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As the first step for the Chinese fast reactor engineering development, the 65MWt China Experimental 
Fast Reactor (CEFR) is under construction. The main components of primary, secondary and tertiary circuits 
and of fuel handling system have been ordered. The construction of reactor building with about 40,000m2 
floor surface has been completed. 127 components have been installed. It is planned that the first criticality 
of the CEFR will be in the end of 2005. As the second step, a 300MWe Prototype Fast Breeder Reactor is 
only under consideration up to now. Some important technical selections have been settled, but its design has 
not yet started. 
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I. Introduction 

Qinshan-1 NPP with a 300MWe PWR, the first 
self-designed and self-constructed nuclear power plant, has 
passed its 11 years anniversary since incorporated into the 
electricity grid on December 15, 2001. Up to December of 
2002, it had generated 18.4 billion kWh of electricity. No 
any pollution or leaked radiation has been found over the 
past 11 years. 

Daya Bay NPP with two 900MWe PWRs which was 
co-funded by Guang Dong and Hong Kong electric 
companies and imported technically from France and UK 
began the commercial operation from the year 1994. The 
total electricity generation up to September of 2001 is 99.6 
billion kWh. 

In Qinshan-2 NPP with two 600MWe PWRs, one unit 
began the commercial operation in April, 2002. Another one 
is expected in 2003. 

In Qinshan-3 NPP with two 728MWe PHWRs, one unit 
began the commercial operation in December, 2002. Another 
one is expected in 2003. 

In Lingao-1 NPP with two 984MWe PWRs, one unit 
began the commercial operation in May, 2002, while another 
one in March , 2003. 

In Lian yungang NPP with two 1000MWe PWRs, one 
unit is expected to begin the commercial operation in 2004, 
while another one in 2005. 

Presently in the above five NPPs, there are 7 units of 
reactors with the total capacity of 5.4 GWe in operation. 
Generally speaking the successful operation of these NPPs 
has more or less given to the Government and society some 
encouragement to develop continuously nuclear power 
application. It could be envisaged that in 2005 the total 
capacity of nuclear power plants in operation will reach 
8.7GWe in the mainland as shown in Table 1. Two NPPs 
(Sanmen and Lingao-2) with total four units (1 GWe per unit) 
are planned. The construction will be started before 2005. 

Another one or two NPPs (Yangjiang) are still under 
proposal and discussion stage. 

 
Table 1  Mainland nuclear power plants 

NPP Type Power 
(MWe) 

Commercial 
operation 

Qinshan-1 PWR 300 1993 
Daya Bay PWR 2×900 Jan. and Jun., 

1994 
Qinshan-2 PWR 2×600 Apr. 2002 and 

2003 
Qinshan-3 PHWR 2×728 Dec., 2002 and 

Nov., 2003 
Lingao-1 PWR 2×984 May, 2002 and 

Mar., 2003 
Lian yungang PWR 2×1000 2004 and 2005 
Sanmen PWR 2×1000 2010  

(to be expected) 
Lingao-2 PWR 2×1000 2010  

(to be expected) 
Yangjiang PWR 2×1000 2010  

(to be expected) 
 

The China Experimental Fast Reactor (CEFR) with the 
power 65MWt is under construction. The construction of 
reactor building (57 meters above the ground) with about 
40,000m2 floor surface has been completed. 127 components 
have been installed. About 90% detail design and 80% 
safety-related design demonstration tests have been carried 
out. The test program after installation of components and 
systems, physical start-up program and final safety analysis 
report are all under preparation. It is envisaged the first 
criticality of the CEFR will be realized in the end of 2005. 
 
II. China Experimental Fast Reactor 
1. Introduction 

After the collection and preparation of necessary 
computer codes and the decision of main technical selections, 
the conceptual design of the CEFR was started in 1990 and 
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completed in 1993 including the confirmation and 
optimization to some important design characteristics. 
Having spent almost whole 1994 for its preparation, and 
after finished its technical design cooperation during 
1995-1996 with Russia FBR association (IPPE, OKBM and 
Atomenergoproekt) the CEFR preliminary design was 
started in the early of 1995 and finished in August 1997. 
After about another half year for its necessary modification, 
the detail design is started since the early 1998,and now still 
continued. Following presentation to this reactor is based on 
its preliminary design. 
    The CEFR is a sodium cooled 65MWt experimental 
fast reactor with (Pu,U)O2 as fuel, but UO2 as first loading, 
Cr-Ni austenitic stainless steel as fuel cladding and reactor 
block structure material, bottom supported pool type, two 
main pumps and two loops for primary and secondary circuit 
respectively. The water-steam tertiary circuit is also two 
loops but the superheat steam is incorporated into one pipe 
which is connected with a turbine. The following are general 
engineering characteristics: 
 

Thermal Power 65MW 
Electrical Power(T.G. Capacity) 25MW 
Electrical Power(net) 20MW 
Acreage of Reactor Site 15ha 
Floor Surface of Buildings 43731m2 
First Loading (UO2 64.4%) 417kg 
Water Supply 4500t/d 
Power Supply 3000kW 

 
2. Reactor Core 

The reactor core is composed of 81 fuel subassemblies. 
Three safety subassemblies, three compensation 
subassemblies and two regulation subassemblies, then 336 
stainless steel reflector subassemblies and 230 shielding 
subassemblies and in addition 56 positions for primary 
storage of spent fuel subassemblies are included. 92%B-10 
enrichment B4C is used for safety and compensation 
absorber. But natural boron B4C (B-10 percent abundance 
about 20%) is used for regulation and shielding 
subassemblies. 

The compensation and regulation subassemblies are 
also as first shutdown system. Three safety subassemblies 
are as secondary shutdown system. Their drop down time is 
1.5 seconds and 0.7 seconds respectively. 
    The design limitation to the core which was fixed 
before the core design is as following: 
 
Thermal Power 65MW 
Linear Power (max.) 430W/cm
Operation Cycle (min.) 73d 
Inserting Rate of Reactivity (max.) 0.07βeff/s
Positive Reactivity (each addition) (max.) 0.4βeff 
Reactivity Equivalent of Each Regulation 
Subassembly(max.) 

1βeff 

Cladding Temperature in Nominal Operation 
(max.) 

700℃ 

 
    Some results about core neutronics and thermo- 
hydraulics are listed in Tables 2-5. 
 

Table 2    CEFR fuel loading (equilibrium) 
Fuel (Pu,U)O2 UO2 

PuO2 wt% 29.4  
U-235 enrichment % 36 64.4 
Pu-239 Kg 65.76  
Total Pu Kg 106.8  
 
 

Table 3    Maximum heat rate* 
Parameters Cycle 

 Beginning End 
Power of  
Fuel Subassembly 

(MW) 0.980/0.957 0.978/ 
0.952 

Linear of Fuel Pin (W/cm) 405/395 396/388 
Volume Power Density (MW/m3) 756/738 744/725 
*:  (Pu,U)O2/UO2    
 

Table 4  Maximum neutron flux rate *(1015n/cm2·s) 
Position Cycle 

 Beginning End 
Center (steel) 3.73/3.13 3.76/3.15 
First Row of Fuel S.A** 3.70/3.10 3.73/3.13 
First Row of Reflector S.A 2.20/1.90 2.26/1.92 
First Row of Shielding S.A 0.293/0.261 0.298/0.264 
Storage Position 0.0269/0.0252 0.0271/0.0254
* ：(Pu,U)O2/UO2 
**：S.A-Abbreviation Subassembly 

 
Table 5 Cladding and fuel temperature* max.℃ 

 Cladding** Fuel*** 
Flow Region Cycle Cycle 

 Begin- 
ning 

End Begin-
ning 

End 

1  (15 Fuel S.As) 665.68/
653.38 

670.44/
654.04 

2511.36/
2232.46

2497.30
/2211.1

2  (18 Fuel S.As) 665.02/
653.92 

670.76/
655.06 

2373.06/
2104.76

2370.10
/2084.9

3  (21 Fuel S.As) 659.68/
650.58 

662.24/
649.44 

2219.16/
1983.46

2213.50
/1961.5

4  (27 Fuel S.As) 656.66/
652.46 

656.68/
651.26 

2039.46/
1824.06

2030.60
/1809.1

    *  ：(Pu,U)O2/UO2 
    ** ：Including 2σ deviation of average square root 
related to the nominal value. 

***：Using 3σ for uncertainty of design parameters. 
 

3. Reactor Block 
The CEFR block is composed of main vessel and guard 

vessel which is supported from bottom on the floor of 
reactor pit with the diameter 10m and height 12m. The 
reactor core and its support structure are supported on lower 
internal structures. Two main pumps and four intermediate 



 

  

heat exchangers are supported on upper internal structures. 
These two structures are sat on the main vessel. Two DHRS 
heat exchangers are hung from the shoulder of main vessel. 
The double rotational plugs are sat on the neck of the main 
vessel, while the control rod driving mechanisms, the fuel 
handling machine and some instrumentation structures are 
supported by the rotational plugs. The CEFR block is shown 
in Fig 1. 

 
Fig. 1  Reactor block  

 
    The main vessel has an outside diameter of 8010mm 
and a diameter gap of 175mm toward guard vessel. The 
narrow gap design permits the core still immersed in sodium 
when the main vessel leak accident has unexpectedly 
happened. Using 2D Sn computer code, the calculation 
shows that the neutron fluence in main vessel during 30 
years is about 1.0 × 1022 n/cm2. For main vessel only 
temperature, strain and sodium leak detection are 
considered. 
    In the design a molten core catcher is equipped on the 
bottom of the vessel even though there is no any serious 
accident in which the large part of core damage could be 
happened based on the analysis of all the beyond design 
basis accidents. 
 
4. Main Heat Transport Systems 

As shown in Fig. 2, the primary circuit is composed of 
main pumps, four intermediate heat exchangers, reactor core 
support diagrid plenum, pipes and cold and hot sodium 
pools. In cold pool, two primary loops are separated each 
other, but in hot pool they are linked up. In normal operation 
the average sodium temperature in cold pool is 360℃ and 
in hot pool it is 516℃. 
    The secondary circuit has two loops each one is 
equipped with one secondary pump, two intermediate heat 
exchangers (IHX), evaporator, super-heater, expansion tank, 
and valves. The outlet sodium temperature of secondary 
circuit from IHX is 495℃. When it leave evaporator it will 

decrease up to 310℃, and in outlet of super-heater it is 
463.3℃. 
    The tertiary water steam circuit has one turbine 
generator, three low pressure heaters, one deoxygenate 
heater, one demineralization facility and feed water pumps. 
It provides 480℃/14Mpa superheat steam to the turbine. 

Each evaporator is connected with one release-to-air 
valve and two safety release valves, but for super-heater, one 
release-to-air valve and one safety release valve. And the 
by-pass de-temperature de-pressure valves equivalent to 
67% full power are equipped for discharging the steam to 
the condenser when the turbine is not in operation. 

 
Fig. 2  System sketch of CEFR 

 
4. Safety Characteristics 
The CEFR will be located in the China Institute of Atomic 
Energy (CIAE), about 40 km far away from Beijing City 
which owns about 10 million inhabitants. According to the 
raising environment safety consideration, it is stipulated to 
have more strictly requests to radioactive materials release 
standards for normal operation, design basis accident (DBA) 
and beyond design basis accident (BDBA) than related 
national standards, as shown in Table 6. 
 
Table 6   MAXIMUM LIMITS OF PUBLIC EFFECTIVE 

DOSE EQUIVALENT FROM THE CEFR 
States GB6249-86 CEFR limits 
Operational 0.25mSv/a 0.05mSv/a 
DBA 5mSv/accident 0.5mSv/accident 
BDBA 100mSv/accident 5mSv/accident 
 

No any emergency intervention requirements for 
residents beyond 153m from the reactor. 

The CEFR is a small reactor, which has bigger heat 
inertia than many other pool reactors due to its relative 
primary sodium loading per MWt, is larger. The core is 
designed with negative temperature coefficients, and 
negative power coefficients. 
These feedback properties are shown in Tables 7-10. 
 
 



 

  

Table 7    TEMPERATURE REACTIVITY EFFECT 
(Pu,U)O2/UO2  CORE,  250-360℃,  %∆K/K 

 Cycle 
 Beginning End 

Sodium Density -0.169/-0.182 -0.170/-0.186
Axial Expansion of 
Reactor Core 

-0.037/-0.034 -0.038/-0.034

Axial Expansion of 
Lateral Reflector 

-0.019/-0.019 -0.020/-0.019

Radial Expansion 
(diagrid plenum) 

-0.204/-0.184 -0.205/-0.188

Doppler Effect -0.032/-0.022 -0.033/-0.024
    Total -0.461/-0.441 -0.466/-0.451
 

Table 8    POWER REACTIVITY EFFECT, HOT 
STANDBY--FULL POWER 

(Pu, U) O2/UO2  core          %∆K/K 
 Cycle 
 Beginning End 

Sodium Density -0.107/-0.122 -0.112/-0.124
Sodium Volume 
Fraction Exchange 

-0.029/-0.028 -0.034/-0.029

Axial Expansion of 
Reactor Core 

-0.339/-0.259 -0.311/-0.300

Axial Expansion of 
Lateral Reflector 

-0.011/-0.010 -0.011/-0.010

Radial Expansion (S.A. 
Winding) 

-0.020/-0.020 -0.020/-0.020

Doppler Effect -0.063/-0.034 -0.063/-0.036
    Total -0.569/-0.509 -0.556/-0.519
 

Table 9    DOPPLER CONSTANT OF CEFR CORE 
(Pu, U) O2 /UO2  core         10-3∆K/K 

 Kw(with Na) Kd(without Na)
Fuel:633-1593K 
Cladding: 633-1000K 

-0.878/-0.394 -0.618/-0.113 

All Materials 
523-633K 

-1.574/-1.170 -1.048/-0.519 

All Materials 
373-523K 

-1774/-1.200 -1.142/-0.578 

 
Table 10  REACTIVITY EFFECT OF SODIUM LOST 

(Pu,U)O2/UO2  CORE         %∆K/K 
Region Lost Sodium Cycle 

 Beginning End 
Core (Fuel Section) -2.366/-2.456 -2.404/-2.504
Core (Fuel section + 
upper section of S.A) 

-3.067/-3.116 -3.110/-3.189

Core (Whole Section of 
S.A) 

-3.737/-3.744 -3.788/-3.836

Whole Core (including 
central stainless steel  
   Rod, and stainless 
steel reflector) 

-5.196/-5.106 -5.194/-5.282

 
The reliable removal of decay heat after the shut-down 

of a nuclear reactor is an important safety criterion. For this 
reason, two independent passive decay heat removal systems 
(DHRS) are designed for the CEFR (Fig.3 shows one 
system). Each one is rated to a thermal power of 0.525MWt 
under the working condition, the decay heat is removed by 
natural convection and circulation of primary and secondary 
coolant, and natural draft by air. To have the start-up of 
DHRS the air dampers of the air cooler stacks are opened by 
automatic signal of reactor protection system or in case of a 
lost of any service power mechanically by the operator staff. 
Except for this procedure the CEFR DHRS is entirely 
passive. Table 11 gives the parameters of the DHRS, of the 
CEFR. 

Fig. 3  Decay heat removal system  
 

Table 11  PARAMETERS OF ONE SET OF  DHRS 
Parameters Working Stand-by 
Transfer Power  MWt 0.525 0.052 
Primary Na Flow Rate in 
DHX*)  kg/s 

5.8 1.66 

Secondary Na Flow Rate in 
DHX  kg/s 

2.93 1.37 

Air Flow Rate in Air cooler  
kg/s 

2.4 0.11 

Primary Na Temperature  ℃   
    Inlet at DHX 516 516 
    Outlet at DHX 444 490 
Secondary Na Temperature  ℃   
    Inlet at Air cooler 514 515 
    Outlet at Air cooler 373 485 
Air Temperature  ℃   
    Inlet at Air cooler 50 50 
    Outlet at Air cooler 264 496 
Secondary Na Pressure  
MPa 

0.6 0.402 

*：DHX-Decay Heat Exchanger in DHRS 



 

  

 
6. Main Design Parameters 
 

Table 12  CEFR MAIN DESIGN PARAMETERS 
Parameter Unit Preliminary

 design 
  Thermal Power MW 65 
  Electric Power, net MW 20 
Reactor Core   
  Height cm 45.0 
  Diameter Equivalent cm 60.0 
  Fuel  (Pu,U)O2 
  Linear Power max. W/cm 430 
  Neutron Flux N/cm2·s 3.7×1015 
  Bum-up, target max. MWd/t 100000 
  Bum-up, first load max. MWd/t  60000 
  Inlet Temp. of the Core ℃ 360 
  Outlet Temp. of the Core ℃ 530 
Diameter of Main 
Vessel(outside) 

m 8.010 

Primary Circuit   
  Number of Loops  2 
  Quantity of Sodium Ton 260 
  Flow Rate, total Ton/h 1328.4 
  Number of IHX per loop  2 
Secondary Circuit   
  Number of loops  2 
  Quantity of Sodium Ton 48.2 
  Flow Rate t/h 986.4 
Tertiary Circuit   
  Steam Temperature ℃ 480 
  Steam Pressure MPa 14 
  Flow Rate t/h 96.2 
Plant Life a 30 

 
 
III. Progress on CEFR Safty Analysis 
1. Introduction 

The main results of DBAs and BDBAs analysis for CEFR 
preliminary safety analysis report have been introduced at 
33rd, 34th and 35th Annual Meeting of TWGFR1,2,3). During 
the past year (from April, 2002 to April, 2003), several key 
experiments related to CEFR safety have been performed. 
From those some safety functions have been confirmed, 
while some need to be further researched. 

 
2. Water Mock-Up Test for DHRS 

In the vessel of CEFR, there are two independent decay 
heat removal systems (DHRS), which are the first realization 
with only in-vessel passive DHRS in the world. In order to 
verify their effectiveness, a water mock-up test in IPPE，
Russia started from 1998 and ended in 2002. Using this test 
facility, several operational cases in the CEFR as follows 
were simulated: the full power forced circulation operation; 
the transient from the forced circulation to the natural 
circulation; the steady natural circulation.  

From this mock-up test, some conclusions were drawn 

as follows: 
1) It is proved that the DHR systems in 

CEFR are effective to remove passively 
the decay heat after scram. 

2) Though there are two sets of independent 
DHRS separated in space each other in the 
CEFR vessel, it is proved that any one set 
have the ability to remove the decay heat 
independently. 

3) Followed the start of the DHRS, as long 
as the stable natural circulation is 
established, the thermal-hydraulic 
parameters for the steady state have no 
relations with the histories of the 
operation condition, as well as the 
transient speed from the forced circulation 
to the natural one. 

4) The thermal stratification phenomena 
have been observed in the hot plenum. 

 
3. Siphon Stopping Test for the Purification System of the 
Primary Circuit 

In CEFR there is a siphon pipe sucking the sodium to 
the outer vessel from the inner vessel for purification outside 
in the normal operation condition. But if the siphon pipe out 
of the vessel is broken, the sodium may be leaked 
continuously by siphon from the hot plenum. So a special 
apparatus is designed to stop the siphon when the siphon 
pipe out of the vessel is broken. Since the siphon stopping 
apparatus is never used before, it is necessary to verify its 
effectiveness out of the vessel. A full size siphon stopping 
test with water was performed. The result showed that the 
present apparatus was not so effective to stop the siphon 
after the sudden break of siphon pipe out of the vessel. The 
further research is being performed presently. 

 
4. Functional Test and Seismic Test of the Control Rod 
Driving Line 

Two models of the control rod driving machine have 
been completed. During the functional test, the insertion 
function was verified. The dropping period is less than the 
design value 0.7 seconds for the safety rod, while 2.5 
seconds for the regulation rod even in the situation where a 
deliberate 10mm deviation in the driving line was given.   

After the functional test and the life test, the seismic 
test was also performed. Although the dropping period in 
seismic condition is kept within the design value 0.7 seconds 
for the safety rod, while 2.5 seconds for the regulation rod, 
the test time only lasted less than 5 seconds. We are still 
discussing the effectiveness of this test.   
 
IV. Progress on R&D 
1. Introduction 

Some computational methods and computer codes are 
applied for the reactor system, thermal-hydraulics, seismic 
analysis and so on. The CEA-developed system code OASIS 
is applied to the analysis of the plant transients. The 



 

  

commercial CFD code STAR-CD is used to the analysis of 
the 3D thermal-hydraulic performance in the hot and cold 
sodium plenum, as well as the annular argon gap in the 
rotational plug. The CEA-developed code CASTEM2000 
coupled with CIAE-developed CFD code is applied to the 
sloshing in CEFR vessel excited by 3 sine waves under long 
period seismic condition.  

A small-scale production facility of MOX fuel was 
planned in China as a long-term program. The program lasts 
10 years and is divided as three steps from 2001 to 2010. An 
experimental production facility for MOX fuel pellet is now 
beginning to be constructed in China.  

 
2. Analysis of the Plant Transients Using OASIS Code 

OASIS code was transferred from CEA to CIAE in 
1997. In order to apply it to the analysis of the plant 
transients, it is necessary to construct the CEFR dynamic 
simulation system. In 1999, the reconstruction of the 
dynamic simulation system was finished. According to the 
ASME code, there are four categories of loading conditions 
in the plant operation. During the year of 2000-2001, the 
plant states of Category A and Category B have been 
analyzed. During the year of 2001-2002, the plant states 
analysis of Category C and Category D have been carried 
out.  

 
3. Analysis of the 3D Thermal-Hydraulic Performance in 
the Hot and Cold Sodium Plenum, as well as the Annular 
Argon Gap in the Rotational Plug Using STAR-CD Code 

As in Fig. 1, there are hot plenum and cold plenum in 
the reactor vessel, where thermal-hydraulics is coupled. 
Among the plenums, there are also many components. The 
commercial computational fluid dynamic (CFD) code 
STAR-CD was used to predict the complicated 3D 
thermal-hydraulic behaviors in the plenums. Since there are 
a lot of shielding rods in the hot plenum, the porous medium 
technique is used so that much computational time is saved. 
The computational results are very valuable for the CEFR 
design and accident analysis. 

From Fig. 1, it is also seen that there is a bigger 
rotational plug as the cover of the main vessel. Supported by 
the bigger plug, there is a smaller rotational plug. There are 
two annular gaps, one of which is between the bigger plug 
and the vessel, another of which is between the bigger plug 
and the smaller plug. The argon gas is filled in the two gaps. 
In the normal operation condition, it is known from 
experiment that the circumferential natural circulation may 
arise in the argon annular gaps. Using STAR-CD code, such 
phenomenon was simulated.  
 
4. Analysis of Sloshing in CEFR Vessel Excited by 3 Sine 
Waves under Long Period Seismic Condition 

The main vessel of CEFR contains a large volume of 
liquid sodium with free surfaces. By computation it is 
understand that the natural frequency of the sloshing of the 
liquid sodium in the first mode is about 0.2Hz to 0.3 Hz. In 
the case a large long-period earthquake occurs, the resonant 

sloshing may produce a wave with several meters in height. 
Though the cover gas space in the main vessel of CEFR is 
limited, the full-developed resonant sloshing excited by 3 
sine waves was simulated using CASTEM2000 in this 
research from conservative consideration.  
 
5. Experimental Production Facility for MOX Fuel Pellet 

The production capacity of the facility is 500 Kg per 
year. The facility will start operation in the end of 2005. In 
2007 MOX fuel pins for radiation test will be produced. 
MOX fuel subassemblies for irradiation test will be 
produced in 2010. The factory buildings for MOX fuel pellet, 
pin and subassembly are linked together and locate in the 
same site.  

The experimental facility of MOX fuel pellet will be 
designed for production MOX fuel for CEFR. The ratio of 
PuO2 in MOX is 29.4% and the enrichment of 235U is 36%. 
The 241Am content in Pu is assumed 2%. The Pu will be 
obtained from the reprocessing factory for PWR spent fuel 
in China. The spent fuel was unloaded from Daya Bay NPP 
and Qinshan NPP.  

The construction of the factory building for MOX pellet 
will be finished in the end of 2003, which area is about 600 
m2. The MOX pellet production line contains 12 glove boxes 
that link up one by one. The building is designed on the 
standard of level 2 for radiochemistry and anti-seismic. The 
technological process for MOX pellet production adopts 
two-step mixing method. The mixing device of powder, the 
compaction machine and the sintering furnace of pellet are 
made in China. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Ceremony for the completion of Main building 
 

Ⅴ.Status of CEFR Project 
The construction of reactor main building (57 meters 

above the ground) with about 40,000m2 floor surface was 
completed in August, 2002. Fig. 4 shows the ceremony for 
the completion of Main building. Fig. 5 shows the 
containment hole of the reactor vessel. Presently 80% of the 
concrete constructions have been completed. The steel liner 
and the ventilation pipes are being installed. 127 
components have been settle.  

About 90% detail design and 80% safety-related design 
demonstration tests have been carried out. More than 100 



 

  

contracts for components and equipments have been signed, 
including main ones of primary, secondary and tertiary 
circuits and fuel handling system. The large part of 
components including rotating plugs, reactor main vessel, 
internal structure and diagrid plenum are ordered from 
domestic factory. Some are imported from foreign 
companies. All these items occupy 80% of the budget for 
components.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Containment hole of the reactor vessel 
 
 

 
Fig. 6  Expected image of CEFR 

 
The test program after installation of components and 

systems, physical start-up program and final safety analysis 
report are all under preparation. Presently 28 operators 
including 4 senior operators are accepting training. It is 
expected that parts of the main vessel will start to be moved 
to the construction cite in September, 2003, and the purified 
sodium will be transported to the cite in October, 2003. It is 
envisaged to begin fuel loading in September 2005 and the 
first criticality will be realized before the end of 2005. Fig. 6 
shows the expected image of CEFR. 

 
Ⅵ. Consideration to the Successor of CEFR 

Considering the sustainable energy supply in future and 
environment protection the prospects of fission nuclear 
energy application are optimistic in China. According to the 
preliminary strategy study of fast reactor development, after 
the CEFR the Program will go to the second step 300MWe 

Prototype Fast Breeder Reactor (PFBR) which will play as a 
prototype for next step LFBR, and at same time as a module 
for Modular Fast Burner Reactor (MFBR) which may be 
suitable for MA burning . 

Table 13 gives the technical continuity of Chinese FBR 
engineering development and main technical selections. 

 
Table 13 Technical continuity of Chinese FBRs 

 CEFR PFBR LFBR MFBR 
Power 
MWe 

25 300 1000~1
500 

4~6×300 

Coolant Na Na Na Na 
Type Pool Pool Pool Pool 
Fuel UO2 

MOX 
MOX 
Metal 

Metal MOX+MA
Metal+MA

Cladding Cr-Ni Cr-Ni 
ODS 

Cr-Ni 
ODS 

Cr-Ni 
ODS 

Core 
Outlet 

Temp. ℃

530 500-550 500 500-550 

Linear 
Power 
W/cm 

430 450-480 450 450 

Burn-up 
MWd/kg

60-100 100-120 120-150 100 

Fuel 
Handling

 

DRPs 
SMHM

DRPs 
SMHM 

DRPs 
SMHM 

DRPs 
SMHM 

Spent 
Fuel 

Storage 
 

IVPS 
WPSS 

IVPS 
WPSS 

IVPS 
WPSS 

IVPS 
WPSS 

Safety ASDS 
PDHRS

ASDS+
PSDS 

PDHRS 

ASDS+
PSDS 

PDHRS 

ASDS+PSD
S 

PDHRS 
Where: 
DRPs Double Rotating Plugs 
SMHM Straight Moving Handling Machine 
IVPS In-Vessel Primary Storage 
WPSS Water Pool Secondary Storage 
ASDS Active Shut-Down System 
PSDS Passive Shut-Down System 
PDHRS Passive Decay Heat Removal System 
Up to now the design of Chinese PFBR hasn’t formally 

started due to the design team is still engaged in the CEFR 
construction. 
 
Ⅶ. Conclusions 

For long term nuclear energy development the basic 
strategy of PWR-FBR-Fusion is kept as pointed out by Mr. 
XU Yuming[4], Department Director, CAEA at the 2001 
Annual Symposium of Chinese Nuclear Society. Due to lack 
of enough experience, limit nuclear industrial basis and 
un-sufficient budget, Chinese fast reactor development only 
with a moderate situation. But the fast reactor technology 
and its closed fuel cycle will be step by step developed in 



 

  

matching with the PWRs to realize nuclear energy utilization 
in large scale for the future in China. 
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