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Abstract

This paper examines the applicability of the modified Borresen’s coarse-mesh method(MBSN) to
the core power distribution monitoring program development for the Yonggwang nuclear power
plant unit 3(YGN 3) which uses fixed incore detectors for monitoring core power distribution. In so
doing the modified Borresen’s coarse-mesh equations are solved with core internal boundary condi-
tions provided by the fixed incore detectors and three-dimensional core power distributions are com
puted for the first-cycle core of the YGN 3 PWR. The results are compared with predictions of the
COLSS(Core Operating Limit Supervisory System) which is the axial power shape monitoring prog-
ram of the YGN 3. It is shown that the modified Borresen’s method can reproduce the core axial
power shape more closely than the COLSS. Because of other advantages in computing speed and
predictive capability, we conclude that the proposed MBSN has a promising practical application for
core power distribution monitoring program development.
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1. Introduction

This work examines the feasibility of the direct use
of modified Borresen’s coarse-mesh diffusion theory
method” with the fixed in-core detector signals as
core intemal boundary conditions for developing an
improved power distribution monitoring system prog-
ram of PWR’s. The Yonggwang unit 3(YGN 3)?, an
ABB-CE PWR plant to be commissioned soon in
Korea, uses the core monitoring system called the
COLSS (Core Operating Limit Supervisory System)®
which calculates the axial power distribution by Four-
ier fitting method of the Rhodium detector signals.
The fitting method which does not rely on the group
diffusion equations has the advantage of fast predic-
tion for axial power distributions. Yet it is not accu-
rate for certain axial power shapes such as saddle
power shapes*”, it requires a pre-determined planar
radial power distribution to compute three-dimension-
al power distribution, and it lacks predictive capability
on core power shape following core maneuvering.
This work is designed to seek for an improved met-
hod without these deficiencies.

The YGN 3 PWR has fixed Rhodium in-core de-
tectors installed at so-alled instrumented fuel as-
sembly(FA) sites. The Rhodium detectors® generate
self-powered electric current proportional to the ab-
sorption rate of neutrons by the isotope Rh-103. The
detector current readings can be converted to the
nodal powers of the instrumented FA segments using
pre-calculated proportionality constants between the
current and the nodal power of the instrumented FA
segment. Instead of fitting the detector signals to
Fourier series¥ or interpolation polynomials*®, the
proposed method consists of using them as core

internal boundary conditions and solving directly coar-

se-mesh group diffusion equations for uninstru-
mented nodes, as suggested originally in Reference 7
for CANDU-PHWR.

For an effective power distribution monitoring sys-
tem program, the speedy and accurate computation
of three-dimensional power distributions from the de-
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tector readings is essential. In order to meet this, we
consider in this paper the modified Borresen’s coarse
mesh diffusion theory method which has proved to
be one of efficient coarse-mesh schemes for
three-dimensional core power and criticality comput-
ations in LWR." In the following section we will give
a brief description on the utilization of the modified
Borresen’s method, and demonstrate its qualification
in terms of computational speed and accuracy, for
core power distribution monitoring program for YGN
3 PWR.

2. Description of Method

The central principle of Borresen’s coarse-mesh
method® consists of the first-order finite difference
representation of the neutron current by the point
fluxes and the interpolation formula for the node av-
erage group flux, dg,

o= bebm+ 2c,,( §¢; + R,.gqu{,,.) ;

(g=/0 (1)
where
hai
R=(hy)

hui (u=x y, z)=the width of rectangular node i,
# g=the group g neutron flux at the center of the

rectangular node i,
by , cq = empirical constants,

and the nodal interface group flux ¢;- is given by
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Formulating the fast group nodal balance equation

(u=2x, y,2).02)

based on this principle, we obtain the coarse-mesh fi-
nite difference relations for the fast group diffusion

density, ¥, = \/D_fn . ¢fn
Qud— 2m— Ru D Cob= 5 — 3)

where
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The third term in Eq. (3) differs slightly from the orig-

inal difference relations in Ref. 8 because non-uni-
form axial nodes are taken. In this conjunction, one
must note that division of the active core height by
uniform axial nodes are not generally allowed be-
cause of the presence of the fixed in-core detectors.
The source term in Eq. (3) contains node average
thermal group flux. In the modified Borresen’s met-
hod”, the interpolation formula similar to Eq. (1) is

assumed for Zt,-;
i = bids + 26‘:{( ;lﬁln + Ri%ﬂi) (4)

where

¢+ = thermal group flux at the center of node i,

¢k =thermal group flux at the interface between
node i and j.

In the spirit of the modified Borresen’s method".

these are obtained by

Zi\=
¢n:(‘\:ah)¢' (5)
and
D,,')(,‘ D,)'Kj
¢} _ T,- ¢ri + Tj ¢Ij
4] D,,'X,' + DI‘X' (6)

where
_ , Zati
xXi= Dﬁ ’
X,-hw'

T,= tanh(—z—) ;o u=x,9,2.

With the thermal group flux determined this way,
all one has to do in the core design computation is
to solve Eq. (3) for all core nodes. In the core power
monitoring application, however, the source term of
Eq. (3) at the instrumented FA nodes is modified
because it is related to incore detector current read-
ing. In the YGN 3 where the fixed Rhodium incore
detectors are utilized, electric current signal which is
proportional to the absorption rate of neutrons by
Rhodium isotope Rh-103 at the detector location is
produced. With the pre-calculated conversion factors,
the detector current signal is converted to the nodal
power of each instrumented FA segment node,
which in tum becomes the input of the COLSS.
With such a nodal power information available, the
source term at the instrumented FA segment node
becomes
Sd — hi
: (1- c,,q,,)\_/_D/,,

" jd

xZ'f,,( ¢fn) +X2fm
d

X
n

—‘3 tn (7)

where the Pff is nodal power converted from detector
current signal. The thermaltofast flux ratio at the
instrumented FA segment node, {fn/gn)s, can be
precomputed like the conversion factor between the
detector current and the instrumented FA segment
nodal power.

In the application of the modified Borresen’s
scheme for core power shape monitoring program,
one has to solve Eq. (3) with the known source term
Eq. (7), ie., core internal boundary conditions pro-
vided by the incore detector. In the following we will
examine the applicability of the modified Borresen'’s

coarse-mesh scheme for core power distribution mon-
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itoring computation in YGN 3 core.
3. Numerical Results and Discussion

The YGN 3 is the ABB-CE PWR plant of
1000MW(e) which is soon commissioned in Korea.
The PWR core consists of 177 fuel assemblies. Fig-
ure 1 displays tHe location of fixed incore Rhodium
detectors installed at 45 FA sites in five axial levels.
Since the incore detector measurements for YGN 3
are not yet available, four-node-per-FA nodal expan-
sion method(NEM) computations are performed to
obtain the simulated (reference) three-dimensional
full core power distributions in the first cycle core of
YGN 3 PWR.

Figure 2 compares the axial power distributions
from the COLSS and the modified Borresen’s met-
hod(MBSN) computations with the reference power
distribution in the first-cycle-core of YGN 3. In the
MBSN computations, one-node-per-FA scheme was

used. The nodal power of the instrumented FA seg--

ment node,P?, to be fed up from the detector cur-
rent signal is simulated by reading the nodal powers
of the nodes representing instrumented FA segments
from the reference power distribution. Figure 2 shows
that the power monitoring computation by the
MBSN is superior to the COLSS in reproducing the
axial power shapes, particularly asymmetrical axial
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Fig. 1. Fixed Rhodium Detector Location
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power shapes such as saddle power shapes devel-
oped at the middle-ofthe-cycle(MOC) and the
end-of-the-cycle(EOC).

Figure 3 further compares the assemblywise nor-
malized power distributions with one-node-per-FA
MBSN computations with and without use of the sim-
ulated detector readings as core internal boundary
conditions with the reference power distribution.
Table 1 summarizes the relative normalized power
errors. These results demonstrate that the power
monitoring computation by the MBSN reproduces
more closely the reference assemblywise power distri-
bution than the MBSN computations without using
simulated detector readings.
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Fig. 2. Comparison of Core Average Axial Power Dis-
tributions at BOC, MOC, and EOC in the first
cycle core of YGN 3 PWR.
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Fig. 3. (c) Normalized Assemblywise Power Distribution at EOC of the first cycle core of YGN 3 PWR
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Fig. 3. {c) Normalized Assemblywise Power Distribution at EOC of the first cycle core of YGN 3 PWR

Table 1. Summary of Assemblywise Relative Power Errors

Core state MOC  EOC
MDA ) ) (36s)
Method & Emor{%) )
MBSN without Emax? 75 6.0 51
detector signal Eag? 27 20 15
MBSN with Emax 7.7 52 38
detector signal Eag 22 16 12
P)e - R
1) Emex(%B) =max —;J-——— l X100;(i=1, ---, N asemory).
ef
1 My | B— B }
= X .
2) Emax(B) N PN P 100

4. Conclusions

The MBSN method proposed above may run on
the plant computer or a dedicated on-line worksta-
tion with pre-computed input data such as the node

average fast-to-thermal flux ratio at the instrumented
FA segment nodes and nodal power conversion fac-
tors from incore detector current signals. The CPU
time required for the computation of three-dim-
ensional full core power shape by the MBSN is less
than 2 seconds on HP-735 workstations, which is
fast enough for the purpose of the power distribution
monitoring. In addition to core power distribution
monitoring, the proposed MBSN method could also
be utilized as a predictive method for core power
and xenon spatial behavior followed by contro! ac-
tions including control rod movements, boron con-
centration changes, etc. Therefore, we conclude that
the proposed MBSN method may have promising
practical applications.
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