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Abstract: Removement of residual heat is one of the significant safety functions of a
nuclear reactor, and the shutdown residual heat at the beginning is composed of fission
power and decay heat, meanwhile the long-term residual heat mainly depends on the
decay heat. In this paper, a calculation model for the decay heat of sodium-cooled fast
reactor system analysis code FR-Sdaso was developed, which has the ability to take the
effects of fission power and power history into consideration. The model was validated
by comparing with ANSI/ANS-5. 1-2005 standard and SAS4A/SASYS-1 code. The
maximum relative deviation between FR-Sdaso and ANSI/ANS-5. 1-2005 standard is

about 0.1% ., and the maximum relative deviation between FR-sdaso and SAS4A/
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SASYS-1 is on the order of 10™*, which initially proves the correctness of the developed

model. Finally, based on the design data of China Experimental Fast Reactor, the effect

of fission power on the decay heat during the emergency shutdown process was ana-

lyzed. The results show that the maximum relative deviation of the decay heat caused by

neglecting fission power is about —7% , which appears at the initial shutdown. There-

fore, the effect of fission power should be considered in the calculation of decay heat at

the initial shutdown.

Key words: decay heat; system analysis code; FR-Sdaso; program validation
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of radiation long enough time (10" s)

£ 1 IR 10" s 5= FR-Sdaso i+ EF1 ANS iR EHHET TTH
Table 1 Relative decay heat calculated by FR-Sdaso and in ANS standard after 10" s irradiation shutdown
HH A 878 H
W 1l /s FR-Sdaso J1- 58 ANS Fr e fH

@y 28y 239 py 21py 2y 28y 29 py 21py
10° 1. 238 X10! 1. 482X10! 1.028X10! 1.214 X 10! 1.238X10! 1. 482X10! 1. 027X 10! 1. 214 X10!
10! 9. 497 X10° 1.039X10! 8.250X10° 9.151X10° 9. 497 X10° 1. 039 X10! 8.250X10° 9.150 X10°
102 6.202X10° 6.393X10° 5.691X10° 5. 798 X10° 6.202X10° 6.392X10° 5.691X10° 5. 798 X10°
10° 3.800X10° 3.719X10° 3.522X10° 3.447X10° 3.799X10° 3.719X10° 3.522X10° 3. 446 X10°
101 1.912X10° 1. 809X 10° 1. 733X 10° 1. 657X10° 1.912X10° 1.809X10° 1. 733X 10° 1.657X10°
10° 9.729X1071  9.379X1071  9.482X107 1 9.174X1071  9.729X1071  9.378X1071  9.482X 107! 9.173 X101
10° 5.547 X101 5.074X10° 1 5.158X10° 1 5.103X10° 1 5.547X10° 1 5.074X10°1  5.157X10 ! 5.102X10 1
107 2,494 X107 2.211X107 Y 2.343X107 0 2,398 X107 2.494X 1071 2.211X1071 2.342X107! 2.398 X101
108 1.202X1071  9.440X1072  9.541X1072  8.887X107%2 1.202X1071 9.440X1072 9.541X102 8.886 X102
107 6.049X1072  4.644X1072  4.804 X102 4.077X1072 6.049X1072 4.644X107% 4,804 X102 4.077 X102
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Table 2 Relative deviation between FR-Sdaso and

ANS after 10" s irradiation shutdown
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10° 0 0 0. 097 0
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10? 0 0.016 0 0
10° 0.026 0 0 0. 029
10* 0 0 0 0
10° 0 0.011 0 0.011
106 0 0 0.019 0.020
107 0 0 0.043 0
108 0 0 0 0.011
107 0 0 0 0
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Fig. 3 Schematic of multi period power history
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Table 3 Relative decay heat calculated by FR-Sdaso and SAS4A/SASYS-1 under multi period power history

A 0 82 A
it 1Al /s FR-Sdaso 115 SASLA/SASYS-1 4
23SIJ 238LI 239PU ZHPU 23:)LI 238LI ZI“)PU 2‘lPLl
0 6.463X1072  8.184X102 5.207X10°% 6.357X10°2 6.463X10° 2 8.184X107% 5.207X10 2 6.357X102
10° 5.927X1072  7.161X1072  4.876 X102 5.817X10°2 5.927X10°% 7.161X10°% 4.876X10 ? 5.817 X102
10! 4.482X1072  4.940X1072  3.861 X102  4.319X10 2  4.482X10°% 4.940X10 2 3.861X10 ? 4.319X10 2
10? 2.830X1072  2.937X1072 2.578X107% 2.638X1072 2.830X107% 2.937X107% 2.578X10 2 2.638 X102
10° 1.626X10 2  1.597X10 2  1.491X10 2 1.460X10 2 1.626X10 2 1.597X10 2 1.491X10 2 1. 460X 10 2
101 6.860X10%  6.461X10"% 6.006X10" % 5.682X10"% 6.860X10"% 6.461X10"% 6.006xX10 3 5.682X1073
10° 2.529X1073  2.473X107°%  2.449X107%  2.325X1073  2.529X107°%  2.473X107%  2.449X10°3 2.325X1073
108 1.131X107%  1.052X107%  1.031X10°% 9.882X10~* 1.131X10°° 1.052X10° 1.031X10° 9.882Xx10 1
x4 ZBRIWEHET FR-Sdaso 5 SAS4A/SASYS-1 it HE R B RE
Table 4 Relative deviation between FR-Sdaso and SAS4A/SASYS-1 results under multi period power history
X 2/ 20

L %y #Y 9Py 21py

0 —6.189X1077 2.444 X108 7.682X107° 3.146X107°

10° —3.375X107° 5.586X10"8 1.025X107°8 1.719X10°8

10! —1.339X10 "¢ 2.834X108 7.770X10° —4.631X10°

102 —7.068X107° 2.384X10°8 7.758 X107 —7.582X107°

108 —6.151X107° 6.262X10"° 0. 000X 10° —6.851X107°

104 —1.458X107? 3.095X107° —2.331X10°8 —1.056 X108

10° 7.909X<10° —4.043 X107 —1.225X10°8 1. 290X 108

106 1.768 X108 0 9.700X107° —2.024X107°

A X 25 = (FR-Sdaso 1 2{5 — SASAA/SASYS-1 {1218 /SAS4A/SASYS-1 1444
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Table 6 Decay constant and

effective fraction of delayed neutron

4151 R /s ZR Ty
1 0.012 7 2.600X 107
2 0.0317 1.504X10?
3 0.115 1.357X107%
4 0.311 2.963X 1077
5 1. 40 1.005X107%
6 3.87 2.250X 10
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Table 7 Decay constant and power fraction
of each group of fission product or actinide
253 WA /s Ty 2035
1 1.772 2.990x103
2 5.77X10°1 8.250X 103
3 6.74X10°?2 1. 550 X102
4 6.21X10°° 1.935X10°2
5 4. 74 X104 1.165X1072
6 4.81X10° 6.450 X103
7 5.34X10°6 2.310Xx10°%
8 5.73X10°7 1.640X103
9 1.04 X108 8.500 X104
10 2.96X107 4.300X10*
11 7.59X10°10 5.700 X104
12 1.91X10* 2.260X10°%
13 3.11 X106 2.190Xx10°3
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Fission power and decay heat calculated by FR-Sdaso and SAS4A/SASYS-1
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Fig.5 Influence of fission power

on decay heat during initial shutdown
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