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THE WAY TO ACHIEVE INDEPENDENCE

IN CHINA'S NUCLEAR POWER DEVELOPMENT

(abstract)

Peisheng Lian

(MNI, China)

Very much in need .of developing nuclear power, China has

found the main problem to be shortage of funds, particu-

larly that of foreign currency. The only way to over-

come this difficulty is to increase national share to

the utmost extent. Since engineering and management

of such complex and capital-intensive projects as NPPs

has very important bearing on promoting national parti-

cipation, much emphasis is placed on acquirement of soft-

ware technology. Technology transfer is therefore

sought in light of this need as well as of specific

China's conditions.
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Because of uneven distribution of energy resources in

general and scarcity of both coal and hydrepower reserves in

the most densely populated and industrially most developed

regions - e.g. the southeast coastal areas - in particular,

nuclear power is increasingly felt to be an indispensable

energy source in China. As you may know, the 300 MWe fin-

shan Nuclear Power Plant is located 120 km to the southwest

of Shanghai. The 2x900 MWe Guangdong NPP is located near

Shenzhen and Hong Kong. So the first lot of China's NPPs

are meant to serve the energy-hungry population centers.

Since the resumption of studies in I960 on whether and

how China should go nuclear, the way to achieve independence

in design and construction of NPPs and self-sufficiency in

the supply of equipment to the maximum extent possible has

always been a main concern. The reasons are more economic

than political. As a developing country, China simply can

not afford to pay in foreign currency for all the NPPs she

intends to install. Furthermore, plants with a major share

of domestic contribution will cost much less than otherwise,

provided the same construction time is properly kept.

Objectives and Policies of China's Nuclear Power

(1) Type of Reactors With limited resources we do

not think we are able to handle more than one type of power

plant reactors commercially in the near future. Taking into

account the accumulated experience in domestic reactor con-

struction and the extensive pool of knowledge of PWR in the

world, PWR has been adopted as the main line of development

for NPPs in China until probably the year 2000. This does

not mean that other reactor types like CANDU, BWR, etc. are

entirely out of interest. It is advisable, however,that we

should keep them in view and reevaluate their prospects from

time to time.



(2) Unit Size Lack of electricity has been a very

serious obstacle to China's economic development for over 15

years and this situation is unlikely to be eased in the fore-

seeable future. In the meantime, among the 13 important

power grids scattered over the country's vast territory only

four are large enough to accommodate nuclear power generating

units of 900-1000 MWe size, while for the other grids, units

exceeding 300-600 MWe size would be unsuitable. Before 1985

China had opted for a plan of building i*x1000 MWe PWRs in

close cooperation with a selected foreign partner with increas-

ing degree of national participation in successive units.

However, relying too much on foreign supply for the first few

units would make the capital investment reach an unbearably

high figure. Due to funding difficulties the near term

nuclear power programme has been modified to a plan of 2x600

MWe PWRs, of which a high percentage of national participa-

tion shall be achieved, based on the fact that China has al-

ready imported and assimilated the technology of 600 MW turbo-

generator for fossil power plants and also trial-manufactured

numerous components for Qinshan 300 MWe PWR. Taking all

these into consideration, 600 MWe size becomes a reasonable

choice though maybe short of economies of scale elsewhere.

(3) Independence in Design and Construction To Be

Achieved with Foreign Assistance In the nuclear field

Ch:,na is a unique country which has developed nuclear weapons

for national defence purposes yet still does not have a

single civilian NPP in operation. Despite the accumulated

knowledge in nuclear science and technology including reactor

development and the well established rather comprehensive R &

D facilities, China is lacking know-how and experience in the

engineering and management of commercial nuclear power proj-

ects. In order to catch up with international advances and

to fill the gap in not too long a period of time, the Chinese

authorities have never ceased to seek aooperation with other

countries. We are quite aware of the great importance of

good management to satisfactory performance of nuclear power

projects and the difficulties to incorporate foreign practices

into Chinese traditional mode of operation. But where it is
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necessary, we are ready to reform.

(if) Maximum Extent of National Supply of Equipment

To increase the national share in the supply of equip-

ment is very important to the foreign currency balance since

capital goods usually account for about 55% of total direct

cost of a NPP. However,100% nationalization will neither be

possible nor be advisable. China will continue to import

specific materials and components, production of which would

not be advantageous economically due to small quantities re-

quired and disproportionately high investment involved.

(5) Full Independence in Nuclear Fuel Cycle

China has established a domestic nuclear fuel cycle

industry, modest in scale and yet comprehensive in scope.

It is only natural that China should aim at full indepen-

dence in the entire fuel cycle, since nuclear fuel is the

continuing requirement during the lifetime of a NPP and

relying on outside supply would make the country quite

vulnerable to various kinds of pressures. With our own

efforts and international cooperation, country-wide geolo-

gical reconnaissance and further exploration of uranium

resources is to be sped up, and R & D in the fields of

uranium enrichment, spent fuel reprocessing, radioactive

waste treatment and disposal, etc. will be intensified.

As regards fuel element design and manufacture,negotiations

with foreign companies over technology transfer have been

under way for some time.

(6) Role of Qinshan NPP Qinshan NPP is design-

ed and being constructed by Chinese own efforts. Though

300 MWe is not a fully economic size, one purpose of this

project is to train Chinese technical and managerial per-

sonnel by putting them on the job and giving them the op-

portunity to perform and to err. It involves a large

amount of investment from the Government, not without

risks. Therefore, the project had been long and much de-

bated before it was finally given the approval to go ahead

in 1981. The site also aroused disputes and had been

changed three times before the present location in Hai-

yan County, Zhejiang Province was formally approved in

November 1982.
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By going through the whole train of work, from plant

layout and design, safety criteria establishment, materials

selection, components fabrication, civil construction,equip-

ment installation up to commissioning and operation, and by

tackling all kinds of problems arising, engineers already

experienced in other reactor projects but not having any ex-

perience with commercial nuclear power generating units will

acquire the know-how and learn the know-why. In brief,

realization of this project will facilitate assimilation and

adaptation of foreign technology, promote domestic industry

and help quicken the pace of self-sufficiency. Fig. 1 shows

the reactor containment partially installed as of February

1986.

Measures Taken To Promote Self-Sufficiency

(1) Implementation of Qinshan NPP On the basis

of a former engineering group, a better organized comprehen-

sive engineering institute exclusively devoted to design and

engineering of the 300 MWe PWR was established in 1979, its

staff having been recruited from older institutes and uni-

versities all over the country. The Shanghai Nuclear

Engineering Research and Design Institute (SNERDI) and its

forerunner has performed a series of demanding tasks for the

project, such as: site investigation and evaluation, feasibi-

lity studies, safety and environmental effects assessment,

plant layout and design, core and systems design, components

specification and design, procurement and follow-up,equipment

and materials qualification, site services, etc. The SNERDI

also plays the role of general coordinator among a number of

design institutes involved in the project.

While most topics which needed experimental verifica-

tion and further study (see Table I) were contracted to other

Chinese institutions, many essential components(see Table II)

were jointly developed and designed by SNERDI and local

fabricators concerned. Fig. 2 - 7 show some of the experi-

mental setups and components developed. It was originally

planned to have all equipment made in China. Then it turned

out that for certain special components it was improbable or

impossible to get them delivered up to standard and on

schedule. Being the first of a kind, most of them needed a
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lot of developmental work. Consequently we had to modify the

plan and resort to importation (see Table III). The imported

portion accounts for some 30% of total equipment cost.

In the meantime, foreign consultant services were also

requested (see Table IV) to make design reviews and to train

Chinese personnel, besides our very frequent mutual visits

and exchanges of information with friends abroad. This

situation is quite different from when we were constructing

reactors in the sixties with no connections whatsoever with

the outside world.
*

(2) Establishment of National Engineering Company

Mastery of plant engineering and project management

know-how (Software) is deemed more important than that of

equipment nanufacturing technology (Hardware), not only be-

cause the former, though less tangible, refers to the over-

all project instead of its individual components, but also

because the engineering work of drawing up specifications

and following up procurement activities has a profound bear-

ing on promoting participation by domestic equipment suppli-

ers. Out of this consideration, much emphasis has been

placed on transfer of engineering and management know-how.

In order to pool together our manpower resonrces and

make concerted efforts, an all-China engineering company -

China Nuclear Engineering Corporation (CNEC) - comprising

SNERDI and BINE, the Beijing Institute of Nuclear Engineer-

ing, was set up in March 1986. The CNEC will be responsible

for all nuclear power projects and relevant technology

transfer.

(3) Upgrading and Qualification of Domestic Equipment

Manufacturers When China embarked on the Qinshan NPP,

a manufacturing industry already existed capable of produc-

ing major equipment of conventional power plants (up to 300

MW), chemical and metallurgical works, petrochemical com-

plexes, etc. And it had designed and fabricated components

for small and medium-sized research, production and power

reactors. However, owing to the very high standards of

safety and reliability demanded of commercial NPPs and con-

sequently extraordinarily stringent quality requirements

for nuclear safety-related components, most of the existing
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factories needed upgrading and qualification. During the

decade ending 1985 in the Shanghai area alone, 16 manufactur-

ing plants were expanded and refurnished, with a number of

special workshops for steel melting, heat treatment, heavy

vessel fabrication, radiographie examination, stress reliev-

ing operation, large turbine manufacturing and over-speed

testing, large generator manufacturing and full-load testing,

steam generator tubing fabrication, etc. built anew and

equipped with heavy-duty cranes, high capacity machine tools,

modern welding machines, testing and inspection facilities.

As there are comparable manufacturing plants in Sichuan Pro-

vince and the northeastern provinces too, general surveys

and investigations by groups of Chinese and foreign experts

have been conducted. An assessment effort in order to se-

lect the most suitable supplier in each of the required

areasfor 600 MWe NPPs is under way. Generally speaking,

besides manufacturing know-how which can be acquired by

technology transfer, the main gaps are in the aspect of

quality assurance (QA) philosophy and implementation, re-

specting which foreign assistance and cooperation will be

very helpful. Nevertheless, it seems to be expedient that

domestic supply should start with components of lower safe-

ty classes and gradually shift toward higher classes.

With regard to supply of fuel assemblies for commer-

cial PWRs in China, a new factory has been built in Yibin,

Sichuan Province.

(if) Research and Development Work R & D effort

to develop reactor technology was initiated in 1959 just

after the country's first reactor had been put into opera-

tion. Quite a number of new laboratories were corres-

pondingly established in the Atomic Energy Institute in

Beijing. Reactor development activities have since been

continually progressing,and now there are three main re-

search centers mainly devoted to reactor technology and

related subjects. They are: the Southwest Center for

Reactor Engineering Research and Design (SWCR),the Reactor

Department of the Atomic Energy Institute and the Insti-

tute of Nuclear Energy Technology of Qinghua University,

besides many other research institutes specialized in

materials, metallurgy, chemistry, electronics and instru-

mentation, non-destructive examination, radiological pro-
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tection, engineering mechanics, etc., forming a basic infra-

structure for our self-reliance endeavor and serving as excel-

lent training installations for our technical professional

personnel. R & D activities supporting PWE design efforts,

concerning NPP safety and in all fcreas of nuclear fuel cycle

are being carried on.

(i+) Technology Transfer Negotiations on techno-

logy transfer with foreign companies have been carried on

for several years and no agreement has been concluded.

During the first period of negotiation the impact of institu-

tional models was not fully realized. Transfer of technology

should be incorporated with the project, with the owner-

utility's support, of course. Inexperienced as we are, we

have found exchanging experience with other countries, espe-

cially with those having experiences in receiving technology,

to be very beneficial. We have learned the turn-key mode of

project approach usually yields less than satisfactory results

both regarding transfer of technology and with respect to

maximizing the share of national participation, as evidenced

by South Korean and Spanish experiences. Therefore, we

should be prepared to take on more responsibility and the

accompanying risks in project implementation as compared with

the turn-key case in order to utilize domestic resources and

capabilities to the maximum extent and to incorporate foreign

technology into our daily practice most expediently. For

this purpose we need and would request assistance and close

cooperation of our would-be technology transferring partner.

Conclusion

The open policy adopted by Chinese Government is not

contradictory to the principle of self-reliance. Relying

on our own efforts combined with foreign assistance by way

of technology transfer, we are even more confident than be-

fore that our aim of independence in NPP design and con-

struction as well as the maximum degree of nationalization

will be achieved in a short period of time.
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Table I Some Experiments Performed Accompanying

the Design Efforts for Qinshan NPP

1. Reactor neutronic characteristics esperiments
2. Fuel assembly hydraulics experiments

3. Fuel bundle critical heat flux experiments
i+. Fuel bundle irradiation tests

5. Fuel rod and bundle vibration tests
6. Reactor model flow distribution experiments

7. Reactor internals model vibration tests

8. Corrosion experiments in ordinary and borated water for
various materials (stainless steel, zirconium alloys,
nickel alloys, etc.)

9. Pressure vessel mechanical-structural model tests and
stress analyses

10. Pressure vessel steel irradiation tests

11. Primary piping and supports dynamic stress analysis tests

12. Reactor control system simulation tests

13. Experiments of environmental effects (under LOCA condi-
tions) on electrical equipment

14. Gaseous effluent atmospheric dispersion tests on site

15. Liquid effluent dilution tests on site

Table II Some Tests Related To Components Development

1. Control rod drive alignment tests

2. SQ moisture separator performance tests

3. SG tubing vibration tests

k. Pressure vessel and primary pump 0-ring sealing tests

5. Primary pump shaft seal tests

6. Safety-related pumps characteristics tests

7. Pressure vessel welding process investigation tests

8. Pressurizer heating element endurance tests

9. Fuel handling machine performance tests

10. Snubbers performance tests

11 . Valves performance tests

12. Emergency diesel generator performance tests

13. Prestressed concrete containment 1:1 sectional model tests

lif. Neutron detection instruments performance tests



Table I I I Major Imported Components of Qinsh^Ji NPP

1 . Reactor pressure vessel
2. Primary piping

3. Primary pumps

it. Centrifugal charging pumps
5. Main feedwater pumps
6. Safety valves
7. Sa U-tubing
8. On-line computer

9. Polar crane

10. In-core instrumentation

Table IV Foreign Consultant Services for Qinshan NPP

1. NSSS design and safety analysis consultation with

Dr. L. S. Tong, U.S.A.

2. Nuclear auxiliary systems design review by Sfcrgent & Lundy

Engineers, U.S.A.

3. Main control room layout design review by Sargent & Lundy

Engineers, UlS.A.

4. Steam generator design review by Ansaldo Componenti S.P.A.

Breda Division, Italy

5. Conventional island design review by Ebasco Services Inc.,

U.S.A.

6. Assistance on manpower development by IAEA, including:

- Operational personnel training

- Commissioning procedures and operation manuals review

- Training of management and QA/QC personnel

7. Assistance on PEA study by GES, F.R.G.
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Fig. 1 - Installation of Reactor Containment (as of Feb,1986)

Fig. 2 - Zero-power Experimental Setup
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Fig. 3 - Hydraulic Mock-up Experimental Setup

Fig. k - Fuel Assembly Model



Fig. 5 - Control Rod Drive Mechanism
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Fig. 6 - Fuel Handling Machine

Fig. 7 - Steam Generator Bottom Head
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