
1AEA-SM-352/12

CURRENT STATUS OF SPENT FUEL MANAGEMENT
IN THE REPUBLIC OF KOREA

• » • • • • • • • • • !

XA9951780
D.K. MIN, G.S. YOU, S.G. RO, H.S. PARK
Korea Atomic Energy Research Institute,
Yusong, Taejon,
Republic of Korea

Abstract

Due to the lack of indigenous energy sources in Korea, the government selected nuclear energy as one of the major
sources of electricity generation. According to the Korean government programme of a nuclear power development,
currently, 14 nuclear power plants (NPPs) are in operation and 4 NPPs are under construction. In addition, further 10 NPPs
are planned to be in operation by the year 2015. The large amount of spent fuel discharged from the nuclear power plants is
accumulated in at-reactor (AR) storage pools. Due to the limited capacity of these AR storage pools, the safe and economic
management of spent fuel is to be resolved. The spent fuel management strategy in Korea, basically depends on the interim
storage in wet and dry storage facilities, including expansion of storage capacity. This paper describes the current status and
plans of the spent fuel management in Korea.

1. INTRODUCTION

Since the commercial operation of Kori unit-1 in April 1978, Korea has achieved a rapid
growth in nuclear power and has now 14 NPPs, of which 11 pressurized water reactors (PWRs) and 3
pressurized heavy water reactors (CANDUs). At of the end of August 1998, the installed nuclear
capacity was about 12 GWe representing 27.5 % of the total installed electrical capacity and 34.4 %
of the total electricity production. There are 4 NPPs (3 PWRs and 1 CANDU) under construction.

According to the fourth long-term electricity development plan, recently updated by the
Government (i.e. on 27 August 1998), there are plans for another 10 NPPs (about 11 GWe) to be in
commercial operation by 2015, which will bring the total to 28 NPPs (see Fig. 1). It is expected that
they will account for 34.2 % of the country's total installed electrical capacity and provide 46.3 % of
the total electricity production [1].
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FIG. 1. Nuclear power development plan
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This nuclear power programme entails the management of spent fuel discharged from the
reactors. By the end of August 1998, the total amount of spent fuel discharged form the NPPs is about
3,397 tU and so far they have been stored at-reactor sites. It is estimated, that the onsite storage will
be saturated around 2006-2007, judging from current storage capacities and annual discharge of spent
fuel. Therefore, a variety of measures has been implemented to expand the storage capacity by
reracking with high density rack, the installation of a dry storage facility, changing to longer reload
fuel cycles and the transhipment among neighbouring units.

2. SPENT FUEL MANAGEMENT POLICY

The Atomic Energy Act (AEA) specifies the legal and technical aspects related to the spent fuel
management such as the storage, treatment and disposal of spent fuel. In pursuance of the Act, the
spent fuel management policy was reviewed and decided by the Korean Atomic Energy Commission
(AEC). In July 1988, the AEC has set forth a resolution that an away-from-reactor (AFR) storage
facility be built by the end of 1997 as an Interim Storage Facility (ISF), to accommodate the mid-term
spent fuel arisings. According to the spent fuel management plan, recently updated and currently
reviewed by the AEC, construction of the ISF should start in 2008 and it should be completed in
2016. Up to the year of 2016, the spent fuel discharged from the NPPs should be stored in using one
of the measures mentioned earlier.

In December 1994, it was announced that a small island, Gurop, off the west coast of the
Kyunggi province, had been selected as a suitable site for an interim spent fuel storage facility.
However, a year later the plan was cancelled after geological studies by the site investigation team
found active faults in the seabed.

3. SPENT FUEL ARISING AND STORAGE

The amount of spent fuel discharged per year from the nuclear power reactors differs from the
type, size and fuel loading pattern used. The 2-loops PWRs of such as Kori units 1 and 2 discharge
approximately 15 to 17 tU of spent fuel per year, while the 3-loops PWRs (the remaining 9 PWRs)
produce approximately 19 to 22 tU per year. Approximately 95 tU of spent fuel is discharged per year
from the Wolsong units 1-3 (CANDUs), each. At the end of August 1998, a total amount of 3,397 tU
spent fuel was discharged from the 14 operating reactors (11 PWRs and 3 CANDUs) and is stored at
the reactor sites. Table I shows the status of the reactor site storage of spent fuel. It is anticipated, that
the reactor site storage will be full around 2006, taking into account the annual spent fuel arising
together with the storage capacities.

The annual spent fuel arising from the 16 units, which are expected to be in operation by 2000,
will be about 550 tU/year. After the year of 2015, when a total of 28 nuclear units will be in operation,
the annual discharge rate of spent fuel will about 940 tU/year. The projected cumulative amount of
spent fuel will reach about 15,000 tU by the year 2015, and 19,000 tU by the year 2020 (see Fig. 2).

TABLE I. STATUS OF SPENT FUEL ARISING AND STORAGE IN KOREA
(unit: tU)

Site

Kori

Yonggwang

Ulchin

Wolsong

Total

Reactor
Type

PWR

PWR

PWR

CANDU

No. of
Units

4

4

3

3

14

Storage
Capacity

1,533

1,271

1,059

4,576

8,439

Annual
Discharge

65

80

57

294

496

Accumulated
Spent Fuel

1,003

550

394

1,450

3,397

Storage Saturation
Year (estimated)

2006

2006

2007

2006

Note: as of the end of August 1998.
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FIG. 2. Projection of cumulative spent fuel arisigs

4. EXTENSION OF AR STORAGE CAPACITY

In 1988, the AEC announced proposal for building a pool-type interim storage facility for spent
fuel by the end of 1997. However, a suitable site to build the facility has not been selected because of
strong local opposition even though a lot of efforts have been paid to look for the site. Therefore, no
progress has been made on this project at all. Nevertheless, the spent fuel management strategy based
on the interim storage has been unchanged.

The present strategy for spent fuel management in Korea is to store it safely at-reactor sites for
the time being, and transported to the away-from-reactor (AFR) interim storage facility and stored for
several decades.

Current storage capacities at reactor sites are not enough to store spent fuel to be discharged
during the whole lifetime. Therefore, a wide range of measures for the storage capacity extension has
been and being implemented. The measures are transhipment among neighbouring units, addition of
or re-racking with high-density racks and the installation of dry storage silos (see Table II). In
addition, longer fuel cycles, which results in reduction of the annual discharge of spent fuel, were
implemented in PWR reactors.

4.1. Transhipment among neighbouring PWRs

Transhipment of PWR spent fuel among neighbouring units has been performed at the Kori
site. A total of 312 spent fuel assemblies has been transferred from unit 1 to units 3 & 4. Two KSC-4
casks, which were developed by Korea Atomic Energy Research Institute (KAERI), had been
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employed for this transhipment. The B(U) type cask weighs 37 tons and is capable of loading four
PWR spent fuel assemblies with a burnup of 38 GW-d/tU and a cooling time of 3 years. It can be used
in both dry and wet conditions.

TABLE II. MEASURE FOR EXPANSION OF AR STORAGE CAPACITY OF SPENT FUEL

Site Programme

Kori • Addition of high density racks into pools of units 3&4.
• Transhipment from unit 1 to units 3 & 4.
• Installation of dry storage facility (for 400 fuel assemblies).
• Full re-racking with high density racks in pools of units 3&4

Yonggwang • Addition of high density racks into pools of units 1 & 2 (for
400 fuel assemblies each).

• Full re-racking with high density racks unit 3&4 pools
Ulchin • Full re-racking in unit 1&2 pools.

• Installation of dry storage facility
Wolsong • Addition of dry storage silos (80 silos for 43,200 fuel bundles).

4.2. PWR high density racks

The design basis of spent fuel racks was 35.56 cm (or 14 in.) in center-to-center distance when
the reactors were constructed. It was thus intended to reduce the center-to-center distance as much as
possible by adopting neutron poisonous materials. As a general rule for PWR, high-density racks
feature the so-called discrete zone two region (DZTR) storage arrangement to reduce the center-to-
center distance. Region 1 racks are used to store 5 wt% enriched-uranium fuel while maintaining keff

less than 0.95 without any burnup credit. On the other hand, region 2 racks have an
enrichment/burnup credit on it. For the DZTR storage scheme, neutron absorbing materials such as
boron SS, boraflex or boral have been used. Thus, a center-to-center distance of spent fuel racks was
designed with about 24.89 cm on region 1 racks, and about 23.11 to 24.89 cm on region 2 racks.

4.3. Wolfing (CANDU) Dry Storage

Wolsong spent fuel dry storage (SFDS) is a storage concept in which irradiated fuel bundles are
put in stainless steel baskets and in turn stored in dry concrete silos. A silo can contain as much as
nine fuel baskets with each basket having 60 fuel bundles. The silo is 6.5 m high with 3.1 m in outside
diameter. Spent fuel is usually cooled down in the spent fuel bay for at least 6 years before it is stored
in dry concrete silos.

60 silos with a capacity of 32,400 spent fuel bundles were constructed in 1992, and 80 more
silos with a capacity of 43,200 bundles were constructed recently. In total 140 silos with a capacity of
75,600 bundles are employed to store CANDU spent fuel in dry condition.

4.4. Longer fuel cycle

As an effort to increase the burnup and to reduce the annual discharge rate of spent fuel, the
15/18 months longer fuel cycle has been adopted for PWRs since 1987. Currently, all the PWRs in
Korea adopted the 18 months fuel cycle. According to the operation experiences, the longer fuel cycle
(18 months) operation for three loops PWRs reduced the annual discharge rate of spent fuel by 16 %.
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5. RESEARCH AND DEVELOPMENT ACTIVITIES

Various research activities have been conducted to support the spent fuel management
programme in Korea. The research activities are being carried out in following areas:

Long-term dry storage of spent fuel;
Transportation system;
Burnup measurement of spent fuel assembly;
Remote handling of spent fuel;
Long-term storage behaviors of intentionally defected spent fuel in pool;
DUPIC (direct use of spent PWR fuel in CANDU) fuel cycle.

The reactor mix strategy of PWR with CANDU in Korea allows a unique way for spent fuel
management, i.e. the DUPIC fuel cycle to re-fabricate spent PWR spent fuel directly into CANDU-
type DUPIC fuel without any separation process. [2]

6. CONCLUSIONS

Summing up the reviewed spent fuel management programme, the following conclusions can be
drawn:

Various measures, such as re-racking of high density rack, installation of the dry storage
facility, transhipment between neighbouring units and longer reload fuel cycles, have been
implemented to extend the AR storage capacity of spent fuel. No significant problems have been
encountered so far.

In the current situation, in which the best solution for long-term spent fuel management has not
been established, many efforts for the extension of on-site storage capacity, such as the installation of
on-site dry storage facilities and re-racking, etc., should be made to overcome the shortage of AR
storage capacity until the completion of the ISF storage facility.

The related R&D activities should be continued for the technological support of the national
spent fuel management strategies.
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