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ABSTRACT 
 

Korea Hydro and Nuclear Power Co., Ltd.(KHNP), which operates all the nuclear power plants in Korea, is 
developing a new dry storage cask to store twenty four spent fuel assemblies generated from pressurized water 
reactors for at-reactor or away-from-reactor interim storage facility in Korea. The dry storage cask is designed and 
evaluated according to the requirements of the IAEA, the US NRC and the Korean regulations for the dry spent 
fuel storage system. It provides confinement, radiation shielding, structural integrity, subcritical control and 
passive heat removal for normal and accident conditions. The dry storage cask consists of a dual purpose canister 
providing a confinement boundary for the PWR spent fuel, and a storage overpack providing a structural and 
radiological boundary for long-term storage of the canister placed inside it. The overpack is constructed by a 
combination of steel and concrete, and is equipped with penetrating ducts near its lower and upper extremities to 
permit natural circulation of air to provide for the passive cooling of the canister and the contained spent fuel 
assemblies. This paper describes development status, description, design criteria, evaluation and demonstration 
tests of the dry storage cask. 
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INTRODUCTION 
 
Korea now has 19 commercially operating nuclear power plants: 15 pressurized water reactors(PWRs) and 4 

Canadian deuterium uranium(CANDU) reactors. The accumulated amount of spent fuel by the end of 2004 
reached more than 6,500 metric tons of uranium. This spent fuel is stored in on-site storage pool at 4 nuclear 
power plant sites, as well as in a dry spent fuel storage facility for CANDU fuel. Spent fuel accumulation and the 
expected year of loosing full core reserve in each nuclear power plant site in Korea are shown in Table 1. As the 
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current spent fuel storage capacity is insufficient, the expansion of at-reactor storage capacity is being 
implemented at each site in view of an appropriate combination of technical and economic factors. For pressure 
water reactors, the at-reactor expansion has been and is currently being carried out by transshipment between 
neighboring reactors and re-racking with high density rack modules, and additional construction of at-reactor or 
away-from- reactor dry spent fuel storage facility is expected to be implemented. 
 

Table 1 Status of at-reactor spent fuel storage in Korea 
Site Number of operating 

reactors 
Storage capacity 

(MTU) 
Storage amount 

(MTU) 
Year of loosing full 

core reserve 
Kori 4 PWRs 1,737 1,347 2008 
Yonggwang 6 PWRs 1,696  990 2008 
Uljin 5 PWRs 1,563  764 2007 
Wolsong 4 CANDU reactors 4,807 3,101 2006 
Total 19 reactors 9,803 6,588  

 
Korea Hydro and Nuclear Power Co., Ltd.(KHNP), which operates all the nuclear power plants in Korea is 

developing a new dry storage cask to store 24 PWR spent fuel assemblies for at-reactor or away-from-reactor 
interim storage facility. The storage cask is designed to be in compliance with the requirements of the related 
regulations such as IAEA Safety Series No.116, US NRC 10 CFR Part 72 and Korea Atomic Energy Act for the 
dry spent fuel storage system. The cask provides confinement, radiation shielding, structural and seismic integrity, 
subcritical control and passive heat removal for normal and accident conditions. The evaluation by analysis using 
computer codes has been completed, and the structural, thermal and seismic tests to demonstrate the performance 
of the storage cask using three kinds of scaled-down models are being carried out. 
 

DESCRIPTION OF DRY STORAGE CASK 
 
The dry storage cask as shown in Fig. 1 consists of a dual purpose canister providing a confinement boundary 

for PWR spent fuel and a storage overpack providing a structural and radiological boundary for long-term storage 
of the canister placed inside it. The storage cask is autonomous inasmuch as it provides spent fuel and radioactive 
material confinement, radiation shielding, subcritical control and passive heat removal independent of any other 
facility or structure. The storage cask will be stored on the concrete pad in a vertical orientation either at a reactor 
or away from a reactor, and will be loaded with a spent fuel loaded canister using a specially designed transfer 
cask. Twenty four PWR spent fuel assemblies will be loaded and stored for 50 years of service in the storage cask. 
The maximum allowable initial enrichment of the fuel is 5.0wt.%, the fuel burn-up is limited to a maximum 
average of 50,000 MWD/MTU, and the fuel must have a minimum cooling time of 7 years. The storage cask is 
engineered to be an effective barrier against the radiation emitted by the stored spent fuel assemblies and an 
efficiently configured metal-concrete composite to attenuate the loads transmitted to the canister during a 
accidental event, and it provides the necessary neutron and gamma shielding to comply with the requirements of 
the related regulations for the dry storage of spent fuel. 

The overpack of storage cask is a cylindrical steel structure consisting of inner and outer shells, a lid and a 
baseplate, and between the two shells is a thick cylinder of lean concrete is placed. The overpack is equipped with 
penetrating ducts near its lower and upper extremities to permit natural circulation of air to provide for the passive 
cooling of the canister and the contained spent fuel assemblies. The canister is a welded structure of cylindrical 
section with flat ends and include the internal fuel basket. The fuel basket of integrally welded assemblage of 
square cells is designed as a core support structure and maintains the spent fuel in a subcritical arrangement. The 
strength-welded canister shell, a baseplate and a lid constitutes the confinement boundary for the stored spent fuel, 
which is designed as a pressure vessel in accordance with ASME B&PV Code, Section III. 
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Fig.1 Overview of the dry storage cask 

DESIGN CRITERIA 
 
The dry storage cask is engineered for unprotected outside storage for the duration of its design life, and 

accordingly is designed to withstand normal, off-normal and accident conditions of storage. Normal conditions 
include the conditions that are expected to occur regularly or frequently in the course of normal operation, 
off-normal conditions include those infrequent events that could reasonably be expected to occur with moderate 
frequency, and accident conditions include events that are postulated because their consideration establishes a 
conservative design basis. Normal condition loads act in combination with all other loads, and off-normal and 
accident condition loads are not applied simultaneously. Based on the consideration of the applicable 
requirements, loads under each condition are identified. 

- Normal condition 
The storage cask shall withstand the static loads due to the weights of each component and loads experienced 

during routine handling including lifting and transfer of the canister and the overpack. The internal pressure of the 
canister bounds the cumulative effects of the maximum fill gas volume, normal ambient temperatures, the 
maximum canister heat load and an assumed 1% of the fuel rods rupture. The overpack is not capable of retaining 
internal pressure due to its open design. For the long-term effects of ambient temperatures on the storage cask, an 
upper bound value on the annual average temperatures is used. 

- Off-normal condition 
The off-normal internal pressure of the canister bounds the cumulative effects of the maximum fill gas 

volume, off-normal ambient temperatures, the maximum canister heat load and an assumed 10% of the fuel rods 
rupture. The off-normal temperature is the short-term temperature which may exist during a transition state or a 
transient event. The storage cask shall withstand the partial blockage of the overpack air inlets, which event is 
conservatively defined as a complete blockage of four of the eight air inlets. 

- Accident condition 
The loaded overpack will be lifted so that the bottom of the cask is at a height less than the vertical lift limit 

above the ground. The postulated drop event assumes that the loaded overpack falls freely from the vertical limit 
height onto a concrete pad. As the loaded canister is lowered into the overpack, the possibility of the loaded 
canister falling freely from its highest elevation during the canister operation into the overpack is considered. The 
storage cask shall remain kinematically stable and withstand impacts due to a hypothetical tip-over event under 
the environmental phenomenon such as earthquake and violent wind and flood. The storage cask shall withstand 
pressures, wind loads and missiles generated by a violent wind and water forces associated with a flood. The 
storage cask shall withstand loads arising due to a seismic event and be shown not to tip-over during a seismic 
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event. The storage cask shall withstand loads due to 100% fuel rod rupture, the temperature rise as a result of 
100% blockage of the air inlets, and extreme environmental temperatures. 

 

EVALUATION 
 
The dry storage cask was evaluated for the effects of normal, off-normal and accident conditions in 

accordance with the IAEA, the US NRC and the Korea regulations. The evaluation of consequences includes 
structural, radiation shielding, thermal, criticality and confinement assessment for each design event. 

The structural analysis to ensure that the integrity of the storage cask is maintained under all credible loads 
for each condition was carried out using the finite element code ABAQUS. Stresses arose in the components of 
the storage cask due to various loads that originate under each condition, these individual loads were combined to 
form load combinations, and stresses resulted from the combinations were compared to their respective allowable 
values. The integrity of the storage cask as well as the confinement boundary has been found to be preserved 
under all design events. Structural analysis model is shown in Fig. 2, stress contours under canister drop and 
tip-over accidents are shown in Fig. 3 and Fig. 4, respectively. 

The thermal analysis under long-term storage conditions was carried out with the canister cavity backfilled 
with helium using the finite volume code FLUENT. Temperature distribution results obtained from the analysis 
show that the maximum fuel cladding temperature within the limits are met with adequate margins. The 
maximum local canister temperature level is below the recommended limits for structural materials, and also 
stresses induced due to imposed temperature gradients are within the limits. Figure 5 shows the thermal analysis 
model, and Fig. 6 shows temperature distribution for normal condition. 

Confirmation of the criticality safety of the storage cask was performed with the KENO5a from the SCALE 
4.3 system. The effective multiplication factor including all biases and uncertainties evaluated with a 95% 
probability at a 95% confidence level when fully flooded and loaded with PWR spent fuel assemblies and basket 
configuration does not exceed the limiting value under all credible normal, off-normal and accident conditions. 

For storage of spent fuel the gamma shielding provided by the steel structure of the canister, and the steel and 
concrete of the overpack, the shielding from neutron radiation is provided by the concrete overpack. The shielding 
analyses were performed with the SCALE 4.3 system, and also the source terms for the design basis fuels were 
calculated with the SAS2H and ORIGEN-S sequences from the SCALE 4.3 system. The radiation does rates at 
surrounding the storage cask meets the dose requirements of the related regulations. 

The radiological releases of the confinement boundary provided by the canister to the environment under 
normal, off-normal and accident conditions were evaluated to ensure compliance with the limits established by 
the related regulations, and it has been assured that the integrity of the canister confinement boundary is 
maintained. The inert atmosphere in the canister and the passive heat removal capabilities of the storage cask also 
assure that the spent fuel assemblies remain protected from degradation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    (a) overall        (b) canister      (c) basket 
 
Fig. 2 Structural analysis model       Fig. 3 Stress contours under canister drop accident 
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    (a) steel shell       (b) concrete shell     (c) canister     (d) basket       (e) fuel 
 

Fig. 4 Stress contours under tip-over accident 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      (a) overpack      (b) canister       (a) overpack  (b) canister   (c) fuel 
 

Fig. 5 Thermal analysis model        Fig. 6 Temperature contours for normal conditions 

DEMONSTRATION TESTS 
 
The tests using three kinds of models to demonstrate the performance of the dry storage cask are being 

carried out taking into consideration of normal, off-normal and accident conditions, which are heat removal test of 
the storage cask using a half linearly scaled-down thermal model as shown in Fig. 7 and a protective wall, tip-over 
test of the storage cask onto the pad using a one-third linearly scaled-down structural model as shown in Fig. 8, 
drop test of the canister into the overpack using a one-third linearly scaled-down structural model and seismic test 
on the exciter using one-eighth equivalently scaled-down seismic model as shown in Fig. 9. Each test result will 
be compared to the analyses results and finally the safety of the storage cask will be evaluated. 
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Fig. 7 Thermal model          Fig. 8 Structural model    Fig. 9 Seismic model 
            (overpack)                    (canister) 
 

CONCLUSION 
 
The development of a dry storage cask to store twenty four spent fuel assemblies from pressurized water 

reactors for at-reactor or away-from-reactor interim storage facility in Korea is ongoing by Korea Hydro and 
Nuclear Power Co., Ltd.(KHNP). The storage cask is in compliance with the requirements of the IAEA and the 
US NRC and the Korean regulations for the dry spent fuel storage system. The storage cask consists of a dual 
purpose canister providing a confinement boundary for PWR spent fuel and a storage overpack providing a 
structural and radiological boundary for long-term storage of the canister placed inside it. The structural, thermal, 
radiation shielding, criticality and confinement evaluations for normal, off-normal and accident conditions have 
been completed, the integrity of the storage cask has been found to be preserved under all design events, and the 
structural, thermal and seismic tests using three kinds of scaled-down test models to demonstrate the performance 
of the dry storage cask are being carried out taking into consideration of normal, off-normal and accident 
conditions. 
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