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May 20, 1991

Wikkiam J. Cahill, Jr.
Executive Vier President

U. §. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

SUBJECT: COMANCHE PEAK STEAM ELECTRIC STATION (CPSES)
DOCKET NOS. 50-445 AND 50-446
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
REGARDING TOPICAL REPORT RXE-89-003,
“STEADY STATE REACTOR PHYSICS METHODOLOGY"

REF: Letter from James W. Clifford, NRC,
to William J. Cahill, Jr., TU Electric,
dated April 29, 1991

Gentlemen:

The NRC staff requested per the referenced letter, additional information to
support the review of the subject topical report. Attachment 1 provides the TU
Electric responses to the questions provided in the referenced letter.

In addition, copies of two summaries and one article are also provided for the
convenierce of the NRC reviewers.

1) “Isotopic Depletion of Soluble Boron in a PWR," ANS Transactions, Vol. 57,
p. 314. (Attachment 2)

2) "Simulate-3 Pin Power Reconstruction Benchmarking Against B&W Critical
Experiments," ANS Transactions, Vol. 56, p. §3). (Attachment 3)

3) "CASMO-3: New features, Benchmarking and Advanced Application," Nuclear
Science and Engineering, Vol. 100, No. 3, p. 342, (Attachment 4)
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1f you should have questions ro?arding the attached responses, please call Jimmy
Seawright at 214-812-4375 or Mickey Killgore at 214-812-827].

Sincerely,

William J. Cahill, Jr.

) /)
By; &J(‘L\, "mb& i
D. R. Woodlan
Docket Licensing Manager

J0s/9J

¢ - Mr. R. D. Martin, Region 1V
Resident Inspectors, CPSES (2)
Mr. J. W. Clifford, NRR
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As discussed in Section 4.6 of RXE-89-003-P, the SIMULATE-X
core model will be utilizd to obtain best estimate power
peaking using pin power reccnstruction. The SIMULATE-3 pin
power reconstruction methodology cos.oines nodal diffusion
theory with pin-by-pin transport theory. SIMULATE-3
overlays assembly pin-by~pin power digtributions, determined
with CASMO-3, onto the nodal diffusion theory results. This
methodology for determining power peaking has been verified
by TU Electric and approved by the NRC for use by Yankee
Atomic (SIMULATE-3 Validation and Verification, YAEC=1659-
A, September, 1986). The .rplication of the local power
uncertainty to SIMULATE-~" » conservative since the combined
transport theory-diffurion theory results are more accurate
than pin<by-pin diffu.jor theory results. The capability of
the SIMULATE-3 pin pow." reconstruction method to accurately
predict pin power disti ution for critical experiments is
summarized in "SIMUIATE:- Pin Power Reconstruction
Benchmarking Against the B&W Critical Experiments," ANS
Transactions, Vel. 56, p 531.

Quegtion

Dis~uss the applicability and completeness of the Catawba-1l
and Prairie Island~]l bencnmarking for the intended Comanche
Peak Steam Electric System (CPSES) reload fuel designs and
cperating conudit’ ns, What new fuel designs will be used in
CPSES and how wi.i differences relative to the benchmarking
data base be accounted for?

Response

Catawba Unit 1, Cyc. ¢ ' and 2 were selected for
benchmarking becau ¢ the following similarities to
Comanche Peak Steam .iectric Station (CPSES):

4 Loop Westinghouse Plant, 3411 Mwt

Low enrichment firat core (1.60 w/o, 2.4 w/o, 3.1
w/0)

Pyrex burnable absorber design, the same as CPSES
Unit 1, Cycle 1

Optimized fuel asgsembly design, the same as CPSES
Unit 2, Cycle 1

Hot full power average moderator temperature of
592.5°F, as compared to the CPSES temperature of
$91.5°F
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Table 2 illustrates the effect on the local power
uncertainty of including the suspect pins., Core XI Loadings
2 and 3 contain the suspect pins. Dropping the suspect data
reduces the overall calculational standard deviation from
1.777 to 1.731.
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Table 1
Small Core Criticals - Standard Deviation in Calculated +
Measured Relative Power Distributions

Use of All Pins Versus Use of Only High Power
(Relative Power > 1.0) Pins

Core Loading All Only High
No. Pins Power Pins
X1 2 1.8451 2.1857
3 1.6833 1.9913
4 2.3176 2.1090
5 2:+:1833 1.8964
6 2.0949 1.7284
7 1.7636 1.4063
g 2.2372 1.6702
9 1.9432 1.4126
13 1.5287 1.6468
XI1I § 2.187% -+«1985
Gd 1 1.5936 2.1688
5 1.7240 1.6667
12 1.6974 2.1322
14 2.3526 1.8367
Overall Measured+ 1.959 1.880
Calculated Standard
Deviation
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Table 2

e e e e s & R

Small Core Criticals - Standard Deviation in Measured and
Calculated Relative Power Distributions =~ Suspect Data Included

Core|Loading|Standard Deviation|Standard Deviation|Standard Deviation
No. of Meas.+Calc. of Meas. Data of Calc. Data
XI i 2.1312 1.2934 1.6939
3 1.9800 0.9121 1.7574
4 2.3176 0.7630 2.1884
5 2.1833 0.8811 1.9976
6 2.09409 0.6083 2.0046
% 1.7636 0.9819%9 1.4650
8 2.2372 1.0886 1,9545
9 1.9432% 0.9083 1.7179
11 1.5287 1.2652 0.8581
XII 1 2.1875 1.3096 1.7522
GD | 1.5936 0.30986 1.5632
5 1.7240 0.7657 1.5447
12 1.6974 0.4897 1.6252
14 2.3526 0.5438 2.2889
Overall Calculational Uncertainty = 1.777

* Reported in RXE-89-003-P as 1.9568 with one pin inadvertently excluded.
Inclusion of the pin in the analysis has no effect on overall
calculational standard deviation of 1.731.
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FIGURE 1. SMALL CORE CRITICALS CORE XI LOADING 2
MEASURED VS8 CASMO=-3/PDQ-7 RELATIVE FOWER
DISTRIBUTION - ALL DATA USED
H20
FUEL FUEL
-1.0 +2.1 $DIF
1.074 1.036 Measured
1.063 1.058 CASMO-3/PDQ~-7
FUEL FUEL H20
+2.3 +1.1
0.996 1.043
1.019 1.055
FUEL FUEL FUEL FUEL
+3.0 +2.5 wl 7 #1.3
0.970 1.005 1.083 1.059
1.000 1.03v 1.065% 1.072
FUEL FUEL FUEL FUEL H20
"0.2 "’0.8 -2-0 -2-4
0,995 1.016 1.085 - I
0.993 1.024 1.063 1.084
FUEL FUEL H20 FUEL FUEL FUEL
-0.7 -3.1 -3.0 -3.8 +0.7
0.996 1.065 1.099 1.076 0.985
0.989 1.032 1.066 1:035 0.992
FUEL FUEL FUEL FUEL FUEL FUEL FUEL
+2.1 0.1 -1.9 -0.1 -0.7 +0.6 -0,9
0.951 0.996 1.038 1.001 0.977 0.944 0.941
0,971 0.995 1,019 1.000 0.970 0.950 0.933
FUEL FUEL FUEL FUEL FUEL FUEL FUEL FUEL
-0.4 -~1.8 +2.9 +6.4 0.3 -1.2 -0.1 +2.0
0.954 0.973 0.932 0.897 0.945 0.942 0.922 0,893
0.950 0.956 0.960 0.954 0.942 0.931 0.921 0.911
1 2 3 4 5 6 7 8

MAXIMUM POWER Measured 1.111 ROW 5 COLUMN 4
1.084 ROW 5 COLUMN 4
MAXIMUM., .. ..000 00 +6,390 ROW B COLUMN 4

AVERAGE ABSOLUTE.. +1.670

-------

% DIFFERENCE:
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AVERAGE ABSOLUTE. .

+1

0217.

FIGURE <. SMALL CORE CRITICALS CORE XI LOADING 2 MEASURED VS
TRANSPORT THEORY CORRECTED RELATIVE POWER DISTRIBUTION
R20
FUEL FUEL
~0.4 +0.4 $D1F
1.074 1.036 Measured
1.070 1.041 |TRANSPORT THEORY CORRECTED
FUEL FUEL H20
1.3 +2.4
0.996 1.043
1.008 1.068
FUEL FUEL FUEL FUEL
+2.2 +1.1 -0.3 -0.3
0.970 1.005 1.083 1.059
0.991 1.016 1.080 1.056
FUEL FUEL FUEL FUEL H20
~-0.9 ~0.4 ~0.5 ~1.2
0.995 1.016 1.085 1.3413
0.985 1:012 1.078 1.097
FUEL FUEL H20 FUEL FUEL FUEL
1.3 wl S -1.7 -2.1 =0.1
0.996 1.065 1.099 1.076 0,985
0.983 1.050 1.080 1.0853 0,984
FUEL FUEL FUEL FUEL FUEL FUEL FUEL
+1.¢6 -0.9 +0.0 -0.9 1.1 +0.4 -0,9
0.951 0.996 1.038 1.001 0.977 0.944 0.941
0.966 0.987 1.039 0.992 0.966 0.948 0,933
FUEL FUEL FUEL FUEL FUEL FUEL FUEL FUEL
~0.6 2.2 +2.5 +6,0 -0.4 -1.2 -0.1 e
0.954 0.973 0.932 0.897 0.945% 0.942 0,922 0.6593
0.949 0.9852 0.956 0.950 0.941 0,931 0.921 0.913
1 2 3 4 5 6 7 8
MAXIMUM POWER Measured  ....... 1,111 ROW &5 COLUMN 4
calculated.......... 1.097 ROW & COLUMN 4
% DIFFERENCE: MAXIMUM, . ..o vvvwus 45,975 ROW 8 COLUMN 4
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pem/'F

Flant Cycle 180, Dop. Mod,
PIl 6 -3.6 -1.8 -1.8
7 -1.9 -1.8 -0.1

8 -3.,6 -1.8 -1.8

9 +1.3 -1.8 +3.1

10 -3.1 -1.8 -1.3

Catawba 1 1 -1.7 -1.9 +0.2
- +1.7 -1.9 +3.6

CPSES 1 [ ~=1.0 -1.9 +0.9

The moderator temperature ccefficient varies smoothly with
temperature and boron concentration, and responds modestly
to core exposure, The Doppler coefficient varies smoothly
with fuel temperature and core exposure (plutonium buildup).

Measurements at beginning of life, hot-zero power serve to
confirm the integrated ability of the model (including the
effects of isotopics, boron concentration, cross sections
and flux importance weighting) to predict the coefficient.
Because of the smoothly varying functionality of the
moderator coefficient and the fidelity of the basic
microscopic cross section data, the uncertainty based on
beginning~of-cycle, hot-zero power comparisons can be
extended over the range of typical operating conditions.

Question

In order to reduce the calculation reliability factors for
the boron endpoint, boron letdown, isothermal temperature
coefficient and local pin powers, the measurement error has
been subtracted from the observed calculation-to-measurement
standard deviation. The calculation of the 95/95
reliability factor in this case required the 95 percent
confidence limit on the measurement error, which is
determined by the number of samples used to determine the
measurement error. If the measurement error is to be
subtracted, provide the statistical basis for the
measurement error, including the number of samples used in
the determination.

Response

The measurement error used in the local pin power
uncertainty calculations comes from the data reported in
References 20 through 22 of RXE-89-003-P., The difference
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Table 3
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Reliability Factor Analysis = Isothermal Temperature Coefficient

pem/oF pem/oF

Plant Cycle Calculated Measured Difference
PI 1 6 -2.45 -3.60 1436
7 -1.85 =-1.90 0.05
9 2.45 1.30 1:15
10 -2.25 =3.10 0.85
CATAWBA 1 -2.75 =1.70 -1.05
2 1.85 1.70 0.15
CPSES 1 1 -0.70 -1.00 0.30
average +0.371
rms standard deviation +0.776
standard deviation of Measured +0.000
standard deviation of Calculated +0.776
Reliability factor +2.639
Bias +0.371
Total uncertainty +3.010
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Question

Why has the boron measurement error been removed from the
observed calculation-to-measurement standard deviation for
the boron letdown comparisons, when in fact the measured
boron data has been "smoothed" to eliminate the measurement

error.

Response

The smoothing of the data certainly reduces the moasurement
error. This is apparent by an examination of the
differences before and after the smoothing process.

However, what remains is the error in drawing the line; that
18, how well the line represents the measurement. I1f unly
one line were possible, the error would be zero. However,
the least squares piecewise fits provide the "best" line in
the least squares sense. The curve fittira error obtained
from the least sguares analysis used for the bnoron letdown
then provides a measure of how well the line is Jrawn and is
therefore included in the analysis.

It should also be noted that the boron letdown uncertainty
is used to gain insight into modeling accuracy. This
uncertainty is not used in any safety analyses.

Question

Determining the Doppler temperacure coefficient (DTC)
reliability factor by comparing TUE predictions with other
calculations does not include the as-built and operational
DTC error components and, therefore, does not provide a true
estimate of the DTC calculational uncertainty. Provide
additional justification for the DTC reliability factor.

Response

Comparisons of Doppler temperature coefficients calculated
with CASMO-3 to measurements performed by Hellstrand are
presented in a technical paper, "CASMO-3: New Features,
Benchmarking, and Advanced Application, " Nuclear Science and
Engineering, Vol. 100, No. 3, P. 342, November, 1988. These
measurements were for UO. fuel rods with various radii and
encompassed a temperature range of B80"F to 1400°F. Tahle 4
shows the results of the uncertainty analysis. The
reliability factor of 9 percent further substantiates the
conservatism in the fuel temperature coefficient uncertainty
of 10 percent specified in Table 6.1 of RXE-89-003~P.
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10. Question

Why is the W calculated erd-of-cycle critical boron concentration
outside the 95/95 tolerance limit for both the TUE PDQ-7 and SIMULATE-
3 calculations?

Response

The most recent estimate provided by W for the end-of-cycle 1 exposure
is 12,600 + 300 MWD/MT, corresponding to a boron concentration of 10
ppm. W included che as-built assembly masses and enrichments in that
estimate. The TU Electric analysis presented in RXE-89-003-P, based on
nominal design enrichments and masses, results in a projected end-of-
cycle of 12,100 # 300 MWD/MT (the TU Electric EOC uncertainty of 21 ppm
corresponds to an exposure uncertainty of 300 MWD/MT). Sensitivity
studies performed by TU Electric show that including as-built fuel data
increases the critical boron concen.ration near end-of-cycle by at
least 10 ppm. Including this effect in the analysis would result in a
projected cycle length of 12,250 + 300 MWD/MT with SIMULATE-3 and
slightly longer with PDQ-7. With the projected cycle lengths adjusted
to the same bases, there is nearly full overlap on the uncertainties
between the Westinghouse calculations and the TU Electric calculations.

11. Question

Both PDQ-7 and SIMULATE-3 analyses of the Catawba-l boron letdown
curves show an underprediction of the boron concentration throughout
most of Cycle 1. SIMULATE-3 also underpredicts the letdown curves for
Prairie Island Cycles 5-10. 1Is this underprediction expected in the
Comanche Peak-1 calculations? What is the measured vs. calculation
experience thus far in Cycle 17

Response

The differences between the calculated and measured boron
letdown curves were extensively reviewed for both Catawba
Unit 1 and Prairie Island Unit 1. The following
observations have been made:

a. The cycle exposure corresponding to a Hot Full Power
critical boron concentration of 10 ppm can be
consistently predicted with SIMULATE-3,
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532 Code Benchmark and Uricertainties
CASMO-VSIMULATE-3 MODELS modeled was quite small, and all such pins were located on the

Three-dimensional SIMULATE-3 models of the B&W
cores were constructed using a 2 x 2 mesh-per-assembly nodal
mouel, which necessitated small compromises to the as-built
core geometries. The number of pins that were incorrectly

core periphery. Furthermore, calculations demonstrated that
the central assembly power distributions were insensitive 10
modeling compromises,

Assembly-homogenized cross sections, discontinuity fac
tors,*" and pin power form functions* required by SIMU-

TABLE |

Summary of Errors in SIMULATE-3 Pin Power Distiibution..
tor the Babcock & Wilcox Urania/Gadolinia Cores

R SRR T Em—mS————~

|

Core No 1 5 12 [ Ve 18 20
fuel 2.46% 2.46Y 4.02% 4.02% «.02% 4.02%
Assembiy 15x1% 15x15 15215 15x15 16x16 16x1¢
Design 0 Ga 12 Gd 0 Gg 12 cd 0 64 16 Gd
RMS Difference {
(SIMULATE -3 0.6% 1.5% 0.9% 1.2% 0.8% | 1.2%
minus Meas.) !
Error in
Peak Pin
(SIMULATE-3 “0.1% +1.1% +0.5% #0.6% <0.8% +1,3%
minus Meas.)
Average
Error in | sesss V9K | 4sess 2.3% | weawe 14X
Gd Pins
TABLE 1
‘ Fission Rate Distributions * in Babeock & Wiicox Cores with Combustion Enginsenng Pressuried Water Reactior Lavi
| Core 18: 4.02% Enriched, Large watar Ncles with O Gd Pins Core 20: &.02% Enriched, Large Water Noles with 18 Gd Pins
' -+ ’ —_ 1
, 1,208 I 1,088 | 0.997 | 0.997 | 0.95¢ [ 0.9 | 0,909 | 1,277 | 1.082 | 1.059 | 1.063 | 1.043 | 1017 { 1.010
WATER | 1217 | 1,031 | 0.998 | 0.984 | D.986 | D.%4s ’ 0.923 || wAtER | 1,29 | 1.087 | 1,061 l 1.086 | 1.048 | 1.035 | 1.030 |
».012 J ~002 | +.001 | +.013 | +.007 | ».005 | »Ow | #.017 | +.005 | +.002 | «.013 | +,003 | +.018 | «.020
. : - .
1.0% | 1.021 | 1012 | 1.01 | 0.983 | 0.9 | 0.912 HERT | on | 108 | 1,078 | 103 | 0.97 | 097
| 1.07 | 1,031 | 1.025 | 1,012 | 0.981 | 0.949 | 0.919 1114 | 0.998 | 1,060 | 1.077 | 1.036 | 0,99 l 0.99%
+.003 ' *.010 | »,013 i +.002 | -.001 | +.003 | +.007 ‘ +.004 | ©.012 | -.00 Lo.m «.oozj «.014 | =020 |
T 1088 | 1.228 | 1,203 [ 1.043 Io.w 0.928 | °0.168%| 1,238 | 1.268 | 1.073 [%0.184%| 0.95¢
1,07 | 1,218 | 1.206 | 1,030 | 0.957 | 0.917 l*0.185%/ 1.208 | 1.283 | 1,065 1%0.162*| 0,938
[ o.0% | <.010 | +.001 | -.004 | +.000 -.nn_} {#:.003%| -,080 | +.015 | <028 (*-,002¢%! -.016
V- e i + = =
| | |.|nTu.m 0.92¢ : | 1am [ oom | 0906 |
1976 | 0,965 | 0.9%2 tf 1,268 | 0.982 | 0.994
‘. | 007 | -,000 | -.002 || { <019 | +.010 { -.008
VATER b B A | | WATER b . |
| 1.170 | 0.9%0 | 0.900 |l | 1,280 | 1.04% | 0.999
| 1.162 | 0.95% | 0.900 || ‘ [ v.278 | 1.046 | 1.008 | .
: | 008 | <018 | -.009 || . | =002 | 9,001 | <009 |
| 0.9 | 0.92¢ | 0.886 || 1,077 | 0962 | v.978
~ { 1.002 | 0.923 | 0.883 ‘-‘ | 1.085 | 0.95t | 0.9%2
" | +.007 | -.001 | -.003 || | +,008 | -0 | «.006
[ - ! T —-i: :a i N 1
v Measured  eeaeas | 0.893 | G/8es || Weasured -« 140 1589 | .900
| BIMALATESS  cosnine 0.891 | G.863 | SIMULATE-3 [%0. 1580 0,898
| $<3 ¢ Memn,  sueeas | «.002 | -.008 || §3 - meas. wof0 002% | - .002
| SNSRI T A Mt
| | 0.83% \i Fewsnanann I o 933
| 0,841 | * 6a Pin * 0.933
« Dog | f SReenanrnn » 002

*Colcuiatod ond messured ASinbutions are NOIMELZET U urely 0 Ihe contrgl assembly

e N N e PP Ry -k o I > =
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Absteact = The CASMO code 15 un ussembiy speverinn code that uses multigroup wiegral tronsport
theory with four thermal energy groups for the two-dinensiongl coleulation. The laiest versiun,
CASMO-3, coatains several new features, specificaliy « new data librory, multibundle cepability,
garuna deiector calcudation, fiux discontinuity facior edit, and an option for generating transport ihe-
ory corrected baffle/reflector data. Lxtensive benciunurkiig, including comparisons against cold. and
high-temperature critical experiments, Monte Carlo calcilenons, meosured isotopics, and power reac-
tor core follow, has verified that accuraie resuits are obtaired. The new multibundie capability has
been used for studies of interussembly spectrum coupling and for validation of core physics inethods

INTRODUCTION

The CASMO code is currently used by about 40
utilitics worldwide as a tool incorporated with code
packages for reactor aperating support, bundle and
core design, licensing, safety analysis, and scoping
studies it is also being used by fuel vendors, licensing
authorities, consultants, and research laboratories.

This paper gives an overview of the CASMO de-
velopment and specifically explains new 1eutures in the
latest version of the program, CASMO-3 (Ref. ).

HISTORY OF CASMO DEVELOPMENT

One-dimensional integral transport theory methods,
now used for pin cell homogenization in CASMO,
were developed at Studsvik by Carlvik? in the 1960s.
These methods were incorporated into a heavy water
cluster code and a first generation light water reactor
(LWR) assembly code by Ahlin and Jonsson’ i the

146

L]

i

late 1960s. At that ume, several gencral concepts and
the first data libraries were obtained from the devel-
opment of the WIMS code* at Winfrith. The cluster
code development and early LWR work were impor-
tant when a two-dimensional S, theory module, SFINX
(Ref. §), was put into an LWR assembly code at Studs-
vik in 1969-70.

Although the carly TASMO development benc-
fited from the cluster code and the first LWR assem-
bly code, CASMO has retained only Carlvik’s integral
t-ansport theory and the WIMS energy group bound-
aries of the data library. The 5, module was replaced
by & more accurate transmission probability module,
COXY (Ref. 6), in the mid-1970s and all other paris
of the earlier code were replaced by new methods be-
fore the first CASMO version’ was released in 1976
The original CASMO data library® was based on
ENDF/B.11I The CASMO code has since been used
for LWR asseiably calculations without changes in
data ¢. methodology until the recent introduction of
CASMO-}.
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benchmarking. ‘" The wide range of critical experi-
ments covered we.e (a) pin cell lattices, (b) BWR lat-
tices with and without absorbers, (¢) PWR lattices with
small and large water holes and absorbers, and (d)
storage rack configurations with large water gaps.

The parameters that were compared to measured
data inctuge

I, hey versus temperature, *'*U enrichment, plu-
tonium concentration, water-to-fuel ratio, boron
soncentration, leakage, water gap thickness,
gadolinium, B,C, silver«indium cadmium, angd
crugiform control rod absorpiion

te

. fission rate distributions in BWR and PWR
assemblics ut hot temperatures with and with-
out absorbers

It is essential that the eritical benchmarks include
this wide variety of lattices and the hot temperature
eriticals, namely, the KRITZ experiments up to 245°C.
This permits venfication of both data and methodel-
ogy, including the two-dimensional (ransport theory
model and absorber calculations.

Calculated &, vaiues™ (Table ) show no trend
versus any of the investigated parameters. The k.,
statistical result (whigh 15 frequently queted in pin ¢ell
code benchmarks) for the cold pin cell lattices, includ-
ing ESADA MO cores, 15 &, = | 0002 = 00010. #
more stnngen: i¢st ol an assembly code's avcnragy
needs 10 include hol wemperature cores and assemblies
with and withoaul absorbers. For all caleulated cores
(37 cases), CASMO-3 predicted k., = 1.0004 1
{0.0011

The root-mgan-square (rms) ¢rrar in valeuluted

TABLL |
CASMO-3 Calgutared &, tor Critieals
| | e
Core i Cold | Fot
Pin geli cores l
BAPL T6 1.31% enriched P 10013 e
KRITZL 135 { 0.99§7 0.9988
KRITZ20 19 V/V=12 | 10000 [ 0007
NRITZ-2.13 |9 V¥, V,= 1T 0 9989 09990
BAW B2 .46 \ | 0008
ESADA-L  2.0% PuQ). (8¥e 'Py) | (1.9994
ESADA-20 2.0% PuQ, (24% **Pu) | 10008 ---
KRITZ-3 PWR cores \
U-WHI Small water holes } 0.6988 0.9993
U«CR1  Silver-indium-cadmium control rods | 1.0003 0.9988
L-WH2  Large water holes ‘ 1.0003 (0002
U-CRZ Large B,C control rods “ 0.99M 0.9993
KRITZ-4 BWR cores |
Wide gap at core center !
2.1 No gadolinium | 0006
2.2 No gadolinium, with control rod 1.0002 ! -
2.5 Seven gadolinium rods/bundle 1.0001 | -
Narrow gap at core center 1
3.1 No gadolinium 1.0010 1.0016
3.2 Five gadolinium rods/bundle 1.0016 ! 1.0015
3.5 Three gadolinium rods/bundie 1 0018 i 1.0018
Checker board loading
4.1 No gadolinium = five gadolinium bundies 1.0007 1.0004
42 No gadolinium —three gadolinium bundlies 1.0013 ! -
All gadolinium bundles ;
5.1 Three gadolinium rods/bundle 1.0003 1 0.9993
Storage rack configurations
B&W |l Nogap, Oppm B 1.0003 e
B&W I  Nogap, 1037 ppm B 1.0015 “ea
B&W LII 1.83<wm gap 1.0029 -
B&W X 4.8%.cm gap 1.0024 ~=-
B&W IX 6.52.cm gap 1.0004 -
NUCLEAR SCIENCE AND ENGINEERING vOL. 100 NOV. 1988
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Fig. 3. Comparison between caleulated and measured
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Fig. 4. Comparison between calculated and measured
plutonium concentrations versus burnup.

MWad/kg. No trend in boron (k,g) versus burnup ca.
be noticed.

Improvements in CASMO-3 compared to carlier
CASMO versions are noticed in the calculated moder-
ator temperature 2nd Doppler coefficients, the leakage,
plutonium isotopic ccacentrations, and k., versus
burnup.

EXAMPLES OF SPECIAL APPLICATIONS

Boron-Coated Fuel

Fuel pellets coated with boron as an infegral burn.
able absorber is a new concept for PWRs. The
CASMO code has the flexibility to model the boron
smeared into the fuel, or into the canning, or as an

SRRt
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Fig. 6 Caleulated and measured boron ietdown curves
for cycies 3 and 4,

explicit thin ring around the fuel. The coating on the
outside of the pellet is a grey absorber located in a rel-
atively steep Mux gradient, and a recent study with
CASMO demonstrated that the beginning of life
boron worth and the boron depietion rate ar¢ over-
predicted by 3% if the boron is smeared into the can-
ning, and smearing into the fuel leads to serious
underprediction of the worth. This study clearly dem-
onstrated the need to mode! the coating as an explici:
region in both the transport and burnup calculation as
is done in CASMO-3.

Gamma and *"*U Traveling In-Core Probe
Responses for a BWR
It is common to neglect the perturbation of the
detector and its surrounding tubes in BWR analyses.

vor 1o NOV. 1988
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This is done because only 25% of the assembl es are
located adjacent (o @ detector tube and the asy mblies
are shuffed be: ween every cycle muking it & ormid
able task to account in detmil for the detertor per-
turbation. The CASMO code can, however calculate
detector responses with or without the detector pres.
eal in the caiculation

Table [V compares CASMO calculations with and
without the detector siructute material included in the
model. The gamma traveling in-core probe (TIP) re
sponse increased by 8.3 nnd 2 8% a1 0 and 70% sond,
respectively, while the *™U fission rate in the deiegtor
decreased By 19.3 and 205V for the twe voil' frae
tions. The void dependence given in the ast ¢oamn
differs. however, by only 2.4 und <1 o% (o the
gamma and U detestors, respectively. I ot ap-
plications, this is bn avceptabie errar that sunphine - the

analysis It is, however, sasy for the user o include the
detector in the CASMO runs if desired.

Multibundle Celeulations

Maost CASMO calculations are single-bundle de
pletions with branch caleulaiions for temperature,
boron and void coefficients, and for control 1ods, etc.,
ot various burnups for generation of complete inputs
1o core calculations, Such CASMO runs are made on
u routine basis i one or several executions at the uset's
aplion.

The 2 » 2 BWR option is useful, e.g.. for models
ing a mislonded (rotated) bundic in a BWR loading,
ang the PWR color set option allows accureie model-
g of, for example, cesigns with gadolinium rods on
the periphery of the bundle, whete regular boundary

TABLE 1V
Gomni and U 1L Respotises Witk and Wahowt Explicit Representation aof the Detector
{ 0% Veid l 10 Void | VI0/V0
l +~ :
Mode! { A Gaming "y Ciamma b ¥ Ciamma
No detector 034 0327 0309 0.378 (.92 1188
Explicit detector 0.268 0.3448 0,245 0.389 0916 1127
Diffe.ential (%) ~193 J w54 <20.8 +2 8 «1.0 -4
TABLE Vv
CASMO- V/SIMULATE .Y Comparison for a First Cycle Depletion of 2 x 2 BWR Scgments
Ko Power Distribution
Exposure
(MWd/kg) CASMO D SIMULATE 3 CASMO -3 SIMULATEA
0 0.9880 0. 9891 0.954 1.022 G961 1.020
1.022 1.003 1.020 1.003
2 1 0099 1.009% 0.9\ 1.028 0.927 1 028
1.028 1.008 1.028 1,017
4 1.0363 1.0}62 047 1.042 0878 1.041
1.042 1.038 1.041 1.043
; 1.0676 1.0669 0.804 1.059 0 809 1.057
1.059 1.078 1,087 1077
10 1.05%9 1.054] 0,786 1.063 0.794 1 061
1.061 1.088 1.061 1.084
12,8 10280 1 0287 0.792 1.061 0.797 1.060
1.061 1086 1060 1.083
ment configuration (enriched/ gadolinium rods) 1.170 2.817
Q% voud in au segments
o control rods 25N 2.871
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