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Historical Achievements in the Development of Nuclear Energy in Korea
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Nuclear technology took its first step into Korea when the Korean
govemment established the Atomic Energy Division within the Technology
Education Bureau of the Ministry of Education in 1956 under the leadership
of the President Syngman Rhee. Thereafter the Atomic Energy Act was
promulgated in March 1958 and the Atomic Energy Board was set up within
the government structure in October 1958.

Then the Korean government established Korea Atomic Energy
Research Institute in March 1959 in accordance with the Atomic Energy
Act and launched a project to construct a research reactor, TRIGA Mark
II, in July 1959 for the first time in Korea. It went into operation in March
1962.

As the Ministry of Science and Technology(MOST) was established in
March 1967, the Atomic Energy Board was re-organized into the Atomic
Energy Agency under the Ministry.

Under the leadership of the President Chunghee Park, the Korean nuclear
industry could launch the construction project for Kori unit 1 in 1971, the first
commercial nuclear power plant in Korea. It went into commercial operation
in March 1978.

In the early stage of nuclear power development, several nuclear power
plants including Kori unit 1 were constructed by overseas companies on a



tum-key contract. However, starting in the mid 1980’s Korea has actively
pursued, making a lot of efforts on national level, the development of its own
nuclear technologies to achieve technology self-reliance. As a result Korea
was successful in developing the design of Korean Standard Nuclear Power
Plant(KSNP) in 1989, and applied it to Ulchin units 3 and 4. Later KSNP was
improved to become Optimized Power Reactor-1000 (OPR-1000). In 2002
Korea developed a more advanced nuclear power plant called Advanced
Power Reactor-1400 (APR-1400) which has many enhanced safety and
economic features over OPR-1000 and then applied it to Shin-Kori units 3
and 4. Recently the Korean consortium won the contract at the end of 2009
for the construction of 4 units of this APR-1400 in the UAE. Also at the end of
2009, Korea won the contract to construct a research reactor in Jordan. The
experience accumulated through the design and construction of multi-
purpose research reactor, HANARO, in 1995 by Korea’s indigenous

technologies led to the export to Jordan.
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1-1. Enactment of the Atomic Energy Act

In the year of 1955, a nuclear energy study group was formed by some ten
scientists that included Sewon Yoon and Heekyu Kim, assistant professors of
Physics at Seoul National University, and air force officers Kuengho Hyen and
Junpyeong Kim. The study group asserted that the establishment of atomic
energy laws was the first and the most important step for Korea to take to
promote nuclear programs in a systematic way and they set out on drafting
them. The main contents of the draft were drawn from the peaceful uses of

nuclear energy reflecting the policy initiatives of the US.

In the process of drafting the Atomic Energy Act, the group referred to
atomic energy laws of the US, the UK and Japan. The draft was approved by
the cabinet on 26 June 1956 and then ratified by the National Assembly. The
Atomic Energy Act was promulgated as legislation No. 485 on 11 March
1958. Meanwhile the Korea-US Civil Nuclear Cooperation Agreement was
formally signed in February 1956, which was tentatively accorded in July
1955.
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1-2. Establishment of the Atomic Energy
Division in the Ministry of Education

On 8 December 1953, Dwight D. Eisenhower, the President of the US
proposed the establishment of an international agency for the peaceful uses of
nuclear energy in the speech at the UN General Assembly. Since then the US
Atomic Energy Commission (USAEA) circulated papers on the peaceful uses

of nuclear science and technology to selected countries.

Since there were few government officials who had in depth knowledge and
experience with large volumes of academic and professional papers on the uses
of nuclear science and technology, Chuljae Park, then Director General of the
Technology Education Bureau, the Ministry of Education requested the study

group to make a well-built executive summary in reasonable size. Also the



study group supported the Ministry of Foreign Affairs in making high level
administrative preparations in such a way for Korea to successfully join the

IAEA as its regular member in 1957.

As the proposal to establish a dedicated division for nuclear energy was
gaining momentum, a division was formed in March 1956 and named Atomic
Energy Division. It was headed by Sewon Yoon. At the beginning the Division
carried out such milestone tasks as entry into the IAEA, enactment of the
Atomic Energy Act, establishment of the Atomic Energy Board and Korea
Atomic Energy Research Institute, and introduction of a research reactor,

paving the way for nuclear energy development in Korea.
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1-3. Establishment of Nuclear Engineering
Department Universities

After the Korean War(25 June 1950 -17 July 1953) up to the 1970’s the
GDP per capita of South Korea was no more than 250 US dollars which is just
about 30 percent of the North Korea’s GDP. What made situations more
difficult was the South had to allocate a large portion of its national budget to
defence sector in order to stand against the North Korean military threats

backed by communist China and Soviet Union.

Even under such circumstances, there was a wide spread belief among early
intellectuals that nuclear energy, then considered as high-tech to produce
energy, could be best suited to South Korea for the production of electricity
providing a solution to energy scarcity problem of the nation.

Inha University was the first to open a nuclear engineering department in
1957. However, the venture ended without success because of the difficulty in

recruiting enough faculty members.

A year later, Hanyang University established a nuclear engineering

department in 1958, followed by Seoul National University in 1959. Many



talented high school graduates applied to study nuclear science and technology
at both universities. Seoul National University had a comparative advantage
due mainly to its proximity to the research reactor TRIGA Mark II for

experiments and other facilities of Korea Atomic Energy Research Institute.

Then KyungHee University came along to establish a nuclear engineering
department and was enthusiastic enough to introduce a zero power critical
assembly for educational purposes. Then followed by Chosun University and
Jeju National University later on. Far later in 1971 Korea Advanced Institute of
Science and Technology(KAIST), the first research oriented postgraduate

institute, established a department of nuclear engineering.

After the TMI(Three Mile Island) nuclear accident in 1979, many nuclear
engineering departments around the world were closed or merged into other
departments. In contrast to this worldwide trend, universities in Korea
maintained the level of student enrollment in nuclear engineering departments. It
was very fortunate for Korea to have a steady supply of high quality manpower

from the universities as it developed and expanded its nuclear industry.
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1-4, Establishment of the Atomic Energy Board
and Korea Atomic Energy Research Institute

The Ministry of Education envisioned a nuclear authority which has a
step higher stature than other ministries in the governmental hierarchy.
However in the process of consultation with the Ministry of General
Affairs which has the responsibility of governmental structure, the
Ministry of Finance the responsibility of budget and the Ministry of
Legislation the responsibility of government initiated laws, the authority
ended up as the Atomic Energy Board having actually one step lower

status than other ministries.

Organizational structure of the Board was formalized on 1 October 1958
and BupRin Kim who earned sound credit from the President Syngman Rhee
was appointed head of the Board. He also once served as the Minister of

Education and floor leader of the ruling party, the Freedom Party.

Meanwhile, acquisition of adequate land had became one of the high
priority agendas for the establishment of Korea Atomic Energy Research
Institute. SeWon Yoon, then Director of the Atomic Energy Division of the
Ministry of Education made a request to Seoul National University to concede
160,000 B> out of its College of Engineering site of 430,000 > which is
located in Nohea-muen, Yangju-gun, Kyunggi Province. In addition to the
land secured from the University, the Ministry purchased adjoining private

land to complete the boundary of the Institute.



ChullJea Park, Director General of Technology Education Bureau, the
Ministry of Education at that time was appointed as the first president of the
Institute on 3 February 1959. Then on 1 March 1959, Korea Atomic Energy
Research Institute was officially opened.

At the beginning the Institute had six research cells to cover the areas such
as reactor engineering, electronics, physics, chemistry, biology and health
physics. Researchers had a status of government official but were given special
benefits including the salary three times higher than that of other general

government officials.

At that time the Institute carried out basic researches on nuclear energy such
as development of technologies related to construction of nuclear power plants,
nuclear safety analysis, nuclear economics study, and development of

radioisotope application technologies.

In the 1960’s the Nuclear Medicine Research Institute and the Radio-
agriculture Research Institute were operated separately from Korea Atomic
Energy Research Institute as spin-off organizations. However, those two Units

were merged again into KAERI in the 1970’s.
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1-5. Introduction of the First Research Reactor

The government made a plan to introduce a research reactor in 1957.
Because the joint statement on the “Korea and US Civil Nuclear Cooperation
Agreement”’, which was signed two years before, included a provision of 350
thousand US dollars as a grant. The Korean government decided to introduce a
research reactor and related facilities worth 722 thousand US dollars by

adding a government fund of 382 thousand US dollars to this grant.

The Ministry of Education sent a survey team comprised of ChullJea Park,
Director General of Technology Education Bureau, SeWon Yoon, Director of
Atomic Energy Division under the Technology Education Bureau and
HeeKyu Kim, a professor of Physics at Seoul National University to the US to
assess and compare the research reactors proposed by such companies as

General Electric, American Machine & Foundry and Lockheed.

Later on the survey team decided to purchase a TRIGA research reactor of
General Atomic(GA) located in La Jolla, California because of the excellent
safety performance of its uranium-zirconium-hydride reactor fuel which has
negative temperature reactivity coefficient. It also had other merits such as
relatively low price compared to others and its diverse applications. Also this
type of reactor was widely used in many countries in South America, Europe,

Asia and Africa.

At the beginning the survey team considered a TRIGA reactor with the
thermal output of 10 kWt. However, SeWon Yoon, insisted that it should be at
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least 100 kWt, 10 times bigger than the initial candidate, and the final decision
went for a 100 kW TRIGA Mark-1II.

Korea Atomic Energy Research Institute celebrated on 14 July 1959 a
ground breaking for the 100 kWt TRIGA Mark-II research reactor inviting the
President Syngman Rhee, and the reactor went into operation in March 1962
after two years of construction.

In the construction of the TRIGA Mark-II, reactor installation and tests were
commissioned by GA and civil works by Holmes & Narver, Inc. a sub-
contractor of GA, that has specialty in building launchers of nuclear warhead.
The most difficult work in the construction of the TRIGA Mark-II was
formation of heavy concrete for radiation shield and aluminum vessel welding
which was applied the first time in Korea.

After a few years’ operation, however, researchers found out that they
couldn’t carry out advanced research projects because of its low neutron flux.
To solve the problem Kwan Lee, head of nuclear engineering department
together with senior researcher Changkun Lee, made a plan to upgrade the
reactor power from 100 kWt to 250 kWt in their own efforts and the mission
was successfully completed in 1967. However, a few years later, they realized
that the reactor with 250 kWt was still not big enough to perform important
advanced researches. So the Institute launched again another construction

project. This time they decided to build a2 MWt TRIGA Mark-II1.
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1-6. Commercial Operation of the First Nuclear
Power Plant, Kori unit 1

For the construction of the first nuclear power plant, 22 potential sites were
examined and then out of them 9 were short listed as prospective sites in the
first round of site selection process. In the second round three sites were
chosen, in that Wolrea-ri, Gilchun-ri in Jangan-muen, Gizang-gun, Kyungnam
province and Hangju-ri in the basin of the Han river emerged as more feasible
sites. Meanwhile the government revised its “Long term Electric Power
Development Plan” in 1967. So reflecting this revision, the nuclear power
plant construction plan was expanded in such a way to build two units with
500 thousand kWe each instead of initally considered one unit with 300
thousand kWe. Taking into account of all this new development, more detailed
site survey was conducted in the areas around Wolrea-ri, Gilchun-ri. Finally

the area which covers Wolrea-ri, Gilchun-ri and Ko-ri was chosen as the site



for the first nuclear power plant in Korea taking into consideration the
geological and meteorological survey results and recommendations by the

IAEA.

Construction of Kori unit 1 was carried out on a turn-key contract in
which foreign vendors had all the responsibilities for design, manufacturing,
installation, test and operation. Construction cost of Kori unit 1 was 33.4
billion Won (Korean currency) . Korea Electric Power Corporation (KEPCO)
appropriated local fund of 8.3 billion Won and oversea loan of 95 million US
dollars to pay the cost. KEPCO selected Westinghouse, a US company as the
main contractor in January 1969 after tender evaluation conducted for three
months to assess and compare between GE, Westinghouse, CE of the US and

British Nuclear Export Executive.

KEPCO signed a technical service contract with Burns & Roe, an American
company for three months in February 1969 to prepare technical specifications
for Kori unit 1 construction contract. In the negotiation of the contract with
Westinghouse in October 1969 Westinghouse proposed EEW, a UK company,
to supply the secondary system and balance of plant. It was a bit afraid if some
unexpected side effects from this subcontractor arrangement might develop
into big troubles regarding responsibilities during the construction. In June
1970 KEPCO signed a construction contract with Westinghouse and signed a
fuel supply contract also with Westinghouse but separately. A construction
ceremony was held at the Kori site, attended by President Junghee Park, in
March 1971 and it was televised to the public.

The date of completion of the construction was scheduled for the end of
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December 1975, 60 months from the point of the contract.

Meanwhile construction work for Kori unit 1 was plagued by frequent
delays so only 83 percent of the whole construction work was progressed by
July 1975, leaving six months for completion. 27 months delay in construction
was mainly due to late delivery of facilities and equipment caused by reduced
working hours at UK factories in the wake of oil crisis and also labor disputes

contributed, to a certain degree, to this delay.

To recover the construction schedule, therefore, KEPCO regularly held a
project review meeting(PRM) with contractors to intensely check issues and

activities which are behind schedule and set up necessary measures.

Unable to complete the construction by the end of 1975 KEPCO signed an
additional agreement to speed up the construction work with Westinghouse on
19 February 1976 with the completion goal set at the mid 1977’s. It stated that
@ Westinghouse takes over all the responsibilities for what EEW was
managing in the construction; & Westinghouse makes it possible to produce
10 percent of electricity out of the total generation capacity of 595,000 kWe by
30 June 1977, otherwise Westinghouse shall pay 2500 thousand US dollars to
KEPCO as penalty. Also in case of failure in completing the plant to produce
the power of 595,000 kW by 30 December 1977, Westinghouse shall pay
1,000 thousand US dollars to KEPCO; 3 KEPCO shall pay Westinghouse
8,100 thousand US dollars for additional construction management cost. The
additional construction cost was incurred inevitably because of the oil crisis in

1973 which resulted in higher construction cost.



Despite many hurdles Kori unit 1 reached the point to load nuclear fuel on
23 April 1977, after 7 years of construction. With nuclear fuel loaded the plant
went into operation at 2 pm on 18 June 1977 and reached the initial criticality
for the first time at 5: 40 pm on 19 June. Starting from 5 pm on 5 April 1978 it
went through one hundred hours of continuous test operation at full power and
24 hours of thermal efficiency test as specified in the contract. After finishing
these test operations KEPCO took over Kori unit 1 from Westinghouse on 29
April 1978, which marked a special occasion for Korea to join the nuclear

power countries in the world.

Korea practiced quality assurance activities for the first time through the
construction and operation of Kori unit 1. According to the contract there was
no need to apply quality assurance program because the contract mandated
only to meet the requirements given in 1968 edition of the American Society
of Mechanical Engineers(ASME) codes and standards for manufacturing
important mechanical components. However Maurice Rosen who visited
Korea by the request of the Korean government recommended that KEPCO
need to set up a quality assurance system in view of its importance especially
in nuclear industry. In response to his recommendation, the Korean
government specified in its nuclear laws in May 1973 that applicant of nuclear
power plant construction permit and/or operating license should submit a
safety analysis report and a quality assurance program to the regulatory

authority.

It should be acknowledged that the skills and capabilities in welding,

plumbing and project management accumulated through the construction of
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Kori unit 1 have greatly contributed to the advancement of various heavy
industries and ship building industries in Korea. Kori unit 1 is still operating
well producing high quality electricity even after the extension of design life of

30 years in 2007 when it was authorized to operate 10 more years.
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1-7. Successtul Deployment of Korean Standard
Nuclear Plant(KSNP)

® Development of the First KSNP, Yonggwang units 3 &4

It is recognised that the implementation of Yonggwang units 3 and 4 project
laid a foundation for self-reliance of nuclear technology in Korea. In 1985, the
Korean government set a target which called for an achievement of 95 percent
self-reliance of nuclear technology by 1995 and then pushed the target through

the nuclear related organizations by assigning the role for each organization.

In the project KEPCO took the overall project management and KEPCO
Engineering & Construction Inc.(KEPCOE&C) was responsible for plant
design, KAERI for nuclear steam supply system, Doosan Heavy Industries &
Construction for nuclear equipment, turbines and generators, KEPCO Nuclear
Fuel Inc. (KEPCONF) for nuclear fuel manufacturing. Each organization
carried out its technology self-reliance plan building its technical capabilities
through technology transfer from the counterpart foreign suppliers which

participated as sub-contractors.

In the contract evaluation process in 1985 Westinghouse was eliminated



mainly because it showed a lukewarm attitude towards technology transfer.
Instead Combustion Engineering Inc.(CE) which showed positive interest in
technology transfer was chosen for the supply of core components such as
reactor, steam generator, turbine and pressurizer, etc., and Sargent & Lundy for

total design of the plant.

In line with the time schedule, a preliminary safety analysis report and an
environmental report for Yonggwang units 3 and 4 were prepared and
submitted to the government. Upon the review and conclusion by the Atomic
Energy Commission and the responsible ministries that safety of the plant
design and environmental impact due to their construction meet the
requirements under applicable laws and standards, the construction permit was
issued for both units at the end of 1989 by the then Ministry of Science and
Technology. Then the reactor and steam generators were installed at
Yonggwang unit 3 in December 1991 and it went into commissioning test in
1993. In October 1995 nuclear fuel was loaded and then the reactor reached the
first criticality. Yonggwang unit 3 successfully reached the 100 percent power
level on 7 February 1995. It went into commercial operation on 31 March
1995 declaring that the construction was now completed. In the meantime, the
construction of Yonggwang unit 4 had made progress in parallel with
Yonggwang unit 3 but with one year’s gap. It went into commercial operation

in January 1996.
It may be worth noting that the construction of Yonggwang units 3 and 4

brought an important historical milestone in achieving the self-reliance of

nuclear technology in Korea. Through the construction of these Yonggwang
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units, Korea had achieved 95 percent of its target which called for the
completion of nuclear technology self-reliance by the end of 1995. Further, it
laid a technical as well as project management foundation for taking the first
step towards the construction of Korean Standard Nuclear Plant (KSNP). The
first of these KSNPs are built at Ulchin site as Ulchin units 3 and 4.

® Ulchin units 3 and 4 as KSNP Achieved by Indigenous

Technology

Ulchin units 3 and 4, for which the construction started 27 May 1992 for
both units but unit 3 went into commercial operation in August 1998 and unit 4
in December 1999, are the first KSNP units. KSNP is a typical 1000 MWe
pressurized water reactor system developed by Korea’s own technology which
has many enhanced safety features and high operational performance
compared to the existing reactors with same power output. Further it has
economic advantages coming from the standardization of plant design. So
KSNP is believed to have the international competitiveness in the world

market.

The construction project of Unchin units 3 and 4 was carried out with such
noticeable features as follows: First, KEPCO took the overall responsibility for
the project and managed in such a way that participating local suppliers and
engineers could complete the standardization of major areas involved in
nuclear power plant construction such as design, manufacturing, installation,
test and commissioning. However, specialized overseas suppliers filled the gap
which was small but could not yet covered by local technologies.

Second, construction was completed within the pre-scheduled time with



very effective project management and thus could save the construction cost
significantly. Third, safety of the plant was assured to the internationally
acceptable level. In that most updated safety technologies and upgraded safety
standards, together with provisions for severe accident prevention and
mitigation were applied to these units compared to other PWRs with a
capacity of 1000 MWe which are under construction around the world these

days.

Optimized Power Reactor-1000 (OPR-1000), which represents improved
KSNP, shows more advanced features and merits in terms of construction cost
and operational performance. Shin-Kori units 1 and 2 and Shin-Wolsung units
1 and 2 which are under construction are OPR-1000 (Note: Shin-Kori unit 1
went into commercial operation as of February 2011.) Construction cost of
OPR-1000 is competitive with current French reactors with comparable power
output and much lower than those of Japan or of the USA. The capacity factor
of KSNP , which indicates operational performance of a reactor, has been

maintained over 90 percent since 2000 compared 77 percent of world average.
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2-1, Introduction of Nuclear Energy(President
Syngman Rhee)

When the Korean War ended and an armistice agreement was signed in
1953, Korea suffered from severe electricity shortage for households and

industry as well.

Under the circumstance the chairman of Detroit Edison, a electric power



company, Walker Lee Cisler came to Korea and payed a visit to the President
Syngman Rhee in 1958. At that time he gave an explanation about nuclear
energy for electricity and other benefits, and advised that the first step to take

for utilizing nuclear energy was foster nuclear manpower.

Recognizing the enormous potential benefits of nuclear energy the President
Rhee decided to go for nuclear energy and sent 237 government supported
trainees to the USA and the UK during the period of 10 years starting from
1959, which cost annually 6,000 US dollars per person. At that time the GDP
per capita was meager 70 US dollars, and of course around half of the

necessary fund came from oversea aids.
As a result of all these efforts made ever since the encounter between the

President Rhee and Walker Lee Cisler, Kori unit 1 could go into operation in
1978 that marked the 20th year of their encounter.

2-2. PWR:8 2A 2 2851244 €87]=Y
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2-2, Decision on PWR Type and Turn-key
Contract with Westinghouse

On March 10 1968 the Nuclear Power Plant Commissioning
Committee(NPPCC) was convened and decided that Korea Electric Power
Corporation(KEPCO) took the responsibility of overall management of the
introduction of a nuclear power plant and Korea Atomic Energy Research
Institute(KAERI) the nuclear human resources development and technical
supports. The committee was set up as a temporary ad hoc governmental
authority comprised of the Minister of Economic Planning Board, the Minister
of Ministry of Energy and Resources, the Head of Atomic Energy Agency, the
president of KEPCO and the senior secretary to the President for science and

technology for the development of nuclear energy.

In accordance with the decision made by the NPPCC, KEPCO started an
international bidding process to invite tenders for the construction of the first
nuclear power plant, Kori unit 1 in May 1968. Westinghouse(W), Combustion
Engineering(CE) and Babcock & Wilcox(B&W) of the USA and BNEX of the
UK were chosen as potential bidders and then invited a letter of intention at the
end of 1968. Receiving a dossier of bidding documents from them, KEPCO

reviewed the contract proposals on the basis of safety and economics for 18



months and then decided build a PWR. After that KEPCO finally selected W
for the supplier of the nuclear steam supply system(NSSS) for Kori unit 1 on 24
June 1970 as it was acknowledged that W had excellent technological merits
and teeming experience of export. The contract was a turn-key mode where the

contractor assumes all the responsibility for the project.

At that time only BNEX proposed an improved advanced gas-cooled

reactor(AGR) and the rest a pressurized water reactor(PWR).

At the end of 1973 W could not continue on the project within the cost of
contract because of soaring prices of nuclear components caused by oil crisis.
Under the situation KEPCO and W agreed on the KEPCO’s commitment of
Kori unit 2 contract with W, increase of contract cost of Kori unit 1 and
extension of construction period for Kori unit 1. Then Kori unit 1 construction

project could make progress.
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2-3. Decision on Localization of Nuclear Fuels

The Korean government established Korea Nuclear Fuel Development
Corporation(KNFDC) as an affiliated organization of KAERI for the
localization of nuclear fuel on 1 December 1976 at Deaduk Research
Complex. Later KNFDC was merged into KAERI and renamed as Deaduk
Engineering Centre in 1981. KAERI set up a test facility for nuclear fuel
manufacturing in October 1978, a test facility for uranium refining and
conversion facility in 1982 and later a test facility for irradiation and a
radioactive waste treatment facility, all of which were essential for the

development of nuclear fuel.

The 26th Economic Ministerial Meeting on 24 September 1979 decided to
localize PWR nuclear fuel which was believed to have economic viability over
CANDU(CANada Deuterium Uranium) reactor fuel. At that time CANDU
reactor fuel was recognised as non-economical. However, KAERI launched a
project to develop CANDU reactor fuel from January 1981 and successfully
completed the development. So the localization of CANDU fuel was achieved
earlier than PWR fuel.

Regarding the localization project for PWR fuel, the 31st Economic Ministerial
Meeting on 30 July 1981 followed by a Concerned Ministries’ Working Group
Meeting in August decided that KEPCO was to play a leading role but to carry
out the project by establishing a joint company with foreign supplier and supply
all the necessary PWR fuel from 1988 to meet domestic demands.
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In line with the decision KAERI signed a technology transfer contract with
Simens-KWU, a German company regarding nuclear design, core design,
thermal-hydraulic design, prototype fuel manufacturing and performance test,
etc. As a result locally manufactured PWR fuel was loaded into Kori unit 1 for
the first time in 1990.
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2-4, Decision on Nuclear Technology Self-reliance

The “Enhancement of Economics in Nuclear Power Generation™ set up by
the government on 28 July 1984 provided a comprehensive policy

framework which outlined basic guidelines regarding acceleration of self-



reliance in nuclear power plant construction technology, standardization of
nuclear power plant design, advancement of project management skills,
increase of plant capacity factor - an indicator of nuclear power plant
performance and state, enhancement of operational performance and
improvement of nuclear safety and regulatory system. Another noteworthy
point was that it laid a guideline for future construction of nuclear power
plant, in which local companies and organisations participate as prime
contractors and foreign suppliers as sub-contractors on condition of

technology transfer.

On 20 October 1984 the Korean government established the
“Implementation Plan for the Design of Korean Standard Nuclear Power
plant(KSNP)”. Main objective of the plan was to acquire necessary technical
capabilities through the construction of the 11th and 12th nuclear power plant
(they are nowadays Yonggwang units 3 and 4), so that the construction of
following units could be the repetition of KSNP-1000. The plan was carried
out in such a successful way that local companies and organizations
participated as prime contractors playing a leading role in design, construction
and project management not only for Yonggwang units 3 and 4 which served
as reference plant but also for Ulchin units 3 and 4, Yonggwang units 5 and 6,

up to Ulchin units 5 and 6.

Then Korea developed OPR-1000 through the improvements on safety
and economy over KSNP-1000 and applied to Shin Kori units 1 and 2, and
also to Shin Wolsung units 1 and 2. Further, Korea developed APR-1400

which has more improved safety together with increased power capacity



over OPR-1400 and applied to Shin Kori units 3 and 4, and also to Shin
Ulchin units 1 and 2. APR-1400 was also exported to the UAE and now

under construction.
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2-5. Major Decision Makings on KSNP:
Generating Capacity, Method of Order

Viewed from generating capacity point, the standardization of nuclear
power plant in Korea started with the introduction of nuclear power plant with
capacity of 1000 MWe from CE for Yonggwang units 3 and 4. Utilizing the
technologies and experiences gained from the construction and operation of
Yonggwang units 3 and 4, together with technology transfer from overseas
vendors, Korea completed the development of Korea’s first standardized

nuclear power plant.(KSNP-1000) and applied to Ulchin units 3 and 4. With

81



more improvement and optimization OPR-1000 was developed and applied to
Shin Kori units 1 and 2.

Further, the power was increased and other new technologies were
incorporated to complete the development of APR-1400 and applied to Shin

Kori units 3 and 4.

In the early stage of nuclear power development, several nuclear power
plants including Kori unit 1 were constructed by foreign companies on a turn-
key contract. However, in June 1983, the government drew up a long-term
plan for nuclear power plant construction which set a target to achieve 95
percent of self-reliance for nuclear power plant design and component
manufacturing, and called for the construction of standardized nuclear power
plant. And the government also set the target of self-suffiency for nuclear
power plant construction technologies. That was, technologies and experience
should be accumulated through the construction of Yonggwang units 3 and 4
so that by the end of 1995 when their construction would be completed, Korea
would achieve more than 95 percent technology self-reliance level for a PWR
with 1000 MWe. To achieve this goal, the government made the following

decisions:

1) To achieve technology self-reliance through the construction of
Yonggwang units 3 and 4, domestic companies would be selected as
prime contractors and the project would be carried out jointly with
overseas companies,

2) To learn and acquire necessary technologies through the introduction of

overseas technologies, contracts for technology transfer would be signed,



separately from the contract for Yonggwang units 3 and 4, so as to get all
technical documents necessary for the construction of nuclear power
plant, including computer programs, and also to get training for
technically weak areas,

3) For some technical areas still left as insufficient in the development of
our own technologies, those technologies should be developed and
acquired by carrying out our own research and development projects,

separately from the introduction of overseas technologies.

According to this plan, KEPCO took the overall project management. And
KEPCO carried out evaluations on the technical as well as the general terms
proposed by 13 companies from 4 countries to select companies that will work
jointly with domestic companies. As a result, KEPCO announced, on 30
September 1986, its final selection. In that CE of the US was selected for
NSSS, GE(General Electric) of the US for turbine and generator, and S&L of
the US for total design of the plant.

Later on 9 June 1987 KEPCO signed a contract with KEPCOE&G for plant
design and a contract with Doosan Heavy Industries & Construction for
turbine and generator. These two companies were selected as prime
contractors. At the same time, these two prime contractors signed subcontracts
with KAERI and overseas companies., KAERI which signed with Doosan
Heavy Industries & Construction for NSSS design, signed separately with CE

for joint design work.
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2.7 Nuclear Safety Policy Statement,
Establishment of Nuclear Safety Day

The Most announced the Nuclear Safety Policy Statement on 10 September
1994. Intended in this Statement was to emphasize the importance of nuclear
safety and to remove ambiguity and obscurity embedded in regulatory policy

on nuclear safety by clearly putting down in writing the principles of nuclear



regulation in such terms as independence, openness, clarity, efficiency, and
reliability. Also contained in it was a societal perspective on the promotion of
nuclear safety through active participation of the people. The Statement
confirmed the “Directions of Long Term Nuclear Energy Policy toward the
Year 2030” which was established as Korean nuclear policy, namely, nuclear
energy was defined in such a way as the “energy that should be used for
peaceful purposes only, in a way safety being assured, to advance the well-
being of the people, and to go with the people.” So the assurance of safety
should be a prerequisite for the development and utilization of nuclear power.
All this was to emphasize that all organizations and individuals engaged in

nuclear power activities should adhere to safety principles as top priority.

At the time “Nuclear Safety Day” was established, there was a dabate
whether to select “Nuclear Energy Day” or “Nuclear Safety Day.” However,
since the word “Nuclear” brings up safety concern as the first thing in our
mind, we needed to make efforts to remove the concern on safety. Japan has
long been promoting “Nuclear Energy Day” so that the concept to pursue
nuclear energy for peaceful purposes has already spread across all levels of the
Japanese society. So, rather than making a copy of Japanese model, we all
agreed to develop our own nuclear safety culture and decided to name it as
“Nuclear Safety Day”. Even the IAEA praised our Nuclear Safety Day
campaign as a good practice to promote nuclear safety and introduced it to its

member countries.

Nuclear safety cannot be achieved only by loud shouts of strong words. It

can be achieved only when the safety awareness of all employees, from field



technicians to top manager, is systematicall established. Therefore, education
on safety awareness had emerged as an important issue. We managed to
provide good safety education to workers to carry out their missions earnestly
paying keen attention to achieve nuclear safety in their workplace, and also
identified and selected best safety performers and encouraged them, all
intended to promote safety awareness. To achieve this objective,

encouragement proved the best strategy.

Nuclear safety issues were not limited to those countries with nuclear power
projects but also emerged as an issue of global interest. That brought up a
necessity of international efforts and cooperation with the IAEA at the center
to assure nuclear safety around the world. The IAEA, at its 38th General
Conference in September 1994, presented the International Nuclear Safety
Convention signed by its Member States as international standards on nuclear

safety.

As such, the MOST addressed clearly in its Nuclear Safety Policy Statement
that overriding priority should be given to the assurance of nuclear safety in the
development of nuclear power and it should be assured to internationally
acceptable level, and this goal should be achieved through the enhancement of
safety technologies and the internationalization and rationalization of
regulatory system as well. In other word, it intended to emphasize that safety
culture is more important than anything else in the development of nuclear

power.

Afterwards, the government introduced the “Radioactive Waste



Management Act” in December 2009 for more systematic and efficient
management of radioactive waste, and in 2010 established Korea Radioactive
Waste Management Corporation (KRMC) as an organization exclusively

responsible for the management of radioactive waste.

Nuclear safety could be assured through defect free equipment and excellent
operating capability together with strict safety regulations by the regulatory
body but this could not be enough. Thus, confirmed importance was the
establishment of an integrated program which would include emergency
preparedness in case of radiological emergencies, safety assurance system to
cover all stages of nuclear power plant from design, construction, operation
and to maintenance, and achievement of safety culture through the

understanding and cooperation of the public.

Nuclear utility came to recognize that establishment of management
policies, giving a high priority to nuclear safety, and fostering a working
climate to assure nuclear safety would be more important than anything else.
From then on, managers encouraged, praised and provided tangible rewards to
employees for commendable attitudes and good practices concerning safety
matters. For repeated deficiencies in or negligent attitudes toward nuclear
safety, managers took firm measures in such a way to prevent the recurrences.
When errors were committed, individuals were encouraged to report them
without any concealment and to correct them to avert future problems so that a
desirable working environment could be created to assure nuclear safety at the
workplace. The ultimate goal was to achieve safety culture through the

development of sound safety policies, full understanding of safety culture by



the senior management and also through proper safety practices and
implementation by individuals engaged in nuclear industry. That was the
reason why the MOST established the 5 regulatory principles such as
independence, openness, clarity, efficiency, and reliability and they were put

into force.
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2.8 Construction of Kyungju Radioactive Waste
Management Facility

The Korean government started searching for candidate sites for the deposit
of low and medium level radioactive waste and also for the temporary storage
of spent fuel as nuclear share in electricity generation has steadily increased
since the end of the 1980’s. KAERI, then the responsible organization,
launched out on geological survey in three eastern coastal areas such as Uljin-
gun and Yongduk-gun in Kyungbuk province and Yongil bay in Pohang city
in December 1988. But the survey had soon to be withdrawn because of fierce

opposition from the local people.

Due to the repeated failures by KAERI in finding a suitable site, the
government decided on 1 January 1997 that the whole project of radioactive
waste management would be transferred from KAERI to KEPCO. However,
even though KEPCO tried several times to get a site but couldn’t make any
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progress due to strong and unyielding opposition from the local people and
environmental groups.

After a long and careful assessment of situation, the government set up a
new policy which called for a radioactive waste site to accommodate facilities
for the management of low and intermediate level radioactive waste only,
excluding those facilities for spent fuel. And the government enacted in March
2005 a law “Special act on the provision of supports for the region that
accommodates radioactive waste management facilities.” The law contained a
package of many incentives such as the central government would pay 3
billion Won (Korean currency) as a special support to local government which
hosts such a site, the headquarters of Korea Hydro and Nuclear Power Co.
LTD (KHNP) would move to the region, and a 100 MeV proton accelerator
facility, the facility every local government wanted to host, would be built in

the same region, etc.

Then the government introduced a system of local referendum which would
decide the candidate site by the highest approval rate, based on the result of
local referendum, among the contending regions. Announcement was made by
the government on 16 June 2005 on the details of this local referendum. Four
local governments, Kyungju city, Gunsan city, Yongduk-gun, Phohang city
submitted the application to host the site. The referendum result showed that
89.9 percent of the people of Kyongju city voted in favor of hosting the site,
the highest approval rate among the three regions. This is the way how
Kyongju city was chosen as the site for low and medium level radioactive

waste management.



Afterwards, the government introduced the “Radioactive Waste
Management Act” in December 2009 for more systematic and efficient
management of radioactive waste, and in 2010 established Korea Radioactive
Waste Management Corporation (KRMC) as an organization exclusively

responsible for the management of radioactive waste.
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3-1, Localization of Nuclear Steam Supply
System(INSSS) Design Technology

Core technologies of nuclear power plant are involved in the process of
designing the nuclear steam supply system (NSSS). NSSS is composed of
primary systems, which are installed inside the containment building or
containment vessel, such as reactor coolant system and its auxiliary system and
an emergency safety system. Among them, the most critical technologies are
concentrated in the design of reactor coolant system which is composed of
such important equipment as reactor vessel containing nuclear fuel and steam

generators, etc.

H3E 7l &



In 1984 KAERI was assigned a project of designing the NSSS of
Yonggwang units 3 and 4. As part of implementation of the project in 1985,
KAERI jointly with KEPCO and Korea Heavy Industries (predecessor of
Doosan Heavy Industries and Construction), sent out a letter of invitation to
four companies such as W and CE(Combustion Engineering Inc.) of the US
and Framatome (predecessor of Areva of France) and AECL of Canada to
submit a bid for the contract to participate in the project. After a year of
detailed evaluation of each bid and negotiation, CE of the US, which proposed
the best terms for technology transfer, was finally chosen in 1986 as main

contractor for the project.

At that time KAERI could achieve the target of self-reliance in NSSS
technology through the joint design approach, the same one applied
successfully in the development of PWR fuel, utilizing its highly capable
manpower pool of top class nuclear professionals. 12 years later in 1997, the
localization of NSSS technology was declared as successfully completed by
transferring all KAERI’s manpower having involved in NSSS design to
KEPCOE&C as part of overall project transfer.

This is the way Korea has become a nuclear power country that owns
fundamental technology of Korean Standard Nuclear Plant. It has achieved
such high and creative technical level of know-why as able to incorporate the
state of the art technologies, starting from the know-how level of copying the

commercialized technologies of developed countries.
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3-2. Localization of Architect Engineering(A/E)
of Nuclear Power Plant

Localization of architect engineering of nuclear power plant was launched
as KEPCO selected KEPCOE&C as prime contractor for integrated design of
Yonggwang units 3 and 4. KEPCOE&C signed a technology transfer contract
with S&L of the US as part of implementation of the design of Yonggwang

units 3 and 4.

By the end of 1995, which was the project completion point for Yonggwang
units 3 and 4, KEPCOE&C’s technology self-reliance in integrated design of
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nuclear plant was assessed at 95.34 percent. Based on the experience and
technical capabilities obtained from integrated design of Yonggwang units 3
and 4, KEPCOE&C could further develop and acquire the integrated design
capability for OPR-1000 and APR-1400.
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3-3. Localization of Nuclear Fuel for CANDU
Reactors

In January 1981, KAERI launched a localization project for heavy water
reactor fuel. KAERI signed a contract with AECL on 5 October 1982 for

verification test of the heavy water reactor fuel manufactured by KAERI,
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which was worth 400 thousand Canadian dollars. It was necessary to test the
nuclear fuel developed by KAERI itself to measure the burn-up level of the

fuel and its safety performance.

According to the contract two natural uranium fuel assemblies and one 1.58
percent enriched fuel assembly were loaded in the National Research
Universal Reactor (NRU) at Chalk River National Laboratory(CRNL) of
AECL, Canada on 30 March 1983 and conducted a burn-up test for seven

months.

The test proved that the integrity and the reliability of natural uranium
nuclear fuel assemblies were satisfactory. Based on the test results KAERI
acquired the design approval for natural uranium fuel assembly from the
regulatory authority, the MOST, on 27 January 1984. So Korea now established
its own technology for the design and manufacturing of heavy water reactor fuel

second in the world after Canada.

On 8 September 1984, 24 fuel bundles developed and manufactured by
KAERI were loaded into Wolsung unit 1 and taken out one year after on 30
September 1985 and then conducted fuel burn-up test. The test proved that

Korean fuel was as good as Canadian fuel. It was nothing short of excellent.

Afterwards, KAERI set up a commercial scale manufacturing facility with a
capacity of 100 tonne per year and signed a contract with KEPCO. Starting in
July 1987, KAERI has supplied full batch of natural uranium fuel to Wolsung

unit 1.
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3-4. Localization of Nuclear Fuels for PWR reactors

The target of the localization project for PWR nuclear fuel was to supply all
fuel required by domestic PWRs starting from 1989. This project was carried
out jointly by KAERI and KEPCONF in which KAERI developed fuel design
and KEPCONF was responsible for fuel manufacturing.

In December 1984 KAERI, in an effort to introduce technological know-
hows on nuclear fuel and reactor core design from overseas, received the letter
of intention from five companies such as W, CE and Exxon of the US,
Fragema of France and Siemens/KWU of Germany regarding the technology
transfer through joint design. According to the result of evaluation on their

proposals, the contract was awarded to Siemens/KWU on 10 January 1986.



KAERI launched the design of PWR nuclear fuel and reactor core, jointly
with KWU, in 1986 by assigning its design team to the company.

The joint design project was carried out in such a successful way that
KAERT’s design team was fully capable to perform the task independently.
Thus, starting from 1990 it had carried out nuclear fuel and reactor core design
of its own. At last in 1996, KAERI transferred its design team to KEPCONF

together with all the technologies involved.

In the meantime, KEPCONF has developed its own nuclear fuels called
ACET7 for W type PWRs and PLUS7 for KSNPs. Thus it has been supplying
nuclear fuel for all domestic PWRs in operation since February 1990.
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3-5. Development of Nuclear Safety Technology

Getting rid of dependence on nuclear power advanced countries for the
technologies involved in design, construction, manufacturing, analysis and
assessment for nuclear power plant, we developed a nuclear power plant with
our own technology and exported it to overseas market. The key word for the

driving force behind all this achievement can be said as “safety””.

Since the accident at TMI nuclear power plant on 29 March 1979, the
Korean government had consistently pursued its policy to prevent nuclear
accidents. In accordance to this policy, the Korean government required all
domestic nuclear power plants to apply post-TMI action items in December
1983. And in December 1989 the government required Yonggwang units 3
and 4 to perform, as part of the conditions attached to construction permit,
Individual Plant Examination (IPE) in consideration of accident management

program, and also checked other safety improvement items.

To develop a more realistic policy for severe accident prevention, the
government set up an advisory committee consisted of high level policy
advisors representing government, industry, academia, and research

establishment and provided with the funds to cover the expenses. The



committed produced its recommendation on research areas, scope, direction
and schedule, etc., out of in-depth discussions among themselves. Based on
this recommendation, necessary researches were systematically carried out and
then PSA techniques for the management of severe accident began to settle
down. This committed has played a leading role in the development of PSA

techniques to such level as to receive the world recognition these days.

It should be noted that a draft form of severe accident plan including safety
goal was drawn up through a lot of studies and discussions and in September
1991, it was brought up for discussion at the Nuclear Safety Experts
Committee of the MOST. It was taken as a recommendation based on a
majority opinion that it was too early to be taken as legal requirement because
of its too big an uncertainty. It was very fortunate that even though this plan
had no legal power to enforce, the industry made good efforts to implement its
contents voluntarily. 10 years later in August of 2001 the severe accident
policy for nuclear power plant was passed by the Nuclear Safety Committee of

the MOST.

In 1992, all nuclear power plants under construction, such as Yonggwang
units 3 and 4, Ulchin units 3 and 4, Wolsung units 2, 3 and 4 were required to
strengthen the severe accident prevention and mitigation facilities and also to
perform quantitative safety assessment, from the design stage so that safety
level of domestic nuclear power plants could be substantially enhanced.
Particularly, quantitative safety evaluations were carried out, jointly with the
IAEA’s safety review team, for Yonggwang units 3 and 4, and also for Ulchin

units 3 and 4 to verify their safety level so that their safety was confirmed by
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internationally recognized experts. Afterward Korea launched a project to
develop a more advanced nuclear power plant, APR-1400. Through many
technological developments, verification tests and design technology
improvements, the safety of APR-1400 was established and proved so that it
received a Design Certificate(DC) from the Korean government on 7 May
2002, and it became the first export model to be exported to the UAE.

Now Korean nuclear industry and research establishment now own
fundamental technologies of Korean Standard Nuclear Plant, which have such
creative technology capability as to incorporate state of the art technologies,
starting from the level of copying the commercialized technologies of the US.
And the nuclear safety expert organization, KINS, continuously develops new
technologies for nuclear safety assessment and also continues to apply them to

confirm nuclear safety on its highest level.

It should be noted that the CEO of ENEC of the UAE said the contract was
awarded to Korean consortium because Korea has nuclear power plant

operation capability and safety of 30 years.

What has become more important in this nuclear power plant exporting
atmosphere is to watch nuclear safety more strictly. Since Korea started the
commercial operation of its first nuclear power plant in 1978, there was no
major nuclear accident. The availability factor of nuclear power plants is
higher than 90% which is the world’s best. But we have learned from
Fukushima accident that one accident could cancel out 30 years of trust built in
safety. We should watch that the self esteem from nuclear power plant export

should not lead to vain pride. We should make more efforts for developing



technologies for safer and more economical nuclear power plant and for

establishing more effective nuclear safety management system.
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3-6. Indigenous Design and Construction of
HANARO Research Reactor

The project of indigenous design and construction of HANARO research
reactor was launched in 1985. Since AECL of Canada was in the process of
developing MAPLE-X research reactor at that time, KAERI made a contract
with AECL for joint design of HANARO in an effort to develop computer
codes necessary for the design of HANARO research reactor.

Then KAERI developed several high quality computer codes such as
RELAP5/KMRR Code for thermal hydraulic design, EL2D Code for coolant
field analysis, COBRA-IV.1/KMRR for sub-channel analysis to evaluate

reactor core thermal margin depending on various operating conditions.

The design verifications were conducted for structures, systems and
components, which were manufactured according to the design specifications,
through performance test, endurance test and seismic test. HANARO reactor
has been in operation since 1995. Currently HANARO reactor serves as a real
multi-purpose research reactor equipped with such important research facilities
as radioisotope production facility, radiochemistry analysis facility,
semiconductor production facility, in-core irradiation facility, cold neutron

production facility, and thermal and cold neutron radio-spectroscopy, etc.
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3-7. Localization of Major Equipment

Following the completion of KSNP Korea developed APR-1400 in 2001
and applied to the construction of Shin Kori units 3 and 4. However up until
that time reactor coolant pump (RCP) and man machine interface system
(MMIS) were not localized. RCP which circulates coolant through the reactor
is a critical component of NSSS and MMIS which functions as brain and nerve
network for nuclear power plant is critically important to assure safe operation
and to prevent accident from taking place as well. Since they were supplied
exclusively by world major nuclear manufacturers such as Westinghouse and

Framatome, localization of these equipment has emerged as an issue of vital
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interest for domestic manufacturing industry.

® Localization of RCP

Doosan Heavy Industries & Construction in cooperation with KAERI
launched a project to develop RCP for APR-1400 in August 2007 and completed
the test with a scale model in July 2008. From June 2007 to December 2008, the
localized model was tested and examined to decide whether it can be practically
applied to nuclear power plant. The result showed that it fully meets the relevant
safety and reliability requirements. So a decision was made to adopt the localized
RCP at Shin Ulchin units 1 and 2. Thus Doosan Heavy Industries & Construction

could develop and now own its indigenous RCP model.

® Localization of MMIS

For the localization of MMIS, the government launched a development
project named Korean Nuclear Instrument and Control System(KNICS) in
2001 and completed the development of digital MMIS platform, plant safety

system, power control system, and some other components of MMIS in 2007.

For two years starting in 2007, a comprehensive verification test and a
performance evaluation were carried out to establish reliability and user
acceptability. The evaluation result was satisfactory. So a decision was made to

adopt the localized MMIS at Shin Ulchin units 1 and 2.
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3-8. Development of Indigenous Advanced
Power Reactor, APR-1400

Korea took its first step towards nuclear power country by completing the
construction of Kori unit 1 in 1978, the first NPP built in Korea. In the mid
1990’s, however, Korea achieved 95 percent of nuclear technology self-
reliance for NPP design and component manufacturing, and thus the
construction cost could be saved significantly by building standardized units

called KSNP-1000 and OPR-1000.

Late in the 1980’s world’s leading nuclear power countries launched the
development of more advanced power reactors such as Syatem 80+, ABWR
and AP-600, EPR which had much improved economy and more enhanced
safety features to meet much strengthened regulatory requirements introduced
after the 1979 TMI accident and the 1986 Chernobyl accident. Korea also
started a project to develop next generation power reactor, called APR-1400, in
June 1992 as one of the national strategic R&D projects. It started with the

government policy objective that called for the achievement of nuclear
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technology to the level of G-7.

The APR-1400 project was a huge national undertaking which called for the
appropriation of 234 billion Won over a period of ten years starting from 1992.
For the two years in the first phase of the project from 1992 to 1994, the
activities were focused on holistic and detailed review of overseas advanced
nuclear reactors under development. Based on the review result, a state-of-the-
art PWR, which has power output of 1400 MWe and offers the best economy
and safety capability, was chosen as candidate reactor model to develop, and

basic design of the plant was completed.

During the four years starting from 1995, in the second phase, a
comprehensive design of the plant was developed in such a way that the new
plant could be equipped with far enhanced safety and economic features
compared to existing PWRs. All these design renovations were made based on
the design technologies accumulated in the course of the development of OPR-

1000.

And in the third phase from 1999 to 2001 the design was further fine-tuned
for better economy, and constructibility. Finally the design was approved and a
design certificate was issued by the Ministry of Science and Technology,

which marked the completion of the development of APR-1400.

APR-1400 has electric power capacity of 1,400MWe compared to
1,000MWe for OPR-1000 and design lifetime of 60 years compared to 40

years for OPR-1000. Also seismic design criteria was enhanced from 0.2G as



for OPR-1000 to 0.3G to give more flexibility in site selection.

The APR-1400 project was a super technology development project which
involved a total of 2,300 men over a period of 10 years, who were technical
professionals from many nuclear related organizations such as government,
industry, research institutes, and academia. This project made a great

contribution to upgrading the Korean nuclear technology to one step higher.

APR-1400 was applied to Shin-Kori units 3 and 4 and became the reactor to
be exported to the UAE in 2009.
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3-9. Development of Radioactive Waste Vitri-
fication Technology and Commercialization

Vitrification of radioactive waste is a technique in which the radioactive
waste is decomposed into various molecular substances in high temperature,
higher than 1,400°C Then, non-radioactive gaseous substances in the waste are
released to the atmosphere and the remaining radioactive particles are made
into stable vitrified solid by mixing with vitrifying substances. By doing so, the
volume of radioactive waste can be reduced significantly and the stability of
the radioactive waste can be enhanced at the same time. Till now vitrification

is regarded as the most ideal technology for the treatment of radioactive waste.

In the past, vitrification of low and medium level radioactive wastes was not
much in demand because it was difficult to vitrify a wide spectrum of
molecular substances contained in them compared to high level wastes, and
also because the cost of disposal of such wastes was low. However thanks to
technological advance in other sectors, vitrification technologies for low and

medium level wastes are making progress.

The development of vitrification technology for low and medium level
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wastes was launched by KHNP in collaboration with EPRI (Electric Power
Research Institute) of the US in the early 1990’s. In the beginning, it was
envisioned to develop necessary technologies jointly with the US counterpart.
But due to the differences in methodology to employ, Korea decided to go its
own way to develop necessary technologies. Later a joint development with
French counterpart was attempted but the commercial scale demonstration
ended in failure. So the KHNP’s R&D team had no other option but to keep on

developing its own technologies independently.

In the end, the KHNP’s R&D team succeeded in developing its own
vitrification technology for low and medium level radioactive wastes without
foreign partners’ participation and acquired an international patent. Based on
this technology, a prototype plant for vitrification of low and medium level
radioactive wastes was constructed and test-operated, and then received an
operating license from the government. It is worth noting that this vitrification
technology was developed, starting from laboratory experiments to
commercialization by the KHNP’s R&D team alone, for the first time in the

world.



5 1
OIS MR =4

#

4-4.



o 71 2

= O
SICIPNTE

Construction and Operation of Nuclear Power
Plants




4-1. FFAA AAg M F3AHE g

il

2] 13717} 1978 495H FHF2dS AlAkek o] F 1982
U AAs FFIA] LA AR KNE) 7 A H = T,
a2y Fds o] FAksrt o] F A7) WA= sl 9 s ¥
FAIZEE AASE AF Y, 3l 9 FHsh

KNFE= 8 g o] 2kslol| wjzlste] A-2d 3 429 8
JIEE 1989 % 1997dRE A Z2FH317] A&kt KNF&=
1985 E] AR o] Aelg ksl dof upet A AA E A
£ 7)es BYste] 29 Fak 14l s AA 2 AlxE S
HE grgo M Fol ofEs) & HAds FER AFAE =
Atslste] ) o] AR (143 OFA, 168 STD, 173 RFA,
169 Guardian 98 5)5 A= FF3) gt

AR 71 e W BEe AEAe] a7 w1l
&, GRS D N g Sl T gk ol 99s
ENE AT, A4 AATE FARY 58, FEAd 2937,



o B M ok A am %
= B o o gy F M
oy or xammr Gl
T Jo = S S
= 70 S M
Fe 4o RTE
B oo oy T E
H o — &

Hodﬂ ﬂHzTMU]_E}
T T = C N
> e R T
T oo E LA
X0 Y oo G o
ElN L
<= Mﬁﬁ%dr%
TRy P T &y
s ELePRw
PR TEXNNX
oy B T My L
\Uyl H_l EL g Of Oﬂ 50
PpE R mog PN
Yo+ of XN = BT W

iy N n_/_uzo

T e o w%mﬂ.m«ﬂ
Ok R WaﬂmmﬁoT_s
R T D 2T e T
%o W O K ome o

ol Ut

o] 728 1= (ACE7TM) & 3HA| 7}

& o] NFH A= (PLUSTTM)



PLUS7TM AHH A 4tpite &% 35 7)oM), 168 & 179
ACE7TM AW A 3= zhzE 318] 23 7)9 1a] 33 7|04 U

ALARE AFe)ol PPA I 2006 0] FRE ) Ao AL
oz FFHL o o] AREL $57 b g HolT
ik,

s Aas L A5 s P

olelat 24t) B olE LS B3l KNFE o FFAS) B
s A2, oA 2 AAIA Sol BT AARE FRE 5
QA Hieh, AT IABAE §3o] AR ARFo] A Fio)
1/5 Solv] v|Zuck $sha Fksta k. ol et 9
29 5de T 449 7H5E TP slelssirt. Sl
tehe] 20084 2 20009 93 FEELS A% AA 1912 7155
3 gtk shele] Qi AATo] o] KNFY HARE T
a4 A5 Y %%ﬂ%% .

TE

Qlo] ¥k= KNFO] aids =

o] 5] 7S &
2

Frd w2l s el B

=
o] 2124 wjolct, e
g A Egl) HEe] $177]
23] N)E AN BAR =

_19:,“
rO
Al
rlr

—

o

ﬂH>
Lo

<
oy
%0
T

KNFE ko Al A% 3919 977] ARSI 44317
9 2008 B A 2020 & A E3FIL 2012G7HA] ZA} 7)1
Ag Buas) e, 200595 AR 2o AGTA S

SHAEY 1A% 1FH AR = X 201594 201202 %
7] @712 skaL ol 7l e dEslinh. e VER



T 9 1T A5 Edol= A HIPER(High

Performance with Efficiency and Reliability) 2 A3}3c}. ©]

HIPER 7]&-& gk A37|eS 2t Hx 9 sdsrt | Ao

o A7) o= ZAholE o} 7 Aok glo] 2o NARE F%

&5 QA B, damt Agn ok 2007 B2 A%, ]

s, A= Bl Alzrdo] A3 7 EHol =mll= <]
3

[€)
=== hey & )
TEEFOREAE TvE FRHE 2L UTh

4-1. Development of Nuclear Fuel for KSNP

Many NPPs were built and kept coming in line in Korea since Kori unit 1
started its commercial operation in April 1978. And KEPCONF, established
in 1982, had to import all nuclear fuel from overseas fuel suppliers for these
NPPs, in such finished form as fuel assemblies. This situation continued up
until Korea localized nuclear fuel design and manufacturing technology.
KEPCONF made all-out efforts to localize nuclear fuel. As a result it could
successfully develop its own nuclear fuel for CANDU reactors in 1989 and for
PWRs in 1997. Ever since it has been supplying nuclear fuel for all domestic
NPPs.

KEPCONF launched a project to develop a so called second generation
nuclear fuel that is to give improved fuel performances including high burn-up

compared to the existing first generation nuclear fuel. And the development



target was set for nuclear fuel for Korean standard nuclear plants such as APR-
1400 and OPR-1000. KEPCONF successfully developed PLUS7TM,
advanced nuclear fuel for Korean standard nuclear plants and further it also
developed ACE7TM advanced nuclear fuel for W nuclear power plants at the
same time. Next in-pile tests were performed, in which four PLUS7 assemblies
were tested in Ulchin unit 3, and a 16 X 16 type and a 17 x17 type ACE7
assembly was tested in Kori units 2 and 3, respectively. All tests were
successful. These improved fuels have been in use at all domestic NPPs since

2006, showing excellence in burn-up performance.

The IAEA evaluated that PLUS7TM defect rate is one fifth of the world
average and it is better than US nuclear fuel. However, since PLUS7TM was
developed based on overseas source technology, this technology rights issue

could be an obstacle when it comes to exporting to overseas.

In addition, KEPCONF has been carrying out since 2005 a project named
High Performance with Efficiency and Reliability (HIPER) with such clearly
defined objectives as to get rid of overseas source technology, to secure its own
source technology, and also to obtain exportable high performance nuclear
fuel, with a target completion date of December 2012. When HIPER is
completed as planned, burn-up performance will be increased by as much as
20 percent compared to current nuclear fuels, and thermal efficiency, seismic
capability, fuel reliability, and manufacturing productivity will be enhanced

significantly.
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4-2, Development of Nuclear Fuel Cladding

Technology

Despite its continuing construction of NPPs and putting them into

commercial operation to become the world’s 6th largest nuclear power

country, in terms of installation capacity, Korea still had to rely on overseas



suppliers for all nuclear fuel cladding because of the lack of fuel cladding
technology. Therefore, KEPCONF carried out in 2003 a project to develop
technologies for manufacturing zirconium alloy tube, as part of national
strategic R&D program for the advancement of nuclear power technologies,

and the company successfully completed the development in 2008.

Zirconium alloy tube is one of the key components directly involved in
nuclear fuel safety. It securely embraces in itself uranium pellets which
undergo chain reactions and it is composed of 20 some parts including a tube
of one centimeter in diameter and four meter long. The tube should have
excellent anti-abrasion and corrosion resistant properties with low neutrons
absorption rate and high thermal conductivity. It is fabricated through a series

of special manufacturing processes using zirconium alloy.

Nuclear fuel assemblies manufactured with these localized zirconium alloy
tubes were loaded into Ulchin unit 6 in March 2010 for the first time in Korea.

They will be supplied to all domestic PWRs in the near future.

KEPCONF completed a zirconium alloy cladding manufacturing facility at
the end of 2008 after 6 years of construction work. It has an annual production
capacity of 1,400 km of zirconium alloy tube. As a result, KEPCONF could
successfully localize all nuclear fuel manufacturing technologies except some
technical areas in tube manufacturing and performance tests. Currently
KEPCONF exports some zirconium alloy cladding to the US and other

countries.
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4-3. Shortening of NPP Construction Time

Construction of nuclear power plant requires a large amount of money and
long period of time to complete. Therefore, it is one of the most important
objectives in the project management to reduce the construction time so as to
minimize the financial cost, but it should be done without compromising
safety of the plant which should remain the highest prerequisite not an option
all through the construction.

During the period starting from Kori unit 1 for which construction officially



began in 1971 to Yonggwang units 3 and 4 for which construction began in
1981, the construction time usually took 63 months from the first concrete to
commercial operation. However, thanks to accumulated experience and
technological advancement during this time period, and effective project
management the construction time could be reduced to 52 month, for example,

for Shin-Wonsung units 1 and 2 for which construction started in 2005.

To achieve this reduction of construction time, many new ideas and
technical innovations were employed. For example, a change from slab
construction method to deck plate construction method could eliminate the
process of installation and removal of concrete forms and their supporting piles
which needed extra time in the past. This change also made it possible to
perform early take-in and installation of equipment and piping at the lower

layers while curing the concreted surface in the upper layers.

Also by incorporating the world’s top level project management techniques,
a computerized Nuclear Power Plant Construction Management
System(NPCMS) was developed. NPCMS made real time and paperless
project management possible, which contributed greatly to the reduction of

construction time as well.

The effort to shorten the construction time is going on further. Korea set up
a construction time target of 30 to 40 months, starting from Shin-Kori units 3
and 4 (the first APR-1400 units) for which construction started in 2007,
through adoption of new construction technology and advanced project
management. Further development of new construction technology and
advanced project management skills will then give Korea a competitive edge

in the world’s nuclear power plants market.
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4-4, World' s Highest Capacity Factor Achieved
by Korean Nuclear Power Plants

The average capacity factor of 20 operating nuclear power plants in Korea
recorded 91.2 percent in 2010, far higher than the world average of 76 percent,
recognized as the world’s best performer. The capacity factor, regarded as an
indicator to show the efficiency and effective utilization of nuclear power
plants, is used to measure the integrity of nuclear power plant facilities and the
capability of operators. The capacity factor had stayed at around 70 percent
from 1978, when the first nuclear power plant, Kori unit 1 went into
commercial operation, until 1990. However it improved to around 80 percent

in the 1990’s thanks to technological improvement in operation and
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maintenance and accumulation of operational experience and improved skills.
Owing mainly to this continuing effort, the capacity factor higher than 90

percent has been maintained since 2000.

Also the high performance of domestically manufactured nuclear fuels has
made a good contribution to the achievement of this world’s top capacity
factor. Statistics show that the defect rate of domestic nuclear fuelsis equal to
or even lower than that of the US’ fuels.
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4-5, Promotion of New Industries Through
Radiation and Radioisotope Applications

Radiation and radioisotopes application technology is being widely used for
industry of medicine, engineering, agriculture, environment, food processing,

biology, space, etc. and expected to create new industries.

Uses of radiation and radioisotope application technology began when
Korea introduced its first research reactor, TRIGA Mark-II in 1962. And
further the operation of multi-purpose research reactor, HANARO which was
developed and constructed by Korea’s indigenous technology, could produce
and supply many important radioactive isotopes replacing those imported so

far from overseas suppliers.

The most prominent achievement made so far in the radiation technology
development could be Milican Injection which was developed in 2001 and
approved as the new pharmaceutical number 3 by the Korea Food and Drug
Administration(KFDA). In addition, the manufacturing technology of Re-188

generator that produces nuclear medicines for cancer treatment and also the
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manufacturing technology of Ir-192 that is applied to cervical cancer and

breast cancer treatment could be listed as other noteworthy achievements.

The Korean government set up Jeongeup Advanced Radiation Technology
Institute as an affiliate of KAERI in 2005 to lead radiation technology R&D
combining with biotechnology, environmental technology, information
technology, nano-technology and space technology. The Institute is now
carrying out various R&D projects with the installation of many state-of-the-
art facilities including gamma irradiation facility, gamma cells, an electron

accelerator, and various analysis equipment for R&D.
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5-1,2. NPP Export to the UAE and Research
Reactor to Jordan

& NPP Export to the UAE

The United Arab Emirates(UAE) made a projection that called for its
electrical capacity demands to increase to 40,000 MWe by 2020 from the
current capacity of 15,000 MWe and set its course to go for environment
friendly nuclear energy to support its sustainable economic development. And
the UAE conducted in May 2008 a preliminary assessment on 9 companies
from six countries including Korea, which were considered to have export
potentials, for the construction of nuclear power plants the first time in the

Middle East.

After the preliminary assessment the UAE chose 3 candidates such as
Korean consortium led by KEPCO, AREVA and GE-Hitachi consortium in
the evaluation of the first round pre-qualification review in February 2009.

Even though the project implemented by the Korean Peninsular Energy
Development Organization (KEDO) in North Korea was terminated in 2006,

the project contributed greatly to the success in winning the contracts for the
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UAE project. When the Korean consortium was preparing the necesssary
documentations they could draw a lot of useful informations from the KEDO
project such as overseas project experience, hundreds of related materials and
contract papers prepared and formalized by executive board member countries

of the KEDO.

Ultimately the Korean consortium won the contracts for four units of APR-

1400 in December 2009, with a contract amount well over 20 billion US dollars.

This kind of contract award was possible because the Korean consortium
was assessed to have the capabilities to successfully construct and operate
nuclear power plants, which are superior or at least equal to those of global

leading suppliers such as Westinghouse, AREVA and GE-Hitachi.

® Research Reactor Export to Jodan

It is a worldwide trend that many countries are increasingly interested in
introducing nuclear power as a means of acquiring environment friendly energy
source and energy security at the same time. It is also true that many of these
countries consider to build a research reactor prior to commercial scale nuclear

power plant with an aim to lay a technology foundation for nuclear energy.

Based on its experience in construction and operation of the research reactor
HANARO with its own technology, KAERI set up a consortium with Daewoo
E&G and won the contracts at the end of 2009 for a SMW Jordan Research
and Training Reactor(JRTR) proposed by the Jordan Atomic Energy
Commission(JAEC).



JRTR is a multi-purpose research reactor that can be used for education,
research and radioisotope production, etc. Jordan has a master plan to promote
nuclear industry based on this JRTR. It is located in the campus of Jordan
University of Science and Technology(JUST) at Irbid, 70 Km north from
Amman, the capital city of Jordan. The contract is a turnkey basis and
construction time is 56 months. This research reactor will be turned over to the
JAEC in March 2015.

Winning the contract for JRTR is the greatest achievement made in 50 years
since the introduction of the first research reactor TRIGA Mark-II, into Korea
in 1959. It served as a landmark for Korea to turn from nuclear importer to
exporter. Starting with this JRTR contract, Korea expects to participate in the

construction of research reactors in other countries.

Currently, KAERI is making good efforts to export research reactors to
Saudi Arabia, South Africa, the Netherlands and Singapore, etc. For this
purpose, KAERI is developing various reactor models that can be fitted to
specific purpose and also to meet the demands of different thermal power. It
has already completed the development of plate type fuels which are widely

used in research reactors all over the world.
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5-3. Export of Nuclear Fuel Components

Korea established KEPCONF in 1982 to supply and to localize nuclear
fuels and KEPCONF supplied localized PWR fuel to Kori unit 2 for the first
time in 1989. In the early 1990’s, however, Korea focussed more on the
localization of high-technology components such as top nozzle hold down

springs and grid assemblies, etc.

In the 2000 s, KEPCONF made all-out efforts to develop advanced
indigenous Korean nuclear fuels. For this purpose, it successfully developed, in
collaboration with Westinghouse, advanced nuclear fuels called PLUS7 for
OPR-1000 and APR-1400 and ACE7 for existing W type nuclear power
plants.

Nuclear fuels developed and manufactured by KEPCONF demonstrated

excellent burn-up performance and at the same time made a great contribution

A dilmoz wEFet tiettl= HAE gSAl



to the enhancement of capacity factor of the domestic nuclear power plants to

the world’s best by significantly reducing the defect rate of nuclear fuels.

Currently middle clamping grids and protective grids of PLUS7 are
exported to the USA, Brazil, etc. and advanced heavy water reactor fuel, called
CANFLEX, developed jointly with AECL of Canada is now fully ready for

use at domestic CANDU reactors and also ready to export to overseas market.
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Ripple Effects on Other Industries



71E71Eolet o2 71l o] S A 9 vstsle] T]ERlEol
A w 72 oR Ak ?lgske Aotk Aol HelkE
AEG w) AFE Aol stu, =Y, 771, =2, 7 At YA
2, AR o] TAHA TLete Aol el ma
WHska a70] o]yt AR Hukd = AW A=
71&4 7ol &HH Ztgolnt. 71s7ES 7IsArETE A=

h LA
2= rlesEsyolzt & & v

<-2] dEgA7F vk=E KEPIC (Korea Electric Power
Industry Code)& w]=re] ASMEY IEEE, 3 Igte] A&7+,
Zep2o] RCCS} PR FAI R A2, 39 gl g g A oA 9]
AR, AR, 29, A4, A, AL 24, B, F 24 o]2= A
wofe] Y HAE A5 7€ 7]F (Codes and Standards)
ot} 1980l $4F $t=- 2 7% (KOPEC) KEPIC 7o) &
84S A3 o] A Aol S e &3 (FA] o] 3
HRAb o] 87| A oF AFgAt el 9], IZTEAbel ol A] o] e] 7|

Mg Et MERE T st

fol
on

205



206

whol] =t A H At

71e7)% S92 3y A3 A4

1990t % €3 A 1-2357]9 ¥ 94413 (Cold Hydro
Testymo] dojt}, xS o] A|Q HALE WA A8 d &
A oA o} mp7 A 2 v 57 7]Eol whet s vy 1 9
Aol thgk 2Fs7HE AR AT, 2eu A= 23 d
A 1257 Zg2e] Ver]eol wep A - Az 14 |
Aoy npgs] zgxzo] s 7eT|Eel wE st o]
A olztaL ﬂ*lf}llﬂr A BASARE 12 YAAE Bel
z o AAAE EoulaL 771l SH7IE vl A Asf ok
stg 9 gike] A3y | owink deo] AujE FUtE F
FafoF ek, A TrAlZ1ET S Abo]Ql HESEtol
Qazkeh, Aol dA A FE5S 2 EAle Hrtel Adts 9
2837t ol| A o Zlst et et AR EEA (Al o)
HAhE 717, A, A&7} 3 =], B EAE 2
gk vk et

AAe 8 seugel gAY V|ErENe 278 94
st5]o] @ Qo] we} F8t7] %A e} A LRE 1
7Hlon} AFE Aujukde] Belsl, e T R
27129 H)5a7) o] D AL A REe 29T
2 o] F7)Bo 2 AIYHE A,

A7 E e 71, 47188, BE(TR)ekE, bt



A

et 67h

3joAl A7t AES 2l ¥

A o2 2 EAIR o] A7

2799 7]%7)

o] & 97} glorg o]Ae w7} YAt AALA AA ]

=
o

olnt.

Astehs

A

7H

)

7919l

H
o

23191918 24gjolc}.

1
T

g5

8 715710 2ok & 2

o a9

ALl = WS

2N
ZH

g

s

N

71

BEEISRRT B
o] € 9]915]9} ]

ol

el

)

ks

i

A

—_—

K

o

Aol 71

<

A

sl Sehtet

+
0

7K

;OL

0

Mo
oy

= 30997 ¢ o]

279939

207

1o
2]
ilod
i

=

g
ol
<

F

MieE Et



,%J A A7), e s)Al, 47) 9 AEAle], £, 3
a7nze] 7702 TA= ] 9, KEPICS] ATHEL 1) 5
HY =yt 5 (Addenda)2 FIHAA oA AR Y
43t 91905 7ho] @7k Aole} AL g e
e},

H'“

o}
&

ﬁﬂr&éﬁ

n}
al
<}

200533 KEPICO| 3309] o 7|=7]Fo] vhHFL 1L F
A= oF 3.3 mol] o] 2t} 2010 Fhol|Al 17wkl =] A4
I A A o] JEE FRbste] P W gE-S
= o

AR AA $E T 71&) FAT &%}
UAES]| APR1400S 53 AL IAALS] 7} KEPICS Hols
o]aL *°1§AD}L 5 l ol=rell i 206 AFH 7=V AR
He]9JskaL glek, $-2li= KEPICO] SA|A}
A= 71+ ZEAY(dentical) 23}
A Al A] KEPICO] A2 $]x]of] Q
ofF & Ao|t},

6-1. Development of Korea Electric Power
Industry Code
Codes and Standards of technical community can be compared to a

Compendium of Laws or a complete book of the six Major Laws of Korea.



They are the principles referred to as basis when technical people perform their
work. When the first emperor of China, Qin Shi Huang conquered the world
he hurriedly pushed the work to standardize everything, starting from money,
weights and measures, weapons, road, military structure and administrative
organization, up even to Chinese characters. The Industrial Revolution could
make fast development and spread well to neighboring countries because the
technical standards were well established at that time. Codes and Standards can
be said as technical grammar that a technical society should follow as good

rules.

KEPIC (Korea Electric Power Industry Code) developed by Korean electric
community provides basically the same services, in nature, as any
internationally recognized industrial codes and standards such as ASME and
IEEE of the US, Electric Codes and Standards of EU, and RCC of France.
KEPIC, which is designed for nuclear, fossil and electric industry to follow,
provides codes and standards that prescribe necessary principles, requirements
and procedures which should be applied to all across work areas such as
design, manufacturing, fabrication, construction, test, inspection, operation,
maintenance, and decommissioning of nuclear power plant. In the late 1980’s
KOPEC proposed to Korean Nuclear Society(KNS) for the development of
KEPIC. Then the president of KNS, Dr. Byongwhee Lee proposed to the
MOST and to the MOCIE so as to draw support from the government.

In the early 1990’s, cold hydro test of Ulchin units 1 and 2 became a
controversy. Ulchin units 1 and 2 were imported from France, but KEPCO

performed this test according to the ASME code as it did with other plants
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imported from the US. Then KEPCO applied to the MOST for the amendment
of operating license in such a way that ASME code for cold hydro test could
be applied to French design plants. But the Ministry responded that since
Ulchin units 1 and 2 were designed, manufactured and constructed according
to French RCC code, the test should be conducted in accordance with French
code. To comply with the requirements of the Ministry, the operator should
tear down all thermal insulations and protections around the primary coolant
pipes and install test sensors again. That meant that the operator should bear
millions of dollars and a couple of months of time in addition to the time and
money it already spent. So that issue had become a controversy between the
two organizations. Under such difficult situation, both sides agreed to ask the
president of KNS to solve the problem. Then KNS president, Dr. Changkun
Lee discussed with a team of experts in the area of mechanical and
metallurgical engineering as well as fracture mechanics and recommended a

reasonable solution.

At that time, KNS demanded to develop codes and standards for the areas of
nuclear plant and fossil plant. The MOST and the MOCIE agreed to the need
but had no idea how to appropriate the fund from the government’s budget.
Since KEPCO would obviously be the greatest beneficiary of KEPIC when
completely developed, the two Ministries decided to ask KEPCO to bear the
expenses and appointed Korea Electric Association as responsible organization

to carry out the task.

The development of KEPIC is carried out in 3 stages. In the first stage,

subcommittee members or working group members draw up or prepare a



preliminary draft referring to overseas examples. Then the members review
and discuss each other’s preliminary draft to make necessary corrections and
changes. Then introduce them to main committee. In the second stage, main
committee members once again perform review, make corrections and
changes to the preliminary draft. Then the committee approves it as KEPIC
draft by a majority vote. Then this draft is introduced to policy committee. In
the last stage, the policy committee reviews whether the content is in good
balance with other committees, whether it is in line with the direction for future
development and whether it can contribute to the industrial development in
Korea. After considering all these aspects the policy committed approves the

draft as official KEPIC.

Under the KEPIC policy committee seven professional main committees
are incorporated such as quality assurance, nuclear, nuclear mechanical, fossil
mechanical, structural, electrical 1&C, and fire protection/environmental
committee. And a total of 29 subcommittes are operating under these main
committees. A revised and updated code edition is published every five years.
Code Addenda are issued annually and inquiries from industry and replies

from KEPIC are decided by a majority vote.

In 2005 edition KEPIC, around 330 codes and standards were covered and
when stacked up vertically the height comes up to 3.3 meters. In 2010 edition,
those codes and standards which were not developed so far were completed
and English edition was published in consideration of making inroads into

international markets.
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That we exported APR-1400 to the UAE means that the world community
accepted and approved KEPIC, and they envy us very much that we have been
successfully developing codes and standards of our own for 20 years. We have
to keep striving to make KEPIC equal to or harmonized with other codes

which are used worldwide, and also to make it recognized in the world market
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6-2. Effects of Quality Assurance Program

30 years ago the MOST introduced all 18 requirements (or criteria) for quality
assurance programs for nuclear facilitiestASME NQA-1), as required by the US
government(10 Code of Federal Regulation 50 Appendix), into Korean laws.
This legislation was regarded as very exceptional and unusual measure at that
time, but was enough to be praised as a good practice, because it provided a very
powerful tool for operator to assure the quality of nuclear power plant
construction. Under this rule, the operator could let its QA department conduct
quality surveillance to check in detail the supplied batch of parts and components
such as pipings and valves needed for the construction of nuclear power plant to
decide and to confirm whether these parts and components can be used for that
purpose. This QA activity contributed to moving up the date for localization of
nuclear parts and components and its schedule. At the same time, nuclear
components were designated as nuclear grade(N-Class) and handled separately.
So the trust and confidence in nuclear power plant was improved and provided

an opportunity for early localization of some parts and components.

Welding on pressure bearing pipes of nuclear power plant should be done by a
duely qualified welder. This kind of welding requirement is applied the same in
the shipbuilding industry. Therefore, there were some times when the shortage of
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qualified and experienced welders and NDE inspectors became a serious
problem. In case of pressure vessel welding, the welder should be qualified by
AWS(American Welding Society) standards. That is, a welder should pass all
qualification tests conducted on 6 different positions such as horizontal, vertical
and overhead position according to the requirements of AWS 6G Position. In
addition, only those welders and welding inspectors who passed the NDE
inspection tests on welded area such as Radiation Test(RT), Penetrant Test(PT),
Magnetic Test(MT), and Ultrasonic Test(UT) should be allowed to work as

welders and as a welding inspectors at the site.

These days, there are many welders qualified by the NTQT(National
Technical Skills Qualification Testing) based on National Technical Skills
Qualification Act. However, at the time Kori units 1 and 2 were under
construction there were not many qualified welders and NDT inspectors in
Korea. Particularly for NDT inspection, it should be done by an inspector with
ASNT(American Society for Nondestructive Testing) Level III qualification. But
there was no such qualified inspector in Korea. Therefore, 2 proctors were
invited to Korea and conducted Level III test. Then Leve 1II inspectors for UT
and also for RT began to appear in Korea and to have authority to sign on all test
records. From then on Quality Assurance activities grew steadly in Korea. Those
welders and inspectors qualified and experienced at nuclear power plant
construction could participate in shipbuilding and construction of petrochemical
complex as essential personnel. So it should be noted that they also made great

contributions to the development in other industries.
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7-1. Radioactive Waste Management Projects in
Anmuen Island and in Gulup Island

In 1983 the MOST set up a special subcommittee in charge of radioactive
waste management project(herein after called the Radwaste Project) under the
supervision of Atomic Energy Commission(AEC) to carry out the Radwaste
Project. That was the start of the Project. The Subcommittee drew up a
“Radioactive Waste Disposal Plan (draft)” and reported it to the AEC, and the
211th AEC approved a master plan. The master plan called for the Radwaste
Project to be implemented in such way that low and medium level radioactive

waste should be disposed of at a land based disposal site, in principle, which to



be located outside of the boundaries of nuclear power plant, management
expenses should be borne by the radwaste producers, and the facility should be
managed exclusively by the separately established non-profit organization.
Then, the 213th AEC designated Korea Nuclear Fuel Co. as the responsible

organization to carry out the Radwaste Project.

As nuclear power expanded significantly the government upgraded atomic
energy laws, and in 1988 the AEC approved a detailed action plan for the
implementation of Radwaste Project in such way that intermediate storage
facility for spent nuclear fuel was included in the Project and the Radwaste
Project cost was stipulated as the Radwaste Project Fund. In addition, the
responsible organization was changed from Korea Nuclear Fuel Co. to KAERI
and its management system was strengthened. As part of this new
management, KAERI set up an affiliate institute but it was soon changed into
an affiliated but indepently operating organization called Nuclear Environment
Management Center. At last, the task to select a site for Radwaste Project was

carried out in earnest by this much reinforced organization.

The task to get a radwaste disposal site started in 1986, experienced a series
of failures in the next 19 years and became a major stumbling block for the
project to develop and expand nuclear power. It had gone through many
painful events full of disappointment such as violent riots in Anmuen island in
1990, violent incidents and civil unrest in provinces of Changan and Buan, and
cancellation of the designated notification for Gulup island project. Finally, the
city of Kyongju was chosen as the site for Radwaste Project by the local

referendum in November 2005.
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In retrospect, the selection of radwaste disposal site was a socio-science
issue full of turns and twists. The driving force behind the success in acquiring
a site in Kyongju, in spite of all these difficulties, could be the lessons learned

from previous failures which gave us much needed wisdom and insight.

The Gulup island project was not successful. But the government issued a
notification to officially designate the island as candidate site and paid the
communities a special subsidy of 50 billion KRW as promised. And the
Project was carried out in due legal steps and procedures. Therefore, this case
was quite different from other failures. This is the story of Gulup island

project.

In December 1994, the 236th AEC decided on a master plan for Radwaste
Project pending final selection of Gulup island as the site. At that time, there
was considerable opposition from the anti-nuclear groups around Inchon area.
But major steps of the Project were carried out, which include public hearing
with local residents and appropriation of special subsidy. However, an active
fault was found in the area of Gulup island and confirmed by the detailed
geological survey conducted by Korea Institute of Geoscience and Mineral
Resources(KIGAM). In November 1995 the MOST announced the survey
results to the public and took steps to cancel the notification that designated
Gulup island as candidate site for Radwaste Project. At that time, since the
Gulup island project was carried out by the Radwaste Project Implementation
Committee chaired by the Prime Minister and the Radwaste Project Task
Force, it could respond very effectively to various problems encountered in the

project implementation and also could make excellent progress.



In reality, the Project was carried out by the staff members of about 150 at
Nuclear Environment Management Center(then the president was Dr. Insoon
Chang) of KAERI, and the cooperation between offices within the Center and
also with outside organizations was very excellent. So the Center could receive
the supports from various central government offices in a timely manner and
could draw up effective responses to illegal activities and violations which
took place in Gulup island. Under the circumstance, the cancellation of
notification brought a heavy pressure to find a new site but the real big

problems was what to do to close the Gulup island Project and how to do it.

In parallel with the administrative actions to take after the cancellation of
notification, the measures to take for local community people who were clearly
divided into two sides which are hostile to each other, emerged as a big
headache. Furthermore, recovery of 50 billion KRW which was paid to local
community foundations was not an easy task. The people who had supported
the Project staged an anti-government campaign which was fundamentally
different from the one backed by the anti-nuclear group. In the campaign, pro-
project people argued that they just trusted in the government’s policy,
supported it and followed the government’s instructions. As a result, however,
they ended up being an enemy to their neighbors, and so they couldn’t live

there. They demanded appropriate compensations.

A negotiation was proposed to settle the duspute and the team was
composed of staff members from the government and the Center. Then vice
president of the Center Ikwhan Lee who led the Gulup island Project at the

field was chosen as head of the team. Of course, government official who was
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assigned to the Task Force(then director general Hunkyu Lee) added his
support. The negotiation was not easy and the negotiation team had to risk
their lives sometimes from the violence of the other party. Even though it took
time, the negotiation could make a settlement in the end coping with all
difficulties. Through the negotiated settlement, about 52 billion KRW
including the interest earned during all those intervening years, was recovered.
This should be recorded as a good practice of negotiation in which a basic
principle was steadfastly maintained as “Unjustified spending of government
funds is illegal and in this respect, no compensation in cash should be made to

individuals.”

However, there was a small support(about 200 million KRW) for the good
of the island’s community(7 households) such as electric generator, a stall for
goat farm, small boat and a bunglaow facility. The government changed and
the people’s government (or the President Daejung Kim’ administration) came
to power and his transition team conducted a thorough investigation into the
Radwaste Project. The transition team pointed out several problematic issues
in overall implementation of the Project. But as far as the negotiated settlement
of Gulup island matters are concerned the Team saved no praises. At the time
of negotiation, the negotiation chief didn’t get a word of encouragement from
anyone. It is quite ironic to receive a praise from the transition team of people’s
government which has very different philosophy from the previous one it

replaced.

The Gulup island project can be can be summarized in such a way that it

was a typical of socio-scientically detestable project ended up in failure. But



we did our best so that it could be carried out from the beginning to the end
consistently on the basis of trust. Past failure experience with nation project
such as Kumkangsan dam project which was carried out without thorough
analysis and without a sense of ownership was not repeated at least in the
Gulup island project. It can be said that all this contributed to laying a
foundation for future success through open invitation of local government to

referendum.

We feel sorry that if this Radwaste Project had been carried out at the same
time as the nuclear power project such difficult problems as public acceptance

would not have arosen. A good lesson learned with a lot of regret

The management facility for low and medium level radioactive waste is
now firmly established. However, the project for high level radwaste including
intermediate storage facility for spent nuclear fuel still remains as important

and urgent national policy agenda.
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Major Nuclear Safety Events and Regulatory
Decisions

Historically the Korean Government’s policy on nuclear safety was
developed and expanded in three stages: The first stage was characterized by
the establishment of the Atomic Energy Board(AEB) in 1958, and Korea
Atomic Energy Research Institute (KAERI) in 1959. The construction of a
research reactor at KAERI in 1962 opened a new chapter in the utilization in
honest of radiation technologies in such areas as agriculture, manufacturing
industry and medical sector. Nuclear safety regulation, however, stayed
virtually in the level of industrial safety merely providing protection of workers
from radiation exposure in the field of radiation applications. The Atomic
Energy Act then at the time of its enactment carried only a few fundamental
provisions for the peaceful uses of atomic energy and nuclear safety laws were
divided into 3 separate areas such as nuclear reactor, nuclear materials and
radioisotopes. Further, the legal text of these laws stipulated, in a more holistic
approach, that all utilization activities such as construction, operation and

safety management, etc. should be subject to government approval.

In the second stage, a concept of nuclear safety, which is uniquely defined
with nuclear energy compared to other regulatory areas, came into regulation
as introduction of Kori unit 1 began to take shape at the end of the 1960’s. As
the Ministry of Science and Technology was established in 1967, the Atomic
Energy Board was re-organized into the Atomic Energy Agency under the

Ministry, and later the Agency became the Atomic Energy Bureau in 1973.

When the construction of Kori unit 1 officially started in 1971, the
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capability of domestic nuclear industry remained weak and nuclear safety
laws, regulations and standards were yet to be developed for full fledged
regulation. Nevertheless construction continued and more nuclear power plants
were ordered. So the Government set up regulatory measures in which vendor
country’s laws and technical standards could be applied to the import reactors.
To assure detailed safety assessment for the construction of proposed nuclear
power plant, the Reactor Safety Review Committee entrusted by the
Presidential Decree should conduct a high professional level safety review
before the final decision would be made by the Atomic Energy Commission

that is the ultimate legal authority under the Atomic Energy Act.

In accordance with these measures, for example, Kori units 1 - 4,
Yonggwang units 1 and 2 which were imported from the U.S., were required
to comply with the U.S. regulations, mutatis mutandis, stipulated by
10CFR(Code of Federal Regulations), the US Nuclear Regulatory
Commission’s (USNRC’s) regulatory guides, and so on. As far as industrial
codes and standards are concerned, American Society of Mechanical
Engineers (ASME) standards were applied to 6 nuclear power plants imported
from the U.S., Atlantic Nuclear Services Inc.(ANSI) standards of Canada to
Wolsung unit 1, and RCCP codes of France to Ulchin units 1 and 2.

In the third stage, the turn-key basis contract that had been a mainstay so far
for the construction of nuclear power plants was changed in such a way that
domestic industry took a proactive role, starting with the contract for
Yonggwang units 3 and 4 in 1985. In the same spirit, all overseas laws and

regulations applied mutatis mutandis so far were replaced with domestic ones.



Further, the Atomic Energy Act was amended in 1982 so as to very much
strengthen the requirements and technical standards of both construction
permit and operating license for a reactor and its related facilities, and also the
management of nuclear materials was strengthened as much. The Act was
amended several more times in the 1990’s before a legal structure was firmly
established so as to implement safety regulation to nuclear power plants in a
systematic way. In the mean time, Nuclear Safety Center was established in
1980 within Korea Atomic Energy Research Institute(KAERI) with an aim to
foster professional capabilities for nuclear safety regulation. The Center grew
to become an affiliate body of KAERI in 1986. And finally Korea Institute of
Nuclear Safety(KINS) was established as an independent regulatory expert

organization through a special legislation in 1989.

In the area of nuclear regulatory activities, a new challenge emerged as Kori
unit | started its commercial operation in 1978 - how to assure the safety of
nuclear power plant in operation. For this, resident inspectors office was set up
at each nuclear power plant site. The resident inspectors routinely carry out
inspections, as part of their daily assignment at the site, for plants in operation
and for those under construction as well. Further, all operating nuclear power
plants are required by law to shut down and receive a regulatory periodical
inspection by qualified regulatory inspectors in every 15 to 20 months. In the
1990’s, the Government established a regulatory as well as licensing system
which would be applied to design, construction and operation of Korean
Standard Nuclear Power Plant (KSNP) and also to those of APR-1400.
Through all these measures, reactor scrams or major malfunctions, which

represent the safety performance of a plant, were recorded as 5 times per year
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in the 1980’s, 1 time in the 1990’s, and 0.5 times in the 2000’s. It shows a
sharp decreasing trend over the years. This means that domestic safety

management capabilities reached the level of developed countries.

There were some important milestone safety events which created a big
momentum for the improvement of safety regulation to reach the advanced
level. Special inspection conducted by the MOST in 1989 revealed that
periodical checkup on major equipment and systems as listed in the technical
specifications for operation were skipped on the ground that it might
jeopardize the stable supply of electricity during the olympic games in 1988.
But the Ministry concluded that this kind of safety violation, if frequently
repeated, could lead to a major accident and very much strengthened the
regulations for operating plants, which included increase in the number of
resident inspectors at each site. In response to this stepped up effort of the
regulatory body, the licensee KEPCO set up a “Nuclear Safety Day” and

strengthen the safety education and training programs for its employees.

Yonggwang units 3 and 4 were decided to build utilizing the technologies
and experiences accumulated through the construction of nuclear power plants
based on turn-key contracts so far and also with the proactive role of domestic
nuclear industry. But the project was swept into a whirl wind of new
controversy this time about the safety of their design. A safety issue was
brought up by the argument that the nuclear steam supply system of
Yonggwang units 3 and 4 is a mixing bowl of two different plants, namely
nuclear fuel and reactor core were designed with a reference to 1,000 MW

Arkansas nuclear plant(ANO-2), while reactor vessel, steam generators and



pressurizer with a reference to 1,300MW Palo Verde nuclear plant. It should
be remembered that many environmental groups, law makers and news media

joined the forces arguing for their own cases.

For this, the MOST concluded that when reactor, steam generators and
pressurizer are designed to 1,300MW system, safety of the whole system
would rather be enhanced because of the large coolant inventory as confirmed
by many experts. And then construction permit was issued with such
conditions attached as a comprehensive vibration test should be conducted at
the reactor, with steam generators and pressurizer lined up all together, before
fuel loading, and so on. It should be noted that the whole process of safety
review for the construction of Yonggwang units 3 and 4, which was the first
project carried out by domestic nuclear industry playing a proactive role,
provided a great opportunity for the improvement and strengthening of our

safety review system and its capabilities.

Lastly an incident took place at Wonsung unit 3 in 1999 in which
radioactive heavy water was spilled out during the maintenance of coolant
pump causing workers to be exposed to radiation. The operator KEPCO past a
judgement that the radiation exposures of its workers were within the legally
allowed dose limit, and then was reluctant to open up the incident to the news
media but the regulatory body had a different position. Anyway, the incident
drew a lot of intense attention and received a spotlight from the news media.
Unfortunately at that time, a large scale radiation release accident, the worst
accident of the 1990’s, took place at Japan Nuclear Fuel Conversion Co.(JCO),

Tokai-mura, Japan which very much heightened the public concerns on
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nuclear safety.

Selected members of the Nuclear Safety Commission(NSC) together with
some expert committee members conducted a couple times of special safety
inspection at Wolsung unit 3 and reported that the incident was caused by
negligence on the part of the workers and also by the ill-prepared maintenance
procedures. On the occasion of this incident, the regulatory body established a
“Regulatory Guide for the Release of Information on the Accident/Incident
and Malfunction at Nuclear Power Plant.” This was done to firmly set up an
open up policy for any accident/incident and malfunction at nuclear power
plant. This guide calls for the opening of any accident/incident and
malfunction at nuclear power plant through the media and the internet,
according to their level of effects on safety of the plant, detrimental effects on
the people and on the environment, and also according to the level of public

interest.

The Chernobyl nuclear accident which took place in April 1986 is classified
as a major accident at level 7, on the scale of 0-7, according to the IAEA’s
INES(International Nuclear Event Scale). the reactor exploded during a test
procedure for the recovery from turbine trip with the safety lock removed.
Radioactive materials were released to all over Europe damaging the
environment and ecosystems and the reactor was immediately closed. On the
occasion of this accident, Korea increased the number of environmental
radiation monitoring posts across the country and reinforced the radiation

measuring equipment.

The Fukushima nuclear accidents which took place at Fukushima Daiichi



nuclear power plant in Japanin in March 2011 was caused by

a more than 9 meter high tsunami following the earthquake with magnitude
far greater than design criteria. As a result all electric power supplies, off site as
well as emergency diesel generators, were completely lost, which led to a
station black out. Huge amount of radioactive materials were released to the
environment causing a lot of damages to it. The Korean Government prompted
a special safety inspection to all nuclear power plants in operation and
identified items and issues for short and long term improvement so that they

can be protected from such natural disasters.
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Nuclear Energy Promotion by Korean Presidents

Development and promotion of nucear energy depend greatly on the
national leader as manifested in national as well as world history. Several
countries like France, Japan, China and India that succeeded these days in
developing their own nuclear technology bear witness to that. From this
perspective, it will be worth taking a look at the visions and policies that our

presidents provided for the development of nuclear technology of our own.

The President Syngman Rhee who had a great insight on the international
politics recognized the awesome power of nuclear energy when he saw Japan
destroyed by a couple of nuclear bombs and he sew the seeds of nuclear
energy in this land through the meeting with Walker Lee Cisler, the chairman
of a prestigious electric company of the US. At that time, Cisler emphasized
that fostering nuclear manpower should be the first step to take and then
nuclear power plants would be operating in Korea in 20 years. Encouraged by
Cisler, the President Rhee established the Atomic Energy Division within the
Ministry of Education in 1956 and appointed Sewon Yoon as head of the
Division. Then 3 years later he opened the Atomic Energy Board and founded
Korea Atomic Energy Research Institute(KAERI). He participated in person in
the ground breaking ceremony and took the first shovel. Besides, even under
the severe economic hardship of the nation he made a lot of efforts to develop
nuclear manpower and supported many young talents for overseas education
and training with government scholarship. It should be noted that the President
Rhee made great contributions to laying foundation for Korea to move forward

to become a nuclear power country.
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The President Junghee Park had put all his efforts to achieve economic
development of this country. He also pushed forward the industrial
development plans by establishing, i.e., a ‘Five-Year Plan for Economic
Development’ and decided to introduce nuclear power plant as a means to
meet the increasing energy demand caused by economic development and set
up the Nuclear Power Plant Commissioning Committee(NPPCC). At that
time, nuclear power project was considered a pioneer project to open a new

industry.

In 1973, the three institutes(KAERI, Radio-medicine Research Institute and
Radio-agriculture Institute), which had been under the Atomic Energy Board,
were merged together into KAERI again. Then KAERI was privatized as a
special legal entity that’s what it is now.

In 1976, KAERTI’s nuclear fuel cycle project office and R & D departments
were spun off to establish Korea Nuclear Fuel Development
Corporation(KNFDC) as a new legal entity. From then on, KAERI performed
basic research and development projects in the field of nuclear power and

KNFDC carried out nuclear fuel cycle related technology development.

On the occasion of first oil crisis in 1973, President Park pushed forward
with a policy to get rid of the grip oil shortage and a long-term electric power
development plan. As part of this policy and the plan, the contract to import
Wolsung unit 1, a heavy water reactor, was signed with AECL in 1974. From
then on, the contract for Yonggwang units 1 and 2 was signed with
Westinghouse of the US in 1977, and the contract for Ulchin units 1 and 2 was

signed with Framatome of France in 1979. Under his leadership nuclear power



was expanded to a great extent to supply electricity in support of national

economic growth.

The President Doohwan Chun, from point of view of national interest,
provided a strong leadership in support of the development of our own nuclear
technology so that we could become successful as a stand alone nuclear power
country these days. In April 1983, he visited KAERI and received briefings on
the development of heavy water reactor fuel(or CANDU fuel) and then toured
around the research facilities. In the middle of the tour he asked KAERI to
develop light water reactor fuel (or PWR fuel) too. Some time later, Dr.
Pilsoon Han, president of Daeduk Engineering Center of KAERI was

appointed concurrently as president of Korea Nuclear Fuel Company.

Following the successful development of CANDU fuel, the development of
PWR fuel was carried out in honest. At that time, 5 companies from 3
countries competed to win a contract to provide PWR fuel technology and
KWU of Germany was finally selected. To cope with the situation like
insufficient manpower, budget and development time, Dr. Han proposed
°AJoint Design’ a very unique approach which later turned out to be very
effective and successful. At that time, large number of overseas scientists and
engineers were recruited and put in the Joint Design project, which led to the
success in achieving localization of PWR fuel technology. Further KAERI was
also successfully in achieving localization of NSSS design technology through
the same Joint Design approach. Later, this highly capable manpower pool of
top class nuclear professions at KAERI developed a Korean standard nuclear

power plant. Therefore, it should be noted that the success in achieving
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localization of CANDU fuel and PWR fuel, and NSSS design technology
provided an opportunity for Korean nuclear scientists and engineers to get
public trust. It can be said that an era of nuclear technology self-sufficiency is

now open in full measure for Korea

1988 is remembered as the year Korea hosted the olympic games for the
first time and the government of the President Taewoo Rho came to power. At
that time, the heat of democratization movement like tidal waves burst out of
every sector of the society swept across Korea bringing a lot of changes to our
society. KAERI, then resposible for carrying out the project of low and
medium level radwaste management, tried to open a 2nd KAERI and the
repository in Anmuen island. But the plan was cancelled in November 1990
because the opposition by the local people turned into a riot. Thereafter, the
project had been adrift for quite a while and anti-nuclear movements had
become more active. In the long run, the backend fuel cycle technology should
be fully developed and available to achieve the goal of complete nuclear
technology self-sufficiency. For this, enrichment technology and reprocessing
technology should also be developed, of course for peaceful purposes. A series
of important development agenda like these ones are faced with difficulty due
to the “Joint Declaration on the Denuclearization of the Korean Peninsula”
signed by the President Roh. We understand this measure was taken under a
very special circumstance in which South Korea and North Korea confront
each other. However, we can’t help but feel very much sorry about the basic

researches that are totally banned by this declaration.

The President Youngsam Kim opened a new chapter for civilian democratic



government. In 1995 a multi-purpose research reactor HANARO was
completed. It is recorded as the first research reactor designed and built by our
own indigenous technology. In 1996, the development of Korean Standard
Nuclear Power Plant(KSNP) or OPR-1000 was successfully completed, by
which Korea leaped into the ranks of advanced countries capable of supplying
reactor designs. As mentioned above, KAERI had played a major role in the
development of indigenous nuclear technology, but it also had a painful
memory during the government of the President Kim. The industry side used
the failure of radwaste management project as an excuse to discredit the
KAERTI’s overall project management capability and, with some political
backing, strongly pushed its agenda which called for transferring all of
KAERTI’s nuclear power projects to industry. After all, the radwaste
management project, nuclear fuel project and NSSS design project together
with all technical as well as management staff, a total of around 610 employees
involved in those projects were transferred to KEPCO and its subsidiary
companies in January 1997. The whole year of 1996 was a period of extreme
pain, confusion, and frustration for those employees to be transferred because
their opinions were not adequately addressed.

As a result, many core project members who were highly qualified
professionals took early retirement or moved to overseas companies. It is a sad
chapter of otherwise a complete book of success and exciting stories about
developing nuclear power technologies at KAERI. It should be noted that there
are some opinions saying that were it not this project transfer, the indigenous
nuclear power technologies developed by KAERI could have advanced to one

higher step.
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The President Myungbak Lee declared as he came to power that he would
lead a pragmatic government. Under his leadership Korea achieved brilliant
successes to leap into the ranks of nuclear technology exporting countries, on
the occasion of a half century since the introduction of nuclear energy in this
land. In December 2009, KAERI set up a consortium with Daewoo E&G and
won the contract for a 5 MW research reactor to Jordan, and the Korean
consortium led by KEPCO won the contract for 4 units of nuclear power plants
to the UAE. These successes led Korea to enter the ranks of advanced nuclear
power countries. In the case of research reactor export to Jordan, the export
was made possible with KAERI’s experience in construction and operation of
the research reactor HANARO and Daewoo’s construction capability, not to
mention the full support from the government led by the MOST. And in the
case of nuclear power plant export to the UAE, the Korean consortium has
done its best and the government support led by the MK&E was excellent, of
course. But we recognize that the President Lee’s personal involvement
providing valuable leadership in a pragmatic way when and where necessary
could make it a success. As witnessed in this nuclear power plant export to the
UAE, the attention and enthusiasm of the national leader could make a
noticeable difference. In the past when we imported nuclear power plants from
the US, France, Canada, we heard that the top national leader of the exporting
country payed a visit to Korea in person and/or directly called the Korean
president. It proved not a false rumor.

It is clearly evident that to further develop nuclear power as a major growth
engine for the country in this pragmatic government the top national leader has
to pay more attention to the research and development of new nuclear

products for future world markets
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Nuclear Success Story in Korea
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