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Optimal Reactor Shutdown Programs Involving

Samarium Poisoning

Masaharu KITAMURA* and Yoshikuni SHINOHARA
Div. of Reactor Engineering, Tokai, JAERI

( Received March 22, 1874 )

The optimal flux prograﬁs are described which minimize the reactor.
poisoning due to samarium buildup after shutdown of a high flux thermal
reactor: The problem, defined as the trajectory optimization for the system
described by a set of ordinary differential equations, is transformed to
the optimum seeking problem in a multi-dimensional Euclidian space by
approximating the continuous—time system by discrete-time one.

By the statistical search technique, called random reward method,
numerical solutions are obtained within the acceptable computational
efforts. The effectiveness of optimization is evaluated, and some useful
information for more general shutdown optimization problems involving
other reactivity effects {( viz. temperature effect, xenon buildup, .etc. )
are obtained. The optimum seeking is also made by the Powell's algorithm,
a well-known nonlinear optimization technique. The performance of the two

optimization techniques are compared.

*Cooperative research staff; Department of Nuclear Engineering,

Tohoku University -
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employed in calculations of Sm-149 dynamics ‘
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'AP-’ 3.56 x 107% ( sec? )
zf' 6.05 x 107! (em? )
Y 1.12 x 10* (. /fission )
o, 5.00 x 1072° { cp?
Table-1 Parameters
-5 -1
Ai 2.90 % 10 ( sec™)
. -5 -1
Ax 2.10 % 10 ( sec ?
Y 5.60 x 10°% ( /fission )
Y, | 3.00 x 10°% { /fission )
o, 3.50 x 107}* ( cm? )
Table-2

Parameters employed in calculations of Xe-135 dynamics

Fig. 4 .
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Variation of Xe-135 density after immediate shutdown.
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pay = 80 % 10" 6.90 + 0.01 5.29 + 0.01
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LR, e DRMANKEEL LD, BERENELD LEHBE, KERRL LBF%
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Set Initial Values

]

L4

Select [ Xi 1, 4%

, f

Generate ¥
i i-1 i
Set X' = xopt + A% ¥

Yes

Qopt = Qg Xi 3

1

opt

Converged ?

l Yes

I
|
! ' Output xopt P Qopt

Stop {omputation

Fig. 7 . Simplified block diagram of Random Reward algorithm.
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COREOE A BERRIE FHBICET -
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(I O(R 4+ ad, VEEINCTH LA = A %5 x@~43+1d BB,
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Table-4 Effectiveness of optimization ( Tf : 72 hr )

Sopt/Sdirect

¢ | x10]
Te

180 | 0.691 | 0.529 | 0.455 | 0.411 | 0.386
160 | 0.717 | 0.561 | 0.491 | 0.450 0423
140 | 0.747 | 0.598 | 0.530 | 0.491 | 0.467
120 | 0.78 | 0.693 | 0.578 | 0.540 | 0.521
00 | 0.820 | 0.647 | 0.633 | o0.508 | o0.582

80 0,865 .| 0,752 | 0,696 0.665 0.650

Table-5 Effectiveness of optimization ( Tf : 120 hr )

Sopt/Sdirect

a1 ' *10"

180 | 0.685 | 0.525 | 0.436 | ©0.400 | 0.373
160 0.712 | o0.558 0.473 0.43% | 0.412
140 | 0.743 | 0.598 | 0.513 | 0.479 | 0.456
120 | 0.779 | 0.643 | 0.564 | 0.529 | 0.509
100 | 0.819 0.696 | 0.616 0.590 | 0.566

80 0,866 0.758 0.680 0.652 0.636

—29—
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Table-6 Effect of power decrease on buildup of Sm-149 ( Tf :
Sig/Sopt
%] ' =10
e 2 4 6 8 10
|, 180 1.152 1.168 l.421 1.202 l.582
160 1.145 1.173 1.356 1.164 1.484
140 1.139 1.179 1.300 1.147 1.411
120 1.132 1.184 1.244 1.1%4 1.299
1c0 l.121 1.183 1.200 1.126 1.225
80 1.107 1.186 i.127 1.129 1.169
Table-7 Effect of power decrease on buildup of Sm-149 ( Te:
Sig/Sopt
= x109
Te 2 4 6 -76. ( 19
180 1.137 1,126 1.440 1.173 1,606
160 | 1.27 | 1.25 | 1.365 | 1.140 | 1.492
140 1.118 1.126 1.303 1.113 1.396
120 1.109 1.130 1.237 1.0%4 1.302
100 1.099 1.132 1.193 1.079 1.233
80 1.085 1.1352 1.151 1.088 1.168

__3'Q._

72 hr )

120 hr )
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Table-8 Efficiency of Random Reward and Powell algorithm for seeking optimum
Random Reward Powell
Best Average Best Average

Q, M, Q, M, Q, M, q, Mg

20 0.4225 | 8.00 |D0.4225 | 8.30 0.4238 | 1.20 0.4243) 1.50

E | i 3
x 107 x 1| x| x 10} x10"| x16] x18"| x 16

=
n

N = 3¢ 0.4225 | 1.10 | D.4225 1.15 0.4231 | &.70 0.4240 | 4.60

' I3 3 f 3
x10"% w10 x10™ x 16t x 10" x1d] x10% x 10

4 : Random Reward

Vi
j
t
j.

0 S 175(”)

014
4 1
' b : Powell
|
|
; 2
]
0 75(hr)
Fig. 21. Comparison of optimal flux programs obtained by Random Heward

algorithm and Powell algorithm.
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