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Abstract

Safe operation and maintenance of engineered dry storage systems for spent fuel from nuclear power plants
basically depends on adequately adopted design requirements. The most important design target of the system
are those which provide the necessary assurances that spent fuel can be received, handled, stored and retrieved
without undue risk to health and safety of workers and the public. To achieve these objectives, the design of the
system incorporates features to remove spent fuel residual heat, to provide for radiation protection, and to
maintain containment over the lifespan of the system as specified in the design specifications. The features also
provide for all possible anticipated operational occurrences and design basis events in accordance with the design
basis as guided by the designated regulations. The general performance requirements of a projected storage
system are introduced in this paper. The storage system is designed to store fuel assemblies in associated with
designated regulatory requirements. Small increases/decreases in maximum burnup can be adjusted with cooling
time. These variations are compensated for by a corresponding small site-specific increase/decrease in the design
basis-cooling period, as long as the maximum heat load and radioactivity of loaded fuel assemblies are met.
Generic design basis events considered for the storage system are summarized. Shielding and radiological

requirements along with mechanical and structural are derived in this study.
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1. Introduction

In Korea, 21 nuclear power plants are presently operating
including four CANDU 6 reactors. These units are achieving
high capacity factors since their commercial operation and
now generate annually a number of spent fuel assemblies.
KRMC is undertaking to develop a higher performance dry
storage system reflecting current situation in Korea.

The design of the storage system shall aim at the following
objectives 1} to enhance the design features of existing
storage system by accommodating update technology, 2) to
optimize design from the existing designs domestic and
abroad 3) to implement structural configurations that
enhance thermal and mechanical performance and minimize
stresses in the structure during normal, off-normal and
postulated Design Basis Events. In this paper, overall design
requirements to fulfil the both functional and safety aspects in

the above are introduced.

II. General Description of Design Requirements

As functional aspects following requirements shall be

addressed for the storage system;

a. To safely accommodate baskets containing design
basis PWR fuel assemblies.

b. To passively dissipate heat generated by the stored
fuel, to maintain fuel assemblies and other
components at acceptable temperatures.

c. To provide sufficient shielding to attenuate gamma

and neutron radiation below design requirements.

A 2E o] HA, AREF g 2 RE o] AF e A

71zl W gslojol ek, B ERAME ANARA 2
g Ashe @ A 47 A ABsle] ST ARE
A% ke W0 REe e 4 3tk ofn] Qate)

-114-

Vol. 9(2), p.113-119June 2011

HARD g Al gt S dA 71

TABE] A% 71eS 2RI 9 T e 2AAMNES A4
]l s a7 AFEE 2788kl A4

A =g AAE 714 Hdd

WAk el 2717F Hdf AV IE Ak

ARG 2F o AAZ|EA e v Bob & VA 9 72

=¥,

d. To provide confinement and containment to the
storage system.

e. To provide adequate structural integrity during
construction, normal and abnormal operation and
during Design Basis Events.

f. To provide capability for periodic surveillance of each

storage cask or module.

. To provide a basic intrusion resistance against
removal of fissile material and provide receptacles for
installation of Safeguards monitoring equipment by
the IAEA.

. To maintain life-long integrity in terms of corrosion
and other aging effect.

The storage system shall be designed to the general
provisions listed in Table 1. These performance requirements
have been derived from the previous performance, operation

experience and regulatory requirements.

Table 1. Parameters included as General Performance and
Capacity Requirements

Design basis dry storage period
Design basis fuel
Assembly integrity
Location of fuel storage site
Location of module
Maximum distance to storage site fence
Minimum distance to EZB(or size of buffer)
Capacity:

« Quantity of fuel assemblies per basket

+ Quantity of fuel baskets per module

« Quantity of modules per pad

« Quantity of modules per pad
Air cooling mechanism(not applicable to cask)
Monitoring and surveillance
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HI. Acceptance Criteria of Fuel

The storage system shall be designed to store fuel
assemblies having the following parameters listed in Table
2. The parameters provide basis of safety and usually
maximum quantity with respect to the specified design
basis fuel. Variations in maximum burnup can be
compensated by a corresponding small site-specific , in
other word as discharged fuel characteristics, increase/
decrease in the cooling time as long as the total heat release

and radioactivity per a unit cask or cylinder are met.

IV. SAFETY Requirements

Any storage system shall meet the following safety
requirements for normal, off-normal and Design Basis
Events: Shielding, Heat dissipation, Confinement to the fuel
basket and Long term structural integrity.

The storage system shall be designed to safely operate

Table 2. Acceptance Criteria for Design basis Fuel for Storage
System.

P, R

Desig:n 6asi§ fué] cooImg perkiod -

Fuel age spread in specific system

Design basis maximum fuel burnup

Assembly heat release for design basis fuel burnup

Assembly radioactivity of design basis fuel burnup

Irradiation period/specific power

Fuel assembly initial Uranium 235 enrichment
Fuel integrity(defect or not)

Design basis average basket configuration
Design basis canister(if applicable} configuration

Maximum initial fuel assembly temperature (for cladding, fuel
meat with an ambient air temperature)

Table 3.Generic Design Basis Fvents Considered for a storage
system,

__ DESIGN BASIS EVENT :
Design Basis Earthquake (ground motion acceleration)
Wind caused by Typhoon or Hurricanes
Tornado winds and missiles

Severe air flow blockage conditions
Fuel drop in storage basket or canister
Drop of storage cylinder shield plug

Drop of flask guide mechanism

Transfer flask drop on module
+ If commercial transfer flask hoist (having a regular
reliability) is used
+ I single-failure-proof transfer flask hoist is used

Collision from land vehicle

Fires
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under a wide set of credible events generated from
naturally occurring phenomenon, from man-made hazards,
from random failure of equipment and human errors.
Credible but low probability events that could have severe
consequences are designated as Design Basis Events {DBE)
and shall have their consequences analysed. Credible
DBE’s are events having a probability of occurrence that
are higher than 10 events per year. Events that are
expected to have a probability of occurrence lower than 106
events per year, (that is between 10 and 107 events per
year) must have their probability of occurrence verified to
be non-credible (below 106 events per year).

The design shall specifically consider the Design Basis
Events listed in Table 3. Other site specific Design Basis
Events such as the ones listed in Table 4 have to be
considered using site specific parameters. Their probability of
occurrence shall be evaluated and the event analyzed as
necessary. The definition of postulated impacts from aircraft
crashes or other acts of sabotage are site specific and specified
in the design basis threat definition. Design Basis Events shall
result in occupational dose to operators and in effective dose
to the public at Exclusion Zone Boundary so called EZB that
are less than values specific in Table 5 for Design Basis
Events.

For the event consisting in the drop of a fuel into
basket, the basket shall be designed to maintain its general

structural integrity so as to allow fuel retrievable in safe after

Table 4. Design Basis Events(site-specific)

DESIGN BASIS EVENT
Turbine explosion
Tsunami

Dam failure (high velocity water flow, subsequent flood}
Aircraft crashes

Fires(natural and man-made)

Landslide

Nearby explosion

Table 5.1tems for Shielding and Radiological Requirements.

ITEM
Contact dose rate on cask or module

Temporary dose rate during fuel basket loading

Fence dose rate?)

Effective dose (occupational)

Effective dose (for public at Exclusion Zone Boundary) from
normal operation

Effective dose (for public at Exclusion Zone Boundary)
following Design Basis Events




J. Kor. Rad. Waste Soc.

following the event.

A storage system also requires in every case to be
designed to meet specific Design Basis Events such as the
ones listed in Table 4. These events would not have
normally been considered during the generic design of the
system. For application at a specific site, the system shall be
analyzed in accordance with those site-specific events or

specifically protectéd from the event(s).

1. Storage Site

Storage site is can be located on-site or off-site from
existing nuclear power plants(NPPs). In case of on-site,
geological survey data for the existing nuclear power
plants can be applied to structural and seismic analysis
during basic design stage since site location was not fixed
until the determination of specific site. If geological
survey data on a designated is quite a different from that
on the existing NPPS, evaluation, analysis or design shall
be performed for change of basic design reflecting the
difference or reinforcement of storage system base and
ground. Layout of storage system shall be designed on
the basis of layout planning considering enough space
between modules or casks for operation convenience,
cooling air fluidity, visual inspection and construction
work. Storage site shall be provided with drain facility.
Potentially contaminated drain and non-contaminated
drain shall be separated. Radiation monitoring
equipment such as area monitoring shall be installed at
the site boundary and other measurement and

monitoring equipment for operation shall be provided.

2. Radiolegical Requirements

The shielding materials of a storage system the A
storage system shall attenuate radiation from the spent
fuel to contact dose rates derived based on ALARA
principle. For shielding assessments, the design basis fuel
shall be assumed in full of every storage facility, even if in
reality fuel having a longer cooling period maybe present
and full capacity can be achieved after quite a while.

The sky shine calculations that might occur for the

out-door operation shall consider manufacturing
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tolerances for the shield gap between shield plug and fuel
basket. In case of air bent cooling system, air inlets and
air outlets shall form a labyrinth to minimize scattering.
Other penetrations such as the ones for vent and drain
lines, the ones for the JAEA safeguards equipment or for
other devices shall have suitable bends to prevent
radiation streaming. If necessary additional pieces of
shielding plate may be used at specific locations such as
air inlets and outlets and storage cylinder shield plug to
limit the dose rate to values for a certain period of time.
The design shall minimize thermal and mechanical
stresses in the structure and adapt the amount of
reinforcing bars to limit the formation of concrete cracks

to a width that will not affect shielding performance.

3. Thermal Requirements

A storage system dissipates heat to maintain the fuel
assemblies within the limit specified by previously
determined in terms of fuel integrity. The structure such
as concrete temperature shall also be maintained within
the limits specified in ACI 349. Heat dissipation through
the storage module structure shall be by conduction,
thermal radiation and passive convection of air through
the air circuit. The air circuit shall provide redundant
paths to minimize the effect of an air path(s) blockage
and provide diversity by having the air circuit located on
both sides of the modular storage system. The limit fuel
and structure temperature shall be maintained for
relevant ambient air temperature conditions.

The air inlets and outlets shall be equipped with
suitably sized gratings to prevent entrance of debris,
small animals and large insects. The air entrance height
shall be elevated from the ground to minimize blockage
by windblown objects and enhance protection against
floods. The design of the gratings shall facilitate visual

inspection and periodic cleaning.

4. Cotainment Requirements
During storage, a storage system shall provide a
confinement and/or containment barrier between the fuel

basket or canister and the environment. The leak
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tightening seal of storage cask can act as a back-up to the
confinement barrier provided by the fuel basket or
canister. The fuel basket shall provide the primary
confinement barrier to the fuel assemblies. During the
short period during which the fuel loading and unloading
operations are made, the storage canister is opened.

The storage basket shall be provided with vent and
drain lines to allow periodic verification of the storage
confinement integrity. The lines shall be brought from
each storage canister to the outside of the storage system
and shall be equipped with a manual isolation valve. The
lines and the valves shall be a part of the storage basket
confinement boundary.

The verification of the storage basket confinement
integrity shall use the vent and drain lines for instance, to
recirculate the storage inside air, by connecting the
storage monitoring system to the vent and drain isolation

valves.

5. Structural Integrity

A storage system shall maintain its structural integrity
during normal, off-normal and Design Basis Events.

During normal, off-normal or following Design Basis
Events conditions over any prolonged period, the
temperature of the structural concrete of the storage
systern shall be maintained within the limits of 66 °C over
larger areas and 93 °C over local areas in the proximity
of the storage basket, that are specified in ACI 349.

Heawy loads such as the transfer cask, the storage
shield plug and flask guiding mechanism shall be moved
as close as possible to the top of the module, to minimize
the impact energy from a postulated drop of
equipments. The drop of a load shall be considered in
the list of Design Basis Events. The postulated drop
height shall be from the maximum handling height of the
load. The storage system shall maintain its structural
integrity and maintain shielding to a level that allows
recovery operations to be carried safely out.

The structural design of the storage basket and
module shall consider, as a Design Basis Events, the

drop of a fuel into the storage basket. The postulated
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drop height shall be from the highest fuel position in
handling to the bottom of the storage basket. This event
may cause some deformation to the storage basket, as
long as the fuel basket retrievability is ensured following
the event. This Design Basis Event may cause the storage

canister to no longer be suitable for storage.

6. Radiation Protection Plan and Radiation Safety

System

Radiation protection plan shall be established such

that radiation exposure against operating personnel shall
be maintained as low as reasonable achievable (ALARA)
within limit prescribed in MEST notice 2009-17.
Radiation safety system shall be designed considering the
following aspects. Radiation protection plan shall include
radiation exposure control plan and health physics plan,
and conform to designated radiation protection plan.

- Potential radioactive contamination by operation of
the dry storage facility shall be minimized.

- Necessity for direct handling work of radioactive
material such as radioactive waste generating from
handling of spent fuel and operation of storage
facility shall be minimized and appropriate radiation
protection facility shall be provided when inevitable.

- When necessary, radiation work area shall be
provided and potential contaminated equipment, tool,
material, etc. shall be arranged in this area. Access to
this area shall be controlled. Arrangement for this
access controf shall be planned in the most reasonable
and efficient way considering interconnection with

other existing nuclear facilities.

Amount of radioactive material released into

surrounding environment shall be minimized.

)

Handling facility, auxiliary facility, radiation
monitoring facility, decontamination facility and
work procedure shall be provided to achieve
radiation protection goal in accordance with the

radiation protection principle.

Secondary radioactive waste which may be
generated from facility operation shall not be

released without control.
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- Monitoring equipment for measurement of airbormne
radioactivity. concentration in the air inside the
module with annunciation and necessary action
shall be provided to prevent contamination of

operating personnel thru inhalation and/or skin.
V. Design of IAEA Safeguards Provisions

Designer will design the IAEA Safeguards provisions in
accordance with the requirements of IAEA INFCIRC 164.

V1. Applicable Codes, Standards and Classification

The A storage system shall be designed to the
requirements of the following Codes and Standards. These

are grouped as follows:

a. General design Codes and Standards that applies to
the entire design, supply and construction process,
see Table 6.

b. Specific design, manufacturing and construction
Codes and Standards, see Table 7.

¢. Quality Assurance Codes and Standards, see Table 8.

The storage cylinder is initially vented to atmosphere
before being sealed and operates at or near atmospheric
pressure under all normal, off-normal and Design Basis
Events.The storage cylinder cannot reach an internal
pressure of 100 kPa (15 psig) necessary to be classified as a
pressure vessel and thus need not be classified as a
pressure vessel. The storage basket is a welded structure
designed to ASME Section VIIL

Any S5C{system structure and components) important

to safety of storage system eg, concrete structure, canister

Table 6. Applicable Code and Standard for General Design,
Fabrication and Construction

- Korean Nuclear Law ]
Licensing Requirements For The Independent

US 10 CFR 722 | Storage Of Spent Nuclear Fuel and High-
Level Radioactive Waste
IAEA 116 Design of Spent Fuel Storage Facilities

IAEA INFCIRC 164 | Safeguards Agreement in country of use
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Table 7. Applicable Code and Standard for Concrete Siructure.

Code & Standard 10 . B .
Code Requirements for Nuclear Safety Relate
AC1 34997 & Congcrete Siructures and Commentary, American
ACI 349R-97 )
Concrete Institute
ACI318.99 & Building Code Requirements for mcmral
Concrete and Commentary, American Concrete
ACI 318R-99 .
Institute
Minimum Design Loads for Buildings and Other
ANSI/ASCE 7-95 |Structures Commentary, American Society of
Civil Engineers
Design Criteria for an Independent Spent Fuel

ANSYANS 57.9 Storage Installation(Dry Storage Type)

NRC Regulatory |Design Response Spectra for Seismic Design
Guide 1.60 of Nuclear Power Plants, 1973
NRC Regulatory {Damping Values for Seismic Design of
| Guide 1.61 Nuclear Power Plants, 1973
Design Codes & Standards for concrete
KCS .
structures in Korea,
UBC US Building Regulation Code

KBC

Korea Building Regulation Code

Table 8. Applicable Code and Standard for Storage Cylinder

ASME B&PV Section Vill Division 1
CAN/CSA- S16.1-94 | _Limit States Design of Steel Structures
ASTM E5 15-90 Standard Test Method for Leaks using
{2000} Bubble Emission Technique
[AEA/SG/INF/3 [ [AEA Safeguards, An Introduction

and other items shall be designed, fabricated and installed

to the requirements of the following codes and standards.

VII. Conclusion and Futher Step

In order to develop a storage system for spent fuels
from PWR reactors, a series of parameter and items to
be considered for design requirements of a storage
system was outlined. As a basic step of the development,
design requirements of the module was established
considering functional and safety aspects. This paper
showed that each important item to fulfill the
requirements for successful implementation of the
module to the future storage condition. From the result
of consideration to find optimised design features, it can
be concluded that, detail analyses of the system will be
carried out for the future steps to ensure confirmation
with design requirement described in the paper and will
finally be implemented to the future dry storage system

in Korean site(s).
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