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Abstract

In the mid 1980s, China launched the development of nuclear power dominated by PWRs and opted for the closed
fuel cycle strategy. On the basis of irradiated fuel reprocessing for defence purpose, an R&D programme for civil
reprocessing has been implemented. Currently, China's spent fuel arising is limited but its amount will sharply increase with
nuclear power expansion early next century. Spent fuel stored at reactor site for at least 5 years will be transported either by a
combination of sea and rail or by road directly to the Lanzhou Nuclear Fuel Complex. A wet centralized storage facility with
a 550 tHM capacity has been built for interim storage of spent fuel. Also, a multi-purpose reprocessing pilot plant with a
maximum throughput of 400 kg HM/d is now under construction and will be put into commissioning by the turn of the
century. A large-scale commercial reprocessing plant, perhaps with a capacity of 800 tHM/a, will be set up around 2020.
Recovered uranium and plutonium from reprocessing will go to a demonstration plant and be manufactured into MOX fuel
for FBR and PWR. The defence radwaste from reprocessing is at present being conditioned into the proper forms and will be
disposed in appropriate repositories. All expertise and experience gained from these practices will be utilized in the future
civil radwaste management.

1. INTRODUCTION

In the early 1970s, China devoted efforts to establish a complete nuclear fuel cycle system for
defence purpose, including the reprocessing of irradiated fuel from plutonium production reactors and
reprocessed uranium recycle. Since 1979, China's nuclear industry has changed its emphasis on
serving the national economy. Consequently, its nuclear fuel cycle industry is also adjusted to this
aim.

In the mid 1980s, it was decided that China should develop nuclear power reactors of the PWR
type, meanwhile a closed fuel cycle strategy was also formulated and declared at an IAEA's
conference [1]. Therefore, China's spent fuel treatment as the most important sector of the back-end
of the nuclear fuel cycle, would involve at-reactor storage, transport, away-from-reactor storage and
reprocessing, as well as radwaste management.

2. NATIONAL ADMINISTRATION

2.1. Management system

China National Nuclear Corporation (CNNC), formerly called the Second Ministry of
Machinery Building founded in 1958 and then the Ministry of Nuclear Industry from 1982 to 1988,
has been responsible for administration and operation of the whole nuclear fuel cycle. However, since
April 1998, its official function has been transferred to the newly composed Commission of Science,
Technology and Industry for National Defence (COSTIND), involving the China Atomic Energy
Authority (CAEA) for the foreign nuclear affairs. In addition, on behalf of the government, the
National Environment Protection Administration (NEPA) and the National Nuclear Safety
Administration (NNSA), recently incorporated into NEPA, are in charge of monitoring and
administration in the respective fields.

Under the CNNC, the Bureau of Nuclear Fuel and its enterprises implement all operations on
spent fuel treatment. The China Institute of Atomic Energy (CIAE) and some universities, such as
Tsing-Hua University and Fudan University etc., are involved in most research topics, while the
Beijing Institute of Nuclear Engineering (BINE) undertakes design and partly R&D of radiochemical
facilities and processes.
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2.2. Policy and regulation

In order to match the nuclear power growth and to reduce foreign dependency, China is
determined to develop a domestic nuclear power and nuclear fuel cycle industry as an essential
principle. So far, it has been implemented sound and vigorously.

For PWR spent fuel, the reason why a closed fuel cycle strategy has been made is the
following:

fully utilization of nuclear resources and development of FBR;
reducing costs of mining, milling and enrichment of uranium;
disposal of radwaste safely after essentially separation of uranium and plutonium from spent
fuel.

Development of civil reprocessing in China is in an advantageous position. The country has a
vast land and there are a few ideal sites for locating a reprocessing plant, where the population density
is extremely low, and the meteorological and geographical conditions are suitable to this process. In
addition, over the past 30 years China has had technical foundation to a certain extent in the field.

A state regulation on spent fuel treatment was drafted by CNNC last year. It is desirable that the
regulation could be submitted to the relative government authorities to be reviewed, approved and
issued as soon as possible. Unfortunately, there is no formal national long-term development
programme for the back-end of the nuclear fuel cycle.

3. SPENT FUEL ARISING

China's first domestic nuclear power project, a prototype PWR unit with a capacity of 300
MWe (phase one of the Qinshan NPP in the Zhejiang province), came in operation at the end of 1991.
Successively, two PWR units (2 x 900 MWe) of the Daya Bay NPP in Guangdong province were
connected to the electrical grid in 1993 and 1994, respectively. Annually, 60 tHM spent fuel is
discharged from these operating units. This number will stay constant until 2002. As of July 1998, the
cumulative arisings are about 300 tHM.

The present five-year National Economy Development Plan (1996-2000), contains a total of 8
nuclear power units, which are included in Qinshan phase two (2 x 600 MWe PWRs) and Qinshan
phase three (2 x 700 MWe CANDUs) imported from Canada, Ling-ao (2 x 900 MWe PWRs), and
Lianyungang (2 x 1000 MWe WWERs) from Russia, totalling up to 6 600 MWe. Their construction
has started and they gradually will be put into commercial operation as of early next century.
Therefore, by 2005 the annual PWR spent fuel arisings will sharply increase to 168 tHM, while the
accumulative arisings are expected to be 940 tHM. In the meantime, 176 tHM will be discharged
annually from CANDU reactors and the cumulative arisings will reach 440 tHM (see Table I).

Several additional large or medium sized NPP projects are being prepared. It is anticipated, that
the total installed nuclear capacity, consisting of almost only PWRs with exception of a few CANDU
reactors, will reach 20 GWe by 2010 and 40 GWe and 2020. Accordingly, with a constant number of
CANDU reactors, the annual spent fuel arisings will reach approximately 600 tHM in 2010 and
1 000 tHM in 2020, while the cumulative arisings will amount to about 3 800 and 12 300 tHM,
respectively.

4. AT-REACTOR STORAGE OF SPENT FUEL

There is always a storage pool in any reactor building for storage of spent fuel and unloading
the whole irradiated core fuel in case of emergency. Spent fuel discharged from reactors has to be
stored at the reactor pool for at least 5 years in order to reduce its radioactivity significantly and to
simplify the following transport and reprocessing process.
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TABLE I. SPENT FUEL ARISINGS FROM CHINA'S NPPs
(OPERATING AND UNDER CONSTRUCTION)

Year

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

#of

Units

1

2

3

3

3

3

3

3

3

3

6

9

10

11

Installed capacity

MWe

300

900

900

0

0

0

0

0

0

0

2 300

2 300

1 000

1 000

Total capacity

MWe

300

1 200

2 100

2 100

2 100

2 100

2 100

2 100

2 100

2 100

4 400

6 700

7 700

8 700

PWR/WWER

tHM

ann.

0

12

36

60

60

60

60

60

60

60

60

102

144

168

cum.

0

12

48

108

168

228

288

348

408

468

528

630

774

942

CANDU

tHM

ann.

0

0

0

0

0

0

0

88

176

176

cum.

0

0

0

0

0

0

0

88

264

440

Total

tHM

cum.

0

12

48

108

168

228

288

348

408

468

528

718

1 038

1 382

Note: ann.- annual; cum. - cumulative.

However, the at-reactor storage period could likely be extended to 10 years, because most
reactor pools can hold spent fuel for this period of time with a compact storage pattern. Reason for
increasing the storage period could be that the reactor owners would like to put off delivery of spent
fuel to the reprocessor in order to postpone payment, or that spent fuel could not be received by the
reprocessor at the appropriate point in time. In fact, the period of at-reactor storage of spent fuel
would last maximum 10 years even with a compact storage pattern in all existing and planned NPPs,
except for two reactor pools in the phase one of the Qinshan plant which have a capacity of 15 years'
fuel discharge.

5. TRANSPORT OF SPENT FUEL

China's NPPs are mostly situated on the south and east coastal area while the present
reprocessing establishment is in the northwest, which is 3 000 to 4 000 km away from the NPPs.
Naturally, the issue of spent fuel transport has to be dealt with.

A feasibility study on the transport of spent fuel from the Daya Bay plant has been completed.
The study results have shown that due to lack of rail access to the plant, a combined transport option
by both sea and rail would be preferable, using big payload casks and making two round trips
annually. Alternatively, a gate-to-gate transport option by road is a realistic solution due to the huge
investment of the above option and the very limited business in the near future. However, it is
necessary that a completed spent fuel transport system, including casks and its maintenance facility, a
purpose-built marine terminal, ships, wagons etc., would be set up for the long term.
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5.1. Transport cask

A small-sized cask has been developed, with a 5 t weight and complying with all the regulations
laid down by IAEA and accommodating 12 CIAE's Research Reactor fuel assemblies or 7 MTR fuel
assemblies. A total of 15 such casks have been transported by road from CIAE to the Lanzhou
Nuclear Fuel Complex (LNFC) in two movements. Testing of other type of casks, made of nodular
cast iron, with some 20 t weight will be finished next year. Selection of large-sized casks loading
more than 10 or even 20 PWR fuel assemblies is being considered to reduce transport unit cost.
Purchase or leasing from overseas would be a practical approach for the next years.

Meanwhile, a purpose built test facility, set up in Dalian city, Liaoning province, is capable of
handling casks, weighing up to 50 t, and implementing various monitoring and tests, covering
shielding, containment, drop, penetration and fire etc.

5.2. Transport by sea

There is a dock without fixed crane in the Daya Bay Plant bordered on the sea. It is not
necessary to fit a costly gantry crane with a heavy capacity because of rarely cask handling.
Consequently, the operation has to be carried out by a self-provided crane on a specialized ship or a
rental floating crane. No doubt, a purpose-built ship with dual hull and bottom is more reasonable and
safer than leasing a common ship. A preliminary idea on the former enabling to hold up to 10 cask
packages, with a fixed crane and with 2 500 GRT has been projected.

Lanshan Port in the Shangdong province, located at the mid-east coast of China has been
screened out for cask transit. A purpose built marine terminal at the port will have a warfare for the
ship docking and be equipped with a rail-mounted cantilever crane with a 150 t capacity enabling to
load casks from a ship unto specialized wagons or vice versa. A rail track will link the terminal with
the main rail line.

The sea route of about 1 130 nautical miles away from the Daya Bay plant has been identified.
The navigation conditions have been carefully investigated, including suitable sailing season, haven
choice, and prevention of striking on the rocks, as well as the emergency response and salvage access
in the event of a ship sinking.

5.3. Transport by rail

Type B(U) package for spent fuel will be transferred to concave shaped wagons with twelve
axles and a 150 t loading capacity. China possesses of the capability of fabricating the wagons. After
being marshalled and short staying, a special train composed of cask loaded wagons and some
necessary auxiliary cars will be driven according to a designated scheme.

A running route between the marine terminal and LNFC has been preliminary selected on the
principle of avoiding big and medium sized cities, densely populated regions and the rail routes with
the heavy traffic as far as possible. The transport distance is more than 2 600 km, while it would take
about a week for a single journey.

5.4. Transport by road

Road transport has the following advantages: flexible, more choices of routes, little restrictions
in term of time, geography and environment, easy to avoid some sensitive areas and rush hours, and
conveniently organization, in particular without complicated marshalling and transhipment, and less
investment. The Chinese road traffic net has been improved significantly. Most roads have reached
higher standards. In addition, there are a number of specialized carriers with advanced tractors and
trailers having many years of experience in dealing with over-sized and over-weight goods by
competent professionals.
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The study has shown that transport of spent fuel from Daya Bay Plant to the LNFC by road is
technically reasonable and economically acceptable, using super duty tractors and flat trailers
imported from abroad with advanced performances and driving the approximate 4 000 km distance,
which is dominated by national trunk roads with class two or above standards.

6. AWAY-FROM-REACTOR RECEIPT AND STORAGE OF SPENT FUEL

In May 1994, the construction of the first stage of a Centralized Wet Storage Facility (CWSF)
started. The facility will have a capacity of 550 tHM (500 t for PWR fuel and 50 t for other fuel) and
is located at the LNFC. Beside the storage pools, the facility also covers a receipt and monitoring hall
for casks with a overhead crane of 130 t capacity, cooling and purification systems for pool water and
the auxiliary shops, such as water make-up, power supply and ventilation etc. [2].

At present, the CWSF's civil engineering has been finished while welding of the stainless steel
lining of the pools and installation of equipment are being carried out. It is anticipated, that the CWSF
would be put into active operation in 2000, and extended with an additional capacity of 500 tHM or
more early next century. Then, it could receive and accommodate at least all the spent fuel from the
Daya Bay NPP over its 20 years' joint venture period. In the long term, the facility's storage capacity
might again be modularly expanded and inter-linked with the future commercial reprocessing plant
through a designated channel.

7. SPENT FUEL REPROCESSING

Since the mid 1970s, R&D on spent fuel reprocessing from power reactors has been performed
at laboratories of several institutes [3]. In the early 1980s, a multi-purposes reprocessing pilot plant
(RPP) project was incorporated in the national economy plan [4, 5]. The project has the following
functions:

demonstration of the processes, equipment and instrumentation under hot conditions;
experience accumulation of the design, construction and operation;
training of the operation personnel;
recovery of highly enriched uranium (HEU) from the High Flux Engineering Test Reactor
(HFETR) spent fuel;
R&D of future reprocessing technologies for LWR-MOX or FBR spent fuel.

The RPP consists of the CWSF mentioned above, a main reprocessing facility (MRF) with a
maximum throughput of 400 kgLEU/d, a hot cell laboratory (HCL) with a 900 gHEU/d capacity and a
machinery testing workshop (MTW), as well as other auxiliary facilities [3]. The MRF will use a
modified Purex process and the HCL a diluted TBP process.

Construction of test rigs at the MTW started in May 1991 and was completed in advance in
April 1993. The rigs are designated for simulated tests of some key equipment, instrumentation and
remote operation, such as a fuel bundle shear, a set of pulsed sieve extraction columns and their
monitoring instruments, control-computed system, remote welding and cutting devices and tele-
manipulators etc. Currently, with the exception of the MTW, all RPP buildings, of which construction
of the latest facility (MRF) was launched in October 1997, are also actively underway. Hot
commissioning of the whole RPP is anticipated by the turn of the century.

After obtaining extensive experience with the RPP and a sufficient amount of accumulated
spent fuel, a large-scale commercial reprocessing plant, possibly with a 800 tHM/a capacity, could be
commissioned around 2020 in order to match with the nuclear power capacity at that time.

15



8. REPU AND CIVIL PLUTONIUM RECYCLE

In the future, the reprocessed uranium (RepU) as trioxide will be re-enriched and recycled. In
the past years, all RepU products, as ammonium uranyl carbonate (AUC), recovered from military
reprocessing was converted and re-enriched.

China has been paying attention to R&D on FBR technology. It would possibly become the
second generation of nuclear energy in the future. An experimental fast reactor project, with a
capacity of 65 MWt and located at CIAE, has been included in the State High Technology Programme
and will be completed early next century. Therefore, civil plutonium recovered from reprocessing
could be supplied to FBR and/or PWR as MOX fuel. It is currently been considered to build a MOX
fuel demonstration facility at the appropriate time.

9. RADWASTE MANAGEMENT

The various types of radioactive liquid waste from military reprocessing have been safely
stored in mild-steel or stainless steel tanks since the 1970s, while R&D on waste conditioning was
initiated in time. All expertise and experience gained from treatment and disposal of defence waste
will be utilized in the management of radwaste from civil reprocessing.

9.1. Low and intermediate level waste

For low level liquid waste (LLLW) of LNFC in a quite dry climate environment, three open
basins have been run since late 1960s while LLLW of the other plant, located in the moist region, is
concentrated by evaporation, from which the concentrated LLLW is immobilized by the
bituminization process [6]. Since the end of 1992, an engineering facility with twin lines and a
throughput of 250 1/h each has been put in active operation.

Both the underground hydrofracture pouring cementation process and the in-situ bulk grouting
process for conditioning and disposal of intermediate level liquid waste (ILLW) have been
successively developed. A facility with the former process has been operated for 6 campaigns at an
appropriate site while another facility with the latter process will complete construction at the LNFC
next year. Also, an incineration pilot facility has been tested for volume reduction of spent organic
solvent by the pyrolysis process.

Phase one of a Northwest Repository project for solid LLW/ILW, situated at the LNFC site and
composed of a set of shallow land burial trenches with 20 000 m3 capacity, was finished early 1998
and will receive very soon conditioned waste. In the future, it can be expanded to 60 000 m3 and even
to 200 000 m3 capacity.

9.2. High level waste

A high level liquid waste (HLLW) vitrification route, like the Pamela process in Mol, Belgium,
has been defined, using a liquid-fed ceramic melter. Imported from Germany, a non-active full-scale
mock-up facility will be set up this year. An active plant is expected to be in operation by early next
century.

Finally, vitrified waste accommodated in canisters would be stored in an interim store for at
least 30 years prior to ultimate disposal in a deep geological formation, on which a specific R&D
programme has started for more than 10 years. Commissioning of a HLW repository is planned
around 2050 at a site to be selected by 2030.
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