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ABSTRACT

The verification of a steady-state core flow distribution code (FIBWR) is
described for applications specific to Carolina Power & Light Company's
Brunswick nuclear station. The ability to predict core pressure drop, bypass
flow, and inter-assembly flow distribution is demonstrated by comparisons to
plant measured data and process computer calculations. The ability to
establish critical power ratios (CPR) as a function of fuel assembly power is

also demonstrated by comparisons to vendor data.
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1.0 Introduction

The purpose of this report is to demonstrate the capability of Carolina
Power & Light (CP&L) to perform independent, steady-state BWR analysis,
using the FIBUR code. The qualification and verification report (Refer-
ence 1) on FIBWR was submitted in December of 1980, by Vermont Yankee
Nuclear “ower Corporation, and subsequently reviewed by the NRC Core
Performance Branch (Reference 2). The Yankee submittal which contains
the qualification of the hydraulic models in FIBWR, as well as a compari-
son to a fully verified thermal hydraulics code, has been published as an
EPRI report (NP-1923, Reference 3). For this reason, this topical report
will not repeat the FIBWR qualification, but will concentrate on the use

of FIBWR by CP&L and its application to our Brunswick nuclear plant.

1.1 Description of FIRWR

FIBWR (Flow In Boiling Water Reactors) is a steady-state thermal-
hydraulic computer code developea to model the pressure drop,
enthalpy rise, void fraction, critical power ratio (CPR), and flow
distribution in a BWR. The code solves the equations of mass,
momentum, and energy while iterating between core pressure drop and
required core flow, calculating variations in leakage and water-tube
flow during each iteration. FIBWR was written by Vermont Yankee and

made available to CP&L through the Electric Power Research Institute.



FIBWR Applications

CP&L intends to use FIBWR in the following applications to the

Brunswick Plant:

- Calculation of the bypass flow splits for the system transient

analysis code (RETRAN)

- Hot bundle analysis of slow transients
- Hot bundle initial conditions for systen transient evaluations
- Calculation of steady-state thermal-hvdraulic core conditions

for use in the nodal simulator (PRESTO-B), training simulator,

and plant process computer

- Investigation of core anomalies (e.g., local power peaks, flow
maldistribution)
- Calculation of pressure drops across internal components, such

as channel walls, core support plate, and core shroud

- Bypass boiling analysis

- Evaluation of CPR-power relationships



This topical will demonstrate the ability of the CP&L FIBWR model to
accurately perform calculations required by the above applications.
Section 2.0 is an overview of the methods used for steady-state
hydraulic simulations and a discussion of FIBWR input. Section 3.0
provides a verification of the FIBWR capability to match vendor-
calculated and plant-measured pressure drops, flow rates, and

critical power ratios.
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2.0 CP&L _FIBWR Method

FIBWR has great flexibility in the way it can model vertical parallel
channels, allowing for anm accurate representation of unique flow condi-
tions. The 3WR core can be divided into as many as 100 channel types,
with a common bypass region. Single channels can be defined as a sepa-
raté region for specific study, or can be analyzed individually with
controls or the leakage flow to depict active bundle power and flow.
Additional flexibility enables the user to either specify total core flow
and have FIBWR solve for the pressure drop, or specify pressure drop and

allow the code to solve for core flow.

2.1 Geometric Models

Ceometric modeling of each fuel assembly is quite detailed, includ-
ing inlet orifice, fuel support piece, lower tie plate, heated and
unheated rodded regionr, spacers, water tubes, upper tie plate, and
exit region. The CP&L FIBWR model includes the actual physical
dimensions of the fuel and core compcnents at the Brunswick Plant.
Much of this data was taken from fuel outlire drawings, while the
lower internals and core design data were obtained primarily from
Brunswick specific documents and published General Electric reports.
A summarv of Brunswick Plant data and rated conditions is given on

Table 1.



2.2

2'3

Determination of Form-Loss Coefficients

Single-phase form-loss coefficients are required as inmput for all
locations along the vertical channel where there are ckanges in the
channel cross-sectional area. All loss coefficients are referenced
to the flow area of the fuel assembly. The Brunswick form-loss
coefficients for both the interior and peripheral orifice zones,
aleng with their respective flow areas, were provided by Gereral

Electri~ in Reference 4.

The form-loss coefficients for the lower tie plate, spacer grids,
and upper tie plate are those provided in Table 5-1 of the FIBWR
Qualification Report (EPRI-NP-1923). These values are fuel-specific,
and were developed for applicition in the FIBWR code. 'The entrance
loss coefficients for the water tubes were determined by running
FIBWR to match the water tube flow to that stated by GE (Reference 5)
for given bundle power and conditions. Table 2 is a list of form-

loss coefficients used in the CP&L FIBWR model.

Determination of Bypass Flow Coefficients

The complex system of BWR leakage flow paths is illustrated in
Figure 1. The leakage flow in each path is represented in FIBWR

by the equation:

/, 2
We=cl 2Pfsc2 AP . c3 Ap°, Eq. !

where



= flow through the leakage path (lbm/hr)
= driving pressure differential for the

leakage path (psi)

c1,C2,C3,C4 = analytically or empirically determined

The method described

calculate leakage coefficients 'R model. However,
the flow through each leakage path was expressed in terms of the
flow through the lower tie plate holes (path 9) rather than flow

through the finger springs (path 8; see Figure 1) \ form of

1

Equation 1 for the flow through path 9 is given in Reference 6

From this equation, the leakage coefficient, Cl, for path 9 was

defined, and leakage coefficients for each of the other paths were

then determined by the ratio of their respective bypass fracti
Table 3 shows how the flow fractions generated from a

compare favorably with the intended GE values (Reference 5).

Leakage flow through the finger spring path is known to increase as
a function of exposure due to fuel channel deflection. An effort

was made to represent this effect in the CP&L FIBWR model by estab-
lishing separate path 8 leakage coefficients fcr new and used

The flow fraction for the finger spring

Brunswick 2, Cycle 5, as well

this path, represents a mixed

the coefficients defined in EPRI-NP-1923

were developed from a flow test involving clean fuel.
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the flow through the finger sprirng path by the number of

new and
used fuel assemblies in-core during Cycle 5, a leakage coefficient

representative of used fuel was determined as shown:

(B) W
new

AP? - (B)

Solve for Cl
used

where A total number of

of assemblies

number of new assemblies

di pressure a

cross channel

N %
wald .l

A summary of leakage coefficients

is shown in Table 4

Hydraulic Models

FIBWR includes a selection of friction multipliers and quality
relationships available as input options. The following models
were selected for use

b

n CP&L's steady-state methods:

Blausius single~-phase friction factor expressed
form:

single-phase Revnolds number

coefficients provided in




-
S),

Homogenious two-phase, form-loss multiplier (Reference

given as

~
0,
2-phase local

flow quality
saturation densities
FIBWR interpolates

Baroczy two-phase friction multiplier.

to a value of the friction multiplier, which is graphicall;

expressed in Figures 5-16 and 5-17 of Reference 8.

EPRI void model (Reference 9) for void quality and

tion of sub-cocled boiling.

These hydraulic models are those recommended for use by
Qualification Report and were included in the NRC review

Vermont Yankee submittal.




ANT SPCCIFIC DATA

AR > AL
CONDITIONS

Thermal Power
Flow

Number of Assemblies

Number of Instruments

Sumber of Central Assemblies

Diameter
Central Orifice Diameter

Peripheral Orifice Diameter

of Spacers per Assembly

Company Proprietary.




FORM LOSS COEFFICIENT

l Central
Peripheral

Central

Lower Tie Plate
Spacers

Upper Tie Plate

Water Rod Entrance

K's for the orifice, lower tie plate, upper tie plate, and
are based upon the flow area of ‘uel tvpe they are listed

for the entrance of the wa rods are based upon the
£ *

the water rod of the fuel they are listed under.

120 initial core assemblies contained a l.3-inch diamet
the lower tie plate.

*Bracketed information is General E i _ompany Proprietary.
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SUMMARY OF FLOW FRACTION THROUGH

th Number Fath Description

Fuel Support Casting/Control Rod Guide Tube
Core Support Plate/Control Rod Guide
Control Rod Guide Tube,Contro

Core Support Plate/Instrument Gui

Core Support Plate/Core Shroud

Fuel Support Casting/Lower Tie Plate
Control Rod Drive Cooling Flow

T

Channel/Lower Tie Plate

Lower Tie Plate Holes

Plugged Holes in Core Support Plate

acketed information is General Electric Company




SUMMARY

Flow Path Description

Channel - LTP (Path 8)

LTP Holes (Path 9)

LTP

Lil

Fuel Support - (Pa

Control Rod Paths (1,
Instrument Tube (Path
Core Shroud (Path 4)

Plugged Support Plate

*The Coefficients

W

W

AP

TABLE 4

OF LEAKAGE COEFFICIENTS FOR
BYPASS FLOW PATHS*

New Frel
0ld Fuel

th

Holes (Path

Cl, C2, C3, and C4 are constants in the

L / 2
cl1ap® + c2 &P + ¢3 ap?

Flow through the leakagz path {lbm/hr)

= Driving pressure differentizal

for the

equation:

leakage




£ IBWP. Benchmark

Comparisons were made ta vencor-calculated and plant-yeasyrewc¢ data in
order to verify the CE4lL FIBWR model. The Brunswick Plant procecs
computer served as a socrce for plant operating conditions, such as
power, flow, pressure, inlet sub-cooling, and por/:r shapes; as well as
benchmarking data in the form of pressure dropt and burdle flow races.
Vendor data was available in the form of process coagputer input an

supplemental reload licensiug submitt=ls for the Brurswirck Plant.

Verificatior of FLBWKk Fressure Drop Predictions

FI8%! comparisons were miade to the core pressure «rop obtained from

the Y1 edit of the plant process computer. Reta models use an

iterative «<glculaticnal technique to determiue caie pressure drop

and assewblv flow rates. Unlike F13WR, however, the process compu-

’

ter model does not have a complete thermal-hyaraulic representation

of the core and fuel. The leakage flow, for example, is aumericall;

omitted; and the core pressure drop is corrected for this by zdjust-
ments to the orifice loss coefficients. In addition, the tvo-phase
friction model actually utilized by the process computer is a curve

fit to data points Lased on a more s<etailed pressure drup

Table 5 shows the FIBWR~-calculaced and process computer-calculated
core pressur2 drops at various flow and power conditions for each
Brunswick operatior. The average ratio of process computer

valuyes 1is : h a standard deviation of 0.05, illus-




trated graphicallv in figire 2 The diff{erencz between the
modzls for Brunswick 2, Cycle 3, is due to the calculated coeffi-
cients for the hydran'ic model wutilized by the process computer.

The process compufer dacabou. indicates that these coeffi:’ents were

different for Cycle 3 than thoze vsed in previous cvcles and for the

following cy-le.

FIBWR s1l=0 cal tes the pressure dro across rhe core 3support
P ’

plate. This can be ccmpured directly with plant-measured data.

Several cases from Brunswick 1, Cy (Table 5 and Figure

axemplify the difference between FIBWR-predicted and measured
support plate pressure drops. Lt can | seen from Figu
FIBWR shows Letter agreement with measured data at higher

low-flow conditions. Jet-pumnp flow measurements at

indicate that the process computer

flow calibration method thact occurately represents flow at rated

couZitions, but conservatively underezcvimates flow

rates resultine ¥n FIBWR pressure drop predictine
f P I

5]
OWE

osured values. The average measured=to-FI the data

s 1.06, with 2 standard deviztion of

groarison was made te demons
&) edic ! ore bvpas:

process computer databook pruvides




as a function of total flow along the 100-percent rod line of
the power flow map. From this data, bypass/total flow curves are
generated for each cycle. Although these curves can be used to

estimate leakage flow from a given core flow, they do not correctly

model bypass flow away from the 100-percent rod line.

Bypass flow rates were calculated by FIRWR for various power and
flow conditions for each of the Brunswick operating cycles. The
total flow rate for each case was then used to estimate the bypass
flow frocm the bypass/total flow relationship. A comparison of th
two methods is shown on Table 7 and Figure 4. 1he distribution of
the data points produced an average ratio equal tc 1.00; however,
approximations by the bypass/total flow curves resluted ia a stand-

ard deviation of 1l percent.

High-flow, low-power conditions have void fractions below those
typically expected when operating along with 100-percent rod line.
A decrease in voids with a constant core pressure drop results in an
increase in the active flow, and therefore reduces

those cases near the l00-percent power-flow line, FIBWR-calculated

bypass flow rates are in agreement with bypass flow rates predicted

from the process computer databook. As expected for those cases
with power levels below the load line core power for a given flow,
bypass flow rates calculated by FIBWR are lower than if estimated
from the bypass/total flow curves. Several such cases from Pruns-

wick 1, Cyc l, are clearly shown on Figure 4.




cation of FIBWR Flow Distribution

In a steady-state system of parallel vertical flow channels, the

pressure drop from inlet plenum to exit plenum is constant, regard-
less of the flow path. For this reason, in a BWR core with many

channels cf similar geometry, the flow distribution is a function of
the density distribution and therefore ultimately dependent upon the

power distribution.

The process computer provides « wide, bundle-specific
peaking factors and bundle J t Cightb-core symmetric
75=ch-nnel FIBWR models

and

factors from the pro<ess compucer edits.

flow cases were selected from each Brunswick

through 5D compare the resulting channel flow rates
computer values. RMS differences between FIBWR and the
computer flow distributions were calculated from the data

figures. The largest RM i was fou o be 1.58 Klb/hr,

which represents only about of the channel flow rate.

Verification of FIBWR CPR Methods

\

The CGEXL (Reference ll) critical power correlation has been inc
in FIBWR for use in CP&L's steady-state methods to calculate

A FIBWR mecdel unswicl Yy ¢ 5, at rated

established with a singl interi channel designated




channel. By increasing the relative power of the hot channel, the

bundle power/CPR relationship, shown in Figure 6, was developed. In
P

this way, the FIBWR :ode can be used to establish limiting bundle
conditions for a specific critical power ratio. Several data poiats
from Brunswick 2, Reload 4, licensing submittals are also shown on
this figure. The best-estimate FIBWR values agree with the vendor
data points within about one percent. This slight variation is
largely due to tt 1iff n between the FIBWR and Vendor's pr

drop models which determine channel flow rates, and therefore
crictical pow ratio ! channel.

'n order tc¢ assure that the GEXI
installed in the FIBVR code, CPRs were calcul

nunber of- chaanel conditions defined in reload 'izcensiag submittals.

Data was obtained from both Brunswick Units and all channel types,

and each of the channel conditions were explicitly input into a
single-channel FIBWR model to test the correlation specifically.
The results, plotted on Figure 7, show an average ratio of 1.00, and
a standard deviation of 0.5 percent, within round-off of the vendor-

supplied data.
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TABLE 5
FIBWR Comparison to Process Computer CoreAP (psi)

FIBWR Pl FIBWR =
; Unit Cycle % Power % Flow Core AP Core &P Pl

72.45 100.61
99.63 99.12
61.82 94.92
98.15 94.16
50.70 79.61
69.95 64,94
3943 50.52 8.4

ro
p—
O
oo
)
o
w
w

) B -
O &~
o0
o

[ —
PR —
O

—

~l = n W wun
[
o
4
£
|
w

b—— P = NN
0 =~ £ O

. o .

~N oW W

o)
|
¢ -
~1 G0 W\ 0 W

g
Pk o b e
Pt et st
W~

£
£
O

o | 2 80.71 100.47 22,05 21.22 0.83
B | 2 94.83 99,70 22.85 22.15 0.70
1 2 99.30 97.18 22.46 21,87 0.59

i | 2 85.26 87.23 18.02 17.82 0.20
1 2 88.51 13.23 14.88 15.11 -0.23

1 2 76.35 97317 10.76 10.94 -0.18

1 3 99.67 99.66 21.50 21.02 0.58

] 3 99 .14 33.83 20, 8¢ 20,11 0.69

| 3 $9.56 92.33 20.45 26.03 0.42

1 3 82.04 }.43 13.71 13.6 .06

! 3 SC. 17 65.74 12.14 12.2f -0.06

1 3 63.01 £0.74 o754 8.94 -0, 20

2 l 89,78 101, . Ci 31,28 .65 -, 40

2 | 9%8.11 94,45 29.0 29.12 09

& A 94, 5¢ 8/.33 T."J 25.67 '.‘L-

1 59.65 77.8 20.0 20.53 -4

78.37 . 5

.,

W
O
!

o

wn

&

N RN
[
~J
™ |
s~ N W
L
s U oOn
Wi un n
.
£ N v
o
.2
v
J
O O
'
& o= W

wn
oo
Vol ]
[
J
W o
|
W

2 2 99.63 100.08 28. 27 .45 P
2 2 94.0° 94.23 23, 24,78 1.17
2 2 64.66 74.29 17, 16,73 0.45
2 2 67.4 64.29 13.99 13.80 0.19
2 2 56.61 53.48 10.74 10.72 0.02
2 2 18.75 42.60 8.04 8.31 -0.27

2 3 90.89 100.05 28.64 24 .15 4.49
- 2 3 7.36 97.23 26.26 R 8 $.15
, - o - - N
- 2 3 84.61 76 .68 18.81 16.04 > o 5
v 2 3 4.69 65.84 1931 13.93 1.38
® ) 3 43.19 59 .09 11.63 11.85 L
) - - o e o T . LA L 8 . - . -
2 3 64.29 49.35 9.86 9.17 ).69
2 - 81.44 99.43 27.01 25.76 5
2 4 87.89 92.26 24 4] 23592 59
2 4 77.59 35,98 1.48 0.70 78
2 - 74 .34 77 .95 B.42 18.03 o 39
: 4 74.63 63.17 g -0.09
L s &a ~ & -
I 2 4 53. 3 40.99 7 Q17 2 7 = A
»
Y
N Froem v, e e : .
E oy ¢ = ' »



=20~
I'IGURE

FIBWR COMPARISON TO PROC

nomooxv

C
C
M
[
U
T
E
=3

VD>

lvrﬁrtvvr,vvrv'vvvv'YY'vavvv‘v'vvvv"r'vvﬁvvvvfr‘vvﬁrrvvvr

s 12 15 2 25 30 3s
FIBWR CORE AP <PSID>

BSEP! CYCLE!

BSEP! CYCLE?2

Bt Ll BSEP! CYCLE3
X= - s e BSEP2 CYCLE!
e BSEP2 CYCLE?2
BSEP2 CYCLE3

BSEPZ CYCLE4




o2lw

TABLE 6
FIBWR Comparison to Measured AP (psi)
FIBWR Measured FIBWR -
% Power % Flow CSP AP CSP AP Measured AP
74,2 100.00 16.14 16.02 0.12
997.68 99.66 16.87 17.12 -0.25
98.73 99.52 16.88 16.99 -0.11
99.14 99.41 16.76 16.92 -0.16
80.44 99.08 16.36 16.35 0.01
o 99.08 16.18 16.27 -0.09
91.23 98.90 16.61 16.93 -0.32
99.54 97.62 16.27 16.40 -0.13
95.59 96.56 16.00 15.82 0.18
92.28 95.43 16.19 16.95 -0.76
99.14 93.83 16.09 16.94 -0.85
94,53 92.62 14.75 15.00 -0.25
99.56 92.33 15.78 16.42 -C.54
97.09 90,73 14,31 14.81 -0.50
94.28 8¢.85 14,48 15,10 ~0,62
54,51 88.63 14,19 14 .92 -0.73
G4.81 88.5¢ .ty 15.07 -0.90
92.35 78.27 11.17 12.27 -1.10
73:33 76.41 °.84 10.62 -0.78
82.04 73.43 8§.9! 10.29 -1.3R
73,60 71.67 §.93 12.49 -1.56
73.14 68.07 7.82 8.68 -0,.86
80,17 85.74 7.34 8.46 -1.12
76.23 64.24 7.01 8.25 -1.24
59.83 54.58 4,72 5.91 -1.19
63.01 50.74 4,03 5.46 -1.43
51.14 47.40 3.24 3.90 -0.66
50.20 44,16 2.56 4.18 -1.62

* (CSP - Core Support Plate
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FIGURE 3
FIBWR COMPARISON TO MEASURED AP
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TABLE 7
FIBWR Comparison to Process Computer (PC) Bypass Flow (Mlb/hr)
FIBWR PC FIBWR =
Unit Cycle % Power % Flow Bypass Leakage PC
1 1 72.45 100.61 7.33 8.90 -1.57
1 1 99.62 99.12 7.98 8.63 -0.65
1 1 61.82 94.92 6.72 8.25 -1.53
1 1 98.15 94.16 7.67 8.20 -0.53
1 1 50.70 79.61 5.34 6.63 -1.29
1 1 69.95 64,94 4,51 5.05 -0.54
1 1 55.25 50.52 2.93 3.75 -0.82
1 2 80,71 100.47 8.28 8.30 -0.02
1 2 94.83 99.70 8.65 8.22 0.43
1 2 99.30 97.18 8.64 8.00 0.64
1 2 85.26 87.23 Teodd 7.00 0.27
1 2 88.51 73.23 6.44 5.60 0.8¢
1 P 76.35 37:.357 4.59 2.95 0.564
X 3 99,67 99,66 &€.39 & .40 -0.01
1 3 96,14 92,83 §.3¢L 7.90 Q.48
1 3 99.56 32.33 6.32 Y 0.57
1 3 82.04 73.43 5.96 £.80 0.15
1 3 80.17 65.74 5.39 5.05 0.34
i 3 53.01 $0.74 3.67 2.40 0.27
2 1 R9 .78 100,08 5.08 5.30 -0.78
2 1 38.11 94,45 4.91 9.15 -0.24
2 1 94,54 87.58 4,49 4,68 -0.19
2 1 59.65 77.81 5.65 4.10 -0.45
2 1 78.37 65.42 3.19 3523 -0.06
2 | 70.24 55.84 2.59 2.68 -0.09
2 1 41.75 45,58 1.72 2.05 -0.33
2 2 99.63 100.08 8.51 7.85 0.66
2 2 94.09 94,23 8.00 7.40 0.60
2 2 64,66 74.29 5.82 5.47 0.35
2 2 67.41 64,29 4,74 4.50 0.24
2 2 56.61 53.48 3.47 3.44 0.03
2 2 18.75 42.60 2.38 2.35 0.03
2 3 90.89 100.05 8.71 8.10 0.61
2 3 87.36 97.23 8.04 7.97 0.07
2 3 84.61 76.68 6.62 5.85 0.77
2 3 84.69 65.84 35.75 4.74 1.0}
2 3 43.39 59.09 3.88 4.05 -0,17
2 3 64,29 49,35 3.43 3.05 0.38
/
2 4 81.44 99,43 8.34 8.40 -0.,06
2 4 87.89 92,26 7.96 7.70 0.26
2 4 77.59 85.98 Tedk 7.00 0.22
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FIGURE 4

FIBWR COMPARISON TO PROCESS COMPUTER BYPASS FLOW (MLB/HR)
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FIGURE 5B
BUNDLE FLOW RATES (1000 LEN/HR)
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FIGURE 5D
BUNDLE FLOW RATES (1000 LEM/HR)
BRUNSWICK 1 CYCLE 3
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FIGURE 6

Brunswick 2, Cycle S
Critical Power Ratio (GéXL{ vs. Bundle Power

FIBWR Hot Chanwel Analysis
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FIGURE 7
FIBWR Comparison to Vendor Critical Power Ratio
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4.0 Summarv and Conclusions

A CP&L model of the FIBWR code was developed to perform steady-state
thermal hydraulic simulations of the Brunswick plant. A series of
verifications to vendor models and measured data was dcne to evaluate

the capability of the code to be used for its intended applications.

The ability of the C "L FIEWR model to calculate pressure drops was
demonstrated Ly comparisons to the Brunswick Urits ! ard 2 process
computer Pl edits. This comparison verified the accuracy of FIBWR
results to botk the process computer calculated plenum to plenum

vressure drop, and to the measured core support plate pressure drup.

The FIBWR code has been shown to accurately oredict BWR flow distriku-
tions between active channels and between the active and bypass regions.
In a comparison to process computer bundle flow rates as a function of
bundle power, FIBWR predicted the channel flow distributions to within
1.5 percent of the process computer values. Bypass flow rates calculated
by FIBWR agreed well with the bypass/total flow relationship developed
from the process computer databook for the same core power and flow
conditions. FIBWR differed, as expected, from the process computer

bypass relationship for conditions where this relationship did not apply.

A comparison of vendor critical power ratiof data with FIBWR results has
demonstrated that the GEXL CPR correlation has been properly installed
in the FIBWR code. A hot bundle CPR analysis was performed using this

correlation in FIBWR to verify good agreement with vendor-calculated.



03

-32-

limiting-bundle powers for given critical power ratios.

The CP&L FIBWR model has been showr to accurately calculate pressurs

drops, flow distributions, and critical power ratios for steady-state

thermal-hydraulic applications to the Brunswick nuclear plant.
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