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1. Introduction

A 3-dimensional power distribution synthesis method
(called DPCM3D)[1] has been developed by KAERI.
RCOMS(Real-time calculator for COre Monitoring
System) adopts the method instead of Fourier
expansion method being used in COLSS of
conventional PWRs. COLSS generates level-averaged
detector responses from incore detector signals and fits
core average axial power shape. Thus, COLSS
inevitably includes considerable fitting error in itself.

However, DPCM3D produces a synthetic 3-D power
distribution by coupling a neutronics code and
measured incore detector signals without any fitting. In
this paper, performance of RCOMS 3-D power
distribution  synthesis method is evaluated and
sensitivity analysis for the number of failed detector is
tested.

2. Methods and Results
2.1 3-D Synthesis Method

In DPCM3D, detected(or instrumented) node powers
are determined from the detector powers by using
power sharing factors and the un-detected node powers
are determined by using power connection factors. A
coefficient library for the 3-D power synthesis is
functionalized as a function of the burnup, core power
and control rod position and provided by neutronics
code.

Eq. (1) explains how to detected node power is
calculated. A power sharing factor and a detector signal
are used as seen in Eq. (1). A power sharing factor is
provided through the approximating calculation by
neutronics code.
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where,
R = detected node power of node (1,k)
F« = Ppower sharing factor from det. k’ to node k
R% = incore det. power of det. unitk’

We = Zwkk' (W =hyge hy)
-
h,. = height of det. unit k’

. = height of plane k included in det. unit k’

A un-detected node power is determined from the
neighboring node powers using the approximated

power connection factor, CS which couples the node

(1,k) power with the neighboring node powers. A power
connection factor is also calculated by using neutronics
code and can be defined by Eq. (2).
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where, N and N” are the number of neighboring
nodes in the radial and the axial directions. L( j)and
Li°(j) are the neighboring node and plane indices for

node (1,k), respectively.

Fig. 1 shows synthesized core power distribution by
using incore detector signals and power synthesis
coefficients. RCOMS synthesizes radial power
distribution per each axial plane and axially integrated
radial power distribution. Moreover, RCOMS provides
radially integrated axial power shape as well as various
core peaking factors (i.e., Fr, Fxy, Fq) and axial offset.
In addition, RCOMS calculates azimuthal tilt from
spatially located incore detector signals.

2.2Sensitivity Test for Failed Detector

Sensitivity test for the number of failed incore
detector is tested. Detector signals are made to 0.0(zero)
compulsorily to simulate failed detector and then 3-D
power distribution is synthesized. The number of failed
detector is increased to about 80% condition. Fig. 2
shows the simulated incore detector configuration. Each
detector’s height per level is assumed to 20.0cm, which
includes 3~4 neutronics node. Table 1 shows
calculational result for 3-D power synthesis errors as a
function of failed detector numbers. In case of all
detectors available (Case No. 1), radial power
distribution error (axially integrated 2-D power) shows
the maximum 0.006% which is negligible value. These
trivial errors are less than the truncation error of about
0.02% caused by the number of digits for the power
distribution and detector signals[2]. In addition, for the
most severe case (12 detectors available out of 72
detectors), maximum 3-D error is less than 0.05%
compared with reference MASTER result.

This demonstrates that RCOMS 3-D power synthesis
algorithm is robust and less sensitive to the number of
available detectors compared with conventional COLSS
algorithm. Also RCOMS can synthesize 3-D power
distribution exactly with a minimum available detector
numbers.
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Fig. 2. Simulated Incore detector configuration and neutronics
node

Table 1. 3-D power synthesis errors as a function of failed
detector numbers

No. of Det? | Failed Max. Error(%)"
Case Det.(%

No. | Avail. |Failed )' Error(a)° Error(b)d
1 72 0 0 0.0161 -0.0062
2 68 4 6 0.0162 -0.0063
3 64 8 11 0.0167 -0.0078
4 60 12 17 0.0176 -0.0094
5 56 16 22 0.0178 -0.0099
6 52 20 28 -0.0203 -0.0110
7 48 24 33 -0.0208 -0.0119
8 44 28 39 -0.0207 -0.0128
9 40 32 44 -0.0208 -0.0128

10 36 36 50 0.0225 -0.0137

11 32 40 56 0.0237 -0.0133

12 28 44 61 0.0231 -0.0134

13 24 48 67 0.0240 -0.0135

14 20 52 72 0.0219 -0.0134

15 16 56 78 0.0247 0.0159

16 12 60 83 0.0326 0.0238

a) total No. = 18*4
failed detectors are assumed as ICI assembly unit (4-level)
b) error(%) = (RCOMS-MASTER)/MASTER-100
¢) max. error for 3D node-power
d) max. error for 2D node-power (axially integrated)

3. Conclusions

The performance of a 3-dimensional power
distribution  synthesis method (DPCM3D) was
evaluated for the digital core monitoring system
(RCOMS). RCOMS shows negligible  power
distribution errors and less sensitive to the number of
available detectors compared with COLSS. By
employing a DPCM3D method in RCOMS, it is judged
that a core power distribution could be synthesized
more accurately by eliminating the fitting error with a
minimum available detector numbers and it would lead
to thermal margin increase.
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Fig. 1. Exemplary radial power distribution by DPCM3D method



