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An evaluation of the core on-line monitoring software system used by

Westinghouse for boiling water reactor applications has been performed based
on an uncertainty analysis of the calculational model and instrumentation
measurement system. The calculational mode! and instrumentation uncertainties
are presented and discussed. The propagation and synthesis of these
uncertainties into the on-line evaluation of the core thermal limit parameters
is performed using a Monte-Carlo error simulation. The results are presente
as percent standard deviation of the evaluated power distribution anrd core

thermal! limit parameters.
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1.0 INTRODUCTION

The objective of this report is to document the evaluation of the COMPUS

(Core On-line Monitoring POLCA and UPDAT Software) computer software

system intended by Westinghouse for use in performing the on-line core
monitoring function of boiling water reactor (BWR) cores. This report
contains a description of the measured process parameters used and their
associated meas' ‘ement uncertainty, a description of the computer calcula-
tional modules, ard a description and presentation of the results of the
Monte-Carlo error analysis performed to evaluate the overall uncertainty of
using this system to monitor the reactor core.

The COMPUS system is a software system developed for performing on-line
monitoring of operating conditions in BWR cores at U.S. utility
installations. The COMPUS system is an extension of the POLCA/UPDAT system
developed by ASEA-Atom and has been used for core monitoring of some 70
reactor cycles of operation at BWR installations in Sweden and Finland.
system provides an efficient and reliable computer software package for
monitoring the core operating margins to insure the structural integrity of
the fuel. The thermal limit parameters monitored are the linear heat
generation rate (LHGR), average planar linear heat generation rate (APLHGR

and the critical power ratio (CPR).

The COMPUS system is a minicomputer based, software system designed for
installation at the utilities' reactor site. The minicomputer where COMPUS
resides is data-linked to the present plant process computer used for data
acquisition of the measured core parameters. The CONDIN module of the COMPUS
system is responsible for accessing the on-line operating data from the
process computer. CONDIN accesses the process computer where the measured
process parameters are stored and makes available to COMPUS

parameters for use in the evaluation of the current operatin

The COMPUS system utilizes both the measured process data a

measurements from the in-core Local Power Range Monitors (L

Traversing In-Core Probes (TIPs) for determining the total reactor power and
evaluating the core power distribution. The limited number of detector
readings and the possible existence of localized power peaking necessities a
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mode) that determines .he power in regions away from the detectors.
mode)! is provided for in COMPUS by using a three-dimensional simu
reactor core at the operating conditions. The actual operating

(i.e., control rod pattern, core power, core flow, exposure, xenon
concentration, etc.) and up-to-date core nuclear data are used 1n establ
this mode! of the reactor core. This simulation is performed in the

~rn

module of COMPUS and provides a realistic nodal s:mulation of the condit

in the reactor core (o determine the power distribution at the time.

The actual determination of the thermal 1imit parameters begins with this
"base" calculated distribution of nodal powers throughout th

power distribution is adjusted by an interpolation function mul
by appropriately meighting the differences between calc

of the nearest detectors.

detector readings
properly normalized, is then utilized to
parameters in terms of LHGR, APLHGR, and
modified power distryoution and the actual

r

is performed in the UPDAT module of COMPUS.
The performance of the COMPUS system has been evaluated based 'n a M
analysis of the measurement :nd calculational systems. This repert

the significant sources of uncertai~..es in the COMPUS system and det

the effects of these uncertainties on the core power dist ugtion and thermal

limit parameters of the reactor core. The resuits consist of the standar

chosen set of core locations and plant conditions during normal

1 1

operation. The errors include instrumentation, calculationa
manufacturing uncertainty but do not consider gross failures

measurement systems. This evaluation was performed on an of f

the system.

-
.

Ny

deviations of the noda! power distribution and thermal limit parameters fo

a




2.0 CONDIN Module

The COMPUS core monitoring software system is designed to reside on a
minicomputer which is data-linked to the present plant process computer used
T C
| -

for data acquisition of the measured core parameters., CNDIN module of

he
the COMPUS system wil) periodically access the on-line operating data from the
LCA

v

process computer and make this data available to the and UPDAT modules

of the system.

The on-line data required by the POLCA and UPDAI includes the reactor
core therma! power level, the reactor core coolant f and temperature,
the reactor operating pressure, the plant gross electrical power, the control

riIn

rod position indicator readings and the neutron detector TIP and LPRM readings.

It is umed that ous modul f the existing process computer remain
available to provide the data acquisition function requirea to interface
COMPUS with the reactor core instrumentation. In particular, the modules
which perform the function of data acquisition of the TIP and LPRM
measurements, control rod settings, and the other measured process parameters
in place. Also required are the modules responsible for the
reading substitution for the
position indicators. In addition,

core thermal power level

measurement uncertainties of these process parameters in the evaluation of
otal uncertainty associated with the COMPUS core monitoring function are
uncertainties associated with the measured reactor core power level and
TIP and LPRM measurement uncertainties. The measurement uncertainties
used in evaluating the COMPUS uncertainty are those reported in Reference 3.
The uncertainty in the measured reactor core thermal power level was taken as

-~

TIP detector readings was taken as

1.76% while the uncertainty in the measured

2.6% and the LPRM detector reading uncertainty as 3.4%.




3.0 POLCA MODULE

The objective of the POLCA module in the COMPUS sy ' ) provide a three-
dimensional mode! of the core to evaluate the local ditions in the core
with a high degree of accuracy. In order to achieve this accuracy POLCA
realistically simulates the nuclear and thermal-hydraulic behavior in the BWR
reactor. This modified one-group nodal code is used to calculate a core power
and void distribution for subsequent use in the UPDAT module for evaluating

the thermal limit parameters LHGR, APLHGR, and CPR.
p

The POLCA module is used to evaluate the core power and void distributica
following any core operating change which results in a localized change
rod movement). It is also used to evaluate the core conditions
to incorporate the effects of the operating history over that
By providing this detailed mode! of ine core the accuracy of
core tracking (i.e., exposure accumulation) is greatiy enhanced and results in

improved core monitoring evaluations throughout the operating cycle.

In the following sections a brief description of tne models employed in POLCA

Vi

is given. A more comprehensive description is available in Reference 1. TAis
POLCA module is calculationally identical to the POLCA code benchmarked in
Reference 2.

3.1 Neutronic Model

In POLCA the three dimensional reactor core is divided into nodes in which
neutronic characteristics are described by homogenized two

cross-sections determined for each fuel assembly type in the core usi

cell type code such as PHOENIX (also describad in Reference

transport between nodes is calculaied using a one-group, coar

theory method which employs an albedo treatment to represent

core-reflector interface. A thermal flux correction is used tc simulate the
thermal neutron transport providing a flux solution that closely approximates
that of a rigorous two group calculation. The three dimensional power

distribution calculated in POLCA includes the effects of the coolant flow and

19804 8-09 2488




void distribution, the presence
effects due to fuel temperature

the core.

Core Geometry

core is identified by a fuel type to describe its characteristic
radial plane the nodes are square and generally correspond to a fuel
assembly's width, whereas each fuel assembly in the ax
axial nodes. This node division prod
approximately 6

the six nearest

TR } 2 ™ \ 4 i4 ; 11 . + 11
In addition tn aDTITLY of mode ing the ‘4

n

dimensions, POLC e of taking advantage of radi

through appropriate boundary conditions. The module is

half and quarter core calculations assuming either reflectiv

symmetry.

The characteristics of the flector interface, both in the
axial direction are described CA using an albedo treatment
the probability that a neutron leaving the core and reaching the

will be reflected back into the core.

Treatment

Homogenized two-group cri sections, obtained from a pin cell
as PHOENIX, are input t as a number of 3-dimensional tabl

table for each fuel type. The tables are functions of exposure

ATA

content (V) and conversion history ((L). The conversion history is defined as

the sum of the void history (exposure weighted average void fraction) and

S80L 8-09240%
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control rod history (exposure averaged control rod presen

void fraction).

The macroscopic cross-section parameters required by POLCA include D

~ 1 »
irem. al’ iaZ' £1° If2‘ and v, where all parameters have the conventi
i

L
definit

on,

The effect of the control rod
sections I T Rl
ac

al
cross-sections are modified

the control rod presence.
3.4 Neutronic Feedback Model

The homogenized two group cross

correspond to reference cond

POLCA therefore must modify the cross-section
conditions differing from the reference conditions.

feedback effects modelled in POLCA are the Doppler fuel temperature and xenon
concentration. POLCA accounts for fuel temperature differences from the
reference temperature through modifications to ke. Xenon concentrations
differing from equilibrium concentrations are accounted for through

modification of the thermal macroscopic absorption cross-section, 1.,.
“

Power Distribution Calculation

e three dimensional neutronics of the reactor core is modelled in POLCA by
an effective one group nodal model. Coupling coefficients describing the
inter-nodal coupling are evaluated from the two group data and take 1into

local spectrum mismatch effects. The neutronic coupling in the

account the
reactor core is assumed to be primarily due to the fast neutrons which have a
relatively large mean free path. POLCA, however, does modify the flux
solution to account for thermal neutron migration and thus obtains solutions
in good agreement with rigorous two-group diffusion theory. From the
converged neutron flux distribution the three-dimensional nodal power

distribution is determined for the core.

1980L 8-09248%




3.6 Thermal-Hydraulic Model

1

In the POLCA hydraulics mode! the total coolant flow entering

O

known. Computing the flow through each fuel assembly (channel

objective of the hydraulics calculation. The three dimension

reactor core is hased on a nodal mesh description the same as

'
}

neutr-onics mode In both the radial and axial direction each node

corresponds to the nodal geometry used in the neutronics model .

The calculation begins at the core inlet and continues, by node, from

inlet to outlet node for each fuel assembly channel. The pressure drop
each node is evaluated, and when integr d over the entire channel,
the total pressure drop for . Havir d the total
drop for each assembly, the core average pressur

assemblywise flow distribution is evaluated. The

distribution through each fuel assembly until the

across each assembly is equal to the core pressure drop

Once a converged flow distribution has been obtained, the three-dimensic
void distribution is calculated using the void correlation described
Reference 4. This void distribution is coupled with the power distiri

the power-void loop 1n

thermal hydraulics model has a signi

-

core reactivity and power distribution. ihe

J

neutronic and thermal hydraulic models in POLCA are coupled through the power

and void interaction encompassed in the power-void iteration loop of the
code. This iteration uses the three-dimensional power distribution from the
neutronics calculation directly in the evaluation of the three-dimensional
void distribution. An iterative procedure is utilized until consistent power

and void distributions are obtained from the calculations.

980L 8-09248%




3.8 Detector Model

The LPRM and TIP neutron flux detector readi: as obtained from the process
computer, yield information on the actual state of the core. The detector

readings provide the most important and the most accessible information

concerning the power distribution in the reactor core. In order to couple the
~

results of POLCA to the measurements from the reactor, POLCA is require

to
L

simulate the LPRM and TIP detector readings.

The detector readings are proportional to the neutron flux at the detector
location. However, because POLCA does not involve sufficient details about
the neutron flux at the detector locations, the detector readings must be
calculated from the power distribution in the surrounding nodes of the
detector. The detector readings are considered proportional to the power in
the adjacent nodes of the horizontal plane of the detector. The absolute
reading is not of utmost importance due to the intercalibration of the
detectors.

1
|

The constants of proportionally between the nodal powers and

readings, K. are determined by PHOENIX and supplied to POLCA
of fuel type, exposure, void, and void history. There also is a very
dependency to control rods inserted in the vicinity of the detectors.
control rods effect depends on the distance of the control rod to the
detector, and for this reason, correction factors, KSS, are used. The exact
position of the detector is represented in PHOENIX to generate the K. and
KSS1 tables.

rA

The detector readings are calculated in POLCA as

19800 8-09240%




Where P, is the nodal power of N surrounding nodes
the detector. The detector readings are determined

In-Core Probes (TIP) and the Local Power Range Monit

3.9 Exposure Updating

In order to provide a valid core mode! throughout the operating cycle, POLCA
must be capable of performing exposure updating of core. In an exposure
spdate, new values are calculated for exposure (E), void history (VR =
exposure void), and control rod history (SH). The sum o : id and

rod histories is referred to as “"conversion history.”

during the exposure update the xenon is in equilibrium

that the power distribution i1s constant during the exposur

The void history is intended to take into account the

1

structure (especially the plutonium content) 1s dependent

void content during the earlier phases of the burnup process. Ihe void
f

history is accounted for by an exposure-averagin the instantaneous
y -

Due to the influence of the control rods on the neutron spectrum,
content will be affected in the sections of the core where

been inserted. The impact is very similar to tha

void content. Therefore, control ro

equivalent amount of void history.

control rod history takes place independent
However, since the impact of these
of the same nature, they are added

before interpolation in the cross section
3.10 XENON TRANSIENT MODEL
During a POLCA calculation, xenon and iodine can either be 1in e«

the power distribution, or they can be in a transient phase

power disturbance.

19800 8-09248%




The differential equations that describe
be solved analytically, if it is assumed

constant during time step At. Since the

magnitude smaller than the effect of the power

possible to take relatively long time steps (nor

transient calculation.

At the beginning of each time step, a void/power

which is consistent with the specified xenon di

power distribution, the xenon distribution then 1 ( . > time step,
At, and a new void/power distribution is calculated. Then, before the next
time step, the reactivity is checked and/or t lant f1 or the reactor

power is tested to see if a change 1s
J
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The UPDAT module of the COMPUS system is where the evaluation of the core
thermal 1imit parameters takes place. The basis for the UPDAT evaluation are
the results from the "base" POLCA evaluation and the most current measured
process values and measured neutron detector readings. The UPDAT module
adjusts the POLCA power profile such that the detector readings which could be
inferred from this modified power profile would agree with the actual measured
detector readings. Adjusting the power profile in this manner forces the
calculated (POLCA) profile to agree with measurements, thus producing an
inferred "measured" power profile of the core. From this measured power

profile the operating margins of the core are determined. The thermal limit

.

AT

parameters determined by UPDAT are those concerned with the linear heat
generation rate (LHGR), average planar linear heat generation rate (APLHGR

and the critical power ratio (CPR). An example would be the variations which
occur in the power and flow rates during norma! operation of the plant. It is
anticipated that the UPDAT evaluation will occur on a relatively frequent time
interval generally on the order of every several minutes of core operation

It is important to keep in mind that the objective of UPDAT is to correct the

onlr

POLCA calculated power profile for those variations in core operating

conditions which effect the core on a global basis.

1

In the following sections is a description of the calculational models
employed in UPDAT which this report addresses in the way of accuracy and

uncertainty.
Power Distribution Evaluation

The first step in evaluating the core thermal limit parameters is to determine

the three-dimensional nodal power distribution of the core at its current

operating condition. This nodal power distribution is determined taking into
p

account the most current measured LPRM readings. With these measured LPRM
readings UPDAT corrects the latest “"base" power distribution calculated by the

-

POLCA module to account for the differences in the current core operating

S80L 5-09248%




1

at time S the operating conditions of the core at the lime

CA calculation (tpy cp)- This correction is accomplished using

the measured LPRM readings and the LPRM readings predicted by POLCA to
3 g

v

correspond to the calculated power distribution.

Due to the limited number of LPRM measurements available in the axial direction

UPDAT compensates by using the latest available TIP data to improve the data

density in the axial direction. At the time of the TIP calibration (ty,p) 2

basic TIP correction factor is calculated for each measured TIP distribution.
.orrection factor is calculated as the ratio of the measured TIP
the corresponding POLCA calculated readings. Thus for each TIP

for each axial position as

AN

The measured LPRM data obtained fr : ocess computer 1

™
|

3 TIP o Fartns w1 - ~ rhannce 1
this TIP correction factor, I(C, with respect to changes 1in

(t,cﬂr‘ an UPDAT aluation is performed. Please note, 1In
operational se - , < tomra < teppe (See Figure 4-

TIP correction facto ad) d by first computing the rati

LPRM readinc N : ~alcl d LPR i . This ratio is then
with the TIP correc

LPRM detectors in the string at the location of [IP measurement.

L-factors are computed as

for each axial node, which provides an axial correction factor

distribution over the entire axial direction of the core. The

axial geometric weighting factor to linearly correct for nodes between




nearest

LPRM levels the above equation reduces to

o POl
LPRM measured LDRM1 LCA

o

Figure 4-2 illustrates how the axial TIP cor-ection factor is modified based

on the most current LPRM readings for each TIP detector locati in the core.

T has determined the modified TIP correction factor
tor locations the UPDAT module proceeds to correct the POI
three-dimensional nodal power distribution using these
Since only approximately a quarter of fuel assemb]
located with a neutron detector instrumentation thimble
must therefore use an interpolation/extrapclation
the assembly power which are located away from

Figure 4-3 illustrates the LPRM

the radial position of each detector,
detectors which surround the assembly whose power

corrected. It should be mentioned that the UPDAT calcul

performed for the entire full three-dimensional core, meaning
re

presumed symmetries in the core and that the measured detector data

being used to correct assembly powers other than those which physically

located near them.

Onr IIPAAT 2 3 -
Once UPDAT has determined the surro
v L 2
‘ (

adjusts the POLCA calcu

interest UPDA




where the weights W, when sur

1.0. The summation is over al
core K is equal to 4, and at the cor
than 4. This weighting function 1

UPDAT proceeds to correct the nodal relative power distribut

>

for each assembly in the core. Upon completion, a final normaliz
relative power distribution is performed t«

Unit].

4.2 Thermal Limit Parameter Eval

Having corrected the three-adii

the measured LPRM readings UPD

ore. The thermal limit parameters
are the average planar linear heat

| LAL
generatiof L and LHGK,

Yy is the fraction of nodal power produced outside
the thermal power level of the core; and NPNTS is

in the active core region.

With this average power density for each node,

generation rate 1s computed as

APLHGR
$




where F is the axial power peaking facto
ax

length of fuel rods

- L
computed as

where FINf‘ is the lattice power peaking
the fuel lattice configuration of node

- v 4 MW

The UPDAT module then compares A
APLHGR and LHGR 1imit for ‘he node and identifies

limiting values.

980L 8002400
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6.0 UNCERTAINTY EVALUATION OF

The primary goal of the COMPUS system is t e plant operator with an
accurate assessment of the status of the core with regard to margins to
thermal limits. Since this information is used to make operational deci

it is important that the uncertainties which may be present in the COMPL
thermal 1imit parameters calculations be quantified. The phrase "thermal
limit parameters” refers to linear heat generation rate (LHGR),

linear heat generation rate (APLHGR) and critical power ratio

Westinghouse is currently performing a CHF t

ALLAR 1
JUAU+ assemd |

correlation for the Westinghouse
COMPUS determination of CPR will be addressed
correlation is available. This section will
thermal limit parameters which are dependent

and APLHGR,

The uncertainty in the COMPUS thermal limit parameters

source in both measurement and calculational

therma! limit parameters is performed

Examination of the UPDAT equations describe

sources of measurement uncertainty are the determination of core thermal
level and the in-core nuclear instrumentation readings (TIP and LPRM
calculational uncertainty in the UPDAT evaluation is made up of the
uncertainty in the POLCA power distribution calculation, the uncertainty
the POLCA calculated LPRM and TIP values, and the uncertainty in the UPDAT
calculational scheme. The uncertainty analysis described in this section
shows that the uncertainty due to the UPDAT calculational scheme is small

11
1)

compared to the overa uncertainties from other sources for cases where use

of UPDAT is

COMPUS Uncertainties

COMPUS consists of two main calculational modules

|

described in Section 3.0, POLCA is a 3-D nodal simulator code

the core power distribution and detector outputs using an expl




The uncertainty in the POLCA power
calculation as determined from extens
scan resul ( reported in Referent

directly

parameters are calcul y COMPUS in the

of the COMPUS wcertain s for these

determine

therma)

in the
thermal | yarame ter

ts to COMPUS (UPDAT) wer

ri1h 4
ved

ieve | oped
power 15t
and LF ) ues at selected c parameters w
become the reference case core parameters. ) he referenc

calcy ion had been complete ond caic tion was performed




same POLCA mode]l as the reference case but

4

process parameier

s. In the case evaluated

were changed. This case is referred to as

The uncertainty evaluation involved inputting

the calculated LPRM values f
into UPDAT

or the reference ca

measured values, -

to adjust the power distribution
Differences bet

™A
UPDA

case back to the reference ween the act

case power distribution [ determined power distr

. £~
represent the error or

arithm

A

COMPUS (UPDAT

v

+

To assess the overall ) uncertainty, the

* A9 11
inputs to the UPDAT algorithm must be included as well the

as

uncertainty of the algorithm itself. This was done by charac

input variat by a standard deviation and a variable mean.

-
<

Rl

o

these standard deviations are discussed in Section 3. Mont

were run in which the specific value for each input variable

distributh

T ODMAY
the UFUAI

using a normal on characterized by the mean and sta

) 1 - 1~ 1 g~ ¥ - + .
of that variable. calculation was performed with t

variables selected in each trial to determine

the power

thermal 1imit parameters corresponding to each Monte Carlo

.

nf 3
process was repeated for of tr

a sufficiently large number

far

0]

f th

~
L

nodes

variables each e ten highest power es

COMPUS (UPDAT) uncertainty standard deviations for

thermal limit parameters for peak power nodes were

1
e

confidence. Numerical results of these analyses are provi

UPDAT Uncertainties

.
input

The UPDAT algorithm in

¢ludes both measured calc

and

The measured input variables include the core therma ower

instrumentation measurements. Uncertainties from both these

obtained from Reference 3. The relative standard deviatio

n u

uncertainty in core thermal power was 1.76%. The relative st

in the TIP reading was 2.6% while that used the LPRM meas
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_ n—— o o A
The calcuiated input variables in UPDAT are the nodal power Qistr butic

. ko — ,, . ~ "
values and the calculated TIP and LPRM values Al]l these values are obtained

from POLCA calculations. Uncertainties for the POLCA calculation of these

parameters were obtained from Reference 2. The POLCA relative standard —

; P . . ‘
deviation in nodal power for average power nodes 1s{ his value 1s alsc
the uncertainty in the LPRM and TIP calculations for average power nodes. For,

1 ' r 1] (a,c)
peak power nodes the relative standard deviation in noda! power used was 14
2 = - T 2 b2l |
based on gamma scan benchmarking as reported in Reference ¢. he uncertainty
- -+
" i T ; , s A - "

in TIP and LPRM calculated values at peak nodal locations was_ |

trik + "N Ar

The uncertainty in the COMPUS determination of power Cistribution and

limit parameters was evaluated using Monte Carlo techniques. A reference case
was run using the POLCA module of COMPUS. The reactor mode |
case was identical to Quad Cities Unit 1 Cycle 1. The reference case was
evaluated at 100% power and 100% flow. A perturbed case was also run in the

Co

POLCA module again using the Quad Cities mode! but with 85% power and 8

all other variables remaining the same as the reference case.

roavrvact t B wad ¢ e v
orrect he perturbed case powe

10N

1
the reference case snditions, 1.e., 1UUA power and i

',

1 T % 9 - - . Y + -~ 1
flow. This was accraplished by inputting the caicu

"

reference POLCA case as "measured” values in the UPDAT modu e along with the
power distributicn from the perturbed case. Uncertainties in LPRM and TIP

measurements. LPRM and TIP calculated values, core power distribution and the

POLCA calculated power distribution were included through Mente Carlo

L

techniques as described 1n Section 5.3. Lomp ns were maie between the



UPDAT “corrected”,
reference case for
histories for each of t 10 poin
each of the output

shows schematically

Using the uncertainti ociat

with average power nodes,
>

ed
[ 3 or the UPDAT nodal po

-

an average standard devi on of
-

uncefiA?"ty,[ ] for the AP..GR uncertainty and |

HGR, Using the uncertaint

show a standard deviation

deviations

determine the co ut i« ) ] S parameter
to the overal 2ak node power distributio certainty. ing | the
measurement uncertainties t¢ o (i.e., core power ~taint ‘ ured Tl
and measured
reduction in tg
uncertainty and the me:sured uncertaint
calculated TIP and LPRM uncertainties 3f[
uncertainty standard deviation is further reduced tc
error due to the UPDAT algorithm was obtained by se

- - Thi o e |
to zero Ihis error was | 5

Conclusions

and
the uncertainties
lculating the nodal po distribution and the

AY

The calculation: " ‘he UPDAT ala

Reference 2 found that the uncertainty in POLCA p icted no power was
1* . b -+
[ J} using Ury algorithm increases this 0 0 about J since

uncertainties from measured and calculated

included. Thus,




through use of POLCA alone rather than both
would neglect corrections from in-core instr
could be developed which would use in-core 1

validity of the POLCA model. This approach

option, Support for this approach is beyond
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F gure 51 Schematic for COMPUS Uncertainty Evaluation
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6.0 Conclusion

The COMPUS system provides a state-of-the &rt on-line monitori
boiling water reactors. This system monitors both power distributic
thermal limits. A 3-D noda) BWR simulator code, POLCA, is used
effects. Thermal limit parameters are calculated in the UPDAT m

uses current values of core process parameters including in-core nuc

instrumentation (LPRMs and TIPs) to adjust the last POLCA power distribution

to current conditions.

The uncertainty in the power distribution and thermal limit parameter

calculations performed by UPDAT was determined through a Monte Carlo

uncertainty, analysis for a simulated case invelving a 15% change in power

9

and

flow. For the peak power nodes of the core the power distribution uncertaintly

» . ; + . - At
was[ ]w*tn uncertainties of[ ]ana [ _T‘cr APLHGR and LHGR
respectively. These uncertainties are similar to those of other
state-of-the-art core monitoring tems and clear] stter than those

earlier systems.

The accuracy of the COMPUS system coupled with its many reactor years

proven use make the COMPUS system attractive for BWR core monitoring.
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