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ABSTRACT

This paper describes a number of scenarios estimating
the amount of spent nuclear fuel that could be
transported to a Monitored Retrievable Storage (MRS)
Facility by various combinations of existing cask fleets.
To develop the scenarios, the data provided by the
Transportation System Data Base (TSDB) were
modified to reflect the additional time for cask
turnaround resulting from various startup and
transportation issues. With these more realistic speed
and cask-handling assumptions, the annual
transportation capability of a fleet consisting of all of
the existing casks is approximately 465 metric tons of
uranium (MTU). The most likely fleet of existing casks
that would be made available to the Department of
Energy (DOE) consists of two rail, three overweight
truck, and six legal weight truck casks. Under the same
transportation assumptions, this cask fleet is capable of
approximately transporting 270 MTU/year. These
ranges of capability is a result of the assumptions
pertaining to the number of casks assumed to be
available. It should be noted that this assessment
assumes additional casks based on existing certifications
are not fabricated.

L INTRODUCTION

A number of spent fuel transportation casks are
currently available for routine transportation activities.
As reported in the "Size and Transportation Capabilities
of the Existing U.S. Cask Fleet,"1 these casks include
legal-weight truck (LWT) (NLI 1/2 and NAC-LWT),
overweight truck (OWT) (TN-8 and TN-9), and rail
(IF-300) casks. These casks, which may be as much as
20 years old, are currently being used to transport spent
fuel assemblies in the United States.

DOE is currently sponsoring a project to develop
new-generation spent fuel transportation casks. These
larger-capacity casks are being specifically designed for
the anticipated operation of the Federal Waste
Management System (FWMS). The design
specifications are based on transporting 10-year-old fuel
that has a burnup of -33,000 MWd/MTU. Once a
series of designs has been accepted, the casks must be
licensed and an adequate number procured to provide
an operating fleet.

In the event that the new-generation casks are not
available in abundant numbers for transport of spent
fuel at the start of FWMS operation, existing spent fuel
casks, if available, may be used to help fill the gap.

The current DOE Office of Civilian Radioactive
Waste Management schedule, published in the
Reassessment of the Civilian Radioactive Waste
Management Program,2 calls for the MRS to start waste
acceptance in 1998 with a limited acceptance rate
capability. This facility is expected to achieve the
capability of receiving 1200 tons per year by the end of
the year 2000. The reference schedule for the
restructured program calls for the transport system to be
in place and operating when the MRS opens.

This paper analyzes a number of scenarios to
illustrate how variation in the cask-fleet mix and
projected cask-handling times at the shipment
origination points and the MRS facility will impact the
amount of fuel that can be transported annually. The
analysis uses an assumed ramp up spent fuel acceptance
rate of 300, 400, and 550 MTU per year at startup.

II. THE EXISTING CASK FLEET

The existing casks that are certified by the Nuclear
Regulatory Commission (NRC) for u.«e in the United
States are listed in Table 1. The TN-8 and TN-9 are



OWT casks operated by Transnuclear, Incorporated and
have been in service in the United States since the mid-
SOs. The TN-8 is designed to carry pressurized-water
reactor (PWR) fuel assemblies, and the TN-9 is the
corresponding design for the boiling-water reactor
(BWR) fuel design. Currently, there are four TN-8
câ ks—two in the United States and two in Europe.
Two TN-9 casks, one of which is owned by the
Commonwealth Edison Company, are in service in the
United States. The NLI 1/2 is a LWT cask capable of
transporting one PWR or two BWR assemblies. There
are presently five licensed NLI 1/2 casks.

The IF-300 is an existing rail cask that can
transport 7 PWR assemblies or 18 BWR assemblies.
Four IF-300 casks are currently available; two are
operated by Pacific Nuclear Systems and two are owned
and operated by Carolina Power and Light Company.

One additional cask, the NAC-LWT, is included in
Table 1. This is a LWT cask with the same capacity as
the NLI 1/2. Five of these casks are being fabricated
overseas. To date, only one of these casks has been
certified for use in the United States.

It is possible to fabricate additional NAC-LWT
casks. The certificate for this particular cask does
permit the manufacture of additional cask bodies. This

is not the case for the other types of existing casks
itemized in Table 1.

A. The Core Group of Casks

The core group of casks used in this study
consists of eleven casks that are presently in routine
service in the United States. This group, which consists
of five NLI 1/2 casks, one NAC-LWT cask, two TN-8
casks, one TN-9 cask, and two IF-300 casks, forms the
cask fleet for five of the scenarios discussed below.

B. The Extended Cask Group

An extended cask group is used in a number of
scenarios. This cask group is composed of the core
group of casks itemized previously with an additional
three OWT casks and two rail casks. It is assumed that
the two OWT casks currently located in Europe would
be moved to the United States and the OWT cask
owned by Commonwealth Edison would be available to
DOE. Also, it is assumed that the two IF-300 casks
owned by Carolina Power and Light Company are
available to DOE.

TABLE 1 SPENT FUEL SHIPPING CASKS USED IN THE ANALYSIS

Cask Characteristics

Type

Capacity (assemblies)

Weight (metric tons)b

Loaded
Empty

NRC Docket Number

Certification of compliance
expiration date

TN-8

Overweight
truck

3 PWR

35.6
33.5

71-9015

1/31/91

TN-9

Overweight
truck

7 BWR

35.5
32.7

71-9016

1/31/91

Casks

NLI 1/2

Legal-weight
truck

1 PWR or
2 BWR*

21.0
20.2

71-9010

1/31/91

NAC-LWT

Legal-weight
truck

1 PWR or
2 BWR*

23.2
22.7

71-9225

12/6/94

IF-300

Rail

7 PWR or
18BWRa

63.5
59.0

71-9001

5/31/95

Assumed number of casks available in:
Core group of casks 2
Extended group of casks 4

1
2

5
5

2
4

"Requires basket change.
bWeight does not include impact limiters, yokes, etc.



tSL ASSUMPTIONS

The following assumptions were used to calculate
the amount of fuel that a particular cask group would
be expected to transport annually.

A. Spent Fuel Acceptance Rate and Spent Fuel
Assembly Delivery Schedule

A hypothetical waste acceptance schedule was
used for this study. It assumes the delivery of 300 MTU
to the MRS in 1998, 400 MTU in 1999, and 550 MTU
in 2000. The storage location of the assemblies that
establish delivery rights for the first 1250 MTU to be
accepted by DOE is listed in the "Annual Capacity
Report."3 It is assumed for the analysis discussed in this
paper that the locations listed in this report will be the
sources of spent fuel.

B. Transportation Mode Assumptions

Transportation capabilities at the various
reactors were considered in assigning the type of
transportation cask that could be used to tiansport fuel
from the individual sites. Reactors that have a rail spur
to the fuel storage area and a crane licensed to lift at
least 100 tons are classified as rail sites. Reactors that
do not have a rail spur but have a crane capable of
lifting at least 40 tons are classified as OWT sites. All
other reactor sites are classified as LWT sites. The
transportation capabilities of the sites listed in the
"Annual Capacity Report" were evaluated using data
from the December 1989 TSDB4 and other sources.

In this analysis, only rail casks are assumed to load
fuel at reactors classified as rail capable. OWT casks
can be used to transport fuel from reactors classified as
either rail or OWT reactors. LWT casks may be used
to transport fuel from any reactor.

C. Transportation Assumptions

The general transportation assumptions used in
the Office of Civilian Radioactive Waste Management's
Total System Life Cycle Cost (TSLCC) studies and
summarized in the TSDB were used as the baseline in
this analysis. Variations from the TSDB values were
used, as noted later, to allow parametric assessments to
be accomplished.

1. Legal-weight shipments. LWT highway
shipments of spent fuel are assumed to be m.ide in
casks that weigh -25.4 metric tons (t), givinn .t gross
vehicle weight of -36.3 t. The capacity of ihe existing
LWT casks is one PWR or two BWR assemblies. A
LWT shipment is assumed to average 65 km h over a
period of 24 h. An individual cask is assumed to have
an overall availability of 310 d/year, with annual
maintenance outage of 20 d and an additional 35 d to

account for traffic management and fleet scheduling
contingencies.

All highway shipments are assumed to be
dispatched as general freight (convoys of trucks were
not considered). Cask-handling times are identified in
Sect. III.C.4.

2. Overweight shipments. OWT highway
shipments of spent fuel are assumed to be made in
casks that weigh -36.3 t, resulting in a gross vehicle
weight of nearly 45.4 t. Two OWT cask designs are
included in this study. The TN-8 cask is specifically
designed to transport three PWR assemblies and the
TN-9 cask will transport seven BWR assemblies. In the
TSDB, it is assumed that OWT shipments will travel the
same average speed as LWT shipments—65 km/h. Four
scenarios were calculated using the TSDB-specified
OWT shipment speed. One scenario uses an average
OWT shipment speed of 36 km/h in a 24 h period,
which is approximately the speed used in the as low as
reasonably achievable (ALARA) report.5 To provide a
lower bound on the shipment speed, OWT shipments
are assumed to average only 17 km/h in a 24 h period in
some scenarios. The slower speed is assumed for these
scenarios because a number of states limit operation of
overweight shipments to daylight hours and also prohibit
any operation during weekends. An individual cask is
assumed to have an overall availability of 310 d/year,
with annual maintenance outage of 20 d and an
additional 35 d to account for traffic management and
fleet scheduling contingencies.

Once again, all OWT highway shipments are
assumed to be dispatched as general freight and convoys
of trucks were not considered. Cask-handling times are
identified in Sect. III.C.4.

3. Rail shipments. Rail shipments of intact
spent fuel assemblies are assumed to be made in the
63.5 t IF-300. The capacity of the IF-300 cask is 7
PWR or 18 BWR assemblies. The TSDB contains a
series of equations for estimating average speed for rail
shipments. Average utilization factors for rail casks are
assumed to be 280 d/year. Cask Maintenance is
assumed to require 35 d and an additional 50 d are
allotted to allow for traffic management and fleet-
scheduling contingencies.

General freight dispatching was also assumed for
this study. Cask-handling times for the IF-300 rail casks
are identified in Sect. III.C.4.

4. TSDB cask-handling times. Cask-handling
times are given for the DOE reference casks in the
TSDB. The capacity of the DOE-developed reference
casks (21 PWR / 48 BWR assemblies for the rail cask
and 3 PWR / 7 BWR assemblies for the truck cask)
greatly exceed the capacities of the commercial casks
currently available for transporting spent fuel. Hence,
the standard cask-handling times given in the TSDB



had to be modified to account for the lower capacity of
the existing casks.

Cask-handling times of the existing casks used in
this study are presented in Table 2.

TABLE

Cask

LWT
LWT
OWT
OWT
IF-300
IF-300

D.

2 CASK-HANDLING TIMES
TYPES

FOR CASK

TSDB Cask-Handling Time (d)
Fuel

PWR
BWR
PWR
BWR
PWR
BWR

Methodology

Reactors

2.5
3.0
3.0
3.0
3.5
4.5

MRS

1.0
1.0
1.0
1.0
1.5
1.5

A computer program was written to calculate
the amount of spent fuel that can be transported by
various combinations of existing casks. The
transportation assumptions discussed in this section are
input parameters for the Cask Capability (CASKCAP)
program and may be changed by the user to create
different scenarios. The composition of the cask fleet is
also part of the input data, and any number of LWT,
OWT, or IF-300 type rail casks may be used to fit the
particular scenario.

The calculational technique used in CASKCAP is to
assign shipments to a specific cask. The amount of time
to transport that cask to the next source in the pickup
list, load it, return it to the MRS, and to unload it is
calculated using the distances in the TSDB and the
cask-handling times shown in Table 2. If increasing the
utilization for the cask under consideration by this
calculated amount of time does not exceed the
appropriate average cask-utilization factor (given in
Sect. III.C.1 - III.C.3), then the shipment is assigned to
that cask. Additional pickups are assigned until the
next pickup would exceed the cask-utilization factor. In
that case, the pickup is assigned to the next cask in the
list. This procedure is repeated until each cask is fully
utilized or all of the pickups have been made. Since all
casks cannot serve all reactors (see Sect III.B), the
calculations are performed in the following order: rail
casks are scheduled first, OWT casks next, and LWT
casks last.

IV. RESULTS FOR TEN SCENARIOS

Results for a number of scenarios are presented in
this section to show the capabilities of various cask

fleets in transporting spent fuel from the reactors to an
MRS.

Loading factors and unloading factors are defined
for each scenario. These factors, which increase the
cask loading and unloading times reported in Sect
III.C.4, are included to reflect that the FWMS will
probably not operate at maximu.n efficiency during the
first few years of operation. Since this paper deals only
with the first three years of operation, it is quite
possible (due to conditions associated with the startup
of the FWMS) that the loading times at the reactors
and the unloading times at the MRS could be
significantly higher than the values reported in Tabie 2.
This increase is simulated by using larger load and
unload factors in a number of scenarios.

The amount of spent fuel that is expected to be
transported is reported for each scenario. This data
represent averages of a number of calculations.
Different pickup sequences for the first 1250 MTU of
spent fuel listing the "Annual Capacity Report" were
used to estimate alternative transportation rates for the
cask fleets being considered. The range of these rates
are also reported for each scenario.

The core group of casks is used in the first five
scenarios. In Scenarios 1-3, the loading and unloading
factors are varied to simulate different cask processing
efficiencies during the early stages of FWMS operation.
The average speed of OWT shipments is another
variable investigated in this study. In Scenarios 4 and 5,
the estimated OWT speed is reduced from the original
65 km/h to 36 and to 17 km/h, respectively. The
transportation capability of the extended cask group
with different cask loading and unloading factors is .
investigated in Scenarios 6 and 7. The remaining three
scenarios illustrate the capabilities of different groupings
of existing casks.

1. Scenario 1—Base case. The base case
identifies the transportation rates for the core group of
casks, five NLI 1/2 casks, one NAC-LWT cask, two TN-
8 casks, one TN-9 cask, and two IF-300 casks. In this
scenario, it is also assumed that the loading and
unloading processes will be performed at the rates
specified in the TSDB and summarized in Sect. III.C.4.
An average transport speed of 65 km/h is used for
OWT casks.

As a result, the core group of casks is expected to
transport approximately 498 MTU/year.

2 Scenario 2—Core group of casks with reduced
handling times. Scenario 2 was formulated by assuming
that the loading and unloading processes would be
operated at a rate somewhat slower that the rates
predicted in the TSDB. In the first year of fuel
shipments, the crews at the reactors will have to be
trained and a number of problems associated with cask
handling will have to be solved. Each reactor site is
expected to perform a number of dry runs with a cask.



which will remove that cask from normal transportation
operations. Cask unloading at the MRS is also
expected to be slower than normal as the crews become
familiar with handling the casks. In order to reflect the
slower than normal cask-processing times, the TSDB at-
reactor loading times and the MRS unloading times
have been multiplied by a factor of 1.5. (This factor
reflects the assumption that relatively new crews will
take 1.5 times as long as an experienced crew in
handling the cask.)

The increased loading and unloading times reduce
the amount of fuel that can be transported annually
with the core cask group. Approximately 368
MTU/year could be transported, a decrease of 26%
from the rate reported in Scenario 1.

3. Scenario 3—Core group of casks with slow
cask-handling times. Scenario 3 is similar to Scenario 2,
with the exception that the at-reactor cask handling
times reported in Sect. III.C.4 have been increased by a
factor of two. This scenario is designed to determine
the effect of low efficiency in cask handling at the
reactors during the early years of the FWMS.

The increased time to load casks at the reactors
reduced the expected transportation rate for the core
cask group to approximately 309 MTUyyear, a 16%
reduction from the rate reported in Scenario 2.

4. Scenario 4—Core group of casks with
intermediate OWT speed and slow cask-handling times.
In Scenario 4, the average speed of the OWT shipments
has been reduced from the 65 km/h TSDB estimated
value to the ALARAS estimate of 36 km/h. Expecting
OWT shipments to travel at the same speed as LWT
shipments may be somewhat optimistic since several
states, especially those in the eastern United States,
restrict OWT movements to daylight hours. The at-
reactor and at-MRS cask processing times are the same
as those discussed in Scenario 3.

With the lower OWT speeds, the transportation
capability of the core group of casks is reduced to
approximately 290 MTU/year. The reduced speed
decreased the amount of fuel that an individual OWT
cask could transport from the 41 MTU/year observed in
Scenario 3 to 35 MTU/year—a 14% reduction. The
three OWT casks are expected to transport a significant
portion (40%) of the spent fuel that will be transferred
to the MRS.

5. Scenario 5—Core group of casks with low
OWT speed and slow cask-handling times. The
transportation assumptions in Scenario 5 are identical to
those used in Scenario 4 with the exception that the
average speed of OWT shipments has been further
reduced to 17 km/h. The estimated tu isportation rate
for this scenario is approximately 270 MTU/year.
Reducing the estimated OWT speed from the 36 km/h
in Scenario 4 to 17 km/h, reduced the capabilities of the

core group of casks by another 7%.

6. Scenario 6—Extended cask group, base case.
This scenario represents the maximum transportation
capability possible with existing casks. The extended
cask group, is defined in Sect. II.B. This scenario also
assumes that the TSDB loading and unloading times
and the 65 km/h OWT speed can be attained.

As expected, this scenario results in the highest
average transportation rate. Approximately 861
MTU/year could be transported by the extended cask
fleet.

7. Scenario 7—Extended cask group with low
OWT speed and slow cask-handling times. The
extended cask fleet is also used in this scenario.
However, less optimistic cask-handling times are
assumed. The average at-reactor loading time is
assumed to be twice the standard TSDB value, while
the unloading times at the MRS are estimated to be
150% of the TSDB value. An OWT speed of 17 km/h
is also used in this scenario.

For these assumptions, the extended cask group is
expected to transport approximately 463 MTU/year.

8. Scenario 8—No overweight truck casks.
Scenario 8 is a perturbation of Scenario 5 where it is
assumed that the OWT casks (TN-8 and TN-9) were
not available. All spent fuel is transported in either the
IF-300 rail casks or the LWT casks. The TSDB loading
times are doubled and the unloading times are
multiplied by a factor of 1.5 in this scenario.

The average transportation rate for this scenario is
195 MTU/year, compared with 270 MTU/year for
Scenario 5.

9. Scenario 9—No rail casks. Scenario 9 is a
perturbation of Scenario 7 where the IF-300 rail casks
are assumed to be unavailable. All spent fuel
transportation is performed by either OWT or LWT
casks. It should also be noted that this scenario
assumes that six OWT casks are used: the three
currently available, plus the two TN-8 casks now in
Europe and the Commonwealth Edison TN-9 cask.
With this fleet, a calculated average of 226 MTU could
be transported annually.

10. Scenario 10—LWT transport only. This
scenario is based on a cask fleet consisting of only LWT
casks (no rail or OWT casks). The slower loading
(double the TSDB) and unloading (1.5 times the TSDB)
times are used in this scenario.

This scenario results in the lowest average amount
of fuel transported annually—only 75 MTU/year.



V. SUMMARY

The estimated transportation rates for various
combinations of existing casks, cask-handling factors,
and OWT speeds for shipments to an eastern MRS are
summarized in Table 3. Cask-handling factors were
included in this study because the FWMS will probably
not operate at its projected efficiency during the first
few years of operation. Variations in OWT speeds were
included because a number of eastern states have
regulations which limit the operation of OWT
shipments to daylight hours only.

The estimated transportation rate for the core
group of casks (Scenario 1) is 498 MTU/year.
Extending the cask fleet to include a totai of 4 IF-300
and 6 OWT casks (Scenario 6) increased the estimated
rate to 861 MTU/year.

The cask-handling times have a significant impact
on the overall transportation rate. If the FWMS can
not operate at its projected efficiency, shipping rates of
the core group of casks would be decreased by as much
as 40% (compare Scenario 1 with Scenario 3). To a
lesser extent, the OWT speed will also impact the
efficiency of the FWMS. A reduction ci the average
OWT speed from 65 to 17 km/h decreases the capability
of the core group of casks by nearly 13% (compare
Scenario 3 with Scenario 5).

Moderate transportation estimates result in an
average transportation rate between 270 and 368

MTU/year for the core group of casks. Variations in
the type and number of casks in the existing cask fleet
alter these rates significantly. The most optimistic
projection (861 MTU/year in Scenario 6) assumes that
all existing casks are available and operated according
to the TSDB assumptions.

A number of factors could change the number and
type of casks that may be available. The transportation
rates would be significantly impacted if the larger
capacity rail casks or the OWT casks were not available
(see Scenarios 8-10). An extreme example is illustrated
in Scenario 10 in which all shipments are assumed to be
made in LWT casks. Under these assumptions the
average transportation rate is only 75 MTU/year.

The amount of fuel calculated to be transported
annually per cask by each type of cask is reported in
Table 4. For example, in Scenario 1 each IF-300 cask is
estimated to transport 96 MTUtyear. The
corresponding rates for the OWT and LWT casks are
65 and 18 MTU/year for each cask respectively. The
capabilities of different configurations of cask fleets can
be approximated from the data in this table.

In conclusion, the results indicate that if no DOE-
developed casks were available, then the DOE will
proba^iy have to acquire the use of and/or purchase
some additional existing commercial design casks to
meet the requirements of operating the FWMS.

TABLE 3 ANNUAL TRANSPORTATION CAPABILITIES OF EXISTING CASK FLEETS*

Scenario

1
2
3
4
5
6
7
8
9

10

Number

IF-300

2
2
2
2
2
4
4
2
0
0

of casks used

OWT

3
3
3
3
3
6
6
0
6
0

in model

LWT

6
6
6
6
6
6
6
6
6
6

Load
factorb

1
1.5
2
2
2
1
2
2
2
2

Unload
factor'

1
1.5
1.5
1.5
1.5
1
1.5
1.5
1.5
1.5

/ N i l WT1

OWT
speed
(km/h)

65
65
65
36
17
65
17
17
17
17

Annual

Capability
(MTU/year)

498
368
309
290
270
861
463
195
226
75

Average

Range
(MTU/year)

436-555
335-404
257-353
252-331
216-301
842-879
443-498
142-233
178-267
27-104

*The Transportation System Data Base (TSDB) assumptions are used to calculate the amount of fuel moved in a
year. Standard c .sk-handling times are reported in Table 2. During the first three years of operation, it is quite
possible that the loading times at the reactors could be significantly higher. This increase is simulated by the
larger load and unload time factors in a number of scenarios.

bThe load factor multiplies the specific cask loading times given in Table 2.
The unload factor multiplies the specific cask unloading times given in Table 2.



TABLE 4 AMOUNT OF FUEL TRANSPORTED
BY DIFFERENT CASK TYPES (IN
MTU/YEAR/CASK)1

Scenario

1
2
3
4
5
6
7
8
9
10

IF-300 cask

96
73
61
61
61
99
61
61
.
-

OWTcask

65
45
41
35
28
59
26
.

26
-

LWT cask

18
15
11
11
11
19
11
12
12
12

aThe total amount of fuel transported may not agree
with the average rate shown in Table 3 because of
rounding the values of the individual rates.
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