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The Optimization Problems on the Reactor Shields
Part 1 Optimization Techniques and Models

by
Yasuji KANAI and Yasuyoshi ITO
Abstract

This paper is a review of the recent works on the reactor shield optimization in various count-
ries such as Japan, the United States, the Soviet Union, the United Kingdom and the Federal
Republic of of Germany. Most of the works including our original studies were presented at
the two international meetings on the problems of rector shielding which were held in Paris,
France in 1970 and 1972.

All these works have recourse to either of linear programming, gradient method, dynamic
programming and so on as optimization techniques. Thus, explanation is given for these
techniques.

In the present stage of the shielding optimization studies, there is a room for improving
accuracy of calculation model used to describe the complicated nature of the attenuation process
and the complex coupling of the important shielding charactaristics in various materials.

The main purpose of this report is to make clear the limitation of applicability of the computer
programs from the viewpoint of the optimization techniques and used models. Discussions are
given in chapters 5 and 6 on the advantages and disadvantages of these optimizing procedures
currently used in optimum shielding calculations.
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Table 1 Optimization techniques and penetration calculations

for various shield optimization codes

authors program name optimization technique penetration calculation
Enginol'® SHOP variation exp® / RESTRABP»
Engle jr.1® ASOP variation ANISN J R
* 20 McMIN e / McBEND
Bernick?? OPEX gradient exp IR
Lahti2® OPEX-2 gradient exp JAERE
tily, &5 OPEX-3 gradient exp JARIRLIE
rly, @52 OPEX-N conjugate gradient exp JARTIN
i, &HF52 OPERA conjugate gradient exp / RAC
Generozov?0:31 * gradient Monte Carlo / Monte Carlo
&, Fimesn SOP-DP DP linear diff. / -
&3, FEEEOw SOLA series DDP linear diff. [/ -----
Klumpp*? DYNOPT DpP * / DOT-I1
ABREVIATION LP for linear programming

DP for dynamic programming
DDP for differential dynamic programming

exp for exponential
diff for differential

~~~~~~ nothing, * unknown
a) utilized for optimizing stage
b) utilized for determining the parameters
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Table 2 Optimization models for various shield optimization codes

\ CODE
OPEXY | OPERA | ASOP SHOP | SOP-DP | SOLA? DYNOPT
ITEM e
weight O @) O O O O O
cost A A A A AN O A
a
volume FAN A O A
fluxes or their linear O
combination
dimension 1 1 1 1 1 1 2
geometry* PL/CY/SH|PL,CY,SHPL.CY,SH| CY, SH SH PL,CY,SH{PL,CY,SH
component mixture — e o —_ —_— AN B
b
arrangement FIX FIX FIX FIX O O FIX
layer thickness O O O O O** O O
dose rate O O O @) O O O
c heating A
radiation damage A

: Performance Indexes

: Optimization Parameters

Constraints

PL...Plane, CY...Cylinder, SH...Sphere

* 0O T o

(O} available, A ; applicable)

**  The minimum layer thickness is more than 10cm
1) OPEX represents OPEX for PL, OPEX-2 for SH, OPEX-3 and OPEX-N for PL, CY, or SH.
2) SOLA represents SOLA-1 (with free-end point), SOLA-2 and SOLA-3 (with fixed-end point)
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Fig. 1 The arrangement according to weight
optimization of the lead/polyethylene

biological shield for a ship reactor.
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Fig. 2 Effect on shield weight of varying
the number of heavy metal layers
in the shield.
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Fig. 4 The progress of the McMIN
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for a typical fast reactor shield.
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Fig. 8 Changing optimum point when
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Fig. 14 Optimized iron-water shield by SOLA.
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