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Abstract

KEPCCKKorea Electric Power Corporation) opened its HWR program in 1977 by starting the
construction of Wolsong#l(CANDU-6). Wolsong#l completed its construction in 1983 and has
been operated successfully achieving an average lifetime capacity factor of 85%. It has
recorded three times world's top ranked nuclear unit during last twelve years of operation. It
is attributed to the outstanding operation, minimization of forced outages and short overhaul
periods by KEPCO operation team.

KEPCO restarted HWR program in the year of 1990s signing contracts with AECL for
Wolsong #2 on Dec. 28, 1990 and for Wolsong 3&4 on Sep. 18, 1992. Wolsong#2,3&4 are 700
MW class PHWR which are identical to Wolsong#l and being constructed at the same site.
The construction of Wolsong#2,3&4 is well progressed and they are scheduled to be connected
to the grid in 1997, 1998 and 1999 respectively.

While Wolsong#l was turn-key project, Wolsong #2,3&4 is component approach project
KEPCO performs overall integrated project management, AECL is the prime contractor to
provide A/E services and NSSS system design and equipment supply, in each case Korean
industy is participating as subcontractors, for T/G supply HANJUNG is responsible with a
foreign partner GE and construction is performed by HYUNDAI and DAEWOO. Korean
industry could expand its area in PHWR using PWR technology achieved through technology
self reliance program. As a result, equipment localization of Wolsong#3&4 is 51% in NSSS,
80% in BOP and 90% in T/G and total localization of Wolsong 2,3&4 is 65%.

As far as PHWR technology concerned, KEPCO didn't have self reliance program like PWR
but for the PHWR technology development of Korea, KEPCO and AECL made technology
transfer agreement for the CANDU-6 NSSS design at the time of Wolsong#3&4 contracts.
Under this agreement, AECL has provided the CANDU-6 design technology and it is
contributing to the development of Korean PHWR design technology. In the field of fuel,
KAERKKorea Atomic Energy Research Institute) is earring out the feasibility study of
CANFLEX and DUPIC.

Based on experience, KEPCO is trying to export the nuclear technology. KEPCO signed an
agreement with AECL for the cooperation of CANDU export to third countries. It is expected
the participation of KEPCO in the Chinese Qinshan project which AECL is negotiaing China
Nuclear Corporation for the supply of two CANDU-6.

Planning of future CANDU projects in Korea as well as type and capacity if consructed is
under study by KEPCO. The economic aspects of CANDU-6, the future prospects of
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CANDU-9 technology development and availability of construction site will be the important
points of study and it will be finished next year. The result of study will be reflected to the
new Korean electric power development plan, which will extend Korean power plant
construction schedule until 2010.

I . Introduction

The Pressurized Heavy Water Reactor (PHWR) program in Korea consists of three
principal segments. The first focused on the turn-key based construction and the
operation of Wolsong Unit 1, a typical PHWR of 700 MWe class designed by Atomic
Energy of Canada Limited (AECL), while the second is directed of constructing three
CANDU units employing the identical design to Wolsong Unit 1 with technology
transfer agreement between Korea Electric Power Corporation (KEPCO) and AECL.
The third is the future development of PHWR technology and fuel cycle.

This paper will outline the status of operation, construction, development direction of
PHWR in Korea and international cooperation.

n . Turn-key based construction and the operation of PHWR

Generally, the CANDU PHWR offers principal advantages over Pressurized Water
Reactor (PWR) ;

- on-power refueling and flexible power management
- extremely high neutron economy provided by heavy water moderator enabling

the use of natural uranium fuel.

Accordingly, KEPCO selected CANDU PHWR as the complementary reactor type to
the PWR in its nuclear reactor strategy, considering the diversity of nuclear
technology and the nuclear fuel supply. KEPCO started the construction of Wolsong
Unit 1 (CANDU-6) on turn-key based project in 1977. AECL and NEI Parsons were
the Nuclear Steam Supply System (NSSS) manufacturer and the Turbine Generator
manufacturer, respectively. A domestic industry, Dong-Ah Construction and Industry
Co. was only participated in the project as the civil constructor.

Wolsong Unit 1 was completed in April 1983 and has been operated successfully by
achieving an average lifetime capacity factor of 85% which is 6 % higher than that
of the other Korean nuclear units since then. It has achieved the world's best
annual performance in 3 of its 12 years of operation as shown in Table 1 ( World's
Top Record in Capacity Factor by Wolsong Unit 1).

This could be achieved through the minimization of forced outages by KEPCO
operation team and the short overhaul periods due to the on-power refueling, which
is a CANDU's unique characteristics. Annual operation record of Wolsong Unit 1 is
presented in the Table 2 ( Annual Operation Record of Wolsong Unit 1 '83 - '94).
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Duration

Apr. 1, '85 ~ Mar. 31, '86
Oct. 1, '91 ~ Sep. 30, '92
Jan. 1, '93 ~ Dec. 31, '93

Capacity Factor (%) Reported By

98.4

98.0

100.8

NEI Statistics
ft

Nucleonics Week

Table 1 : World's Top Record in Capacity Factor by Wolsong Unit 1

Year Generation (GWh) Capacity Factor (%)

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

2,562

3,985

5,610

4,736

5,521

4,732

5,411

5,106

5,417

5,177

5,993

4,912

61.90

66.80

94.40

79.70

92.87

79.38

91.01

85.89

91.12

86.84

100.81

82.62

Cumulative 59,163 85.02

Table 2 : Annual Operation Record of Wolsong Unit 1 '83 - '94

Unit : Won/KWh

Average Cost
of

Generation

Overall

Nuclear

Wolsong #1

'87

36.50

27.41

26.55

'88

32.15

26.62

28.85

'89

29.36

23.62

23.22

'90

29.81

23.75

26.16

'91

27.82

22.62

23.74

'92

29.48

25.31

22.47

'93

30.36

24.57

21.13

'94

31.76

22.70

29.49

Table 3 : Comparison of Power Generation Cost from 1987

KEPCO consistantly finds its nuclear units to be the lowest cost source of power.
Statistics have shown that Wolsong Unit 1 has frequently produced power at an
annual average cost below than that of the average nuclear units since start of its
commercial operation as shown Table 3 (Comparison of Power Generation Cost from
1987).

77



m. Construction of Wolsong Units 2, 3&4

A. Project Structure

KEPCO resumed the PHWR program in the early 1990s upon signing the contracts

with AECL to build 3 CANDU PHWR units - one for Wolsong Unit 2 on December

28, 1990 and the others for Wolsong Units 3&4 on September 18, 1992. These units

are 700 MWe class PHWRs identical to the Unit 1 and are being constructed at the

same site. While the first unit was constructed by AECL, as the prime contractor on

turn-key project, these units are under construction on component approach by

KEPCO.

Responsibilities of participating organizations are as follows ;

O KEPCO as the final owner, performs overall integrated project management,

construction management, procurement of BOP equipment and commissioning for

the project

O AECL as the prime contractor, provides Architect Engineering (A/E) services

and supplies equipment and system design of NSSS. In order to upgrade

Korean nuclear industry's engineering capacity through this project, domestic

companies are participating as subcontractors ; KOPEC for A/E services,

HANJUNG for NSSS equipment supply, and KAERI for NSSS system design.

O HANJUNG is the prime contractor for T/G supply with a foreign partner,

General Electric as subcontractor.

O HYUNDAI and DAEWOO are responsible for the construction of Wolsong Unit

2 and Wolsong Units 3&4, respectively.

Organization chart for this project are attached in Figure 1 (Organization Chart for

Wolsong Units 2, 3&4).

B. Project Summary

Even though contracted at different times, Wolsong Unit 2 and Units 3&4 are

managed as one project. As a result of this integrated approach to project
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Figure 1 - Organization Chart for Wolsong Units 2, 3&4
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management, AECL and Korean contractors are able to retain their key personnel for

all three units. This enables KEPCO to benefit from the increased efficiency of

Korean engineers who have experience specific to the CANDU project.

Status of the project is summarized in Table 4 ( Project Summary of Wolsong Units

2, 3&4). As shown in Table 4, KEPCO enables to shorten the construction period of

Unit 3 six months less than that of Unit 2 due to the previous experience. The

construction period from first concrete pouring to completion is 58 months for Unit 2

and 52 months for Unit 3. Also the localization ratio is increased from 58 % for Unit

2 to 69 % for Units 3&4. These figures show a great improvement, considering that

the ratio of Unit 1 was only 14 %. Total project cost is estimated at 3,989 million

US dollars.

As the end of December 1995, the progress of Unit 2 and Units 3&4 is 84.15 % and

54.38 % of total progress, respectively. Currently, these units are expected to be

connected to the grid for three successive years from 1997 to 1999, adding

approximately 2,780 MWe capacity accounting for a considerable portion of KEPCO's

nuclear capacity

Item

Generator Output

Construction Period
(First concrete — C.O.D.)

Project Cost
- Domestic Capital
- Foreign Capital
- Total

Construction Unit Cost

Localization Ratio

Overall Progress (Dec. '95)

Wolsong #2

700 MW Class

58 Months
(Sep. '92~Jun. '97)

$ 960 Million
$ 414 Million
$ 1,374 Million

$ 1,945 / KW

58 %

84.15 %

Wolsong #3, 4

700 MW Class

64 Months
(Mar. '94~Jun. '99)
( #3 : 52 Months )

$ 1.899 Million
$ 716 Million
$ 2,615 Million

$ 1,850 / KW

69 %

54.38 %

Table 4 : Project Summary of Wolsong Units 2, 3&4
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IV. Development Direction

A. Technology Development

As far as PHWR technology concerned, KEPCO didn't have an extensive technology

self-reliance program like the program executed for PWR technology self-reliance in

1986. However, for the PHWR technology development of Korea, KEPCO and AECL

made technology transfer agreement for the CANDU-6 NSSS design at the time of

Wolsong Units 3&4 contracts.

Under this agreement, AECL has provided the CANDU-6 design technology and it is

contributing to the development of Korean PHWR design technology. Since then

AECL has supplied KEPCO with the documents, patents and computer codes. The

documents are engineering procedure, plant engineering and system design

documents, design support documents, generic CANDU design documents and R&D

report. KAERI, KOPEC and HANJUNG are entitled to use these documents in Korea

In parallel, KAERI partially performs a joint study with AECL for CANDU

improvement project and KAERI and AECL are operating a cooperative program for

DUPIC cycle, i.e., the direct use of spent PWR fuel in CANDU.

IAE (Institute for Advanced Engineering) sponsored by DAEWOO carries out

Development of Plant-Control Simulation Analyzer Supporting Design and Operation

of CANDU NPP with KAERI.

DUPIC long-term plan is as follows ;

- Phase I (1992-1993) : feasibility study

- Phase n (1994-2000) : experimental verification

- Phase ffl (2001-2010) : pilot scale verification

- Phase IV (2011- ) : commercialization

B. Future plan for the CANDU plant

Feasibility on subsequent CANDU projects in Korea is being performed by KEPCO.

This study includes the capacity of CANDU if it is constructed in future. The

economic aspects of CANDU-6, the future prospects of CANDU-9 technology

development and availability of construction site will be the important point of study

and it will be finished next year. The result of study will be reflected to the long
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term power development plan to be revised, extending Korean power plant

construction schedule until 2010.

It is also essential for KEPCO to maintain the current excellent operating record of

Wolsong Unit 1 by continuously updating operating experience and research on O&M

technology which will be applied to operate Wolsong Units 2, 3&4 to the same level

in future. In an effort to achieve this goal, Korea Electric Power Research Institute

(KEPRI), former Research Center of KEPCO are performing the R&D activities as

follows ;

- Development of tritium removal technology

- Study on the optimal operating conditions of vapor recovery system for Wolsong

Unit 1

- Development of C-14 analysis technology

- Probabilistic safety analysis Level n for Wolsong Units 2, 3&4

V. International Cooperation

As mentioned in the above section, while Korean research entity such as KAERI and

IAE are participating the international cooperation program with AECL, KEPCO made

the technology transfer agreement for the CANDU-6 NSSS design upon Wolsong

Units 3&4 contract. Furthermore KEPCO has joined the CANDU Owner's Group

(COG) to exchange technical information with the other members since November

1986. The highlight of the international cooperation between KEPCO and AECL is to

sign the Memorandum of Agreement for CANDU Export to Third Countries,

establishing the framework for future cooperation in November 1994. Through this

agreement, both parties shall cooperate to jointly explore third country markets for

CANDU export and to jointly participate in CANDU projects in such countries.

For marketing in third countries, particularly in the Asia Pacific region, cooperation

will include, but not be limited to,

- Exchange of information

- Developing a marketing plan requiring project joint action

- Developing a proposal package

- Holding CNADU export strategic review meetings

- Dispatching a joint resident team, where necessary or appropriate.
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Based on the agreement spirit, KEPCO is trying to export the nuclear technology. It

is expected the participation of KEPCO in the Chinese Qinshan project which AECL

is negotiating China Nuclear Corporation for the supply of two CANDU-6.

VI. Conclusion

KEPCO continuously update its operation and maintenance technology and perform

the research and development activities to keep the excellent operation records for

the PHWR. In parallel, KEPCO are performing the feasibility study for the building

the subsequent PHWR units in Korea. On the other hand, international cooperation

for technology development, market development and the advanced fuel cycle

development will be maintained between Korean nuclear industry and AECL. As a

conclusion, although we do not have an extensive PHWR program, by incorporating

the above mentioned efforts, we expect a long term beneficial impact on our reactor

strategy through this program.
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