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ABSTRACT

Korea, as a recipient of nuclear technology
transfer, has good experience of progressively
building up its indigeneous capability of
nuclear technology through three stages of
technology transfer, namely: technology trans-
fer under the turn-key approach, component
approach, and integrated technology transfer
with a local prime contractor. Here, each stage
of experience of technology transfer, with Korea
as a recipient, is presented.

INTRODUCTION

Because of the lack of natural energy
resources, it is indispensable for such nations
as Korea to ensure the stable supply of cheap
energy in the process of industrialization.
At the end of 1986, on completion of Korean
Nuclear Units (KNU) 6&7, the share of nuclear
energy was recorded as being above 50 percent
of total electric power generated. This saved
Korea 300 million dollars in fuel cost compared
with 1985. This trend of increase of nuclear
electric power generation will be continued in
Korea (See Table 1).

The foreign capital expenditure of nuclear
energy during the lifetime of a power plant is

lower than that of coal energy due to the low
nuclear fuel cost in electricity generation cost,
compared with coal. Korea is highly dependent on
imported energy. Nuclear energy, as the sole al-
ternative to the earlier developed fossile energy,
will occupy a position as the major electric
energy source.

The construction of nuclear power plants
started in the early seventies in Korea. Korea
currently has seven nuclear power plants in
operation, two under construction, and two in
the pre-construction stage. Korea has made every
effort to learn the foreign nuclear power tech-
nology based on the accumulated experience of pre-
vious nuclear power plant construction. In this
way, Korea, has progressively accomplished her
strong desire for self-reliance in nuclear tech-
nology. This was done under the support of go-
vernment in areas such as the change of contrac-
tual pattern, stepwise expansion of possible
local participation, and the continued improve-
ment of the contracts.

It is clear that, if we are self-reliant in
nuclear technology, we can improve the safety
and economy of nuclear power plants. As well, our
related industries are significantly impacted by
the highly sophisticated and integrated nuclear
technology.

Table 1. The Sources of Electric Power in Korea

Electric power
sources

Installed
capacity

Hydraulic
Coal
Petroleum
Nuclear

Electric power
Generation

Hydraulic
Coal
Petroleum
Nuclear

Unit

MW

MW
MW
MW
MW

GWh

GWh
GWh
GWh
GWh

Year of
1980

9,391

1,157
750

6,897
587

37,238

1,984
4,353

27,424
3,477

Composition
(%)

100

12.3
8.0
73.4
6.3

100

5.3
11.7
73.6
9.4

1986

18,059

2,223
3,700
7,370
4,766

64,695

4,020
19,928
12,436
28,311

Composition
(%)

100

12.3
• 20.5

40.8
26.4

100

6.2
30.8
19.2
43.8

Average annual
increase rate

(%)

11.5

11.5
30.5 .
1.1

41.8

9.6

12.5
28.9

-12.3
41.8
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Throughout the construction of Korea's
nuclear power plants, the technology in the
field of civil construction, equipment insta-
llation, project management, and operation and
maintenance was already in the stage of self-
reliance. Also, equipment manufacturing techno-
logy has been built up considerably so that most
of equipment in the Nuclear Steam Supply System
(NSSS) and Turbine Generator (T/G) was manufac-
tured by domestic industries. Technology in the
field of architect engineering, NSSS system
design and NSSS and T/G component design is
being built up through the progressive tech-
nology transfer based on previous experience of
nuclear power plant construction. Throughout the
execution of the project, KNU 11&12, Korea will
be self-reliant in all the fields of nuclear
technology.

STATUS OF TECHNOLOGY TRANSFER IN KOREA

The first three nuclear power plants (KORI
No. 1&2, WOLSUNG No.l) were constructed on a
turn-key basis by foreign contractors. At that
time, the technical level of Korean industries
was low. Since it was not easy for the local
industries to acquire the nuclear power plant
design and equipment manufacturing technology,
the participation of local industries in rhe
construction of nuclear power plant was limited
to only the civil works and equipment installa-
tion in which area it was easy to use the abun-
dant and cheap local labour. The technology in
these areas was easy for the local industries
to acquire, and it was naturally transferred to
local industries through the performance of the
work and the application of the technology under
the supervision of foreign contractors.

In this period, low quality equipment,
accounting for about 10 percent of the total
equipment cost, was localized.

In the field of architect engineering,
Korea participated in some parts of field
engineering.

During the implementation of KNU 2&3, which
were started in the middle of the seventies,
the capability of project management was enhan-
ced considerably. This was achieved through
application of an integrated project management
team composed of owner and turn-key contractor.

The technology of operations and mainten-
ance was transferred by way of training. Korea
Electric Power Corporation (KEPCO), the owner
of the Korean power plants, and solely respon-
sible for their operations, built up operations
know-how through the training and education of
operations personnel during the construction
period, to operate nuclear power plants with-
out the need for foreign contractors' help. For
the self-reliance in nuclear maintenance tech-
nology, which is the major contributor to the
improvement of availability of nuclear power

plants, Korea selected personnel having much
experience in the maintenance of fossile power
plants and dispatched them to the NSSS & T/G
suppliers for training. In parallel with this,
Korea Electric Power Operating Service Co.
(KEPOS) was established for the maintenance of
power plants.

The second stage of nuclear technology
transfer in Korea will now bo briefly described.

Six years of experience with the first
three nuclear power projects taught us that it
was difficult to transfer the overall area of
foreign nuclear technology to local industries
under the turn-key contract concept. After
analyzing other foreign countries' experiences
and evaluating the local industries' accomoda-
tion capacity for the foreign nuclear technology.
the Korean government and KEPCO reached the
consensus to take a component approach instead
of a turn-key approach.

By this component approach, the owner was
able to do the overall project management and
also to contract with contractors for properly
split packages, such as NSSS, T/G, Architect
Engineering (A/E), and Balance of Plant (BOP),
under the condition that the foreign contractors
should transfer their technology to local sub-
contractors.

As KNU 5&6 were the first projects which
were undertaken on a component approach, the
Korean government designated Korea Power
Engineering Company, Inc. (KOPEC) as a recipient
of A/E technology.

In the area of equipment manufacturing,
which occupies the major portion of plant capital
cost, the foreign suppliers were to transfer
their technology to the designated local subcon-
tractors so as to improve the equipment localiza-
tion ratios designated by the Korean government
for each unit. However, at the early stage of
nuclear equipment localization, the local indus-
tries were not willing to participate in the
nuclear equipment localization because it requi-
red vast amounts of investment in manufacturing
facilities, compliance with stringent nuclear
grade quality requirements, much nuclear manu-
facturing experience, and also partly due to the
lack of the industries' understanding of the
nuclear equipment. As a result, the equipment
localization of KNU 5&6.could not reach the plan-
ned target.

At the beginning phase of KNU 7&8, the leveJ
of local industries' infrastructure and manu-
facturing capability had been raised, and the
government's long-term electricity development
program, which stated that a major part of elec-
tricity demand would be supplied by nuclear power
plants, made local industries lager to partici-
pate in nuclear equipment localization. And
foreign bidders, recognizing the potential of the
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Korean nuclear market, offered competitive terms
and conditions for Korea.

In the second half of the seventies, as the
plan of continuing nucleur power plant construc-
tion was being realized, fuur major enterprises
in Korea were fighting for the manufacturing of
main nuclear power plant equipment (NSSS, T/G).
Intense competition among local firms called for
intervention by the government. The government,
considering the limited domestic market, nation-
al economy size, overlapping of facility invest-
ment, and limited manpower to receive the foreign
nuclear technology, published a guideline in
July 1980 for assigning specialization of each
enterprise in a specific category of power plant
equipment. This guideline designated Korea Heavy
Industries & Construction Co. (KHIC) as the sole
supplier of the major equipment of power genera-
tion systems, power conversion systems, and some
parts of the balance of plant.

At that time, KHIC installed enormous manu-
facturing facilities, which are capable of
supplying two units of NSSS and T/G equipment
annually. KHIC obtained N and NPT certificates
from the American Society of Mechanical Engin-
eers (ASME) in a short time (10 months) in order
to start manufacturing the equipment classified
as localization items in the KNU 7&8 contract.
Designation of KHIC as the main equipment sup-
plier enabled Korea to secure long-term stable
equipment localization. During the manufacturing
of NSSS and T/G of KNU 7&S, 9&10 KHIC learned
the manufacturing technology through the manu-
facturing training and consulting provided by
the separate manufacturing assistance agreement
between KHIC and foreign supplier. In these units
the success in manufacturing of the reactor
vessel, steam generator, and rotor shaft for tur-
bine generator is a remarkable achievement in
the material industry.

As for the equipment which does not belong
to the scope of KHIC, enhanced manufacturing
capability with the rapid development of domes-
tic industries made it possible to transfer the
foreign technology into local industries, step
by step, by way of having them participate as
subsuppliers to foreign suppliers under the
foreign suppliers' performance warranty.

In the field of architect-engineering (A/E),
KOPEC, as the designated company, has participa-
ted as a recipient of A/E technology since the
KNU 5&6 projects. The technology has been built
up progressively by way of training of engin-
eers and On-the-Job Participation (OJP). In the
implementation of KNU 9&10, as may be seen in
table 2, KOPEC has assumed considerable engin-
eering scope and capability.

It is felt that this remarkable achievement
in accumulation of manufacturing and engineering
technology resulted from the strong support of
government, and from the efforts of related

industries in areas such as the development of
local industries' manufacturing capabilities
and in the expansion of manufacturing facilities
so as to achieve the self-reliance in nuclear
technology.

Table 2. Localization Rates

(Unit : %)

Unit
no.

1

2

3

5&6

7S.8

9&10

11&12

Design &
Engineering
(Man-Hour
Basis)

5.0

5.0

15.8

26.8

30.3

46.0

79.0

Equipment Design &
Manufacturing

(Money Basis)

NSSS

9.7

14.7

28.2

68

T/G

11.8

27.6

41.3

82

BOP &
etc.

8.0

9.6

11.3

40.1

45.1

52.7

72.0

At the third stage of nuclear technology
transfer, the Korean government, KEPCO and
related industries reanalyzed the problem raised •
during the previous nine Korean nuclear projects
so as to attain maximum localization and tech-
nological self-reliance. The final consensus
reached the conclusion that our industries should
and could lead the project as prime contractors.

The main reasons for the conclusion were
as follows:

. Increased local industries' accomodation
capability for nuclear technology, and
increased project management capability

. Ease of nuclear technology transfer

. Decreased dependence on foreign technology
resulting from the rapid development of rela-1

ted local industries

Based on the conclusion, our government
designated local firms as main recipients of
technology transfer. Also the responsible
parties for technology self-reliance were desig-
nated so as to use the limited manpower effec-
tively, and to introduce the essence of the
nuclear technology promptly.

Designated local firms and their respon-
siblity for technology transfer are the follow-
ing:
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. Korea Electric Power Engineering Company
(KOPEC) : A recipient of A/E technology

. Korea Heavy Industries & Construction Company
(KHIC) :' A recipient of NSSS & T/G manufac-

turing and design technology

. Korea Advanced Energy Research Institute
(KAERI) : A recipient of NSSS System design

and PWR fuel design technology

. Korea Nuclear Fuel Company
(KNFC) : A recipient of PWR fuel fabrication

technology.

TECHNOLOGY TRANSFER AND IMPLEMENTATION PLAN OF
FOLLOWING NUCLEAR POWER PROJECT

According to the government's policy of
designation of a local prime contractor, the
owner and the designated local prime contractors
jointly issued two Invitations To Bid (ITB), one
for the Supply of KNU 11&12, and the other for
the technology transfer, in which the bidders
were mandatorily requested to submit proposals
for the supply of KNU 11&12 and technology
transfer together and respectively. Issuing two
ITB's simultaneously was intended to encourage
the participation of foreign suppliers by
offering the extended scope, and to ascertain
the successful technology transfer through im-
plementing the Korean Nuclear Unit (KNU) 11&12
Projects.

In order to implement the third stage of
technology transfer, it was emphasized in the
ITB for technology transfer that know-how and
know-why should be transferred systematically
and progressively by way of training, consult-
ing service and submittal of required technical
documents including computer programs.

With the proposals received in March 1986,
the evaluation was performed by the owner and
designated local prime contractors. In fact,
most of the bidders accepted Korean requirements
in ITB for technology transfer. It is believed
that this sincerity comes from the environment
created by the slow-down in the international
nuclear market, as well as consideration of
nuclear project prospect in Korea, having been
built up continuously through the previous
projects. The willingness for technology trans-
fer was given much weight in the selection of
the successful bidder. The progress of Korean
nuclear projects is going well with the friendly
cooperation and support of the selected foreign
technology suppliers.

Features of each technology transfer are
briefly described here.

Design, and manufacturing of equipment
within KHIC's scope of supply, which accounted
for 68 percent and 82 percent of the total NSSS
and T/G equipment, respectively, for KNU U and

12, will be performed by KHIC based on our
accumulated capability. As for the foreign
supplier's scope of supply, KHIC receives the
technical documents in advance for home study,
and after training by the foreign supplier,
KHIC's design personnel jointly participate
in the design of the foreign supplier's scope
under the responsibility of the foreign
supplier. Even though KHIC has the manufactur-
ing capability of control rod drive mechanism,
reactor coolant pump, and reactor internals,
this equipment was excluded in NSSS equipment
localization. This was due to the consideration
of the economic feasibility, as it would require
additional manufacturing facilities for KHIC
with considerable amount of capital cost. Non-
localized equipment in the T/G is only instru-
ment and control equipment, some other minor
parts, and the design portion in which KHIC
jointly participates.

KAERI as a recipient of NSSS system design
and fuel core design technology, the essence of
nuclear technology, has built up its capability
through accumulated research and development.
In December 1986, after the selection of the
successful bidder, and before the contract
finalization, KAERI has dispatched 50 design
personnel to the supplier for training. After
design capability has been transferred through
this continuing training, KAERI is going to
participate in system design with a 50 percent
participation ratio, based on Man-Hours.

KOPEC has participated as A/E from KNU
5&6 to KNU 9&10 so as to be able to perform
almost all the areas of A/E by themselves. By
receiving foreign supplier's assistance in
technical know-how and know-why in some areas
through the technology transfer contract, KOPEC
will perform A/E design as prime contractor.

Major areas of the above mentioned tech-
nology transfer are as fellows;

. NSSS

Core design
Thermal & hydraulic design and analysis
Nuclear control system design
Safety analysis
LOCA analysis
Seismic analysis
Fatigue analysis
Functional design
Material design
Fabrication technology
Fuel related services

T/G

Thermal & hydraulic design and analysis
Balance & vibration analysis
Rotor dynamic analysis
Function test and analysis
Turbine design & engineering
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- Heat exchanger design
- Generator design & engineering
- Exciter design
- Manufacturing technology

. A/E

- Seismic analysis and design
- Containment structure analysis
- Computer aided design
- Computer application for system design &

analysis
- Technology of life extension
- Conduit support seismic design
- Environment qualification design
- Nuclear engineering
- Preparation for standard design

. Fuel Fabrication

- Fuel design
- Fuel fabrication
- Safety measure and radiation protection

With the technological level raised
through the direct participation in the project,
and with the digestion of the training,
consulting, technical data, and information
provided by a technology transfer contract, and
through all the accumulated efforts in each
field of technology, 95 percent of self-reliance
in nuclear technology will be achieved at the
coopletion of the project.

As Korea is heading toward 95 percent self-
reliance in technology, she also cooperates
with technologically developed countries for
continued research and development. The goal of
technology self-reliance in each field is shown
in table 3.

In order to accomplish self-reliance in
nuclear technology, not only the transfer and
digestion of core-technology is required, but
the elevation of related industries' technology
is also absolutely required. Toward this end,
the government h-is been taking institutional
measure to enhance the technical capability of
local industry by offering technical assistance
and by inducing the will for technology develop-
ment. Currently the local vendors for each
specialized balance of plant equipment make
every effort to develop the technology by way
of training their personnel, inducing high
technology, and by making technical agreements
with foreign vendors for the equipment which
is difficult to design by themselves.

In order to support self-reliance in the
nuclear technology, the government, besides
providing support in areas such as the designa-
tion of KHIC as a prime equipment manufacturer,
and designation of specialty enterprises for
specialized equipment, is considering the
exemption of taxes and duties levied on mater-
ials, equipment and services related to nuclear

power plant construction. Also increased finan-
cial support is offered for the development of
technical know-how and for the investment in
performance test facilities.

Table 3. Localization Ratio and Goal for
Technology self-reliance

(Unit : %)

^ \ ^ ^ Unit

Area ^ - ^

Equipment
Manufacturing

NSSS
System design

Core design

Fuel
Fabrication

Architect
Engineering

KNU 11&12
localization

ratio

72.0

50.0

77.0

100

79.0

Technology
self-reliance
goal after
KNU 11&12

above 95

above 95

100

100

above 95

Self-reliance in nuclear technology is
progressing well in harmony with governmental
policy and the efforts of related industries.
Electric Pover Group Cooperation Counsel
(EPGCC), consisting of owner, local prime
contractors, and research institute, is operated
to discuss the policy of each member of EPGCC
with the aim of promotion of nuclear technology
self-reliance and to manage the exchange of
technical information and data among related
industries.

EPILOGUE

Korea's nuclear technology transfer
program has been a success, firstly because it
has been accomplished step by step, starting with
the areas of technology which were easy for
local industries to assimilate, and secondly
because it has played a leading role in the
development of local industries' technological
infrastructure. And, in order to achieve self-
reliance in nuclear technology sooner, Korea
will carry out the followings, throughout the
KNU 11&12 projects;

. Maintaining consistent governmental policy

. Strengthening the cooperation between related
industries

. Solidifying the industrial foundation and
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strengthening the assimilation capability of
industries

. Continuing the development of nuclear projects

. Mi in!"'" ininf, the .long-term cooperation with the

M."n the above policy is successfully
cam-.-i •'•'t.. L'.: is believed that Korea will be
able t.o ..chievc ;;?! f-reliance in nuclear tech-
nology a< f.he cocipletion of the KSU Ü&12
project.
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