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Abstract

The Core Operating Limit Supervisory System (COLSS) is digital computer based on-line
monitoring system that is designed to assist the operator in monitoring of the Limiting
Conditions for Operation. A current COLSS calculates axial power distribution based on
in—core detector signals using 5th order Fourier series method. It was found that the 5th order
Fourier series method was not accurate for certain axial power shapes, especially saddle
power shapes, resulting in thermal margin decrease.

A cubic spline synthesis was applied to the COLSS in order to improve the axial power
distribution monitoring for the various axial power shapes. The results showed that the cubic
spline synthesis simulated more accurately the axial power shapes, up to 5% in RMS errors,
compared to those of the Fourier series. '
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1. Introduction

Maintaining a nuclear power plant within its
Limiting Conditions for Operation(LCOs) is a
necessary condition for safe operation and accept-
able transient consequences. These LCOs are de-
lineated in the Technical Specifications. There are
many systems in a nuclear power plant that are
used to help the operators maintain the plant
within the LCOs. One such system is the Core
Operating Limit Supervisory System (COLSS)[1].
COLSS (Fig. 1) is a digital computer based
on-line monitoring system that is designed to
assist the operator in monitoring of the various
types of LCO:s.

The current COLSS axial power distribution is
calculated by synthesizing in—core detector power
signals using a 5th order Fourier series method [2]
. For each of the five detector levels, the assembly
relative powers calculated previously are averaged
over all in—core locations with valid signals. This
average at each level is then normalized to have a
sum of 100%. The normalized detector signals are
transformed into 5th order Fourier series weight-
ing coefficients by evaluating the matrix product of
a prestored coefficient matrix and the vector of
detector signals. This prestored matrix depends
only on the integral of the 5th order Fourier series
over the axial length of the in—core detectors. The
axial power distribution is then constructed by
forming the sum, at each axial node, of the
Fourier functions times their respective coeffi-
cients.

The current method appears to be inaccurate
for certain axial shapes, especially saddle power
shapes. It was believed that an axial power shape
synthesis that allows the selection of coefficients
specific to a particular set of axial power shapes
would improve the accuracy of synthesizing the
axial power shapes. Therefore, the cubic spline
synthesis is applied to a axial power distribution
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monitoring in this study.
I. Mathematical Modeling

The axial power shape can be obtained by uti-
lizing the cubic spline synthesis technique [3]. The
cubic spline synthesis assumes the axial power
shape to be the sum of splines(Fig. 2} in which
each spline is a piecewise cubic polynomials(Fig.
3) as shown below. The break points between
splines are chosen based on relative detector sig-
nals.

# @)= ZA ) i

where
#$ (z—Power at core altitude z
Aj—Amplitude coefficients
#(z)—Cubic spline basic functions
The cubic spline basic functions(Fig. 3) are defined

as follows
2i2)=£(7 1) 225257
Hi(2)=15(7 5) z1<z<z
Hi(2)=1(T 3) 7257+,
Hi2)=1,(74) 7+15257
#i2)=0 2224 or z<z»
where
_27%2 _ 2%
7= Zi-17%-2 7 2_2:2:
— Ziy172 __Zi+272
73 Zi417% 74 Zi+27 241
f(7)=73/4 f(7)=1/4+3(7+ 72

—-7n3)/4

The various axial power shapes within the
LCOs were categorized depending on the charac-
teristics, i.e., center peak, top/bottom peak, flat,
or saddle types. Appropriate number of nodes for
each interval in Fig. 2 is assigned based on the
categorized power shapes. The amplitude coeffi-
cients are then found to satisfy the following nine
conditions.
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Where
D,—Detector responses
@, a, a, a,—FEmpirically correlated coeffi-
cients
¢ ~Extrapolated length
H—-Core height
Using Eq.(1), Eqs(2),(3) and (4) can be expressed

as:
By=Hj A1 +HppAz+ -+ HieAg

: : : : (5)
Bo=Hg;A; +HgpAz+ -+ + HogAg
Eq.(5) is rewritten in matrix form for amplitude
coefficients, A, :

A=HB {©6)

Where

A—Vector of spline amplitudes
H™1—Pre—calculated spline matrix for a
selected spline node set
B—Vector of detector responses and
boundary point powers

I. Results and Discussions
The core axial power shapes and in—core detec-
tor signals for various operating conditions were

generated by using the best estimate neutronics
computer code, FLAIR [4]. Based on the in—core

Table 1 Comparison of RMS Errors

detector signals, the two sets of axial power
shapes were generated by Fourier and cubic
spline methods, respectively. The error [E{ be-
tween the FLAIR (best estimate) and COLSS axial
shape is defined as

F{ilcoLss—F:Ai)rLar
B [ e ] <1000

F,(i)~Normalized axial power at node i
(i=1,2,-,20)
K—Case counter
The root-mean-square error (RMS¥) is then
calculated by

RMSK=./ ‘g‘_ (ED)?

20

The average RMS error is
1~
RMS=-; = RMS¥
K=1

N—Number of axial power shapes

The average RMS errors were computed for
various power shapes at three typical burmup
points (Table 1). The average RMS error de-
creased approximately by 1% for flat shapes and
by 5% for center peak and saddle-type shapes
when the cubic spline synthesis was applied. The
care axial power shapes generated by the best
estimate (B.E.) code, the Fourier method, and the

(Unit : %)
Fourier Series Cubic Spline A FS-CS
Nominal RMS 10.42 544 498
Center Peak Average RMS 1021 6.26 3.95
Nominal RMS 16.01 10.46 5.55
Saddle-Type Average RMS 15.40 9.9 5.41
Nominal RMS 582 391 191
Flat Average RMS 6.70 6.13 057
+Note :

Nominal RMS — RMS based on nominal power shape at all-rods-out, equilibrium Xenon condi-

tions.
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cubic spline method for the nominal power
shapes at the three burnup points are also shown

in Figures 4, 5 and 6.
Due to the improved accuracy in axial power

distribution synthesis, it is expected to decrease
the uncertainties associated with the core thermal
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margin. However, the core thermal margin is in-
fluenced not only by the power shape accuracy
but also by other factors. The complete evaluation
should be conducted in future before the applica-
tion of this method for plant operation.

F. Conclusions

The cubic spline synthesis in COLSS axial pow-
er distribution monitoring is
i ) more significantly accurate for saddle-type
power shapes,
ii) expected to increase core thermal margin.
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