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Table 1. Flux Weighting Factors for the Location of Maximum Fast Neutron Flux at the Kori-1 Reactor Pressure Vessel

Group Assembly Number
1 2 3 4 5 6 7
1 5.17E+06 6.61E+06 6.85E+05 1.01E+06 3.48E+05 1.65E+05 1.16E+05
2 1.66E+07 2.10E+07 2.10E+06 3.04E+06 1.02E+06 4 45E+05 3.25E+05
3 7.24E+07 9.06E+07 8.51E+06 1.22E+07 3.89E+H06 1.55E+06 1.18E+06
4 1.43E+08 1.78E+08 1.62E+07 2.30E+07 7.14E+06 2.67TE+H06 2.18E+06
5 2.52E+08 3.11E+08 2. N2EH0T 3.81E+07 1.14E+07 3.90E+06 3.44E+06
6 6.25E+08 7.63E+08 6.77E+07 9.39E+07 2.67E+07 8.34E+06 8.40E+06
7 9.75E+08 1.17E+09 9.69E+07 1.33E+08 3.66E+07 1.05E+07 1.11E+07
8 2.00E+09 2.37E+09 1.72E+08 2.31E+08 6.23E+07 1.67E+07 1.76E+07
9 1.57E+09 1.84E+09 1.24E+08 1.66E+08 4 41EH)7 1.13E+07 1.22E+07
10 1.18E+09 1.39E+H09 9.28E+07 1.23E+08 3.27E+07 8.13E+H06 8.81E+06
11 1.40E+09 1.64E+09 1.08E+08 1.44E+08 3.79E+07 9.27E+06 1.01E+07
12 7.03E+08 8.27E+08 5.46E+07 7.23E+07 1L.91E+07 4.60E+06 5.07E+06
13 1.88E+08 2.22E+08 1.48E+07 1.97E+07 5.24E+06 1.25E+06 1.37E+06
14 9.19E+08 1.09E+09 7.19E+07 9.55E+07 2.54E+07 6.09E+06 6.66E+H06
15 2.45E+H09 2.89E+09 1.88E+08 2.49E+08 6.65E+07 1.61E+07 1.73EH07
16 2.69E+09 3.19E+09 2.03E+08 2.69E+08 7.24E+07 1.76E+07 1.836E+07
17 391E+09 4.65E+09 2.91E+08 3.87E+08 1.05E+08 2.56E+H)7 2.65E+07
18 6.22E+09 747TE+09 4.58E+08 6.13E+08 1.70E+08 4.36E+H07 4.18E+07
19 4.10E+09 5.01E+09 3.01E+08 4.06E+08 1.17E+08 3.26E+07 2. 75E+07
20 2.22E+09 2.68E+09 1.60E+08 2.15E+H08 6.08E+07 1.61E+07 1.45E+07
21 6.17E+09 7.75E+09 4.48E+08 6.15E+08 1.91E+08 6.25E+07 4.08E+07
22 5.04E+09 6.34E+09 3.61E+08 4.97E+08 1.57E+H08 5.34E+07 3.27EH07
23 5.76E+09 7.23E+09 4.13E+08 5.66E+08 1.78E+08 6.17E+07 3.74EH07
24 5.40E+09 7.10E+09 3.92E+08 5.55E+08 1.99E+08 8.87E+07 3.60E+07
25 7.44E+09 9.46E+09 5.29E+08 7.33E+08 2.46E+08 1.02E+08 477E+07
26 6.95SE+09 9.04E+09 4.95E+08 6.96E+08 2.51E+08 1.21E+08 4.48E+07
27 5.09E+09 6.50E+09 3.58E+08 4.97E+08 1.73E+08 7.93E+07 321E+07
28 4.35E+09 5.47E+09 3.02E+08 4.17E+08 1.39E+08 5.96E+07 2.69E+07
29 1.69E+09 2.07E+09 1.16E+08 1.58E+08 4.98E+07 1.90E+07 1.02E+07
30 9.82E+08 1.19E+09 6.71E+07 9.03E+07 2.74E+07 9.50E+06 5.88E+06
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Table 2. Correction Factors for 3-D Synthesis Technique
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Fig. 7. Axial Flux Weighting Factor(E x> 1 MeV) for Pressure Vessel Inner Diameter by Axial Node
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1. USNRC Regulatory Guide 1.190. Calculational and
Dosimetry Methods for Determining Pressure Vessel

FEA AL BN HZRE o188 Y8 T ARG W

Table 3. Maximum Fast Neutron Flux (n/cm’-s, E >1 MeV) at
Reactor Pressure Vessel Inner Diameter of Kori Unit 1

Cycle DORT NeuralNetwork % Error’
1 4, 74E+10 4.87E+10 2.7
2 4.86E+10 5.02E+10 33
3 5.44E+10 5.59E+10 2.7
4 5.27E+10 545E+10 34
5 4.76E+10 4 90E+10 3.0
6 3.83E+10 3.88E+10 1.2
7 4.18E+10 4.25E+10 1.7
8 3.35E+10 3.29E+10 -1.9
9 4 31E+10 4.23E+10 -1.7
10 4.22E+10 4.08E+10 =32
11 3.35E+10 3.30E+10 -1.6
12 3.66E+10 3.63E+10 -0.8
13 425E+10 4.29E+10 0.9
14 4.15E+10 4.20E+10 1.1
15 428E+10 4.33E+10 1.1
16 3.82E+10 3.79E+10 -0.9
17 4.38E+10 4.41E+10 0.5
18 3.29E+10 3.21E+10 2.6
19 3.77E+10 3.71E+10 -1.5

20 3.38E+10 3.31E+10 -2.1
21 3.20E+10 3. 13E+10 24
22 3.22E+10 3.14E+10 25
23 3.22E+10 3.14E+10 2.5

"% Error = (Neural Network - DORT)Y/DORT * 100

Neutron Fluence. March 2001.

2. RSIC Computer Code Collection CCC-650, DOORS 3.1.
One-Two and Three Dimensional Discrete Ordinates
Neutron/Photon Transport Code System. August 1996.

3 f84. A AR met 250 RIS o83 dkehd
Ak FF B2 At SEUEt 7| AE s, vk
i, 2003,

4. KEPCO Nuclear Fuel Co., Nuclear Design Report for
Kori Unit 1 Cycle 23, KNF-K1C23-05009, 2005

5. RSIC Data Library Collection DLC-185, BUGLE-96.
Coupled 47 Neutron, 20 Gamma-Ray Group Cross-Section
Library Derived from ENDF/B-VI for LWR Shielding and
Pressure Vessel Dosimetry Applications, March 1996.
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Neutron Flux Evaluation on the Reactor Pressure Vessel by Using Neural Network

Choon Sung Yoo’, Jong-Ho Park
"Korea Atomic Energy Research Institute, Chungnam National University

Abstract - A neural network model to evaluate the neutron exposure on the reactor pressure vessel inner diameter was developed. By
using the three dimensional synthesis method described in Regulatory Guide 1.190, a simple linear equation to calculate the neutron
spectrum on the reactor pressure vessel was constructed. This model can be used in a quick estimation of fast neutron flux which is the
most important parameter in the assessment of embrittlement of reactor pressure vessel. This model also used in the selection of an
optimum core loading pattern without the neutron transport calculation. The maximum relative error of this model was less than 3.4%
compared to the transport calculation for the calculations from cycle 1 to cycle 23 of Kori unit 1.

Keywords : Neural Network, Pressure Vessel, Neutron Transport, Dosimetry
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