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ABSTRACT

A study has been performed to examine the contingencies that could be pursued by the
Department of Energy's (DOE's) Office of Civilian Radioactive Waste Management (OCRWM)
for shipping spent fuel beginning in 1998. OCRWM's current plan is to initiate operations using
early production units of Initiative I truck and rail/barge casks that are presently being designed.
Contingencies to this plan were considered in case some unforeseen event occurs that precludes
the Initiative I casks from entering into service early in 1998 in sufficient quantities (both
numbers and types) to satisfy DOE's shipping needs. Specifically, trie study addressed the
potential availability of cask systems, selected several cask usage scenarios, determined the
requirements for casks under these scenarios, generically assessed different strategies for acquiring
casks or the use of casks, and generically assessed cask fabrication capabilities. Issues concerning
both domestic and foreign resources were addressed with a focus on the first five years of Federal
Waste Management System (FWMS) operation.



L INTRODUCTION

The Nuclear Waste Policy Act, as amended,1 requires the OCRWM Transportation
System (TS) to use transportation casks certified by the U.S. Nuclear Regulatory Commission
(NRC) for shipping spent nuclear fuel (SNF) and high-level radioactive waste (HLW). OCRWM
has determined that existing NRC certified cask designs will not satisfy the long-term capacity
requirements of the FWMS. The existing casks were developed in the 1970s to serve the nuclear
fuel reprocessing industry and are primarily in service in small fleets owned by domestic private
companies. Also, with the exception ot the NAC-LWT, the older designs were developed prior to
changes that have taken place in the NRC's regulations so that additional units of the casks
cannot be manufactured as NRC certified units until the designs have been reviewed and
approved consistent with the current regulations. Nonetheless, the existing commercial casks are
presently in use (some in foreign countries) and have currently valid NRC Certificates of
Compliance (CoC). Barring any unforeseen developments, the casks in these fleets are likely to
remain available for use in shipping SNF through the end of the decade. Since this older
domestic fleet cannot meet FWMS requirements, OCRWM is sponsoring work by private industry
contractors to develop a new generation of transportation casks. These new casks, which will also
be certified by the NRC, are being designed specifically for use in the operations of the FWMS.

Initial OCRWM cask system development efforts are focused on Initiative I (From-
Reactor Cask Systems). OCRWM projects that these casks will receive NRC certifications in the
1994-1995 time frame, that fabrication of prototypes will be completed in 1996, and that the final
fabrication specifications will be available in 1996 for initiating acquisition of a fleet of casks.
However, because of the lead times for fabrication and acceptance of casks, any delays in the
schedule could compromise the capability of the FWMS to meet delivery needs during the initial
years of operation.

The purpose of this study was to identify and assess contingencies for OCRWM actions
that, if necessary, could be employed to ensure that sufficient NRC-certified SNF transportation
casks will be available for use by the FWMS to transport commercial SNF from facilities
designated by Purchasers (as defined in 10 CFR 961 Subpart B)2 during the initial five-year phase
of operations. The results of this study support OCRWM planning for starting up and operating
the FWMS. Particular emphasis was placed on identifying and assessing contingencies that could
be implemented to ensure the availability of certified casks for use in the event the Initiative I
cask development schedule is compromised. These contingencies include those that would result
in reducing the time allocated to selected Initiative I acquisition activities — such expediting would
help ensure that the Initiative I casks would be available when needed. Finally, considerations for
fabricating casks were evaluated, including both foreign and domestic manufacturing capabilities.

IL ASSESSMENT OF POTENTIALLY AVAILABLE CASKS

The majority of the currently available, domestic SNF casks are operated by three
commercial companies, Nuclear Assurance Corporation (NAC), Transnuclear (TN), and Nuclear
Packaging (NP). In addition, three SNF casks are owned and operated by two electric utility
companies: Commonwealth Edison Company (CECo) has one TN-9 cask stored at the Dresden
Nuclear Power Plant station, and Carolina Power and Light Company (CP&L) has two IF-300 rail
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of units

5
5
2b

2b

4

Fabrication of additional
units permitted

No
Yes
No
No
No

casks that are used to move SNF from the Brunswick and Robinson stations to the Shearon
Harris station.

For the purposes of this study, the potential domestic cask fleet was considered to consist
of the SNF casks shown in Table 1. NAC has designed the Legal Weight Truck (NAC-LWT) and
National Lead the NLI-1/2 SNF casks for legal weight truck transport. Transnuclear has designed
the TN-8 and TN-9 SNF casks for overweight truck transport and GE has designed the IF-300
SNF cask for rail/barge transport. These are the existing casks used in analyzing the selected cask
usage scenarios.

Table 1. Potential Domestic Cask Fleet.

Cask model
(operator) Capacity"

NLI-1/2 (NAC) 1P/2B
NAC-LWT (NAC) 1P/2B
TN-8/-8L(TN) 3P
TN-9 (TN,CECo) 7B
IF-300 (NP.CPL) 7P/18B

*P signifies pressurized water reactor (PWR) SNF assemblies, and B signifies boiling
water reactor (BWR) SNF assemblies.
•Two more TN-8s and one more TN-9 are not presently in the U.S and excluded from the
study.

Two additional rail casks sometimes mentioned in conjunction with the current cask fleet
are the NLI-10/24 and the 125-B. Only one model of the NLI-10/24 is completely fabricated, but
it is not serviceable because it has no basket. It is considered unlikely that the NLI-10/24 could
be placed in service. The 125-B rail cask is not certified for the transport of light water reactor
fuel in the form of standard spent fuel assemblies. It is not clear that this cask could be certified
to transport any significant amount of standard SNF. Because of these limitations, neither of
these casks is considered further in this paper.

Two other casks, the TN-BRP and TN-REG, also hold NRC certificates for the transport
of SNF. These casks were designed for the transport of old, low burnup fuel. Consequently, they
are not seen to have any application to the general shipment of SNF and are not considered
further in this paper.

NAC is presently developing a "storable transport" cask (STC) capable of holding 26 PWR
SNF assemblies. The cask is intended to be used for loading fuel at a reactor and storing the
loaded cask on the reactor site for shipment at a (much) later date, or for loading and shipping to
a DOE site for storage. The design presently has no BWR configuration. Potential use of this
cask may be somewhat limited by its weight, which is approximately 112 tons. Because this cask is
not yet certified for transport, and its use would be limited to only a few sites during the 1998 to
2003 time period, it is not considered further in this paper.



OCRWM is sponsoring the development of two types of SNF shipping casks, a legal
weight truck cask and a 100-ton cask that can be transported by rail or barge. Both cask types
have significantly higher capacities than casks in the current fleet. The legal weight truck cask
consists of two versions under development — one (identified as the GA-4) has a design capacity
of 4 pressured-water reactor (PWR) assemblies and one (identified as the GA-9) has a design
capacity of 9 boiling water reactor (BWR) assemblies. The 100-ton rail/barge cask (identified as
the BR-100) has a design capacity of 21 PWR or 52 BWR assemblies.

While the number of domestic SNF casks is limited, there are a number of SNF casks that
have CoCs issued by foreign competent authorities. In accordance with the method established by
the International Atomic Energy Agency (IAEA), each member nation is permitted to certify
SNF casks (and other radioactive materials packages) to the requirements of the IAEA as given
in the IAEA Safety Series No. 6.3 Once certified by the national competent authority of the
country originating the design, the cask may be accepted for use by others subscribing to the
IAEA standards.

In the U.S., SNF casks of foreign origin that have been issued foreign certificates by a
competent authority may be used in the U.S. for import and/or export only following review of
the cask Safety Analysis Report (SAR) by the U.S. Competent Authority, the Department of
Transportation (DOT). By agreement, DOT may rely on NRC to determine whether a U.S.
Certificate of Competent Authority should be granted. For shipments between domestic
destinations within the U.S., any foreign cask design must receive an NRC CoC by having the
SAR reviewed and approved by the NRC itself.

A series of SNF cask designs that have currently valid foreign certificates and appear to
have potential for use in the U.S. by virtue of their extensive use in Europe or the Pacific were
identified and reviewed to assess the practicality of their use in the U.S. Based on an initial
evaluation of specific cask design features, it does not appear that these designs could be readily
certifiable in the U.S. Therefore, for contingency purposes, it appears necessary to continue to
rely on the U.S. cask fleet (Table 1) to meet shipping needs that may not be accommodated by
the Initiative I casks in the first five years of operations.

m. ASSESSMENT OF CASK REQUIREMENTS UNDER VARIOUS SCENARIOS

The annual throughput capacities of different combinations of existing commercial casks
and new Initiative I casks were analyzed using tools developed and used in earlier studies for
assessing the capability of existing cask fleets.4 The analyses presented identify the capability of
casks in terms of metric tons of uranium (MTU)^ear shipped [based on acceptance of SNF plus
integral non-fuel assembly hardware (NFAH)] for various scenarios. Five cask fleets in 13
different scenarios were analyzed. The five cask fleets were:

1. a "base fleet" consisting of casks which could possibly be commercially available from cask
suppliers - five NLI-l/2s, five NAC-LWTs, two TN-8s, one TN-9, and two IF-300s;

2. an "expanded fleet" consisting of the base fleet plus additional casks that are owned by
individual utilities — one additional TN-9 and two additional IF-300s;



3. the base fleet enhanced with newly fabricated NAC-LWT casks;

4. the base fleet enhanced with additional OCRWM Initiative I casks; and

5. a fleet consisting only of OCRWM Initiative I casks.

Several transportation assumptions were used in developing the scenarios. These are
listed in the OCRWM Transportation System Data Base (TSDB) and briefly summarized here.
The capacity (number of fuel assemblies), maximum annual utilization (days/year), and turnaround
times (cask handling times at shipping and receiving facilities per cask load) for existing casks and
the Initiative I casks used in this analysis are summarized in Table 2.

All shipments were assumed to be made to a Generic Eastern monitored retrievable
storage (MRS) site. All rail shipments are assumed to be made as general freight. Dedicated
multi-car trains were not assessed in this study.

The same average speed (40 mph) was used for both legal weight and overweight trucks.
For regular rail shipments, the U.S. average speed was correlated as a function of distance:

S=D/(0.07745*D+32),

where S is the average rail speed (mph), and D is the one way distance (miles).

The lower bounding case acceptance rate of the 1990 Annual Capacity Report (ACR)5

was used in this study: 300 MTU in 1998, 400 MTU in 1999, 550 MTU in 2000, and 875 MTU in
2001 and 2002. Strict oldest-fuel-first (OFF) allocation as specified in the ACR was also assumed
(no intra-utility distribution and no trading of allocation rights between Purchasers was allowed).
Specifically, this means that the allocation generated by fuel discharge from a reactor was assumed
to remain with that reactor.

Table 2. From-reactor cask data

Cask

BR-100
IF-300
TN-8
N-9
NLI 1/2
NAC-LWT
GA-4
GA-9

Capacity
(assemblies')
PWR BWR

21
7
3
0
1
1
4
G

52
18
0
7
2
2
0
9

Utilization,
(d/yr)

225
225
300
300
300
300
300
300

Cask handling
(d/Cask

Reactor
PWR/BWR

4.5/6.0
4.0/4.5
3.0/0
0/3.0
2.5/3.0
2.5/3.0
3.0/0
0/3.0

Load)
MRS

PWR/BWR

2.0/3.0
2.0/2.5
1.5/0
0/1.5
1.5/1.5
1.5/1.5
1.5/0
0/1.5



The type (or types) of cask(s) that could be handled at the individual sites was determined
based upon a recent assessment performed using available Facility Interface Capability Assessment
(FICA) and Near-Site Transportation Infrastructure (NSTI) data.

The 13 scenarios assessed were as follows:

Base Fleet
Scenario 1
Scenario 2
Scenario 3

Expanded Fleet
Scenario 4
Scenario 5

Base fleet with TSDB assumptions.
Base fleet with cask turnaround times increased 50% above TSDB values.
Base fleet with IF-300 capacity reduced from 18 to 17 BWR assemblies to
accommodate integral fuel channels.

Expanded fleet with TSDB assumptions.
Expanded fleet with cask turnaround times increased 50% above TSDB
values.

Enhanced Fleet
Scenario 6 -
Scenario 7 -

Base fleet enhanced with LWT casks, using TSDB assumptions.
Base fleet enhanced with LWT casks, using cask turnaround times
increased 50% above TSDB values.

Scenario 8 - Base fleet enhanced with Initiative I casks, using TSDB assumptions.
Scenario 9 - Base fleet enhanced with Initiative I casks, using cask turnaround times

increased 50% above TSDB values.
Scenario 10 - Base fleet enhanced with Initiative I casks, with lower BWR capacities to

accommodate BWR assemblies with attached channels (GA-9 reduced from
9 to 5, BR-100 reduced from 52 to 40).

Initiative I Fleet
Scenario 11
Scenario 12

Initiative I fleet with TSDB assumptions.
Initiative I fleet, using cask turnaround times increased 50% above TSDB
values.

Scenario 13 - Initiative I fleet with lower BWR capacities (GA-9 reduced from 9 to 5,
BR-100 reduced from 52 to 40) to accommodate BWR assemblies with
attached channels.

It was determined that neither the base cask fleet nor the fleet expanded with three
utility-owned casks can meet the lower bounding case acceptance rates for the first 5 years of
FWMS operation. Augmenting the base case fleet with NAC-LWT casks requires adding 19
NAC-LWT casks to meet the Lower Bounding Case acceptance rates using TSDB-specified cask
handling and turnaround times, and adding 34 NAC-LWT casks when the handling and
turnaround times are increased by 50%. Previous studies have indicated that cask handling and
turnaround times are the most sensitive study parameter.

Similarly the base case fleet would have to be augmented by adding seven Initiative I casks
using the cask handling and turnaround times specified in Table 2. Two more Initiative I casks
(for a total of nine) would be required if the handling and turnaround times are increased by
50%.

For a fleet made up entirely of Initiative I casks, six casks would be needed in 1998 and 12
casks by 2002 using the TSDB-specified cask handling and turnaround times. When these



handling and turnaround times are increased by 50%, the corresponding number of Initiative I
casks required increases to 7 in 1998 and to 16 in 2002. For the scenario where the Initiative I
BWR capacity is reduced to accommodate attached channels on the spent fuel, 16 casks are still
required in 2002, however a different modal mix results.

The scenarios analyzed were based on the assumption that each site storing SNF
assemblies would be able to load sufficient casks to transport the annual allocation assigned to
that site. The analysis showed that the use of low capacity casks and the modal capacity at each
site results in predicted bottlenecks occurring at some reactors. Even for a cask fleet consisting
entirely of high capacity Initiative I casks, some modifications of the year-by-year allocation may
be needed to ensure that transportation operations are accomplished as expected.

Results derived from this study included defining the average capability of each cask type
for carrying spent fuel, in terms of MTU per year per cask. These data, for each cask type and
scenario, are summarized in Table 3. The values in Table 3 provide a basis for estimating the
number of casks needed for moving a given amount of fuel in a given year. The averages shown
were developed by considering different shipping scenarios, using different fuel pickup locations,
campaign sizes, and annual acceptance rates. As expected, when the estimated cask turnaround
times are increased (scenarios 2, 5, 7, 9, and 12) from the reference cases (scenarios 1, 4, 6, 8, and
11, respectively), the annual capability of each cask is reduced significantly.

Table 3. Average Amount of Fuel Transported by Various Cask Types.

Scenario

1
2
3
4
5
6
7
8
9
10
11
12
13

BR-100

a

—

—

—

—

—

—

69.9
64.1
70.0
68.7
58.7
58.7

Average

IF-300

48.9
38.6
45.5
46.0
38.1
47.0
38.1
48.9
38.4
46.0
—
—

amount of fuel transported
fMTU/vear/cask'

TN-8

61.2
45.1
60.5
54.9
44.8
62.0
44.8
59.1
45.0
60.5
—
—
--

TN-9

69.6
49.5
68.3
56.3
43.2
70.3
43.2
69.9
49.9
69.2
..
—
—

GA-4

..

—

..

70.3
51.4
65.4
69.5
52.6
69.5

GA-9

..

..

..

..

18.9
42.7
27.9
66.7
50.1
41.2

NAC-LWT

17.7
12.9
18.3
17.8
13.2
18.6
13.2
16.8
12.1
16.9

~

'Dashes indicate the particular cask was not included in the scenario.



8

IV. ASSESSMENT OF CASK ACQUISITION STRATEGIES

Several cask acquisition strategies were assessed for providing a cask fleet available to
support the FWMS in the 1998 to 2002 time period. These strategies addressed acquiring the use
of the existing commercial casks, expediting the acquisition of Initiative I casks, and developing
new conservatively designed casks.

Strategies identified to acquire the use of existing casks fall into four general categories:

1. purchase of equipment,
2. take or pay agreements,
3. right of first refusal, and
4. leasing.

The first strategy would be for DOE to merely purchase the cask systems outright. The
purchase would transfer the package design, CoC, cask(s), and ancillary hardware to DOE.
Responsibility for the continued operation and certification of the casks would pass to DOE and,
from there, probably to a qualified cask system operator. That operator would probably also be
expected to make the casks system(s) available to the commercial market for use at a reasonable
rate of return during the time that DOE is not using them.

A further consideration in the purchase equipment strategy was the acquisition of casks
that have a B(U) or B(M) designation and consequently are authorized for the fabrication of
additional units. For these casks, DOE could purchase the design from the designer, and then
build and operate them. The designer could retain the license to build additional models at its
discretion. This strategy was not applicable to the older cask designs that are designated B( ),
which does not allow additional fabrication.

Under the take or pay agreement, DOE would contract for a specific number of cask
lease days on an annual basis without necessarily having a specifically identified requirement for
their use. DOE would then pay the cask operator for this number of days whether the casks
were actually used or not. The intent of the arrangement would be to provide the financial
incentive to keep cask systems in service (available for use, but not necessarily in use). Under a
take or pay agreement, the cask operator continues normal business activities and requires
advance notification from DOE if DOE elects to use the cask system(s). In the event of use,
DOE would pay either the standard daily cask lease rate, or a previously agreed rate. In practice,
DOE would likely assign the right to use the cask to a participating subcontractor. During use of
the cask system, DOE would be in the position of being just another cask user, with the cask
operator providing the equipment and other agreed services.

A commercially useful, but perhaps less desirable method for acquiring the use of an
existing cask fleet would be the right of first refusal. Right of first refusal is typically used when a
cask user has an extended shipping program planned whose schedule is not firm. The user then
enters into an agreement with the cask supplier such that the cask supplier will advise the user as
other requests for use of the cask system(s) are received. The cask user then has the option of
beginning use, or allowing the third party to use the cask. This kind of agreement does not have
strict application in this case, except after 1998. The cost of entering into this type of agreement



is substantially less than the take or pay agreement, primarily because there is no commitment
made on the part of DOE for future use of the casks.

The last option for acquiring an existing cask fleet would be leasing. While leasing cannot
be disregarded as an option for assuring the continued availability of cask systems, it is not
considered a leading alternative given the absence of an extended shipping program to which the
cask system(s) could be assigned at this time. Inherent in the concept of leasing is continuous
payment over an extended calendar period. As the period of lease is extended, accompanied by
the absence of a shipping program, the distinction between leasing and purchasing blurs.

An alternative to the above options for making a cask fleet available to support the 1998
FWMS operational date would be to expedite the acquisition of Initiative I cask?. The timely
introduction into service of the Initiative I casks offers the best opportunity to meet both the
ramp-up and continuing service requirements for transferring SNF to the FWMS. Consequently,
efforts should be directed toward meeting delivery commitments for the Initiative I cask designs.

No single action is sufficient to ensure that Initiative I casks would be available when
needed. However, it is possible to take some actions to improve the potential for fabrication of
the casks at the appropriate time. The specific actions to be taken cannot be defined at this time
because they will be a function of the final design reviewed by the NRC which has not yet
occurred. However, some generic actions were assessed. The Initiative I cask designs incorporate
special materials, such as high strength steel and depleted uranium, that may not be generally
available at the time delivery is required. If production capability for these or any other required
materials is not currently available, then it may be desirable to commit funds to the development
of facilities, thus making the availability of the needed production capability more likely.

Additional steps that could be taken to ensure timely delivery of Initiative I casks include
the prequalification of vendors and the early procurement of long-lead components. The intent
would be to qualify fabrication facilities and to commit to the procurement of long-lead items at a
prudent time during the certification process. The vendor qualification prograir and procurement
actions then proceed concurrently with the remainder of the certification process. The strategy is
to move activities, like vendor qualification and long-lead items, off of the critical path for
fabrication or assembly of the cask.

Another alternative available to DOE to help ensure the availability of casks for
transportation would be to initiate, in parallel with the development of the Initiative I Cask
Systems, development and certification of conservatively designed casks. Such casks would only
make use of design features and functional characteristics that have been previously approved by
and are considered currently acceptable to the NRC. As a result, such casks are likely to take
less time in the NRC certification process than the Initiative I casks. This approach would be
expected to result in casks having lesser capacities than those planned for the Initiative I casks
(i.e., fewer number of assemblies per cask). However, because of differences in design
requirements, the conservatively designed casks would be expected to have greater capacities than
those casks currently operated by private industry in the U.S. (Table 1).
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V. ASSESSMENT OF DOMESTIC AND FOREIGN CASK FABRICATION CAPABILITY

The cask fabrication capabilities that presently exist in the U.S. and in foreign countries
were briefly assessed. The U.S. market for cask fabrication has varied from nonexistent to
sporadic. Generally, SNF generators have managed to provide temporary storage
accommodations at their sites. This has avoided the need for large numbers of transport casks as
well as suppressing the U.S. market for cask fabrication. Cask fabrication activity is also related
to the longevity of casks and the time period between when the casks need replacement — the
existing operating units require only infrequent replacement.

A good indicator of domestic capability for cask fabrication is provided in the annual Nuclear
News Buyers Guide, which lists more than 40 domestic companies that assert some capability in SNF
cask design, fabrication, and component supply. Many more companies could be expected to
offer a capability if approached with a firm purchase order. However, future market participation
by any domestic supplier is expected to be largely a function of the value of a cask procurement.

Scenario 11 indicated that the number of Initiative I casks needed for ramp-up through
the year 2002 is small (two rail/barge casks, five BWR truck casks, and six PWR truck casks),
even when none of the existing cask fleet units are used. This level of demand for cask
fabrication can probably be met by the domestic capability, and it would most likely be met by
using smaller shops, rather than large production facilities. It would not seem reasonable that a
large facility could, or would, interrupt a production work schedule to accommodate a few special-
order items, especially if the items required special fabrication setups, processes, or materials.

In contrast to the domestic fabrication capability, the foreign fabrication capability is
extensive and is presently marked by a high degree of competition as fabricators seek to utilize
already developed capacity. European and Japanese SNF transportation capabilities are highly
developed and essentially mature. This development, and subsequent maturity, arises from the
two SNF reprocessing enterprises, one operated by the French and one by the English. An
extensive infrastructure of snipping capacity, and cask fabrication capability, has grown up to
support the continued operation of these facilities.

Outside of the consortium of companies that support the French and English reprocessing
efforts, there are also a number of foreign companies that participate in the cask fabrication
business. These include Japanese, Spanish, English, and German companies. No information is
readily available on the production capacity of the various foreign cask fabricators. By inference,
that capacity is substantial and has the advantage that some, or perhaps all of the capacity, is
dedicated to cask fabrication work. This is because several hundred casks are in service in
Europe and the Pacific.

VL RESULTS AND CONCLUSIONS

In general, it has been determined that the existing commercial cask fleet cannot meet the
minimum 1990 Annual Capacity Report5 acceptance rates throughout the first 5 years of FWMS
operation. In the event that an adequate Initiative I cask fleet is not available in this time period,
the existing commercial cask fleet will need to be augmented by the manufacture of some other
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casks, either Initiative I casks or other cask designs which are capable of being manufactured as
certified packagings.

Along with the identification of possible cask fleets, several contingency strategies were
assessed for enhancing cask acquisition and/or fabrication, for ensuring capability in the 1998 to
2003 time frame. Four strategies which could be considered for acquiring the use of existing
commercial casks are: purchase of equipment, take or pay agreements, right of first refusal, and
leasing. Strategies for fabricating additional units of already certified casks and for improving the
fabrication potential of Initiative I casks could also help ensure their availability for the 1998-2002
initial operations period. The former is limited to those designs which have, or will have, a type
B(U) or B(M) certification designator. Another strategy briefly addressed is the potential of
developing and certifying new conservatively designed casks. This option offers the potential for
shorter NRC certification times, but would result in casks having lower capacities than the current
Initiative I cask concepts.

Finally, relative to fabrication, there are a large number of domestic companies that have
indicated a capability to design or fabricate spent fuel casks or to supply components. It is
reasonable to expect that domestic fabrication could meet the demand. In addition, while no
information is readily available on foreign production capacity, it is inferred that this capability is
substantial based upon cask manufacturing activities both in Europe and in Japan.
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CACAHLWOO, 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, completeness, 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 ...-cessarily state or reflect those of the
United States Government or any agency thereof.


