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Abstract

This paper describes the specific experiences in the technology transfer of nuclear power in
China, a country that both imported and developed indigenous nuclear technology. Based on this
experience some recommendations are presented that should be considered particularly by the
developing countries.

1. INTRODUCTION

The nuclear power industry is a modern one including research and development,
design and engineering, equipment manufacture, project management, personnel training and
operation and maintenance. It is a complex and comprehensive high technology, therefore, a
certain infrastructure is absolutely necessary for development in any country. It is also the
reason why nuclear power developed first in industrialized countries and then was introduced
into some developing countries.

2. HISTORICAL REVIEW OF NUCLEAR POWER DEVELOPMENT IN CHINA

2.1. Nuclear power plants (NPPs) put into operation

In the early 1970's, the Chinese government decided to develop nuclear power. After
investigating nuclear power development in the world and exploring the domestic capabilities
for research and development (R&D), design and engineering, equipment vendors, fuel
supply, manpower, and project management of utilities, experts proposed that nuclear power
be initiated with a small (i.e. 300 MWe) pressurized water reactor (PWR). The Chinese
government adopted this proposal and decided to build the first NPP with a 300 MWe PWR
unit at Qinshan, Haiyan County, Zhejiang Province. Through construction and operation of
the Qinshan NPP Phase 1 we have mastered key technologies, accumulated valuable
experience, trained personnel in operation and maintenance, and set up the necessary
infrastructure for development of nuclear power. The capability to design, construct and
operate medium and large PWR NPP has been also fostered.

During construction of Qinshan NPP, Phase 1, more than 100 institutes, universities
and factories engaged in more than 400 R & D programs on subjects such as reactor physics,
thermo-hydraulics, radiation shielding, material research, stress analysis, earthquake-resistant
design and safety analysis. Fuel assemblies and related components, reactor internals, control
rod drive mechanisms, steam generators, pressurizers, turbine-generators, instrumentation and
control(I & C), and so on, were domestically manufactured for the unit. In addition, we
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carried out the necessary technology transfer. For example, we exchanged information and
personnel with foreign institutes, asked foreign AE companies and vendors to consult on the
layout and control room design, as well as the design of the steam generator and turbine-
generator of the plant. We have purchased software for design, analysis and some
manufacturing technology, and dispatched Chinese engineers to visit foreign NPPs and
education centers for training in operation and maintenance of NPPs. Through a combination
of unremitting domestic efforts and the above-mentioned technology transfer, the construction
of Qinshan NPP Phase 1 was completed by the end of 1991 and put into full power operation
in July, 1992. Since then Qinshan NPP Phase 1 has had a good operating record; Figure 1
shows the annual load factor. Now we have independently mastered design, construction and
operation of a 300 MW PWR NPP.

In addition, a 300 MWe, PWR NPP is being constructed by the China National
Nuclear Corporation (CNNC) in Pakistan including some technology transfer and personnel
training. CNNC takes turn-key responsibility for this project and subcontracts some auxiliary
building to Pakistani companies. According to the project schedule, this NPP will be
completed in 1999.

Daya Bay NPP with 2x900 MW PWR is the second NPP on the mainland of China.
To meet the demand for electricity in Guangdong Province and Hong Kong, in the middle of
1980's, the Chinese government approved construction of this large NPP through a joint
venture with a Hong Kong utility. The design and equipment supply of the nuclear island of
the NPP was provided by French Framatome Company. The British and French GEC
ALSTHOM Company provided the design and equipment of the conventional island of the
NPP. The Balance of Plant (BOP) equipment was purchased in the international market and
Chinese companies were responsible for construction and installation. The French EDF
company was asked to provide project services including technical responsibility for the
project (coordinating interfacing of suppliers, assisting the owner with design review and
procurement of BOP), training personnel in operation and maintenance and taking
commissioning of the first unit, as well as to assist with project management. The framework
of contracts is illustrated in Figure 2. The operating record of the NPP after commercial
operation in 1992 is quite good; Figure 3 shows the annual load factors.

Load factor %

84.41 84.46
76.55

1994 1995 1996 1997

FIG. 1. Annual load factor of Qinshan NPP, Phase 1.
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FIG. 2. Framework ofDaya Bay contracts.
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FIG. 3. Annual load factor ofDaya Bay.
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2.2. NPP under construction

The successful operating record of the self-designed and self-constructed QinshanNPP
Phase 1, as well as the imported Daya Bay NPP excited Chinese government and utilities of
some provinces and encouraged them to further develop nuclear power. It is also very helpful
for consolidating public acceptance for nuclear power in China. At present there are 4 NPPs
with 8 units under construction as follows:

(1) Qinshan NPP Phase 2, with 2x600 MW PWR

This is the second self-designed and self-constructed NPP with 2 PWR units of
medium scale. To provide design and engineering testing data for localization of equipment,
some R & D facilities have been newly set up or extended operations. Moreover, based on
technology transfer for Qinshan Phase 1, we have imported a full set of design drawing of the
reference plant and the related codes and standards. We have purchased more than 100 design
and analysis software programs for system, equipment and fuel assembly from French
Framatome, EDF and Fagema companies. These firms have been asked to consult and review
a part of the plant design. The construction of Qinshan NPP Phase 2 started with the first
pouring of concrete in June 1996. According to the project schedule It is expected to be
connected into the grid in the year 2002. We believe that through corresponding training from
the technology transfer, especially construction of Qinshan NPP Phase 2, the best practice of
this kind of technology transfer, we are independently capable of design, construction and
operation of 600 MW PWR NPP.

(2) Lingao NPP, with 2x900 MW PWR

Lingao NPP is actually a duplicate of Daya Bay with some improvements, and will be
the second largest commercial nuclear plant in mainland China. For this project, Framatome
and GEC ALSTHOM remain responsible for equipment supply of the nuclear island and
conventional island, respectively. But EDF was invited to provide project consulting instead
of project services for the Daya Bay project. Chinese companies will take part in design and
part of the equipment supply. The percentage of local procurement of BOP equipment will be
increased. Chinese companies are in charge of construction and installation of the NPP.
Chinese engineering institutes have been asked to be responsible for overall design, BOP
design and technical coordination with consultation from foreign suppliers. The first concrete
was poured in May 1997. The 1st unit is scheduled to be put into operation in the year 2003.

(3) Qinshan NPP Phase 3, with 2x720 MW CANDU 6 units

Taking into account that we lack infrastructure for pressurized hot water reactors
(PHWR) and are not familiar with the technology, the Qinshan Phase 3 will be implemented
as a turn-key project. That means that Atomic Energy of Canada, Limited (AECL), as the
main contractor, will be in charge of project management, overall design, design and
equipment supply of the nuclear steam plant (NSP) and technical coordination. The
consortium from Japanese Hitachi and American Bechtel, as the subcontractor of AECL, is
responsible for the design and equipment supply of BOP. Construction and installation of the
project are still born by Chinese companies. The frame of contracts is illustrated in Figure 4.
According to the project schedule, the first concrete will be poured in June 1998 and the first
unit will be put into commercial operation in 2003.
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FIG. 4. Framework of contracts for Qinshan NPP, Phase 3.

(4) Lianyungang NPP with 2 x 1000 MW VVER units

This large commercial NPP is the result of co-operation between China and Russia.
The design shall be the responsibility of Russian institutes, I but Chinese institutes shall also
take part in it. Russia shall provide all equipment, except I & C design and equipment will be
provided from a third country. As in all of the nuclear power projects in China, Chinese
companies are responsible for construction and installation of Lianyungang NPP. The General
Contract was signed in December 1997and it is expected to go into operation in the year 2004.

The following electricity development policy is being implemented currently in China:
To optimize the structure of fossil power development , to develop hydropower extensively
and to develop nuclear power appropriately, according to the local situation . We can expect
nuclear power to play a more important role in China in the next century.

3. TECHNOLOGY TRANSFER FOR NUCLEAR POWER DEVELOPMENT IN CHINA

According to local conditions, each country has a way to get nuclear power through
technology transfer. Besides political, diplomatic and economic factors, from the technical
point of view, factors such as the national nuclear power development plan, reactor type and
size, capability of R & D, the level of industrialization and manpower resources, must be
carefully investigated. It is our understanding that through technology transfer, the recipient
country can use the transferred technology to realize localization. For example, after design
technology has been transferred, the recipient party will have ability to design NPP through its
own efforts. The recipient party can utilize the transferred manufacturing technology to
enhance its manufacturing ability and to extend the local equipment supply. The recipient

213



party will be able to operate the nuclear power plant independently after having received
technology transfer on operation.

Therefore, we are aiming at the ultimate purpose, i.e. realizing localized design,
manufacture, construction, project management and operation of NPP, carried out through
different ways of technology transfer for different nuclear power projects.

As above mentioned, during the implementation of Qinshan NPP Phase 1 project the
objectives of technology transfer were focused on the following:

- To establish R/D facilities;
- To train personnel in design, engineering, manufacture, construction, operation and

maintenance;
To accumulate the experiences of project management;

- To establish QA systems.

For Daya Bay NPP project, the objectives of technology transfer were focused on:

- To train personnel in large scale project management matched with international
practice, including investment control, quality control and schedule control;

- To gain experiences in constructing large scale nuclear power through cooperation
with foreign vendors;

- To be able to operate and maintain imported nuclear power units independently.

For Qinshan NPP Phase 2 project, the objectives of technology transfer were focused
on the following:

To enhance the domestic capabilities of project engineering and equipment
manufacture through documents, information and computer codes of the reference
plant as well as consultation of foreign vendors;

- To be able to issue technical specifications for procurement of equipment and
components in the international markets;

- To increase the domestic capabilities for building large scale nuclear power units
including engineering, construction and supply of equipment and components.

The manner of technology transfer in China can be summarized as follows:

Purchasing the documents, drawings and corresponding software, then studying and
mastering them;

- Asking experienced foreign companies to work with us as consultants;
Dispatching our engineers in various disciplines to get on the job training abroad and
inviting foreign experts to conduct lectures and seminars in China.

Additionally, in development of nuclear power, we got very useful assistance from the
International Atomic Energy Agency (IAEA), which covers:

- research and development;
- design and engineering;

project management; and
- training of operation and maintenance personnel.

According to statistics, from 1985 to 1996 1342 man-hours of training were provided
to Chinese engineers abroad and 582 man-hours of technical services were provided by
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foreign experts dispatched to China under arrangements by the IAEA. It must be especially
noted that over a hundred operators of Qinshan phase 1 NPP were trained abroad through
IAEA channels.

4. SOME ISSUES OF TECHNOLOGY TRANSFER FOR NUCLEAR POWER
DEVELOPMENT IN DEVELOPING COUNTRIES

The scope of technology transfer for nuclear power development involves many
factors. It is important for a developing country to carefully investigate its own situation and
then establish its technology transfer policy and scope. The following issues should be
considered particularly:

(1) First, the government should establish a long-term plan for nuclear power
development. This plan determines the total scale of development of nuclear power in
the country, the technical line including reactor type, unit size, compatibility with the
electricity grid etc. according to the infrastructure of the country.

(2) Attention must be paid to the technology which will be transferred; it must be proven
and advanced. Proven technology means it has been successfully applied in existing
NPPs; advanced technology means it will show its potential in the next century.

(3) If a developing country has an ambitious nuclear power development plan and wants
to build a series of nuclear power plants, it should examine its infrastructure in the
field of R & D, equipment manufacture, and so on, to determine its suitability for
substantial development. Technology transfer should be implemented in all related
areas, not only design and manufacturing technology, but also operation and
maintenance of NPP. The ultimate purpose of technology transfer is to increase the
capability of self-reliance, to foster standardization and localization, and to increase
the competitiveness of nuclear power by decreasing generating costs.

(4) If a developing country only wants to meet electricity demands and increase its
generating capability by building a few nuclear power stations, it is not necessary to
conduct an overall technology transfer. However, technology transfer on operation and
maintenance must be done to be able to operate NPP safely and effectively.

Finally, we deem that for developing countries, the ultimate purpose of technology
transfer is to increase domestic capabilities in R&D, engineering, manufacturing, construction,
operation, maintenance and project management, and only in this way, reduce the investment
and operating costs of NPP in their countries.

Therefore, to establish policies for technology transfer, developing countries should
determine the scope, objectives and nature of the technology transfer based on their
capabilities and make the transfer more economic and effective.
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