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1. INTRODUCTION

The management of spent fuel is an integral part of the nuclear fuel cycle. For various reasons,
it stands among the most vital issues for all countries with operating nuclear reactors. Because
technologies, needs and circumstances vary from country to country, there is no single, standardized
approach to spent fuel management. Three basic scenarios, characterized by combinations of fuel
cycle approaches and spent fuel management policies, are considered in this report. They include
the following:

(1) The first scenario is a closed fuel cycle where spent fuel is reprocessed. This results in recycling
of the uranium and use of recovered plutonium as mixed oxide (MOX) fuel in thermal or fast
reactors;

(2) The second scenario is a once through fuel cycle with direct disposal of spent fuel into a final
repository (e.g. a deep geological repository); and

(3) The third scenario is known as a “wait-and-see” approach which delays a decision to choose a
final approach until further development improves the technologies of interest, or until other
options become available.

These approaches cannot be considered as equivalent or easy to exchange alternatives.
Reprocessing of spent fuel (approach 1) has been successfully performed for decades in various
countries and has been proven a safe and reliable technology. Because of the experience base
associated with reprocessing, costs for constructing and operating these facilities can be estimated
with reasonable certainty. However, even when recycling of spent fuel is chosen, high-level
radioactive waste will be generated, and will have to be disposed.

For countries that use a once through fuel cycle (approach 2) the current method being
developed is direct geological disposal of spent fuel. Because direct geological disposal is still
under development, it cannot be looked at as an established technology. As with any large-scale
technology that is not fully developed, one can expect uncertainties in performance, cost, and
operations.

For approaches 2 and 3, experience indicates that interim storage of spent fuel is required. In
the case of the direct geological disposal, spent fuel being generated at reactors has to be stored
until a repository facility is developed and operational.

The wait-and-see approach obviously requires interim storage until a spent fuel management
strategy is selected and developed. It should also be noticed that even after being fully developed,
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direct geological disposal of spent fuel may require interim storage to provide

appropriate cooling times to match future repository acceptance criteria. In countries following the
closed fuel cycle, additional storage capacity may be needed to balance the increasing amounts of
spent fuel with the available capacities of reprocessing plants.

(1)

)

€)

(4)

©)

Spent fuel management includes the following steps:

After unloading the fuel from the reactor, it is moved into an AR storage. The nuclear reactors
are built with pools with a wide range of capacities depending on the features of the plant. Due
to increasing requirements, nuclear reactors often provide the capacity for several decades of
operation. It is also possible increase the existing pool-storage capacity by reracking their spent
fuel pools. This can be done by using neutron-absorbing materials between the assemblies, or
simply by improving distribution of fuel in the cooling pools. Such modifications may result in
significantly increasing storage capacities over original design capacities. In many cases these
capacity additions still do not provide sufficient storage, and separate away-from-reactor (AFR)
storage facilities have had to be constructed. Most of these are at the reactor site where the
spent fuel is generated { AFR(RS)}.

In cases where a closed fuel cycle policy is used and interim storage is not required at an AFR
facility, the fuel is transported directly to a reprocessing plant. The recovered fissile material is
used for fresh fuel elements, which are returned to reactor facilities for use in the reactors.
Current reprocessing plants include large storage facilities, which serve as buffers between fuel
reception and plant operation.

In many countries interim storage facilities for spent fuel are operating, are under construction,
or are planned as AFR installations. AFR spent fuel storage facilities may be on the reactor site
AFR (RS) or at an independent location AFR (OS) possibly serving several power plants.

Final disposal of spent fuel in deep geological repositories is under development in various
countries (e.g. Germany, Sweden, USA). Typically, a disposal package is designed to include
special containers into which spent fuel is placed for disposal. The spent fuel may also be
conditioned for disposal prior to insertion onto the canister (e.g. consolidation). These
containers, in which the spent fuel is held, may be designed to fulfil some criteria expected of
final disposal in the chosen repository. These containers could also be designed for other
purpose such as storage and transportation. Some countries have chosen to develop casks with a
requirement for storage and transport, also referred to as dual-purpose casks (e.g. Belgium,
Czech Republic, Germany, Russian Federation, Spain). In the USA, multi-purpose canister
system for storage, transport, and eventual geological disposal are being developed. This
development activity has been started by the government, and is now being performed by
private cask vendors.

Transportation is the link between all steps dealt with above. Transport is taking place from AR
to AFR (OS) facilities, and from the AR or AFR (RS) and (OS) facility to a reprocessing plant.
Transport of spent fuel to final geological repository will be necessary in a once through fuel
cycle. Transport of high level radioactive waste for eventual disposal will likely be necessary
when recycling of spent fuel is performed.

From the above it could be concluded that spent fuel management systems which use dual-

purpose or multi-purpose containers could provide links between various steps of spent fuel
management. Dual-purpose and multi-purpose container technologies reduce the amount of
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handling of bare spent fuel assemblies. Reduced handling of bare spent fuel would likely reduce
occupational radiation exposure, and possibly reduce the risk of radioactive release and airborne
contamination. These technologies have the potential to simplify the design and operation of the
connected facilities, which make achievement of safety easier, and less costly.

From the previous decisions in IAEA RLA/4/018 it can be said that the situation is similar to
the scenario known as a “wait-and-see” approach which delays a decision to choose a final
approach until further development improves the technologies of interest, or until other options
become available. It is where the dual-purpose cask is included with purpose to transport and
storage, only.



2. GENERAL REQUIREMENTS

Multi-purpose containers, as the name implies, satisfy more than one purpose in the area of
spent fuel management. The opposite of the multi-purpose system is the single-purpose system. The
single-purpose system is designed to fulfil only one function for spent fuel management. For this
report, the spent fuel management functions considered are storage, transport, and disposal. In terms
of spent fuel management, two design categories are being considered:

(1) designs used for storage and transport; and
(2) designs used for storage, transport, and disposal.

In many countries, the first category, storage and transport, is referred to as dual-purpose, while
the term multi-purpose is reserved for the second category. Only the first category will be discussed
here.

The dual-purpose option can be found as cask-based or canister-based systems. For the cask-
based systems one integral unit serves all purposes for which the system is designed. For canister-
based systems, a sealed canister contains the spent fuel, and is a common component or subsystem
to the storage and transport system, as applicable to the design. Typically, canister-based systems
will use overpacks to house the canister for the purposes of storage and transport. The container
system for spent fuel storage and transport shall be designed to satisfy specific radiological safety
functions. In general, it shall contain the radioactive material, limit emission of ionizing radiation,
dissipate internal heat, and assure subcriticality.

The container shall also be designed to assure structural integrity and thermal performance that
allows proper functioning of the systems’ radiological safety features. Cask-based systems have
been developed for storage and transport of spent fuel. These have generally been metal systems.
For these cask designs, the same integral cask unit provides all radiological safety functions needed
for storage and transport. For canister-based systems the specific overpack along with the canister
provide the level of performance for each safety feature for each purpose. The canister may provide
one or more of the required safety functions. For example, the canister includes a fuel support
structure or basket, which generally provides criticality control for storage, transport, and disposal,
as applicable. The canister may also provide confinement of radioactive material for storage, but the
transport overpack is generally used for containment of radioactive material during transport. The
shielding required for storage and transport is typically provided by the appropriate overpack.

2.1.  Mobility

Mobility is the ability to move a system from place to place. The fact that the systems being
considered are transportable means, in terms of the definition for mobility used, that they are
mobile. In contrast, single purpose storage does not provide this attribute. The transport only system
is mobile, but is generally not used for storage. If it is, it is dual-purpose. This attribute has value for
the wait-and-see approach. This situation is expected to require long term storage of spent fuel.
Mobility allows relocation during the storage period without bare fuel transfer.



2.2. Retrievability

Retrieval will be defined as the ability to remove the cask, package, canister or spent fuel from
its enclosure or emplacement. Mobility could be considered as a part of retrievability. It is generally
recognized that retrieval of spent fuel during a period of storage may be necessary or desired. In
either case, retrieval is always possible. The concern is whether retrieval, if necessary, will be easy
or difficult to accomplish. Retrieval from storage is expected to be uncomplicated for any storage
technology used. However, the ease of retrieval for stored spent fuel may vary depending on the
method of storage and the design of the storage system. At a minimum, retrieval requirements
should be specified so that design specific procedures are developed to assure ease of spent fuel
retrieval throughout the period of emplacement, and until completion of a formal performance
confirmation period. It should be noted the retrievability beyond this set period of time is always
possible, but the cost of such retrieval may be high.

Retrieval from any dry storage facility is expected to be uncomplicated. Retrieval could be
simplified by the use of any of systems designed for multiple uses, as compared to the use of a
storage only system. This simplification is due to the avoidance of bare spent fuel transfer
operations between storage and transport system components. However, since neither one option is
always clearly superior to the other, it is best to evaluate both options for specific applications and
designs.

2.3.  Modularity

Modularity is the ability to be separated into distinct and standard units. Modularity is an
obvious feature of the dual-purpose container technology. The feature allows the designer to select
canisters or casks of some preferred standard size and configuration. The advantage shall always be
compared with the inherent modularity of bare uncontained fuel. The designer shall consider the
number and variety fuel assembly designs (e.g. size and weight) that must be dealt with before
deciding that a larger module for one of more designs with several fuel assemblies would be
beneficial. Again, modularity appears to be a feature that shall be evaluated on a case by case basis.

2.4. Installation and operation

One of the main advantages of dual-purpose container technology is the reduction of bare spent
fuel transfers from a dry storage facility to a transport cask, thereby:

- lowering the probabilities of human error and accidents associated with handling bare spent fuel
assemblies;

- working towards the ALARA principle;
- minimizing design and cost of the transfer facilities;

- facilitating safeguards control because of the reduction in individual fuel assembly movements
from a storage only system to a transport cask and/or to a different geological disposal canister;
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- developing a technology that is compatible with storage, transport and possible geological
disposal thus reducing interface complications.

Another aspect related to the installation and operation of dual-purpose container technology
deals with the requirements to be imposed to the storage, receipt, and conditioning installations. In
this regard, the following factors are among the ones to be considered:

- At dry storage installations, dual-purpose container technology has lower operational and
maintenance requirements compared with wet storage facilities thereby resulting in lower
operational and maintenance costs. This results from the fact that dry storage technologies do
not need to maintain water chemistry, operate pool heat removal pumps, heat exchangers and
pool filtration systems. Additionally, they do not generate secondary low-level wastes due to
these support operations.

- For all dual-purpose containers, transfer installations at an interim storage facility/repository
will be simpler than single-purpose cask-based technologies as the fuel assemblies will not need
to be individually transferred.

- In spent fuel management systems that have to deal with a multiplicity of fuel types a
technology that takes a step toward developing standardized equipment is seen as a benefit.

2.5. Decommissioning of reactors and storage facilities

As at-reactor spent fuel pools reach their maximum capacities, additional storage will continue
to be needed or developed. Much of the storage that is being developed uses single purpose dry
storage systems. Therefore, the capability to transfer the spent fuel to a certified transport cask shall
remain in place even if a reactor has been shut down. The use of dual-purpose system may provide
a partial solution to this predicament. Although full pool capability is not needed when storage
systems are transportable, retrievability shall generally be maintained. Shut-down reactors that are
unable to fully decommission their facilities because of the need to maintain a pool transfer
capability, will incur additional costs

In addition, a dry storage facility itself may be easier to decommission with the use of dual-
purpose containers. With the use of a cask-based technology, the cask with the spent fuel will be
removed and all that will be left to decommission is the uncontaminated support facilities such as a
concrete pad and additional support facilities. With the canister based technology, an
uncontaminated, or minimally contaminated, storage overpack will also remain for
decommissioning. Additionally, canister transfer equipment, which may be slightly contaminated,
will have to be disposed.

With single-purpose storage facilities, the cask, building, or canister will need to be
decontaminated or be disposed of as low-level waste after all the spent fuel has been shipped off-
site. In the case of the dual-purpose canister, recovery from containment failure could be
accomplished by transferring the canister into a licensed transport overpack. The overpack could
then be used to transport the canister to a licensed handling facility where the spent fuel could be
repackaged in a replacement canister. For some systems, and some regulatory jurisdictions, an on-
site transfer facility may be required, even for canister-based systems.

The use of dual-purpose containers at interim storage facilities may facilitate the
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decommissioning of these facilities by reducing the potential release of radioactive particulates and
airborne contamination associated with handling bare spent fuel. Furthermore, transporting a unit or
its components away from the reactor site after the storage period ends, avoids the need for disposal
of some or all components as low-level radioactive waste. Without the need to decontaminate fuel
handling facilities or dispose of used storage units as low-level radioactive waste, the
decommissioning operation of interim storage facilities are simplified. For cask-based systems there
is no fuel handling before transport, and the entire unit is transported away from the reactor site. For
canister-based systems storage overpacks will have to be disposed of at the end of their use.
Canister-based systems also require equipment to perform canister transfers between storage and
transport overpacks. This equipment may be slightly contaminated, and will have to be disposed
accordingly.

2.6.  Public acceptance

Although attempts to predict public acceptance are subjective and speculative, there are several
factors that should be considered in any such assessment. A common public concern related to
temporary storage is that temporary storage measures may be extended and eventually become
permanent. The public perception of permanence related to temporary storage systems may be
alleviated when movable dual-purpose systems are used. Although canister-based and cask-based
systems are regulated in the same way, and are expected to be equal from a radiological safety
standpoint, the public perception of safety might be enhanced when canister-based systems are
used. The canister might be perceived to provide an additional barrier of containment, even if not
licensed, nor proven to do so. It also reduces the direct handling of bare spent fuel.

2.7. Economics

A dual-purpose system can replace single-purpose systems that are used for storage and
transport of spent nuclear fuel. For these systems, the requirements for storage and transport shall
be satisfied by the system or components of the system designed to perform in each functional area.
One can expect to derive certain economic advantages from any system where its individual
components are used to satisfy more of the systems requirements. Such a situation can reduce costs
by reducing the number of components of the system and the number of operations. Balanced
against these potential cost savings is the possibility of increasing costs for the individual
components and operating procedures. For the hardware, or system components, designs may
become more complex and more difficult to fabricate, because they have to satisfy additional
requirements. Increased complexity and difficulty of fabrication usually increase costs. Similar
arguments apply for operations. That is, the multi-use component may reduce the number of
operations required, but increase their difficulty and cost.

Storage and transport are performed sequentially rather than concurrently for any specific spent
fuel inventory. Assessing and comparing the economics of single-use and their alternative multi-use
systems is further complicated by increasing the period of time that has to be considered. The
difficulties associated with this area of concern manifest themselves in several ways. These
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concerns include, but are not limited to the followings:
(1) The timing of an investment as it relates to the cost or value of money,
(2) The availability of a pre-paid feature when it is needed, and

(3) The economic risks associated with advanced investment in technologies that have not reached
full maturity.

Timing, as it relates to the cost of money, is always an important consideration for any decision
on investment in a costly technology that is developed and used over extended periods of time.
Early investments result in money being unavailable for other uses, such as investment, which may
earn additional money. The need to spend money, before it is in hand, requires borrowing. The cost
of borrowing is the interest that has to be paid to the lender. Early investment is sometimes good,
especially in a situation where the cost of a product or service is expected to increase. The value of
such early investment depends on the expected rate of increase in cost. For single-purpose systems,
investments can be postponed until the system is needed, or can be made early if there is a
perceived advantage. For dual-purpose systems, paying for an immediate need requires early
payment for all future needs. For any of these systems, the negative aspects associated with the cost
of money can be minimized by progress payment, rather than large sums of money “up-front”.

Another economic factor associated with a dual-purpose system is the availability of
performance features when they are needed. For single-purpose systems, use can begin as soon as a
unit is available. For dual-purpose devices, only one purpose is served at a time, while the other
features of the system are on stand-by until they are needed. In addition to the cost of this early
investment in a feature that is not immediately needed, is the issue of availability of the device to
perform the required function when it is needed. This amounts to a question of component
reliability, repair, and replacement. In general, increasing a components reliability increases the cost
of the component. If the component is not available upon demand, it has to be repaired or replaced,
both of which have associated costs. Improving the availability of a dual-purpose system is
expected to increase its cost. However, since a system is available for service if it is reliable, or
replaced or repaired if failed, several options exist. That is, there is an opportunity to trade the early
cost of increased reliability against later costs of repair or replacement. Which approach one
chooses may be based on least overall cost or scarcity of available funds.

Finally, we will consider the economic risks associated with investment in technologies that are
not fully matured. There are two aspects of risk considered in this discussion. The first is the
problem of early commitment of funds to a technology that is subsequently improved or overtaken
by a superior technology. The second is the problem of early commitment of funds to a technology
that is later found unacceptable. A finding of unacceptability could be based on technical reasons,
regulatory concerns, or public perception. In the first case, the system is not at its highest efficiency,
and replacement may be considered. In the second case, replacement is not simply a matter of
choice, we may have to discard what we have and start over.

Having discussed some basic economic considerations associated with decisions on selection of
spent fuel management technologies, we can apply these economic considerations to the technology
choices available to us. That is, we will apply the economic concepts to single-purpose and dual-
purpose systems that are either cask-based or canister-based. The general discussion that follows
should be used as a guide for assessments of specific choices being considered under specific
circumstances. The discussion is not intended to suggest that any general economic principles have
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been found for ranking the options considered.

Single-purpose storage and transport systems constitute developed technologies. Both types of
systems have been designed, licensed, built, and used. The economic advantage of using a single-
purpose system, is that you build what you need when you need it. If efficiencies improve with later
designs, conversion to the improved designs can be done, as new units are needed. Because
purchases can be made as needed, and progressively, adverse affects of the cost of money can be
minimized. The system can be designed for a set lifetime, making the reliability, replacement and
repair cost estimates relatively uncomplicated. One disadvantage of storage-only system is that the
storage units are generally discarded after the storage period. For many storage-only systems such
as vault or concrete module designs, the spent fuel is held in a canister. There is no obvious
economic advantage for using canisters for metal storage-only systems. Transport-only systems are
generally cask-based and reusable with units that are removed from service at the end-of-life.

A dual-purpose system may be more expensive than one designed for transport-only or storage-
only. The savings from a dual-purpose system arise when the dual-purpose system is less expensive
than the combined system, using single-purpose devices for storage and transport. For a cask-based
dual-purpose system, a single integral unit provides for storage and transport of an inventory of
spent fuel. For the typical canister-based system, each canister with its spent fuel inventory is held
in a vault or storage module (which is generally not reused). For transport, the canister is shipped in
a reusable transport overpack. The canister in a dual-purpose system will usually satisfy some of the
requirements for storage or transport. For storage the canister will provide confinement of the
radioactive material and criticality control. For transport, the transport overpack provides
containment of radioactive materials, but the criticality control function of the canister remains.



3. DESIGN ASPECTS

To reiterate, dual-purpose container concepts mean that a cask or canister contains the fuel
during storage and transport. Canister-based systems use overpacks for transport. For storage, they
may use either overpacks or modular vault structures. An overpack usually holds a single canister,
while a vault will hold several canisters. Cask-based dual-purpose systems use a single integral unit
for transport and storage without the need of an additional overpack.

The design considerations for transport and storage of spent nuclear fuel are similar. However,
the performance conditions under which each system is used are different. Storage systems have
generally been designed for several decades of service in relatively static conditions, and in a
natural outside environment defined by the location where the system will be used. Storage systems
are also designed to withstand certain anticipated operational and accident conditions, some of
which may be site dependent. Transportation systems are designed for continuous service over an
expected lifetime of two to three decades. They are designed for both normal and accident
conditions which are prescribed and identical for all transport systems. Because transport systems
have to service many sites in various locations, transport design specifications are not site-
dependent.

3.1.  Design objectives

The major design objectives to be considered for dual-purpose (storage and transport) functions
are as follows, e.g.:

radiological safety;

- operations;

- safeguards;

- quality, reliability, maintenance, and repair; and

- cost.

3.1.1. Radiological safety

Radiological safety is important in its own right. For equipment used in the management of
spent nuclear fuel it is especially important because it is the basis for licensing and regulatory
control. It is also noted that radiological safety is expected to be uniform regardless of the specific
design or type of system used (e.g. single-purpose versus dual-purpose, cask-based versus canister-
based). The reason for this expectation is the fact that the regulations, which are performance based,
are applied uniformly.

The radiological safety provisions are intended to protect the public from potentially harmful
affects of the radioactive material being stored, transported, or disposed of. national transportation
regulations generally follow those established by the IAEA through international consensus. The
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use of internationally accepted standards for spent fuel transport is important since shipments may
cross international borders. The JAEA also provides guidance in the area of spent fuel storage
safety.

Safety provisions are mainly directed to minimize to the greatest extent practical radiation
hazards to the public, environment, and operators. Conventional hazards due to normal operation
and events such as fire, flooding, operator error, equipment failure will be analyzed and either
precluded or mitigated to the maximum extent practical.

Radiation hazards can basically be caused by:
- release of particulate or airborne radioactive material,
- direct radiation and skyshine from the transport and storage device surfaces; or

- surface contamination.

To mitigate these hazards by technical means, several design considerations have to be
addressed. Any activity involving handling and packaging of fissile nuclear material can result in
the following specific risk categories:

- criticality hazard,
- contamination from activity release,
- exposure to radiation.

Although a criticality is a radiological safety concern that could lead to activity release and
radiation emission, it is considered separately. For systems containing radioactive materials,
releases and emissions can be reduced to insignificantly small quantities, but they can never be
eliminated. Criticality presents a different situation from that of containment or radiation protection,
it can be precluded. The aim of criticality safety is to preclude criticality rather than devise ways of
dealing with a criticality accident.

In addition, two important design factors that affect radiological safety, that is, structural
integrity and heat removal, are considered.

3.1.2. Ciriticality control

Criticality control shall be maintained throughout all phases of spent fuel management. This
includes operations during: handling, storage and transport. One will not discuss criticality control
during storage in spent fuel pools or during loading operations. Criticality control will be provided
primarily by the basket of the transport and storage. Therefore, the discussions relating to criticality
control for canisters or casks should not be different.

Methods for providing criticality control for storage and transport have been approved in
several countries. The approved methods include moderator exclusion (for storage only), use of
neutron absorbing materials (e.g. B'%), and the use of water gaps (i.e. neutron flux traps) in
conjunction with neutron absorbing materials. The use of flux traps usually add to the challenges of
the structural design and tend to reduce system capacities.

The general topic of burnup credit for storage and transport in spent fuel management systems
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enjoys attention. Burnup credit, a term used for allowing credit for the fact that the fuel has been
burned in a reactor, thus reducing the reactivity of the fuel. It should be noticed that although spent
fuel is less reactive than fresh fuel, it can still achieve criticality, depending on its configuration and
surroundings. To date, burnup credit has only been approved to a limited extent in some countries.
The reduced reactivity of spent fuel due to burnup credit can be attributed to three components:

(1) the net reduction in the amount of available fissile material (e.g. reduced fissile uranium and
generated fissile plutonium isotopes);

(2) the increase in the amount of actinide neutron absorbing material; and

(3) the increase in the amount of fission product neutron absorbing material.
3.1.3. Containment

Dual-purpose containers are used for transport and storage. In the case of cask-based
technologies, the cask fulfils all relevant safety requirements for the enclosure of the fuel during
transport and storage. For canister-based systems, the canister is designed to perform some of the
safety functions required for storage and transport, but overpacks are used to address the safety
requirements not performed by the canister.

The requirements for the transport of spent fuel are stated in standards or guides such as the
IAEA Safety Series No. ST-1: Regulations for the Safe Transport of Radioactive Material
(previously Safety Series No. 6). According to ST-1, spent fuel is transported in a "Type B"
package. It is assumed that the multi-purpose modules are designed, built, and licensed in
accordance with these standards.

This means that:
- in the case of cask-based technologies the casks are licensed, or

- in the case of canister-based technologies the canister in combination with an overpack is
licensed according to the “Type B” package requirements.

Although quite similar due to the function (containment) the requirements for transport
packages are different from those for storage. The major difference is that the safe containment of
the radioactive material has to be maintained over a period of several decades in the case of storage.
As the material is continuously enclosed within the module over the total storage period, any release
of radioactivity from the module can be practically avoided, with the actual leak rate depending on
the closure and sealing system. Bolted lid sealing systems are available to achieve very low
standard helium leak rates for a barrier in a typical range of at least 10”7 h Pa Us. It is obvious that
penetrations through the lids are sealed to an equivalent level.

The closure systems generally consist of a combination of barriers (static and/or dynamic) and
monitoring systems, which prevent a leakage to the environment even in the case of failure of one
barrier. It seems desirable to provide technical solutions and procedures to check the integrity of the
closure system by continuous monitoring or periodic checks. Consequently, a procedure has to be
developed to address degradation of these components.

For the cask-based concept, the cask used for transport is also used for storage, and the cask

design has to be licensed for both sets of requirements. It is necessary to meet the long term aspects
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of storage. One element of this is adequate choice of materials for the cask body, the 1id system, and
the closure seals. The selection process should take into account corrosive agents internal and
external to the cask.

A typical design concept for the closure system of a storage cask provides one or two lids. A
primary lid closing the cask cavity and a secondary lid can be bolted or welded to the cask body
above it. Bolted lids can be equipped with long lasting, high efficiency, metallic seals. Overpressure
can be used in the space between the two lids, or between the seals. The overpressure can be
continuously monitored during the storage period as a reliable indication of seal integrity.

If the sealing of a secondary, outermost, lid shows reduced leak-tightness, it can be repaired
without affecting the, inner, primary containment. This type of repair can be done at the storage
facility without the need of any particular equipment. If the primary, or single lid is not in
accordance with the leak-tightness specification, a replacement of the corresponding gasket
necessitates the dismantling of the lid and thereby opening the cask. Depending on the equipment
available at the storage facility, repair may be done at the site or the cask has to be shipped to
another nuclear facility for repair. Alternatively, the cask concept can include repair by placing a
third lid above the secondary one (or a second one on a single-lid system) and thus re-establishing
the double barrier. This work can also be done at the storage site.

For transportation, analysis has to be made to verify the containment capability of the cask
under accident conditions. Since the cask is certified as a type B package for transport, it shall be
shown to withstand severe mechanical, thermal, and water immersion test conditions. Successful
completion of the tests and analysis proves the containment capability of the cask under the
accident conditions.

A canister based technology opens a variety of possibilities to provide for a monitored
enclosure of the fuel during storage. The canister itself should be designed to provide containment
during transfer between the transport package and the storage structure. To be able to rely on the
canisters leak-tightness, it should be proven by compliance with the operating technical
specifications. The canister concept implies the use of outer structure to form a storage module. The
storage outer structure or overpack will protect the canister from mechanical and thermal loads
during normal operation and anticipated operational occurrences.

3.1.4. Shielding

When considering shielding requirements for multi-purpose technologies, it will be important
to consider requirements for both the transport and storage. The approach to providing shielding
will vary depending on whether a cask-based or canister-based system is being considered.

International radiation protection standards for the transport of radioactive materials are defined
in IAEA transport regulations. The dose rate limits are 2 mSv/h at the accessible cask surface and
0.1 mSv/h at a distance two meters from the conveyance. For exclusive use shipments however, a
dose rate limit at the cask surface of 10 mSv/h may be allowed. The cask shall also meet the dose
rate limit of 10 mSv/h at a distance of one meter after the cask has been subjected to the transport
accident test conditions as specified in IAEA ST-1. For the storage environment, the standards for
radiation protection usually apply to a total off-site dose rate that may be permissible at the site
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boundary of the storage facility. These limits vary from country to country. There will also need to
be consideration of the occupational dose limits to workers at the facilities. The dose limits for
occupational workers are based on recommendations of the International Commission for Radiation
Protection.

For cask based technology, shielding for storage and transport is by the cask unit itself and the
dose rate limits in the transport regulations are likely to be the controlling factor for cask shielding
design. If additional shielding is needed to meet the site requirements for storage, that shielding
could be provided by features at the site, such as moving site boundary or providing supplemental
shielding such as concrete barriers or earthen berms.

Radiation protection shall consider the need to shield from neutron and gamma radiation.
Typical materials used for gamma shielding are dense metals such as steel, cast iron, lead, and
depleted uranium. Shielding for neutrons is usually provided by materials containing hydrogen or
carbon. Water is a good candidate for neutron shielding, but for dual purpose cask systems solid

materials such as hydrogenous polymers are preferred, because they require less monitoring and
maintenance.

The same standards will apply with respect to radiation protection for storage and transport
regardless whether a cask-based or canister-based approach is used. However, in the canister-based
system, the majority of radiation shielding is provided by the transport and storage overpacks.
Because this storage structure is stationary and is generally not weight limited as is the case for
transport, it is possible to use a low cost material, such as steel reinforced concrete, for radiation
protection in the storage overpack. For the transport overpack, shielding will be provided in the
same manner as in the cask based system.

For canister-based technologies, the canister itself will usually require full gamma shielding on
the top and/or bottom of the canister in order to facilitate handling. A shield plug made of carbon or
stainless steel, or of lead or depleted uranium encased in steel can be placed on the top of the
canister after loading and prior to sealing. The shielding at the bottom end of the canister can be of
similar materials but would be built into the canister during fabrication.

3.1.5. Structural considerations

The goal of the structural design of a container system is to assure that the radiological safety
components perform as intended when subjected to mechanical forces occurring in the container
operating environment. The operating environments of interest here are those for storage, transport,
and disposal. The radiological safety conditions that the structural design has to meet are provided
in the regulations of the country in which the spent fuel will be stored, transported, and disposed.
Generally, these requirements are based on international consensus documents. The transport
regulations will generally conform to those developed by the IAEA. The transportation test
conditions are prescribed in the regulations, and include both normal and accident conditions (e.g.
drop tests, puncture tests, pressure conditions). For storage, site-specific design base events should
be established and applied as design conditions (e.g. seismic conditions, projectiles).

The structural design and analysis of cask-based and canister-based systems will be similar, any
differences will be handled in developing design specific structural models. The analysis should
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address storage and transport requirements, depending on the intended use of the container system.
The structural components that are of interest are the basket for criticality control, the containment
vessel that prevents release of radioactive contents, and the shielding that provides radiation
protection. For dual-purpose systems, the designer should assure that the radiological safety
components satisfy requirements for each of the intended purposes.

The structural analyses of any dual-purpose container technology will be based on the
regulatory tests required by the JAEA ST-1 (e.g. nine-meter drop test). The cask or the canister in
an overpack should support the basket structure during normal transport conditions and possibly
during the impact of a side drop, if this is required to prove criticality safety. In this case, the
canister shell should not deform significantly. Analysts shall determine an appropriate design that
will be adequate to meet the requirements. For a canister, since a major factor in shell strength is
overall configuration and not only material tensile strength, a rather thin (less than 2.5 c¢cm) shell
thickness is adequate for a variety of shell materials, such as alloy 825, stainless steel 316L, and
ferritic steel A-516 Grade 60.

The bottom end, inner lid, and shell of the canister-based systems provide the containment
barrier during storage. The design of these components should consider the pressure resulting from
failure of large number of the fuel elements, in some cases up to 100%. Therefore, the canister-
based systems should be designed to withstand this inner pressure load on the containment barrier.
This pressure will control the design of the bottom and inner lids of the canister, which will result in
bottom and inner lid thickness being more than twice the thickness of the canister shell.

The outer lid of a canister could provide redundant containment for storage. The outer lid can
also provide the mounting locations for lifting the loaded canister during transfer operations. Since
the consequences of dropping assemblies could be significant, stringent safety factors are required
for design of lifting mechanisms and lift attachment points. These lifting considerations could
control the thickness of the outer lid. This could result in an outer 1id, which will have a greater
thickness than the inner lid.

The basket structure in a canister or cask should support the weight of the spent nuclear fuel
assemblies during the drop accident scenario, unless criticality control can be shown by other
means. For transport of cask-based and canister-based package, impact limiters are used to restrict
impact loads to less than the design value. This will provide substantial stress margins for the
transport package designs. Taking into account the design of impact limiters, specific drop
scenarios (e.g. corner, end, side, or slapdown) need to be evaluated to determine the g-loads. It
should also be noted that depending on the orientation being analyzed, a greater g-load may not
result in greater stress at a given position on the cask being evaluated. Significant structural margin
should be available for the hypothetical nine-meter drop accident. When an outer shell is used to
enclose the neutron shielding, its thickness requirement is influenced by capture gammas produced
in neutron shielding material and possibly by the one-meter puncture test.

3.1.6. Thermal considerations

The thermal design of a container system is intended to assure that the radiological safety
components perform as intended when subjected to thermal forces incident to the container in its
operating environment. The operating environments of interest here are those for storage and
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transport. In the case of thermal design, the forces that challenge the container performance come
from internal and external sources. The internal heat source is the spent fuel that continues to
generate heat due to decay of its radioactive isotopes. The radiological safety conditions that the
thermal design should meet are provided in the regulations of the country in which the spent fuel
will be stored and transported. The transport regulations will generally conform to JAEA ST-1. The
transportation test conditions are prescribed in the regulations, and include both normal and
accident conditions (e.g. heat, cold, fire conditions). For storage, site-specific design basis events
should be established and applied as design conditions (e.g. ambient environments defined by
temperature and solar heating). Because the thermal design shall protect against the external thermal
environment and internal heat generation, it may often have to meet conflicting requirements. The
design should provide thermal protection against external heat sources, a task that may be
accomplished by using insulating materials, and heat absorbers. At the same time, the design should
include mechanisms to efficiently remove internally generated heat, a task that may be
accomplished by using highly conductive material (the opposite of insulation).

Thermal design will be similar for cask or canister-based containers, and differences will be
handled by development of the design-specific thermal model. The goal of the thermal analysis is to
identify potential damaging affects and design the system to handle them. The parameters of
interest in thermal analysis are temperature, heat, and heating rates. For the design, the thermal
analysis is influenced by the burnup and cooling time of the fuel, the number of assemblies in any
one container, and the ability of the container to dissipate heat. This last aspect is closely related to
the thermal performance of the internal basket (mainly to the material of which it is constructed).
There is a tendency to increase the capacity of containers to be as large as possible for economic
reasons as well as public health and safety due to the reduced number of containers. This places an
additional burden on the cask to dissipate heat and may require an increase in its outer cooling
surface area (e.g. fins can be added to the cask). With a canister based system, heat dissipation can
be facilitated by increasing the air flow rate over the canister while it is in its storage configuration.
This is generally possible even when only natural convection is required. In a dual-purpose
container system there are other design features that may be used for increasing heat dissipation.
Some examples include the use of aluminum or copper in the basket. When the neutron absorbing
material is of an insulating type, additional consideration needs to be given to heat removal through
this shield. In many cases, impact limiters could also be thermal insulators, however, this should not
normally be a major concern since this is not the area of major heat flow.

A number of thermal considerations are suggested here. One area of interest is temperature
effects on material properties (e.g. structural strength). Heating can have significant effects on
shielding materials that have low melting temperatures (e.g. lead melting). Thermal conditions may
also affect containment systems (e.g. decomposition and degrading of seals), and performance of
spent fuel clad material (e.g. creep rupture and bursting).

Another important issue is the behavior of the dual-purpose container during the thermal test
for accident conditions of transport defined in IAEA ST-1. The maximum cladding temperatures
should be established and justified by the designer. The performance limit should be based on the
response of the contents of a transport cask exposed to the regulatory thermal test of a fully
engulfing fire of 800 °C for a period of 30 minutes. Depending on national regulations, the fuel
cladding should be below a predetermined cladding temperature limit. The cladding temperature
limit should protect against failure, which could in turn lead to generation of a releasable
radioactive source (e.g. fission product gases and particulate matter).
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3.2. Operations

Several design requirements for cask-based and canister-based concepts derive from their
operational requirements (e.g. loading the container with fuel as well as transport and storage of the
module). For either technology, the operating procedures (e.g. for loading and handling) should be
established at the earliest stage of design. This allows early identification of the equipment needed
(e.g. equipment for draining, drying, inerting, and leak testing), and resolution of equipment and
procedural interfaces.

The loading of fuel into the container normally takes place in the spent fuel cooling pool of the
nuclear plant. The handling of dual-purpose casks does not differ significantly from loading a
transport cask. However, it is noticed that fitting the primary 1id to the cask at the reactor is done in
accordance with the storage specifications. If canister-based designs are used, special procedures to
load the fuel into the canister in the pool will be needed. In addition, special procedures for sealing
the canister are generally needed (e.g. canister welding and insertion of the canister into the
transport overpack). All of this will require design-specific equipment at the reactor.

Written operating procedures should be prepared for handling the casks or canister based
modules at the various facilities to make sure that a coherent safety concept is observed. The written
procedures should include all tests, inspections, maintenance, and measurements.

It is also important to consider how the various steps in the overall process relate to each other.
When the concept of operations is developed, the designer should not only consider the planned
operations, but contingencies as well. It is essential to know the effects of each step on the overall
system. Contingencies should address possible errors, faults, and corresponding corrective actions.

For storage, the design has to take into account the connection to the leak monitoring system, if
applicable. It is assumed that during storage a system is available to monitor the container seal
integrity (e.g. by checking an overpressure in the space between two sealed barriers).

However, before transporting a cask-based or a canister-based package after a long term
storage, an inspection procedure has to be performed that deals with transport related issues (e.g.
closure seals, lifting devices, shock absorbers, dose rates, contamination). System operating plans
can also influence the design of the dual-purpose container technology. In cases where long periods
of storage at a reactor are anticipated before spent fuel is to be transported in a dual-purpose system,
the delay can be used to improve a system overall performance. This situation has been effectively
used to specify different cooling times for the storage and transport phases of such systems. For
example, we find a dual-purpose system requiring a minimum cooling time of 5 years for storage
and 10 years for transport.

3.3.  Safeguards

Physical protection, or safeguards, measures are used for all spent fuel management activities.
The principal concern associated with spent fuel is the possibility of sabotage. Safeguards measures
have been used effectively for storage and transport of spent fuel. There is no reason to expect
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difficulties in providing adequate physical protection for disposal of spent fuel. Safeguards
measures are operational in nature, and are not expected to be different for cask-based or canister-
based systems that are used for single-purpose, dual-purpose, or multi-purpose designs.

3.4. Quality, reliability, maintenance, and repair

The design, construction, and use of all system components (e.g. casks, canisters, and
overpacks), procedures, and ancillary equipment should be conducted under appropriate quality
assurance programs. In brief, quality assurance calls for careful planning, written procedures, use of
standards, thorough documentation, and the possibility to trace all steps.

Reliability is also an important performance consideration. Equipment and procedures that
affect performance should work when called upon. There are two types of reliability considerations
for spent fuel management systems. The first consideration is the useful service life of the
essentially passive devices that comprise storage and transport units. These include such things as
seals, closure devices, radiation shields, neutron absorbers, structural load limiting devices, and
thermal protection devices. The second type of equipment are those that are essentially dynamic in
their performance. These might include such things as lifting hardware, pressure relief devices,
water-levelling systems used for liquid neutron shield devices. Some of these exist in a state of
standby.

The objective of reliability analysis is to gain confidence that these systems are working and
available to work when called upon. Reliability analysis can also help determine maintenance plans
for systems. We cannot expect all components of a system to last forever, but we can maintain,
repair, and replace components on a schedule that assures operation of the total system. Reliability
estimates are likely to be more difficult as we go from transport to storage, and from storage to
disposal. The reason for the difficulty lies in the fact that the duration involved and degree of
remoteness increases for each activity.

Maintenance includes servicing hardware (e.g. oiling a bearing) and routine, scheduled
replacement of parts (e.g. seals). The servicing function aims at assuring continued reliability of
component. Replacement should be done before a component is expected to fail and lead to a
system failure.

Finally, we come to discussion of repair. A component or system can be repaired when it
reaches a weakened state, or because it has failed. These are two entirely different situations. Repair
of a weakened part is a way of restoring a system to an “as-good-as-new” state without having to
replace parts. Systematic tests or inspections of a system can dictate such repairs. The need to repair
a failed part, which could include replacement, should generally be avoided. One exception to this
principle is a system that is failure tolerant. That is, redundancy is used to avoid situations where a
single component failure brings the system down. The use of redundant components is a good
design strategy. It is a most effective strategy for components that are difficult to inspect and repair,
and when the components to be duplicated are small and more failure prone than other system
components.

The overall design approach should include assessment of the systems and its parts in terms of
reliability, maintenance, and repair. The three factors should be considered jointly because they are

18



strongly interrelated. If we increase the reliability of a system that is already adequate, we may have
reduced the need for maintenance and repair. Likewise, if we use a less reliable component we can
expect higher maintenance, more inspection, and more frequent replacement.

For storage, with anticipated duration 20 to 40 years, scheduled maintenance is a must. Because
of the duration involved for storage, repair and replacement of parts can be expected. For transport,
casks and transport overpacks will have service lives of 20 to 30 years. However, transport systems
will be operated cyclically. That is, they will be used to transport the spent fuel, and then return,
where inspection, maintenance, and repair can be done. Canister-based systems may have an
advantage over cask-based systems here. For a cask-based system all parts are used for storage and
transport. For canister-based systems, the canister is used for storage and transportation, but
separate overpacks are only used over the period for which they are designed.

3.5. Cost

Cost estimates should address unit costs and total system life cycle costs. It is noticed that an
inexpensive unit may cost a great deal over its lifetime if maintenance, repair, and operating costs
are high. Furthermore, there may be limits to the benefits derived from increasing reliability
because it generally increases cost. Ideally, one can select the most cost-effective system for a given
application, and optimize the design with regard to unit and total life cycle cost.

If one unit can be used to perform several functions and reduce the need for hardware and
operations, cost savings can be expected. These expected savings should be balanced with such
potential cost factors as increased unit costs, increased operating costs, and the introduction of
economic risk. For example, a component that should function in a storage and transport

environment may be over-designed for storage because it has been designed to meet a more
stringent requirement for transport.

Economic risk is an issue that should be considered in selecting a spent fuel management
technology. It relates to uncertainty involved in design and licensing of storage, transport, and
disposal systems. Expected cost and design uncertainties are the components of economic risk.
Single-purpose storage and transport systems have been developed, licensed, and constructed, they
are not considered to be high economic risks. If one combines them into a dual-purpose system, this
may introduce some new risks. These risks arise from increased complexity, and from the reduced
flexibility of a dual-purpose system compared to two single-purpose systems.

3.5.1. Single-purpose storage systems

Single-purpose dry storage systems are being used for AFR (RS) and AFR (OS) applications.
The systems used include cask-based designs, canisters in vaults, and overpacks. The earlier
applications used metal casks while newer applications use canisters with vaults or cask-like
overpacks. Both vaults and overpacks are typically constructed of reinforced concrete. These
concrete structures are inexpensive and can be formed in place at the storage site. In general, the
canister-based storage-only devices are less expensive than the metal cask devices. A crude cost
estimate puts the canister-based systems at about 20% to 25% of the cost of metal casks. Both may
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require decontamination and low-level waste disposal at the time of decommissioning.

3.5.2. Single-purpose transport systems

Single-purpose transport systems are being used to transport spent fuel from reactors to storage and
reprocessing facilities. Although spent fuel destined for storage tends to be much older than fuel
destined for reprocessing, the costs of these devices are similar and comparable. Because of the
transport design requirements, transport casks may cost slightly more than metal storage casks
(anywhere from 50% to 300%). However, few transport casks are needed for a spent fuel
management system. Transport casks are typically designed for 25 years or more of useful service.
During that lifetime, a cask may make from 10 to 25 shipments per year. Transport-only casks are
generally not canister-based designs.

3.5.3. Dual-purpose systems

A dual-purpose system is one unit or set of components that provides storage and transport
capability. Numerous dual-purpose systems are currently being developed, some are already in use.
The earliest dual-purpose technologies where cask-based. Those currently under development are
more likely to be canister-based technologies.

Cask-based dual-purpose systems are, of necessity, metallic casks. The same unit provides
monitored dry AFR (RS) storage and transport to an AFR (OS) facility when appropriate. The cost
of most metal cask dual-purpose devices will be about the same as transport-only metal casks.
Obviously, such a system could be expensive. The unit cost of the metal cask is driven by the high
cost of the transport device, but this system has limited, if any, reuse. The systems may still be cost
effective in situations where spent fuel inventories are small, when less expensive one-time
transport systems can be developed, and because higher payload per cask unit can be achieved
compared to canister based systems.

Canister-based dual-purpose systems will usually have the spent fuel canistered at the reactor
site and stored in inexpensive concrete vaults or overpacks. These costs are similar to those of
storage-only canister systems, except that the cost of the canister goes toward reducing the cost of
the transport overpack. For transport, the canistered fuel is transferred to a transport overpack which
is similar to a transport-only cask, except that the canister provides a basket which reduces the cost
of the transport device. Baskets are estimated to cost about 5% to 15% of the cost of a transport
cask. Transfer of canistered spent fuel will be less complicated and less expensive than transfer of
bare spent fuel, which is necessary for the cask-based dual purpose system.

Dual-purpose systems, whether cask-based or canister based, avoid some of the
decontamination and low-level waste disposal activities and associated costs that occur at the
reactor facility when single-purpose technologies are used. Of course, these activities are not
eliminated, only delayed. Casks and canisters will have to be handled at the final destination, the
repository. For both types of dual-purpose system, monitoring and maintenance are expected to be
similar in complexity and cost as they are for single-purpose systems. One area that needs to be
considered is preparation for transport after long periods of storage. For some design concepts, this
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could be a cost raiser.
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4. American Requirements for Dry Storage Casks and Transport Casks

From the USNRC documents, the references:

NUREG - 1536 Standard Review Plan for Dry Cask Storage Systems
NUREG - 1617 Standard Review Plan for Transportation Packages for Spent Nuclear Fuel

are used to compare the American requirements for dry storage casks and transport casks.
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1.0 GENERAL DESCR

1. Review Objective

The parpese of r.:-\'ic"\ing. the genersl deseripion of the cask of diy cask sloFnge system (LS8 st
ettt e applicant line paceided 4 son-prepesitany duescripiion thad i3 0dcquste v Rseifiarize
seciraetyged atase intereaied @arlics with the prrticent fustures ol the system.

1. Avens of Review

Ehe et descrption shoukd vibibe al) reiiewers, regardbeas of their specific review avsignmeets, o
alvain g basic enderstarding ef the DCSS, its comporess, and the provectioes afforded for the heatth
and szfaty of the pehli Rulgfalnmr_v Guide (RGI) 3 61 pravides F,er,gml guidence regarding informsstion
it shonld ke tncluded i the gereml dessriptian Reeause imach of the sfarmation eelevan 1o this
irita) et oF the NS revies e lpmsmﬁw wy mone deasil in wiler chapgers o This standard evicw
par LSHE, s chagier faeases o Taitibariztion with the DUSS and ghould by consistesit with the
Wi st ol the satety anolyas epar (SAR). Specificaliy, this focus may enceenpass the

[ T T PRE RN TR

I TSN deseriplivn and epesalinnal Reahares

5

2 H

3 (%% cerdents

4. gudiidicarians of the epplicant

S qualiny afsuraree

b zoweaderktvan of 1R Bap T12 geguitemints rugarding trensportation
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2.0 PRINCIPAL DESIGN CRITERIA
1. Review Ohjective

e gt o v sl g the grinc ipal desipn exiieria related to siruchares, systems. and companents
15560 imipetand b i

Iy is tu cusure thot shey comphy with the relevant general critera established in
I CTK Papr 72, titieer guifarce can be frond an NUREGICR-6407 “Classificatian of Transparintion
Fashag g amd [y Spent Fucl 8 e System Compooents Acconting to Importance tn Sofery.”
r.i.}rfz.n peonided e chaplee will foem the hasis for weepsing he Salily analysis repar (SAR) foe
taff 1o eve

The uppicnn she bt peseat detals of the principe! design ericzna b gulier Scstion 2 or defer the deinils
wshe acwaciniod secriors of the 8AK. 1 the ap 'u:au}i chonses dalerrnl, a fcm‘m! refutenoe to thase
sriferia rans be presenisd. Regolatry Guaide (RG)Y 3,61 provides genera pridunce conceming
infoernntian that shan srcluded! i the priacipal design criteria for 4 dry cask Storape system (DCSS).
In gencral, shese critena includs sgecificmions reganding the fuel ar ather mategsa! o by stared in the
120755, as well as <he external canditinns That ey exist in the casks operazing envininiens dusing rormal
and off nagmnl operatines, ascident cantditioay, ond maleral phenomenn oyvents. A detaibed evaluation of

WSS deaigr mects 1h IF‘ neipal design vritesia shoald be presented in Sexisons 3 throagh 14 of
el saluty evalualion report (21RY.

IT.  4peas of Revicw

The Catraing areas of resiew fave bomt sdopted by the NRC staff, nod inchude idose areas noted in RG
Lt

1. siructares, syslems, and Campanents impeenan oo walely

I deyigm Luses b strurtures, systenss, nnd companients ionportent o safety
o st Tucl spestBsations
I atemad i@ v

Bt crienin for safets proeetion systems

n, general
k. ructumal

t. lbgrmal o

i skivhfingdconfirementradintinn prodesimn
v yritivality

F. eperalinng proccdures

L acpEana Wit and mainteasnce
o ey

1 RIREEF

pabbidicy’
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1 armal Eon

bur g giver spent Fuel specificatam, Lhr‘rrimuy external comd dpns shat alvet DCSS perforrarnos arc,
tho: anrhivue tem: perzsures, insolengy, and te operational enviesnment gxpeticnced by the 1SS,

£33 O-Noamal Cenlitions

SAR: e'em'ff Iihess sevezul offnarmal condmous. Thes: sheeld include varistions i temperatares
bevand nermal, fitme of B0 percent of the fusl rady combined with offnarmal temperanres, Silure of
one af taz cenfirenent bevelaries, partial Blockape of &ir vents, buman error, ont-ofokerance
equipmen perfirmanie, eguipment failure, and inseniiciatioe flure oc fouby calilratson.

131 Acudens Cangihs

The saff has geazrnily concdenad that the follow ing avcidents shonld be evaluated in the SAR. Becuuse

i the KR ' defense-iv-depih wpprusch, ezch shoulf be eenluuted regardless of wherher 1 ighly
urclikely oo aighdy imprababde, These do noc conssitute the enly acviderts thal shivald he gadressed 1F the

SANis 21 werve as a reference for srcadonis for the site-gpegific apphcation. Othars fhnt m ay ke derivd
Irem 2 hazard aralysis eoold inchwle sccidems resulting Frany apcrytsenal crroe, instrinven foflitre

Lhting, and other accurmncgs. Actident siluations that arg ot credible beestise of dasign feanites. or
vy orasons sheeld be idenzifiest 824 justified in the SAR. -

tad toask Drep

I'tiz %4 B <tnnhd adenbily the aperating esvirooment expericnced by e ¢os%, a5 weli as the dinp evenis
(i, end. side, comerhthal coshl nesell Gererally the desipgn busis v cerkblishod enier in terms of the
vansafaz o g 1o which the cask may be Hiled when bandlcd out ssde: the eeacior sie spent fuel

s liog ve nTenes of th nzaxiovuns aveeleration ikt the cask aeld experience i adrap

thy U2tk Tipever

Altreng s cask sysbein suppueting structures sty be iduntificd and sonstrucied as being imperant e

11 e designed 1o pruclude cask tipuvcns), the NRC consideis thig gash tapover events shonld he
=L same cases, sash tipover sy be detennined o be a sredable hazard, and the associnted

1 1 eetTect Gie condstions (.0, heigliss and aceelirmaonsy asenciaoed with that haxaed,

In the absenze al an identi 16 azasd, the NRIT his aceepead o ion-mechanistie cask tipover aboul 3
lonwer commer oato g ceeelene s g fam 1N gf‘m!am: wilh ne infiial velocity. The reccivin
surface for 2 herizontl o certicel dop iay be sither on wayieiting hand surfnce; ar, the receiving

susfice may be neadehed nx g infonted concrele paid on an engineered £1F, The NRC has also ucueplvd
anals si kol my the deopging of p cask with s langitudina aviis in the korizangal positivn thet, with
nialietis of 8 vertical s diog, woudd besnd o can-meehim stic pnver cose,

The Tire wernhitives postulierd in Pe SAR shauld provide an "envelope” for sohsequont conigsrsmn with
sitg-gweei i crnadifione. The NRC aczepds the metiads discussed in 10 CFR Part 71,73, The NRE stoff
abazi ppre thot the zppticaat may cansider & fire based upon the lHuiled availabeligy of faminahie
wgerind ar 29 [3FS] =g, only thit assncinled with vehicles sransporting of ldting ihe ensk or possibly
nearky bolugel Beganliess of which approach Be zpplasint tehey, the SAR showld specifv and justify
the hivanadevg conditans for a “design basis”™ lire

1l Foed Rind Rupure

Taw e sulutivns wgtnre i erand the effects of ocsident aondrinm sl
rxtural phonstens cvenls without ikprineg iss eapahility 1o perfarm safety functives, Cunsequenily, thie
NI D ansteitixh mnd the: applicant shisahl assame, during the cnsk 2aslysis For condatious resnliing from

siadezinty ol tatura] phenamenn, o release af 100 percenl of the initial rod §1 pases snd.a
At gt cent af the facian product gases From the foel rods into the cas® imterior. The rempining
o ol The fizson produel gases sre presumed in be rekyined within the fuel peilor.

ivl tenkage of the Confiremnent Neandary
e s aned bo provide the confineraent safety Function undey Al credilde conditioms.
teeverthebias, B NVIRC semdV eonsiders that, Gar assemsment, purposes aitd 1o denongtrace the overakl sty
ar trrage cask system. the DOSS shuuld be evolusted for e ¢ffests of o confinement hoendary
failuse. The SAR <hould wentify this failure 8s o boanding reloase caused by n nan-mechonistic event
2ndd the cffevts should e evaludted o described in the Sasdin Naticosd Lahomigries Bepart 80-21345,

A Ex

step dverpiressire

s corditive s under whick an ISTFSE may b expusad 16 the otTents of an cxplosion vany presly among
eal setvs. Generally, explosive overpressury is pustulsted to oot iginate froen an indusitria] seeidest.
ety ol varivus subotage methuds va cask systems wire cusivated seppraiely by the Divisivn of
yele Sulety and Satigaands in develuping appropriate regulations in 10 CFR Part 73 Therefore,
exphusis ¢ everperssors from sabotage evvnis are nal be considered in this SRF.

Tre extenl to vwhich usplesive overpressury is sddrossad in the 541 dirsethy affects the degrer ol she
spccilie sesies reyuirad, Toe princapal voncer in the SAR should be the ¢ifedts of explozive
veTpresuny e the Wspe system, catker tisn duseriptions of hypabeslzed eonges. Design parsglers
tier kst s enpdussee arorpecisures svould idertily pressure bevels as reflosted (“side-on”) overpressure,
1 shoaly praswhe &a nssumed pulsc Icnx]‘ﬂx aned shape. This discussion should provide sufficient
aturnsatiue R Dengees fo detentsine i e cffocts of thuir siw-sposific hazards sre hounded by I cask
wwate it o fiRscs
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450 e Hlow Bloghage

o stanage evsteins wath direeral air flow passages, the spplicant should consider blockage of it inlels
and ruitkese in i acendent copdivion  The NRO 21uft considers thal the #ffects of such an assamption
shenlid ke wcitized an deternsining the Appragraaic inspedtion inervals, andior monituring systems, fur the
L e b )

1<) Hanral Pheauiens Evens
The waff hne generaily comsidercd shat che £l lowang cvents chould be evatumed in the SAR.
128 Flusd
The SAR shankl estanbsh a design-basis fiood condiinn, [his condifion mey be deterrnined on the
hass o the preaam plion that the cask cannnt tp sver and Hie 3 60 sirength of the cask will nce he

exszedad. Alizrmatively, the SAR can show ibar credilite flooding candriions have negtigible impact oo
the cask desien

W the SAR estzblzshay parameters for o design-basia flond:. il of the poicasiol elfeots of Mud water and
avine (Ted byprducts skould he recognized. Seriaus finod consequences o iovolve efTuits such as
1 pe o venlilatran parts by water und siing of air passages. {ther polersial effecls nchale

% bl [ot@atiorss s severe tvmperatare gradients resuding from rapld sonling from
inigsion

i Fwnado

The Ko ctaff acezpis desrgn-hazis tarnndo sk leadmy as dofined &R‘J 176 (Region ¥ and
1eeraads rriscile impaciz defined by MUREG-EN, Seetion 3.5.0.40", iign criteriz showld be
ectahlizhed for the cask on the hacis af these wirgl (0ading &0 inissile opact deliitives. The cosk
sheaild nee Lip ever asd Chat the capabil ity 1o parfoem the conbinment safety fimetion skould nut be
impaized. The MR considers thal tarmades end veanndo missiles mpy ogcys seitloit whiding, The revice
should note ihat in penvrel, the effect: of o tornads misside el hoze of & L gencra b aviation acinl
dircctly impxting a DICSS, cT

150 Lathguat.e
{he AR i aae the peramatces ol he IBE. Fur ISESIs o reactar gites, this is eguivnlem tix the
bk need o anelysiz of sueker favibitess, under 1 CFR Tart 20, Aa analysis far sn "Opersting-RBasis

St
Farhquake! (CBE) is not cequired fur an DUSS SAR propared in secondance with 10 CER Par 12, Cank
fipaser acciderdts ane anatyzed, but tipover enuisesd by an carlhguaky sy not be a credible event.

+dt Burial under Debris
Lrehriz resulio frum naturad phenamensz ar accidents that may atfect cask system porfammance may by
adidreised ir: the AR oo may be left 1o the site-specific opplicanian. Such debtls can result Gom Rovds,
wird wurns, of lund slides. The peincipal effect is tvpicatly om theemal pesforenpnce,

sy bLaghining

| ighnir g dypecatly bas o neglipble eoffect on cask systems; bawever, the requk 15 &f the Lighia
Produet amn Coade and Natignal |
1

colraz Ciade should be applied 1o the design of the oask svsrem sErucnre

vendes st til b ealed ux pint of Qns peners] desipr eciteria for the cask syseem (se Soctioe 1130,
sharct Lyt dhonhd ase he addressed as 2 natural phenomenoa in the SAR if cagk system
pethoteaa iy bealfected o hghtning allects s companent the: is imporant 1o safety,

1y e

185 C PR Paat YL pdersifoey sevcral wilier wutarad phenomena vvents (including seiche, 1semam, pnd

by aarned that slivalid b sddecseed for spent Fuel stoege. The SAR may inn‘éllud: theze a5 desizn-hasis
ity op shoan thar thear efficiy aec bounded by ceher events. IF they are nnt addressed in the SAR and
ch prone 1 e RppEticable o b specelic see, 8 salely analyais is requized prior 1o appraval for ase of the
D1 %S woder eizher a cate cpeerlie, or geneal liconse,
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3.0 STRUCTURAL EV 4

I Keview (Yhjective

I s peation b the dey cusk starage systern (DICSS) review, 1he NRC evaluates aspects of the TCSS
e wand anatvsas relited o struciral parfs (16 unider weriul dokd offnormal operasines, necident
cooditions and astural pheneemenn svents. (9 vonducting this cvaluation, the NRC shaif secks a hiph
Segree of assurance 1022 the cazk syétan will maininin confinement, seboriticaficy, mdiation si eRlineg:.
and revrigealyiizy of the Such yndes alf covdible dnads for narmal and off narma) pecddeni e vaditions and
vanitsl phansmenan {aenidi-lovel ™) events.

1. Arcus of Review

& DL 5SS Stuindard Review Plan (SRP) pravedes guidance fie use in evzluaisng the

i iof e proposed cask swestem, wath sogand o ds struclural perfonnance Al siomge
<hinde a vorfinement cast that may fies both snteemat components naif integral exicrnal
t. I n addition, some ensk syzams have @ vty of cuier eompanenes dhnt are Sibjesd 1o NRC
and appraval

Aocngnuong the doersizy

- h of he; varivies vask systemn compooesis, the NRC jgs bruadiy cttezorized the
agpprhicabie o W procs

uzes and mcceplance criveTia, as foflons:

vanfinctoent ek

reinfeeved corcrel: (RCY compooecis

uther sysiem companents importans 1o snfety
nther companents sabject ta NRC apgraweal

Wigh o iz hroad calegaries, the WRE facuses the XSS siroctural esakumiion, s dezeri bvd in Section
¥t Hevar Povoedures,” ising 10 follow myg areas of review, as approprinic:

ab desigh criterea and desizn features
en criteris
i, penere] srociural reguiremenis
it. 2pplivedle vides ard standards
b, sircconrnl éesign: features
5. siructural materinlc
L strectural analveds
2 Inad candriinne
i pormal conchions
wo oftmnmat wudixons
Ut secidery
B stoactors) analy sis imethsds
i lnite-eleenent analysis
i closed-fonr caloulatigis
iy, pratesype or seale mode) csting
v stneratal ainlyais of specific components
v oshuclad Gealieticn
i, wumaary sirictoral capebility
fabewculion acd canstruetion
il mnceanal compatibibity with functiona? performante requirements
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4.0 THERMAL EVALUATION
T Review Ovbjective

The thurinad review ersures that the cask and fise) nratessa) lemperatumes of the dry ensk stempe restem
JCSEY will cemain within the allvwabds ealises ar erileriy fee norma), offnormal, and secident
eandirices. Tric nhﬁ‘nlivc i ldes confinmetion that ke eemperaruess of the fuct alnddwog (fissica
pevatin namery will e msgintaiid chioughout the orege period o prodeet the eladding

tnfivey Pt e Jein) e ges rupture. This portion of the DCSS revlew alse condsms that the
theszoul desuzi of the vesh bas hoen evaluated using avoepiabie somltytical geddfor Testing methods.

1. Arcus of Review

T in gty o the DOSE revivw ovaluales the design and analyssy ol curk iezmal orrmance for
noermal, ofl swrnal, wnd acecidect conditions, Consenpenily, this chapler ol the DCSS Sexmdard Review
Plan {SEP provides gaidance foruss in rc\iewinmr_:ﬁnal design criterin, design features, madel
livstions. ared materisl properties. In adddion, this Ghapter provides guidance for evaluating therisal
2is inechids, snzluging Comperer prograns, emperalare ared pressure ealewdasiong, corlsrmaicy

o, and independent evzlinations done by wall. )

cribant in Seetai ¥, R liw Proicdures,” o comprehensive th 1 evaluatins sy encompass
i ng aieds of Fremse N

I 2usT cladidsop
3 eash sy termal design
o dvsien crderia
b dusign labares
3 tnermal Juad specification’ambiznt tempersines
4. madel specification
».  canfiguration
b maetinl properies
¢, houndary cemdizions
S aermnk arafysic
B GRISIEAT Pragenis
b tempersingy cnlen¥ssions
Precains afatysis
i ity wialysis
G wappippcital inloernutlive
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1.0 CONFINEMENT EVALU

1ON
1. Review Objeetive

In ikiz pertinn of the dry cxsh sarage system CDCSE review, the WRE evaluates e confinensent
taariras and capabil * e 'nrnp-‘:,cm:h; eystem. In cnndnmqu this evaluatinn, the N RO staff senks
weetsitne 1t ninlindvgival releass o oibe ey irgospeit will e sl e 13m 15 astaldiched by Che
epadating'3 apd thig J»c fene fue chakhing g fuch asseniBls will be (b.lclfduan,
e g g ganr degenditivn hat anght dheraise lead b goss rapguores,

I, Aveas af Review

s chaptes o the 10SS Budind Boview Dlan (SRIM provid
Y i an d analysis of the propused cask condfinement system
sandiions. This evaluziion ircludes a more detalled
frarursy nt Snecia anivially preseied in Seations 1 and 2 af the apabeans's safety analysis repoe

[RR LI o AP O nfinen PR g am"»lny.’f‘ﬂn[‘!l-‘nhlc T ldisloes, e NHE
clatt asesens g ntigat ek ses af vadionachadts assouiaed with speot fuct, by mdepondertly
abiptatie 2 o Jeahape ook eoviromment and the subseguent fmpxt ona hyp.nl».!urul inxlividyal
cestied beyord P comtmolled ares, boundsry,

s guidance for use in evaluing the
r anrnzl, off-nommal, asd sccident
{the confi related design

ot il a0 ER L e roptany reduenient
Iwumlxu v neluats bedh the A.lln..A drves il thm ey un
Al s b | (Seard o ke teied |

ages 7 gad beyond thi cunolhod srea
1elen ﬂfmdvmu.lnﬁ‘"\ W thi
Thiightness of xm, sgnfirementy Thes, an oven’| msssenenl of G

ca pl’u.n ad T with these eepulatary tmirs is dcfam:d until Cliaprer 10, “Ratistan
Frratechon.’ br zaddin s e pecfoninace of the cash oanfinement system undcl necidenr

CattGittia, a4 evtarted .0 Lais

tinn, miay abos o addresced in the overnld ace ket amplyses, 35
napier {3 afikis

R

sotibeib gt Sectaon VUKo P, b sontpiobensieg Ganficsennt evalimtion map
ap Hiwe Bl e g snvacnl @y agw:

I condement desagn chareicrisivs
6 dlessen enteria
ko des.gn fenbancs

2 tonfneent imontiering capzbility
3 muclides with potential ¥or release
k| iene analyaes
fizives
iz sl
Cadeno md e et wstucd phcasmenen cvents
3 srapterneris D imlomedion
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2.0 OPERATING FROCEDURES

1. Objective

pomive 0 the dry cash starage syt (EXS8) revaow. the NRC seeks 1o ensure that the
applicant's safety analyaic ot { SAR] grosenls suvcplabk operating meqoenoss, guidnnes, and geseric
proerbaras far itiree ke apernlynt

cath landing
cask haralling and sevinge aperians
1 cask unleading

|
3

Thet mperaicg sequences described in the SAR shimld provrle s cllicctive basis for the development of
the mare deailed uperating, and 1est procadines reguired by thi viask user, The user will theen use
ipplicant suppled proveduzes ax goidance when peepariag and inplementing deaifed st specific

Q’v. <idires, a: required by the licensee's quatiny pssaranes (Qa) dud provodene witing programs. The
NRC neemally inspevts selected site-specific procedures

M. Areas of Review

Thia chagier of ehe DUSY Standand Review: Plan (SRP) provides guidance in exatunting the sppbizens
ﬁ:neml aperating stquantes, ninl genesst procedures relabed to caxk eperntians {i.c., cask Inaiding, casy

rdling, stecage cpersions, and cask uitbondwge). A compreharnzive evaluaison of this generic guidamee
ey alsa encamipass thase areas af review, &2 d6lined in ﬂ;ﬁ-ﬂl V. “Reviea Procedures.” Within each
arey, the NEC stafTassesses the uffectivencss of the apulic&:n's@; i pwidance en 2 techinical and
safuiy hasas fer the schsequend develonmend of Wcmwﬁx: staled pratedures. As required by the
regulstions, {1 CFR 72.234( )] these procedures age o rovided 1o cacly cusk uger, for the sdhsequent
preparatra und implementation of dewiled site- specific provedisies by the ISFSE loemee.

b puie e af B revicw,

@ lvadiog eperalichs ietlude 1% sthution and placement of fuel inn che eask, cach <raimiing add
drying. cask deceetaminmian, memizg tae cak and sealing the cask

*  [5FSE gperaticns include tranaferring the cask to the 1SFSL site and any mainterasse ot
surveillence zerivities required ta enznre e 2af vurape of the radioactive materinks

® Unlaading operations required in resprnge 5o eueredatly wiforsors probiems that may be
encuuntered daring storage or price ta finl dispogal, including ratrieving the cask ard
revparatons log transler off site

®  nrevor from an mduerseon problem desing siceage or 10 prepare the tunl Tor ofEsice
teanspertation i olisaie Alsposstion.
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.0 ACCEPTANCE 'FESTS

IAINTENANCE PROGRAM
1 Review (Phjective

Hu thes portion of e epeni fosl iy sk storage spetem (DUSSY review, the NRL seeks to ensure thiat the
upplicunt’s sufeiy enelyvis repomt (SAR) includes the appeoqrinte auoeplainie lests and maicdenance
rams far ¢ system. A cleer, specific listing of thase com-nitmests will huhl&wmd ambiguties

coezeming design, fahricalian, and nperational lesting requarernents when she NRC singf candices
subzeguan) inspesiions

[ Areas i Review

Thes chpter of s TSNS Staratzad Resiew Plan [SKP) pros ides guidsies lor use in evaluating de
auveplanee 105 o1 nanieTs ugeems Ouilined in the SAR. The accepionce lests demanstrate that
the cisk hss been Tubricuted in aeeorlance with the design crileria and that e inftial nperation nf the
cask camplies with repulateey aoquirrments. The maicdenance program describes actions chet the

liceraee pends bo impement during the storage perind 10 easere shat the exsk copiiniss 1o perfonm s
intendued fueations,

o defimnt in settion ¥, R % Pracadires,” 9 coiishensive cvaludtion mey ercoengsass the
Tl ing pecpianee wers and maimenancs proguns:

b acoeptanee (esis
a  visnal i nundesiruclive uwaminalim inspectinns
h. siructuralpressury losts

lenk tests

Y
[ISEHIIS IHIENEN GHNTHE 3]
a

[

=

S ]
. teuts
- renzir, rplavenes, and maintenance

H
A, shaelding tesis
< neingvn shsorber tests
I theiinal tests,
¢ ok wkearhisacion

-

- )
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10.0 RADIATION PROTECTION
I, Review Ohjective

I this peetivn af the dry waak stecaps systein ((X058) aview, the NRC evabuates the radialion protective
capahifitics of the propused cask sysienn, In padicelar, the WRE scaff considers the follow-ing aspeets:

o ivcthe peopased DTSS radimion peotectice features meef, itk NRC*s deshpn erverin far dircel
it

& Elaz the applicanl. pwum:ﬂ copnsesing features and apernting procedures for the DOSS that will
cnsare e werher 5 CAPSSURES IEMAin 85 livw a5 is resannbly achievable (ALARAY

& Wl the nuliztion doses 1o the gemecal public mectavgulatury siasinids durding ba ih nrmal
yiperative andd nocident siuations?

19 LETS1 wpersdn. e ingior e ol radistion expocure 2asociated with spent foel storage cink
s results Ircem drext radinisn. Becacss af the cas design requicements, radicnuc] 3dvs are nut
exprected 1a ke released from the sk diring sober aoatal apenatioes of design-basis acciderts (DAs)

W, Arese of Review

s clpeer of ke DUSS Sanudued Rovies Plan (SRE} provides geidnnce for use in evoleating the
iatine pralectian cul:at ties of i propogid ¢ask sysicns As defined in Section V, *Review
25," a compechensive ruthiation proteciion ovakagtion may encampass ibe following anens of

b accident condiimang sl nstural pliencmenisn events
40 ALARA
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11,0 ACCIDENT ANALYSES

b Weview Objective

Fa P gisertion of the drv cesh =300 ope system (RICSE ) review, the NRC coabusics the applizant’s
peses to hodh
sl wid cwlent or design-basis everls. This seviesw ensares that cthe appliczint ks conducied
Ikarany sedent snnlyses, os reflected by the Babluwing faciors;

idertii-carion and analysts ol Baeards, a5 well o3 the gxmmary analyvsiz of system re

ieraified al) credille avuidenis.

por ided compleie Infunnatios in the safegy nanlysis repart (SAR)
wiraly 2ot he safiry perfuriacy of the cash systens in ench rewiew anea
bt ol spplicshle reculatury reguinesisis

ety —

1. Arcas af Review

This pertivns ol e DUSS review evaluctes the applicamt's ident.Nestion and anabysis of barinds, with

pari criphiniz un (he talely paefonnamce of the cask sysiem under off-npemal events aid omdisinas
ared azzidemt or dusign-buds cvents. Conssquenily, this chapter ol tle DCSS Starderd Review Plan

{SEE pravides guidancs lig bac i resiewing the spplicant's identificition and anobysis of Tnzands, as
Geelt as tba stmmary analysis of xysien respoeses. & comprehensive secidest anslysis evaluation way
easmifsic the fallowing arvas sl cevw

Srase o] The aven)
deterin ol g evens

: nseguanzes 2nd regulatory vomplisice
(]
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13.0 QUALITY ASSURANCF,

1.  Review Ohjective

iopartian af tbe iy crsk sterage swaterns {DUSSY povive, the NRC evalunies tic rﬁcliunnl's
prajrasd g iy sarance (QUL) pragrim, a3 deseribed in the xafety nnnlysis repon (SARR

Iy danfting Uhis cvaluation, the NHL 419 5 4o ensute that the progiant provides adequae conirol
vy plb setivimes relnted ta the dasign, falocativn, assembly, teoring, and ase of DOSS sinicwes,
systene. and companents | SSCL Ut ure importasd 1o safery

T ageare "wledqusty vwnibl,” e stall detcrmines wihether the upplicant’s proposed A prugrn defines
Wik deas g spect e gualbiny measures and sonrnsls v g \'miL:MS nctivities andl N5Cs, Munzover, the
aprhcent should apphs hese qualily menspies drd controls asing a graded sppisach. | ]
apperach i deseribed in N1 R-6417 Than is. she effon enpeoded op an aclivity or SSC shonld be
ol with ics impariance i safety The QA progam descrpion provided in the SAR mus identify
she peenelures that the applcant will ase to implemern the (A program, a8 well ax the activehies and
3 Wt ore Bipeetant W sifety.

¥his c koo shoukl vield reasuazble nesarsnoe that the applicant’s propaced QA program will ensure
thas e PUSN will aeelimm és inberdded funerions in 2 satisfaczory manner,

1l ireas of Review

s chpter ol the XSS Standned Beview Plan (SRP) provides gaidance for use v\'aluuﬁn% the

appl a4 prognsed GIA pragram A< deseabed i Seetian V, "Revien Progod " acom ive

ey bl w; - axzmining Ihe Q.4 program in terms of 17 1 cretia defined in J0 CFR Pan T,
Mokt Gl iy Assuranze ™ Ren iwers should abtain rezsarabli assutamee thal the applicani has
wanled accepted O principtes i the desipn, fabricasion bly, fusting, and use of e DCSY
In additicn, the SAR ik wddress the assigniment of sesific QA levels s each nesneliy aid SSC
iparking (o safesy

Bl is wesenitial that the NAR provide sufficient desail 3 onable the NRC 46T i assess the sdequacy of the
Fropasns A prerden [n sddotion, since many of the QA program cootreds may ke detaited in réher
ractiones of cur SRR thy deseriptian of the QA o in S Tﬁ Sextion | 3 showitd referense ather
seeriaibs thal contain pelovaet infarmariat The (A program evaliation should therefare he coandinscd
wthictlivy seperts wl chy DOSS reviawe Such covsdinatzon w41 alkoow reereioirs: 1o derive & minde
wunete vl cumplete 2asessmen of the gprticant’s fevel of comimitment W the avierzll O % mogsom, the
seleciion of quality criveria and quabiy Tevels, and the peapased mmplomumative meibads

To ceqirel activities reluted o the design ard develrpmens of thie DCSE the applicans mvss firse

Sramd imple A cftuative design conal program gexd ussociated QA progrim vontrols and
Ceseyuently, n cordictang the A pragram evaluatics, revicveers should

1 &sign santoal. An effestavy dessgn cortrel program will provsds sousance that the
will ke verresthy desiened amd wsted 2nd w3tk perfarm ivs intendl inncticn.
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14.0 DECOMMISSIONING
1. Review Objestive

The decrrmmissicning review ensares that the saftv zralysic repnm | SAR D demonsemees ilest ihe
2apbizars has concely e adequnte preadsiois 15 (cltitans Graasfor of the spent ficl stored in the 15FE! o
e T3k and pacinds o7 dhe TLaie decontemnination end disposal of the components thet make up the
Ary egh shmge syton (1 3]

L NRL seceggnizes that dacemmissioning will eccur in the dissont fature Llrcrlu s nxare 1 lhan 2 years
altez she cask is first used| and will employ site-spezific percedises svailable m that time, Cansequenthy,
HCFR Pan 72 dres nuat fequire Leensess 1o develop detalbed decoimm isslomdng plans w car Chir time
af fcer s izininarive

13 wurinst, duritg the Dvcusaog of o proposed Dry Cask Stomage Systems (DCSS), the applizant need
wily seamit o covvepima’ decommissioning plan foe NRC evaluarine. Nocetheless, the applizang’s
wanzentieal plan mast pravide reasanabbe assurance that the pwner nf the NDCSS can eoradug
decontamirarion and decommizsioning it & mmaer that ndcqeatsly prateets he heatth and safeny of the
sablic

specthzally, thew chgspanal desonaesssnmg plan imust identfy tlie types of waste 1o be menerated, ihe
At il € pes b contannuanon, Uie prepascd poaclices ard peo:eduares for decootan inaing the cash
aval Y osprasiag of eesadua radicochive materials.

o mugment the conceptual plan, the NRC requires a commiiment ikax generaf licensees submit 2

caized plan far [SFSE decemmissiveing zinng with their renctir decammissioning plan S lnrly, sive-
“1fic [ivensees will submat o detailed decommissinming plan for review and approval beFois invi
missning achivities at Ihe Taeidity.

. Avcas of Roview

Thizs pucicer of e DUTAS review evalunles dhe applicani s concapiaal decomimgsloning plaan 1o cusure
that il pravides reasoaa®le assarazce that she lizerses can conduer decontemanataon aind
decommiastaning in o nunner tha sdeguaiedy lih wied sty of Che poblic. £ mscquently,
chis chapter of the XSS Sanadard Rewvese Plag 3 prevesdes wuidarcy (o7 use in cunduciing o
cranpeehensiva exaliaren of e consepaial plan, u‘Elwh muy encampess the fullowing aneas oF peview,
Ansdeacnbe® i Sethge W, *Revies Precidures”

xhnbilicatwon ard dvsgnssivg of the zalcipaled decommisaicaing ecivities, fypes of wasia oo be
werasuted, possible tepes of comamination, and planped wasie disposal methnis)

2. comuitmen: to decaniamine the facilicy ba applimablic NRE riria

i afinaazinl plan, prav«licg adequate linanclal g3surnce fae the cost of decummissicaing. submitted
e 3 sepaiate decismont, ns reqitied by Rogielslony Guide (R 3.50°

A eveuritaed lo sobmi o dimoly, detuited decommissioning pian for NRC review and & ppeoval
bedome mitiating docommissioning aciivities
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5. CONCLUSIONS

The conclusions reached from this investigation of multi-purpose container technologies will
not be totally satisfying to those looking for solutions to their specific spent fuel management needs.
The reason for this is that this study did not identify one approach that is always superior to all the
rest. That finding is an important result of this study. What the report does, is to point out some of
the things that should be considered when faced with the task of evaluating and selecting a spent
fuel management approach. Each specific case will have varying degrees of the factors considered
in this report. In some specific cases, the factors considered here may be found insignificant, in
other cases there may be new factors found that should be considered. Although the conclusion of
this report does not say which technologies should be used, it does suggest what should be
considered, at a minimum, for certain situations. Assessment should not be limited to those
recommended below. The guidance provided by the recommendations may help to develop a
hierarchy of things to consider in a specific assessment (i.e. a guide of where to where to start). The
cost of performing a thorough evaluation is usually low when compared to the cost of developing
and using a spent fuel management system.

Safety design and regulatory practices are the same for cask-based and canister-based
technologies. The regulatory philosophy that forms the basis for these regulations is uniformly
applied to all aspects of spent fuel management. Because of the uniformity in regulatory
philosophy, one can conclude that each technology and its variations will provide equal levels of
radiological safety.

Single-purpose systems are a good choice when there is a high degree of uncertainty regarding
future needs and plans, or when the responsibility of further steps remains with other organizations.

Dual-purpose systems should be considered when AFR (RS) storage is needed and plans
include AFR (OS) storage or a repository. Although canister-based systems may appear more cost-
effective, cask-based systems should not be ignored in an evaluation, especially when spent fuel
inventories are small. One factor in this regard is that cask-based systems avoid the need for large
and sometimes complex canister handling equipment at various receipt facilities and can offer
larger unit payloads. Other factors that may favour cask-based dual-purpose systems are materials
and construction practices that may be suitable for one-time transport operations, but not reusable
transport casks.

Multi-purpose systems should be considered if disposal plans and requirements are reasonably
well established. The important fact in this regard is the commitment of funds to a disposal device
that may not be usable. The issue here for cask-based or canister-based multi-purpose systems, is
the incremental cost added to expand a dual-purpose system to cover disposal. That is the only cost
at risk.
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AR storage
AFR(RS) storage
AFR(OS) storage

basket

bare spent fuel assembly

borated (boronated)

burnup credit

canister (can)

cask

cask lid (closure)

container

containment

criticality safety

dual-purpose cask

GLOSSARY

Spent fuel storage that is integral or associated with a reactor and part
of the refuelling operation.

Spent fuel storage away from and independent of the reactor(s) but
still on the licensed site of the reactor(s).

Spent fuel storage away from the reactor(s) and off the licensed site
of the reactor(s).

(1) An open container (various) used in handling, transport and
storage of spent fuel or other radioactive material

(2) A structure (various) used in casks with functions including heat
transfer, criticality control and structural support

An uncontainerised spent fuel assembly in which there is no
engineered barrier between the fuel cladding and the local
environment.

Containing boron as a component of metals or as an independent
additive in solids or in liquids used in the handling, transport and
storage of spent fuel for criticality safety.

The assumption in criticality safety analysis that takes account of the
reduction in reactivity of the fuel as a result of use in a nuclear
reactor.

A closed or sealed container used to isolate and contain nuclear fuel
or other radioactive material. It may rely on other containers (e. g.
cask) for shielding.

A massive container (various) used in the transport, storage and
eventually disposal of spent nuclear fuel and other radioactive
materials. It provides mechanical, chemical, nuclear and radiological
protection and dissipates heat from the fuel.

A removable cover for closing and sealing a cask.

A general term for a receptacle designed to hold spent fuel or
radioactive material to facilitate movement and storage or for
eventual disposal.

(1) Retention of radioactive material such that it is prevented from
dispersing into the environment or so that it is only released at
acceptable rates.

(2) A structure used to provide such retention of radioactive material
Prevention of conditions which could initiate a nuclear chain reaction.

A cask licensed for both transport and storage of spent fuel.

mixed oxide fuel (MOX) Fuel comprising oxides of uranium and plutonium.

modular design A concept that allows sequential addition of similar structures or
components to increase storage or handling capacity as the need
arises.

monitored retrievable Storage of spent fuel or high level waste in facilities that provides
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storage (MRS) (USA term)

monitoring

multi-purpose
(MPC). (USA term)

canister

neutron absorber (poison)

overpack.
package

silo  (caisson,
canister, concrete
sealed storage cask)

site

transfer, fuel

transport, fuel

vault

concrete
cask,

sustained monitoring capability and retrievability.

A systematic programme to evaluate specified parameters, e.g.
impurity levels, temperatures.

A triple purpose, sealed, metallic container (called canister) that is
used for storing, transporting, and disposing of spent fuel. The MPC
is contained within an additional package or system designed
uniquely for storage, transport and geological disposal.

Solid or liquid material that absorbs thermal neutrons and reduces
reactivity or prevents criticality.

A secondary external enclosure for packaged spent fuel providing
additional protection.

Container with its radioactive contents as presented for handling,
transport, storage and/or disposal.

A portable or non portable structure comprising one or more
individual storage cavities. The silo affords physical, radiological
protection

The area containing a nuclear installation, defined by a boundary and
under effective control of the operating organisation

A movement of spent fuel on a licensed site

Movement of fuel from one facility to another using containers
designed to maintain safe radiological and environmental control
(thermal and atmospheric) and to preclude criticality both under
normal and accident conditions. Transport includes: the design,
fabrication and maintenance of packaging, preparation, consigning,
handling, carriage, storage in transit and receipt at the final
destination. Common modes of transport are water, rail and road

An above- or below-ground reinforced concrete structure containing
an array of storage cavities, each of which could contain one or more
fuel units. Shielding is provided by the exterior of the structure. Heat
removal is principally by forced or natural movement of gases over
the exterior of the fuel unit or storage cavity. Heat rejection to the
atmosphere is either direct or via a secondary cooling system
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