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Table 1 Delayed neutron data for **U in MSRE.

ES Group Al s 5(x107%)
C1 0.0124 223

c2 0.0305 145.7

C3 0.111 130.7

C4 0.301 262.8

C5 1.14 76.6

C6 3.01 28
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Fig.3 Compensative reactivity inserted during fuel-pump start-up transient(a) and coast-down transient(b).
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Fig.4 Delayed neuton precursor in the core during fuel-pump start-up transient(a) and coast-down transient(b).

*2
Table 2 MSBR characteristics.

R I S

SH 4L  Names

2¥E  Values

B K+ FH4 Prompt neutron lifetime / s
HEWAFAE]  Fuel transit time in core / s

S50 (o] B 5 B i 8]
PR A B I RE 2 T 1 R B

Fuel transit time in external primary loop /s

Temperature coefficient of reactivity in fuel salt / [(SK/K)/°C]

HERBRERNY RN

Temperature coefficient of reactivity in graphite / [(K/K)/°C]

B P E M8 Heat generation in fuel salt
FARI=EMIIEMNH  Heat generation in graphite

FRBEE# Specific heat of graphite J/kg-°C

RELEL#  Specific heat of fuel salt J/ kg-°C

ABREMEMR RS Graphite-to-salt heat transfer coefficient J/ (m”s-°C)

fAERIME Fuel salt flow rate / kg's™
#INE Heat generation / MWt
WEEE R E  Fuel salt mass / kg
FEAE  Graphite mass / kg

{3 EF  Heat transfer area / m’
—E B AT AR R R

Fuel salt mass in the primary heat exchanger / kg

3.6x107*
3.58
6.048
-3.28x107°

2.35%x107°

0.97
0.03
1757.3
1355.6
6043.3
1.1944x10*
2250
54105
122622
4114
5384
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Table3 Delayed neutron data for 23y in MSBR.

5 Group Al s B.(x107
1 0.0126 2.3
2 0.0337 7.9
3 0.139 6.7
4 0.325 7.3
5 1.13 1.3
6 2.50 0.9
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Fig.5 Reactor power transients after 100, 300, 500 and
600 pem step reactivity addition.
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Fig.6 Temperature transients after 100(a), 300(b), 500(c}, 600(d) pcm step reactivity addition.
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Fig.7 Reactor power transients after 100, 300, 500, 600 pcm
ramp reactivity addition at a rate of change of 10 pcm/s.
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Preliminary safety analysis of molten salt breeder reactor

2 ..
CHENG Maosong'* DAI Zhimin
1(Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Jiading Campus, Shanghai 201800, China)

2(University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Background: The molten salt reactor is one of the six advanced reactor concepts identified by the

Generation IV International Forum as a candidate for cooperative development, which is characterized by remarkable

advantages in inherent safety, fuel cycle, miniaturization, effective utilization of nuclear resources and proliferation
resistance. ORNL finished the conceptual design of Molten Salt Breeder Reactor (MSBR) based on the design,
building and operation of Molten Salt Reactor Experiment (MSRE). Purpose: We attempt to implement the

preliminary safety analysis of MSBR in order to provide a reference for the design and optimization of MSBR in the

future. Methods: According to the conceptual design of MSBR, a model of safety analysis using point kinetics

coupled with the simplified heat transfer mechanism is presented. The model is applied to simulate the transient

phenomena of MSBR initiated by an abnormal step reactivity addition and an abnormal ramp reactivity addition at

full-power equilibrium condition. Results: The thermal power in the core increases rapidly at the beginning and is
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accompanied by a rise of the fuel and graphite temperatures after 100, 300, 500 and 600 pcm reactivity addition.
The maximum outlet temperature of the fuel in the core is at 1250°C in 500 pcm reactivity addition, but up to
1350°C in 600 pcm reactivity addition. The maximum of the power and the temperature are delayed and lower in the
ramp reactivity addition rather than in the step reactivity addition. Conclusions: Based on the results, when the
reactivity inserted is less than 500 pcm in maximum at full power equilibrium condition, the structural material in
Hastelloy-N is not melted and can keep integrity without external control action. And it is necessary to try to avoid
inserting a reactivity at short time.

Key words Molten salt breeder reactor, Safety analysis, Point kinetics
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