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Error Analysis and Experimental Research of HTR-10 Burn—up
Measurement System Based on MCNP Modeling
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Abstract With the burn—up measurement system for the 10MW high temperature gas—cooled reactor, the burn—up of the spherical fuel
element is obtained indirectly by measuring the gamma-ray from the fission product *'Cs. The accuracy of results will affect the security
and the economy of the reactor. In this paper, on the basis of the existing equipment conditions of HTR-10, the diversion experiment of
the elevator is designed and implemented. By making the spherical fuel element gradually deviate the running measurement place, the
relative position between the center of the spherical fuel element and the axis of the collimator is changed. and the relationship between
the angle of the diversion and the count rate is obtained and is then used to determine the offset in the circumferential direction between
the center of the spherical fuel element and the collimator axis. The model of the HTR-10 burn—up measurement system, established by
the MCNP program, can be used to simulate the gamma photon transporting process from the spherical fuel element, through the elevator,
the sealed flange and the collimator, to the HPGe detector. The MCNP model can be used to simulate the experiment in different radial
deviations. By analyzing the experiment results and calculating results of the MCNP model, the radial diversion from the core of the
spherical fuel element to the axis of the collimator can be estimated.
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Fig. 1 Schematic diagram of the burn—up measurement
system of the HTR-10
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Fig. 2 Schematic diagram of the error analysis
of the CFC system
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Fig. 3 Schematic diagram of the positions of the
fuel element and collimator
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Table 1 Experimental results
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¥ i &5 71 BE/(°)
-1.33 -1.00 -0.67 -0.33 0 1.00 2.00 3.00
R 79513 82555 82811 84050 84191 84513 85534 85047
B AR 89543 90166 90628 91454 90858 92360 93292 93159
S B R 132.52 137.59 138.02 140.08 140.32 140.86 142.56 141.75
ENS 10030 7611 7817 7404 6667 7847 7758 8112
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Table 2 Computational results

S/mm

-1.00 -0.67 -0.33

/(%)
0

2 %5} 5 B /mm
1.00 2.00 3.00

137.64

5 138.13

10 137.72

15 136.66

20 137.35
25 135.42
-5 137.66
-10 137.66
-15 137.96
-20 137.18
-25 137.51

138.13
138.71
138.36
137.57
138.32
136.56
138.20
138.22
138.45
137.70
137.92

138.64
139.05
138.90
138.12
139.10
137.56
138.58
138.69
139.04
138.10
138.29

139.12
139.51
139.58
138.44
139.71
138.01
138.86
139.08
139.63
138.71
138.75

139.74 140.17 140.02 8.03
140.35 140.42 140.50 6.95
140.22 140.69 140.32 6.32
139.72 140.31 14045 9.90
140.94 141.35 140.60 4.58
139.98 140.40 139.93 13.31
139.88 140.42 140.25 7.82
140.37 140.68 140.51 6.50
140.18 140.54 140.27 6.70
139.75 140.32 139.82 9.58
140.00 140.23 140.10 8.37
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