Outline of Design Approval for Nuclear Fuel Transport Package using Type JMS-87Y-18.5T
Package

M Outline

This package has been used for transporting spent fuels from research reactors to the U.S. since
1989 (manufactured in 1989) and has so far been used for transportation while taking necessary
licensing procedures such as having periodically renewed the approval period and applying for
approval associated with amendment for addition of contents (spent fuels).

Following the domestic adoption of the 2018 edition of IAEA’s “Regulations for the Safe
Transport of Radioactive Material,” the regulations including those known as Outside Transport
Regulations were revised on Jamary 1, 2021, for the purpose of adding considerations of aging
during the storage of packages and during the use of nuclear fuel transport package (with the
contents loaded in a package). In accordance with this revision, we decided to add a description of
the results of the considerations and evaluations of aging in the attachment which explains safety
(an item to be described in an attachment) and to delete the registered contents which would not
be transported in the future and apply for the registration. In addition, it was decided that this
application was to be submitted as a new application (application for design approval) in
accordance with the guidance from the Nuclear Regulation Authority.

1t is not necessary to consider the deletion of the registered contents and the aging effects, in
confirming compliance with the technical criteria, and therefore the results of these safety
analyses (structural analysis, thermal analysis, containment analysis, shield analysis, and
criticality analysis) remain unchanged. However, in the process of safety analysis, a part of
number processing was changed. This is because the Japan Atomic Energy Agency intended to

conduct a more conservative evaluation.

1. Deletion of the registered contents that will not be transported in the future

Current contents Contents in the future Largest among the
8 types 3 types contents
JMTR Standard Fuel Elements (HEU) | Deleted
JMTR Fuel Followers (HEU) Deleted
JMTR Standard Fuel Elements (MEU) [ JMTR Standard Fuel Elements (MEU)
IMTR Fuel Followers (MEU) Deleted
JMTR Standard Fuel Elements (LEU) | JMTR Standard Fuel Elements (LEU)
JMTR Fuel Followers (LEU) JMTR Fuel Followers (LEU)
JRR-3 Aluminide Standard Type Fuel
Elements Helea




JRR-3 Aluminide Follower Type Fuel
Deleted © Thermal stress

Elements

© Though the registration as contents is deleted, parameter values of the fuel element used in the
safety analysis are used as conservative design values. (Content with lower decay heat than the

content expected)

2. Considerations of Aging of Nuclear Fuel Transport Package

In order to reflect the revisions of “Rules on Transporting Nuclear Fuel Materials etc. outside
the Plant or Place of Business” and “Notice on the Details of Technical Standards for Transport of
Nuclear Fuel Materials etc. outside the Plant or Place of Business” (for those effective until
January 1, 2021), an evaluation of the assumed usage conditions during the service life and the
subsequent aging was conducted and the results are described in "(I1)-F. Considerations of Aging
of Nuclear Fuel Transport Package" in Appendix-1.

Aging was evaluated assuming that the period of use is 40 years, a package is used once a yeat,
and a transportation period per transport is 365 days from a conservative viewpoint.

Aging factors to be considered for this package were heat, radiation, chemical changes, and
fatigue due to repetitive loads, while materials considered for aging were stainless steel (body, lid,

basket), neutron absorber, aluminum alloy and (S

(1) Stainless steel
Stainless steel is used as the structural strength member of this package. Aging assumed in
thermal degradation may degrade the mechanical characteristics due to high-temperature
embrittlement, such as creep (deformation), caused by exposure to high temperature
environments. However, based on the results of the thermal analysis, the maximum temperature
during transportation is about 310°C, which is below the temperature at which the strength
could change due to creep etc. (above 425°C), so there is no need to consider the effect of aging

in confirming compliance with the technical criteria.

Aging assumed in radiation degradation may affect the mechanical characteristics due to
changes in material organization (embrittlement etc.) caused by neutron irradiation. However,
the maximum dose of neutron will be on the order of 10'® n/cm?, which is below the dose of
10'¢ n/cm? at which material organization could change (embrittlement etc.). Therefore, there is
no need to consider the effect of aging in confirming compliance with the technical criteria.

Aging assumed in chemical degradation may affect the material strength and cause
embrittlement due to corrosion. However, stainless steel is a material that forms a passive film

on its surface and does not corrode easily, and the depth of corrosion in the air is estimated to be



I pm (0.001 mm) per year and a maximum of 0.04 mm during the period of use, which is a
negligible amount of corrosion compared to the thickness of the member (approximately 300
mm for the body of a package). Therefore, there is no need to consider the effects of aging in
confirming compliance with technical criteria.

Aging assumed in fatigue degradation may cause a fatigue failure due to repeated loading. For
a lifting device (package body), the frequency of its uses per year is assumed to be 20 times, and
the realistic frequency of expected liftings during the period of use is 800 times, but the frequency
of liftings for conformance to technical criteria is conservatively assumed to be 4,000 times. Since
the repeat count of 4,000 times covers the expected frequency of uses, the repeat count is
conservatively set in conducting fatigue evaluations. In addition, assuming that a containment
device (container body, lid, and lid tightening bolt) is handled one time per year, a repeat count
will be 40 times in 40 years, but it is conservatively set at 1,000 times for compliance with the
technical criteria. Since the repeat count of 1,000 times covers the expected frequency of uses, the

repeat count is conservatively set in conducting fatigue evaluations.

(2) Neutron absorber

Neutron absorbers are used for maintaining the subcriticality of a package. Aging assumed in
thermal degradation may degrade the function for maintaining the subcriticality due to changes
in the material organization caused by exposure to high temperature environments. However,
based on the results of the thermal analysis, the maximum temperature during transportation is
about 310°C, which is below the temperature at which this material melts (2450°C). Therefore,
there is no need to consider the effect of aging in confirming compliance with the technical
criteria.

Aging assumed in radiation degradation may degrade the function for maintaining the
subcriticality due to depletion of '°B caused by neutron irradiation. However, even on the
conservative assumption that the period of use is 100 years, the maximum dose of neutron will
be on the order of 10! n/cm?, and the depletion of B is estimated to be about 0.0043%, which
is a negligible amount. Therefore, there is no need to consider the effect of aging in confirming
compliance with the technical criteria.

Aging assumed in chemical degradation may degrade the function for maintaining the
subcriticality due to corrosion. However, since it is in a sealed space inside the basket partition
(stainless steel) and does not come into contact with the outside air, corrosion does not occur.
Therefore, there is no need to consider the effects of aging in confirming compliance with

technical standards.

(3) Aluminum alloy (spacer)



Aluminum alloy is used as spacers and heat transfer components when Follower Type Fuel is
loaded. Aging assumed in thermal degradation may affect heat transfer performance due to
changes in the material organization caused by exposure to high temperature environments.
However, based on the results of the thermal analysis, the maximum temperature during
transportation is about 320°C, which is below the temperature at which this material melts
(660°C). Therefore, there is no need to consider the effect of aging in confirming compliance
with the technical criteria.

Aging assumed in radiation degradation may affect the heat transfer performance due to
changes in material organization (embrittlement etc.) caused by neutron irradiation. However,
the maximum dose of neutron during the period of use will be on the order of 10'° n/cm?, which
is below the of 102! n/cm?, which could cause changes in material organization (embrittlement
etc.). Therefore, there is no need to consider the effect of aging in confirming compliance with
the technical criteria.

Aging assumed in chemical degradation may affect heat transfer performance due to
corrosion. However, aluminum alloy is a material that forms an oxide film on its surface and is
resistant to corrosion, and it will be used after confirming that there are no abnormalities in its
appearance prior to shipment. Therefore, there is no need to consider the effect of aging in

confirming compliance with the technical criteria.

(4) B (shock absorber)
@ i uscd as a shock absorber for mitigating the impact of drops. The assumed

aging in thermal degradation may be the degradation of mechanical properties due to the
placement in a high temperature environment, but from the results of the thermal analysis, the
maximum temperature during transportation is about 80°C while the temperature during the
actual transportation that has been coanducted so far is about 40°C. The common view on the
thermal degradation of wood in the industry related to the package is that [1] there is a lack of
literature that can be directly referred to regarding the decrease in strength of wood due to heat
in a high-temperature environment, [2] the average temperature data of a shock absorber
(wood) of a separate package that has a track record of transporting spent fuel etc. is evaluated
as about 40°C to 70°C, [3] as a result of conducting crushing strength and density
measurements for wood test pieces taken from the packages that were used for transporting
spent fuel in the past, the energy absorption performance of the wood was sound and no
performance degradation of the shock absorber was confirmed, [4] because under the
conditions of normal use, no performance degradation of the shock absorber has been
confirmed, there is no need to consider thermal degradation in confirming compliance with

technical criteria, as long as this package is used within the range of the past achievements.



The assumed aging in radiation degradation is the effect on the mechanical properties due to
structural changes (embrittlement etc.) caused by radiation exposure, but since the maximum
neutron irradiation dose during the period of use is on the order of 10° Gy, and the gamma
irradiation dose is on the order of 10° Gy, which are below 3 MGy and 0.1 MGy, which may
cause structural changes (embrittlement etc.), there is no need to consider effects of aging in
confirming compliance with technical criteria.

The assumed aging in chemical degradation may be the effect on reducing strength due to
corrosion, embrittlement, etc., but since it is in a sealed space inside the cladding (stainless
steel) and does not come into contact with the outside air, it does not corrode. Therefore, there

is no need to consider effects of aging in confirming compliance with technical criteria.

3. Miscellaneous
* Numbers of figures, tables and pages were modified, as some of the registered contents
were deleted.
* Regarding the evaluation of compliance with the transport regulations mentioned in
Chapter F of the old SAR, it has been deleted from the latest SAR, because it was intended
to demonstrate that the package complies with the Japanese transport regulations, and it is

not relevant to the application in the U.S.



