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Abstract

In modern core protection and monitoring system design, real time information on
whole core power distribution is a key to safe reactor operation. However the incore
detectors for the measurement of power distribution are installed in the limited number
of fuel assembly positions due to the mechanical restrictions or the spatial limit in
reactor assembly. Thus the whole core power distribution should be deduced and
analyzed by using the detector signals. In this paper, the normal equation composed of
the neutron balance equation and the detector signal equation is set up, that satisfies the
least square condition of solution. Also the four different linear systems of the normal
equation approximating the neutron fission source terms are examined to decrease the
computing time adopting the CGNR(Conjugate Gradient, N for Normal and R for
Residual) iteration method.

The efficiency of those methods is tested for the NEACRP Benchmark Problem Al
and the error and the computing time are compared. As a result, the computing time is
decreased about 1/5 within the error of 1 node/FA calculation. Thus the optimized three
dimensional power distribution based on the least square solution can be obtained using
the detector signals.
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CGNR(Conjugate Gradient NR) [10Q].
Krylov subspace
CGNR .z i (residual
vector) X [10].

Algorithm : CGNR
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Compute 7, =b - Ax,y, 2z, = A1y, po =2,
2. Fori=0, .., until convergence Do:

3. w, = Ap,

o a =l el

5. X, =X, Ta,p,

6. T =1 - & W,

7. =A"r,
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o. P = Zqtbip,

10. EndDo
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NEACRP Al Benchmark Problem [11].
NEACRP Al -1/2 157 FA
30.0cm Active Core Length  367.3 cm
NEACRP Problem vac 3
NEACRP Problem (reference)[12]
561.20 ppm 4nodes/FA 561.26 ppm 1node/FA
565.33 ppm 4nodes/FA
1%, 1node/FA 4%
1
4 nodes/FA 4node/FA
4nodes/FA
, 4 1
nodes/FA ( ) 4 nodes/FA
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1aC 4nodes/FA . 3
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, 1 2 0.55% , 3
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Case NBE SS Least square Tota Tota No. of
Calculation * solution * CPU time* CGNR lteration

4 nodes/FA 5.66 - 6.82

1 node/FA 2.36 - 2.96

Method 1 2.74 1351 16.53 909
Method 2 2.74 13.35 16.37 901
Method 3 2.74 2.58 5.60 136
Method 4 2.74 247 5.49 129

Note: * unit : second
- Convergence limit 1.0E-06
- Machine: Pentium I1 300 MHz 1 CPU Machine - WIN98 OS
2
Case Average Average Standard Maximum
Absolute Error(%) Deviation Error(%)
Error(%)

4 nodes/FA Reference

1 node/FA 1.64 0.50 1.97 3.89
Method 1 0.55 -0.08 0.87 2.27
Method 2 0.55 -0.09 0.87 2.24
Method 3 1.29 0.37 1.62 3.78
Method 4 134 0.39 1.68 3.83
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CGNR Convergence Behavior vs. CMS Linear System
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(Reference)

1 node/FA Result
Method 1
Method 3
Method 4

--- 4 nodes/FA Result
Method 2

0.428

Maximum Value

: 4 nodes/FA)
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