

A Pacitic Nuclear Company

1010 South 336th Street Federal Way, Washington 98003 (206) 874-2235




o

SIONS INTERIOR EXTERIOR
HEIGHT 47 82
WILTH A8 47
LENGTH T2 7

DESCRIPTION

CLASSIFICATION LSA WASTE CONTAINER .
PACKAGE TYPE CFR SPECIFICATION “STRONG—TIGHT"
CAPACITY 80 CUBIC FEET

MATERIAL ASTM A~-068 LOW CARBON HOT ROLLED STEEL
GROSE WEIGHT (EMPTY) 445 POUNDS 70 886 POUNDS
PAYLOAD 4,000 POUNDS TO 10,000 FOUNDS
MAX LOADED WRIGHT 4,445 POUNDS TO 10,898 POUNDS

ADDITIONAL INFORMATION
| MEFTS GENERAL CONTAINER REQUIREUENTS (49 CFR 173.24) FOR

ASBESTOS, OBM AND HAZARDOUS W.

PATENTED, EXCLUSIVE “SEAL-10C” Postrive cwsm SYSTEM TO PRECLUDE

INADVERTENT OPENING.

OPTIONAL REMOVABLE RISERS

OPTIONAL ANTI-SPRINGBACK RETENTION SYSTEM FOR COMPACTOR
APPLICATION

FINAL PROTECTIVE FINISE TO MEET CUSTOMER REQUIREMENTS

OPTIONAL SHIELDING AVAILABLE

V-

PATENTED SEAL-10C CLIP
CLOSURE SYSTEX

, 4" RISERS
U.S. PATENT NUMBERS 4371082 AND 4426027
ONTAINER

moets  CONTAINER PRODUCTS CORPORATION
P.0. BOX 3767 112 NORTH COLLEGE ROAD

ORPORATION WILMINGTCON, NORTH CAROLINA 28405

(919)392-8100 FAX (919)382-8778

2'd N WTIM oD SLONAONd MINIUINGD WbB:2@ 6. pT AL o oo™ o>




B—88 LSA WASTE CONTAINER

FOR THE STORAGE AND SHIPPING OF LSA MATERIALS

D SIONS INTERI OR
HEIGET . 44 48
wDTH 4 ae
LENGTH 88 89
JDESCRIPTION
CLASSIFICATION LSA WASTE CONTAINER .
PACRAGE TYPE CFR SPECIFICATION "STRONG-TIGHT
CAPACTTY 86 CUBIC FEET
MATERIAL ASTHM A-589 LOW CARBON HOT ROLLYD STEEL
GROSS WEIGHT (EMPTY) 630 POUNDE TO 685 POUNDS
PAYLOAD 4,000 POUNDS T0 8,000 POUNDS
MAX IOADED WEIGHT 4,530 POUNDS TO 6,896 POUNDS
ADDITIONAL INFORMATION

MEETS GENERAL CONT. nsqvmm 9 CFR 173.24) FOR
ASBESTOS, ORM AND HAZARDOUS WASTE llA

PATENTED, EXCLUSIVE “SEAL~-LOC® POSITIVE C!DSU‘RE SYSTEM TO PRECLUDE
mmmmm OPENING.

OPTIONAL REMOVABLE RISERS
OPTIONAL ANTI~-SPRINGBACK RETENTION SYSTEM FOR COMPACTOR
APPLICATION

FINAL PROTECTIVE FINISH TO MEET CUSTOMER REQUIREMENTS
OPTIONAL SHIELDING AVAILABLE

U.S. PATENT NUMBERS 4371092 AND 4420827
ONTAINER

Ropcrs  CONTAINER PRODUCTS CORPORATION
P.0. BOX 3767 112 NORTH COLLEGE ROAD

ORPORATION WILMINGTON, NORTH CAROLINA 28405
(919)392-6100 FAX (919)382-6778
£°d PSBES 2/14/8

. ON WIIM OO S10NA0ad AINIYINGD Wdbd: 28 v6. PT NIL




GAIX NS D, B A

FOR FURTHER INFORMATION CONTACT:

Holly Rea, GATX  Stephen Fraser, Envirolease
(312) 621-6493 (201) 292-2456

FOR RELEASE: IMMEDIATELY

GATX CAPITAL WASTE BY RAIl, JOINT VENTURE

SAN FRANCISCO, April 11--GATX Capital Corporation has entered into a joint venture
with Envirolease, Inc. to provide capital equipment for the intermodal movement of selected wastes
and recyclables. GATX EnviroLease Corporation combines the equipment and financial expertise of
GATX Capital with the knowledge and specialization of the waste by rail market of Envirolease,
Inc., and Fraser Group, Inc.

GATX EnviroLease will provide lease financing for a full range 6f intermodal equipment‘
including special purpose containers, chassis, railcars, and other material and container handling
systems such as tippers, sidehandlers and rotary dumping technologies. The equipment will be
dedicated to the intermodal transportation of non-hazardous and selected hazardous waste such as
municipal sblid waste, incinerator and coal ash, sanitary and industrial sludges, contaminated soil,
construction and demolition debris, and recyclables.

Potential customers include ﬁ wide range of waste companies, railroads, waste transportation
companies, and other generatbrs of waste which are considering in-house remediation of captive

sites which would require intermodal containers to transport and dispoée of the waste.

-~more--

GATX CORPORATION 500 WEST MONROE STREET CHICAGO,IL 60661-3676

MAJOR OPERATING COMPANIES
GENERAL AMERICAN TRANSPORTATION CORPORATION GATX CAPITAL CORPORATION
GATX TERMINALS CORPORATION AMERICAN STEAMSHIF COMFANY GATX LOGISTICS. INC.




"We embraced the expertise and reputation of Envirolease and Fraser Group as an entrance
into providing financial services for the intermodal movement of waste by rail," said Brooks 'I.audin,
vice president, corporate development, GATX Capital Corporation. "The movement of waste and
recyclables is making a shift toward rail due in part to the industry’s consolidation of waste streams.
Intermodal containers are interchangeable between truck, barge and rail offering waste managers
greater flexibility with shipments and cost effective modes of transporting wastes.” Intermodal
containers eliminate the need for onsite rail loading facilities and the intermediate transfer of waste

from one mode to another, he added.

"The strength of transporting waste by rail is enhanced by the economies of scale coupled

with a more environmentally secure mode of transportation,” commented Stephen Fraser, president,
GATX EnviroLease. "As the number of available disposal sites continues to diminish, the average
length of haul rises, making special-purpose intermodal equipment more suitable and cost effective."

Based in Convent Station, New Jersey, Envirolease, Inc. has marketed intermodal equipment
on short and long term leases to the waste industry. Fraser Group, Inc., has provided consulting
expertise and market development services to some of the nation’s leading public waste companies
on waste by rail issues. GATX EnviroLease is headquartered in Morristown, New Jersey.

GATX Capital Corporation is a diversified, asset-oriented, financial services company which
invests for its own account and manages assets for other institutional investors. GATX Capital owns
or manages portfolio assets with an original cost of approximately $8 billion, the largest
concentration of which includes air, rail and manufacturing equipment.

--more--




Page 3

GATX Capital is a subsidiary of GATX Corporation, which provides more than $4 billion of
service-based assets including transportation equipment, primarily railroad tank cars, bulk liquid
terminals, ships, warehouses, commercial aircraft, and other capital assets worldwide. GATX also
offers a variety of financial services focusing on owning or managing transportation and distribution

assets.

30~
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TENLEO [y

May 10, 1994 Quote 730-194

Mr. Frank Groffie
Morrison Knudsen Corp.
180 Howard St.

San Francisco, CA 94102

Tenco Material Handling Division is pleased to submit the following
proposal for your consideration:

1 Model: V800D Cat New Lift Truck
Caterpillar 3208T Diesel Engine
Planetary Drive Axle with 0il Disc Brakes
Oscillating Steer Axle
3-Section Valve
Five degree forward, 10 degree back High Mount Tilt Cylinders
Counterweight
Cab consisting of:
-Full suspension seat
-Tilt steering column
-Front, rear and top windshield wipers
~-Front and rear windshield washers
-80dB(a) sound level at operator’s ear
-pressurized filtered ventilation system
-heater
-rear view mirror
-Tail and stop lights
-two side view lights
-audible back up alarm
-power steering
Tires: 18.00 x 33 dual drive tires (E-4)
18.00 x 25 steer tires (E-4)
Mast: Maximum fork height: 301"
Overall lowered height: 259.0"
-Twist lock height: 385" (3 high stack)
Gooseneck mounted container handler
Includes container handler carriage with 20’ - 40’ expansion
Capacity for 3 high: 61,000 1lbs. '
Working light package: 4 flood lights front & rear
Air conditioned cab
Site assembly

Price: F.0.B. delivered $275,547.00
plus tax

™~

TENLZO [

\
. P.O. Box X » Sacramento, California 95813 ¢ {916) 991-8200 # (800) 452-5888




TENCO

Page 2
Options:
4 high stacking, twist lock height 483",
Capacity: 53,400 1lbs. $283,421.00
plus tax

V900CH with container handler
Good neck mounted, 3 high
Capacity: 75,700 lbs.

On site assembly included

Price: F.0.B. factory $282,258.00
plus tax

4 high stacking

Capacity: 67,400 lbs, N

On site assembly included

Price: F.0.B. factory $289,553.00

plus tax

Delivery: August, 1994
Warranty: Cat 12 month parts and labor, unlimited hour usage,
Cat "Parts Fast, Parts Free" policy

Accepted by: Proposed by:

O LA

Morrison Knudsen Date ;gy Taylor 7 Account Manager
&

\
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STEELBRO

MK6 STEELBRO SIDELIFTER

SHORTER,

LIGHTER,

FASTER,

THIIRY
[T

STRONGER

AND MORE VERSATILE

Steelbro Sidelifters are highly
efficient all-in-one container
handling and delivery systems.

They permit rapid loading
and unloading on virtually any
flat, reasonably hard surface,
allow double stacking of fully
loaded containers, permit
stuffing and de-stuffing at
ground level and make the

transfer of containers to another
semi-trailer a simple and safe
operation.

The new MKé Steelbro
Sidelifier has an overal length
of 13.6m (including the front
arc) and easily complies with
13.72 m (45 H]} frailer length
regulations. This means that 40
ft and 20ft containers can not

only be loaded and unloaded
with safety and ease, but can
be carried in many countries
without travel resirictions being
imposed due to the overall
length of the frailer.

There are a number of other
features of the new MKé
Sidelifter that bring considerable

i benefits to the transport industry.




With a tare weight from 11
tonnes, the new design is
cons:dercbly lighter. Also,
operation has been made
faster through dual speed
and variable speed controls.
It is safer as there is greater
control over the movement of
the container and it is
stronger as the lift capacity
is rated to 30 tonnes and
tested fo 37.5 tonnes. Finally
the MK$ is more versatile as
its extended working radius
enables companion vehicles
to drive past during
container fransfers.

MAJOR
NEW FEATURES

R Greater emphasis on safety

R Rapid deployment of
stabilizer legs for faster
turnarounds

W Easy fo use confrols

B Variable speed remote
conirols for superior
handling flexibilify of the

container

M Greater lift capacity,
particularly at full cutreach

R High speed operation, with
dual speed and varicble
speed controls

R Significantly reduced tare
weight, now from 11 tonnes

B Greater stability

M New style of twistlocks
and lifting lugs for reduced

maintenance

M Length reduced to 13.6 m,
including front arc, to suit
regulations.

W Superior manceuvrability
{now a conventional
turning circle) and greater
control over movement of
the container.

B Rated capoacify of SWL
30 tonnes { tested to
37.5 tonnes)

M Reduced shock loadings
in the hydroulic system
resulting in lower siresses
and sirains

M Higher capacity motor.

and reduce pivot pin wear

Distributed by

Cranes fold low fo improve z'oad/ng by other means at ferminals, profect Irfhng equipment

Steel Bros (NZ) Lid

P.O. Box 11077,
Sockbum, Christchurch,
New Zealand

Telephone:

INT + 64 + 3 + 348 8499
Facsimile:

INT + 64 + 3 + 348 5786

%

00

STEELBRO
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@5-04~1983 13:22

PRINTED ©5/704/93
14:38.:28

18002328768

TSMT JOPLIN. ™MO

TRI-STATE MOTOR TRANSIT, CO.
QUOTING SYSTEM - QUOTE INQUIRY

P.e2

QUII00s
PABE 1

QUOTE NUMBER: 1435026 ENTERED BY( SLH ENTERED: 05/04/93 COMPLETED: 06/00/00

CUsT: NAME: MORRISON-KNUDSEN
CITY: SAN FRANCISCO, CA

;CONTQCTx PHIL KELLEHER

1 OF 3 ORIGIN: JOPLIN
DEST : CHARLESTON

WEIGBHT) 15000 LENGTH:
LOADED DIMS ~ LENBTH:

10 1 COMMUDITY DESCRIPTION
DEADHEAD SPENT FUEL TRUCK/TEAM

COIE ACCESSORIAL DESCRIPTION
970 DEADHEAD SPEC EQUIPT

o

%001 DETENTION-TRAC/TRLR $3%5/HR

© FOR ALL HOURS

2 OF 3 ORIGIN: CHARLESTON
DEST : DUNBARTUN

JEIGHT: 47000 LENGTH:
.OADED DIMS -~ LENGTH:

1 0F 1 COMMODITY DESCRIPTION

SPENT FUEL IN CASK

CODnE ACCESSORIAL DESCRIPTION

340° PIER ARBITRARY
1200 TRAILER SET-0OUT

5001 DETENTION-TRAC/TRLR $35/HR

FOR ALL HOURS

3 OF 3 ORIGIN: DUNBARTON

ZIP: 24100
ORIGINATED:

APPROXIMATE TRANSIT TIME 4 HRS

ADD: FAX 415-442-7673

STATE: MO ZIP:

STATE: 8C ZIP:

- HEIGHT! -
- HEIGHT: -
M/7H EXT UWEIGHT

EXT RATE

M 3,45
.00
.00
.00

PHONE: 415-442-7575 EXT:

SHIP: 00/00/00

MILES: 1603
TRAILER!
TARIFF: 4007C
RATE CHARGE
. 000 .00
M/H/W  ACC CHARGE
1003 2457.35
.00
.00
. 00

COMMODITY CHARBE 2457,35

TOTAL CHARBES 2457.335

STATE: SC ZIP:

STATE: SC ZIP:

- HEIBHT: -
~  HEIGHT: -
M/H EXT WEIGHT

134 F 47000
EXT RATE

X .00

X 08

.60

. 00

.00

. 80

.00

SHIP1 00/00/00
‘MILES: 134

TRAILER:
TARIFF: 4807C
RATE CHARBE

3.137 1976.94
M/78/7U ACC CHARGE

50,00

95.00

.00

: 00

.00

.00

.00

COMMODITY CHARGE 2121.94

TOTAL CHARBES 2121.94

STATE:1 6C ZIP:

SHIP: 00/00/00




@S-24-1993 13:22 18002328768 TSMT JOPLIN, MO P.e3

FPRINTED ©5/04/93 TRI-S8TATE MOTOR TRANSIT, CO. QUIIeOS
14,38:29 ‘ QUOTING SYSTEM - QUOTE INQUIRY PAGE 2

QUOTE NUMBER: 145026 ENTERED BY: SLH ENTERED:I 05/04/93 COMPLETED: 00/00/00

DEST 1 CHARLESTON STATE: SC ZIPi MILES: 115
WEIBHT: 43000 LENBTH: -  WIDTH: -  HEIBHT: -~ TRAILER:
LOADED DIMS - LENBTH: -  WIDTH: =~ HEIBHT: - TARIFF: 4007C
10F 1 COMMODITY DESCRIPTION M/H EXT MWEIGHT RATE CHARBE
EMPTY CASK
MIN CHB XXRX X 000 600,00
CODE ACCESSORIAL DESCRIPTION EXT RATE M/H/M  ACC CHARGE
346 PIER ARBITRARY X . 00 50.00
0 ' .00 )
5001 DETENTION-TRAC/TRLR $35/HR .60 .00
COMMODITY CHARGE 650,00

TOTAL CHARGES 650,060

kdhd END OF QUOTE wakw




25—04-1983 13:23

18002328768

PRINTED ©5/04/%3
14:38:13%

QUOTE NUMBER: 145032

CUST! NAME: MORRISON-KNUDSEN

TSMT JOPLIN. MO

TRI-STATE MOTOR TRANSIT, CO.
QUOTING SYSTEM -~ QUOTE INQUIRY

ADD:

QUIICO6
PAGE 1

ENTERED BY: SLH ENTERED; 0S/04/93 COMPLETED: 00/00/00

FAX 415-442-7673

CITY: SAN FRANCISCO, CA ZIP: 94100 PHONE | 415-442-7575 EXT:
CONTACT: PHIL KELLEHER ORIGINATED:
1 OF 3 ORIBIN: JOPLIN STATE: MO ZIP! SHIP: 60/00/00
DEST : OAK RIDGE STATE: TN ZIP: MILES: &&7
UEIBHT: 15060 LENGTH: - WIDTH: =~ HEIBHT: -  TRAILER:
LOADED DIMS - LENGTH; -  WIDTH: - HEIGHT: - TARIFF: 4007C
1 OF 1 - COMMOBITY DESCRIPTION M/H EXT WEIBHT RATE CHARGE
DEADHEAD SPENT FUEL TRUCK/TEAM
XXRX . 000 .00
CODE ACCESSORIAL DESCRIPTION EXT RATE M/H/W ACC CHARBE
'970 DEADHEAD BPEC EQUIPT M 2.45 667 1634.15
) o .00 . 00
%001 DETENTION-TRAC/TRLR $35/HR .00 .00
0 FOR ALL HOURS . 00 .00
COMMODITY CHARGE 1634.15
' TOTAL CHARGES  1434.15
2 OF 3 ORISIN! OAK RIDGE STATE: TN ZIP: SHIP: 00/00/00
' DEST : DUNBARTON STATE: 8C ZIPi . MILES: 359
WEIGHT!: 47000 LENGTH: -~ WIDTHi -  HEIGHT: - TRAILER:
LOADED DIMS - LENGTH1 -  WIDTH: =~ HEIBHT: - TARIFF: 4007C
1 0F 1 COMMODITY DESCRIPTION M/H EXT WEIGHT RATE CHARGE
SPENT FUEL IN CASK
) XXRX 389 F 47000 1.540 2598 .44
CODE ACCESSORIAL DESCRIPTION EXT RATE M/H/ AcC cnn:gs
0 -Oe .
1200 TRAILER SET-OUT X .00 95.00
5001 DETENTION~TRAC/TRLR $35/HR .00 .60
© FOR ALL HOURS .00 .00
o .00 .60
) .00 .00
© APPROX. TRANSIT TIME 10 HRS .00 .60
COMMODITY CHARGE 2693 . 44
TOTAL CHARGES  2693.44
3 OF 3 URIGIN: DUNBARTON STATE: SC ZIP:

SHIP:1 ©0/00/00




05*@4—.1 983 13:23 18002328768 TSMT JOPLIN, MO P.0S

PRINTED 05/04/%3 TRI-STATE MOTOR TRANSIT, CO. : _ RUIIGO6
14:38140 QUOTING SYSTEM ~ QUOTE INQUIRY : PAGE 2

QUOTE NUMBER: 14%©32 ENTERED BY: S8LH ENTERED: 05704/93 COMPLETED: 06/00/00

DEST : DAK RIDGE STATE: TN ZIP: MILES: 330
UEIGHT: 43000 LENGTH: - UIDTH: - HEIGHT: - TRAILER:
LOADED DIMS - LENGTH: - WIDTH: - HEIGHT - TARIFF: 4007C
1 0F 1 COMMODITY DESCRIPTION M/H EXT UWEIGHT RATE CHARGE
EMPTY CASK '
‘ XXRX u 43000 1.830 786.96
CODE ACCESSORIAL DESCRIPTION EXT RATE MsH/7U ACC CHARGE
0 00 00
o .00 00
5001 DETENTION-TRAC/TRLR $3T/HR 100 ' .00
COMMODITY CHARGE 786.90

TOTAL CHARGES 786.90

akk END OF QUOTE ddw




05-04-1993 13:23 18002328768 TSMT JOPLIN. MO ) P.e6

PRINTED 05/04/93 TRI-STATE MOTOR TRANSIT, CO. QUII00S
14:38144 QUOTING SYSTEM - QUOTE INQUIRY PAGE 1

QUOTE NUMBER: 145038 ENTERED BY: SLH ENTERED: 05/04/93 COMPLETEID: 00/00/00

CusT: NAME 1 MORRISON-KNUDSEN ADD: FAX 415-442-7673
CITY: SAN FRANC1SCO, CcA ZIP: 94100 = PHONE:1 415-442-7575 EXT:
CONTACT: PHIL KELLEHER ORIGINATED:
i OF 2 ORIGIN: JOPLIN STATE: MO Z2IP: SHIP: 06s/00/60
DEST 1 FORT WORTH L STATE: TX ZIP: MILES: 371
UEIGHT: 15000 LENBTH: -  WIDTH: -  HEIGHT: - TRAILER:
LOADED DIMS -~ LENGTH: -~  WINTH: -  HEIGHT: - TARIFF: 4007C
1 OF 1 COMMODBITY DESCRIPTION M/7H EXT UEIGHT RATE CHARGE
DEADHEAD SPENT FUEL TRUCK/TEAM
' - XXRX . 000 .00
CODE ACCESSORIAL DESCRIPTION EXT RATE . M/H/74  ACC CHARGE
970 DEADHEAD SPEC EQUIPY M 2.45 371 908.95
e , .00 , .00
5001 DETENTION-TRAC/TRLR $35/HR .60 , 00
© FOR ALL HOURS . - .00 , 00
COMMODITY CHARGE 908.95

TOTAL CHARGEE  908.95

2 OF 2 ORIGIN: FORT WORTH STATE: TX ZIP: SHIP: 006/00/00
DEST : OAK RIDGE S8TATEs TN ZIP: - MILES: 1000
WEIGHT: 47000 LENGTH: - WIDTH: - HEIGHT: - TRAILER:
LLOADED DIMS - LENBTH: - WIDTH: - HEIGHT: - TARIFF: 4007C
1 0F 1 COMMODITY DESCRIPTION - M/H EXT  WEIGHT RATE CHARGE
SPENT FUEL IN CABK ‘
XXRX 1061 F 47000 702 4243.64
CalE ACCESSORIAL DESCRIPTION EXT RATE M/H/UW ACC CHARGE
0 ’ ’ .e@ .@o
o 00 .60
%001 DETENTION-TRAC/TRLR $3G/HR .80 .00
® FOR ALL HOURS . 00 .00
0 .@0 |°°
Q@ APPROX. TRANSIT TIME 30 HRS : 00 . 00

COMMODITY CHARGE 4243.64
TOTAL CHARGES 4243. 484

*kk END QF QUOTE #wx

5




@5-04-1983 15:@7 18202328768 TSMT JOPLIN, MO P.©4

PRINTED 035/04/93 TRI-STATE MOTOR TRANSIT, CO. : QUII0eS
16119:37 QUOTING SYSTEM - QUOTE INQUIRY PAGE 1

QUOTE NUMBER: 145038 ENTERED BY: SLH ENTERED: 05/04/93 COMPLETEDI 00/00/060

CUsT: NAME: MORRISON-KNUDSEN ADD: FAX 415-442-7673
CITY: SaN FRANCISCO. Ca ZIP: 24100 PHONE: 415-442-7575 EXT:
CONTACT: PHIL KELLEHER ORIGINATED:
1 OF - 3 ORIGIN: JOPLIN STATE: MO ZIP: SHIP: 00/00/00
« DEST : FORT WORTH STATE: TX ZIP1 MILES: 371
WEIGHT: 15660 LENGTH: - WIDTH: - HEIBGHT ! - TRAILER:
LOADED DIMS - LENGTH: - WIDTH: - HEIGHT : - TARIFF: 4007C
1 0F 1 COMMODITY DESCRIPTION M/H EXT UWEIGHT RATE CHARGE
DEADHEAD SPENT FUEL TRUCK/TEAM
XXRX . 000 .00
CODE ACCESSORIAL DESCRIPTION EXT RATE M/7H/7W ACC CHARGE
976 DEADHEAD SPEC ERUIPT M 2,45 371 968.95
o .00 , 00
5001 DETENTION-TRAC/TRLR. 835/H « 00 : .00
@ FOR ALL HOURS : 00 .00
COMMODITY CHARBE 708,935

TOTAL CHARGES  908.95

2 OF 3 ORIGIN: FORT WORTH STATE: TX ZIP: SHIP: 00/006/00

DEST : DAK RIDGE STATE: TN ZIP: MILES: 10060
UWEIGHT: 47000 LENGTH: - WIDTH: - HEIGHT: - TRAILER:
LOADED DIM8 — LENGTH: - WIDTH: - HEIGHT ¢ - TARIFF: 4607C
1 OF 1 COMMODITY DESCRIPTION M/H EXT WEIGHT RATE CHARGE
SPENT FUEL IN CASK
XXRX 1601 F 47000 702 4243.64
CcaltE ACCESSORIAL DESCRIPTION EXT RATE M/7H/7U ACC CHARGE
1200 TRAILER SET~OUT M 1.98 144 289.12
0] , 00 .00
5601 DETENTION-TRAC/TRLR $3G/HR » 00 .00
® FOR ALL HOURS .00 . 00
o .00 .86
O APPROX. TRANSIT TIME 30 HRS .00 . 00

COMMODITY CHARGE 43238.76

TOTAL CHARGES 4528.746

3 OF 3 ORIGIN: DAK RIDGE STATE: TN ZIP: SHIP: 00/00/00
DEST : FT WORTH STATE: TX ZIP: MILES: BA47




05-04-1993 15:@8 18002328768 TSMT JOPLIN, MO

PRINTED 05/04/93 TRI-STATE MOTOR TRANSIT, CO.
16119138 QUOTING SYSTEM - QUOTE INQUIRY

QUIIO00S
PABE .2

QUOTE NUMBER: 145038 ENTERED BY: SLH ENTERED: 05/04/93 COMPLETED: 06/00/00

WEIGHT: 43000 LENGTH: - WIDTH: - HEIGHT: -
LOARTDED DIMS - LENGTH: - WIDTH: - REIGHT: -
1 0F 1 COMMODITY DESCRIPTION M/H EXT WEIGHT
EMPTY CASK

' XXRX W 43000

ConE ACCESSORIAL DESCRIPTION EXT RATE
o , 00
0 . 00
3001 DETENTION-~TRAC/TRLR $35/HR . 00

TRAILER:
TARIFF: 4007C
RATE CHARGE

3.770 1621.190
M/H/U ACC CHARGE

.00

.00

. 00

COMMODITY CHARBE 1621.10

TOTAL CHARGES  1821.10

ik END OF QUOTE 4o




83-18-1993 B4:50PM Tri-State Motor Transit o 1 417 624 S845 P.B4

COMMAND: @ C: _1 Q: __ TRI-STATE MOTOR TRANSIT QUIIoO1
QUOTE NUMBER: 143839 QUOTING SYSTEM - QUOTE INQUIRY ENTERED 8Y: BLH
CUST: NAME: MORRISON-KNUISEN ADD: FAX 415-442-7673
CITY: SAN FRANCISCO STATE: CA ZIP: PHONE : 4154427390 EXT:
cdnracr: DAVID BURTON ORIGINATED BY: SHIF DATE:

3 0OF 6  ORIGIN: DUNBARTON STATE: SC ZIP: ‘

DEST : NV TS STATE: NV ZIP: MILES: 2495

STOPS: 1) _ ] , ﬁokE? NN
WEIGHT: 40000 LENBTH: - WIDTH: - HEIGHT: - - TRAILER! '
LOADED DIMS ~ LENGTH: ~  JIOTH: - HEIGHT ~ TARIFF: 4007C 24000

1 0F 1 COMMODITY DESCRIPTION M/sH EXT  WEIGHT RATE CHARGE
SPENT FUEL IN CASK

XXRX 2495 F 4Q0C0 0.9023 2001 .96

CODE | ACCESSORIAL [OESCRIPTION EXT . RATE M/H/U ACC CHARGE
970 DEADHEAD SPEC EQUIPT M 2.450 895 2192.75

SPENT FUEL TEAM FROM JOPLIN,MO

8102 SPENT FUEL SECUR PRV ’ M 0.450 2495 1122.75
1200 TRAILER SET-QUT | ™ 1.980 411 813.78
905 PERMIT/TAX/FEE/NOTIF X . 50.00

S0031 DETENTION~TRAC/TRLR $3S/7HMR

5002 DETENTION-TRL ONLY $50/AaY

TOTAL CHARGES: 13181.243 COMMODITY CHARGE: 13181.24




83-18-1933 b4:5@PM

Tri-State Motor Transit

1 417 624 5845 P.BS
COMMANR: & C: _1 &: .. TRI-STATE MOTOR TRANSIT QUIIOO1
QUOTE NUMBER: 14383¢9 QUATING SYSTEM -~ QUOTE INQUIRY

ENTERED 8Y: SLH

cusT: NAME : MORRISON-KNUDSEN ADD: FAX 415-442-7473
CITY: SAN FRANCISCO STATE: CA ZIP: PHONE: 4154427390 EXT:
CONTACT: DAVID BURTON ORIGINATED BY: SHIP DATE

4 OF & ORIGIN: NV TS STATE: NV  ZIP:

DEST : DUNBARTON STATE: SC  ZIP: HILES: 2376

sToPs: 1) 2) MORE? N N
MEIGHT: 92000 LENGTH: - WIDTH: =  HEIGHT: -  TRAILER:
LOADED DBIMS - LENGTH: - UWIDTH: -  HEIGHT: -  TARIFF: 4007C 21000

1 OF 1  COMMODITY DESCRIPTION M/H EXT UEIBHT  RATE CHARGE
EMPTY SPENT FUEL CASK |

XXRX ¥ 32000 16.780  3449.40

cooe ACCESSORIAL GESCRIPTION EXT RATE M/H/U  ACC CHARGE

TOTAL CHARGES: 344% .60

COMMODITY CHARBE:

3449 .60
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Nuclear Assurance Corporation
655 Engineering Drive

Suite 200

Norcross. Georgia 30092

(404) 447-1144

FAX # (404) 447-1797

March 135, 1993
IFS/93/043/EDS

Mr. David Burton
Morrison Knudsen

180 Howard Street

San Francisco, CA 94105

Dear Mr. Burton:

In response to our teleconference today, I an enclosing a specification sheet and
photograph of each of Nuclear Assurance Corporation’s (NAC) transport cask types.
Also enclosed is a standard lease rate sheet applicable for the casks. Please note that
the lease rate varies significantly with the period of the lease. In addition, labor for any
required lease is separate above the base lease period and cost.

As I cautioned you in our discussion, assessing the relative value of leasing versus
purchasing a cask requires defining several details of the planned use. Thus the enclosed
information needs to be used carefully for such evaluations. NAC would be pleased to
perform such an evaluation if needed. Please call if you need further information.

Sincerely,

Ivan F. Stuart
Vice President
Engineering Design Services

IFS:sb

enclosure:

~. - 7 /
éﬂ{,b/ //. PR R O TN

Tokyo _Office: ?—7-1 0 Sakura-Machi, Koganei, Tokyo, Japan, Mail No. 184, 423-87-6758, FAX # 423-87-6740
Zurich Office: Weinbergstrasse 9, CH-8001 Zurich, Switzerland, (01)261-7344, Telex: 817640, FAX # {01)252-7694
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1993

NUCLEAR ASSURANCE CORPORATION

Standard Commercial Policy for I egal Weight Truck Cask I easing

Base Price $60.000

The base price is for a single, continuous cask lease period of not more than 10 days.
Additional days of cask lease will be at the following rates:

Days 11 through 30 $3,500/day
Days 31 through 90 $3,000/day
Days 91 through 180 $2,500/day
Days 181 through 360 $1,800/day

Included in the base price are four days of labor for site assistance: two days at the
shlpment origination facility and two at the shipment destination facility.

Additional Equipment and Services

NAC will provide additional equipment and services to support the cask lease. In
general, expenses will be invoiced at cost plus 15 percent and labor will be invoiced
at the following rates:

Officer $220/hour
Senior Manager/Engineer $150/hour
Manager/Engineer $130/hour
Associate Engineer/Designer $ 85/hour
Secretary/Clerk $ 50/hour

Additional equipment and services include the following:

Special equipment design and fabrication

Cask and related equipment transportation
NAC reviews and licensing

Cask internals (basket) change-out

Neutron shield tank filling and draining
Preliminary site visits and interface assessments
Additional site assistance, site visits and meetings
Travel and subsistence costs

Schedule changes

Shipment notifications and escort arrangements
Route approvals and special permits

Shipper and consignee support and coordination
IAEA endorsements

Other services as requested




QOwner
Type
Manufacturer/Vendor

Capacity
Intact Spent Fuel Assemblies

Cans Consolidated Fuel Rods
Other Configuration

Weight (tons)
Loaded

Empty
Design Heat Rejection (kW)

Shape

Dimensions
Overall Length (in)
Overall Diameter (in)
Cavity Length (in)
Cavity Diameter (in)
Inner Shell Wall Thickness (in)
Depleted U Wall Thickness (in)
Lead Shield Wall Thickness (in)
Outer Shell Wall Thickness (in)
Neutron Shield Tank Thickness (ia)
Inner Container Wall Thickness (in)

Materials of Construction
Cask Body
Neutron Shield
Sides
End
Basket

Cavity Atmosphere

Operating Temperature (°F)

Operating Pressure (psig)
Qutside Surface Dose (mrem/hr)

consolidated LWR fuel.

in existence.

-

NLI-1/2

Nuclear Assurance Corporation
Legal Weight Truck Shipping Cask

NL Industries Inc.

1PWR;2BWR
2PWR;4BWR

. Metallic Fuel

231
223

10.6
Cylindrical

19525
47.125
178
13375
05
275
2,125
0.875
525
0.25

SS/Depleted U/Lead/SS

Water & Ethylene Glycol
None
SS and Aluminum

He, Air if heat is less than 2.5 kW
1010 (maximum fuel cladding temperature)
117 (maximum)

53 (maximum) .

Licensing Status - Initially licensed by the USNRC in 1974; can be used to ship either intact or

Comments - Casks have separate basksts for PWR and BWR fuel. There are five casks currently

Nuclear Assurance Caipofation
December 1989

NLI-1/2
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YERER

NAC-LWT

Spent Fuel
Transportation Cask



NAC-LWT
Designer Nuclear Assurance Corporation
Type Legal Weight Truck Shipping Cask
Capacity .
Intact Speat Fuel Assembiies 1 PWR; 2 BWR (3.7 w/o; 4.0 w/o enrichment)
Other Configurations 15 Metallic Fuel Rods
Weight (tons)
Loaded 256
Empty 240
Design Heat Rejection (kW) 25
Shape Cylindrical
Dimensions
Overall Length (in) 199.80
Overall Diameter (in) 442
Cavity Length (in) 180.90
Cavity Diameter (in) 13375
Inner Shell Wall Thickness (in) 0.75
Lead Shield Wall Thickaess (in) 575
Outer Shell Wall Thickness (in) 120
Neutron Shield Tank Thickness (in) 5.00
Neutron Shield Wall Thickness (in) 025
Materials of Construction
Cask Body SS/Lead/sS
Neutrozn Shield
Sides Water & Ethylene Glycol (1.0 w/o Boron)
End None
Basket Aluminum
Cooling Fins - None
Cavity Atmosphere Air or Inert Gas
Operating Temperature (°F) 229 (cask radial surface; maximum)
Operating Pressure (psig) 0
. OQutside Surface Dose (mrem/hr) 100 (maximum)
Licensing Status - Safety Analysis Report submitted in March 1988 and licensed by the USNRC
December 6, 1989.
Comments - Casks have separate baskets for one PWR, twé BWR or metallic fuel. Legal truck
weight 80,000 pounds (maximum).
\—
Nuclear Assurance Corporation NAC-LWT

December 1989
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Owner

Type
Manufacturer/Vendor

Capacity
Intact Spent Fuel Assemblies

Weight (tons)
Loaded

Empty
Design Heat Rejection (kW)

Shape
Dimensions
Overall Length (in)
Overall Diameter (in)
Cavity Length (in)
Cavity Diameter (in)
Inner Shell Thickness (in)
Outer Shell Thickness (in)
Lead Shield Wall Thickness (in)
Neutron Shield Tank Thickness (in)
Outer Closure Head Thickness (in)

Materials of Construction
Cask Body
Neutron Shield
Sides
Ends & Strategic Wall Locations
Basket

Cooling Fins

Dry Shipment
Atmosphere

Cavity Pressure (psig)
Normal Operating Temperatures

NLI-10/24

Nuclear Assurance Corporation
Rail Shipping Cask
NL Industries Inc.

10 PWR; 24 BWR

96.5
89

70
Cylindrical

204.5
83
179.5
45
0.75
2

6
9.75
25

SS/Lead/SS

Water
Ricorad
Aluminum-lined with Ag-In-Cd plates in SS

Concentric (forced water circulation
cooling from separate cooling circuit)

He
23.1 (normal); 500 (maximum.)

(with only one of two cooling systems operative)

Outer Surface (°F)
Inner Seal (°F)

Basket (°F)
Fuel Assembly (°F)

Outside Surface Dose (mrem/hr)

227

268

451 (maximum)
690 (average)

200 (maximum)

Licensing Status - Licensed by the USNRC for shipment using Ag-In-Cd basket.

Comments - Cask has two separate baskets—one for PWR and one for BWR. Due to no
demand for the use of this cask, previous owner recovered silver from the baskets in the late
1970s; thus, no baskets exist for the cask at present. There are two casks currently in existence.

Nuclear Assurance Corporation
September 1989

NLI-10/24




NL 10/24 RAIL CASK

WATER JACKET SHELL

INLET VALVE

INNER CLOSURE
HEAD

OUTER CLOSURE
HEAD ~J

INNER CLOSURE HEAD
URANIUM SHIELD

INNER CLOSURE HEAD
NEUTRON SHIELD
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% GENERAL ATOMICS

NWM:RMG:198:93
File 6.25.3
April 27,1993

Mr. David Burton
Morrison-Knudsen Corp.
180 Howard

San Francisco, CA 94105
Dear Mr. Burton:

Please find enclosed the information you requested concerning the use of GA's
FSV-1 Cask.

If you have any questions or if I can be of any assistance, please don't hesitate to
call me at 619-455-2583 (FAX 619-455-2596).

Sincerely,

Robert M. Grenier
Director
Nuclear Waste Management Division

RMG/j
Enclosure

cc: D. Rickard

3550 GENERAL ATOMICS COURT, SAN DIEGO, CA 92121-1184 PO BOX 85608, SAN DIEGO, CA 92186-8784 {619} 455-3000




«g‘e CENERAL ATOMICS

INFORMATION REQUEST

TO
MORRISON KNUDSEN CORP.
April 27, 1993
FSV-1 CASK
Daily Rent * $1,200 / Day
Transportation Actual Costs Plus 15%

Burial Liners $8,000 / Each

LABOR RATES
Staff Engineer $ 110 / Hour
Senior Engineer $ 90/ Hour
Engineer $ 78/ Hour
Technician $ 68/ Hour

PER DIEM DOE Allowables

* Minimum rent duration is 30 days; includes
all calendar days including shipping time;
includes lifting yoke.
BURIAL LINER VOLUME 26 Ft 3

MAX ALLOWABLE CONTENTS WEIGHT 3720 Lbs
(Includes 750 Ibs weight of burial liner)

3550 GENERAL ATOMICS COURT, SAN DIEGO, CA 32121-1194 PQ BOX 85608, SAN DIEGO, CA 92186-9784 (618} 455-3000




BWR CONTROL ROD AND
- IRRADIATED HARDWARE DISPOSAL

WORK
STATION

FSV-1 CASK

CONTROL
ROD
BLADE

BURIAL
LINER

In 1983, GA became the first to successfully dispose of irradiated BWR control rod blades
when the first nine shipments were made from the Monticello nuclear plant in Minnesota. Since
then, GA has shipped about 400 contro} rod blades from seven different BWR plants.

GA’s Model FSV-1 cask can carry 4 intact BWR control rod blades. Additionally, in response
to the high cost of burial, GA has developed a compaction system that increases the cask capacity
to up to 12 control rod blades. GA’s volume reduction equipment uses shears and a compactor, and
unlike systems that use saws, GA’s equipment does not generate chips and debris.

‘:‘ GENERAL ATOMICS




EXPERIENCED AND RELIABLE

GA provides a full range of BWR control rod and irradiated hardware disposal services, from
simple cask and equipment leasing to managing and staffing operations from start to finish. Our
personnel will:

® provide utility liaison to ensure proper matchup with utility handling equipment and
procedures
train utility personnel on site
provide fuel pool operations manpower
perform radwaste survey and analysis

optimize packaging to minimize burial costs.

GA’s EQUIPMENT IS TAILORED TO UTILITIES’ NEEDS

In-Pool Work Station When suspended from the curb of the fuel pool, holds
the control rod blade, FSV-1 burial liner, and receiving
container for stellite balls and axles.

Control Rod Corner Shear Removes stellite balls and axles.

Control Rod Inverter, Reach Provides efficient means for handling control rod
Tool, and Grapple Tool blades.

Mobile and Stationary LPRM Simplifies preparation and handling of LPRMs.
Cutters and LPRM Grapples .

Control Rod Velocity Limiter - Removes velocity limiters prior to blade compaction.
Shear ’ .

Control Rod Compactor Flattens the cruciform cross-section of the control rod

blade to 1 in. thickness. Triples the capacity of the
FSV-1 burial liner.

GA augments its BWR control rod and irradiated hardware disposal equipment with
miscellaneous handling tools, fixtures, and underwater vacuuming systems.




MODEL FSV-1 CASK

GA designed, procured, and now operates the FSV-1 casks. GA has used the FSV-1 casks to
ship control rod blades and contaminated hardware from utilities around the country to a burial site
in South Carolina. Utilities prefer the ESV-1 because of its simple design and ease of handling.
Repeated use in fuel pools has demonstrated that the smooth, stainless steel walls and uncluttered
exterior of the cask minimize contamination and simplify cask clean-up. In addition, the ample
length of the internal cavity allows shipments of BWR control rod blades with minimal preparation.
Shipments in the FSV-1 are legal weight, thus, avoiding the restrictions and limitations associated

with overweight radioactive shipments.

«{e cENERAL ATOMICS




MODEL FSV-1 TRANSPORTATION SYSTEM

24-BOLTS
713

4
-

& TRUNNION
SOCKET

12.76 CAVITY

DIAMETER ——

0.91 STAINLESS
STEEL OUTER
SHELL

3.5 DEPLETED

UBANIUM ——

0.57 STAINLESS
STEEL INNER
SHELL

DRAIN
CONNECTION

CAVITY PURGE

CONNECTION

28.0

OIMENSIONS ARE IN

31.0
DIAMETER

i——‘{ CLOSURE

N ; 0.75 STAINLESS STEEL
2.25 DEPLETED URANIUM
3.75 STAINLESS STEEL

_ T\K\

192.25
CAVITY

208.0

INCHES

FSV-1 SPECIFICATIONS

Cask Type B, NRC Certificate of
Compliance No. 6346,
Revision 16

Authorized Irradiated HTGR fuel and

Contents irradiated and contaminated

hardware

Primary Shielding Depleted uranium encased in

stainless steel

Cask Weight 42,300 lbs, empty

Maximum Contents 3700 1bs
Weight

Thermal Rating 4.1 kW
TRAILERS

The FSV-1 casks are shipped on dedicated legal
weight trailers fitted with tiedown and handling
equipment. The rear tiedown pivots for vertical
loading and off-loading of the cask from the trailer.
The front tiedown clamps the cask against a cradle.
The trailers are available with and without personnel
barriers. Each trailer weighs 9,100 ibs.

CASK HANDLING

The FSV-1 cask lifting system consists of a
(1) lifting yoke which engages two trunnion sockets in
the upper cask body and (2) a redundant lifting
system mounted to the cask at the upper collar.

The lifting yoke is remotely operated using a
water actuated hydraulic cylinder. The design is
inherently fail-safe since the yoke arms are forced
together by the weight of the cask, independent of
the action of the operating cylinder.




DOE/RW-0355P
OCRWM Fact Sheet

b

Sacility.

Nuclear waste is material that either
contains a radioactive substance or has
been contaminated by radioactive
elements and is no longer useful. It
includes waste products from nuclear
processes, such as mining uranium
ore, fissioning of uranium in commer-
cial nuclear power plants, processing
defense materials, and preparing
nuclear isotopes for use in medical
applications. It also includes used
protective clothing and containers that
once held nuclear material.

In 1983 Congress enacted the Nuclear
Waste Policy Act (NWPA), which
outlines a comprehensive plan for the
safe disposal of spent nuclear fuel and
other forms of high-level nuclear

Loading of spent nuclear fuel into a concrete

waste. It also includes development of
a mined, geologic repository for long-
term disposal of all forms of high-
level radioactive wastes. An amend-
ment enacted in 1987 authorizes the
development of a temporary, above-
ground storage facility called a Moni-
tored Retrievable Storage (MRS)
facility. The MRS will store a limited
amount of “spent” or “used” nuclear
fuel from commercial nuclear power
plants, a solid form of radioactive
waste.

To produce electricity, nuclear power
plants use solid, ceramic fuel pellets
made of uranium. Tremendous
amounts of energy are stored in the
centers of uranium atoms. When these

storage module from shielded transfer cask at Duke Power's dry storage

atoms split, highly radioactive fission
products are generated along with the
large amounts of heat that make steam
to turn turbine generators. The rock-
hard fuel pellets are encased in strong
metal rods. After three or four years in
an operating nuclear reactor, the en-
ergy remaining inside the pellets is no
longer efficient enough to produce
usable heat and the pellets have be-
come highly radioactive. These pellets
and the surrounding rods must be
isolated from the human environment
for long periods of time, on the order
of thousands of years. Until a perma-
nent repository is in operation, spent
fuel will continue to be stored in
above-ground facilities such as the
ones shown. The MRS will build upon




OCRWM Fact Sheet

Storage of spent nuclear fuel in metal storage containers at Virginia Power's dry storage facility.

storage technologies already in opera-
tion and demonstrated to be safe.

The U.S. Department of Energy (DOE)
is responsible for the Nation’s Civilian
Radioactive Waste Management Sys-
tem. Within DOE, the Office of Civil-
ian Radioactive Waste Management
(OCRWM) is charged with executing
policy and managing the program to
safely dispose of used nuclear fuel and
other forms of high-level radioactive
waste.

For more information, please write:
OCRWM Information Center
Post Office Box 44375
Washington, D.C. 20026
or call: 1-800-225-NWPA
(or call 488-5513 in Washington, D.C.)

Published by the U.S. Department of Energy
Office of Civilian Radioactive Waste Management

A modular vault dry storage facility operated by the Public Service Company
of Colorado built to hold spent nuclear fuel. (OCRWM)

Please recycle.
August 1992




DOE/RW-0258
OCRWM Backgrounder

Cask Systems Development:

GA-4 & GA-9 Truck Cask

INTRODUCTION The Nuclear

Waste Policy Act of 1982, as amended, made the Office
of Civilian Radioactive Waste Management (OCRWM])
of the U.S. Department of Energy (DOE) responsible for
managing the program for the permanent disposal of
spent nuclear fuel from commercial power plants and
high-level radioactive waste from national defense
activities.

Transportation casks will contribute toward the safety
of the nuclear waste transportation system. They will
protect the public and transportation workers from poten-
tial exposure to radiation during normal transportation
activities and if an accident occurs. This protection is
provided through the use of rugged materials designed
and constructed according to regulations established
by the U.S. Nuclear Regulatory Commission (NRC).

The OCRWM Cask Systems Development Program is
designing a variety of casks to safely transport radio-
active waste from the generator sites to a geologic
repository or a monitored retrievable storage facility.
Five contracts have been awarded; three to develop
rail/barge casks and two for legal-weight truck casks.

As of December 1989, all five cask contractors had
submitted preliminary designs to the OCRWM. The
designs have been reviewed by a Technical Review
Group composed of national experts in cask develop-
ment areas. This backgrounder describes the General
Atomics GA-4 and GA-9 spent fuel shipping casks for
legal-weight truck shipments.

General Atomics Corporation
San Diego, California

Square cask cavity
' Two specialized designs: one
exclusively for pressurized-
water reactor (PWR) and
another exclusively for
boiling-water reactor (BWR)
fuel.
Payload
4 PWR (GA-4) or @ BWR
(GA-9) intact fuel assemblies
Structural material
Stainless steel
Basket
Stainless steel

Gamma shielding
Depleted uranium
Neutron shielding
Borated polyethylene
Closure type
Bolted

Impact limiters
Aluminum honeycomb with
stainless steel shell

shipping casks

4

T

27-ton legal-weight truck

Length—19.5' (GA-4) and
20.3' (GA-9)

Diameter—7.5' and 7.5'
{with impact limiters)
Weight—26.3 and 26.45 tons

/

STAINLESS STEEL LINER
DEPLETED URANIUM GAMMA SHIELD
STAINLESS STEEL BODY
POLYETHYLENE NEUTRON SHIELD

STAINLESS STEEL SKIN

REMOVABLE ALUMINUM
HONEYCOMB IMPACT LIMITER

i

GA-4/GA-9 LEGAL-WEIGHT TRUCK SHIPPING CASK




Cask Systems Development:
GA-4 & GA-9 Truck Cask

General Atomics Corporation’s GA-4 and GA-9 are
two specialized shipping cask designs: one for
pressurized-water reactor fuel assemblies and the other
for boiling-water reactor fuel assemblies. The casks’
stainless steel structural material has distinctive
shaped cross-sections that minimize weight and
maximize payload. Neutron shielding is provided by
borated polyethylene and the gamma shielding is con-
structed of depleted uranium. The removable impact
limiters are made from aluminum honeycomb with a
stainless steel shell.

General Atomics Corporation GA-4 and 'GA-9
27-Ton Legal-Weight Truck Shipping Casks

Casks must meet design performance standards, test-
ing conditions, and certification requirements estab-
lished by the NRC. Cask design certification
applications must demonstrate to the NRC, through
analysis and/or testing, that casks can withstand both
normal transportation and accident conditions, as
specified in Federal regulations.

Published by the Office of External Relations and Policy
To provide current background information on program facts, issues
and initiatives. For further information write to: Information Services
Division, Office of Civilian Radioactive Waste Management, U.S.
Department of Energy, Mail Stop RW-43, Washington, DC 20585.

Interface Guidelines,
Cask Size/Weight Limits

Diameter—6’

Height (Length)-—Limited by
headroom

Headroom—22'

Cask loading height—18’

Gross vehicle weight—40 tons
{max.) including tractor, trailer,
and loaded cask '

Shipping Cask with
Personnel Barrier on Truck Trailer

*U.S. GPO: 1950—750-106

February 1990




Appendix E
Backup Data for SNF Rail Shipments

Appendix E-1: IF-300 Product Literature
Appendix E-2: BR 100 Design Information
Appendix E-3: M-140 Cost Information
Appendix E-4: Railroad Rate Quotations

E-1







Appendix E-1

IF-300 Product Literature

E-3




General DesCription

IF-300
Irradiated
Fuel Transportation
System

NUCLEAR ENERGY BUSINESS OPERATIONS « GENERAL ELECTRIC COMPANY
SAN JOSE, CALIFORNIA 95125

GENERAL & ELECTRIC

NEDO-10864C
79NED47R
Class |

July 1983




DISCLAIMER OF RESPONSIBILITY

This general description was prepared by General Electric Company and is
being made available without consideration. General Electric Company does
not:

A. Make any warranty or representation, expressed or implied, with respect
to the accuracy, completeness, or usefulness of the information con-
tained in this report, or that the use of any information disclosed in this
report may not infringe privately owned rights; or

B. Assume any responsibility for liability or damage which may result from
the use of any information disclosed or contained in this general descrip-
tion document.




NEDO-10864C

CONTENTS

FEATURES OF THE IF-300 IRRADIATED FUEL TRANSPORTATION SYSTEM

EQUIPMENT DESCRIPTION
Design Summary
Cask
Skid and Supports
Cooling System
Enclosure
Cask Lifting Yokes

SAFETY ANALYSIS AND LICENSING REQUIREMENTS
IF-300 Licensing Status
Licensing Procedures
Design Conditions

" EXPERIENCE
Cask Fabrication
Fuel Shipments

TRANSPORTATION SUPPORT SERVICES
Site Facilities
Pre-Shipment Preparations
Personnel Training

SUMMARY

ILLUSTRATIONS

Title

IF-300 irradiated Fuel Transportation System in Normal Rail Configuration

1F-300 trradiated Fuel Shipping Cask

IF-300 General Arrangement — Side View

IF-300 General Arrangement — Front View

Intermodal Transportation Transfer

Typical Fuel Basket Spacer Discs — BWR/PWR

Whiting Arrangement of Redundant Yoke Assembly

Isometric of the Redundant Yoke
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NEDO-10864C

FEATURES OF THE IF-300 IRRADIATED FUEL TRANSPORTATION SYSTEM

The IF-300 irradiated Fuel Transportation System is designed to transport irradiated (spent) nuclear fuel
in accordance with the requirements of the Nuclear Regulatory Commission (NRC), and the Department of
Transportation.* The system is operational under Certificate of Compliance 9001, which was originally issued
by the NRC (then Atomic Energy Commission) in 1973. At the present time, this Certificate permits shipment of
all currently used Boiling (BWR) and Pressurized (PWR) Water Reactor fuel in a dry mode. Fuels of nominal burn-
up can be shipped after approximately 2-1/2 years of cooling time. The cask is presently utilized in a “zero-
release” configuration and uses a rupture disk device for overpressure protection rather than the original
controlled-release valve.

The IF-300, which has a capacity of 7 PWR or 18 BWR bundies, was the first multi-bundle cask with the
neutron shielding required for high exposure fuel. It is the only multi-bundle cask with actual operating ex-
perience and is noted for its relative compactness and ease of handling in currently operating nuclear stations.

Capacity, weight, and dimensional specifications of the IF-300 are as follows:

Capacity BWR PWR

Bundies 18 7

Approximate Maximum Loaded Weight (wet)**

Cask only, pounds 140,000 136,000
Skid, enciosure, and cooling

system, pounds 45,000 45,000
Rail Car . 75,000 75,000
Total System, pounds 260,000 256,000
Cavity :
Length, inches 180 169
Diameter, inches 375 37.5
Cask Body
Length, inches 208 198

Nominal Diameter, inches.......‘................._.... 64 64

Redundant Yoke

Weight, pounds . 15,000 15,000
Standard Yoke

‘Weight, pounds....c.coevecvercoeinrenreceranse 5,000 5,000
Skid .

Length, feet 37.5 375

Width, feet ..., . 8 8

Heat Dissipation
BU/DF oottt seenans 40,000 40,000

*U.S. Code of Federal Regulations, 10CFR71 and 49CFF117
* *Weight of water in cask when removed from pool is approximately 4,000 pounds.
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EQUIPMENT DESCRIPTION

DESIGN SUMMARY (Figures 1, 2, 3, 4, and 5)

The General Electric IF-300 {rradiated Fuel Transportation System is designed to ship 18 BWR bundles or
7 PWR fuel bundles. The various loads are individually accommodated through the use of removable fuel bas-
kets and two different length closure heads.

Transportation is primarily by rail, although the skid is designed to accept wheel assemblies for short-
haul, special permit trucking. This dual-mode shipping configuration permits the use of the IF-300 cask at those
reactor sites which have no direct rail access. The short-haul capability is used to move the cask and equipment
skid to the nearest convenient railhead, where it can be transferred to its railroad car using roli-on/roll-off tech-
niques.

The cask is mounted on the skid in a horizontal position during transport. It is supported on the skid by a
saddle at the head end and a cradie at the bottom end. The cradle forms the pivot about which the cask is
rotated for vertical removal from the skid. There is one pickup position on the cask body just below the closure
flange. At this same location, the support saddle engages the cask.

The cask is lifted by a special yoke, designed to be used with either length head. This yoke accepts the
normal reactor building crane hook in its upper end and engages the cask lifting trunnions with two hooks on its
lower end. The cask head is removed using four steel cables which are part of the yoke. A single yoke is used for
both cask rotation and cask lifting. Also available, where needed, is a redundant lifting yoke designed to inter-
face with single failure-proof reactor building cranes. The redundant yoke is a necessary component of the
critical ioad lifting system instalied in certain reactor plants to provide protection against the occurrence of a
cask drop accident.

All external and internal surfaces of the cask are stainiess steel. Both gamma and neutron shielding are
provided by the depleted uranium metal within the cask shell and by the exterior water-filled annular enclosure.
This enclosure is fabricated from thin-walled stainless steel and is corrugated to maximize the heat transfer
area. These corrugations also significantly increase the strength of the outer jacket and its resistance to dam-
age. The annular neutron shieiding enclosure is attached to the cask body and masks the active fuel zone.

‘The cask cavity is sealed with a metallic gasket at the cask closure head. The maximum normal operating
pressure of the cask cavity in the dry mode is less than 25 psig. However, the design working pressure is 400
psig at a cask body temperature of 815°F. Overpressure protection is provided by a rupture disk, with a burst
pressure range of 350 to 400 psig at 443°F. The cask cavity is equipped with two nuclear service valves, one in
each of two valve boxes, for filling, draining, venting, and sampling. These valves have quick disconnect fittings
for ease in servicing. Both vaive handles are secured during transit to prevent tampering. The neutron shielding
water enclosure is protected from overpressure by a 200-psig relief valve. it is serviced by fill and drain valves
located in the two valve boxes.

Fuel bundies are contained within a removable, slotted, stainless steel basket. Two alternate baskets are
available, one designed to accommodate BWR bundles and one for the PWR bundies. Fuel bundles are re-
strained axially by spacers mounted on the inside of the closure head. The basket is centered within the cask
cavity by nine spacer discs, mounted along the fuel basket length. Fuel bundles are inserted and removed from
the basket using standard grapples. Criticality control is achieved by using B,C-filled stainless steel tubes
within the basket.
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CASK

1. Cask Body

The IF-300 cask inner cavity is a stainless steel cylinder, 37-1/2-inch inside diameter and 1/2-inch-thick
walils, having its bottom end sealed with a 1.7/16-inch-thick stainiess steel plate. The upper end is welded to the
closure flange. Processes and procedures described in Section il of the ASME Code were used for guidance in
the fabrication of the cask.

Surrounding the inner cavity is the depleted uranium metal shielding material. This heavy metal assembly
consists of annular castings, each with a 38-1/2-inch i.d. and a 4-inch-thick wail. Sections are interlocked, end-to-
end, using an overiapping joint which holds the stack together and prevents radiation streaming. This assembly
is shrink-fitted to the inner cavity to ensure good thermal contact for heat transfer purposes. The bottom end
shield is a 3-3/4-inch-thick uranium metal casting.

To prevert the formation of a low melting point alloy of steel and uranium, a 5-mil-thick copper diffusion
barrier is provided at every uranium-stee! interface. This barrier is plated or flame-sprayed on the iarger pieces
such as the inner and outer shells. Copper foil is used in some of the smaller areas.

The outer body shell is also a stainless steel cylinder with a 46-1/2-inch i.d. and a 1-1/2-inch-thick wall. The
outer shell is also shrink-fitted to the uranium to ensure good heat transter characteristics.
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The outer body shell of the cask is encircled by a thin-walled, corrugated stainless stee! water enclosure
jacket, extending axially from the upper valve box to a point slightly above the cask bottom, thus masking the
active fuel zone. Water contained in this annular enclosure functions as a neutron shield. An antifreeze and
water mixture is used when the cask is subject to cold ambient temperature conditions. The jacket surface is
corrugated for heat transfer purposes. Additionally, the use of continuous corrugation provides a surface which

is easily decontaminated. The jacket has a pressure rating of 200 psig and is equipped with fill, flush, and
pressure relief valves.

Welded to the outer shell are four 1-1/4-inch-thick circumferentia! fins. These members serve as lifting
rings and impact fins. They are also used to support the water jacket sections. The iF-300 cask is lifted by a set
of trunnions located just below the closure head flange. These lifting trunnions are pinned to the upper pair of
heavy rings and are designed to be removed for transit. The upper pair of lifting rings also acts as the forward
support/axial restraint when the cask is in the horizontal transport position.

Radially mounted at the lower end of the cask are 32 stainless steet impact fins, 1-1/4 inches thick. Six-
teen protrude 8-1/8 inches from the surface and the remaining protrude 6 inches. They are welded in place and
prepared for ease of decontamination.

There are two large valve boxes on the exterior of the cask body nested between the pairs of impact fins.
These fixtures have finned lids which are removed during ioading and unioading. The head end vaive box con-
tains both a nuclear service vent and fiush valve and a rupture disc device. The lower box contains a fill and
flush vaive only. Stainiess steel Schedule 40 pipe connects the upper valve and the rupture disk device to the
cask cavity side wall near the flange. The lower valve is connected to the inner cavity bottom, 180 degrees from
the upper valve location. Both the stainless steel vent and fiush valves are equipped with quick disconnect
fittings.

Temperature monitoring is performed with a thermocouple mounted between the uranium and the inner
cavity. This thermocoupie is located equidistant from the ends of the cask body at what is expected to be the
hottest axial point. The thermocouple is contained within a well which enters the bottom of the cask, thus per-
mitting easy replacement. ‘

The overall length of the cask body from fins to flange face is 184-3/18 inches. The cask cavity depth from
the flange face is 169-1/2 inches. The flange is a stainless steel machined forging whose face contains 32
equaily spaced studs, each of which is 1-3/4 inches in diameter. The studs protrude §-3/4 inches from the face
and are made of 17-4 PH stainiess steel.

2. Cask Closure Heads

The IF-300 cask can be equipped with either of two different cask closure heads. These cask closure
heads provide two aiternate cask cavity lengths to match the particular dimensions of the fuel being shipped.
With the short cask closure head in place, the overall cavity length is 169-1/2 inches. The long cask closure head
increases the cavity to 180 inches. Most PWR fuel will be shipped using the short cask closure (PWR) head. BWR
fuel (and some longer designs of PWR fuel) will necessitate using the extended cask closure (BWR) head.

Shielding in the cask closure heads consists of 3 inches of uranium. The outer shell and flange is a single
stainless steel machined casting. A circular stainiess steel plate is welded in place to form the cask closure
head cover. As in the case of the cask body assembly, each steel-uranium interface is isolated with a 5-mil cop-
per layer. '

Each cask closure head has 32 radially mounted fins on the end, 16 of which protrude 9-1/2 inches from
the surface. The remaining fins protrude 6 inches from the surface. These fins are designed to provide impact’
protection to the cask and contents. These fins are stainless steel and are welded in place.
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Because of variations in fuel lengths, it is necessary to provide some spacing scheme. There are five
spacer assemblies for the two cask closure heads. These spacers are mounted on circular plates which bolt to
the top of the cask closure head cavity. Spacing is accomplished with struts and pads which protrude from the.
circular plate. Several sizes of basket bottom spacers are provided to elevate short bundies. Each plate is
numbered and indexed to ensure proper installation.

3. Closure

The cask body is joined to either head, using the 32 studs in the body flange and an equal number of
special sleeve nuts. Short, 3-1/2-inch-length nuts are used to secure the PWR cask closure head assembly.
Because of its greater length, the BWR cask closure head must utilize 13-3/4-inch-long sleeve nuts. Using the
sleeve nut approach makes it possible to change cask closure heads without changing the studs. Two guide
pins provide alignment and orientation.

Cask sealing is accomplished using a metallic gasket. The cask closure head and body flanges interlock
to provide shear steps to protect the gasket in case of impact.

4. Fuel Baskets (Figure 6)
Two different fuel baskets may be used in the IF-300 cask — a 7-cell PWR unit and an 18-celi BWR unit.

Each basket “cell” has walls which are siotted to provide coolant flow to the contained fuel. Cells are held
in place by nine circular spacers equally placed along the basket length. These same spacers center the basket
in the cask cavity. The basket celis run the full iength of the fuel and function as guides for ease in fuel loading.
When the cask is horizontal, the weight of the fuel bundles is carried by the spacer discs.

Criticality control in each fuel basket is provided by boron-carbide-filled stainless steel tubes located
adjacent to the basket celis. Design and fatrrication of these tubes follow GE/BWR practice for control rod biade
absorber rods.

Both baskets are of welded, stainiess steel construction. Each is keyed into the cask to prevent rotation
during shipment. Basket removal is accomplished using a special basket removal yoke which engages two lift-
ing bars at the upper end of the assembly.

SKID AND SUPPORTS
1. Equipment Skid (Figure 2)

The equipment skid functions as both a unitized pallet for the cask and cooling equnpment and a trailer
deck for special permit short haui truckmg

The skid frame uses 24-inch fabricated I-beams. Fuel tanks for the cooling system diesel engines are
incorporated into the framing. The cooling system and cask support members are attached directly to the frame.
The skid is 37-1/2 feet long, 8 feet wide, and is of all-steel construction. Both ends of the skid are designed to ac-
cept a type of hydraulic gooseneck assemblies used in the heavy hauling industry. When transporting the
package by truck, wheeled assemblies will be attached to both ends of the skid. The gooseneck will be used to
lift the unit to a minimum road ciearance of 12 inches. Deck plate is provided for ali accessible areas.

During rail shipment, the skid sits directly on the bed of a slightly modified standard 80-ton-capacity flat
car. During transport, the skid is restrainec! by a securing system designed to resist the peak loads anticipated
under normai railroad conditions for the hydraulically cushioned draft gear.
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2. Cask Supports

The horizontally transported cask is supported in two locations: just below the closure flange by a saddie
and at the cask base by a pivot cradle.

Constructed of ASTM A516 Gr70 steel, the support saddle for the head end is welded directly to the skid
frame. This U-shaped structure engages the cask at its upper lifting rings. Hardened pins are inserted through
the lifting rings to provide restraint of the head end of the cask in the vertical and lateral directions, and through
the saddle ears to furnish axial restraint for the total cask weight. During the lowering operation, contact
- between the saddle and one lifting ring moves the cask forward, slightly away from the bottom of the rear sup-
port. This movement provides end clearance for the differential thermal expansion of the cask and skid
components.

The pivot cradle, consisting of two pedestals which are welded directly to the skid frame and a counter-
balanced cradie or “cup,” supports the base of the cask. The cradle pivots between the pedestals on two trun-
nions. When the cask is removed, the “cup” remains in a horizontal position with its open end upward. During
the replacement operation, the cask base is lowered into the “cup.” Two hardened guides provide alignment.

Once the cask is seated in the cradle, the pivot cradle and “cup” are rotated downward to the normal
transport position. A shoe on the cask base becomes the bearing surface between the cradle and cask when in
the transport position. All contact surfaces are coated with a lubricant to reduce the friction when the cask is
moved forward for expansion clearance.

The two cradle-mounted tipping trunnions are held in the pedestals by pillow-blocks, each having a lubri-
cated phosphor bronze bushing, to prevent galling. The cradle is counterweighted with lead to hold it in an up-
right position when the cask is removed. The trunnions are mounted on the cradle slightly off-center so that
there is a natural tipping direction toward the cooling system end of the skid when the cask is rotated. Both the
cradie and pedestals are constructed from ASTM A516 Gr 70 steel.

COOLING SYSTEM

External cask cooling is not needed for nuciear safety and therefore is not required by the cask Certificate
of Compliance. An externai cooling system is provided to maintain reasonable cask surface temperatures for
cask handling with high heat load fuel.

Cask surface cooling is accomplished using a unique air jet impingement technique. Air, at a velocity of
47 feet per second, is directed perpendicular to the cask surface from four ducts, running the length of the cask
and 90 degrees apart, bisecting the four quadrants. The two lower ducts are fixed to the skid while the two upper
ducts lock in place during transit, but move outward to facilitate cask removal.

Each engine/blower unit is independent of the others and capable of producing a minimum flow of 10,000
cubic feet of air per minute. During normal operation, both units will be run simuitaneously, delivering =18,000
cfm to the cask surface. Fuel tanks which are located in the skid, have a total capacity of 570 gallons. This quan-
tity will permit the continuous running of both units for at least 10 days Eather one of the units is capable of sup-
plying sufficient air to cool the cask surface.

Both blowers discharge into a common air plenum, which feeds the four axial ducts that cool the cask. If

one blower fails, a gravity damper prevents a back-flow of air from the plenum. intakes are well isolated and are
located within a screened enclosure to prevent debris ingestion.

-11-
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ENCLOSURE

The cask and cooling system is enclosed by an aluminum frame and expanded metal cage. This enclosure
is in three sections: two are over the cask and the third covers the cooling system. The two cask enclosures
move along a rail and telescope over the third one, which is semi-permanent, to facilitate cask removal. The
enciosure ends are also semi-permanently attached to the skid. The cage extends out 1o the edge of the 8-foot
wide skid. When the movable sections are retracted, the rails form a sill, which protects the bottom ducting and
provides a work platform along the cask. When the sections are in place over the cask, a locking device lifts
them off of their tracks and secures their movement. This device is locked during transit.

The cooling equipment end wall has a lockable access door for inspection. in addition, there is one small
removable panel on each side of the equipment enclosure which permits access to each of the enginefblower
instrument consoles. The equipment enclosure and the end walls may be removed by unbolting.

All three sections have solid roofs for sun shading. The enclosure ends are also solid. This entire
enclosure makes the nearest accessible shipping package surface approximately 4 feet from the cask
centerline.

CASK LIFTING YOKES (Figures 7 and 8)

The standard cask lifting yoke is a steel structure which engages a building crane at the top and the
IF-300 cask lifting trunnions at the bottom. This yoke is used for all cask handling operations including removal
and replacement on the equipment skid, insertion in the fuel pool, and cask closure head removal and installa-
tion. The upper engagement with the building crane hook is accomplished using a retractable 6-inch-diameter
"AISI 4340 heat-treated pin. The cask trunnions are engaged by the yoke J-hooks. The yoke cross-members hoid
four cables which are used to remove the cask closure head. '

The entire structure, except for the lifting points, is painted for corrosion protection. All lifting pins and
hooks are periodically nondestructively tested for internal and surface flaws. Ail components of the standard
lifting yoke have a minimum safety factor of 3 on static and dynamic loads in compliance with Federal
requirements.

At some reactor sites, the NRC will require a redundant lifting yoke (Figures 7 and 8) to be employed with
a redundant crane as additional protection against cask-drop accidents. Generai Electric can furnish a redun-
dant yoke which meets the requirements of NUREG-0612 and which accommodates most redundant crane con-
cepts. As shown in Figure 7, the primary yoke (Iltem 1) engages the cask trunnions (Item 2) in the same manner as
the standard lifting yoke. Once the cask is vertical, the secondary yoke arms (item 3) are extended from their
retracted position and couplied to the fixed arms (I1tem 5) of a supporting cradle (1tem 6) which is bolted onto the
cask’s lower impacting ring assembly at the reactor site. Movement of the secondary yoke arms is accom-
plished by a traveling block on an air motor driven power screw. As with the standard lifting yoke, both portions
of the redundant lifting yoke have a safety factor of 3 on static and dynamic loads.

SAFETY ANALYSIS AND LICENSING REQUIREMENTS

IF-300 LICENSING STATUS
The IF-300 cask design has received full Nuclear Regulatory Commission (NRC) and Department of
Transportation approvals. NRC Certificate of Compliance No. 9001 was issued for the IF-300 in 1973. This Certif-

icate of Compliance applies to all casks of the IF-300 design and currently permits irradiated fuel shipments, by
specifically registered cask users, in the dry mode.

12-
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Figure 8. Isometric of the Redundant Yoke
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LICENSING PROCEDURES

Containers used for shipping radioactive material currently undergo a license appraisal in the same con-
text as that associated with nuclear reactors. The cask design is evaiuated against the criteria specified by
regulatory requirements and conditions governing transportation of irradiated material, as promuigated by the
Nuclear Regulatory Commission and the (J.S. Department of Transportation (DOT).

After a thorough study encompassing cask design and postulated usage, the cask supplier submits a
Safety Analysis Report. This document contains: (1) a comprehensive design description of the cask equipment;
(2) reports of associated structural, thermal, and criticality analyses; and (3) discussions of proposed cask con-
tents, compliance with safety regulations, and operation, maintenance, and quality assurance plans. Using this
document, the NRC performs an evaluation of the cask design as to its adequacy for use in making shipments of
irradiated material; the NRC performs this evaluation for the DOT as well as for itself. After completion of the
evaluation and a determination of cask acceptability in meeting regulatory requirements, the NRC issues a Cer-
tificate of Compliance authorizing the proposed cask contents and permitting the licensee to deliver the loaded
cask to a carrier for transport.

DESIGN CONDITIONS

The regulations specify both normal and accident conditions against which the radioactive material
packaging design must be evaluated. These conditions are intended to assure that the package has the
requisite integrity to meet ail conditions which may conceivably be encountered during the course of transporta-
tion. The normal shipping conditions require that the package be able to withstand temperatures ranging from
—40°F to +130°F and vibrations, shocks, and wetting incident to normal transport. In addition, the packages
are required to withstand specified accident conditions with a minimum release of radioactivity. The accident
conditions for which the package must be designed include the following sequence; a 30-foot free fall onto a
completely unyielding surface, a 40-inch drop onto a 6-inch diameter pin, 30 minutes in a 1475°F fire, and
8 hours immersion in 3 feet of water.

it is unlikely that the casks will experience conditions in transport as severe as those imposed by the
10 CFR Part 71 requirements and, in any event, conditions far more severe than those would be required to resuit
in a substantial breach of a cask. Further, since the cask design is evaluated by applying these conditions to the
casks in sequence, the margin of conservatism is increased. it is highly improbable that a cask would be sub-
jected to an event as severe as even one of these conditions, let alone all four. The conditions specified by 10
CFR Part 71 and the calculated results for the IF-300 cask are described below.

1. Thirty-Foot Free Fall

The shipping cask is required to withstand a 30-foot free fall onto a completely unyielding surface. In this
analysis, the 30-foot drop of the cask invoived consideration of ten different orientations — four vertical and six
horizontal. The accident analysis also includes several parts: (1) the cask cavity as a pressure vessel; (2) the
cask as a structure; and (3) the cask contents.

The cask body undergoes severe loading in all of the 30-foot drop orientations. There is a slight flange
yielding in the corner drop and slight outer shell yielding in the side drop orientations. However, the cask re-
mains sealed with no reduction in heavy metal shielding. The fuel and fuel baskets also undergo severe loading
in the postulated drop accident and some yielding will occur. However, the extent of yielding is limited by the
short duration of the impact and the confinement of the cavity walls. Based on uitimate strength, no fuel or
basket failures occur in the accident analysis.

-15-
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The components which mitigate the vertically oriented drop effects are the impact fins which protrude
from the cask ends and side. The structures deform on impact in a predictable manner and limit the forces trans-
mitted to the cask body and contents. Protection from horizontally oriented drops is provided by side impact
rings, and in the case of the valve boxes, rectangular fins. The cask body is encircled by four thick steel rings
which form the primary impact protection. These rings function in a manner simiiar to the end fins in that they
deform under impact and limit the loads imposed on the cask body.

2. Forty-Inch Puncture

The 40-inch puncture analysis requires that the cask be dropped from a height of 40 inches, with the
center of gravity directly above the point of impact, onto a 6-inch diameter pin of sufficient length to puncture
the container. The formula for analysis of this condition was developed at Oak Ridge National Laboratories and
other places based on extensive testing of steel .and lead shipping casks. In regard to the reiationship of this
analysis to the transportation environment, it was originally intended that the 6-inch diameter pin would approx-
imate that of the end of a rail for rail transportation accidents.

It should be noted that the casks are required to pass the puncture without rupture of even the outer sheil.
Generally, there is a heavy outer shell backed up by several inches of shielding material followed by an inner
steel shell; thus, a wide margin exists between the damage that the cask would sustain as a result of the re-
quired puncture test and that which woulid be required to rupture the inner vessel such that there could be
dispersal of the radioactive contents.

3. Thirty-Minute Fire

The cask must be designed to withstand a 30-minute exposure to a uniform heat fiux environment corre-
sponding to a thermal emissivity of 0.9 at a temperature of 14756°F. This requirement is similar to the cask being
completely surrounded by a fire resulting from the open burning of petroleum such as diesel or jet fuel. In actual-
ity, the cask would most likely be lying on the ground nearer the cooler part of the flames such that it wouid not
be entirely surrounded by the fire. Furthermore, while there may be individual flame temperatures higher than
the proposed 1475°F, average flame temperatures would not exceed this value.

The analysis shows that the neutron shielding containment structure remains in place and acts as a ther-
mal radiation barrier, thus limiting the heat transmission into the inner cavity. Throughout and subsequent to
the fire, there is no fuel failure or radiation release.

" EXPERIENCE

CASK FABRICATION

As of 1983, four IF-300 casks and associated peripheral equipment have been fabribated under General
Electric direction and placed in service. The casks form an important experience base for assessing design ade-
quacy, fabrication lead times, component costs, and vendor capabilities.

FUEL SHIPMENTS

General Electric Company, Morris Operation, has received hundreds of irradiated fuel shipments by both
truck and rail. Morris personnel have also worked closely with electric utilities engaged in irradiated fuel move-
ments, using the IF-300 cask and others. The result of thisis a significant experience base in irradiated fuel
transportation system operations. The capabilities for logistical studies, licensing, carrier interfacing, training,
maintenance, and field services have been developed by General Electric and can be made available in support
of the 1F-300 cask.
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TRANSPORTATION SUPPORT SERVICES

SITE FACILITIES

Prior to the initiation of any irradiated fuel shipping campaign, it is essential that a thorough review of
plant facitities be conducted to assure compatibility with the intended shipping cask. Many existing reactor
buildings were designed prior to the time that the final weights, dimensions, and operational requirements of
large, modern shipping casks were determined. As a result, interferences, lifting limitations, or needs for addi-
tional plant facilities have often been identified. Since the time required to accomplish significant ptant modifi-
cations can be long, it is important that a thorough review to identify such needs be conducted at an early date.
General Electric personnel experienced in cask handling can assist utility personnel in site surveys and assess-
ment of specific reactor plant facilities where appropriate.

PRE-SHIPMENT PREPARATIONS

Once a cask is selected and a shipment date is established, it is important to make a determination of the
specific tools, procedures, and equipment required for each cask handling operation. IF-300 Transportation
System operating manuals furnished by GE can assist plant personnel in this determination. Adequate ad-
vanced preparation can prevent costly delays and operating errors.

PERSONNEL TRAINING

General Electric will provide training of plant personnel involved in cask handling operations during first
use of an IF-300 cask and as needed for fater shipments. In General Electric’s view, such training is an important
part of a cask supplier’s role. This training will heip to assure that casks are handied expeditiously and in con-
formance with governmental regulations and industry safety practices. Detailed operating and maintenance
manuals for the IF-300 trradiated Fuel Transportation System are available to supplement the training program.

SUMMARY

The 1F-300 Transportation System combines the proven economy of a high payload, muiti-bundie cask
with great flexibility. The capability of shipping both high exposure BWR and PWR fuel via either rail or over-
weight truck permits the IF-300 to serve the needs of most modern reactors.

The IF-300 is a product of an experiénced nuclear materials transportation organization, responsible for

the cask’s optimum design and operability characteristics and capabie of providing the technical suport to effi-
ciently meet the utility industry’s needs.

-17-1-18-
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PRELIMINARY DESIGN REPORT
EXECUTIVE SUMMARY

BABCOCK AND WILCOX BR-100 CASK
INTRODUCTION

The Nuclear Waste Policy Act of 1982, as amended,
made the Office of Civilian Radioactive Waste Man-
agement (OCRWM) of the U.S. Department of Energy
(DOE) responsible for managing the program for the

permanent disposal of spent nuclear fuel from com- -

mercial power plants and high-level radioactive waste
from national defense activities.

Transportation casks will contribute to the safety of
the nuclear waste transportation system. They will pro-
tect the public and transportation workers from poten-
tial exposure to radiation during normal transportation
activities and if an accident occurs. This protection is
provided through the use of a new generation of casks
designed and constructed according to regulations es-

tablished by the U.S. Nuclear Regulatory Commission
(NRC).

The OCRWM Cask Systems Development Program
is designing a variety of casks to safely transport radio-
active waste from the genperator sites to a geologic re-
pository or a monitored retrievable storage facility.
Five contracts have been awarded: three to develop
rail/barge casks and two for legal-weight truck casks.

By December 1989, all five cask contractors had
submitted preliminary designs to the OCRWM. The
designs have been reviewed by a Technical Review
Group composed of national experts in cask develop-
ment areas. This Executive Summary describes the
major features of the B&W BR-100 rail/barge spent
fuel cask design.

CONTAINER DESCRIPTION

The Babcock & Wilcox BR-100 shipping container
system is shown in Figure 1. The system consists of the
container, impact limiters, skid, railcar and ancillary
equipment. The cavity within the cylindrical container
holds a removable fuel basket that accommodates ei-
ther 21 fuel assemblies from a pressurized water reac-
tor (PWR) or 52 fuel assemblies from a boiling water
reactor (BWR). Fuel is shipped dry in a belium atmo-
sphere to enhance safety during transport.

The container, with impact limiters, has an overill
length of 21 ft, a diameter of 10.5 ft, and weighs 102
tons. Calculated or estimated weights for the BR-100
container system (both PWR and BWR configura-
tions) are given in Table 1.

The BR-100 shipping container is transported hori-
zontally in a shipping skid compatible with rail or
barge shipment. Container loading and unloading op-
erations are performed with the BR-100 container in a
vertical orientation. The closure lid end is defined as
the top with the container vertical, and is the forward
end when horizontal. Trunnions bolted to the container
body are provided for lifting and handling operations,

including rotation between vertical and horizontal po-
sitions. '

A specially designed railcar will be used to transport
the BR-100 container. A personnel barrier is used to
protect workers and the public from heat or radiolog-
ical exposure. Placards and shipping information are
displayed in accordance with relevant state and federal

regulations.

The basic structure of the BR-100 container consists
of a multi-wall body and a bolted closure lid. The con-
tainer body consists of two concentric stainless steel
cylinders welded at the top to the forged stainless steel
bolting flange and to separate forged plates on the bot-
tom. Layers of borated cement and lead separate the
steel cylinders providing neutron and gamma shields.
The high-strength stainless steel closure lid uses two
elastomer O-ring seals to accomplish containment.
The bolts used to attach the lid to the container body
are made of a high-strength nickel alloy.

Impact limiters, consisting of balsa and redwood en-
cased in a Kevlar®/epoxy composite, are attached to
each end of the container. These materials have been
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Figure 1. B&W BR-100 rail barge cask.

selected for their energy-absorbing abilities, ultimately structural and thermal reasons and a boron-aluminum
reducing impact loads on the container during an acci- sheet material for criticality control. A separate shield
dent. The fuel baskets are assemblies of individual fuel plug of lead encased in stainless steel is Iocated be-

storage cells made primarily of anodized aluminum for tween the fuel and the closure lid.

Table -1. BR-100 component weights (Ib)

Pool Lifting Transportation
Configuration Configuration
Component " PWR BWR PWR BWR
Cask body 139,000 139,000 139,000 139,000
Shield plug 5,200 5200 5,200 5200
Main closure lid - - 7,700 7,700
Basket assembly 9,000 10,000 9,000 10,000
Payload 32,800 33,800 32,800 33,800
Dewatering tool 1,000 1,000 - -
Handling equipment 2,500 2,500 - -
‘Water (before drain) 10,000 8,500 - -
Impact limiters ' - - : 8,000 8,000
Package and 199,500 200,000 201,700 203,700
Contents
Railcar - : - 45,000 45,000
Skid - - 11,500 11,500
Personnel Barrier - - 500 500
Gross Vehicle Weight - - 258,700 260,700




The total empty weight of the BR-100 container is
168,900 Ib with the PWR basket or 169,900 Ib with the
- BWR basket. Its corresponding loaded weight can
range up to 201,700 1b for the heaviest PWR payload
or 203,700 1b for the beaviest BWR payload.

The BR-100 design functions over a full range of
expected environments without the use of forced cool-
ing or any supplemental equipment or power source.
Both for normal conditions of operation and hypotheti-
cal accident conditions, per 10 CFR 71, it will satisfy
its goals of containment, shielding, and prevention of
fuel criticality.

The BR-100 design has several features common to )

other containers that have been certified and used for
many years. The uses of stainless steel as a con-
tainment material, lead as a gamma shield, and balsa/
redwood for impact absorption, for example, have
been proven to be reliable and economical. The
BR-100 design has combined these efficient features
with several innovative ideas to optimize container
performance in safety, operations, and cost. The most
significant of these innovations are: (1) the use of abo-
rated cement/copper fin array as a combination reu-
tron shield and “thermal switch,” (2) the use of
Kevlar® to contain the wood of the impact limiter, (3)
the fuel cell basket construction technique, and (4) the
use of a two-piece lid/shield plug closure.

The borated cement/copper fin feature is a patented

system previously certified and used in France for sim-

ilar containers. The boron and water in the cement act
as an excellent neutron absorber, with no significant

decrease in effectiveness even after hypothetical acci-
dent conditions. The copper fins allow heat generated
by the fuel payload to be conducted to the outer skin of
the container and then to the environment, but a layer
of cement between the fins and the outer skin dehy-
drates if the beat coming from the environment is too
intense, as in the case of a thermal transient. The par-
tial dehydration insulates the lead gamma shield and
the fuel from any detrimental effects of external heat,
but allows the heat flow from the fuel to resume after
the thermal transient is over.

The use of Kevlar® to contain the balsa and red-
wood of the impact limiter allows the weight of the im-
pact limiter to be significantly reduced without
sacrificing structural integrity. Kevlar® is six times
stronger than steel per unit weight. Scoping compres-
sion tests have demonstrated the energy-absorbing su-
periority of the wood/Kevlar® combination. Specific
wood and Kevlar® selected for use in final design will
be characterized to establish mechanical property
variability.

The two-piece closure system consists of a shield
plug placed in the container after fuel loading and a
closure lid bolted on after the container is removed
from the reactor storage pool. The separate shield plug
allows quick draining of the container before it is lifted
from the storage pool by pressurizing the container to
3 atm. of nitrogen or dry air. The two-piece system
then allows the container to be lifted to a work station
where the closure lid can be quickly installed and re-
maining operations performed, thereby reducing
worker exposure.

STRUCTURAL EVALUATION

The BR-100 shipping container is designed to meet
all applicable regulatory criteria for normal transport
and hypothetical accident conditions. These conditions
are described in 10 CFR 71 (1986 Revision), “Packag-
ing and Transportation of Radioactive Material.” De-
sign criteria and loading combinations are taken firom
NRC Regulatory Guides 7.6* and 7.8¢, respectively, to
assess structural integrity based on allowable stress

a. RegGuide 7.6- Design Criteria for the Structural Analysis of

b. RegGuide 78 - Load Combinations for the Structural Analy-
~ sis of Shipping Casks for Irradiated Fucil

limits provided in Section I of the ASME Boiler &
Pressure Vessel Code. The methods and material prop-
erties required for use by these codes are conservative.
During the preliminary design phase, only major com-
ponents of the container were analyzed; all were
shown to provide margins of safety that exceed the

requirements.

Major container components were analyzed during
preliminary design to identify margins of safety for
both normal operation and hypothetical accident
conditions. Results are shown in Tables 2 and 3,
respectively. The loadings analyzed were the maxi-
mum for each condition and, in most cases, cannot




occur simultaneously. The stresses obtained by these Table 2. BR-100 safety margins during normal

methods are the bighest to be expected over the life of conditions of transport
the container.
Normal conditions of transport, per 10 CFR 71, are: Margin of Safety, %*
Prim: Primary
¢  Heat - ambient temperature up to 100°F Mcmba;yne Membrane
e  Cold - ambient temperature down to -40°F Component Tenslle  PlusBending
. Cask outer shell >500 73
¢  Reduced external pressure to 3.5 psia Cask inner shell 262 45
: Cask bottom outer forging ~ >500 15
¢ Increased external pressure to 20 psia Closure Iid ~500 pt
e  Vibration incidental to transportation Closure lid bolts 115 N/A
. PWR cell N/A 70
e  Water spray simulating 2 in./h of rain for 1 h BWR cell N/A 82
Trunnion N/A 13
e Free drop - 1 ft onto unyielding horizontal
surface
+  Penetration - impact of the hemispherical end a. Margins, reported in %, are derived by
of a vertical steel cylinder 1.25-in. diameter Allowable Stress - Maximum Stress  x 100,
and weighing 13 1b dropped from a height of Maximum Stress
40 in. —

Table 3. BR-100 safety margins during hypothetical accident conditions

Margin of Safety, %?

Primary Membrane
Compressive Primary Plus
Tensile Buckling Bending Puncture
Cask outer shell 487 . 13 7 224
Cask inner shell >500 393 1 31
Cask bottom outer 491 N/A 6 96
forging
Closure lid 367 N/A 1 306
Closure lid bolts 106 N/A N/A
PWR Cell N/A 61 2 N/A
BWR Cell N/A 638 9 N/A

a. Margins, reported in %, are derived by Allowable Stress - Maximum Stress  x 100,
Maximum Stress




Hypothetical accident conditions, per 10 CFR 71,
are:

¢  Free drop - a 30-ft drop in the most damaging
orientation onto an unyielding, horizontal
surface

e  Puncture - 240 in.-drop of the container onto
a 6-in. diameter mild steel cylinder at least
8-in. long

e Thermal - exposure of the container for
30 min or longer to an enveloping environ-
ment of 1475°F

e Immersion - a water head of 656 ft.

was evaluated using conservative analytical or empir-
ical methods. Detailed analytical methods will be
employed for the final design. Also during final
design, testing of a quarter-scale model and certain
full-scale components will supplement these analyses.
All structural materials are ASME Class 1 or equiva-
lent. For conservatism, the structural strengths of the
lead and cement layers of the shell are not used, but
their weights are considered in structural analyses. The
impact limiters are designed to limit the forces im-

posed on the container to 80 “g” during side impact,
and 60 “g” for an end drop.

Finite-clement analysis techniques are used exten-
sively to analyze stress distributions and deformations
in container components. These techniques use com-
puter codes that have been developed for specific
applications. All codes will be certified and bench-
marked to known solutions before use. The codes used
are:

e ANSYS - a general-purpose program em-
ploying the state-of-the-art, finite-element
technology applicable to component static
and dynamic analysis

¢ PATRAN - A pre- and post-processing code
used to develop analytical models for fi-
nite-element codes

*  ABAQUS - A finite-element code for general
use in both nonlinear and linear structural
analysis. It is particularly useful for puncture
and impact analysis

e ILAN - A B&W-code used in the design of
the impact limiters. It also predicts impact
angles for maximum energy absorption.

THERMAL EVALUATION

The BR-100 design meets the thermal requiremients
of 10 CFR 71. It additionally offers substantial mar-
gins to established material temperature limits set by
analysis, testing, and sound engineering practice. This
ability to remove beat during normal transport or insu-
late the spent fuel dmng a hypothetical thermal event
is significant in preserving the integrity of the contain-
er and its contents.

Thermal limits established for the various compo-
pents and materials must be met for the 10 CFR 71 re-
quirement of a 100°F (38°C) day with solar insulation
of 388 W/m2 and a fuel payload generating the maxi-
mum heat credible within the bounds of expected
transport conditions. Calculations are made at the
point of maximum heat input to the BR-100 container.
Limits for the fuel basket, lead gamma shield, and fuel
cladding must also be met for the hypothetical thermal
event conditions.

The margins that exist for the BR-100 design are ev-
ident in the thermal performance summary for baseline
fuel shown in Table 4.

The thermal output of the fuel used to determine the
normal condition temperatures is 12 kW. The thermal

capacity of the BR-100 container approaches 18 kW
before any of the temperature limits are reached.

Table 4. Baseline thermal performance summary

Maximum

Temperature Normal®
Limits Conditions
Location CErC) (°Ff°C)
PWR BWR
Personnel barrier 1807822 <180/82 <180/82
Peak cement 250/121* 21099 19892
Peak gamma shield 620/327 215/102 201/94
Peak fuel basket 350/177 274/135 239/115
Peak fuel cladding 680/360 364/185 285/141
Notes:

;.i Normal transport conditions only, can be higher for accident con-
tions.

b. Accident conditions are to be calculated during final design. Ex-
trapolation from French experimental data indicates that the peak
temperatures for the gamma shield, basket, and fuel cladding will be
substantially below their limits.




The inner and outer shells of the BR~100 container
body are subjected to different thermally induced pres-
sure environments during normal or accident events.
For normal conditions, the outer shell is exposed to a
pressure based on a combination of noncondensible
gas and vapor pressure. The major contribution results
from the moisture in the cement being driven off as va-
por at saturation pressure, At the cement temperature
limit, 250°F/121°C, this value corresponds to a satura-
tion pressure of 30 psig (0.21 MPa), substantially be-
low the level that would cause any structural concerns.
The inner shell under normal conditions will function
with an internal pressure less than atmospberic. The
Maximum Normal Operating Pressure (MNOP, as de-
fined in 10 CFR 71) assumes all fuel rods are ruptured
and would result in an internal pressure less than 100
psig (0.69 MPa). Such an event is highly unlikely but
has been used to establish extremely conservative re-
quirements. In addition, a 50% margin is used for pres-
sure testing the containment.

For hypothetical accident conditions, the outer shell
experiences pressures developed in the same fashion
as for the normal conditions with the following excep-
tion; the outer shell has strategically placed fusible
plugs that melt at about 300°F (144°C), thus limiting

the saturation pressure to less than 60 psig (0.40 MPa).
The inner shell internal pressures are estimated to be
only slightly above the 100 psig (0.69 MPa) predicted
for MNOP conditions because of the small increase in
internal temperatures. Those pressures are well within
design limits for the shells.

The heat transfer relationships used during prelimi-
pary design are:

+ A one-dimensional model to calculate heat
transfer through the container body

e The Wooten-Epstein relationship to generate
peak spent fuel clad temperatures

o Finite-clement codes to calculate the two-di-
mensional heat flow in the fuel basket.

Two computer codes were used to support thermal
analysis during preliminary design: PATRAN (briefly
described under STRUCTURAL EVALUATION) and
PTHERMAL, which is a general-purpose thermal
analysis program capable of 1-, 2-, or 3-dimensional
analysis. This code calculates conduction, convection,
multiple-surface radiation petworks, and limited con-
vection.

CONTAINMENT EVALUATION

The BR-100 containment boundary is designed to
meet regulatory release requirements for normal trans-
portation and hypothetical accident conditions. During
preliminary design, a structural evaluation of the main
closure was considered sufficient for containment
evaluation. Criteria used were:

e No plastic deformation of the closure lid
¢ Novyield of closure bolts

e Conservation of compression characteristics
of the elastomer seals.

The objective of a containment analysis is.to dem-
onstrate the design of the shipping container for a
leak-tight capacity as defined in ANSI N14.5. Howev-
er, as results of DOE’s ongoing source term evaluation
program become available, leakage testing require-
ments will be set to satisfy containment requirements
of 10 CFR 71.51(a). The containment vessel is an
ASME Code Class 1 component with highest Quality
Assurance standards for materials and construction.
The materials are compatible with both wet and dry en-

vironments and were selected to prevent chemical or
galvanic effects leading to corrosion.

There are only two penetrations into the primary
containment: one 3/8-in. and one 1/2-in, quick-discon-
nect valve, both located in the closure lid. They are
used for final draining of the container, vacuum dry-
ing, pressurization with inert gas, pressure measure-
ments, cavity gas analysis, and cavity cooling. Closure
is ensured by 32 high-strength bolts on the closure lid
and 6 high-strength bolts on the penetration cover
plate.

The containment evaluation during preliminary de-
sign considered the cold environment and the free drop
for pormal conditions of transport, and immersion,
free drop, puncture, and thermal conditions for the hy-
pothetical accident.

In both cases, the free drop provides the maximum
loading on the bolted clr sure. No adverse effects from
either normal or accident conditions are expected to
impact performance of the containment.




SHIELDING EVALUATION

Concentric layers of lead and borated cement encap-
sulated between inner and outer steel shells ensure ac-
ceptable external dose rates for the BR-100. Lead
provides the primary gamma-radiation shielding and is
arranged to minimize overall weight of the container
without sacrificing the shielding effectiveness. A bo-
rated cement was chosen to moderate and absorb neu-
trons. Figure 2 shows materials, locations, and
thickmesses of these elements.

Fuel characteristics used in the shielding analyses
were chosen to yield the maximum credible radiation
generation. Material properties were chosen to mini-
mize their shielding effectiveness, thus providing fur-
ther conservatism.

Gamma and neutron dose rates calculated during
preliminary design are shown in Table 5 and include
neutrons and primary gammas originating from the
fuel, and secondary gammas resulting from neutron
capture in shielding materials. Maximum dose rate at
the package surface is well below the 200 mrem/hr
regulatory limit, and the maximum dose rate at 2 m
(6 ft) from the package does not exceed the limit of
10 mrem/hr.

 Dose rates for BWR fuel loading are about 50% of
those calculated for PWR fuel. The use of more dis-
crete methods during final design should reduce the

predicted dose rates significantly and measured dose
rates are usually significantly lower than predicted.

The dose rates for post-accident conditions are esti-
mated to be only slightly higher than for normal oper-
ating conditions, and they will be verified by testing
and analysis during final design.

The following computer codes were used to esti-
mate dose rates:

¢ ORIGEN?2 - calculates the source from the
fuel region consisting of neutron and gamma
components from activation products, acti-
nides, and fission products. Sources from
structural components of the fuel assembly
(primarily gamma radiation from decay of
Co-60) were hand calculated

e ANISN BW - a one-dimensional discrete-or-
dinates transport code that solves the Boltz-
mann transport equation for neutrons and/or
gammas. This code was used to calculate ra-
dial centerline dose rates and neutron dose
rates at the ends of the container

o QAD-CGGP - a three-dimensional point-ker-
pel code originally developed by Oak Ridge
National Laboratory (as QAD-GP). This
code was used to estimate gamma dose rates
from the fuel and Co-60 in end fittings and
spacer grids of the fuel.

CRITICALITY EVALUATION

~ Criticality control for the BR-100 shipping contain-
er is maintained below the regulatory limit. k.. =
0.95, by a combination of geometry, fixed poison, and
burnup credit. Two separate basket configurations al-
low the container to hold either 21 PWR or 52 BWR
intact fuel assemblies. Each configuration requires a
different combination of design features to meet the
k_.x <0.95 criterion as shown in Table 6.

Analysis indicates that burnup credit is required for
the PWR configuration only. (This is discussed in
more detail under CERTIFICATION ISSUES).

The fuel characteristics assumed for the preliminary
design analyses for PWR and BWR fuels are shown in
Table 7.

The computer code, KENO-IV, was used to evaluate
criticality safety for both PWR and BWR configura-
tions with an assumption that the container internals
are flooded, thus adding conservatism to the analysis.
During final design, more realistic assumptions will be
used in accordance with NRC regulations. Other codes
supporting the analysis included:

e ORIGEN 2 - to develop PWR burnup
isotopics

e NULIF - to identify the most reactive PWR
fuel

o NITAWL 8 - to generate cross-section data
XSDRNPM. .
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Figure 2. BR-100 cask schematic of shielding materials.

Table 5. PWR dose rates for normal operating

425in.8S

Table 6. Design features required to meet

conditions criticality criterion
Dose Rate
(crem/h) | PWR _ BWR
Location Neutron  Gamma . Total Water gap between fuel 0.75 in. Not req’d
cells (flux traps)
Top surface, axial centerline 4.7 495 542 Fixed poison A Yes Yes
Axial centerline, 2m from 0.1 8.8 8.9 (B,C Cermet)
package Avg. burnup credit 1 /MTU  Not req’
Radial surface, upper end 71 129 100  TuelAve bumupcredit 18GWD otreq’'d
Radial at 2m, upper end 1.9 69 8.8
Radial surface, midplane 152 209 361
Radial at 2m, midplane 3.8 58 9.6
QUALITY ASSURANCE

The design, testing, fabrication, and operation of the
BR-100 shipping container will be performed to re-
quirements specified by a Quality Assurance Program
(QAP) generated by B&W, and approved and audited
by the NRC, DOE, and DOE’s subcontractor, EG&G

Idabo. B&W'’s QAP is in accordance with nationally
recognized standards for quality assurance, including
American National Standards Institute (ANSI) NQA-1
and American Society of Mechanical Engineers
(ASME) Boiler & Pressure Vessel Code, Section ITL




Documentation of NRC’s QA approval is provided in
NRC Docket No. 71-0506-Rev. 2.

Highlights of B&W’s QAP implementation for the
BR-100 preliminary design phase include:

a. Baseline drawings, calculations, and
specifications were produced in accor-
dance with design and control proce-
dures. They were independently
reviewed by qualified individuals to en-
sure their technical accuracy.

b. Computer software was controlled in ac-
cordance with the QAP requirements for

¢. Testing was performed in accordance
with requirements commensurate with

d. A design review by independent experts
was conducted to ensure that all DOE
and NRC requirements and industry ob-
jectives for safety and reliability were
properly addressed in the BR-100
design.

e. The peer review requirements imposed
by DOE document RW/0032 are im-
plemented in the BR-100 project through
the technical and design reviews men-
tioned above, as well as by conducting
quarterly reviews by an Advisory Re-
view Board (ARB). The ARB is com-
prised of senior engineers and managers
from Babcock & Wilcox, Robatel, and
utility and railroad industry consultants.

the scope of approved test plans and In addition, specificindependent reviews
procedures. are held on an as-needed basis.
Table 7. Assumed fuel characteristics
Parameter PWR BWR
Assembly rod array W 17X17 GE 8X38
Active fuel length, in. 144 138
Fuel rods/assembly 264 62
Fuel rod diameter, in. 036 0.483
Cladding material Zirc-4 Zirc-2
Cladding thickness, in. 0.0225 0.032
Pellet diameter, in, 0.3088 0.41
Fuel cell pitch, in. 0.496 ; 0.641
Pellet material U02 . U02
Maximum initial enrichment, 45 45
wt % U-235
Design basis burnup, 35 30
GWD/MTU '
Initial uranium weight, 4232 176.8
kg/assembly
CERTIFICATION ISSUES

B&W met with the NRC three times during the
BR-100 preliminary design phase. Representatives
from DOE and their subcontractors were also present
at these meetings, which are recorded in the NRC Pub-
lic Document Room under Docket Number 71-9230.
The purpose of these meetings was to describe the

BR-100 design to the appropriate regulatory experts
and to identify areas where additional analysis or test-
ing would be required for certification. Areas that re-
quire special attention have been classified as
certification issues. For the BR-100 design they are:




a. Thermal Switch/Neutron Shield -- The
borated cement/copper fin feature has
not previously been certified by the
NRC; therefore, its performance must be
verified through testing.

b. Closure Seals - Both material properties
and configuration performance must be
verified by testing over the range of reg-
ulatory temperature conditions.

¢. Impact Limiters — The specifications to
be used for fabrication of the production
impact limiters are to be duplicated for
test specimens. The performance of the
test specimens will be documented over
a range of predicted worst-case condi-
tions and benchmarked to a computer
code that will then extrapolate the forces
applied to the container in any postulated
drop accident.

d. Burnup Credit — The BR-100 uses bur-
nup credit only for PWR fuel with initial
U-235 enrichments over 3.2%. Bumup is
a term that describes the amount of
U-235 in a fuel assembly that has been
used, or “bumed.” As the U-235 in a fuel
assembly is “burned,” less is available
for further heat generation. The critical-
ity analyses performed on the BR-100
assume a “burnup credit.” Thisisa
means of accounting for reduced reactiv-
ity as a result of the fissile material
(U-235) depletion and build-up of fission
product poisons. :

Sufficient analytical data to cover all
fuel-related parameters and a verifi-
cation technique to ensure the required
bumup level will be necessary for inclu-
sion of burnup credit in the certification
process.

TRANSPORTER SYSTEM

The transport system for the BR-100 shipping con-
tainer consists of a railcar, skid, and personnel barrier.
The system is shown in Figure 3.

The railcar meets AAR requirements to allow free
interchange on all major U.S. railroads. The railcar is
47 ft 6 in. long and 10 ft 6 in. wide and rides on two
2-axle trucks. The Gross Vehicle Weight limit on the
loaded railcar is 263,000 1b, or 65,600 Ib per axle. The
railcar weighs 45,000 1b and is a flatbed with provi-
sions for attaching the shipping skid and trollies on
each end for removing and storing the impact limiters.

The railcar is designed for easy inspection and
maintenance and has high-performance running gear
and brakes per AAR guidelines. The two-truck config-
uration was chosen because of its stability and reliabil-
ity. The center of gravity of the container is 92 in.
above the rails, less than the 98-in. maximum recom-
mended by AAR. A ride index will be specified in the
final design that is consistent with structural analysis
and testing. The railcar design will be approved by the
AAR before operation.

The shipping skid holds the BR-100 container se-
cure during all conditions of transport and is compat-
ible with either rail or barge shipment. The skid is
secured to the BR-100 container and allows rotation of
the container between vertical and horizontal via two
trunnions near the rear (bottom) end of the container.
The trannions are offset so that the container can only
rotate in the correct direction. The skid has a saddle
that supports, and holddown brackets that retain, the
front end of the BR-100 container. The skid can be
picked up while holding the BR-100 container via two
rear trunnions on the skid and two front trunnions.

The personnel barrier for the BR-100 container ex-
tends between the two impact limiters to prevent any
inadvertent contact with the container body. It is made
of metal fabric with an aluminum frame. The open fab-
tic allows air circulation around the container, while
the white color and partial solar protection help reduce
the outer temperature of the container. The personnel
barrier attaches to the railcar and can be lifted off via
lifting eyes on top of the frame.

ALARA/SAFETY CONSIDERATIONS

Design considerations for the BR-100 shipping con-
tainer incorporate ALARA (As Low As Reasonably
Achievable) and safety as integral parts of the design

process. ALARA has as its goal the systemic reduction
of worker and public exposure to workplace radiation.
The BR-100 design team includes several members

10




Figure 3. BR-100 cask on railcar.

experienced in ALARA principles, and the BR-100
design undergoes periodic review by ALARA/Safety
experts.

Design features that contribute to ALARA and
Safety goals include:
¢ Borated cement/copper fins -- This feature
ensures that both the container neutron shield
and gamma shield will remain effective after
hypothetical accident conditions.

Two-piece closure -- The lid/shield plug sys-
tem allows quicker operations in preparing
the container for shipment, thus reducing to-
tal worker exposure. The closure lid is never
inserted into the pool water, further ininimiz-
ing contamination.

Lifting Lugs

(Personnel Barrier Only)

Chain Link Barrier

Aluminum Angle Frame

* Smooth exterior - The BR-100 design has no
cooling fins and bas minimal protrusions and
crevices. This keeps cleaning and decontami-
nation efforts simple and effective, and belps
to keep worker exposure to a minimum.

Quick attachments — The closure and impact
limiter attachment bolts are designed for easy
installation and disassembly by being com-
patible with remote and remotely antomated
equipment.

Preparation for shipment — All draining, dry-
ing, inerting, and leak testing operations are
performed at the top of the container. This en-
sures better shielding, lower exposures, and
safer operations.

RELIABILITY AND MAINTAINABILITY

The BR-100 container system, including the railcar,
handling equipment, operational equipment, and all
other ancillary equipment, was reviewed in the prelim-
inary design phase using a Failure Modes and Effects
Analysis (FMEA) technique. This technique is useful

11

in identifying the probability and consequences of any
potential failure mechanism and thus helps establish
reliability and maintenance standards. Potential areas
that are adverse to reliability and maintainability are
identified and corrected as a result of the FMEA.




Before operations and maintenance manuals are In addition, the BR-100 system design is reviewed
prepared during the final design phase, and before the on a quarterly basis by an independent panel that in-
ancillary equipment and container design has been fi- cludes container users, fabricators, and inspectors.
nalized, another FMEA will be performed. Their input on the efficiency and safety of the design is

then used for revisions and updates.

#U.S. GOVERNMENT PRINTING OFFICE: 1990-0-750-635
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MEMORANDUM

From ;I. M. Pratt

oets : August 31, 1993
suect: RIF Container Costs

7o : A. N. Richardson

ec . .f

Pufbuant to our conversation yesterdéy. herie {s the remaining information
on the container processing costs and design parameters

As eariier stated, the M-140 cask, internals, and ra¥l: car cost ‘
approximately $ 4, 000 000. The internals contributed around $ 300;000 and
the rail car contr1buted around $ 250,000. ‘

The rail cars which transport the M- 130'$ M-140‘s, and the M-160 are
owned by the Army. PNR tracks the rail icars and controls the general
maintenance of the rail cars. All of the M-140 rail cars were purchased
within the Naval Reactors program and not by the Army.

The core independent SARP indicates a heat removal capacity of 75,770
Btu/hr. Per a conversation with Bettis| (Crawford), this capac1ty is
dependant on the fuel modules and module holders inside, but for a general
design number this number can be used.

The transportation costs of an M-130 and M:140 are dependant on weight of -
the to%p; package, and if the casks are going West or fast. The breakdoun3,
is as follows:

M-130 West - $46 per mile
East - $25 per mile

M-140 West - § 64 per mile . =,
East - § 36 per mile -,

~

i
!

ncerely,

Ieni M. Pratt

Post-it™ brand fax transmittal memo 7671 Pot pages » /'

na' -'Fmb
o
ic é&g

F:Z S J442-7% 731
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The Atchison, Topeika and Santa Fe Railway Company - @

1700 East Golf Road
Schaumburg, Hlinois 60173-5860

June 4, 1993

Mr. David Burton
Transportation Specialist
Morrison Knudsen Corporation
Environmental Services Dlv151cn
180 Howard Street

San Francisco, CA 94105

Dear Mr. Burton:

This has reference to your fax request of May 27, requesting a rail
quotation on shipment of spent nuclear fuel originating from
Morris, Illinois (rail head Argonne, Illinois), terminating Los
Alamos, New Mexico, (rail head Albuquerque, New Mexico).

Please find attached copy of Santa Fe Tariff 4043-A covering
shipments of nuclear wastes on both loaded and empty movements.

This tariff is set in mileage format, with rates and charges
assessed for the distance Santa Fe actually handles each car.

Our tariff does not include rates applicable to cabooses or guard
cards. We are investigating these rates which will be supplied in
the near future.

Mileage - 1,315
Routing - Santa Fe direct

Column (1) = $7,100.00
wt. not to exceed 224,999 1bs. per car

Column (2) = $9,541.00
wt. of 225,000 lbs. or more per car

Column (3) = $4,928.00
each buffer car

Morrison Knudsen will need to select and provide for a loading site
at origin and an unloading site at destination, as well as, provide
for transportation from Morris, Illinois to Argonne, Illinois and
from Albugquerque to Los Alamos, New Mexico since Santa Fe does not
serve these locations, mnor do we provide for over the road
transportation.

A Santa Fe Pacific Company
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Please let us know if you require any assistance in locating rail
served property at either origin or destination, as well as let us
know how we can further assist your efforts in moving this product.

Sincerely,

D Lk

. Keuck
rector - Waste Products

JK/d4f
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SUPPLEMENT TO

" ILCC 916 . NMSCC 4843-A ICC ATSF 4043-A

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY

SUPPLEMENT 33
T0

FREIGHT TARIFF ATSF 4043-A
{Canceis Supplements 19, 24 and 32)

Supplement 33 and Special Supplsments shown below contain sll changes.
WQ-?&M llnwlngnmm .

Supplements 7 and 12 - Special Noti
LOCAL DISTANCE RATES
ON
NUCLEAR FUEL AND NUCLEAR WASTE
FROM ' TO
ARIZONA LOUISIANA ARIZONA LOUISIANA
CALIFORNIA MISSOUR CALIFORNWA MISSOUR!
COLORADO NEBRASKA COLORADO NEBRASKA
IOWA NEW MEXICO 10WA NEW MEXICO
RUNOS OKLAHOMA ILUNOIS OKLAHOMA
INDIANA TEXAS INDIANA TEXAS
KANSAS KANSAS

‘This tarift is also applicable on intrgstate traffic. excapt whare expressily provided 1o tha contrary in connection with particular ikems,
rates or charges.

NUCLEAR TARIFF

Governed., sxcapt as otherwise provided herein, by Uniforre Classification, see item 5.

ISSUED JULY 8, 1992 i EFFECTIVE JULY 29, 19921

ISSUED BY
P. L URSO
TARIFF PUBLISHING OFFICER
900 SOUTH FRONTAGE ROAD
WOODRIUGE, u.muans

(15821 _ (100) ES)
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SUPPLEMENT 33 TO TARIFF ATSF 4043-A

R

APPLICATION OF RATES

A ITEM 350-A L
) mwuwuwmmmmmmmwmrwmmspmmm
mmssmmkmnm«mmwmmmnsﬂ , . o
_Ramsindolerapercar. s : ‘

CatsPoisTANCE L - mmmmorcowmssezmm
IN MiLES COLUMN 1 . COLUMN2 COLUMN 3

300 and under. . ... caae . 443900
.. 800 and over 700 .........
. B 1‘lwunonr‘lm........
& .,12wanaonrﬂw.......-
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PRAGE. 2286
ILCC 916 NMSCC 4043-A ICC ATSF 4043-A
* (Cancels .CC 909) {Cancels NMSCC 4043) (Canceis ICC ATSF 4043) ’

'THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY

FREIGHT TARIFF ATSF 4043-A

" (Cancels Freight Tarit! ATSF 4043)
Y ¥, F5-70
LOCAL DISTANCE RATES
ON

NUCLEAR FUEL AND NUCLEAR WASTE

FROM TO
ARIZONA LOVUISIANA - ARILZONA LOUISIANA .
CALIFORNIA MISSOURI CALIFORNIA MISSOUR)
COLORADO NEBRASKA COLORADO NEBRASKA
IOWA - g NEW MEXICO - . OWA NEW MEXICO
ILLINOIS OKLAHOMA . ILLINOIS OKLAHOMA
INDIANA TEXAS INDIANA TEXAS
KANSAS . KANSAS

msmmsmmmmmme:umMummwmmmwmm particular tems,
_rates of charges. ) )

NUCLEAR TARIFF

Govm.examasmmomm.bymlwmmmmm;

ISSUED.AUGUST 1, 1990 . . ' EFFECTIVE AUGUST 22, 1990
ISSUED BY
P.J. URSO
TARIFF PUBLISHING OFFICER
80 EAST JACKSON BLVD.
CHICAGOQ, I 50604-2505
(15827

(100)
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/"' TARIFF ATSF 4043-A

RULES AND OTNER GOVERNING PROVISIONS
GENERAL RULES AND REGULATIONS
ITEM &

DESCRIPTION OF GOVERNING CLASSIFICATION
The Term 'Ummuasuﬂuﬁorrwhonusnahemnmam TaﬁulccUchow-m mmmasﬁmnmmm Agom.

ITEM 10.
STATION LISTS AND CONDITIONS
This taritt is governed by Taritf ICC OPSL. 6000-series, Station List Publishing Company, Agent, 10 the extent shown below:
PREPAY REQUIREMENTS AND STATIONS CONDITIONS

{a) Foradditions and abandonments of stations, and., excettas otherwise Shown harain, for prepay requirernents, changes in names of
Stations. TesUICUONs as 10 acceptance of.delivery of freight, and changes in station facities.

mamummaselaanswmumnw the rates from and to such station.ss published in this tarifl
are inappiicabls on ang aler that date. .

GEOGRAPHICAL LIST OF STATIONS
(b) For geographical locations of stations referrad 10 In this tarift by station numbers.
STATION NUMBERS
© rwmmﬂmo{mﬁmwmmnonsammwmmwmbasnhsuﬂﬂ

ITEM 15
EXPLOSIVES, DANGEROUS ARTICLES

Forrules and regulations governing the nwmmmmmmmwmmmmmwp—

ping comainers and resTictions governing the accaptance and Transporation of axpiosives and ottwe dangerous articles., see Tarift ICC
BOE 6000-sorias, R. M. Graziano, Agent.

ITEM 20

REFERENCE TO TARIFFS, ITEMS, NOTES, RULES, ETC.

Where referance is moade in this tariff to tariffs, itoms, notes, men.mdmmarammmmwmnm
SUCCOSSIVE issues of such tariifs and reissues of such items, notes, niles, ete.

- ~ ITEM 40
' CONSECUTIVE NUMBERS

Where consscutive numbders are representad in this taritt by the first and last number connected by the werd Yo" or a hyphen, they willbe
wniderstood to-inciude both of the numbaers shown.

1t the first number only bears a reference mark, mmmwmsmmmmmmwmummm
he first and fast numbers.

ITEM 60
NATIONAL SERVICE ORDER TARIFF

&wsmwmdwmwmmwmmwmstumm

. [TEM'75 :
' ' METHOD OF CANCELLING ITEMS

As this tariff is suppiemented. numbered items with letter suffixes cancst correspondingly numbered items inthe original tarif or in a prior
Supplement. Letter sulfixes will ba used in aiohabetical sequence starting with A. EXAMPLE: itern 100-A cancels item 100, ang tem 200-8
canceis em 200-A i 8 prior supplemaent. which in tum, cancetied item 200.

- S ITEM 100 -
METHOD OF DENOTING REISSUED MATTER IN SUPPLEMENTS

Mmummi«wammaﬂ\gemmsupmtbamwlmdmmda‘ﬁmd'bya reforence mark in the form
of a:square enclosing 3 number, the number being that of the supplement inwhich the reissued matter first appeared in its currently effective
. -form. To determine-its original effective data, consult the suppiement in which the reissuod matter first bocame effective.

20057
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TARIFF ATSF 4043-A

JUN

RULES AND OTHER GOVERNING PROVISIONS )
SPECIAL RULES AND REGULATIONS - UNUMITED

ITEM 200 -
RULES, REGULATIONS AND PACKING REQUIREMENTS
‘The cormmocities for whieh ratas are provided for in this tarifl will be subject to al rulés, requiations and packing requirernents of the gov-

‘emning classification and the Excegtions thereto, asrwmmammmwmmmu
' ITEM 210

RULE 24 UNIFORM FREIGHT CLASSIFICATION
Rates will not be subjact 10 Ruie 24 of Uniform Freight Classification or exceptions thereto {(See item S).

: ITEM 220
NON-APPLICATION OF TRANSIT PRIVILEGES
Rates will not apply on shipments accorded transit privileges at origin, at intermediate points, or at destination.
R

APPLICATION OF RATES
ITEM 300
muammpuwm«onamm“uamm nuciear reactor, tradiated and requiring protective shieid-

ing in containers on Nalcars. 33 described in tems 80762, 80789 and 81 ss.mammecurcsooo-seﬁosmmer
lading and container ITAIEWOIK not to exceed 40 conts per pound (Ses'notas 3, 2,3, & and 5)
mmmmmmmmnmmmaup»awm

Each car, 08000 0r @mply ..t .ocvivanmcnniacoaaccaconcnans teseerecntaacsasaaas e Coiumnn 1, ftem 350

Ramammmwmwomlmmmmgmummm«m
Each car, loaded orempty .......... tecemecmmcceccaseeccetrenansoa Cheesasatactcacccaamn Colunn 2, item 350
Rates applcable on each buffer car in a shipment ....... Crtrescaanecas N eeecescacmecncacronens .Column 3, itam 350

NOTE 1. Shipments of irradiated fuel slaments and radioactive waste material will not be received {ofr transportation uniess the shipper axe~
cutes 2 cerntificats, sndorsed upPoOn or attached to the bifl of lading. reading as folows:
mbnmmmmmmmmmmemmmmmwmuwm
in proper condition for transportation according to the applicadis regulations of the Depertment of Transportation and any
- :«wmwmummmmwmmarmmm
pmons.
) mwmsmmmmmmmmmomahgmasmmolmumummsm
Commission under the provisions of the Atomic Energy Act of 1954, a3 amonded by the ‘Price-Anderssn Act', Pub-™
... clLawBS-258, aw«mmwmwermﬁthnmmmmmdomaamm
wmummwc«mnummmmmmmwmm«mwmmw
WmmwmwwbﬁcmqasMMnmmwﬁ)mmmmmmmor
limitations in such contract of indemnity. except As statedin such Act, or(2) that, it there be any such exciusions or limitations in
" such contract, such contractor or licenses maintaing in full force and affect a palicy or policies of insurance issued by aninsur-
2NCe COMDany or companies licansed 10 00 Dusiness in the State of New York or cther adequate financial protection as provid-
od by regutations of such Commission in an amount equal to that provided under such Act and reguiations thereunder holding
the carrisr or carriers handiing such shipment free and harmiess of and from such pubiic Eabiity.”
it shipper fails or is unadls to executs and furnish tho above certiicate the panticipating carriers ¢o not hold themselves out 35 COMMON
carriers 1o transport the above materials. Upon request, transpertation may be provided by individual railroads as privafe carriers undera
separate contract nogotiated with respect to each shipment of such materials, such contract to be executed by the shipper and by the origi-
nating esrrier, for itsel! and on dahait of sach carrier involved in such movemeant which may authorize such action in writng.
NOTE 2. The retoased valus must be entered on the shipping order and bill of lading in the folowing form:
‘Theagfeeccrdodandvaluaotmpropmyuswwysmﬁcammwmsupwmummwmw

mhashspperfaus or dociines to exocute the above staternent or designates a value exceeding 40 cents per pound, shipment will not be
accapted.

NOTES. Rates apply ooty on cars which ATSF Is nat required to furnish. No mileage aliowance will Be paid by ATSF for the ysa of such
01’54 Each shipment must be accompanied by an appropriate number of buffar cars supplied by shipper as required by Federat, State or

local laws or rogulations. Each butler car must contain iading adequats to equal 8 minimum of 250.000 pounces gross weight on rail.

NOTES. Caboosds)org:ameaﬂs)myatsobommﬂedbreseonpersommchargesbfeseonmmlandmﬂ oquipment ase not
included in the rates herein,
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Appendix F
Transportation of HLW Canisters

Very limited cost information exists for shipment of HLW canisters. However, on the basis
of numerous reports, there is general agreement that transportation costs for HLW would be similar
to SNF, for which cost data are available. The total cost of transport is defined to be the sum of
capital costs, maintenance costs, and shipping costs. Detailed cost algorithms exist to estimate the
cost of shipping SNF in repository casks from a reactor site to another site, including the national
geologic repository (U. S. DOE 1986, 1991; Tang and Saling 1990). In general, to calculate the total
required number of transportation casks, information on average speeds, cask turnaround times, and
availability of casks must be known or estimated. This determines the required number of shipping
casks to support the scheduled shipment of HLW canisters from one site to another and from a given
site to the geologic repository. Because of the lack of information on the shipping rate and the
number of HLW shipping casks to be assumed for the various alternatives, a more generic approach
was used based on a unit transportation cost. (The HLW shipping cask design to be assumed was
determined to be very important, as shown by use of the cost algorithm in Tang and Saling 1990;
order-of-magnitude differences in the total transportation cost resulted from using two different
shipping cask designs.)

A unit transportation cost (by truck) of $10,000 per canister has been quoted in the literature
(Tang and Saling 1990; DOE 1990). The above unit transportation cost was developed on the basis
of 17,750 HLW canisters generated from defense operations; these canisters would be shipped from
the three major HLW sites (Hanford, INEL, SRS) to Yucca mountain. The above unit cost does not
account for the distance traveled. This deficiency is now addressed.

The total transportation cost for shipping 17,750 HLW canisters has been estimated to be
$297 million in 1988 dollars (DOE 1990). This cost covers the capital costs of purchasing the
transportation casks and conveyances and the operating costs of accepting the waste and providing
all required transportation services (e.g., cask maintenance cost, demurrage cost). The total number
of canister miles was estimated (Table F-1) on the basis of the distribution of canisters among the
three defense HLW sites and the distance of these sites to Yucca Mountain.

The unit transportation cost is estimated based on total canister miles and transportation cost:

Unit transportation cost $/HLW canister mile = $297 x 10%/2.564 x 107 canister miles x 1.184
= $13.7/HLW canister mile

where the factor of 1.184 converts 1988 dollars to base operating year (BOY) 1994 dollars.

Given the number of HLW canisters to be shipped between the various sites and the shipping
distance, the above unit cost is used to determine the effect of shipping the various number of HLW
canisters for the different HLW alternatives. The total undiscounted transportation costs for the
various alternatives are given in Table F-2 in BOY 1994 dollars. The estimates of the total
transportation cost in Table F-2 agree with those projected by DOE (329 million 1991 dollars). The
lowest-cost alternative (as expected) is the no-action case.




Table F-1. Determination of the total number of canister miles.

Distance to
Number of Yucca Mountains Canister
HLW HLW canisters (miles) (miles)
site
Hantord 1,500 1,302 1.95E+6
INEL 10,650 756 8.05E+6
SRS 5,600 2,792 15.64E+6
Total 17,750 2.564E+7

Table F-2. Transportation cost for the four HLW alternatives.

Total
Case and No. of Distance Total distance  transportation
origin Destination  shipments (miles) (miles) cost ($)
No-action
WVDP  Yucca Mtn 300 2,540 7.620E+05 1.05E+07
SRS Yucca Min 5,282 2,839 1.500E+07 2.06E+08
INEL Yucca Mtn 8,500 756 6.426E+06 8.81E+07
Hanford Yucca Mtn 1,960 1,302 2.552E+06 3.50E+07
Total 16,042 2.474E+07 3.39E+08
Case 1
WVDP SRS : 300 1,217 3.651E+05 5.01E+06
SRS Yucca Mtn 5282 2,839 1.585E+07 2.17E+08
INEL Yucca Mtn 8,500 756 6.426E+06 8.81E+07
Hanford Yucca Mtn 1,960 1,302 2.552E+06 3.50E+07
Total 16,342 2.519E+07 3.45E+08
Case 2
WVDP  Hanford 300 2,654 7.962E+05 1.09E+07
SRS Yucca Mtn 5,282 2,839 1.500E+07 2.06E+08
INEL Yucca Mtn 8,500 756 6.426E+06 8.81E+07
Hanford Yucca Mtn 2,260 1,302 2.943E+06 4.04E+07
Total 16,342 2.516E+07 3.45E+08
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Table F-2. (Cont’d)

Case 3
WVDP Hanford 300 1,654 7.962E+05 " 1.09E+4-07
SRS Hanford 5,282 2,953 1.560E+07 2.14E+08
INEL Yucca Mtn 8,500 756 6.426E+06 8.81E+07
Hanford Yucca Mtn 7.542 1,302 9.820E+06 1.35E+08
Total 21,624 3.264E+07 4.48E+08
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