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Abstract

The paper will outline the main activities on fast reactor technology in China.
In the year 1996, with the increasing of about 15 GWe installed electricity capacity , the total

national electricity generation capacity has reached 225 GWe in the Country. Two nuclear power
plants, Qinshan Phase 1 and Daya Bay have their rather good operation. The load factor of Qinshan
Phase 1 was 84.7%. 76.1% and 64.1% for Daya Bay Unit 1 and Unit 2 respectively. During the
Ninth 5-year (from 1996 to 2000) four NPPs Consisting of eight units of installed 6620MWe will be
constructed. Under the framework of the High Technology Programme the Chinese Experimental
Fast Reactor (CEFR) with die power 65MWth matched with 25MWe turbine-generator is still under
preliminary design stage, which is sodium cooled pool type, (Pu,U)C>2 as fuel , in -core primary
spent fuel storage, two mechanical pumps and four intermediate heat exchangers for primary circuit,
two loops for secondary circuit, two independent immersed heat exchangers and air coolers with
high stacks for passive residual heat removal system. Some design changes are presented in die
paper.

Concerning the R&D for the CEFR, besides die facilities already prepared, for demonstration
of thermohydraulic characteristics of natural convection, a water simulation reactor pool facility in
about one third scale is planned, in order to prepare the reactor physics experiments for its start-up,
die zero power fast neutron facility with 50kg U-235 has been restored, for endurence testing of core
subassemblies and getting some sodium loop operation experiences, Italian ESPRESSO and CEDI
are under reconstruction in our lab.

As for the engineering preparation of the project CEFR, die Feasibility Study Report was
appoved by Authorities on November last year. The site preparation and me design of incorporated
to grid are just started.

Finally, the activies of the international cooperation are presented in the paper.

1. INTRODUCTION

As a developing Country, China has a rafter fast development in her national economy during
past more than ten years. In last year, 1996, me annual increasing rate of me gross national products
was 9.7%.[11 With the incsease of about 15 GWe1'1 new installed electricity capacity, the total
national electricity generation capacity has reached 225 GWe, ranking fourth place in die world. But
die possession of electricity capacity per capita was less than 0.2kW, much lower than die average
level over me world. The electricity generation industry should be further developed to meet the
needs of the national economy development and a continuous improvement of living standard.

hi diis country two nuclear power plants, Qinshan Phase 1 300MWe PWR and Daya Bay twin
900 MWe have their rather good operation record during last year. The load factor of Qinshan Phase
1 was 84.7%, for Daya Bay Unit 1 and Unit 2 76.1% and 64.1% respectively.

During me Ninm 5-year (from 1996 to 2000)four NPPs consisting of eight units, of installed
capacity of 6620 MWe121 will be constructed, which are presented in Table 1.
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Table 1. NPPs CONSTRUCTED AND PLANNED

NPP

Qinshan
Phase 2
Lingao

Qinshan
Phase 3
Jiangsu

Power (Mwe)

Unit 1 600
Unit 2 600
Unit 1 984
Unit 2 984
Unit 1 720
Unit 2 720
Unit 1 1000
Unit 2 1000

Reactor

PWR
PWR
PWR
PWR
PHWR
PHWR
PWR
PWR

First
concrete
1996-06-10
1996-04-01
1997-05-15
1997-01-15

Connected
to grid
2002-06

2003-04-15
2003-12-15

Commercial
Operation

2003-07-15
2004-05-15

It is envisaged that new nuclear power plants of about 12 GWe will be built by the year 2010,
By that time the total capacity of installed NPPs will be 20.86 GWe, estimated 3.5% of the total
national installed capacity of electric power. The nuclear power installed capacity is further
envisaged to be 40 ~ 50GWe approximately 6% of the total installed capacity in 2020[2].

Under the framework of the High-Technology Program the Chinese Experimantal Fast
Reactor(CEFR) with the power 65 MWth matched with 25 MWe turbine-generator is still under
preliminary design stage. The main design characteristics of the reactor are as following: pool type
for primary circuit arrangement, (Pu,U)O2 as fuel, but first loading will be UO2, austenitic stainless
steel as core structure material, in-core primary spent fuel storage, two mechanical pumps and four
intermediate heat exchangers for primary circuit, two loops for secondary circuit, two independent
immersed heat exchangers and air cooler with high stack for passive residual heat removal system.

As for me engineering preparation of the project CEFR the Feasibility Study Report was
approved by the Authorities on November last year. Site preparation including buying necessary
territory from local Government and design of connected to the grid are just started.

2. CEFR DESIGN

After the collection and preparation of necessary computer codes and the completion of main
technical selections, the conceptual design of the CEFR was started in 1990 and completed in 1993
including the confirmation and optimisation to some important desgn selections and characteristics.
Having spent almost whole 1994 for its preparation, the CEFR preliminary design has been started
in the early of 1995, and will be completed in the middle of 1997. Then, a review and authorisation
to the CEFR preliminary design by the Authorities should be followed.

2.1. Changes of Design Selections

It has been settled mat some basic design technical selections were changed in the preliminary
design if compared with its conceptual design. The main changes of CEFR design technical
selections are support configuration of the reactor vessel, containment form and buildings layout and
sodium flow distribution measures for core subassemblies.

2.1.1. Reactor Vessel Support

During the CEFR conceptual design and design study phase it's emphasized to search into a top
hanged or top supported for reactor vessel support, and which was decided to adopt for CEFR,
considering three main reasons. First, top supported is simpler structually than bottom supported,
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and could avoid to use bellows for components, which are a little fragile.
second, components i.e. primary pumps, intermediate heat exchangers, decay heat exchangers etc.
could be supported from the reactor roof, namely hanged from the top, a suitable radial restrain and
axial expansion tolerance could be given. So top supported is a little easier than bottom supported,
and third, more experiences for top supported in other countries.

Considering the possible earthquake intensity, CEFR site is localed in the region of 7 degree,
near 8 degree in standard 12 degree classification, the horizontal acceleration for safe operation SI
will be 0.107 g on the base rock and for safe shutdown S2 will be 0.214 g. The analysed results to
the both axial and peripheric stresses of the reactor vessel (main sodium tank) under these two
circumstances that the maximum of peripheric stress at bottom supported is only half of that of top
supported, and also we understand the bottom supported has been well realized in BN-600. These
are the main reasons to make mis change.

2.1.2. Containment Form and Buildings Layout

In conceptual design a cylindrical concrete building was selected, fuel handling building, steam
generator building, main control room and diverse service building and radioactive wastes
management building were separately arranged with respect to the reactor building.

Due to the same reason of possible strong earthquake in mis region, it is easier to treat, in
architecture and safety point of view, a complete concrete base, not so large, involving all buildings
or structures of safety class. So in the preliminary design, the related design selection has been
changed to 36 X 36 m square reactor building surrounded by a square ring building with
abovementioned diverse functions to form 63 X 63 m square building.

2.1.3. Sodium Flow Distribution Measures for Core Subassemblies

For sodium flow distribution of core subassemblies a diverse fixed-number orifices
configuration on the core support plenum was designed in the conceptual design, in which all central
subassemblies which need forced flow by high presure sodium were same subassembly foot.

A disadvantage of this flow distribution measure is much difficult to decide in design the gap
between subassembly foot and support tube with fixed-number orifices. It is hardly to control the
right flow rate when the gap is larger, and mere is some risks of blockage or stick between foot and
tube when it is smaller.

A new flow distribution measures have been selected in preliminary design, in which the fixed-
number orifices are only on the subassembly foot. As its penalty different subassembly foot is
needed for 4 zones of core; It's impossible to change subassemblies between diffenent zones, a
proper mechanical approach to be used to surely exclude wrong loading; more troubles are induced
in the fuel handling management and more spare subassemblies are needed.

2.2. Main Results from CEFR Preliminary Design

Besides some changes of main technical selections, some design parameters and technical
choices have been updated in the preliminary design. Its brief is given in following paragraphes.
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2.2.1. Reactor Core

As shown in Fig 1, the CEFR reactor core is composed of 81 fuel subassemblies with (Pu,U)C>2
fuel, which are divided into 4 zones with same fuel composition and different subassembly foot by
zone to zone in order to supply sodium flow rate according to the power distribution. There are 8
control and safety subassemblies in which 3 safety and 3 compensation subassemblies containing
B4C enriched with B-10 to 92% and two regulation subassemblies with natural boron carbide. The
fuel region is surrounded with 336 stainless steel subassemblies which has 3 types due to their power
and necessary cooling ability. And then, embraced by 230 graphite-boron shielding subassemblies
and 56 primary storage position for spent fuel subassemblies. The center to center distance of
neighbouring subassembles is 61.5mm.

In each fuel subassembly there are 61 fuel pins of 6.0 mm diameter in triangular arrangement,
using wire wrapped positionning to keep 7.0 mm lattice pitch of fuel pin. Each fuel subassembly
composed of a handling head matched with fuel handling devices, hexagonal tube in which the fuel
pins are included and a cylindrical foot playing the role of positionning and introducing of sodium
coolant. The structure drawing of the fuel subassembly is given in Fig 2.

The reactor is equiped with two independent shut down systems, first of which is composed of
3 compensation and 2 regulation subassemblies with a rapid drop down time less than 1.5 seconds,
the second shut down system includes 3 safety subassemblies with a rapid drop down time less than
0.7 seconds.

It is decided to use UO2 as first loading of the core, the enrichment of the uranium-235 should
be 60.5% based on conceptual design.

2.2.2. Reactor Block

The CEFR reactor block as shown in Fig 3 is composed of a reactor top deck in which there are
mainly double rotating plugs, two primary pumps, four intermediate heat exchangers and two decay
heat exchangers, and also composed of main and guard vessels and internal structures on which the
reactor core and its grid plenum, the abovementioned components belong to the primary circuit and
shielding components are supported. A small gap of 87.5 mm between main vessel and guard one is
designed to ensure mat the reactor core will be still immersed under the primary sodium and the
natural convection of primary sodium will be still kept when a leakage on the main vessel and the
lowest primary sodium level kept by the guard vessel have happened. For this concept the
disadvantage is very difficult to realize inspections with an inspector movable on the surface of the
main vessel, only leak detectors and thermo-couples are equiped.

The double rotating plugs are traditional in which control rod mechanisms, core-above-
structure are mounted on small plug. A straight moving fuel handling machine is eccentrically
mounted on the small plug too. With the double rotating plugs and the fuel handling machine, any
movement of subassembly could be realized between any two core subassembly positions or
between a core subassembly position and a transfer pot which is connected with two slant transfer
machine and a transfer elevator by which the subassemblies could one by one enter into or go out the
reactor vessel.

2.2.3. Heat Transfer System

The primary circuit in the reactor main vessel includes two prinary pumps and four
intermediate heat exchangers. In cold pool a pump with its neighbouring two intermediate heat
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FIG. 1. CEFR core.
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FIG. 3. CEFR reactor block.
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exchangers as a group is separated by the plate with another group, but in hot pool they are
connected. In the normal operation, the 360 °C sodium from cold pool is pumped into the grid
plenum through high pressure pipe, the sodium temperature will be 530 *C when it leaves from the
reactor fuel region and then mixed with sodium of hot pool, it enters into the intermediate heat
exchangers with the temperature about 516 °C and leaves them with the temperature 353 °C.

The secondary circuit is composed of two loops, each one includes one secondary pump , one
steam evaporator, one steam-water separator, one superheater, one expansion tank, valves and
draining tank and emergency draining tanks. The steam generators will produce 96.2t/h dry steam
with the temperature 480 °C and the pressure 14 MPa for a 25MWe turbine generator. The heat in
the condenser will dissipate to the air by a cooling tower.

2.2.4. Residual Heat Removal System (RHRS)

Two independent passive residual heat removal systems as one of specific safety installations
are equiped in the reactor, each one includes one residual heat exchanger immersed in primary
sodium or named independent Na-Na heat exchanger and one sodium-air cooler with one high stack.
The normal power of each system, namely at its service condition, is 0.525 MWth. but, at its stand-
by condition the power lost will be 0.052 MWe. The design parameters are given in Table 2

Table 2 RHRS DESIGN PARAMETERS(ONE SYSTEM)

Parameter

Power
Primary Na flow
Secondary Na flow
Airflow
Primary Na Inlet Temp.
Primary Na Outlet Temop.
Secondary Na Inlet Temp.
Secondary Na Outlet Temp.
Air Inlet Temp.
Air Outlet Temp.

Unit

MW
kg/s
kg/s
kg/s

•c
•c
°c
•c
TC

Condition, Service

0.525
3.7
2.2
2.05
514
400
310
495
-30 ~+50
<300

Condition, stand-by

0.052

514
472
472
512
-30 ~+50
£493

2.2.5. Containment

According to the nuclear safety rules and guidance published by Chinese National Nuclear
Safety Administration, the containment of the reactor should be as the final barrier for radioactive
materials and against external incident. The reactor containment concept adopted in CEFR is
primary containment and secondary containment combined.

The primary containment is composed of reactor concrete pit with steel layer and a reactor top
dome with its steel structure. They are separated by the reactor top deck, airtighted, and with
independent emergency ventilation system with decontamination function.

The secondary containment is of 36 X 36 m concrete building with flat bottm and quasi-half
sphere shell cap, the wall thickness will be about 1.2 m, Design parameters are as following:

Design Pressure internal or extermal: 0.07MPa
Leak rate under O.OlMPa: 5%AV/V in 24h.
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2.3. Main Design Parameters

Parameter

Thermal Power
Electric Power, net

Reactor Core
Height
Diameter Equivalent
Fuel
Pu,total
Pu-239
U-235(enrichment)
Linear Power max.
Neutron Flux
Bum-up, target max.
Bum-up, first load max.
Inlet Temp of the Core
Outlet Temp of the Core

Diameter of Main Vessel
Primary Circuit

Number of Loops
Quantity of Sodium
Flow Rate, total
Number of IHX per loop

Secondary Circuit
Number of loops
Quantity of Sodium
Flow Rate

Tertiary Circuit
Steam Temperature
Steam Pressure
Flow Rate

Plant Life

Unit

MW
MW

cm
cm

kg
kg
kg
W/cm
n/cm2 •
MWd/t
MWd/t
*C
*C
m

t
t/h

t
t/Ii

°C
MPa
t/h
a

Conceptual Design

65.5
20

50
58.5
(Pu,U)O2

121.6
93.2
97.6(30%)
430

s 2.97 X 1015

100000
50000
360
530
8.0

2
- 3 0 0
1400
2

2
48.2
986.4

480
10
93.5
30

Preliminary design

65
20

45.0
60.1
(Pu,U)O2
111.0
67.7

95.8(36%)
430
3.7 X 1015

100000
60000
360
530
8.010

2
~ 3 0 0
1465(1710m3/h)
2

2
48.2
977

480
14
96.2
30

3. RESEARCH AND DEVELOPMENT

The funding offered to the R&D of CEFR are not sufficient during past years. Only limited
progress has been gained last year, which is related to sodium technology, sodium test loops and fast
neutron zero power facility.

3.1. Sodium Aerosol and Its Removal

Aerosols generated from sodium fires in oxygen riched atmosphere are the source of
considerable hazards associated with radioactivity released if the sodium fire is from primary
sodium systems, with poor visibility through aerosol clouds and aggressive corrosion burden on
structural materials. Therefore, an effective method reducing the aerosol release should be designed
through proper ventilation and filtration systems of the CEFR. The experiments are conducted for
studying the removal of sodium combustion aerosols by water-spray.

The sketch of the experimental equipments is shown in Fig 4.

The whole process of a single experiments is described as following:(l) put some sodium
(about 93 g) in a stainless steel cup on the bottom of the container. (2) heat the container with the
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heater, when the sodium is about to be ignited, blow the air into the container, so that the sodium
bums thoroughly. (3) take aerosol samples from the outlet of the water-spray column and analyze
them.

Some results have been obtained under these experimental conditions;
(l)Sodium combustion rate is about 22 ~ 27 kg/m2 • h
(2)The output of aerosol is about 7.5 ~ 10.0%
(3)Any unnecessary bend should be eliminated in order to avoid more aerosol deposited on the

bend pipe.
(4)Water-spray is proved to be a good method of removing sodium combustion aerosol, its

maximum efficiency is about 70%
(5)Other method, such as filters, of moving sodium aerosol should be adopted after water

spraying to remove the remaining aerosol.

I
8

i
9

1A
10

FIG. 4. Sketch of aerosol test facility.

1. Heater
2. Blower 1.5-2.0 m3/h
3. Sodium container, 0234 mm x 600 mm
4. & 6 : Sampling pipe
5. Water-spray column, <t> 169 mm x 1520mm
7. Outlet
8. Flow meter
9. Water tank
10. Nitrogen bottle

3.2. Sodium test loops

Two sodium test loops, ESPRESSO and CEDI, 110m3/h and 320m3/h respectively, ceded from
ENEA, Italy as a gift of the technical cooperations are under reconstruction. It is planned to use
ESPRESSO loop for the endurence test and thermoshock test of the CEFR core subassemblies'
models, and CEDI loop will be used for proving of some sodium components if necessary. In this
case much modifications will be done. Another important role of both loops is to provide the
necessary experiences on sodium handling and loop operation in such big scale, considering the
sodium loops constructed before in China are all in small scale of less than 40m3/h flow rate.
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As the intended schedule. ESPRESSO will be filled with sodium in the end of this year, and
operated in the early of 1998. CEDI will be one year later for only pure sodium loop operation. A
group of CEFR operators will be trained at first on both loops.

3.3. Fast Neutron Zero Power Facility

A fast neutron zero power facility with only 50kg U-235 has been built up in 1970, then moved
to the South-West center of Reactor Engineering in Sichuan Province. Basic zero power physics
experiments have been done at mis facility including critical parameter measurements, fission rates,
neutron flux distribution, neutron spectrum, material reactivity etc. in 1988, it was removed to CIAE
again, and now it has been rebuilt and will be used for proving of the neutronics experiment methods
which will be served to CEFR first start-up and to primary test for the neutronic and other radiation
detectors. It is considered also it will be valuable to the evaluation of some specimen nuclear cross
section using its hard spectrum.

4. CEFR ENGINEERING PREPARATION

Feasilility Study Report has been approved by the Authorities in November last year. It means
that CEFR is becoming an annual project. In parallel to the preliminary design the preparation of
following 5 reports are started: Prelimingry Safety Analysis Report, Environment Impact Analysis
Report, Professional Health Report, Radiation Safety Report, and Fire Extinguishing Report which
should be provided to coorespondent Authorities at different stages.

The application and negotiation to and with local government for buying the additional site
territory which is about 10 ha is just started, and design of connected to the grid has been started,
and the negotiation with the electrical grid Administration is under going .

5. INTENATIONAL COOPERATION

During past years, China has had her some cooperations with some countries on the fast reactor
technology fields.

As technical presents, the Italian Energy, New Technology and Environment Agency has ceded
some research facilities and components including ESPRESSO and CEDI, sodium purification
facilities, core subssembly dimension meter etc. Now they are still under reconstruction, and its clear
that the experiences of big sodium loop construction and operation in future are much valuable to
our teams who will take part in the CEFR construction and operation.

Under the framework of the reactor R&D cooperation between China National Nuclear
Cooporation and Commissariat de Energie Atomic de France, we have good cooperation on fast
reactor technology including computer codes cooperation, ceding sodiun components and
instrumentations as gifts to China Institute of Atomic Energy, information exchange on sodium
technology and on neutronic physics which are all going fluently.

The cooperations with Russian FBR Institutions have been conducted during past years
including training to CIAE' engineers, experts' lectures, CEFR design consultancy and zero power
facility experiments etc. Some design experience for fast reactors is gained from mis cooperation.

IAEA, as the International Agency stimulating peaceful use of atomic energy, has given much
helps to China in the fields of FBR technology development including the informations and financial
support to the participation of technical committee meetings.

Chine has a rather weak bases for the development of fast reactor technology, it is intended to
have more cooperations with other countries to share the experiences.
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6. CONCLUSION

The fast breeder reactors have been developed for at least five decades in the word up to now.
Some countries have stopped their commercialized fast breeder reactor development due to the
electricity demands are approximately saturated, the Uranium market is still sufficient to meet their
nuclear power, and especially, the conventional energy resources have not been exhausted in next
some decades. For these countries, the estimation of the energy needs in the early of 70s is totally
diffirent with today's reality.

As a developping country, China has a ambitious demands to energy resources in next several
decades. At that age will China have the same situation like today's situation of other developped
countries? the answer will be negative. China will not have enough suitable and, economical
conventional resources, except nuclear. It is obviously mat nuclear power in large scale needs fast
breeder reactors, which just is the case of China
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