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Optimization of Nuclear Reactor Power
Distribution Using Genetic Algorithm

Hyu-Chan Kim*., Kyung-Ho Cho** and Yoon-Joon Lee**

ABSTRACT

A computer code named 'MGA_SCOUPE’ has been developed to determine an
optimal fuel-loading pattern for the nuclear reactor. The optimization goal in this
code is (1) the minimization of the deviations in the power peaking factors both at
BOC and EOC, and (2) the maximization of the average burnup ratio at EOC of the
total fuel assemblies. The developed code automatically performs lots of searches for
the globally optimum solution based upon the Modified Genetic Algorithm(MGA).

Through the application of the MGA_SCOUPE to the KORI 4-4 cycle reactor model,
we have obtained a new better fuel loading pattern compared with the ones obtained
by the existing codes such as SCOUPE and ROCS. Among the several satisfactory
results, two dominant improvements can be summarized as follows:

- The avg. burnup ratio can be relatively increased by approx. 45%. and
- The standard deviation of the power peaking factor of the reactor both at BOC
and EOC can be relatively reduced by approx. 25.8% and 18.7% respectively.

In addition to the technical improvements as above, the MGA_SCOUPE has
removed the user-dependency problem occuring at the SCOUPE in the optimal

loading pattern searches, and made the searching process fully automated.

Key words : Genetic algorithm, Reactor power distribution, Optimal fuel-
loading pattern
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Table 1 Analogy between optimization
problem and genetic algorithm

Optimization Genetics
Problem Algorithm

Cost Fitness
Solution Sub-Space Population

Feasible Solutions Individuals

Variables Encoded String
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avg. burnup ratio at EOC for X°
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distribution at BOC for X

oroc (X) : standard deviation of power

distribution at EOC for X
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factor

SCOUPE ROCS  |MGA_SCOUPE

BOC | EOC| BOC | EOC| BOC | EOC

"0 of PF |0.2958(0.2932|0.2903(0.2708| 0.2194 |0.2383

max PF |1.3393]1.2006]1.3160|1.3180( 1.3914 |1.3752

min FF [0.35260.3307]0.3450(0.3780( 0.58%4 |0.5306

(max PF-
min PF)

0.9867{0.9599|0.9710|0.9400( 0.8020 (0.8446

v. 8 &

2 dFdMe ArE Fd 2864 (1) &
HE¥e AN 2 (2) €39 IUNE 9B
Ao dds FAMEE F37] A4F Ad=
=(Z23¢9 . MGA_SCOUPE)E /M&3y
o HA FAdd g4 % A= F2E
HT o] RopdM & FBE Holm YUe
A gnAFE € d7rEore 4L 23
o FAF /FALnYE(Modified Genetic
Algorithm, MGA)& A&3dth. =4u &
g A€ 7] A8 MIT dgteA A
gxn Adgady +3 2gd SCOUPE
9] A4 REY d¥E £ e

M 3ce 2AF H5E AFH7 A3
28 437 4F7] 2de] iy dAdE8 FAAY
Hdo] H43lo 7|E =2 JL A} vn



M QY2EE 0|8 AU FHEEX HHY

¢ A N1eAA Aol g3 e TR A
AArg g gttt &, MGA_SCOUPEE ©
£3ta] Aj2o] HME Hds FAMA 3R

» SCOUPE % ROCSe &3 ¥t °F 45%
% 371Y x4 YEALEE A€ & 3
o daAre FAY A4S H% FYALY
+ gee By

» SCOUPE % ROCSS ZFel v|gjA F7]
2, 3712 Y529A4e EFEAE 2
Z+ 25.8%. 18.7% €% & ol €=
Aol x42dRIE 2o A% sl
Az e3e AR Hudl A 4 3
&g Bgn.

Aol 71eAHA ALAAY olgdl MGAL
SCOUPEE 71Z&¢ SCOUPE ZEZ=g °|4%
AAE FANY gHo] AHgAe FY R A
o AA Edte F3AY S4°1UD AL 4
Aol AFgMzgdez AJAY F UA FHH
o}

oy, 8 d3M 7id¥ MGA_SCOUPE
9] xAN S WA E EV] AR ALY EF
&L F7N2, FrIgdMe &Y 22X & A3
E BAoA 71 S8AE nRA € U
o, %X A4 E8IE nHdd AL BF
& Rgdol & ¥Rl Uk

3oz H

1) T. Hoshino. 1972, In-Core Fuel

Management Optimization by Heuristic

Learning Technique, Nucl. Sci. and
Eng. Vol. 49, pp. 59.

2) H. Motoda, 1975, Optimization of
Refueling Schedule for Light Water
Reactors, Nucl. Tech.. Vol. 25, pp. 4717.

3) J. D. Mingle, 1975, In-Core Fuel
Management via Perturbation Theroy,
Nucl. Tech.. Vol. 27, pp. 248.

4) 797, 1990, ZY¥HE °|&¥ rIAAF=E
HAZANEY HAo 8F AF, AEulidtn
A A=E.

5) A. Galperin and Y. Kimhy. 1991,
Application of Knowledge-Based Methods
to In-Core Fuel Management, Nucl. Sci.
and Eng. Vol. 109, pp. 103.

6) A. Galperin, 1988, Application of
Heuristic Search Method for Generation
of Fuel Reload Configurations, Nucl.
Sci. and Eng. Vol. 99, pp. 343.

7) A. Galperin, 1995, Exploration of
Search Space of the In-Core Fuel

Knowledge-

Based Techniques. Nucl. Sci. and Eng.

Vol. 119, pp. 144.

Management Problem by

8) H. G. Kim and S. H. Chung, 1993,
Pressurized Water Reactor Core
Parameter Prediction Using an

Artificial Neural Network, Nucl. Sci.
and Eng. Vol. 113, pp. 70.

9) Zhian Li and S. H. Levine, 1994, An
Automatic Optimal Pressurized Water
Reactor Reload Design System with an
Expert Module, Nucl. Sci. and Eng.
Vol 118, pp. 67.

10) B. C. Back M. H. Kim, 1992,
Two-Dimensional Power Distribution
Calculation Model for PWR Shuffling
Expert System. Proc. of Spring Mtg. of
KNS, pp. 131. Pohang.

11) #97, 1995, EGAFAGYA o8 71y
A2 xy dAdsw] HA dF, AW
Gn At =g

12) S. Kirkpatrick, C. D. Gerlatt, Jr.,
and M. P. Vecchi, 1983, Optimization
by Simulated Annealing, Science, Vol.
220, pp. 671.

13) D. E. Goldberg, 1989,
Algorithm in Search Optimization &

Genetic

91



e d-zd 2.

o g &

Machine Learing, Addison-Wesley
Publishing Co.. NY.

14) 93 7493, 1990, Reactor Power
Calculation Model for the Reloading
Pattern Search Expert System, 73lth&t
m #olAF%, Vol. 1, pp. 65~78.

15) D. E. Goldberg, 1983, Computer-aided
gas pipeline operation using genetic
algorithm and rule learing, Ph. D.
Thesis. Dept. Civil Eng., Univ. of
Michigan.

16) Kyung Ho Cho, Sung Tack Ko. and

92

Han Seak Ko. 1996, A Proposal of New
Method for EICT Image Reconstruction
- A Hybrid Approach Using Genetic
Algorithm and Newton-Raphson
Method, whghdzxtzets], A|33¥ BH #4
3, pp. 721~729.

17) o137, 1993, =4 AA4A Ma(daz &
£7). pp. 39~53.

18) WEFE, 1992, HAA I EH HAEHL o]
4% ANYQs £¥ FF ¢ 53 9L
58 7194 532 FHo F A7, AL
g w AALE=E



	ABSTRACT
	I. 서론
	II. 최적해 탐색 알고리즘 및 프로그램 개요
	III. 핵연료 장전모형 탐색 결과 및 분석
	IV. 결론
	<참고문헌>



