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W ASmNGTON, o. C. 20555

j%/*Q[p.:! U Uy*
August 13, 1990.- "

,
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-

Mr. R. A. Copeland, Manager
Reload Licensing
Advanced Nuclear Fuels Corporation
P. O. Box 130
Richlanc, Washington 99352-0130

Dear Mr. Copeland:

SUBJECT:
ACCEPTANCE FOR REFERENCING OF TOPICAL REPCRT XN-NF-5C-19(N ,
VOLUME 1, SUPPLEMENT 3, " ADVANCED NUCLEAR rVELS *E',000 LOGY ~0R
BOILING WATER REACTORS; BENCHMARK RESULTS *'OR 'ME CASMC-3G/N :~iCSURN-C
CALCULATION METH000 LOGY"

The staf f of the U.S. Nuclear Regulatory Commission (NRC) completec i s *eview
of Topical Report XN-NF-80-19(P), Volume 1, Supplement 2, %cvancec Nucleart

Fuels Methodology for Boiling Water Reactorst Bentnmark Results #cr*eCASMO-3G/MICR0 BURN-B Calculation Methocology," submittec by Acvanced 'iuclear
.

Fuels Corporation by letter dated March 8,1989.
It also reviewec the

accitional information submitted on December 22, 1989, and April 10, June T,June 18, and July 20, 1990.

XN-NF-80-19(P), Volume 1 Supplement 3 presents the validation and verifica
tion of the CASMO-3G code for use as a pnysics core lattice analysis mocel

-

The code is to be used in the generation of reactor pnysics calculations.

required in the reload licensing analysis.

The topical report also provide?
the verification and benchmarking of the

CASMO-3G/MICROBURN-B code, which is a multigroup transport theory calcula tion
of the spatial flux and power distributions, cell multiplication, anc isotopic
cepletion for two-dimensional BWR fuel assembly lattices.
oresents the results of the benchmarking of the ANF CASMO-3G/MICROSURN-S cc:eThe topt ca l report
system against measured operating cata frcm six BWR plants:

Calculation-to-measurement comoarisons have been mace for cold and hotKuosheng Units 1 and 2 Quad Cities Unit 1, and Suscuehanna Units 1 anc 2Chinsnan Unit 1.

eigenvalues and for traversing incore probe responses.
code for reload design, steady-state licensing, and plant suANF * < ends to use this
The new methodology introduces two improvements: .rt doolicat'ons.r

burnup of key isotopes are evaluated on a nodai basis utilizing microscocit(1) the numoer densities andcross sections and
utili:ec in the solt tion of the full two-group diffusd(2) an improved coarse-mesh finite cifference for~ulation is

on :neory representation.

We find the application of the CASMO-3G/MICROBURN-B code acceptable for use ireload analyses under the limitations delineated n
technical evaluation. in :ne associa ted NRC '
topical report. The evaluation defines the basis for acceptance of this

We do not intend to repeat our review of the matters founc acceptacldescriDed
in XN-NF-80-19(P), Volume 1. Supolement 3, wnen :ne re cet acceart as

e as

,

_ _ _ _ - _ _ - - - - - ~ -
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( E. A. Copeland
2 August W, '990

e reference in license Applications. eACept to ensure that the raterit'
;resenten is applicable to the spec 1f1C plant involved. Our acteDtet.;e 4;* ' S es
fnly to the matters Cescribet in tre acDl1 Cation of XN.Ni.80 'C(r', Vo'uPe '.,upplement a. .

In aCCorcante with protecures establi:,hed in NL'P[G.0390, we recues* ;ht*
Acyantec Nucivar Fuels Corporation publish accepted versions et inis tC;4 Ca'
report, proprietary and non. proprietary, witnin three months o' receipt ofh t ter, int asCepted versions shall incluCe an "A"

init h
following the repurt icentification symbol. (cettgr.et9 rg sCtest eC. g
Should our Criteria or r'tguletions chor.ge so that our Conclus1Crs as 10 tredCCUptwb1 }ity of thE report ure inYellCat4C, ACVanCeC |tuClt F IVeln'

Corporhtiun dno/ur the applicants referencing the topical report will te
.expecteC to revise anc resubmit their respective cccLientativn, or su mit
;ustitication for the Cuntinued ef fective appl 1Cability of the to:1La', retortwithout revision of their respective Cotymentation.

Sincerely,

a.s w a.-
Ashok .. Thacani, Director 5Division of Systems Teshnology
Office of Nucledr Rtatter Regulationi

Enclosure,
i

Xfi-fif-60-19(P), Volume 1, t

Supplement 3, Evaluation '

E

I
g.

i
I
I.

.
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ENCLOSURE
l

SAFETY EVALUA!!CN OF TCP!OnL REPORT

XN-NF-BC 13(P), VOLUME 1. SUPPLEMENT 3 (INCLUD!N3 APPENDIX r;

1.0 INT 00 DUCT 10N

By letter dated March 8,1929, Acvanced Nuclear Fuels Corporation : ANr)
submitted Iopical Report XN-NF 80 19(P), Volume 1. Suppierent 3, for NRC staf'

The report is the MICSURN-3/CA;MD 3G/MICROBURN B coce package fer
review.

steady-state aralyses of beiling water reactor (BWR) Cores (Refs. 1-4). *nis
report presenV. the -results of the benchmarting of this coce system against
measurec data from six BWR plants:

Chinshan Unit 1, Kuosheng Unitt 1 anc 2,
Quad Cities Unit 1, and Susquehanna Units 1 anc 2.

Ad:s tienal informa tion ' rom
Dresden Unit 2 was also included in Appendix F of Supplement 3.

The new coce package is an extension of the currently approved coce system
which consis t: of the XFYRE bundle depletion code and the three-cimensional

simulator code XTGBWF I'if. 5). The new codes are intenced for use as
alternative fuel assembly depletion and simulator codes.

Ali other ANF metnocs
and procedures discussed in Reference 5 remain :ne same,

overview of the topical report is given in the next section. 'he technical
evaluation is presented in Section 3 and the limitations are given in Section
A. Brookha ve')

National Laboratory was the staff contrJctor for this review.
(Contract Number FIN No. A-3868).

0.0 SUMM.ARY OF TOPICAL REPORT

CASMG-3G and MICDOBURN-B are the principal components of the ANF steady-state
.

physics coce package for use in the reload licensing analysis of BWR$ operatir;
with ANF fuel.

ANF also intencs to use the CASPO-3G/MICRODU N-3 :oce system
to model and analy:e new fuel cesigns. CASM3-30 (Ref. 3) is a multigroup,

.

.
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itwo dimensional transport theory coce for fuel assembly ournup calculatters.
Cylircrical fuel rods including fuel rocs loaced with turnacle absorce-s. te
a scuare pitch array with water gaps and crucifor control aces 'r. t*e reg' ens
separating fuel assemblies can te calculated with CASNO 03. CA?0 23 also
provides macroscopic cross sections for the baffle / reflector regten. Both a
70-group and a 40 group cross-section library are available. ANF uses the
a0-group library for production calculations. Gama cetector responses are
calculated using the gama transport mocule of CALMO-33.

MICR0 BURN-B is a three dimensional, two-group, coarseeesh c1f fus ter theory,
coupled neutronics/ thermal hydraulics BWR simulator coce. *he two p"ncipal
areas of improvement over the earlier methodology (Ref. ) are ''' the.

evaluation of the number densities of key isotopes on a nodal basis using
microscopic cross sections and (0) the formulation of the coarse-tesh 'i M te

gdifference solution of the two-group diffusion equations. The coce calculates F
a wide range of reactor parameters. including nodal powers. void anc execsure
distributions. core reactivity, core flow, in-core fission or ga ma detector
responses, and thermal limits. MICROBURN-B also calculates time-depencent and
equilibrium xenon and samarium.

The neutronics verification of the MICSURN-3/CASMO-3G/M!CROBURN-B coce system
was performed by comparing calculations with measured data from Chinsnan Unit
1. Kuosheng Units 1 and 2. Quad Cities Unit 1. and Suscuehanna Units 1 and O.
The measured operating data used in the validation were obtained thecugneut the
cycle and consisted of hot eigenvalues and traversing intore probe ('ID)

In addition, cold eigenvalues were calculate'd at state points forresponses.

which cold critical tests had been perforced.

Fuel rod gama scan measurements obtained f*om Quad Cities Unit I at the end of a

cycles 2. 3. and 4 (Refs. 5-7) were used in the validation of MICSURN-3/
CASM0-3G. Calculated fuel rod powers were compared to the measured lanthanum
-140 activi ty. The average relative standard ceviation for all comparisons g

Ewith the gamma scan measurements is 2.74 percent. '

.

I'
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3.0 SUvvaRY OF TE:'N!:AL EVALUATION
L

The evaluation of Su;olement 3 to XN-NF.BO.1?(P) is basec :n (' the *!:SURN.2/
CASMO 3G/MICROBURN-B :al:ulations of tne tenchmark power

.

istr9 vt'en *easure-
ment cata base, (0) the performance of both hot anc :cle mocels 0m:arec *stn
measured cata, anc (3) the evaluati0n of the ANE "esponses t0 the Ouestd0ns
"Bisec in the Course of the review (Defs. g and 10). The a:or 4ssues a,sec
curing this review are summarized in the following sect'ons.

3.1 Germa 7tp Detector Rescense Calculation

The TIP detector.to-power factors are calculated us'ng CASMO-3G.The cetector
response is calculated as a function of the energy.cepencert gamma ' lux,the
cetector sensitivity, and the fuel assembly power. :n CASMO.3G, the :etect:r
sensitivity function is represented by a 10. group energy deposition :ross
section for iron.

MICROBURN.B cetermines the garma TIP response by overaging
responses of the four adjacent assemblies. This method of calculating gamma
i!P responses has been benchmarked against both Monte Carlo calculations an:
measured data in the Hatch plant (Refs. 4, 10 and 13). On the basis of the
results of these benchmarks as well as the benchmarks presented in the tool al
report, the staff concludes that the uncertainty associated with the
interpretation of the gamma aetector response is co parable to, or less than
the uncertainty associated with the fission TIP detectors anc the methoc of

,

calculating gamma T!P responses is acceptable.

3.0
Radial and Arial Reflector Treatment

In the CASMO.3G/MICROBURN-B methodology, the leakage f acm the core it dete*.
mined by the outer boundary concitions.

Ml;ROBURN.B cal:ulates the lea (age
separately for each boundary node. A two-group, one.cirensional representati n
is used at the fuel reflector node interface =nere noce average fluxes anc
currents are evaluatec. Two-grouc cross sections .epresenting re'le:::e
regions in the top, bottom, and sice re' letter noces are generatec atir; tre

,

refiett0r calculation Ootion of CA;M0 00.

. - _ - _ - _ - _ - - - - - - - -_ --
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I'he
acrosecpic cross sections fo" the reflector region '' ave teen 'our: to be

insensitive to fuel cesign, exposure, anc void in the ad|acent fuel region.
Therefore, ANT uses a generic set of hot Operating tao-group *eflecto cross
sections for the too, bottom, and side reflector 9eces 'or all reactort. A

different set of cold two group reflecter cross sections is usec for cole g
critical calculat1ons. m

The comparisons of the ANF calculated and reasurecpower
distributions incluce the moceling uncertainty resulting fe:m the

"eflec tor treBtment. Since *his uncertainty has been incor0eratec in the
MICROBURN.B uncertainty analysis, the staff concluces that the ANF methcc 'or
moceling racial anc axial reflect 0rs is acceptable for doelicat10n to reactors
that contain fuel types similar to those used in the benchmarking.

4

3.3 Discontinuity Factors

Radial discontinuity factors, defined as the ratio of the assembly surface
flux to the volume average flux, are generated by CASMO-3G and usec in the
three-dimensional calculation. When the reflector calculation is ;erfor ed,
flux discontinuity factors are calculated for each quadrant of the bundle and
for the baffle / reflector regions.

In the ANT CASMG-3G/MICROBURN B methocology,
the discontinuity factors for the fuel region are calculated for each lattice'

type as a function of voids ai1 exposure and are input to Y!CROBLRN B
Because

of axial enrichment variations (axial blankets), axially distributed gacolinia,
.

E
and partially inserted control rods, a spPCial treatment of axial internocal

E

leakage has been includee in M!CROBURN-B. The methocology is basec on an
analytical two-group diffusion theory solution over an axial portion of the
fuel assembly that includes three succ%ssive axial nodes.

Iwo-group m eage
fluxes, surface fluxes, and surface currents for the middle noce of the

*

three-node segment are calculated, and the values are used to detemine axial
R

ciscontinuity factors for the top and bottom surfaces of the noce.
.

The use of ciscontinuity factors in the ANF methodology has been successfull
valicated by comparing power distribu;1on calcula tions with

y

reasured ca ta.
Ine ANT 1mplementation of the discontinuity factors is consistent itt -

incustry practice. Ihe introcyttion of the ciscontiaulty # acto *s "as con-
tributed to the recuction of the overall nedal coner uncertainty to abcut 3 6

.

1
1

I
|

|
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L Tne use of 01scontinuity factors is therefc*e accettable 'or a;;1'ca-
perceat.-

tion to fuel types similar to these inciuced in :ne benen armg.

3.4 Euncamental %de CalculatioR

The infinite lattice results obtained from the transport calculation ,n
;ALMO-30 are adjusted using a fundamental moce buckling to accoun'er treeffects of nodal leakage.

!n OASMO 2G the correction can te * ace ey accl
ciffusion theory or the B; approximation. In the dif#wsien thecay *etnce,

y'ng

CASMO-2G gerforms either
(1) a normal eigenvalue (k ) ca!culation aittbuckling B2, :ero

(0) a s.,ff calculadon w12 a user Wut vain 'or M. or (3} B(k,,7 = 1) buckling search.
In the latter case B2buckling. is ecual to the rate tal

Use of the B
y approximation results in values of the diffusion coe#ficient

that differ significantly from those derived from diffusion theory
.

, anc leads
to power distributions that do not agree with the measured data

Since theapplication of the B .

y approximation results in an underpreC1Ction of the fast
diffusion coefficient (in some cases by as much as about 7 percent)
concludes that the diffusion approximation is the recomenced method 'or

, the staff

adjusting CASMO-3G transport calculations to incluce the effects of leakage.
3.5 IIP Sv *try uncertainty

.

On the basis of the data presented in Supplement 3 cf the topical report
ilP uncertainty for the Chinshan Unit, Kuosheng Units 1 and 2. and Susquehanna

, the

Units 'I and 2 is determined to be a f acto? of about 2.5 times less inan the
uncertainty for Dresden Units 2 and 3 and Quad Cities Units 1 and 0 proviced in

-

Supplements 1 and 2.
In response 27 (Ref.10), ANF suggested two possible

explanations for the observed improvement in the T P symmetry in the newplants:

(1) elimination of the channel bowing that was present in tne 0-!attice
Dresden and Quad Cities plants and that resulted from a fast neutron '' enc
gradient betaeen the wide and narrtw nater gaps afa a heat treat ent ina t

v e

esulted in a larger timensional change with
ir*aciatisn anc (.N 'e rovecOesign of

the TIP/LPRP syste* in the newer plants that re Scec the gecret*9tal

_ _ _ _ _ _ _ - - - - - " - " - " - _ ~
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variation in the neignbornood of the TIP detector. ANI also n0tec that i" $0*e
*)rescen and Quac Cities cycles, Channel boxes were reusec for a secent
lifetime; this reuse would further increase the DCwing ard I'E

Unte*tainty..

Although sofre or all of these effects may contribute to the observec
asymmetries in the older plants, the extent to which these individual ge'fects
have been eliminated from specific C* lattice DIants has not been cete " Wec
cuantitatively.

Therefore, the recuted uncertainties observec in the G0sneng,
Chinshan, and SusQuenanna plants may not be appliec with conficence to cther
U.S. Plants.

ANF has indicated in Reference 4 that the TIP asymetry uncertairty value of
6.0 percent whsch was used in the currently approvec XTOBWR (Ref. !) Ig
methocology, will be sed in determining the radial buncle power unceatainty
for MICROBURN-B.

With this change, we therefore find this method acceptabie.
.

4.0
SUMMARY OF TECHNICAL POSIT!0N AND LIMITATION $

_

The NRC staff has reviewed in detail ANF Topical Report XN.NF.80 19(P), Volume
1, Supplement 3, and the benchmarking of the CASMO-3G/M!CRCDURN.B code system
against operating data from Chinshan Unit 1, Kuosheng Units 1 and 2, Ovad
Cities Unit 1, and Susquehanna Units 1 and 2.

This review incluced materia!
proviced in Supplement 3 as well as supporting information suppliec in I
References 4, 10 and 13. Based of this review, the staff concludes that the

a

ANF methodology is acceptable for performing reload analyses for BWR cores
subject to the following limitations: ,

(1)
The currently approved TIP asymmetry uncertainty value of 5.0 cercent
should be used in determining the radial bundle power uncertainty
(Faction 3.5).

'

(0)
The application of CASMO-3G/MICR0 BURN B to fuel cesigns that differ
significantly from those included in the Supplement 3 data base should de
supported by additional code validation to ensure that the ethocology arc
uncertainties are applicable (Sections 3.0 anc 3.3).

I
y

_ _ _ _ - - - - ~ - - - ~ ^ ~ ~ ' ' ' ' ' _ _ _ _ _ - _ -._- --- - - - - ~ "^^''~' ~ -



____

)
3

'

?

I
L,

5.0 ;EFERENCEE
J
l

'

R. A. Copeland ANF, letter to NRC, " Submittal of V!ORCBL'R'i.E," *eren 3,
..

!?B9.

2.
Advanced Nuclear Fuels Corporation, "MICRCEURN.B: A Two.Grovo,

Three. Dimensional SWR Nodal Simulator Coce," ANF.25101(D), b chlan:,
nashingten, dated July 1988.

3.
Studsvik Energiteknik AB, "CACMO.3: A Fuel Assembly Burnus D ogram
(Methodology) " Studsvik/NFA.86/8, Nykoping, Oweden. N0vemtea .' 9 E E ,

4
Letter from R. A. Copeland, ANF, to L. Lots, NRC, "T.*D As, zetry
uncertainty " July 20, 1990.

5.
Exxon Nuclear Company " Exxon Nuclear Methodology for Boiling Water
Reactors Neutronic Methods for Design Analysis," XN.NF.80 19(P)(A},

,

Volume 1. Supplements 1 and 2 Richland, Washington, March 1983.

6.
Electric Power Research Institute, " Gamma Scan Measurements at the Quad
Cities Nuclear Station Unit 1 Following Cycle 2 " EPR!.NP. 1114 Dalo
Al to, California, dated July 1976.

7

M. B. Cutrone and G. F. Valby, " Gamma Scan Seasurements at Ouad Cities
Nuclear Power Station Unit i Following Cycle 0," EPRI NP. !a, Electric
Power Research Ins titute, July 1976.

8. O. W. Merth, and B. A. Zolotar, "Ganma Scan w
easurements of Ouac Citd es

Nuclear Power Station Unit 1 Following Cycle 3," EPRI NP-512, Electric
Power Research Institute July 1977

.

4
R. C. Jones, NRC, letter to R. A. Copeland, ANF, "Recuest for

Additional Information Regarding the Topical Report XN.NF 83 19(?}, Voi,' , Sup. 3." February 2, 1990.
-

i
1

'

_ _ _ _ _ _ . _ . _ _ _ _ - - -



_ _ _ _ - - - -

.

B
-

.

!D. R. A. Copeland, ANE, letter t R. C. Jones, NRC, " Responses t NE
Ouestions on CASMC-3GiMICRCBURN-8," Yarch 16,1990; "O.La ttice

CA0MO-3G/MICRCBVEN-B Methocs Yerification" XN.NT-60 19(D), Ou; Die *ent 3,
Appendix F , April 9,1990.

'

|

11. A. Ahlin et al., " Integral Iransport Co?putation of In 00re Cama Ef'e: :
with CASM0/CEM " Transactiers of the Ame** can Nucle!" Socie ty E, 4:4,
1984

12.
M. Edenius et al., " Benchmarking Of the Gama ?!P |alculation in OA0VO

Against the Hatch BWP,," Transactient American Nuclear Society, 3 , 43'
(1985).

.

13.
R. A. Copeland, ANF, letter to L. Lois, NRC, "The Effect of Yeasurec ?!P
Asyrrnetries on the Measured Assemoly Power Uncertainty " June 29, 1990.

6

I
|-

1
.

ld
.

I
e

I
.

I
_



.... _--_______.__ _.-____._ _ __ _ __ . _ _ _ _ - _ _ . _ - . -

';I
|

|I
I ADVANCED NUCLEAR FUELS CORPCRAT|CN
1

h

j

i XN NF 50 19(NP)(A)
! elVie 1
4 Su:plement 3

ADVANCED NUCLEAR FUELS METHODOLOGY

FOR BOILING WATER REACTORS

|

BENCHMARK RESULTS FCR THE CASM0 3G,

'

MICR0 BURN B CALCULATICN METHCCOLOGYi

1:
1
!

l --

: Prepared by:

I
(Njf}iy 3Iki1

O. C. Brown, Manager.

'

EWR Neutronics
Neutronics & Fuel Management| Fuel Engineering & Technical Services

!

!I
d u M . . p ,1 ,;

D. H. Timmons, Staff Engineer
'

i Neutronics Development
i Neutronics 1 Fuel Managemenet

Fuel Engineering & Technical Services

j '}

January 1989

;I
,

I J
- . --. - . . .. - -. - . - - - - -. . - _. - . _ - _ . - - _ - - - - - - - - - - - - - - - - - - \-



. . . _

I
I
I

ROCAEC REPORT DISCLAIMES |
IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS g

DOCUMENT

ELEASE READ CAREFULLY

I
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twctear f uels Corporation for light water power reactors a*=2 "e'

.

and correct to the best of Advanced swetear twels ices: On's

knowlecge, information, and belief, ,he information e tn t e i a e'. iereia

may be used by the ROCAEC in its review of this reccet, anc ncer "e
terms of the respective agreements, ty Liceesees or acc4 cants :e':re

the 40CAEC unich are customers of Acvenced twetest %s Orcorat en --a
their comonstration of comotience with the 400At 's aegu st'cas.

Acvanced Wuclear Fkets Corporation's .areenties anc ecresentat :as
concerning the sucject matter of this coc. meat are tacse 4t- 3

* " * * *
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A. wates any warranty, or representatten, escress er
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privately owned rights, or
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| ADVANCED NUCLEAR FUELS METHCCCLCGY

FOR BOILING WATER REACTCRS

BENCHMARK RESULTS FOR THE CASMO 2G/
*

I MICROBURN B CALCULAT CN YETHCCCL;GY

1.0 INTRODUCTION

The use of XFYRE bundle depletion and XTGEWR react:r str lat:r :::es -

the neutronics methodology utili:ed by Advanced 'tucl e a r :yet s :: :: 1: :-
(ANF) for boiling water reactors is documented in Reference '. ANF :' ans ::
extend this methodology to include the use of an alternate ' e' as:t :'. .

I depletion model, MICSURN 3/CASMO 3G anc an al t erna t e c:re s mu'a::e :::e.
MICROBURN B. All other methodology and procedures presente: in Re#e ea:t .

remain unchanged. The new codes (MICEURN 2/CASM0 2G.9::RCEL:% 5' aeg
3 described in detail in Reference 2 and are triefly su=ari:e: :n ie:t :- 2 :.

Verification of the new code system consists of ::r:ar'::n: : s '. <. e e *
calculated and measured fuel assembly and reactor parameters. : e' :: ;a- a

scan measurements of fuel from Quad Cities (large core EWR. 3; .n't 'l :i..:.

through 4 have been comoared to MIC3 URN 2/CASv0 G :al:v'a : .e ::

Powers. These results are su enari:ed in Section 4.1 The v::R 5LRN E ta:::-

core simulator coce has been verified by ::mparing :alculate: .er: s el: -!:

reactor data. Quad C~ities 1 end of Cycles 2 an: 4 fuel asse et / ;;- a .:1r
measurements have been comcared to MICRCSURN B :alculate: noca ::aers. eseN

results are sumari:ed in Section 4.2.3. In a :itten, ::rpar's:ns : eat. e:

and calculated traversing incere prete (TIP) cata, as ae'l as n : Ar: :: ;'

critical eigenvalues, have been made for actual 0:erating :ata #:- A :a
core BWR/4,5 (Chinshan), a large core EWR/S (Kuosner;;. a r.: a c'; e .: s

BWR/4,5 (Suscuehanna) reactor. Results f:r tnese :ea:::rs are ;.- r : E: -

Sections 4.2.1, 4.2.2, and 4.2.4 r e s p e c t e.'e l f.

A statistical evaluation has been :erfor e: to :efine ne e2..re: :: .e' *

distribution uncertainty associated witn the ne :::e sys:e- "

1 a .: .
'

-

1
|

I
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i

| is based on calculated results sur.mariced in this re;cet an: s ex: ' a e: -
|

1

{ detail in Section 5.0. The statistical evaluation metnocci:gy nemar :s: -
,

Section 5.0 is the same as the accepted statistical me:necei gy :e' e: -

| Reference 1. The measured power sistribution ;ncerta'n es a:: :: a*e #:-
j the CASMO 3G/MICR08 URN B c:de system to te asec 'n -et:ac :n : ;

'

applications are given in Table 2.1 1.

:

2

I
: E'.
1

I
' I

I'

I
I:

E

I.|
|

E.

1
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2.0 SUMKARY AND CONCl.USIONS

The new code system (CASMO 3G/MICRCSURN B) shows ver; g: 00 agree eat a "
the measured performance parameters of the benchmar< tata 5 m v':ec e "..

report. Specifically,

Fuel rod gamma scan measurements f:r seven :.ac : **e: .eI .

assemblies were cemeared to CASMO 3G :alculatec ':ca :- ::ae-:
The uncertainty of the calculated local Ocwer distet:uti:n '; *tus
assemblies is anich cemonstrates excel'eet a:ree en :ee
Section 4.1).

*

Fuel assembly gamma scan data for Quad Cities : fuel a: e :' e:. M
the end of Cycles 2 and 4 were usec to c m;are *ea: +:I MICRCBURN B calculated power distributions. Resu;t: :' ite

..

calculations for both cycles show the radial anc 0:a' ::ae-relative standard deviations (without :ert:nersi a;:e :''rt

.I included) to be less than and res ecttvel f tsee Iec* :-
4.2.3).

Overall predicted planar TIP res ense for tne -ea ::r: :- .

B
-

report shows agreement with measured I:P Cata : :e :ee
Section 5.3.2).

:|a The calculated hot operating core k eff is ::ns ::e : :i >+ r
reactor types and shows little cycle ex;ocure :ere":P:e ;++

Section 4.2).

The calculated cold critical k effs f:r totn ':ca' ar: '

.: :.r *: -
criticals are consistent betaeen reactor tj:es ; tee See: :r a . .'.

I In summary, the new code system accuratelj Ore: 1;;; ,te e. : :

Dehavior of BWR reactors. Accuracy in calculating ::re :caer : ::-':,.: -: .

demonstrated in Taele 2.1 1 which compares measure: ::aer ::::: :-

uncertainty between the existing codes (XFYRE/ X TGB'aR) as :at: :ne: - .t i :

(Reference 1). and the new (CASM0 3G/MICRCBURN B) ::ce sf stem 2 : :..+:
'

in the table, the new codes, along with recute;! T P en. e e-: : v .1 -*

: tiscussed in Section 5.3.1. provice a mere Ore: :e :-e: :. - : ;-, ::4

'

distributions than the existing ::de system.

|I
l

ll
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TABLE 2.1 1 MEASURED PCWER DISTRIBUTION UNCERTAINTY SLPMARY

I
Type of Measured Relative Standar:

Dewer 04str45ution rev*ataen. "
,

Existing Coces

Radial Bundle Power, pngj

Nodal Power, PAijk

local Power, l jki

Axial
,

Radial Pin Power, Pjj

Nodal Pin Power, P jki

I
I
I
I

.

I
I

I
I
I

-
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3.0 CASMO 3G/MICR08 URN B CALCULATICN METHODOLOGY

Advanced Nuclear Fuels Corporation (ANF) has :evel::ec an :r:.e:

boiling water reactor (SWR) nodal simulator coce, MICRCEURN 3. 9.e e w :::e

I represents a significant improvement over the previous : ore s mu'at:r GEM
in two principal areas. they are:4

The number densities and burnup of key isote:es are eva'sa:e: :- i
nodal basis utili:ing microscopic :ross sections. *vs ; **e
feature from which the name of the coce is :erivec.

An improved coarse mesh finite differences for ulatt n s d''':e:
in the solution of the full ino group :1 "u s t :n :*e: -
representation of the reactor core.

Other important benefits arise directly from the introcu t' n :f *nese
I two improvements.

An additional significant extension to the ANF BWR me tnoco':g., : *e
!

utili:ation of MICSURN 3/CASMO 3G, the bundle spectrum /deo!etion :::e ..s:e-
developed by Studsvik Energiteknik AB. This code system nas :een ex: ens .e'.

'

evaluated by ANF and has been determined to be oth flexible an: ac:. rite :-

providing the input constants required by MICRCEURN 3. Se a ,'I #

characteristics of these codes are summari:ec :elow. Ac t':na' :e a' .

describing the codes are given in References 2 and 7

3.1 Microseccic 9urnue H Purnable Abtorter OM s ' H ' 9'.' * %.L
MICSURN 3 calculates the microst. wit burnup in an aosorter :: ::- u '''*;

an initially homogeneously distributed turnacle aosor:er. :: ;eaersu:
effective cross sections as a function of the absor:er 9troer :ers . i: :e

I used in CASMO 3G. ANF utili:es MICSURN 3 f:r the treat en: :- ;a:: '-^i.
. however the code can be used for any burnacle *eutr:n 3:: rter. ~~e ' :."

'

required for MICSURN 3 are cata for geometry an: a*er 2: :: :::'- :- v:
instructions for the choice of options in the cal:alatt:ns. 'a:'ea' :::: 1E

read from the CASMO 3G data library.

I
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3.2 Fuel asse-b1v Burnue Code (CA!MO Mi

CASMO 3G is a multigroup two dimensional transport tneory ::ce f:r Ournu:
:alculations on BWR and PWR assemblies or simple sin : ells. *he ::ce nan:'es
a geometry consisting d cylindrical fuel rocs of varying ::meosit':n n a
square pitch array with allowance for fuel roos leadec witn turna:1e a:s:r:e .

|
burnable absorber rods, cluster control rods, in core instrument :nanne's.

water gaps, boron steel curtains and cruciform centrol rocs in t'.e e;* :r.s

separating fuel assemblies.

Significant features of CASMO 3G are the capability to nanole f:.r l'aR
bundle cases and a model for the generation of baffle / reflector cata. ~ne

CASMO 3G version contains a gamma transport module to calculate gamma :ete:::r
responses. Typical fuel storage rack geometries can also te nanclec.

Some important characteristics of CASMO 3G are:

Nuclear data are coliketed in a library :entaining mt:r:s::: : :r:::.

sections in 70 energy groups. Neutron energies ::ver tne ange ; ::
10 MeV. A library containing data in 40 energy gr:u:s is a '. : :
available and is typically used in production taiculations.

CASMO 3G can accommodate non symmetrical fuel tuncles ::ntainseg ;;.

to 19x19 rods. However, half , quadrant or oc ant symmetry imir* r
symmetry) can be utilized in calculations anere a: lica 13.

Up to 12 energy groups are allowed in the two cimensional trans::r*..

theory calculation.

3.3 Deactor Shulator Cede HCP,QJUoN B

MICR0 BURN B is a three dimensional, tao grou;. c:ar:e esn : ";s :n

theory reactor simulator program f:r the analysis of 5'R ::res. -ne ;'*; l':-

::de *.ocels the reactor c:re in three dimesi:nal (X ' C ;s: e'.*. in: *s,

reactor calculations can be performed in :ne 'arter. One nal'. :r #. ' :: i

geometry. The code calculates the react:r :* react ctj. ::rt C :a

I
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I
distribution', nodal power distribution, reactor thermal 1 mit sa .es, an:I incere detector responses.

MICR08 URN.B uses two group mic*escopic cross sections ':r (ey :;0t::es
and calculates their number densities and purnup (microcurn) at eacn 9:ce.
The cross sections of the key isotopes are processec f*:m CMMC M a:

,

functions of their number densities. The remaining isot::es are ! mtec int:
tacroscopic cross sections that are functions of exposure and voi: '*actt:n.I The key isotopes are burned at each node in the three dimensional ar-sy at tne
void, control, and fl ux spectrum states appropriate for each Durnu: sie:,
Void history and control history effects are thus automatically 1 c'sce0.
without the need for history correlations,

I MICR08 URN B permits a more accurate treatment of plutontum than s' ulat:r
codes which use only macroscopic cross sections. Since plutonium :r::.ct :nI depends strongly on the f ast flux, while plutonium deplet:en :e enes :r' a t'j
on the thermal fl ux , n.acroscopic cross sections cannot ac:arate'f t eat
plutonium at the simulator level even thougn both the fast an; nerma s

'

groups might te treated by the simulator c:ce. With macr:s ::': :r:::
~

sections, the relative implicit changes in plutonium censity relate :: e
' fast to thermal flux ratio evaluated in the assemoly :ur:u; ::ce ,90 .e

simulator code) at that exposure, Within the limits of two gr:up t9e:ry,

MICR0 BURN.B correctly treats plutonium at each node at tn tne 'ast to 19er a
flux ratio as calculated by the simulator code itself.,

For fuel management calculations, the code has a nu :er of :2:aot** es

outlined in Reference 2, some of anich incluce:

Thermal hydrsulic model inclu::ng ,cic ' esc:a s. : :::: 'e: ::- ;.'3 .

g and pressure drop flow calculations.

Calculation of equilibrium anc time :e:encent 4eren er: sarar-* -

-

I

1
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: I
| Nodally dependent Doppler broadening Oasec on average '.-GR Of nee .

node.*

'
* Prediction of the TIP measurements for eitner f,:;,on :r ;a- a

detectors.

I
I'
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4.0 NEUTRONICS METH005 VERIFICATION

Section 4.0 presents the methods verificatten :ata ':r *ne 'd::5L N-.

3/CASMO 3G and MICROBURN B calculation metnocs. :: :ar ::rs :e:ose-
"

:alculations and measurements are cresented f:r e :hins an ' . < :gre ; .. ..

Kuosheng 2, Quad Cities 1, Suscuenanna-1, and Sus:venanna enct:r:

4.1 MICEUcN 3 and CASMO ?G Ve*4fiestden IOua: Ci* et la- a ec a- T r 1
i The Quad Cities 1 end of C/cle 2 (Reference 3). enc :f : d e 2 :e e e u.

4), and end of Cycle 4 (Reference 5), fuel r:c gamma s:an easure e-u a.e
been compared to the MICSURN 3/CASMO 3G calculatec fuel r:: ::aer: an: e

results are shown in Figures 4.1 1 through 4.1 56. The Ouac |ities ;a-.a s:1-
measurements were performed by removing fuel rods fr:m tne fuel as:e :' 1:<

measuring the La 140 activity as a function of ::re 9eignt. In tea *. e * e
) rods and water rods were not gamma scanned, the .easurec arc :alcula:s: ::a+-:

appear as :ero in Figures 4.1 1 through 4.1 56.

A total of seven bundles were measurec at eign 1xia: e'esa!': s ei:-

with three Oundles in Cycles 2, three in Cycle 3. arc One n :.:'i . :
'

perform the C mparisons, the pin power cistri:uti:ns # :- 45"C :: .s e e

converted to Ba 140 distributions. MICRCEURN B :a':ala:e: ex::s -e.
-

instantaneous void, anc veio nistory distributions at E;; . E:::. : ::::

*ere used in determining the Ba 140 distributions. 'ne a,ers;e e: .e
standard deviation for all comparisens ERI ::cu ent: e::" i

measurement uncertainty value of approximately 1.!P.. Thus tne ;r:sc u . :-

the calculated local power cistribution is * n ' : n : : .s s
good agreement betneen the measured and MICEURN 3,CA5MO 3G :al:a' ate: ' ei ::-

,
powers.

4.2 uiC00E0 N 9 Ver<'d 1t an

The MICRCEURN B react:r core simula:Or :::e 15 .er'''s: : :: :1 : e

calculated and measurec reactor parameters. e 'd::E:5.P i :. e * :
*

.

calculations for the Chinsnan 1, Kuosneng '. ( o:ne ; I. : 1: : 4:.

l
1

1

_ __ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I
Susquenanna 1, and SusQuehanna 2 reactors were :alcuiate an: :: :are: *:.

measured data. The hot operating k eff values :alculate: y 'd :ECE'.E1 E 3 :
the MICECSURN-B calculated startup cold critical ( ef# /a' es #:e : ese
reactors are also su=ari:ed. The hot and :cid :rsti:ai :ata . ave n:: :st-
corrected for reactivity biases associated witn tne ef#ects :f ':r :" :: i

instrumentation, and fuel assemo'. spacers.
.

Measured and calculated traversing incere r::e C: 7' :ata ':- e

Chinshan 1, Kuosheng 1, Kuosheng 2, Cuad C;;tes
. 5.3:ue an a '. 3:

Susquehanna 2 reactors have been compared anc results are :resente: -

Appendices A, B, O and E. The data shown is typical fer :eg,aning :f : :'s. 3
middle of cycle, and end of cycle for each of the react:rs. Ali M::RCE' :Ni

|calculations were performed with a full core mocel using 24 cr 25 ax*1', ::es

The Quad Cities 1 end of Cycle 2 (Reference 3) anc en: of :.:'e :
.

(Reference 5) fuel assembly ga=a scan measurement: na.e :een :: :a s: :

MICR0 BURN B calculated nodal powers. The :alculatee, easare: res *. *: g
Cycles 2 and 4 are shown in Appendix C. The measure: :ata : .a .at 3:: W*

.

The MICRCBURN B calculated nodal powers aere ::nverte: :: .3 .4C 3:: . *:
'

*
.

the comparisons.

4.2.1 Chinshan Unit 1 Cveles 5 throuen 9

CASMO 3G/MICROBURN B core follow calculations nave toen :er#: e: #:-
Chinshan 1 Cycles 1 througn 9. TIP comoarisons ere :er#:r ec ':r : :'+: i gthrough 8. Pertinent reactor core parameters at r a '. e :: era: g ::r: - :: a
for the Chinshan units are given in Table 4.2.1 1. Ta:le 4.2.; 2 : r a :e:
the GE and ANF fuel loaded in Cycles 3 thr ugn 9. W fuel aas #'

:. :3:e:

in Cycle 6. Results of measured versus :alculatec ~:? :: :ar .:ns a : :: i .
ef# (hot and cold) have :een ace for Cjcies i : .r:.;n e :e; -- ; :# .+
9. IIP comparisons are plotted anc given in :.e ':'':< ; # ;. es - ::e : ,

A:

I
I'

--- -
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xN 4F 80 19(NP)(A)

Volume 1
Suppla*ent 3

Dage 11

CMnshan 1 TID D1 0tsg F'aures

I 5 A 1 in'ough A 3
0 A 4 througn A i
7 A 7 throVQn A ;
BI A 10 througn A ;:

Tabl es 4. 2. '. 3 to 4.2.1 6 sumari:e the calculatec oe" .90 a e-1;e

voids versus cycle exposure for Cycles $ througn 3. Hot eef' <a' es 1e
plotted versus core exposure for Cycles 5 through 8 in Figure 4.2.; ; S

e

cold k critical values for Chinshan 1 Cycles 4 through 9 are su= art:e: -

Table 4.2.1 7.l' Table 4.2.18 sumari:es results of multiple tests at t~e
beginning of Cycle 9 for the initial and final loading patterns.

4.2.2 Kuoshena Units 1 and 2

Core follow calculations have been perfor ec for (acsneng Jnt:s . Ir:
from Cycles 1 through 5. Table 4.2.21 sumari:es react:r ::re :arl e:4 :
which define the units at rated operating conditien. Tacle 2.2.2 2 ::3 3E

I and ANF fuel types loaded in Cycles 1 through 5 for <aosneng ; ar: :,:'es .
' through 5 for Kuosheng 2. ANF fuel was first loacec in C,cle 4 Of ::: / * :.

Measured versus calculated TIP and core k eff (hot anc :010) :: :ar*;;rs a.e
been made for both Kuosheng units. TIP comparisons for uosneng ; :f: 's;i

through 5 and Kuosneng 2 Cycles 4 and 5 are plettec in :ne ' ''

:; ' ;. i.
in Appendix B:

Kuosheno 1 and 2 710 Diots
M M FicuresI

KS1 1 3 1 :ne:u;r S 2
KS1 2 B-4 inr:a:n 3 4'

E KS1 3 B7
~

g KS1 4 3 3 inr:..;n 5 .:
KSi 5 5 ;; inr: ;r 2 .3
KS2 4 3 ;; inr:;;n 5 ;f
KS2 5, 3 ;7 :tr:;;- E .3!

I 1

,
m_ _ . _ . _ .
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Tables a.2.2 3 to 4.2.2 9 sumari:e the calculated k ef's anc average
voids versus cycle exposure for the seven cycles. Hot k eff / a ', u e s are

plotted versus' core exposure for the cycles for Kuosneng i anc 2 in P;ures
4.2.2-1 and 4.2.2 2, resoectively. The cold k cr,tical values f:r ( :snen; '.
Cycles 2 through 6 and Kuosheng 2 Cycles 2 througn 5 are su mari:ec 'n 'a::e
4.2.2 10. The eight cold critical tests for Kuosneng 1 Cycle i are :e#' e: -

detail in Reference 5. '

4.2.3 Quad Cities Unit I cveles 1 throuch a
Core follow calculations have been repeated for wu w Cities Unit '. /:.es'

1 through 4 Table 4.2.31 sumarizes reactor core parameters uni:n :ef'ne
the unit at rated operating conditions. Table 4.2.3 2 lists fuel ty;es 'ca:e:
in Cycles i through 4 Results of measured versus calculatec T:? :: :ar's: s
and core k eff have been made. TIP comparisons for Quad Cities 1 :j:'e 2 are
plotted in the Figures 0-1 through D4 in Accendix 0. Tacl es 2. 2. 3 3 *.:
4.2.3-6 sumarize the calculated k-effs and average voics versus :: 'e
exposure for the four cycles. Hot k-eff values are :lottec <ers s ::-e

-

exposure for the cycles of Quad Cities-1 in Figure 4.2.3-1.

The Quad Cities 1 end of Cycle 2 (Reference 3) anc enc :f :.::e :
.

I"oference 5) fuel assembly gama scan measurements nave :een ::::are: : .e
V :.'08 URN-B calculated nodal powers. The calculatecimeasurec n:ca' ::aer
results for Cycles 2 and 4 are snown in Accencix C. The asser:ij ;1- a :ar
results (without peripneral assemolies included) are :resentec : ;are:-

5.3.5 1 an 5.3.5-2. The measured data is La-140 activity. The C35d
calculated nodal powers were converted to La-140 activi y 3:e :e
comparisons. The comoarisons show good agreement tetween t' eas.re: 1:
calculated results. The relative standarc ceviati:ns #:r :ne :: a::e : ~
results are and for Cycles 2 anc 4 The relatt,e star:ar:

deviations for the 30 nodal results are and f:r ;<cies 2 an: 2
~

l

I'

-
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4.2.4 ruscuehanna Units 1 and 2
Core follow calculations have been performed for Suscuenanna ,,n ;; 1.

2 for Cycles 1 through 4 in Unit I and' for Cycles 1 inr ugn 3 .n . I.
-

Table 4.2.41 summari:es eactor core parameters anicn :ef'ne *. e .r':: :

rated operating conditions. Table 4.2.4 2 lists tne fresn SE an ANF '.e'
types loaded in Cycles 1 through 4 for SusQuehanna ! and O cles ' *- : ;r 3f . .

g for Susquehanna 2. ANF fuel was first loaded in C/cle 2 f :: . .-.:.

J Results of measured versus calculated TIP comoarisons and core ee " :: ar:

' cold) have been made for both of these units. TIP c mparisons ':r .r .

Cycles 1 and 2 and Unit 2 Cycles 1 througn 3 are plotted in :ne #:'':., .;
figures in Appera!v 3:

1 Suscuehanna 1 and 2 TIP Diots
M Cycle ;+ cures

SOB 1 E1
SOB 2 E-2
SOB 3 E3
SOA 1 E4
SOA 2 F. 5
SOA 2 E-5

Tables 4.2.4-3 through 4.2.4 6 summari:e the calculatec ee" ar: 1.e-1;e
voids versus cycle exposure for Unit 1 Cycles 1 nrougn 4 ne ::r es:: :' ;

*

information for Unit 2 Cycles 1 througn 3 is containec n 'a:'es 4.2.2 3
through 4.2.4-10. Hot k eff values are plottec versus ::re ex:::.re #:-,

Susquehanna Units 1 and 2 in Figures 4.2.41 and 4.2.4 2 es:e:: .e' e

cold k-critical values for Susquehanna 1 C/cles 1 nrougn 4 anc 5;;; e ar 3 :

Cycles 1 through 3 are summari:ed in Tables 4.2.2-7 an: 4.2. .

respectively.,

- -- - - - - _ _-
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I
TABLE 4.2.1-1 CHINSHAN 1 AND 2 REACTOR CORE RATED PARAMETERS

|-

Thermal Power, MWt 1775 (100?. of "steo)

Core Flow, Mlb/hr 63.0 (100?. of ra:eo;

Inlet Subcooling, Stu/lbm 12.3
'

Core Pressure, psia 1035

Total Assemblies in Core 408

I

I
I
I
I

I.

I

I

I'

_
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L XN NF-80-19(NP.)(4)
Volume 1

-. Supplement 3

( Page !5

TABLE 4.2.1-2 CHINSHAN 1 CYCLES 3 THRCUGH 9 FUEL LOACING SUMMARf

Cycle Energy,s

M GWd Fuel Tvre Leadec Nu rer .. ace:*

( 3 592 GE P8C.tS284 SG3 IS
GE PSCRS284 2G3/4G2 54

4 366 GE PSCRB284-SG3 40( GE P8CRB284-2G3/4G2 21

5 565 GE PBCRB284-SG3 28

( GE PBCRB284-6G3 B4

6 704 ANF ANFS 3148 6G3 64
ANF ANFS-314B SG4 64

7 711 ANF ANFS 3148-6G3 76
ANF ANFS-314B SG4 56

t; 8 674 ANF ANFS 3148 6G3 '. 2

ANF ANFS-3148 SG4 50
ANF ANFS 3008 6G3 32

3 9 559* ANF ANFS 3148 6G3 ;6
i ANF ANFS 3148 SG4 34

ANF ANFS-3008 6G3 16
ANF ANFS 300B SG4 S

I .

I
l

.

* Cycle currently in operation.

.

. _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ . --__-__-_____-___-____--_---
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I
TABLE 4.2.1-3 MICROBURN B CALCULATED K-EFF AND AVERAGF. V0105

FOR CHINSHAN 1 CYCLE 5

ICycle
Exposure Average Power O cw
/ mwd /4TU) k-off Voids WWt 100 '5%

86.4 1351.0 31.55
'

253.3 1770.0 52.33

|395.5 1761.0 50.11
582.2 1775.0 52.39
710.0 1773.0 43.31
785.1 1763.0 52.47 E

,

928.1 1769.0 52.41 5
1064.1 1765.0 51.32
1156.1 1772.0 50.97 m1344.5 1772.0 47.72 51475.5 1772.0 51.!!
1698.7 1765.0 50.20
1848.2 1558.0 39.49 E1961.2 1765.0 48.34 52088.2 1756.0 43 31
2267.3 1768.0 52.11 m2427.5 1775.0 51.37 g2593,5 1766.0 51.37
2756.8 1657.0 45.45
2918.0 1772.0 50.92 E3107.3 1762.0 50.64 53273.0 1765.0 50.70

-3413.1 1776.0 52.30 m3618.8 1764.0 51.59 g3785.1 1767.0 51.74
3963.8 1768.0 51.50
4152.0 1772.0 50.03 34341.9 1775.0 AS.35 5
4508.4 1772.0 50.32
4674.3 1772.0 50.20 g4864.1 1774.0- 51.31 g5009.3 1661.0 45.5;
: l:e8. 3 3tIL e- , , :. ..-e

. es

53,11.0 1769.: 52.;l E
e 4 ', ' 7 i,, , -.

5.:

5:<. 2.9 t '. : * :: ::va.e :1.:.

'

.

I.
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I
TABLE 4.2.1 3 MICROBURN B CALCULATED X EFF AND AVERAGE VO! S

FOR CHINSHAN 1 CYCLE 5 (CONTINUED)

Cycle
Exposure Average Power ?!:w
(mwd /MTU) k-eff Voids WWt 100 ' b. 5r

5673.2 1772.0 51.91
5801.8 1772.0 50.97
5939.7 1771.0 51.17I 6124.8 1764.0 50.35
6290.9 1775.0 51.41
6457.4 1766.0 52.53I 6643.6 1771.0 52.77
6781.'O 1768.0 51.74
7009.7 1767.0 50.35
7247.7 1767.0 52.95I 7247.7 1769.0 50.38
7408.5 1769.0 50.38
7593.6 1766.0 52.21

I
I

.

.

I
I
I

'

g 1

I
-- -
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Volume 1 g
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TABLE 4.2.1-4 MICROBURN-B CALCULATED < EFF AND AVERAGE VOIOS
FOR CHIN 5HAN 1 CYCLE 5

Cycle
Exposure Average Power U :w
(mwd /MTV) k-eU Voids Wt 100 't*r

440.9 1292.2 24.90
578.8 1771.3 50.49
741.4 1770.3 52.27 |1187.4 1772.1 52.32 m

1740.9 1770.7 52.54
1942.7 1775.1 51.39 a
2164.2 1775.8 51.53 g
2398.9 1775.0 50.37
2563.5 1772.0 51.96
2681.7 1771.6 51.27 E2847.1 1774.3 50.74 m
3036.0 1756.2 51.91
3199.8 1766.7 51.42 a*

3362.7 1773.2 51.05 53526.0 1774.6 51.59,

l 3739.6 1777.7 51.10
3906.1 1775.9 49.59
4016.6 1770.3 51.37
4183.6 1773.4 51.47

| 4352.4 1767.3 50.59 g
: 4682.5 1773.4 52.33 g'

4810.1 1759.9 51.75
5030.1 1773.1 51.34
5343.1 1757.5 51.52
5507.9 1757.1 51.56
5664.9 1771.5 51.40
5859.1 1759.3 52.53 3
5952.3 1759.0 52.29 g

| 6139.3 1770.4 50.93
6280.4 1773.7 51.72

| 6463.9 1753.4 51.24
| 6619.1 1774.5 50.53
i 5941.7 1772.0 50.'5
| 7130.1 1771.7 50.'9 37259.8 1771.4 5;.32 g

7425.9 1770.4 51.05

I
|

|

I
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TABLE 4.2.1 4 MICROBURN B CALCULATED K EFF AND AVERAGE VC.:S
FOR CHINSHAN 1 CYCLE 6 (CONTINUED)

s

Cycle
Exposure Average Power ~10w
(WWd/MTU) k aff Voids WWt '. 0 0 ' "r

( 7587.1 1772.0 52.59
l 7836.9 1691.2 46.34

7933.3 1656.1 45.68
8079.5 1741.7 52.28
8211.7 1721.2 52.36
8369.9 1745.7 52.96
8473.1 1763.1 52.31
8638.6 1661.1 50.09
8732.5 1662.2 50.36
8951.7 1182.0 38.50

. 9093.5 1630.5 52.38
9051.0 1182.0 28.50
9192.8 1630.5 52.38
9337,9 1570.9 52.36
9452.0 1538.9 52.15
9574.5 1544.2 52.39
9660.6 1511.9 52.50

|
|

_ _ _ _ _ _ _ _ _ - _ _ . . - . _ _ . _ _ _ .-
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I
TABLE 4.2.1 5 MICROBURN-B CALC'JLATED K EFF AND AVERAGE VOIOS

FOR CHINSHAN 1 CYCLE 7

Cycle
Exposure Average Power ~1 cw
PWd/MTV) k-eff Voids _ Wt 100 lb*

177.8 1660.3 52.73
281.6 1754.0 52.14
584.7 1760.5 52.13 I
737.4 1771.5 52.17 E
975.1 1769.5 51.32

1179.2 1771.7 51.25 a
1327.2 1771.4 50.82 5
1479.1 1775.2 50.75
1479.1 1734.8 52.56
1655.7 1734.8 52.56
1798.1 1772.4 50.53
2061.8 1773.3 51.32
2262.0 1771.1 51.25 3
2411.8 1772.4 50.34 5
2559.8 1770,0 50.34
2718.5 1752.5 51.55
2989.0 1770.7 51.93
3140.5 1771.5 50.51
3290.5 1772.5 50.51
3475.8 1775.1 50.59 g
3665.4 1773.7 50.03 3
3760.8 1732.4 52.49
3911.5 1775.0 52.02
4049.7 1770.4 51.28

' 4259.7 1766.9 51.40
4442.1 1759.3 50.50
4660.3 1773.5 50.39 E
4777.8 1759.5 51.20 B
4966.5 1762.1 48.03
5100.2 1770.3 48.55
5198.5 1769.5 50.70
5448.9 1770.3 50.97
5577.8 1771.5 51.55
5775.0 1770.8 51,3: E
5920.7 1772.1 52.10 3
6053.4 1769.9 '48.51
6193.7 1547.0 45,21
6333.8 1755,7 51.;3

- I
- _ -- -
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TABLE 4.2.1 5 MICROBURN-B CALCULATED K EFF AND AVERAGE V0::S
FOR CHINSHAN 1 CYCLE 7 (CONTINUED)

.

Cycie
Exposure Average Power O ow
/ mwd /MTU) k ef' Voids WWt 100 lb<ke

6499.7 1771.5 51.77
6710.8 1767.7 52.27
6858.9 1770,o 29,73
6976.1 1769.6 51.45
7136.0 1771,o 51,;0
7351.8 1770.1 52.20
7521.0 1771.2 52.05
7641.4 1765.0 52.50
7815.4 1766.8 50.47
7989.4 1770.6 50.28
8204.9 1771.3 50.82
8428.9 1766.4 52.89
6505.0 1769.3 51.29
8705.8 1763.0 52.42
8841.4 177o,o 31,39
8957.2 1740,3 49,51
9136.5 1736.2 52.33
9292.6 1700.4 52.52
9568.o 1647.4 52.55
9693.9 1623.5 52.65
9774.0 1617.6 52.99
9774.0 1617.6 52.99

_ _ _ - _ _ _______
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TABLE 4.2.1 6 MICROSURN-B CALCULATED K EFF AtJD AVERAGE VOICS
FOR CHINSHAN 1 CYCLE 8

ICycle
Exposure Average Nwer flow
(mwd /MTU) (-a H Voids "Wt 100 l b, V

189.0 1762,9 50.93
478.1 1770.3 51.14 g
625.8 1770.3 50.93 g773.7 1768.9 50.56
995.4 1771.5 49.52

1165.9 1766.0 50.19 |1P.3.1 1769.5 51.46 m1509,4 1771.6 50.61
1681.7 1770.0 49.32 m
1826.5 1774.0 50.24 g
1999.0 1771.8 50.93
2155.7 1753.3 52.74

| 2326.2 1772.S 51.46 E| 2444.8 1772.9 51.04 5
2638.4 1772.1 50.03
2786.0 1772.6 49.93 33211.'3 1773.3 51.41 g3382.9 1774.3 51.36
3600,7 1770.5 50.93,

| 3797.8 1772.4 50.93 E
| 4016.5 1771.2 50.46 5

4135.8 1773.9 52.25,

| 4281.6 1773.3 50.19 E' 4478.2 1773.7 50.03 g.
4600.9 1773.5 51.52
4748.9 1770.3 50.51
4945.9 1773.3 51.73
5108.5 1765.4 51.94
5244.7 1773.1 52.47

| 5297.0 1766.3 51.36 55441.5 1773.2 50.93 g5509.6 1767.3 49.93
5804.9 1767.4 51.25
6026.9 1770.6 51.45 E6263.2 1774.4 53.40 5
6558.9 1766.0 52.21
6682.0 1771.9 51.59

I
-- - - -- - - - -
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TABLE 4.2.1-6 MICROSURN B CALCULATED <-EFF AND AVEPJGE V0105
FOR CHINSHAN 1 CYCLE 8 (CONTINUED)

Cycle
Exposure Average Power ilow
PWd/MTU) k eff Voids WWt 100 lb 'r

6934.3 1769.6 52.20
7092.0 1771.5 51.52
7336.6 1765.0 51.14
7552.2 1772.8 50.77
7894.5 1771.1 50.61,

8042.0 1770.8 51,57
8262.3 1715.1 53.12
8374.6 1751.6 52.66
8531.2 1730,7 52.99

| 8661.3 1725.9 52.56
| 8852.6 1692,7 52.59

9009.9 1665.9 52.58
9164.I 1075.5 26.44

1 9252.3 1243.5 32.20
9348.8 1248.5 33.55

| 9348.8 1248.5 33.55

I

I

|
i

I

|

_
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I
TABLE 4.2.1 7 CHINSHAN 1 CYCLES 4 THRCUGH 9

COLD CRITICAL EIGENVALUES

E'
% m . . . .

h1 SOC 4.

2 SCC 5

3 MOC5

4 SOC 5

5 SOC 7 j

1

6 SCCS

! I
7 SOC 9

(Final Loading) ; ean :f 3 :n :.

8 (Initial Loading) (mean :# 3 :n .

I
,

I
| I

I<

; I
.

I
- _ _ - -- _
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I -

I
XN-NF 30 19(Np)(A)

I Volume !
Sucplement 3

dage 25

TABLE 4.2.1 8 CHINSHAN 1 CYCLE 9I COLD CRITICAL EIGENVALUES

(Final loading Pattern)

I i
3

I :
6

I i
Mean k critical -

Standard Deviation -

I
(Initial Loading Pattarn)

I Case k .c.4 4 -r

I !
3
4

6
7

*I Mean k critical -

Standard Deviation -

I
.

I
I

_
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Il

I
XN-NF-30-19(NP)(A) I

volume ! I

Supplement 3
Page 25

,

TABLE 4.2.2 1 KU0SHFNG 1 AND 2 REACTOR CCRE RATED ?:RAMETERS

I~

Thermal Power, MWt 2394 (;C0?; of -s:s::

Core Flow, Mlb/hr 34.5 (100?; of -a e::

i Inlet Subcooling, Stu/lbm 23.05
i

Core Pressure, psia 1055

Total Assemblies in Core 524

I
I
I
I

;
,

I
I
I
.

i

_______m___.._____ _ _ _ _ _ _ _ . _ _ _ _ . _ , _ _ _ . _ _ _ . ._- . _ _ _ . - _ _ _ _ .-
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-

XN NF 80 19(NP)(A)<

Volume !
Supplement 3~

[ Page 27

l\
u

TABLE 4.2.2 2 KU0SHENG 1 AND 2 FUEL LOADING SUPMARY

Cycle Energy,
M .Qy.qh GWd Fuel Tvre traced % re .v :s:

1 1 1195.2 GE PSSIB219 4GZ 250
GE PSSIB176-4GZ '33.

GE PSSIB071 NCG ~5

2 902.8 GE PSCRB284 6G3 2:2

3 834.9 GE PSCRB284 6G3 ;56

4 1190 ANF ANFS 3158-BG4 216

I
5 896 ANF ANFS 315B 8G4 96

ANF ANFS 3158 6G4 96

6 1192 ANF ANFB-3155 8G4 '. 6 3

ANF ANF3 315B 6G3 24

2 1 1170 GE PSS13219-4GZ 360

I GE PSSIS176 4GZ ;55
GE PSSIB071 NCG '6

2 SS6 GE PSSRSESA 6G3 2 '. 2

3 821 GE PSSRB2S4-6G3 ;56

4 1289 ANF ANFS 3155 5G: '5.

i 5 1180* ANF ANF3 3155 SG4 25
'

ANF ANFS 3153 6G4 200

*
Cycle currently in operation.

_. _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I
XN.NF-SO.19(NP)/4)

Volume !
Suc0le. Tent 3

Page 2S

I
TABLE 4.2.2 3 MICROBURN B CALCULATED < EFF ANC

AVERAGE VOIDS FOR KU0SHENG 1 CYC1.E 1

Cycle
Exposure Average Power ~1:4
(mwd /MTU) k-eff Voids WWt 100 'S**

I0.0 2154.0 59.30
693.0 2154.0 59.30
914.6 2979.0 34.65 E1210.6 2941.0 34.2S 5

1743.9 2871.0 32.36
1861.1 2756.0 73.46 m2147.7 2728.0 77.25 g2185.3 2860.0 34.25
2648.1 2S74.0 79.93
2648.1 2878.0 31.35
3007.2 2871.0 30.04
3188.7 2819.0 73.35
3301.5 1869.0 44.25 g
3561.0 2410.0 54.32 g3793.4 2717.0 73.05
3838.6 2717.0 "S.05
4062.8 2851.0 33.25
4299.0 2SS9.0 3'.. 9
4374.3 2S89.0 31.:9
4603.5 2S90.0 32.35 g

i 4870.4 2692.0 ~2.54 5| 5053.3 2893.0 31.51 -

| 5244.7 2891.0 30.45
5500.3 2896.0 31.!'

| 5570.6 2886.0 31.!7
1 5661.2 2S48.0 32.44

5713.9 2982.0 79.93 35935.7 2504.0 57.^3 36114.7 2895.0 32.20
6324.2 2753.0 74.74
6488.3 2767.0 34.25
6653,.0 2756.0 31.09

,
D ,I G I . 3 ..~C.,e :- ~$La - - - . -

s

6399.4 2733.0 '5.52 57009.7 2739.0 75.25 g
7200.2 2335.0 34.10
7373.6 2371.0 " 19*

7556.1 2342.0 57 19
7555.4 2335.0 33.95



- _ - _ _ - _ _ _ _ _ - --

,

.

XN-NF 30-19(flP)(A)
Volume !

Su00lement 3,

[ Page 29

TABLE 4.2.2 3 MICR0 BURN-8 CALCULATED < EFF ANO
AVERAGE VOIDS FOR KU0SHENG 1 CYCLE 1 (CONT.)

[
Cycle

[ Exposure Uterage Power F :w
k (mwd /MTU) k eff Voids WWt '. 0 0 'b**

7931.7 2890.0 33.95
>

S107.2 2S90.0 33.20
1 8338.7 2747.0 74.33
| 8464.4 2S98.0 32.15

8810.4 2S84.0 34.43
8868.7 2811.0 34.59

f 8981.7 2740.0 79.35
9315.3 2S79.0 34.25
9625.2 2733.0 77.75
9737.2 2580.0 34.32

10502.8 2357.0 73.55

|
,

|

,

- - - - - - - - - -



1

I'
AN NF 30-19(NP)(4)

Volume 1
Supplement 3

Page 30

I
TABLE 4.2.2-4 MICROBURN-S CALfULATED < EFF AND E

AVERAGE VOIDS FOR KU0SHENG 1 C'fCLE 2 E

Cycle
Exposure Average Power i' :w
(mwd /MTU) k-ef# Voids WWt 100 'b"-

0.0 '

2865.0 33.99
119.3 2855.0 33.99
260.9 2887.0 32.49
387.3 2874.0 34.50
511.2 2537.0 31.51
686.9 2880.0 32.41
812.7 2897.0 31.54
972.0 2S91.0 31.51

1149.8 2893.0 30,48
1251.4 2894.0 79.33
1418.3 2878.0 73.20
1568.5 2S93.0 S!.54
1689.7 2808.0 75.46
1788.4 2317.0 79.41
1962.I 2558.0 53.47
2135.4 2814.0 75.15
2135.4 2895.0 34.27
2188.2 2895.0 54.27
2378.4 2895.0 52.;S
2488.0 2S94.0 79. 5
2593.2 1527.0 44.53
2782.3 2173.0 50.35
2937.0 2249.0 59.55
3055.3 2594.0 73.53
3199.3 '2887.0 31.35.

3300.2 2894.0 31.55
3427.2 2994.0 31.05

'3578.0 2225.0 55.44
3764.3 2S92,0 7S.03
3917.3 2248.0 54.23
4037.1 2390.0 52.33
4159.3 2S94.0 73.34
4306.5 2893.O S2.IS
4382.8 2391,0 32.55
4556.5 2S92.0 51.50
4759.8 2391.0 S2.55
4931.4 2395.0 - .S: g
5129.0 2391.0 51.35 g

.; ., <,:n,

__



. _ _ .

I
I

XN-NF-80 19(NP)(4)

I Volume 1
Supplement 3

Page 31

TABLE 4.2.2 4 MICRGBURN-B CALCULATED < EFF 4ND
AVERAGE VOIDS FOR KU0SHENG 1 CYCLE 2 (CONT.)

Cycle
Exposure Average Power 51:w
(PWd/MTU) K eff Voids "Wt 100 '5""

' 5299.2 2893.0 31.65,

5477.8 28S8.0 32.94

I 5580.5 2894.0 52.37
5858.0 2S96.0 50.13
6031.7 2894.0 31.16
6166.7 2991.0 31.65I 6342.9 2994.0 31.16 *

6505.4 2S94.0 31.55
6652.0 2891.0 33.283 5652.0 2663.0 66.255 6828.7 2633.0 66.25
6989.7 2888.0 78.73

: 7154.1 2SS6.0 78.48
: - 7309.8 2350.0 32.33; 7493.4 2006.0 34.22
! 7657.0 2755.0 30.50
! . 7825.6 2755.0 34.56

7941.3 2636.0 50.;3

!I

!I

I
I
I
I

.

;I
.

.
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I!

I
Xtt ftF.30 19(!4P)(A)'

Volume 1 E
Supplement 3 E

Page 32
~

I
TABLE 4.2.2 5 MICR0 BURN B CALCULATED K EFF 4tto

AVERAGE VOIDS FOR KUO5HENG 1 CYCLE 3

Cycle
Exposure Average Power 510w
(mwd /MTU) k_- a f f 1qlgL, WWt 100 1Nw

0.0 2S70,0 24.17
176.5 2870.0 34.17
392.5 2790.0 79.17 E618.7 2S90.0 S3.75 5872.7 2892.0 S0.31

1112.8 2894.0 S1.52 m1301.6 2894.0 30.04 g1454.3 2892.0 79.29
1655.7 2889.0 78.19
1858.9 2885.0 77.32 |2001.9 2765.0 72.96 m2215.4 2494.0 67.70
2345.2 2315.0 57.90 g2503.9 2S88.0 S3.22 g2743.0 2802.0 78.53
2827,2 2891.0 31.73
2917.6 2S17.0 75.50 |3125.3 2769.0 75.20 m3283,1 2738.0 75,92
3442.5 2731.0 74.14 g3610.8 2S36.0 79.7S g3786.5 2872.0 32.35
3887.6 2883.0 31.41
4065.6 2S89.0 31.96 |4242.8 2888.0 31.'9 5
4343.7 2887.0 S2.50
4469.0 2892.0 30.70 m4622.2 2891.0 32.19 g4811.1 2893.0 33.00
5033.0 2S91.0 31. '. 5
5210.3 2S90.0 31.7'.
53SS.2 2887.0 33.23
5535.1 2S94.0 3 0 '. '.
5631.5 2S34.0 72.22 35777.7 23S5.0 73.1 E5977.9 2SS6.0 75.55
6180.9 2SS6.0 S0.S2
6296.6 2890.0 30.53

I



_ _ _ _ _ _ _ - _ - - _

s

XN NF-80 19(NP)(A)'

Volume 1
Supplement 3

[ Page l'
L

r
I TABLE 4.2.2 5 MICROBURN B CALCULATED < EFF AND

AVERAGE VOIDS FOR KU0SHENG 1 CYCLE 3 (CONT.)

| Cycle
Exposure Average Power 51:w
IMWd/MPJi k-eff Voids *Wt '. 0 C 't"r

6463.6 2879.0 77.70
6622.6 2890.0 34.12
6723.1 2796.0 $0.70

1 6909.0 2893.0 32.45
7053.6 2876.0 37.16
7202.8 2854.0 37.97

1 7301.1 2751.0 34.36
7345.6 2751.0 34.36

I

I

I

I
.

I

I

O

l

. _ _ _ _ _ _ _ _ _ _ _ _ __ -
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I
1
1

I
XN-NF.30-19(NP)(A)

Volume 1
Supplement 3

Page 34

TABLE 4.2.2-6 MICR0 BURN B CALCULATED <-EFF 4ND
AVERAGE VOIDS FOR KU0SHENG 1 CYCLE 4

. g
Cycle E

Exposure Average Power C : a-
Iuwd/MTV) k.ef# Voids MWt '. 0 0 ' r ,* r

0.0 2875.3 32.20
185.2 2S75.3 32.20
346.2 2878.1 35.20
512.7 2SS6.4 S1.40
742.6 2883.3 S1.30
948.1 2890.3 S0.10 g

1076.5 2891.2 78.70 g
1178.0 2892.2 79.40
1368.4 2889.5 77.50
1394.0 2395.1 57.40 E
1531.0 2388.6 70.50 W
1787.0 2889.0 72.30
1995.5 2879.7 74.40 g
2210.4 2S91.9 71.90 g
2400.6 2384.3 70.30
2502.7 2S89.3 73.70
2801.2 2891.1 7'. 70
2973.4 2874.8 59.04
3144.2 2390.6 76.24
3323.6 2S92.0 74.72 33503.0 2S92.5 72.95 g
3821.4 2892.5 70.55
4026.8 2S89.3 70.33
4195.0 2SSO.2 70.15
4436.4 2SS9.1 56.74
4604.2 2882.5 53.53
4752.5 2795.4 56.01
4923.7 2257.3 50.53
5103.1 2508.1 51.25
5352.5 2891.2 71.32
5546.9 2380.8 70.25
5722.2 2334.7 71.56
5893.7 2SSS.3 73.17
6069.6 2545.5 59.99 36283.1 2S39.2 74.24 g
6459.6 2335.2 74.50
6617.0 2283.4 73.;3 *

6743.2 2579.3 72,25

I
_ -- - -
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_.

_ Xti-NF-80 19(NP)(A)
Volume 1

_. Supplement 3
Page 35

_

_

TABLE 4.2.2 6 MICR0 BURN B CALCULATED < EFF AND
AVERAGE VOIDS FOR XU0SHENG 1 CYCLE 4 (CONT.)

-.

Cycle
Exposure Average Power il w0
(mwd /MTU) k eff Voids WVt 100 '5 N

- 6864.9 2385.1 S0.08
7033,7 2885.2 77.48

i 7213.2 2890.5 S1.90j 7366.3 2887.3 22.65i

7621.9 2883.7 32.67
7747.6 2887.3 S1.46
7926.8 2885.6 S3.25

- 8142.5 2484.6 60.82
8344.3 2884.0 30.33

} 8446.9 2385.3 31.93
_| 6702.5 2S84.7 83.41

8906.5 2876.7 24.17
9200 9 2886.7 30.97
9329.0 2S88.5 82.98

. 9507.4 2882.4 32.47
9678.4 1891.7 45.77

I
9833.5 2S88.4 79.47

10012.6 2884.5 32.34
10182.2 2385.1 32.27
10359.3 2S86.4 31.35
10587.7 2889.7 86.23

'l
i
J

l
k



I
I

XN ilF 30 19(NP)(A)
Volume 1

Supplement 3
Page 36

I
TABLE 4.2.2 7 MICROSURN-B CALCULATED K EFF 3D D

AVERAGE VO!DS FOR KU0SHENG 1 CYCLE 5 E

Cycle
Exposure Average Power Fw
(mwd /MTU) 6 eff voids uWt 10C 't"

0.0 1180.4 32.02
12.9 1130.4 32.02
46.9 2352.4 51.
71.5 2S03.1 54.72

123.4 2SS9.7 74.95
227.9 2392.1 75.32
357.9 2891.1 77.39
539.4 2890.4 75.52 ,
688.9 2889.4 75.35

1103.2 2S06.0 74.07
1223.9 2885.4 74.50
1378.1 2SSS.3 74.13
1623.7 2705.3 53.20
1574.7 2870.9 78.52
1803.5 2886.1 73.50
1971.1 2SSS.! 'S.15
2073.5 2893.4 '9.46
2230.1 2381.3 79.15

| 2333.3 2SS7.7 73.96 ,

| 2384.7 2883.2 73.35
| 2488.0 2SSS.2 78.50
l 2565.7 2SSS.! 79.33

2824.5 2SS6.1 75.53
3050.5 2891.5 79.9^
3284.1 2S91.9 <3.52
3438.8 2S28.2 75.02
3542.0 2S77.2 77.57,

! 3696.7 2890.4 77.25
| 3800.3 2S93.5 75.33
| 4033.2 2869.1 72.94
| 4232.4 2256.3 71.90

4432.3 2S90.5 74.91
4624,1 2516.3 51.50
4827.9 2S91.3 72.24..

I

i
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XN NF-80 19(NP)(A)
Volume 1

Supplement 3
Page 37

%

TABLE 4.2.2-7 MICR0 BURN-B CALCULATED <-EFF AND
AVERAGE VOIDS FOR KU0SHENG 1 CYCLE 5 (CONT.)

Cycle
Exposure Average Power ilcw
(WWd/MTU) k eH Voids WWt 100 lb "r

4983.4 2387.9 72.43
5227.2 2882.5 72.49

1 5472.4 2889.2 73.98
5809.5 2388.2 71.23
6031.6 2887.3 75.37
6210.8 2885.5 75.34
6471.0 2S84.5 76.54
6755.5 2888.2 77.33
6937.0 2886.5 73.73
7017.9 2271.2 55.98
7214.4 2890.3 30.04
7399.4 2888.1 73.56
7606.9 2885.5 30.82

I 7866.1 2880.3 77.94
8071.9 2885.4 79.5v
8277.2 2885.1 31.25i 8473.5 2882.3 33.33
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I
Xtt tif 80 19(NP)(A)

Volume 1 E
Su;plement 3 g

Page 38

I
TABLE 4.2.2-8 MICROSURN B CALCULATED K EFF AND

AVERAGE V010S FOR KU0SHENG 2 CYCLE 4

Cycle EExposure Average Power Pw W
IFWd/MTU) k-eff Voids uWt 100 ' b i - '-

289.8 2S87.9 72.06
575.5 2892.4 77.59 7

751.6 2860.5 72.57
1105.3 2887.1 75.05 |1341.9 2S89.2 73.25 g
1749.4 2890.9 75.33
2029.4 2892.5 75.46 32250.2 2890.6 76.04 g2937.4 2886.9 53.49
3402.9 2887.6 74.35
3782.8 2891.5 72.50
4013.0 2887.2 71.33
4171.6 2SSO.1 77.97
4451.0 2SS2.9 75.54
4915.8 2S89.8 70.91 i5143.3 2288.3 59.54
5249.5 2987.9 77.43

h5758.1 2886.7 '3.52
6033.4 2SSI.5 74.ne mi
6263.7 2892.9 73.09
6591.3 2859.3 77.53 36743.2 2SS9.0 54.10 g
7135.1 2385.9 32.72
7386.5 2S87.4 79.31
7615.3 2SS6.0 34.55
7925.5 2893.0 35.28
8116.2 2875.5 34.25
8690.7 2SS2.3 31.53 38881.3 2888.0 35.40 lg9150.4 2323.1 73.50
9349.9 2S89.7 31.!'.
9681.0 2853.0 37.71
9847.9 2375.9 55.37 '

10148.3 2751.3 37.50
10245.6 2735.5 52.25 g
10293.5 2719.4 33.'.3 310410.8 2319.5 33.55
10795.0 2559.1 37.47
10945.2 2519.5 3E.'.i
11150.7 2535.4 33.'.5 t j

~,~.-.u~.........,.....a,c,....xy..., ..,-..,e.,,....e . . . . . , - .., .. ,;,;,
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XN-NF-30-19(NP)(A)
Volume 1

Su;pl nent 3
' age 39

TABLE 4.2.2 9 MICROBURN B CALCULATED < EFF AND
AVERAGE VOIDS FOR KU0SHENG 2 CYCLE 5

.

Cycle
Exposure Average Power ?1 cw
(mwd /MTU) k ef# Voids WWt 100 lbe*"'

0.0 2575.2 54.34
57.7 2575.2 54.34

102.4 2251.2 50.34
177.3 2882.0 75.535 342.0 2882.0 76.58
711.8 21'7.2 48.37
817.6 2873.9 72.38 .

869.5 2891.1 75.00
1172.9 2S58.0 75.22
1224.8 2888.6 79.72
1510.9 2B90.3 77.44
1640.3 2888.5 71.52
1718.2 2888.7 73.47
1911.9 2825.0 70.47

! 1964.3 2982.6 77.39
2016.9 2S85.8 75.75
2198.8 2829.5 72.55
2250.7 2885.4 73.31
2406.6 2SSS.9 75.91
2536.2 2891.4 75.03
2582.6 2SSS.S 74.37
2831.0 2882.3 73 ''
3200.0 2882.3

~

3226.3 2889.0 74.29
3408.0 2887.4 73.39
3589.7 2887.1 71.99
3821.2 2385.3 59.39
4063.1 2B77.7 73.59
4298.0 2877.7 73.59
4323.0 2544.3 73.56
4518.9 2725.3 55.93
4644.0 2SS1,0 75.33
4888.7 2575.5 55.99
4939.8 2555.2 '5.55
5018.0 2835.2 73.55
5109.0 1513.5 42. :
5237.5 2375.2 75.52
5323.S 2SS9.0 75.53
5704.8 2890.4 75.59

-

|

__
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i

[ XN NF 80 19(NP)(a)
volume 1 ,

'

i Supplement '
| Page 40

TABLE 4.2.2 10 (U0SHENG 1 AND 2 CYCLES 2 M CUGH 5.

: COLD CRITICAL EIGENVALUES
.

[.ng M M k :~M,

1 1 BOC2 |<
2 1 BOC3 4'
2 1 BOC4

'

1 4 1 B005
5 2 BOC2
6 2 BOC3
7 2 BOC4 &g 2 BOC5 g

9 1 BCCS SE01'

10 1 BOC5 SE02
11 1 BOCS SLO 3

; 12 1 BOCS SE04
13 1 SOCS SE05
14 1 BOCS SEOS $
15 1 B005 SE07 3
16 1 BOC5 SEOS

'

Mean k critical (Cases 9 15) f-Standard Oeviation (Cases 9 15) #

|
f3

2 MOC5 SE01 W
2 MOCS SE02

-

'

I
I\
y.

.

I
|

_. _ _ - _ . _ -- . , _ . _ _ _ _ _ _ _ _ _ _ - _ _ _ . .. - _ .. .. . .. . _ _ _ . . , -.
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-

xN.NF BC 19('IP)lA)

J
Volume 1

Sucpiement 3
Page 41

TABLE 4.2.3 1 QUAD CITIES 1 REACTCR CORE RATED 'RAMETERS

}
|

Thermal Power, MWt 2511 ('.00~, of s:a::.

Core Flow. Mlb/hr 98.0 (100*. Of 'a*.i::

Total Assemblies in Core 724

i
l
i
i
I

4.
.

L

l!

. .
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1

i I
XN NI 30 19(NE|(A) <

Volume ! ,

Su: clement 3
'

Page 42

TABLE 4.2.3 2 QUAD CITIES 1 CYCLES 1 THECUGH 4 FUEL LCADING SLMMARY

Cycle Energy,
C/cle GWd ruel Tvee t? aced M ar _:are:

1 1124 GE 7x7 2.12 */o U-235 *:4
'

897 GE 7x7 2.30 n/o U 235 23 *-

GE 8x8 2.50 */o U 235 25

3 616 GE 8xS 2.50 */o U 235 ':
.

GE Ex8 2.62 */o U 235 5:

4 1066 GE 8x8 2.50 */o J 235 !!3

3

I

t
R.

,

,

#

1 8

11

i I
.

I

I|
,
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I
XN NF-30 1904P)(4)

Volume 1I Su;plement 3
Page 43

I
TABLE 4.2.3-3 MICROEURN-B CALCULATED < EFF AND AVE U0E 70 'sI FOR QUA0 CITIES 1 CYC!.E 1

Cycle
Exposure Average Power F ew
fuWd/MTU) k e f' . Voids *Wt 100 % -r

712.1 2235 99.51
881.9 2240 94.55

1 1470.6 2197 97.55
2238.9 2450 97.97
3190.2 2414 95.30
3836.2 2197 94.54

4 4074.3 2320 94.72
4736.8 2377 92.93
5301.6 2337 90.95

I 6031.3 2014 73.50
6558.2 2225 97.39
6807.3 2210 94.14
7397.0 2267 95.62

I' 7659,4 2137 97.73
8060.2 2203 95.94

I
'

.

l.

I
I
I
E
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! I
1 XN.NF-30 19(NP)(A)
i Volume 1 |
;

supplement. 3 g
i Page 44
i I|

|

TABLE 4.2.3 4 MICRCEURN B CALCULATED K.EFF AND AVERAGE VC::S ' 'g~
FOR QUAD C!iiES 1 CYCLE 2 g

|

Cycle
Exposure Average Power s':*
fuwd/uTU) k. eft veids wwt 100 % "r

| 677.3 2226 58.01
1502.5 2412 97.42
1855.2 2500 96.53
2S86.9 2463 97.23

. 5609.5 1829 93.37!

5911.5 1713 94.10 E6324.5 1547 95 70 56454.5 1487 94.90

I
'

1

E

I
t

.

1

I
I
|.

| 1
-m rw *y g-% gr, ,m,,4-,_..,.g+g y=,,,, . , . , . _ .,. , ,,,-y ,wr7, ,,- , .p.-v, , --inr.w v.y,, ,, ,,,w 1,,- - -v --
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1
(N NF 30 19(NP)(A)5

Volume 1
Supple ent 2

f E1;e 45

TABLE 4.2.3 5 MICRCEURN B CALCULATED < EFF AND AVEUGE V0::S
FOR QUA0 CITIES 1 CYCLE 3,

Cycle
Exposure Average Pcwer i' cw
(WWd/uTU) kaU Voids wWt '00 'b'-

445.3 2441 96.30
1989.6 2423 98.20| 2783.2 2445 38.40

5 3753.2 2150 97.50
4221.7 2125 96.20

.

1

|

|

|

|

I

I

I

I

I
o -
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1
XN NF 30 19(Np)(A)

Volume 1
,supplement 3

Pa9e 46

TABLE 4.2.3 6 MICROEURv-B CALCULATED <-EFF AND 1VERAGE V0125
FOR QUA0 CITIES 1 CYCLE 4

Cycle
Exposure Avera9e Pcwer

'

6 :3 r
w

(vWd/MTU) k */' Vous wWt '3

412.4 2416 95,70
849.6 2103 73.67 3

1498.0 2462 98.94 5
1944.1 2438 97,89
2365.5 2454 99.39
2731.0 2468 97.96
3277.9 2482 97.38
3839.4 2495 98.59

Q4347.4 iggo 51,95
4733.9 2217 gg, 6 4
5173.3 2287 97.28
5471.1 2442 97.54

I5824.5 2233 92.38
6043.1 2023 31.32
6559.6 2053 97.62
6846.3 1456 !!.16
6983.8 1242 41.05
7656.6 1342 75.27
7843.2 1342 75.2'

t
i
I
I

i
1'

- - - -_- -- _ _
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XN NF 10-19(NP)(O

Volume 1
Su;;lement 3

Page 47

TABLE 4.2.4 1 SUSOUEHANNA UNITS 1 AND 2 REACTCR CORE :JTED ::R;ME ERS

i

Thermal Power, MWt 3293 ('00? of ne:;.

Core Flow, Mlb/hr 100.0 (;00t, Of -ne:';

Inlet Subcooling, 3tu/1bm 24.0

Core Pressure, psia 1005

Total Assemblies in Core 754
\

.

I

I

I

I

I

I

1 .

f__ _ _ _ _ _

.
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8
XN NF EO 19(NP)(A)

Volume 1
Supplement 3

Pa9e 4S

I
TABLE 4.2.4 2 SUSCUEHANNA UNITS 1 AND 2 FUEL LCA0!NGS EU"4R-

' -

Unit 1
Cycle Energy,

b.glg GWd Fuel Tv' o icacee 'N re- a:r:

1 1624.9 GE PSCRB711 NGO 92
GE PSCRB175 3G2 240 |GE PSCES219 2GZ 23:

2 743.7 ANFS2 2738 !G2 '92.

3 1390.3 ANFS2 2S9B iG4 295

4 1543* ANF92 3319 9G4 (9x9 Fuel) 240

I
Unit 2

Cycle Energy,
b.glg GWd ruel Tvre tracea 'to rt - . a:g;

1 1638 GE PSCRS711 NGO 92 4
i

GE PSCRB175 33: :::
GE PSCAB213 3GZ 22

2 1504 ANF92 3313 7G4 (9x9 Fai :::

|3 1289* ANF92 333B 9G4 (9x9 :;el' '2:.

ANF92 3333 10G5 (9x9 vel if

I
I,

I:
,

*
Cycle currently operating,

I
.

- . - - -- .-- - - + - - -,- - , . - -
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I

Xft-NF-50 19(NP)(4)i Volume 1
Sucalement 3

Page 49

I
TABLE 4.2.4 3 MICR0 BURN.B CALC'JLATED < !FF AND

AVEP. AGE VO!DS FOR SUSQUEHAtillA 1 CYCLE 1

i
.

Cycle
Exposure Average Power :.cw

, , ,

fuWd/MTU) k ef' Voids WWt 100 '?""

73.3 644.5 40.00
173.5 1307.6 43.00
221.0 1435.5 53.751 311.7 1435.5 53.75
353.8 2186.0 $9.36
609.8 2271.0 50.00'E 737.6 2717.0 75.62E S35.5 3209.0 97.50
990.6 3240.0 101.37(m 1274.4 2360.0 67.03

5 1319 2 3281 0 '7 22
1490.a 3278.5 99.61;bO2.4 3293.6 98.33I 2050.2 3291.3 97.11
2073.1 3290.0 96.33
2305.4 1966.8 57.11
2512.1 3294.9 95.031 2743.9 32SS.3 93.33
2907.9 3293.9 98.13
2975.0 3293.9 98.!3I 3144.9 3291.0 95.56
3400.2 32S7.9 97.53
3869.2 3294.8 95.63
4013.2 3290.7 97.03I 4194.2 3289.1 96.38
4342.0 3292.7 97.!!
4539.6 32S9.1 96.3SI 4717.0 3289.3 93.13
4988.6 3291.5 98.13
5107.8 3297.5 98.75

I 5186.9 1837.3 54.38
$416.5 3294.1 98.13
5627.0 3294.S 98.75
5834.2 3255.3 iS.75I *

5995.4 3291.4 93.13
6251.7 3253.3 93.13
6413.7 3268.3 96.25
6552.5 3255.7 98.75I

I
.

. -. - _ - - - - _ _ - -
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I

XN.NF 30 190iP)(A)
Volume 1

Supplement 3
Page 50

I
TABLE 4.2.4 3 MICROSUTsN B CALCULATED < EFF 4t:0
AVERAGE VOICS FOR SUSOUEHANNA 1 CYCLE 1 (CONT.)

.

Cycle
Exposure Average Power ri ew
(mwd /4TV) k eff vo<ds wWt '06 ' t . = ,-

6724.4 32e3,1 97,5c
6884.8 3232.3 96.25

|
<000.5 32SS.4 98.75
7110.5 3297.5 96.25
7236.9 3277,.4 94.38
7387.6 3287.2 93.75 g.
7505.8 3281.3 96.25 5
7638.4 3279,3 94,45
7840.9 3259.5 96.58 A
7991.6 3290.9 93.75 5
8165.7 3300.6 94.33 **
8342.5 3291.3 35.70
84S2.5 3228.0 96.25 5
8603.5 3283.9 99.38 g
2818.3 3290.2 95.53
8968.5 3283.3 98.2c
9116.P 3286.6 98.57 '

9242.3 32S3.3 91.25
9383.6 3209.7 ;00.20
9617.0 32S5.5 95,20 g
9703.3 3288.6 92.50 3,:773.7 3298.1 Oc :
4910.0 3279.3 65.'35 |10045.2 1283 6 :c 'n

10139.1 3282.'O 53'E
10287.4 3279.6 56[35
10392.1 32**.6 95.'c M
10571.5 32S4.5 32.50 E
1,0663.6 3290.3 95.53
40768.6 3254.0 100.00 $10932.6 3202.3 100.00 E

| 11081.9 3c59,3 ;37,;;
11152.0 2991'0 '*^ **

t

'''C a| 11257.2
11329.4 is"7', 'ii''; g

e:
i

11464.0 jJJj|j jj|jj
11542.2 27 4.2 99.45
1161o.4 2553.3 ; 0.20

,

'

I
. .
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xN NF E0-19 PP)(AI
-

Volume i
Eur;ierent 1

-
Pige 51

TABLE 4.2.4 4 MICROSURN-B CALCULATED K EFF AND
AVERAGE VOIDS FCR SUSQUEH.'sNNA 1 CYCLE 2

Cyclei

Exposure Average Power il w
(WWd/MTU) k e(# Voids "Wt :00 ' 5 'r

90.7 2720.9 50.57
197.0 3279.6 94.08
274.3 3282.3 98.33
380.8 3220.9 99.41
623.5 3291.3 97.12
791.2 3290.1 94.98

I 962.6 3293.6 93.12
1143.1 3294.3 95.13
1247.8 3292.0 97.29
1403.4 3229.9 94.37

I 1527.7 3293.0 98.47
1584.7 3292.5 96.87
1802.5 3293.2 95.22

1
1922.1 3294.5 97.04
2027.0 3295.0 96.29
2240.1 3289.0 96.36
2415.5 3287.3 96.97

.1 2619.7 3293.5 95.72
2786.4 3285.7 95.53
2951.7 3291.9 95.98
3039.3 3 i'98. S 96 72
3150.4 3298.3 96.72
3320.8 3294.2 96.16
3473.9 3291.3 96.25
3660.9 3225.0 37.55
3871.4 3289.0 30 23
3957.6 32B8.5 97.41
4076.7 3223.3 99.25
4333.2 32SS.5 94.38
4503.4 3228.5 94.33
4637.0 3290.3 98.30
4897.5 3283.3 99.25
4944.2 3255.9 95.30
5353.5 ;293.0 39.5:

.

i
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XN NF 80 19(NP)(A) 1

Volure 1
Su;plement 3

4

? age 52
,

.

TABl.E 4.2.4-5 MICRCEURN.B CALCULATED K.EFF AND
AVERAGE V01Cs FOR SUSCUEHANNA 1 C'fCLE 3 El

5

ICycie
Exposure Average Power

--

,O;fuwd/MTU) Mff._. --Voids "Wt |'

208'0 3291'1 96.93
449'O 3291 I 9~0
592 0 3293.'3 96 2
630.'0 3293.3 j6.20
7|4.'5

7

3 8- 9

!s :: !!!!:i $!! |'
1459 3 3294.7 *-/0
1579 1 3290.7 94.20
1674$8

f f,9f **! |ff1796.3 -

1963'9 3299.:o r3 ',O
2120'4 3293.3 97 AC
2238.6 3292.4 }{j-g; ji2480.6 3292.3
2619.0

{291*:59,* j ?"'if2782,5
!* $;'i2949.S 4'9' ::':o3117.6 }290.'9 g3fj??.3334.6 4292.O :-3525.6 3291*I

!!'io?**23809.3 329I*0 f4069.7 3293** ?"'3#4189.2 3292.6 3j.j0
45 0.'6 i-

3
3293.0 :..<0'

4752.3
32C00 :i ' y*"

4'
;4921,9 Sfr2.,/ geg :,5114.7 (t!''*, l ' '. !i5210,8
O:I 3 ??'IX

-

5379.0 h* i:'i;ft|j'iE522.4
jt; it'i:i ;i5731.9
t!, ,

;t;t?t'j
5852.2

5,i ' i
:i':f5996.1

3'i'.0
-

5116.0 2 :- <v
-

I
.. - . -
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I

XN NF-80 19(NP)(4)
Volume 1I Su;olement 3

Page 53

.I

G /bbhF E: N N.

Cycle
Exposure Average Pcwer !1:a
tuwd/MTU) k.eff voids WWt '00 '! --1 .

l5 6284.P 3229.2 95.56
1 6452.. 3291.6 95.20

I 6768.3 3292.7 95.52
6848.2 3239.3 94.40
7014.5 32S9.3 94.40
7374.7 3290.5 94.90I 7495.0 3293.4 96.75
7711.8 3290.3 96.38
7831.3 3288.6 94.40ig 7951.4 32S9.4 96.90

'3 8134.7 3294.4 93.30i 8231.2 3290.5 97.20|
8519.3 3289.3 96.60
8680.0 3291.9 96.55
8849.9 3293.4 97.70
9041.2 3291.4 97.10
9159.9 3290.2 38.30
9371.0 3290.4 91.50
9491.1 3294.0 95.20
9633.1 3291.9 90.!6
9657.8 3290.1 94,09
9899.3 3292.1 97.50

10115.3 3291.9 92.40

'
.

I

^

.

I
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I
,

I
ci4F 30 19(NP)(A)

Vekmc 1 3
Supolen2nt 3 5

Page54

I
TABLE 4.2.4 6 MICRCBURN B OALCULATED < EFF 'ND

AVERAGE V010S FOR SUSCUEHANNA 1 C'fCLE 4

Cycle
Exposure Average ?cwer O c.
$ 2 MTU) k ef' Voids uwt 00 t e s ,-

279.5 3292.4 97.67
430.7 3293.7 96.40
688.5 3294.1 95.00 $I!84.5 3291.0 95.60 m-

1032.0 3292.3 95.;0
1155.4 3292.9 96.SS E1443.5 3291.7 97.00 51640.0 3293.6 95.40
1908.0 3293.6 95.40
2027.6 3294.0 97.00 E2229.9 3291.7 96.40 5
2523.3 3291.9 95.50
2S20.2 3291.6 93.90 m
3067.0 3284.4 91.00 g
3232.3 32S9.0 94.98
3404.3 3294.4 96.00
3576.3 3293,o 94,30 g
3822.9 3293.6 93.70 5
3931.6 32S9.6 97.50
4078.0 3290.6 iS.00 m4344,4 3292.7 96.50 [4538.4 3293.0 96.10*

4710.S 3289.5 94,;g
4956.2 3292.6 92.70
5268.0 3292,S 94,ic

I J366,1 3240,7 91,ga
'

5463.5 3294.6 95 50 g
5709.7 3290.S 94,ao g
5883.3 3290.S 93.70
6078.1 3291.1 93,70

; 6284.6 3291.3 94.33 5
| 6551.5 3292.7 96.20 W'

6738.1 3291,5 ;7,;g
7130.S 3291.5 97 10 a
7301.S 3292.1 96. " E7522.4 3292.1 96.77
7763 1 3293.5 92.47

I
|

|
|
1, - _ . _ -
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.

'B XN NF-80 19(NP)(A)
Volume !

Surplement 3,

Page !5

\

ig TABLE 4.2.4 7 SUSOUEHANNA 1 CYCLES 1 THECUGH 3
! 3 COLD CRlilCAL EIGENVALUES
i

Gng M 'c'*er<-
1

1 B0C1;| 2 BOC1
''

3 BOCl

j 4 BOC1
'

5 BCCI

6 MOCl

7 MOCl

8 MOCl

|'

9 -MCCI

i 10 MOCl
;

11 MOCl
*

12 BOC2.

, 13 BOC2

i 14 BOC2
1

15 B002

16 SOC 2,

17 BCC3

i 18 MOC3

| 19 M003

'g 20 "0C3

5 21 M003

22 MCC3

{ 23 BCC4

I
|I
,

t

s
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I
XN NF 80 19(NP)(4)

Volutte 1
Supplement 3

Page 56

I
?ABLE 4.2.4 S MICROSURN B cat.CULATED < EFF AND g

AVERAGE VOIDS FCR SUSCUEHANNA 2 CYCLE 1 g

Cycle
Exposure Average Power O ow
/WWd/MTV) k ef' voids *Wt :0C 'Mr

158.0 1363.5 46.1"
180.3 1363.5 46.17
275.2 1612.1 96.17
455.3 2313.1 97.27 1

585.8 2632.4 72.11 '

768.0 3292.5 96.72 El847.0 2121.5 35.86 5|893.6 2121.5 55.86 I

976.0 3287.3 92.73
1114.3 3287.S 92.73
1227.8 2592.9 56.80
1331.3 2592.9 56.80
1453.9 32S9.9 95.39 |

1625.9 3293.0 96.56 l

1730.1 32S9.3 97.42
1919.0 3296.3 95.47 1

2101.3 3293.3 97.!!
2273.3 3292.9 95.55 1

,

2402.2 3292.9 93.92
2481.3 32S4.3 97.42 E|2629.1 3283.2 97.58 5 j2778.7 32S8.1 95.88

!2883.2 32SS.2 96.54 '

3062.0 3291.3 95.70 !' 3231.6 3258.0 94.8-
3405.9 32S5.4 95.23

,

'

3604.6 3298.9 96.43
3722.5 3296.3 95.41
3903.1 3235.2 93.44
4137.1 3224.4 93.98
4308.7 3105.5 37.03
4416.8 2955.3 73.57
4552.4 3290.9 95.56
4764.5 32S9.0 95.94
4902.3 3294.4 95.72

'

5094.9 3290.3 97.55
5278.9 3293.1 99.38 tg5434.6 3291.0 97.03 g

.

___ .__ _ _ ,
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I

(N NF-20 19('iF)( A)I Volume 1
su ;icent

? age 57

TABLF. 4.2.4 8 MICROBURN B CALCL' LATED < EFF MiCI AVEP. AGE v0105 FOR SUSQUEHANNA 2 CYCLE 1 (CONT.)

| Cycie
Exposure Average P wer E60
(WWd/MTUI k af' yoids uWt :00 'bw r

5599.9 3256.7 97.50
5756.8 3292.3 98.52I 5941.6 3293.5 98.05
6106.3 3289.7 96.56
6271.0 3291.7 98.05
6433.2 3291.7 98.36

15 6621.5 3294.0 95.86
6857.7 3232.3 96.307081,3 32S6.9 97.04I 7198.9 3288.8 94.38
7363.7 3294.2 97.03
7498.3 3293.9 93.68
7630.6 2676.5 70.78,8 7S10.9 3292.3 95.79
8001.1 32S4.4 96,20

, 8188.1 3238.7 96,10
| 8361.1 3285.4 92.97 .'

8390.0 3285.4 92.97
8469.4 2258.0 38.36
8654.6 3294.0 95.32
8787 1 3291.7 96,91
8971.3 32s9.4 95.23
9112.5 3295.2 99.22I 9275.0 3288.3 94.61
9463.4 3258,5 99.26
9594.2 3293.1 56.33
9758.7 3252.8 ;9,51I 9896.3 32es,0 ;3.33

10108.0 3261.6 99 46
10266.8 3273.3 ;g 7;

B 10426.3 3255,0 ; .;;
10614.1 2242,0 39, "
10704.5 3279.3 ;6.35
10915.4 2235.3 ;;,:4I !!076.3 3153,0 ;; . "

11264.2 3:48.5 19.34
11346.S 3015,7 ;;.:;I !!493.9 . .c . :. . - ,s:. :.

I
- - - - -
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I

XN NF 30 19(NP)(A)
Volume 1 |

Su plement 3 5

Pa9e 55

I
TABLE 4.2.4 8 MICRCEURN B CALC'JLATED < !F: AND
AVERAGE VO!DS FCR SUSCUEHANNA 2 CYCLE 1 (CONT.)

<

g.

Cycle a
Exposure Average Pcwer ~10w'
tuwd/MTV) keH Voids WWt 100 4 **

11574.6 2S06.7 99.35
11707.2 2584.9 99.!!
11799.7 2520.0 100.00
11922.2 2555.9 99.93
12028.4 2437.3 99.45
12113.3 2373.2 99.93

I
I1

I
r

i

I
I

i I
I
I

:

I
_ -



- -_- _ - _ - - _

-

'

XN NF 80 19(NP)(A)L
Volume 1

Supplement 3
r
l Page 59
L

e

| TABLE 4.2.4 9 MICROSURN B CALCULATED < EFF AND

I
AVERAGE VOIDS FOR SUSCUEHANNA 2 CYCLE 2

I
.

Cicie
Exposure Average Pewer Fw
(WWd/MTU) k eff Voids , WWt 100 '$**

156.6 3096.1 26.30
358.2 3291.1 96.40
534.5 3291.4 96.52
678.6 3291.7 94.30
893.7 3293.4 96.20
919.0 3290.0 96.30

1034.4 3290.0 96.20
1218.7 3233.0 95.50
1385.3 3292.9 97.70
1574.1 3291.1 95.90

| 1788.0 3290.2 95.90
1973.6 3291.6 95.50
2133.3 3290.8 95.30l 2325.2 3290.7 95.10

| 2470.4 3292.5 94.90
2590.1 3291.9 95.00
2774.6 3292.2 92.'O
2893.2 3291.6 95.50
3135.5 3294.6 95.20

l 3279.0 3291.7 96.50

1
3447.0 3291.7 10
3622.4 3292.6 93,60
3795.5 3224.2 94.50
3873.7 3291.0 94.70

1 4034.1 3293.4 9E.30
4200.3 3293.7 16.50
4371.3 3291.2 94.90| 4539.0 3292.1 95.90

5 4707,2 3291.3 94.20
| 4844.3 3292.9 96.20'

5093.8 3296.4 94.90
| 5235.2 3295.4 96.20

5382.2 3290.5 55.30
5526.6 3256.7 14.::| 5670.9 3293.3 94.00

| 5829.3 3290.2 95.50
6021.9 3291.9 96.30
6214.5 3292.6 96.50

!

.
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I
W NF 50 19(NP)(A)

volume 1 |
Su;plement 3 m

? ge 50t

I.

TABLE 4.2.4 9 MICROBURN B CALC'JLATED < EFF AND
AVERAGE VOIDS FOR SUSOUEHANNA 2 CYCLE 2 (CONT.)

Cyc1e
Exposure Average Power !%
(WWd/MTV1 k af# Voids v'i t 100 'Fa*

6390.7 3292.5 96.70
6575.5 3292.9 97.30

|6815.2 3290.0 98.40
7014.0 3293.5 94.10
7163.7 3291.5 96.40
7331.5 3288.9 97.40 g
7474.0 3286.4 97.10 3

-

7593.3 3286.3 91.20
7761.9 3290.9 94.10

|7976.2 32S9.3 96.90
8170.8 3291.0 97.20
3314.9 3292.1 96.40
8484.2 3292.3 96.70 $8627.3 3292.1 95.20 58856.7 3084.s 91.30
9005.5 32S9.5 96.00
9173.4 3292.0 93 ;0
9340.9 3290.9 94.30
9496.3 3290.1 93.20
9674.9 3290.3 93.'0 g
9842.9 3229.5 95.20 5

10008.5 3291.9 93.70
10201.7 3293.9 99.30t |10341.5 3292.5 95.30
10504.9 32S9.0 94.40
10673.3 3290,1 ;co.;0,

i 10822.5 3130.3 99.70 g
10929.6 2012.2 .t 0. 3 0 510991.6 2008.S 51.00

I
I
I.

I1

9
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TABLE 4.2.4-10 MICROBURtdBCALCULATED<-EFFAND

AVERAGE VO!OS FOR SUSQUEHAf4NA 2 CYCLE 3

Cycle
Exposure Average Power *,:w.

UdWd/MTU) k.aff Voids. WWt 100 'b ?
.

189.1 3290.4 91.00374.0 3294.6 98.10

5
481.7 3292.3 98.40608.4 3292.3 98.30747.2 3290.6 97.50920.4 3293.8 96.60I 1093.9 3292.: 97.201440.4 3290.3 94.301621.9 3292.3 92.90I 1842.3 3292.3 93.001972,7

3293.2 94.902178.0 3292.9 95.302337.5 3294.7 94.40I 2544.5 3296.0 95.502722.8 3294.2 95.902894.6 3292.5 94.00

1 3052.9 3293.1 96.703201.4 3293.3 96 003362.3 3293.5 96.403547,9I 3293.0 95.003694.3 3293.4 97 003855.3 3292.5 95.404029.8 3291.4 95.10I 4226.7 3295.5 94.104410,7
3295.7 95.50

I
I
'I
i -

I
- . - - - . - - - . -
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I
; TABLE 4.2.4 11 SUSOUEHANNA 2 CYCLES 1 THRCUGH 3

COLD CRITICAL EI"ENVAL'JE5

gau e x.c-~
1 BCCI

|2 BOCl

3 BOC1

4 BOCl

5 BOCl

1 6 MOC1

7 MCCI

S MOC1

9 EOCl

10 SOC 2

11 BOC2

12 MOC2

13 MOC2

|14 BOC3

15 BCC3

I
I
I
I
I-
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| Pages 6: - 124 (Figures 4.1 1 - 4.2.4-2) have been deleted.
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E.0 MEASURED POWER DISTRIBUTICN UNCERTAINTY
.s

The information presented below is intenced to sucolement Secti:n i :#

the Reference 1 report XN NF 3019(P) " Exxon Nuclear Metncco :gy #:- 5:' ;

Water Reactors", Volume 1, "Neutronics Methocs 'Or Oesign arc b a' . : :

Suoplement 2. Section 6 of the referencec *e: ort :escr*:e: e U.:

methodology for measuring the power distribution in a E'a R *eact:r tr: e

procedure by which the uncertainty associatec with :ne measuremeat :3 3 i .:

Power distribution would be determined using the XT3E'aR c:re simuli*.:r :::e.
4

In this report the same accepted procedure, employed to :eterm*9e *e

( uncertainties in the measured power distribution using the NORCEUR15 :: e

simulator code, is presented and the measurec power distribution unce .2 *. e:

which result from application of this methocology to the cata :ase are ; ,e*
'

>

i

9

.
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I
The data base from wnich the values of the incivicual ancerta 9t es are

estimated consists of TIP (Traversing Incore Prote) system measure.ments a:
'

gamma scan measurements. Tha TIP system teasurements are ta<en # :- ;f

reactor cycles: Chinshan Unit 1, Cycles 5, 5, 7, 3: <ucsneng .'n t ; :.. : i:
'

1,2,3,4, 5; Kuosheng Unit 2, Cycles 4, 5: Suscuenanna Unit :. 0,,c'es ; ::
,

Suscuehanna Unit 2, Cycles 1, 2, 3. The gamma scan reasure e-:2 as e

performed at the Quad Cities Unit I reactor at :ne end of "f:les I. 2. an: ;

Eighth core gamma scan measurements made at the enc of Cj: es 2 an: .
-

total of seven UO2 bundles were gamma scanned on a pin :y :1n :a:.s.

I
The following sections reviews the ac:eptec formulati n an: : resent *e

results of the uncertainty analysis in detail. A ce:ailec :escr :: :n :- s

measured power distribution determination pr:cecure is ;*ven 'n Ie:t :- i

A derivation of the uncertainties associated witn this :eter- nat :r :# -s
measured power d1stribution is presented in Section 5,2. Ne :uan: # ;a: :- '

of the measurement uncertainties in terms of the O r d ma ry 30.r:e :-

uncertainty is detailed in Sections 5.3.1 to 5.3.5 anc :ne s:e::f :a: : :'
the power distribution measurement uncertainty is resentec 'n ie: :r 5.2.s.

I
5.1 Measured Power Distribution Oeter-inati:n '

s

Reactor measured power distributions are c::: nat'Ons :# sas.rs: -it: :

:ata and c mputer calculatec data. The measure: rea:::e ::.er :. :- .-

data include the fixed local power range : nit:r (L?:3) in :: e :ets::: ::.

Ind the traversing in c0re pr00e (TIP) detector ca:a. Ne ::" :a i 1e.

I,
,

.-m - - -
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and the traversing in core probe ('IP) detectar data. The L RM :ata are

electric current readings proportional to the neutr:n flux level at 'Our ar a;
I

elevations in a number of radial locations. The racial ' cat':ns are
distributed in a uniform lattice throughout the c:re. The L?RM :etect:rs are

fission chambers using U 235 as the fissionable iset::e. The LFEM :ete:::r:

are intercalibrated utilizing the TIP data. The TIP system c:ns'sts Of a

number of movable fission chamber detectors (about l" 1:ng) .nien :an en:r

enter a number of the radial locatiers at which the fixed LFEM :etect:rs are
located. The movable TIP detectors are all capaole of entering one f 19e

radial positions to allow intercalibration of the TIP system. Figure 5.1-! ts

a drawing of an in-core instrument tube w' hich contains :otn the f:ur 7:M-

detectors and the TIP tube. Figure 5.1 2 depicts typical racial 1: cati:ns f:r

both fixed and movable in-core detectors in a SWR : Ore. Each racial 1 ca:::e
P contains the equipment shown in Figure 5.1 1.

ihe computer calculated data include the relative ::re n cal ::aer
distribution, the in-core detector response distribution, and tne 'Oca:
peaking factors for the fuel rods. The precictec relative n: cal :: er an:

cetector response distributions are :alculated with M! CRC 5 URN-3 #eact:r

simulator code described in Reference 2. The MICRCEURN B ::ce is a 19ree

dimensional two group diffusion theory reactor simulat:r :r: gram. Se :::e

uses large mesh si:es to perforn full c:re nocal ::.er :al:ulat'Ons at:- s

decencent xenon and samarium.

_____ _ _ _ - _ ---
- - -
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I
The local peaking facters are calculated by the CASMO 3G ::ce :es:r':ec

in Reference 7. The CASH 0 3G code is a bundle depletion mocel that :erf:r s a

microscopic depletien of each fuel rod in the fuel assemoly.

The synthesis of the measured power distribution can :e newec *.o :c:gr

in two phases. Phase I con'si s t s of the fixed LPRM in core :etect:r
calibration. Phase 11 consists of combining tne indivicual fixec L::M in ::re

detector distribution measurements with MICRCSURN B :al:ulatec :ata :: Or cu:e

the measured power distribution. An outline of the procteure is resentic

here. 3

I
I
I
I
I
I
I
I

I

I'
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Pages 129 -132 have been deleted.
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5.2 Derivation of the Uncertainty in the 4easured Power Distribution

The uncertainty in the measured power distributivn is derived based upon
r

,_ the definition of the measured power distribution

1 E

I
y I

I
.- ,

B
_

I
I-

I
I

; E

I
I,

.
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Pages 134 137 have been deleted.
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5.3 Estimation of Uncertainty

The uncertainties,

are determined by comparison to measurer :ata.

The measured data consists of distributions of TIP detector responses :1;s

gamma scan measurements of bundles and pins. The majority of tne :ata

consists of TIP distributions.

I
5.3.1 Synthesized TID Distribution

.

I
I

utilizes measured and :alculatec data. 'he messare: :sta

consists 'of a relative distribution of fixec in c:re :etect:r es::rse,

ijk'. The fixed detectors are tocated at four axial elevations n eacn :f a Inumcer of radial locations as shown in Figure 5.'-2. Ne # xec ce'.e:::r.

I

_
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responses are calibrated to TIP system measurements at regular intervals anc,

are adjusted for the reduction in sensitivity to the neutron flux as a

function of burnup between calibrations to the T!P system.

The uncertainty in the synthesized TIP distribution is ccm:osec of :nree j

sources: the uncertainty due to the TIP system -nich is accuired tnrougn :ne !

calibration process, the uncertainty associated with the fixec in-c:re

detector response itsel f, and the uncertainty added by the inter:olation
B procedure which utilizes the calculated data.

I
|I
i

I
;E

'E

I

I.

I
I
I

_ .
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I
I
I
I

i.

I
I

The data base usea to define the TIP measurement uncertain:y 's

summarized in Table 5.3.1 1. Data were utilized fr:m a num:er of :ycles ',

five reactors: Chinshan Unit 1, Cycles 5 *o 3: Kuosneng Uni: '. Cyc:es ' ::. .

5; Kuosheng U , 2, Cycles 4 and 5; Susauenanna Uni: 1, 0,< c l e s ; anc 2:'

Susquehanna Unit 2, Cycles 1 to 3.

I

I
I

:

I
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I

I
| The uncertain s the LPL, . tector response has been ::revi cusi f.

determined by General Electric in Reference 8. A value for dLPRM of 3.4 s
reported in Section 3.1.2.2 of Reference 8, This is the value *nich 4111 :e
used in this analysis.

I
The lost term in the determination of the uncertainty in :ne syntnes':ec

TIP distribution 's the synthesis procedure uncertiinty. The s yn : *,e s ' s.

procedure uncertainty is that portion of the uncertainty due to inter:cla:::n

between LPRM axial locations. The synthesis uncertainty can :e ceterminec :y

measuring the TIP distribution and then creating a syntnes':ec ':?

dis?'" * tion which uses the TIP distribution

.

4

e
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|

|

|
[

}
5.3.2 calculated TIP Uncertainty

| The uncertainty in the calculated TIP rescense distributten can :e

determined by comparison to measured TIP distributions. The relative stancar:

deviation in the calculated TIP distribution can be determined as folicws:

I

I .

I
,

I

I

|
.

|
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,

.

I
I
I.

i I
I
I

l

I

The measured data base used to evaluate the calculated T*P :1s:r*:u: :n
uncertainty is sumarized in Table 5.1. The cata were taken f :m full ::re
TIP measurements at five reactors: Chinst.an Uni t 1 Cycles 5 :o 3: <acsner:

Unit 1. Cycles 1 to 5: Kuosheng Unit 2 Cycles a anc 5 Sus:uananna ;n
,

Cycles 1 and 2; Suscuehanna Unit 2. Cycles 1 to 3. ,

| I
:
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I
5.3.3 Calculated Power Distributions

The uncertainty in the calculated power distribution aill :e ceter nnee

I
Comparisons of the calculated power distributions to measurec : wer
dist-ibutions are presented in Section 5.3.5, '

I

I
E

I
I

' I
..

; I
I
I|

| I
I
I;

:

|
. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _



.
_-_ _ - _ _ _ _ _ - _ _ _ _ _ _ _ __ __.

s

1

XN-NF-80 19(NP)(A)L

Volume 1
Supolement 3

Page 149

,

e

Pages 149 - 151 have been deleted.

.

_ _ _ _ _ _ _ _ _ _ -. _s



^

.

I
Xtt NF- '(NP)(A) g

Volume 1 g
Supplement 3

Page 152

5.3.4 Calculated Loral o war Uncertaintye

The pin power distribution is determined Oy multiplying tne noca! ::wer,

Bg, , by a local oower distribution factor, L Local factors for eacn4 g.
fuel type are calculated by the CASMO-3G code and in:ut to the *!CRCSUR.'l ?

code as a function of exposure, void, and c:ntrol state (c:ntroitec :r

vncontrolled). MICR05 URN-B interpolates amcas the input data to determine a

value for the particular exposure, void and control state at noca ijk.

E
The uncortainty in local peaking factors are determined by : mearing tne

calculated pin powers to the pin by-pin gama scans of bundles wnien nave :een

irradiated in a reactor. To perform the comparisons, the ptn by ::n ::aer

distributions from CASMO 3G must be converted to Sa 140 cistr, ut: ens s nce

the gamma scans measure Ba 140 distributions rather nan pewer cistr*:ut' ns.

3

. ' '

.

E.

I
IE

I
I
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5.3.5 Bundle Ga ma Scan Co carisons

The correlation coefficients in the ecuation of Section 5.3.3 are

determined from two ganna scan ..aasurements. The ga=a scan measurements
*

measure the relative La 140 activity in irraciatec Ouncles anien s
l

proportional to the power distribution of the bundles pricr to snut:can. ~he

gama scan measurements utilized were cerformed at the Quac Cities ;nt: I

reactor following Cycles 2 and 4 The Cycle 2 results are re:Orte: in

Reference 9. The Cycle 4 results were taken from a craft c:py of :ne esu':s

was obtained from EPRI.

To compare the MICROSURN B calculated power cistri:ut:cns :: :ne garma

scan results, Cycles 1, 2, 3 and 4 were mocele: anc de::e:e: et:s :ne
MICR08 URN-B mooal . The power distributions cotainec ft:m :nese :alcula:':ns

were then converted to Ba-140 distributions for comparison to :ne gamma scan 3
3

L results. The conversion method fram calculated power cis:rt u ::ns ::
|

calculated 33-140 distributions is detailed in Reference 9.

P ,

The comparisons of fne calculated and measurec :unaie :caer ::: - :a .:n g
! at the end of Cycles 2 and 4 are snown in Figures 5.3.5 1 anc 5.3.5 2,

,

respectively. The comparison and normali:ation Of the relative cistr1:u: :es

I
.
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I
excluces all mixed oxide bundles and all bundles on the :re :ert:nery. ~5e

figures show only those bundles in an 1/3 core for simplicity in :resentat :n.

The exterior bundles were excluded since these bundles are of 1:w cwer sn

therefore, not important from a safety standpoint. Inciasion Of :ne ec;e

bundles does nnt affect the resultant correlation c: efficient or :ne relative

standard deviations to a significant degree.

The comparisons shcwn in Figures 5.3.5-1 and 5.3.5-2 incicate na :ne

agreement between the measured and calculated buncle ;cwer cistributi:ns is

quite good, The largest deviations occur in the low power tuncles near :.e

core edge. The largest deviation in the core interior is 3 . 2 ", ; :c

difference occurs in the Cycle 2 c:mparison. The relative stancar: :ev ati:ns
for the comparisons are as follows: two dimensional c:m arsson. C cle 2-f

1.98*.; Cycle 4 - 2.007.; nodal distribution, Cycle 2 - 7.jcle A -

The calculations acpear better radially than axially.

I-
I.

I
I
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I
I

S relative standard deviation for bundle or nocal c:m:ar. sons-

I
dx ;dyn = differences between calculated and teasurec : uncle or nocaln,

power for radia:'y adjacent bundles or noces.
.
.

I
,

I
C

I
5

I<

5.3.5 hmarv of the Measured Power Di s t ri bu t i en '.'Sc e ci 3 4 M V

The measured power distribution uncertainty is cerivec in 5ec: en 5,2

based upon the formulation of the measured power distribution.

I
I
I
I
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I Allt f 5.3.1- 1 DAIA BASE SUMMARY
.

No of Iwo No. of Hodal/
Dimensional Planarromponent Data Source Data Points Data Points _

IIP System Reactor measurements:
Chinshan Unit 1, Cycles 5,6,8
Kuosheng Unit 1, Cycles 1,2,3,4,5
Kuosheng Unit 2, Cycles 4,5
Susquehanna Unit 1. Cycles 1.2
Susquehanna Unit 2, Cycles 1,2,3

iPRH Report HIDO-20340 - June 1974
,

IIP and Power keactor measurements and
C.Iculation, MICR000RN-B calculations of the following:
Ill' Synthesis Chinshan Unit 1, Cycles 5,6,7,8

Kuosheng Unit I, Cycles 1,2,3,4,5
Kuasheng Unit 2, Cycles 4,5
Susquehanna Unit I, Cycles 1,2
Susquehanna Unit 2, Cycles 1.2,3

1o<al Power CASHO-3t alculations and ganima sccr.
within a measurements for (Juad Cities Unit 1,
llundle IOC 2,3,4, a total of 7 buridles

in the three cycles

(al<ulated the above ganrisa scari data for buridles
Itundle l'ower.
I orrelat ioni
facilieient 5

r :s
8 L

2';22
%M24
?Mr
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m m M M M M M M M M m m m m
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TABLE 5.3.1 2 TIP SYMMETRY UNCERTAINTY SUMMARY

TIP Oistribution Uncert r n..
'

(Relative Stancard Dev'au ons t

,

.
REACTOR CYCLE DATE 20 2VNDLE 30 NC0AL 2 0 ;'_ :N:R

CSI 5 03 25 83
CSI 5 05 26 83 )

'

I CSI 5 06 22 83
CSI 5 07 12 83
CSI 5 09 02 83
CSI 6 03 02 84I CSI 6 04 17 84
CSI 6 05 30 84
CSI 6 07 11 84

I CSI 6 07 23 84
CSI 6 08 23 84
CSI 6 10 12 84
CSI 6 11 08 84I CSI 6 01 10 85
CSI 6 02 06 85
CSI 8 10 09 86

I CSI 8 12 26 86
CSI S 03 25 87
CSI 8 05 30 87
KS1 1 02 11 82I XS1 1 09 07 82
KS1 1 10 21 82
KS1 2 10 13 83

JR KS1 3 12 01 84
5 KS1 4 12 21 85

KS1 4 03 05 86
KS1 4 06 04 86I KS1 5 10 24 87
KS2 4 10 23 86
KS2 4 01 15 87

I XS2 4 04 08 87
KS2 5 02 03 88
KS2 5 04 25 88
SOA 1 02 07 83.I SOA 1 08 10 83
SOA 1 08 17 83
SOA 1 12 02 83

I SOA 1 04 03 84
SQA 1 04 12 84

I
- -
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I
TABLE 5.3.1 2 IIP SYMMETRY UNCERTAINTY SUMMARY (CONT.)

TIP Distributien Uncertaintv

(Relative Standarc Deviations ".)

REACTOR E 0 ATE 20 !UNDLE 20-Nc0AL 20 :Lue:

50A 1 05 31 84
SOA 1 06 08 84
SOA 1 06 25 84
SOA 1 08 24 84
SOA 1 09 04 84 >

SOA 1 12 21 84
- SOA 2 07 19 85 g

.~i SOA 2 09 11 S5 3? *< SOA 2 09 27 85
'f SOA 2 10 23 85

|t SOA 2 01 14 86
508 1 01 16 85
SOB 1 04 04 85
508 1 04 15 85 E
S08 1 03 02 85 3
SOB 1 08 12 85
SOB 1 08 20 85
SOB 1 09 09 85
SOB 2 02 05 87
SOB 2 05 07 87
SOB 2 08 21 87 E
SOB 2 09 08 87 3

. SOB 3 07 18 88
SOB 3 07 28 38
SOB 3 09 22 88
SOB 3 10 07 88

SILMA*

NUM**

I
*

SIGMA = Average Relative Standard Deviation
"

NUM = Number of Data Points Utili:ed in :ne Estimate

I
-
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TABLE 5.3.6-1 MEASURED POWER DISTRIBUTICN UNCERTAINTY COMPCNENTS-

( Nlative
Uncertainty Stanc- Deviation

Coreonent "
.

R

l
-

i

.

.

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -
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'ABLE 5.3.5-1 MEASURED POWER DISTRIBUTICN UNCERTAINTY CCMPCNENTS (CONT.)

Relative
Uncertainty Standard Devi a'.d.on

__

Comoonent *
,

I
I

.

'

I
I
I
I
I

.

I
I
I
I

.

\

I
e
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TAT,LE 5.5 i 2 MEASURED POWER DISTRIBUTION UNCERTAINTY

I Type of Measured Relative Stancarc
'

Dower Distr 45ution Deviatden ",

I
I
i

.

I
I
I
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Pages 169 - 176 (Figures 5.3.1-1 5.3.1 5, 5.3.2-1 5.3.2 2,

and 5.3.4 1) have been deleted.
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AF:ENClX F

C LATTCS CASMC 3GiMICRCSURN 3 ME~HCCS VE:lFiCAT:CN

:1 INT:CCUCTCN

Calculations nave ceen performec for the Crescen 2 anc 3 C ;attice EW: eacters .strg

the ANF CASMC-3G/MICRCSURN B metnces cresentec in XN NF SC 19fF1 Veiume :

Succlement 3. Be MICRCSURN 8 reactor ccre simulater :cce :s venflec 'cr C. anice c: ants cy

00mcanng calcuated reacter parameter to the measured reacter carameters. e ct ccerat:rg
k eff values anc the startuo CT:tical ccic k-eff values calculatec cy \11C:C5UPN 5 are

-

summanced for the fast four cycles of reacter Oceration,

I Measured and calculated traversing incere crece iTF) cata fcr :ne

Crescen 2 and 3 reacters have been ecmpared and uncertainty analysis performec. Be cata

1 shown is typical for beginning of cycle micdle of cycle, anc end cf cyc:e fer eacn of :ne reacters.

All MICRCSURN B calculaticns were perictmec with a 'uil core mccel . sing 24 axiai 9eces.

:I:
: 2 C AESCEN 2 CYCLE 9 7"W CUGH 12.

I
CASMO-GG/MICRCSURN S cere fellow calculattens nave been cerformec fer Crescen 2.

Pertinent reacter core parameters at rated coerating cencitiens for the Crescen units are given

in Tacle F 1. Tacle F 2 summan:es the fuel!caced in Crescen 2 Cyc.'es 9 :nrcugn 2. :esu;ts

of measured versus calculated TIP ccmparisens and ccre k eff have ceen mace 'cr :ne Crescen

2 cycles leaced with ANF fuel. TIP ccmcanse'ns for Crescen 2 are cicnec n : gutes : 3 mrcugn
'

F 122.

Tables .:-3 to F 6 summan:e the calculated net ccerating k erf anc average vc:cs .ersus

cycte excesure for Cycles 9 thrcugn ?2. L-ot k et' values are clct:ec versus :cre excesure 'cr

C cies 9 :nrcugn 12 :n :!gure F 1. The ecle <-:rmcal values fer Crescen 2 are sur- ar:ec ri

Tacie = 7

I
I
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F.3 OPESCEN 3 CYCLE 9 WPCUGH 11

CASMC 3G/MICRCSURN.B core fellow :stculations nave teen cer+ctme: 'cr 2rescen 2.

Tacle F-8 summarizes the ANF fuel leaced in Crescen 3 Cycles 3 nrcugn 11 :esuits 1 '-

measured versus calculated TIP ccmcansens and core k-eff have teen mace fer Cyc:e 3 nreugn

11. *ic Ocmcansens for Crescen 3 are :lettec in Cgures : 123 *nreugn F 242.

Tacles F 9 to F 12 summanze the calculatec not Ocerating < eff anc average veics versus

cycte excesuro for Cycles 8 througn 11. Het k-eff values are lettec versus : Ore excesure ':r

Cycles 8 througn 11 in Figure F 2. *he Ocic k-:ntical values fer Crescen 3 are summar::ec -

Tacle F 13.

.

F.4 UNCERTAINTY ANALYSIS CA O LAWCE CLANTS

The results of an uncertainty analysis using the C.;attice cata cresentec nerein .s sn:wn

in Tacle F 14. The metnces used to perform the analysis are discussec in Sect:en 3.0 Of XN N:-

S0-19(P) Volume 1, Supplement 3.

I
I

F.5 $UMMAAY

Core follow calculations for the 0 lattice Crescen plants snew gecc agreement. 'e

calculated het critical eigenvalues picttec in Figures F 1 anc F 2 are censistent cerveen :yc:es.

Cold entical eigenvalues are similar to the het entical eigenvalues anc are cens; stent ' rem :y :e

to cycte. Comparisons of measurec anc calculatec *iP cata are gecc. .n summary. ne OASMC-

3G/MICRCSURN B cece system accurately ::recicts the neutrenic cenavict Of tne :st ::e iants.

I
I
I

|
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I
Pages F-3 F-261 (Tables F-1 - F-14 and Figures F-1 - F-242)I have been deleted,

I
I

.
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ADVANCED NUCLEAR FUELS CCFPCRATCN
.m, :e w:s a:a: n saa m r:w: a mu,:m!a J7H r;; Lii ! Js's

RAC;322.90
I

Maren 16.1990

I
Mr. R. C. Jones, Chief
Reactor Systems Branch

Division of Engineering and System leenn01cgy
C500 ci Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Jones:

Subjoet:
Aescenses to NAC cuestions on CASMC 3GIMICOCEUN9

Reference 1:
Lener, R. C. Jones (NRC) to R. A. Ccceland (ANF), " Request for Acc,tional
Information Regarding the Topical Report XN NF 80-19 (R), Sucatement 3? = ate: .February 2,1990.

Reference 2:
Lener L A. Nielsen (ANF) to L Lois (NRC),"Oraft Reso0nses to NRC question on
CASMO 3G/MICROSURN B,' cated February 23.1990.Reference 3:
Meeting L A. Nielsen (ANF) and L Lois (NRC), * Craft Responses to NRC questi0n
on CASMC 3G/MlCROBURN 8,* Feoruary15,1990.Reference 4:
Letter, R. A. Copeland (ANF) to Director NRR (NRC), 'Subminal of MICRCSURN.
B,* cated Maren 8,1989 (RAC;010:89).

3G/MICROBURN B requestec in tna Reference 1 tetter.Ana nod are Ine ANF responses to the 34 items of a Citional information en CASMC-

transmittec (Reference 2) are unenanged. The 32 Oraft res Onses previcusly

meeting (Reference 3), ANF is intending to use CASMC 3G/MICRCBbEN.B 10 perterm iicensingConfirming our 00nversation in tne Fe:ruary 15
calculations for *C' and "O" lattico plants anc ter plams using Fission an:/Or Gamma Tips
A0diti0nalinformation snowing cetailed analyses of"O"lanice ;; ants are Oeing transmme: uncer.

separate cover.

The information in tne atta nec responses is proprietary to ANF. The aff.cavit su mme: witn tne
transmmal of the original sucminal, Reference 4. provices the necessary intermat n as recure:
Oy 10 CFR 2.790(0) to support the witnn010ing Of ne ana0ne: frem pu lic 0 s:::sure

.

.
.

Please contact Larry Nielsen or) (509) 375 8358
if you nave aceitional ques' ons er nee: moreinformatJon. a

Sincerely,

$l iu v u/E e
-~ < a

/

R.A.C00e|an:*

/skm Manager, Re.0a0 sensing

Dr. L Lois (USNRC)
:::

Enclosures ,

'

|

- - _- .- - ~
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ATTACHMENT

I
RESPONSES TO NAC OUESTIONS ON CASMC 3GlMICAC9UAN B

-
,

CONTRIBUTORS: OC BROWN

- GR CORRELL

RG GRUMMER

ALB HO

CW LINCENMElER

JW MARYOTT

LA NIELSEN

DH TIMMONS

TA WELLS

3

I
I
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[ NRC QUESTIONS ON CASMO-3G/MICR0 BURN B
%

Reference: XN-NF 80 19(P), Vol. 1, Supplement 3, "A0vanced Nuclear %e: s
Methodology for Bciling Water, Benchmark Results For tne :ASMO.

3G/MICR0 BURN-B Calculation Metnocology," February 1989.
-

I 1. What are the uncertainties in the CASMO 3G/Ml:ROBURN B calculatec :ncat
to ANF Licensing Safety Analyses (e.g. , 00PPLER coef ficient, mocerator
temperature coefficient, delayeo neutron fraction, snutdcan ?.arg n,
etc.)?

I keference: ANF-913(P), Vol. 1, Supolements 1, 2. anc 3, "C0iRANSt2: A

Computer Program for Boiling Water Reactor Transient Analyses.'
May 18, 1988.

I
ANSWER: ANF performs licensing safety analyses witn the COTRANSA2 (Ren

I transient analysis coce. The input from the CASMO 3G/MICROEURN-B cose to
COTRANSA2 incluaes best estimate core average cross sections ( ax : a '. l y

dependent), Doppler coefficient, delayea neutron fraction, core fica, anc
moderator density coefficient. Use of these and other Dest estimate system
parameters have been verified by analy:ing an comparing results against tne

-Turbine Trip test measurements performed at Peach Bottom. Accitional
Comparisons to analytical results from otner models were made by performinc an
analysis of the NRC Licensing Basis Transient.

Uncertainties associated with shutdown margin anc the critical eigenvalues are
accressed in Questions 14 and 15 attacnec nerein.

|

_ _ _ _ _ _ _ , - _ . _ - - - - - - - - - - - - - - - " - ' - - ~ - - - - ~ - '^' '
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I2. Will CASMO 3G be used to calculate TIP cetector to-power factors for
-

gamma TIPS? If so, provide verification for this application. Also, now
is the gamma flux related to the bundle power in this case?

ANSWER: Yes, the standard CASM0 3G treatment of gamma T!Ps is used. See

Section 12 of STUDSVIK/t1FA 86/S. In this treatment the detector response is
calculated from:

.

I
I
I

Studsvik has benchmarked this approach against both Monte Carlo calculations
and against Hatch data as reoorted in Transactions Af15, Vol. 47, p. 434,
Washington, tiovember 1984 and Transactions ANS, vol. 49, p. 431, Boston, June
19BS (Attachment 3). It is concluced that gamma detector calculations using
the integral transport theory model (COXY) in CASMC yiele accurate results.

I3. Will CASMO-3G/MICR08 URN B be a p p l i ca.' to new fuel casigns (lattice

geometry, water holes, enrienment, Gd :oning, etc.) wnien are outsice tne
range of the Supplement 3 verification data case? Provice justification
for these applications.

I
I
I.

I
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r
|

ANSWER: The CASMO 3G/MICROBURN B ccde package will be usec to recel anc
, analyze advanced fuel, cesigns. Tne benchmark calculations perforrec for

CASMO 3G/MICR0 BURN B in Supplement 3 show that the codes can nancle a nice
| variety of fuel design differences. The benchmark calculat'cnr wnicn snow

good agreement with measurements were performed using only recnanical cesign
input parameters.

I

I

|

|
4. To what plants will the CASMO 3G/MICROBURN-B metnods ce eppliec, anc how

does the Chinshan 1, Kuosheng 1 and 2, and Suscuenanna 1 anc 2 cata case
support these applications?

I ANSWER: The CASMO 3G/M!CROBURN-B coce system will ce aprliec to GE BJ/2,
BWR/3, BWR/4, BWR/S and GWR/6 class plants in :ne Un tec States.

|
~

_ _ _ _ _ _ _
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I5. Wnat is the recommencec method (diffusien theo ry or tne 5-;j
approximation) for calculating the fundamental moae solution usec to
modify the infinite lattice results to account for leakage effects in
CASMO-3G? Provide justification for the selection of this option,

I
B

I
I
I
B

I
I
I
I
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I
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I

I

Pages 7-Q havr. been deleted.

I
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I
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I

I
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I6. Provide details of the thermal-hydraulic model used in the MICROEURN E
calculations.

Reference 1: XN-NF 80 19(P)( A) Vol . 1, and Supplements 1 and 2, "Neutronics
Methods for Design and Analysis," April 1982.

Reference 2: XN NF 79 59(P)(A), " Methodology for Calculation of Pressure
Drop in BWR Fuel Assemolies,' Novemoer 1983.

ANSWER: ANF's existing NRC approved SWR thermal nydraulics methodology is
used in MICR0 BURN B. Thus, the thermal hydraulics mocel is identical to that
used in the NRC approved XTGBWR calculations. This methodology is descrioec
in References 1 and 2.

7. Are radial and/or axial flux discontinuity factors used in CASMO-
3G\MICROBURN B? If so, provide a discussion of the determination and
application of these factors. Were the factors determined oy comparison
with the measured data in the verification data base?

Reference: ANF 88 101(P), "MICROBURN B: A Two Group, Three Dimensional
BWR Nodal Simulator Code," July 1988.

I
I
I
I
I
I
B
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;

!I
I
i

-

i
$

!I
!

!

|I
8.

How are the radial and axial reflectors treated in MICR0 BURN-B? Are the
| reflectors modeled explicitly or implicitly via a boundary condition?
j.* Do the reflector parameters vary during a fuel cycle or from cycle to'

;I cycle?

!
i ANSWER: The treatment of boundary conditions in MICR0 BURN B is described in'

Section 3.2.2 of ANF 88-101(P),

|E
.

|I
u

||
;

|I ,

,

II
e

i

:

I
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!

I
I
I
I
B

I
.

,

I
9. What other changes have been introduced with MICROBURN 8, in adoitten to

the explicit calculation of isotopics anc the use of CASMO 3G?

ANSWER: A summary of the core simulator improvemen'ts is presente in Sections
2.0-2.3 of ANF 88 101(P) . The principal model ennancements, in accition t:
nodal depletion of key isotopes and the use of CASMO 3G,

I
j 10. Since control nistory is no longer usea in MICR05UR!i S, how is the

effect of control history on the bundle pin wise poner distribution anc
on tne detector response-to-power factors accountee for?

I

'

\

I
I

- __- . - - -_ .
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il
j ANSWER: The node cepencent reactivity effects cue to control history (as well
I as void history, Doppler history, and councary-soectral-nistory) are

determined by the nodal depletion mocel. The effect of control-nistory on :ne
j bundle pin wise power distribution is treated in MICROBURN B cy the

formulation utili:ec in XTGEWR.:

!

il
|
:

il
1
,

il -

.

I'
,

4

il
.

I

!I
!
1

|I
f

!E "' "id* t'P' ' "P'"'S "5 ' '^S" ~3 '"!'" 3'R"'8 '"# *''RE'' ' '""
'

E predictions of the safety analysis incut parameters,
:

ANSWER: Table 2 presents comparisons of the pressure coefficient, Cocpler
! coefficient, and delayed neutron fraction for a reicac cycle of a BWR/?

licensing analysis with the XFYRE/XTCBWR and CASMO 3G/MICROBURN B :oce
systems.

.

|I
<

!.I
t

I
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TABLE 2 TYPICAL COMPARISO.'i 0F NEUTR0ft!CS )
IrdPUT TO LICEtiSIt4G Ar4ALys]s

Ii

E\

I|
g:.

I
Ii

I
I|

;

|

I.
1

Ii
i

E|

3
1

.

I
I
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12. How do the CASMO 3G/MICR0 BURN B procecures/maels for tne not and cold
calculations differ ((e.g.), libraries, thu ..O hycraulic parameters,
etc.)?

ANSWER: The CASMO 3G cross section library contains absorption, fission, nu-
'

fission, transport and P0 scattering cross sections (anc for nycrogen,
deuterium and oxygen also Pl-scattering cross sections, which are usec Only in
the B1 fundamental mode calculation). Data are tabulated as function o ,f~

temperature when needed. For U 235, U-23e, U-238 and Du-239 snielced
- resonance integrals versus potential background cross section and temerature

are tabulated. The library also contains yield values for fission procacts
and decay constants. For temperatures other than those present in the taDie,
cross-section are determinsd by interpolation. Saturated water densities at
the specified temperature are used for cold (<500*F) calculations. Thermal
hydraulic feedback is not present for cold conditions.

13. Have any plant or cycle specific normali:ations been used in the CASMO-
3G/MICR0 BURN B calculations tc improve agreement with the measurement
data? If so, will the calculational uncertainties increase for plants
or cycles where this data s not available?

ANSWER: No. There are no plant or cycle specific adjustable parameters in
the CASMO 3G/MICR0 BURN B calculations.

14. Why are the mean and standard deviation only calculatec for certain sets
of cold critical measurements?

_ _ _ _ _ _ ._ _ _ - . - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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I
I'

15. How do the MICROBURN B and XTGBWR predictions of hot anc 0010 critical

measurements compare (i.e., mean and standard deviation)?

ANSWER: In general., MICR08 URN B provides a better prediction for both cold
and not conditions. The following comparisons between the MICROBURN B and
XTGBWR critical eigenvalues for Kuosheng Units 1 and 2 aie proviced.

|
,

E
|

i I
,

1 I
E

I
,

'

I
I

|
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TABLE 3: KUO3HENG UNITS 1 AND 2

HOT CRITICAL EIGENVALVUES

MICPOBURN b EM

1

1

|

|

|

|

.
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I16.
In the CASMO 3G calculations, are ! cur Dundles or ;ust a sir;ie fal
bundle moceled?

E

17.
The comparisons of the Quad Cities 1 gamma scan an; CASMC 3G pin wise
power distributions incicate a systematic (nonconserv6tive|underDred1Ction ., f the highest powerec pin. Also, the largest

*

calculation to measerement differences tend to occur at loo 4

Instantaneous voics (V|=0.0). Therefore, ciscuss the effect of otases
in the CASMO 3C predictions at the most 1tmiting locations anc how are
they acccunted for in the cetermination of the Safety Limit MCPR?

a

ANSWER: For most of the reported measured gamma scan cata, the maximum
measured local power value varies from rod to roc in acjacent axial planes and
varies across the ciagonal line of symmetry in a given axial plan. The ran 0m
location of the maximum measured rod poner in the arsembly is an indication of
measurement uncertainties rathtr than an indication of a calculation problem.
The local power u.1 certainty used in the ANT MCPR safety limit calculations is
the value calculated from the reportes results with no correction cue tc
measurement errors or flux tilt effects.

I
IP

~

l
.

I
I
I

1
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I ,

|I
i
i
?

The critical heat flux tests performed ty ANF for toiling water react;* s ' snows
the critical heat flux to occur close to the t0p of the fuel assemoly anert4

i the void fraction is hight thus the uncertainty in the local ; eating at 1;a
instantaneous void is less important.

18. Have comparisons of CASMO.3G to the XMC Monte Carlo coce (Or other
! indepencent calculations benchmark) been mace, as aere incl cec in1

: Supplement 2 for XFYRE? If so, how coes the stancarc ceviaticr. for the '

comparisons compare with the standard deviation inferrec fr m the Ouaa

{I
Cities-1 gamma scaril

*

!
|
4

|I
i

II '
'

19 What is causing the increase in the k,ff bias with fuel exposure (e.g.,
Figures 4.2.1 1 and 4.2.4 2)anc now is this acccunted for in tnejI licensing analyses?

'

i

|I
!I
||
4

il
1

$

|I
,

i

|
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' I
I
g20. Do the CASMO 3C/MICROBURN B calculational uncertainties anc pia.es 3

.

increase at the high exposures extected for high burnu0 fuel?

ANSWER: No high burnup trenas in the calculational uncertainties anc 01ases
have becq observed. If gross reactivity biases which are a function of fuel

gburnup were to be present, they would be apparent in the reactor eigenvalue Wversus cycle exposure plots (Figures 4.2.1 ! through 4.2.4 2 in
XN-NF 80 19(P), Volume 1, Supplecent 3). These cata thow a significant
consistency which is incepencent of reactor sice, fuel cesign, crerating
philosophy, and cycle number. Of particular importance is the fact that the
reactor eigenvalue at the end of each cycle is very consistent, g

incepencent of W
whether the calculations are for first-cycle cores (low average cischarge
exposure), or for fourth cycle cores (high average cischarge exposure).

If calculational uncertainties were increasing nith fLel exposure, this tren:
Iwould be apparent from the comparisons of measurec anc calculatec T!Ps .m

However, t i,e results presentec in Appendices A, B, D, anc L snon tnat
end of cycle TIP comparisons are as good as, or cetter inan, corres; ncing
beginning of cycle and micale of cycle TIP comparisons. Again, these
observations are true for high exposure cores, as well as 1o. exposure cores.

21. Are the TIPS used in the verification cata case com;&rtsons (A;pencices
A, B D, and E) fission or gamma TIPS.

ANSWER: All TIP results reportec in XN fd 8019(P), Volume 1, $ypplement 3
are for fission T!Ps. E

5

I.

I.

I
- = -
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k

22. Have any statepoint comparisons been ceietec f ro n either tne A,ff
critical or the power distribution verification cata-oase? If so,

provide justification for the deletion or incluce the statepoints in 'he
data base.

AtiSWER: In accition to those T!P cata mentionec in Ouestion 27. there are
some Leff critical and i!P cata which were excluced frem the data base. The

operating conditions of these data points were evaluated curing the cata case
Collection. The points were excluded wnenever the operating conditions were
not at equilibrium or the recorded operating concitions were cuestionaDie.

23.. Have the cola critical eigenvalues been corrected for temoerature anc
reactor period? If not, what are the corrected eigenvalues anc
corresponding stancard deviations?

AtiSWER: All cold critical eigenvalues in Supplement 3 have been corrected for
temperature and reactor period. In addition reactor downtime at the time of
the test is also taken into account.it

- 24. In Figure B 15, what is causing the large overprediction of the nocal
peaking facter (1.8 vs. 1.4) at XTG location _(18,24)?

Afi$WER:- The results presentec in Figure B 15 are a comparison of measurec anc
predicted. TIPS for Kuosheng Unit 2, Cycle 4 This is one of the fen
comparisons for the CASMO 3G/MICROBURti B methocology verification calculations
in 'which ' the TIP discrepancies are this large. In f act, this is the norst
' comparison observec for the . verification data base. Al thougn the T;P-
discrepencies appear larger than expectec, it shoule De noted that the
standard. deviation of the differences between, measurec anc precictec T!Ps fcr
this ? case is less than twice the average stancarc ceviation for the . entire
data _ base This TIP set has been inclucec in the cata case fcr
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Ithe uncertainty analysis. Therefore, it's centr 10ution nas teen in:'.ucec r
the computation of the uncertairity comoonents nnich are to ce u : e.: for
cetermining the core operational safety limits.

.

I
I
I.

I
I-

I'
25. Are the recommendec ANF CASMO 3G/MICR0h RN c a'i c ul a t i on prececures

(selection of code options, numerical convergence anc mesh, thermal anc
hycraulic correlations. geometrical moceling, etc.) tne same as usec in
calculating the verification data base? If not, unat is the effect of a'

these cifferences on the inferrec calculational uncertainties?

ANSWER: The recornmenced calculation procecures for performing neutronic
analyses are the same that were used in generating the verification cata oase.

I
I.

I
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b

.

26.
'

Why was the Dresden Cycle 2 and 3 and Quac Cities 1 and 2 TIP cata usec
in XN NF 80 19(P) Supplements 1 anc 2 exclucee from the po er
distribution measurement data base of Supolement 3?

ANSWER: The MICROEURN B calculations for the methocology verification cata
p - base were chosen to represent a variety of reactor sites an0 types anc to be
L: as recent as possible. The cata for reactor cycles in oceratten prior to

1982 were considered as not being representative of current practices in fuel
(- ' design, core leading, and operating' strategy. The exception to this aporoach

-

of choosing the verification data base was Quac Cities Unit 1 The OCl I

calculations were performed to provide comDarisons betwe'n gn=a 5:ane
measurements and precictions.

. . .

( '

L

.

L

~

r
.

.



I
Xti lif BO 19(tiP)(A)

Supplement 4
Page 24

TABLE 4

esvm m_e as1 mom,, emmi,m ,,,, I
I
I
I
E
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I
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L.

27. Why is the TIP symmetry for the Chinshan 1. Kuosteng 1 and 2. and

Suscuehanna 1 ana 2 plants used in Supplement 3 a factor of 2.5 times
{ -.less than the TIP symetry for the Dresden 2 and 3 anc Quac Cities I asc

2 plants used in Supplements 1 and 2?

l-

{

1

.

;-

'

28. The large difference between the verification cata of Supplement 3
(Chinshan 1, Kucsheng 1 anc 2, and Suscuehanna l' and 2) anc the
verification cata of Supplements 1 anc 2 (Drescen 2 and 3 anc Qwt:
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I
Cities 1 and 2) incicate a casic difference bet een tnese plants. 'nts
aifference suggests that the data should not te comsinec statisti;ali
and the power distribution measurement uncertainty should ce ceterminec
<eparately for these plants. Please discuss this a pc c re r.: plant gdependence of the poner distribution measurement uncertainties. E
especially with respect to their use in the oetermination of the MCFF
safety limit.

ANSWER: Iable 4 included in the response to Ovestion 26 c:n fi rms year
observation. There appears to be a systematic difference tetween C Latt.ce
plants (Supplement 3) and D Lattice plants. Inerefore ANF proposes to .a a
cifferent set of uncertainty componente for the evaluation of the MCPR tafety
limit for 0 Lattice plants.

29. Since Quad Cities 1 Cycles 14 nave teen calculatec niin
CASMO 3G/MICROBURJ B, why haven't they teen incluce: in :ne
verification compariso.'s?

AllSWER: The Quad Cities I calculations were performed primarily to utilize
the gamma scan measurements (Figures 4.1 1 througn 4.1 Ec and A;penct x C;.
The measured vs. predicted TIP comp rtsens (Appendix D) were inclucec only fer
tilustrative purposes, 11 was recogniced at the time Supplement 3 was
prepared that the large TIP asymmetries associate alth Ouac Cities 1precluce

their inclusion in the statistical uncertainty analysis cata case.

Subsequent CASMO 3G/MICROBURN B calculatiens for recent cycles of Drescen 2
tr.4 3 have been combined with the Quac Cities I c al cu'l a t ions in a
supplementary D Lattice uncertainty analysis. The results are presente in
Table 4 in the response to Question 26. The ilP asymmetries observec in the
Dresden 2 and 3 data are comparable to those ceserve:

.

in :ne Quac Cities I
cata, so it was concluced that statistical comoinaticn of tne cata sets is
a c c e p t a b's 9.

I
I
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( 30. The MICROEURN B nodal power calculated using Ecuation (5.1) recuires the-
measured cetector distribution. How coes MICROEURN B calculate the >

{ power distribution when measurement data is not available, and *nat is
the uncertainty asso*ciatec with-this calculation?-

(;

[

.

(5.2)),

k '31. If H!CROBURN B will be used with game.a detectors, wna't is the
-

measurement uncertainty ass xistee witn auation (s.3) in this case 7

,

i - *
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L
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frcm EPRI NP 840

Table 1
MATCH 1 Tip TEST ASYMA ETRY RESULTS

Noces 3 22 A

[
String N c,c al

Stnno sog 3String Stancard Nocal Stancard String Stanca'tcat StanoatoData Mean Deviation Mean Deviation Mean Deviatio6an c,,.ationSet Data RMio ('.) Ratio ('.) Raho l'. ) tio g. i.
1 T 0 992 C 5? 0.994 6 07 0 963 0( 96 e 4(G 0 980 2.77 0 960 L 46 0 961 2 04 10 ( 2;,F 1.03) 9.92 1 023 12.30 1 036 'O CO 1; 3 7 ;;
2 T 0.990 6 79 0 990 6 20 0 990 ( $7 42 e ?;G 0 996 2 54 0 995 5 78 0 996 2 29 5 c 4;F 1 003 4 05 1.012 12 12 1 006 4 29 ( Ic at
3 T 0.9b4 6.93 0.995 8 35 0994 6 65 8 6 (3G 0997 2 33 0 995 5 32 0 997 2 26 e c 2gF 1.052 12 03 1 058 17 40 1 001 '2 55 5 23 6;

Av T 0.992 6.70 0 993 8 21 0 992 0 49 1 6 (;G 0 991 2 54 0 990 5 53 0991 2 40F 1 017 7 2B 1 017 12 21 1 022 7 75
6 ;;

217e

', Note:
in Inis analysis the lamDle life tot the Ethng ration consists of 13 symmenec pairs*

calculassons are 200 ano 312. s,29s tot no;a,

.

.

- - - - -
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I32. In Ecuation (5.1) how are the W u' ceterminea? If they aere :etermine:
,

using the cata in the verificatien data-base. ill the co er
Icistribution measurement uncertainty be larger for plants not incivee: W

'

in the data case?

I-

ANSWER: The Wkk' are neighting facters usec in syntnesi:ing the '' measure: TIP
response",from the LPRM detector measurements anc the precicted T!P response.

I33. Provide a flow chart showing the ccTplete set of inci.idual C ' $!'D- 3 3
depletion calculations performec fer a typical fuel astemDie. Icentify
all branch calculations.

ANSWER: Details of tne depletion strps are cependent ucon the fuel cesign.
Typically, fine time steps (500 mwd MTU) are usec wnere the gacolinia nas a
major influence on neutronic behavior. Depletions steps are increased tc 2!00
mwd /MTU near and of life.

Branch calculations are performed to generate controllea cross sections, as
nell as cold cross sections. Table 5 shows a typical matrix of restart
calculations. Doppler restart calculations are also ;erformed at the
indicated exposures. Both controlled anc uncontrolled soluti0ns may ce
performed, if required.

I
I
I
I

.

I
_ - -
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TABLE $ TYPICAL PISTAE.T SOLUTION MAT;,:x-

I
I
I
I
I
I
B
1

I
I
I
I

I
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: I; 34 Drovide a list of the isotopes for which microsc
1

Dic :ros; se:tt:ns are
j used to calculate the nodal burnup. How are the fission tr;;utts gj treated? Identify the remaining isotcDes which are lumpec int; W
.

macroscopic cross sections as a function of exposure and void fraction.
i
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MONTE CARLO /CASMO-3 BENCHMARK PROBLEMS
in a cooperative effort

between Studsvik and Argonne National
Laboratory, a series of lattice problems was developed with the
goal of testing CASMO-3 against
Monte Carlo code with ENDF/B-5 data.the VIM continuous energy

The lattices are well-
specified numerical problems which start from pin cell geometries
and build in complexity to heterogeneous and heavily-poisoned
BWR and PWR assemblies. The problems are modeled in
octant geometry with reflective boundary conditions at

assemblysurfaces.

BWR cases include an 8X8 bundle with 0, 4 or 8 Gd rods and
0% or 70% void. BWR control rod cases (one with 8Cabsorber pins and one with hafnium absorber pins) were

4

performed for the no Gd assembly at zero void.
The control rodwas modeled in detail with 1/2 assembly geometry used(diagonal symmetry).

PWR cases are modeled in a 3X3 pin cell geometry with fuel pin
(uniform pin cell lattice), Ag-in-Cd or

Hf rod in the centerposition,

..

The . VIM calculations were performed by Ed Fujita and Rich Lell
of Argonne National Laboratory.

vim / cat /fE 7C1
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; Supplement 4'

Page 45BWR CASES 3 AND 4: 4 GADOLINIA RODS, O AND 70% VOID
f

| '

I !

I |
! H !

{ H i3 3| 3|
,

0; E
|

R 8 R U{
; O N

I
I A V

t W L 0,

1 3 3
j A L

3! : T C '' D
E Y E

--

I
R i D|

!'

! C ,
C

I3 3 (CC) 4! . A
H W

2|
|

A A
.' P . N T'
'

i N Ej
| ! E R

i ) ! L
<

|2 '

2: 2| 1
<

.18 CM

l
.20 CM

.71 CM
i

TUEL PIN RADIUS 0.52 CM PIN TYP 11 1.8% enr.
f OUTER RADIUS OF CAN Q.C3 CM

Or 0.4\ enr.
3: 3.0% car.

SQUAAE !.ATTICE PITCH 1.63 CM 4 3.0\ enr. + C.0\ Cd;0
3

..

vim /CAS/f4;701
*

3

*

.

,

-
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XN 4f-80 19(NP)(A)
Supplement 4

BWR CASES 5 AND 6: Page 46
8 GADOLINIA RODS, O AND 70% VOlO

g-
! Ii: i |

{u |
H

33 : i :3 3 2fE I I ''

;
jR | U i|R C ! N I

I A I V !
| W L o

'

'. A L i I3 3 (Gd) 4, 2! T O | D'

. . _J g y | g '-

!R ! D {
'

!
C \ \

G H W3 (Gd) 4 3 : A A | A

'

P N T
N E

|E R
.

2 2
2| 1

.18 CM

i.20 CM

.71 CM
,

1 I
IFUEL PIN RADIUS 0.52 CM PIN TYP 1: 1.8% enr.

OUTER RADIUS OF CAN 2: 2.4% onr.0.62 CM 31 3.0% enr.
SQUARE LATTICE PITOH 1.63 CM * 0* *

2 3
.

I
I

__

3

E
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l XN NF 80-19(NP)(A)J
0 C CONTROL Bt>sDE MODEL, CE TYPE (EPRI NP-240)

Supplement 44
| Page 47

CONTROLROC

I !.%E
.-d

: HEATH 8, 'I

si'' NELTTRCN AECORDER

|f
i. so s

%. q:.h
!

*

..

::
-

' l .7
* '::.

*

:~;
.

l ..:.
; 5t 1aLAce
=

rtANoLE

e.

vEten.ry uuntn

l$ 3,

d5
Lv m -

-

A
c=urusc : ccer. :-

y W ^m
clara _ ,

"4'

t_|
I
Y

1%ww/wsywwun) c.wrnwhinwmz
~

-- -

, wy 1 3 n,-

s y \ M7 .b th. '

Q-f4 :sa N : .eto.e .e|
-

\_ N,,%j-
~ ca-

E/u
mi// x//mpwin m ,w//a/////w/w;- ,

4 r -SRL - M ABL k
caxmAL s

:urecar
-

, - -

-..

A ct
: _ --_

-

,

(m)
12.38 S CONTROL BLADE SPAN0.792 0

CCHTROL BLADE FULL THICrdESS1.935 DLNTH DEAD LENGTH. i.e. CEt(TRAL STRUCTURE LENOTH0.3E06 TID TUBE i.d.
0.478 T00 TUBE o.d.
^ 14 2 kTH SHEATH THICKNESS

.

.0 HBKT

HUMBER OF BLANX TUSES A0JACENT TO CENTRAL STRU IURE PER WINO

_ _ _ _ _ _ _ _ _ _ _ . - - - - - - - - - - ' ' ' - ' _ - _ _ _ _ _ - _ _ - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - -



- - - - - ~ ~

I
XN NF 80 19(NP)(A)

Supplement 4 g
Page 48

EPWR CASES Ba AND 8b: CONTROL ROD

I
IPIN TYPE

3 3 3!

ABSORSER

!

3 12 or 13 3

6 1

'

i I3 3 3!
'

I
FUEL PIN RADIUS 0.52 CM PIN TYP 1: 1.8% enr.
CUTER RADIUS OF CAN 0.62 CM 2: 2.4% onr.
SQUARE LATTIOE P1TCH 1.63 CM 3: 3.0% onr.

4: 3.0% enr.t6.0% Gd;O
3

12: Ag-In-Cd

13: Hafnium

I
..

,
VtM/AS/f40701

.

M

I
- - - - --



Xtt.tlF 80 19(flP)( A)
. Supplement 4

DESCRIPTION OF CALCULATIONAL MODhLS
'

t

VIM

EXACT GEOMETRIC REPRESENTATION

CONTINUOUS ENERGY MODEL

ENDF/B-5 DATA

200,000 HISTORIES

CASMO-3

VERSION 4.3

LIBRARY J1

70 ENERGY GROUPS

.-

FUNDAMENTAL MODE WITH ZERO BUCKLING

(l.c. SAME CONDITIONS AS VIM)
STANDARD INPUT

1 MESH / PIN CELL

7 2-D GROUPS

ETCETERA

..

i

|
VIM /0AS/fM 701

- _- - - - - - - - - - -
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XN-NF 80 19(NP)(A)
Supplement 4

Page 50

{ COMPARISON OF VIM AND CASMO-3

IElGENVALUES

I
-

1
CASE DESORIPTICH | I

VIH CASHo-3 C3-VIM (pc=)

WR
:

1 0% Void, No GAD 1.32322:0.00353 1.32354 4

!,

24 1

! i2 70% Void, No GAD 1.27909:0.00397 1.28036 99 f I3 0% Void, 4 GAD 1.14002:0.00235 1.13612 -390 j

4 70% Void, 4 GAD 1.06825:0,00240 1.07077 252 |
!i 5 0% Void, 8 GAD 1.01009:0,00248 1.01137 128 !

70% Void, 8 GAD 0.95368:0.00268 0.95200 -168
' 7a 0% Void, B C Rod 1.07427:0,00335 1.07966 5334

,7b 0% Void, Hf Rod 1.11175:0.00345 1.11398 201 ~

| -
i

38 Pin Cell 1.38866:0.00363 1.38830 - 26
{Ba Hf Control Rod 0.95404:0.00255 0.95629 236

Bb Ag-In-Cd Control Rod 0.95045:0.00285 0.95377 349

..

I
Ivim /CA$/fM 701

_ _ _ _ _ _ _ . _ _ . _ - - - - - - - " " - - ~ - - - - - -
.

- -
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XN-NF-80-19(NP)(A)
Supplement 4

Page 51
COMPARISON OF VIM -AND CASMO-3

Gd ABSORPTION

I
I

ENERGY Cd-155 aba | Gd-157 abs !CASE GROUP
| | | C3-V!M (% ) !

VIM C3
| C3-V!M (t) !VIM ; C3

I i ! ICASE 3 1 .00588 .00550 6.5 i .00299 | .00315-

0% VOID 2 .01836 .01907 t 3.8 .08468
5.4-

I 08676 .!
4 CAD TOTAL .02423 .02457

4 2.4-
i1.4 .08767+ 08991 2.6 I

+

ICASE 4 1 .00877 .00854 2.6 .00484 .00498
-

70% VOID 2 .01968 .02020 2.8 i
+

t 2.6 .09055 .091554 CAD TOTAL .02845 .02874 + 1.0 .09539 .09653 j 1.1 j
'

-

1.2 li +

k !
.

CASE 5 1 .01088 .01082 - 0.6 .00576 006240% VOID 2 .03055 .03091 + 1.2 .1407 1403 |

S.3. +

B GAD TOTAL .04143 .04173 + 0.7 .1465 1465
0.3 i. -

+ 0.0 ||
.

;

CASE 6 1 .01658 .01644 - 0.9 .00910 00965 |70% VOID 2 .03025 .03071 6.0 ;. +
+ 1.5 .1392 1387 !8 GAD TOTAL .04683 .04715 + 0.7 .1483 , .1484 | + 0.0 !

0.4. -

| l |

'
. H 1a uneartainty gr 1 a 3.5%

2 = 1.5%
Totul u 1.5%

.

VIM /CAS/tM 7:1
.

|

_ _ _ _ - _ _ _ _ - - -
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XN NF 80 19(NP)(A)
Supplement 4

Page 52

POWER DISTRIBUTION CASE 1: 10% VOID, NO GAD

I
.700 (1.3) .842 (1.5) .960 (1.1) 1.021.799

(1. 2 ) ( |
I.835

24 .940 1.038-0.8 | ;
i ;-1.3 1.7 i | |

3 3
3 2,

.820 (1.4) .066 (1.2) .993
,

(1.2){1
.835 1.002 (*.1).671
0.0 .985 ,

; .074 i0.6 '

-0.8 -0.7 !

3 '7IS3 7*

3 2 j.923 (1.2) .999 (1.4) 1.098 (1.4)|1.168 (0.9){i.940 .985
2.7 1.099 ;1.174

* *
I

'
-1.4 i0.1

| 0.5 i

3 } t

.

;

3 '
3: .{ !1.034 (1.2) 1.068 (1.4) 1.202 (1.2) 1.137 (0.8) |

I1.038 i

1.074
0.4 1.174 1.108

| i

,

0.6 -2.3 -2.6
2 ;

2
- 2

1(
-

;

|
! I
;

I
VIH (10%)

.C3
Diff.%

..

g

I__

g

I
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l

XH NF 80 19(NP)(A)
Supplement 4

Page 53

I POWER DISTRIBUTION CASE 2:70% \ OlD, NO GAD

E
.

.766 (1 4) .012 (1.1) .939 (1.3)'1.015 (1 11! ! !

.767 --
.810I 0.1 .940
0.7 1.017 ! '

1.0
| } |

02
3

-

3 |

3( :! ! I
<

I .817 (1.1) .874 (1.0) .990 (0.9)|1.064 (0.9)| ,'
.-

-

.818 . 8 61-
, 0.1 1.002 1.068 ;

-0.6 '

1.2 |' '

0.4 i |t |73 5 73 3
, i

2| !.922 (1.3) 1.018 (1.0) 1.141 (1.0)|1.189 (0.0)! |
,

;
. _ _

.948 1.002 '

2.8 1.136
-1.6 1.191

}!

-0.4 0.2 i

( 3
3

3 2| {!1.011
'

i j I(1.4) 1.074 (1. 2 ) I 1.214 (1.1) 1.157 (1.0)'1.017 1.060
0.6 1.191 1.123 }-0.6 -1.9 -2.9 I

,

2. 2 2
il;l

|

I
VIH (la%)
C3

, Diff.%

Type

.

I
__

;
.

,

t
, _ , _ - - - - " ' ' ' - , _ _ . _ . - - - - " ' " ~ ' ^ ~ _ _ , _ , _ - . - . - - - - - ' - - ^ ' - ---- '' - _
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XN.NF 80 19(NP)(A)
Supplement 4

Page 54

POWER DISTRIBUTION CASE 3:0% VOlD, 4 GAD

.902 (1.5) .904 (1.2)|1.032 (1.3)!1.130.900 .925 '1.03S (0.8) i !

2.3 1.150 | |
-

=0.2
0.3

. 1.0 1
'

I

3 |3 3, 2 j
.928 (1.0) .911 (1.3) .968 (1.2)!1.154

I

.925

(1.1)f|I
.914

-0.3 .952
0.3 (1.144

|
'

~1.7 -0.9
| | l

3, 3 3j 2|7|5 | 7 i
;|

, 1.019 (1.3) .974 (0.9) .220 (0.8) 1.196 (1.0)||1.035
--

i ,

.952
1.6 .218 1.179-2.3 i,=0.9

-

,

-1.4 | j. g3, 3
,

i '(Gd) 4 ! E2{ ;1.134 (1.2) 1.137 (1.1) 1.190 (1.2) 1.200 (1.1)] ,
1.150 1.144

1.4 1.179 3

0.6 1.185 j
-0.9 '

-1.3 ,

} |2 2! 2 1

,
1

_.

|

i I
-

i |
VIM (10%)
C3
DLit.%

-

E

1
__

g

I
_ ____ ~ -- _ _ _ _ - - - - - - - " - - -
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XN NF 80-19(flP)(A)
Supplement 4

Page 55
POWER DISTRIBUTION CASE 4: 70% VOID, 4 GAD

L

.009 (1.3) .861 (1.0) 1.001 (1.0) 1.086 (0.8) | !.827 .876 1.013 1.110 ; !2.2 1.7 1.2 2.2
|
'

, 3 3 3 3
l

; i {.874 (1.4) .892 (1.3) .980 (1.0)|1.128 (1.0).876 .897 .982 (1.138 j
3 ,

0.2 0.6 0.2 ,

j 0.9
. |
|7!5 - 7

1

3 3
3| 2i {1.028 (0.9) .981 (0.7) .348 (0.7)!1.250 t i1.013 .982 .344 |1.230 (

(1.1) s

-1.5 01 -1.1 -1.6 i j

3 3 (Gd) 4 2
1.112 (1.1) 1.130 (0.9) 1.260 (1.1) 1.261 (1.1)1.110 1.138 1.230 1.218

;

-0.2 1.s -2.4 -3.4 !

|2 2 2 1

VIM (10%)
C3
Diff.%

Type

..

k lm/ CAS/ t,M701

_ _ _ _ - _ - _ _ - _ _ _ - - - - -



I
XN flF-80 19(flP)(A)

y
Supplement 4

POWER DISTRICUTION CASE 5:
Page 56

.

0% VOID, 8 GAD

.907 (1.8) .901 (1.2) .999 (1.3)I I.177
(1.3)!| { I.515 .903 -

0.9 .973 1.200 I

f|i ||
0.2 -2.6 2.6

|3
--

3 ! ! !

{- 3j 2| j E.895 ( 1.1) '' .784 (1.5){.241
. g, .

_,

( 0. 8 ) |11. 2 0 5
.903 (1.1).777 '

Q.9 .238 1.199 !-0.9 -12 -0.5

|7|5
I

i
3 73 (Gd) 4| 2i : '

;

.960 (1.7) .241 (1.2) 1.101 (1.0) 1.394 (1.3) j

!
g.973 .230 1.083 ;

1.4 -1.2 1.39C !
,

-1.6 ;

0.1 ? i ;
3 (Gd) 4 3 :

(1.3)| I
I

1.182 (1.3) 1.218 (1.1) 1.400 (1.1)fl.300 i1.208 1.199 1.396
'

2.2 -1.6 ;1.377

|-0.8 {
-0.9

2 2
2 '. 1| |

I
I!

I
VIH (10%)
C3

E|Diff.%

TYPO

.

I

Ivim / AS/830701

|

I
||

|

1

I
- -
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-

XN-NF 80 19(NP)(A)'

Supplement 4

POWER DISTRIBUTION CASE 6: 70% VOID, 8 GADe
,

L.,

{- .800 (1.4) .828 (1.2) .966 (1.2) 1 138 (1.3) |
w

.807 .837 !.9630.9 1.1 1.155 '
I-0.3 1.5
j.

3 'l 3, j '
'

.825 (1.3) .791 (1.4) .369 (0.7)!1.201 (0.9)| { [

,

i
.837 .785 .370 I*1.5 -0 8 {.194 i i

; 0.3 0.6
i ' , } j i

j 3
3| (Gd) 4| 3!

t7'5 7

.968 (1.1) .371 (0.9) 1.204 (1.0) 1.415 (0.9) : |

l !

.963 .370 1.174-0.5 -0.3 1.403 ! | k-0.8 -0.9 I

3 (Gd) 4
,

3- *I i

1.158 (1.2) 1.191 (0.9) '1.388 (1.1) 1.388 (1.2)' t i

!1.155 1.194 1.402 1.373 ''~0.3 0.3 |1.0 -1.1 j i

2 ! i2 1; !2

t
.

-

}

v!M (loN)
C3
Diff.V

Type

.

v t M/0AS/t.M 7M

- - _ _ _ ---
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XN NF 80-19(NP)(A)

Supplement 4
Page 53

I
PowEA Ottitituf!CW CASE 7et 01 V010, 3044* C047A06 A@

.3 73 (4.5)

.401
7.5 .

1: '

E
.476 (2.5)' .657 (3.4).507 .674

|
6.5i 2.6 ;

_

2 3
'

i

'
l

.523 (2.1) ' .722 (3.2) .764 (2.7) !.519 .715 7720.8 1,0 1.0 I

t - 2 1 3 -

*

.558 (1.3) .767 (1.7) i .816 (2.4) ' .8 72 (2.6)
'

|.545 . 75 7 .320 .5722.3 a'.3 0.5 0.0 .

[ 2 3
3| l t

' .576 (2.2) .306 (2.3) ! .Soo (2.2) .943 (1.8) .964 (2.3) |.593 .414 .476 .927 .9ft )

'

3.0 1.0 0.5 1.7 1.3 -2 3 3 3 3-.649 (2.0) ' .925 (2.3) .989 (1.8) 't Qt9 (1.9)it.104 (1.4) 't.173 (2.4)
.692 .913 .963 1.000 1.059 1.136
0.4 1.3 2.6 1.0 4.1 3.22 3 3 3 3 3.911 (2.1) 1.111 (2.0)'t.161 (1.9) 1.134 (1.2) 1.245 (1.3) '1.303 (1. 7) ':1.468 (2.3) k

i
.946 1.127 1.148 1.163 1.23 2 1.311 1. 4 9t. I

3.3 1.4 1.1 0.4 1.0 0.6 1.9 !

2 3, 3 3 3, 3 3:4 1.129 (2.2)
1.234 (1.5)'t.232 (1.3)it.305 (1.4)

1.345 (1.5)'1.422 (1.3)ll.595 (t,5)lt.533 (2.0)
{1.102 1.301 1.290 1.116 1.142 1.*40 ;1,600 !1.529 !

2.4 1.3 0.6 0.8 0.2 1.3 | 0.3 ! =0.6 !

1 2 2 2 2' 2|
21 ti

vtm (td
03
01ff.%

hP8
_

..

Ivi m/ 0A S /t.5 ',.70)

-

i
gu

-
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{ M NF.80 19(tiP)(A)
Supplement 4

Page 59

k _

,

P N (R DIIftl8ef!Ch CAtt 4; 0% 's010, gArngu'n g;ntagg g;c
' . 44 2 (3.3)

460
4.1

1
6

. |.568 (1.9) . 75 5 (2.3)
|.574 . 72 7

-

|1.1 3.7
2 3.

.590 (1.9) .766 (2.2) .805 12.3).581 .754 .7921.5 *1.6 1.6| 2 3 3

.610 (2.0) .310 (2.0) ! .64 2 (2.1) .531 (2.3) '.60. ,758
. t.30 , ,gg1.0 2.7 1.4 1.52 3 3 3

.434 (2.0) *S45 (2.0) .896 (1.4) .913 (2.0) .9 77 (2,7)].650 .538 .376 - .9) .9562.5 0.8 2.5
2 0,1 .),9 |3

3 3 3|. 73 3 (2.3) .926 (1.1) .9 73 (2.2) .990 (2.2) 1.000 (1.1) 1.034 (2.3)
. 74 7 .930 .956 .988 1.029 1. M6

i 1.9 0.4 1.7 0.2 2.92 3 3
3 3 3

6.0 .

I
.WO (1.9) 1.123 (1.5) 1.126 (2.0) 1.110 (1.5) 1.163 (1.7) 't.231 (t.41 1.433 (2.5[l I

;'

.984 1.131 1.130 1.152 1.192 1.263 1.436 | !

t,

0.2 0.4 0.4 3.4 2.5 1.4 0.2 i

2 3 3
i

3 3 !
3| 3|1.111 (0.9) 1.303 (1.3) 1.270 (1.3) 1.254 (1.31 1.297 (1.6) 't.353

!

1.115 1.291 1.264 1.274 1.315 1.354 (1.7)|1535
0.* 1. 5 73 (1.6) '1.553 (1,7)0.9 0.5 1.9 1.4 1.9 1.461I| 2

.

2! I
21 2,|

2.41

5.7l

2
1{ g

vtM - (ta%)
03
biff.%

Iype

i
e

. .

VIM /0AS/8807g t

!

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . - - . _ _ . _ _ _ _ . _ - - _ _ _ _ _ _ _ _ _ - - _ _.. . _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - -
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Ixii-t4F 80 19(tiP)(A)
Supplement 4

Page 60CASE 8a: PWR Ag-in-Cd CONTROL ROD
1.032 (1.3) .965 (1. 0 ) | 1. 0 2 2 (1.0)1.021 .979 :1.021-1.1 1.5 ! -0.1

3 3 3j
.979 (1.1) ! .976 (1.0)!.979

{ .579 {C.0
| 0.3 i =

12j 3|3

1.019 (0.9) .980 ( 0 . 9 ) g} l . 0 2 6 (0.9) W
'

1.021 .979 1.0210.2 -0.1 1 -0.5

3 3j 3

I.

ICASE 8b: PWR Hf CONTROL ROD

I1.024 (1.0) .990 (0.9) 1.030 (1.1)1.017 .983 1.017-0 7 -0.7 -1.3

3 3
3|

.963 (0.9) | .973 (1.1).983 | .9832.1
| 1.0

3 13 3

1.024 (1.0) .985 (0.8) 1.012 (1.2)
"

1.017 .983 1.017
|-0.7 -0.2 0.5
5

3 3 3
.

,

I
__ I

I
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XN.NF 80 19(NP)(A)
Supplement 4

SUMMARY OF CASMO-2/ VIM COMPARISON P89' 61
I

'VERAGE DISCREPANCY FOR K inf IN UNRODDED BWR BUNDLES:
CASMO3 - VlM

0 % vold -79 6170 pcm -

70 % void +61 170 pcmI
I

DISCREPANCY IN ABSORBER REACTIVITY WORTH:
CASMO3 - VIM

GADOLINIA 0 % void +1.0 & 2 %70 % void + 0.1 i 2 %l. CRD Boron rod -2.l i 2 %
Hafnium rod -1.0 i 2 %

CCR AginCd rod -0.6 i t.4 %
Hafnlum rod -0.9 i 1.4 %

I
g UlSCREPANCY IN Gd-155 OR Gd-157 ABSORPTION:

CASMO3 - VlM

0 % void +1.2i1%
70 % void +0.7il%

I
g AVERAGE DISCREPANCIES IN POWER DISTRIBUTION FOR:

CASMO3 - VIM

I Gd rods -0.7 %Rods adjacent to Gd rods -0.9 %Rods adjacent to water gaps
Corner rods + 0.1 %

5 -2.0 %Along gap with cruciform control rod + 1.1 %

. No trends in power distributions versus void.

(M/cAS/830?Q t

.

I
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I
. ICONCLUSIONS

I
I
'I

l *
EXCELLENT AGREEMENT BETWEEN CASMO-3 AND VIM

I
I
I

*
NO TREND OF SIGNIFICANCE TO BWR OR PWP ANALYSIS
WAS OBSERVED

I
I
I

~

I
I

| I
| VI M/CAS/SM701

.
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Transactions Mis, vol. 49, Boston, Jane 1935.

2. . Berichmarking of the Gamma.TlP Calcule.
tion in CASMO Against the Hatch BWR, Mc/t,

|
Edenius, Ptfer J. Rashid. Davud M. Ver Planck
(Studsvik USA). Odrili 0:tr (EPRI)
Mr.TH ODOLOGY

A garmma tranrpon C1]Culation hu beert dfvtlered for the
CA$MO code'd under the sponsorship of the Electric Pomer
Antarch jnstif tne (EPRI) Ounma sources from capture, fin.
iion, and instanic ><atiering are casculated for all regiom in
CASMO and a gamma transpon calcuisiion is carried out
using a two-dimentional heterogeritous collision probability
routine. CPM. HIT. This method allows tne i.cutimem.onal
calculation to 14 dorie mth espbett representation of the fuel '

l rocs. i.e.. the fuel rods that ha.e lute amma efont seinionn
I ve not smt.arnt with the coolant, w hich is almost tranipu.

ens to gamma rays.
The gammt.rsy croit sections used with CASMO are

tued on the CLO3EUP/ SCALE Drary'' and contain cata
in il energy groups. Dclayed gamma production is treated

I

TABLEI
CASMO Senchmarkmg to SAM.;g

| h et '

WI (with le emes) CA ctry,(g)

fl!.!!!!.h ".% O!!!! I },

| Cold. 1995 pas I. O W8/ht 2.10 a 1.51 2 .e,;
Not . O poo 3 O Mvd/ht 2.17 a 1.It 2 .gg
Mot . O pp* 3. 4 mwd /tt 2.72 a 1.51 2 1.6

!!I.!!!.hl!!!!Lf!!!!!1!'

f0, . . . . . n . . ..,0 a 2.,, .,
...,

41 '
. .215 a 2.51 .1 .g,7

701 '
.293 e 2.25 .2.

g
401 . cont ml rod .J53 s 2.g! .2 1.0'C I 8 4 Ndt .271 a 2.11 .2 3,7

,

_ _ _ _ _ _ _ - _
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Ivung the Lc t A2.amot twme of.esponenti44 reprewntauon.8
For caJeulauon.aJ efficirney a concerwd samma hDrary wuh unir*g the SIMULA*T three dimenneeal mod &J coded

sia
10 eeevry growcn .u deveicwd. It wu found that the detec. two-sroup ciou secient uio gamma ce ector funcuoet im.
for responses caJewiated with the !O group bbrary agree to ecued t1 CASMO u input. The gamma detecot fumon
nuhin 01% of Ikttowr cuevlanons. the calculaird rano tetween detecot restophe ud po e. in

a

a tethtiontil turmely. This ralio is calcw:aird m C Asyo
MONTI CA.R10 BENCHMARRING venus esposure void, control rod, etc. arid is iriput to $1%t.

U1.A TI.
N sunrna cajeu! won k CASMO *ss firn benthmuted * '"''''" ' I ' M D'"* " * *' ' U * ''" ''' L h ' "'" W

alaarut $AM CI Monte Carlo cMeulationt wish ENDF/B.V gamma.TIP e,th the SIMULATI calculated gamma.Tip
data performed by Brookhaven National Laboratory.' "''#I 'h' "'''"''d # 3 " ' ''#'* " #**'' d"''''"'''^ '"4Assuki art eurrtmattaed in Tatie 1. The pin ceu c.ucs are cou- #" " # "*
pied neutroruct. gamma tajevlauens aad are mainly 4 Int of $4artmg from tWrinning of cycle 3, a Hahet cateuiano,'
the ramma tourcer t.ecause the samme transport effee it * * " " " **8'"* " ' "' ' ''4 h 'imatiin a pin ett!. In the boiling water reactor (BWR) cuet, e Onnbuuon. ' Control rods *ere then insemed to th er
SAM.CI we $ preca:culaird :amma nowrees fre'm CASMO to #'"* * ""* * Y""# U "" *

t

that thew asses are a test of the gamma transport caJcVlation * ' ""#"' '"
only. The t enchmarks show good agreement both for the W M w C h u m ,a % e ' m W Ou m"v.
samma sourer and the gamma transport calculabons Loo of conen Dcon =u denved. W meuund pc.c

distnbunon wu then determined by multicipeg the meur.e
H ATCH RE.NCHMARKl.NC

is a srrtas "orrection, smcally <2r ). Internormaliution fac." '"" # DI * ****'' # ** " * " I'" '" " 'c
The bench. marking has now beest e.etended" to overtheg

ton for the diffetent buncie types were also ap0hed u iwg.
e

data for the Hatch UM i BWR. End of cycle (ECC) J mu gested in Ref. 8.
chonen for the benchmark because eatenove *La gamma.

M1fy. the meuund power distr 4ution wss used u ietyt6:aa dua (ootegh@ core three.dimeruson4J mcuured roecr
distribution) are antilable at this uste point, to $1MULATI at EOC J and the caJculaird TIP rnconm

Calculaird samma.neniinve traveling in. core probe were compared to the meuured ilP rescontn.
The core sontairit 13 TIPS. =hich are ivrtcunded av(gamma TlP) ressentes were compued to measured data

ramma.wanned tiundin. Two TtPs were escluded from os
benchmark tiecause the meatweed rnvits item to have teen
influenced by a misahgnment and ue inconuntent with da a

TABLE 11 for fitnmetnc TlP locanons, Tab:e 11 show's the meuwed ua
calculaird average tsaal distntrwoon and the inirgrated rac.s

Measured ar%d Calculated Gamma.TlP dismbunon of the gamena.TlP respontes normalised to unnyResponses for Maten. LOC 3 for the swDset of accepted TlP data points. The TIPS inciute
rive tocanons w th an adjacent consrol rod (TIP XY 2043.Asial M e a sured Calculated MeanPotidon* Mean Mean Dif f erenc e

1,14123 .833 .839 .006
59 1.084 1.058 . 006 y o Meanweed
?! 1.086 1.080 . 006 k O ASMO tat ,0. at ande
63 1.087 1.C81 . 005 1'10 ' D ''*

g
_p,,,,,,,,,,,,,,,il 1.077 1.070 . 007 7 . ' . e a ea s.ees cate in,t. ?)

39 .983 .989 .006 {
'
a

u l Oh
,

.
27 .869 .882 .01J

!

h"Rad.at Measured i Calculated Mean bTIP.X Y' Mean | Mean Ditlerence q
o

w

ii.04,
437 ./08 ,104 . 004 j p

2021 1.fla 1.108 .024
}. F Q204l 1.152 1.133 . 019 a 0,98[. #

2821 1.062 1.076 .014 L ,

2837 .983 1.001 .018 I *

r E2843 1.153 1.138 . 025 F
o

0.9 4 w ,o g3829 .199 1.006 .007 (
3537 1.079 1.012 .01J L
3645 1.117 1.098 *.019 *

jaaU 1.112 1.090 =.022, 8
! "4445 .$42 .354 .012 c. t o c.20 c.no 0. n M0

,

jintnes from cortom of fuel. The 11 TIPS are mtegrated Average Fowe Swac e void Freet,oa
raciaay to give an average axias distnovtion.

' Integrated asially to give an average radial cistr4ubon. , Fig.1. Meuured and caJewlaird neutron TlP/gainma IIP
ranos for Haten. Cyc!e 1. 9336 MW /t.d
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%

.g t 531. : Sal, and 162%. Void fracuens vary from 0 toI ;r,,a:nd espoivrn from 3 to :D mwd /t 3 in the surround.r - g

ieg fuel. The CASMO.$1MULATE rnuut show no trend

I m us toid, bumup. fuel t}w. or prewnet of control rod. The
em.mean.souare error for all nodn 111.6F . which as sithine

ne ene.ugma ettenmental uncenamf y,
we also compared the measured' and calculated void

drMaarner of Ihe neutron.TIP/ gamma.TtP rsuo tiene to
goc 1 (Fig.11. De TIP response is insensitive io void ha.
icn and tirosure in the narrom miewal of miernt at EOC l.
we therefore asismed esposure to be ecual to the average
nroture and tosd history to be equal 10 mstantaneous void
eed calculated she void dependence cT ine neviron.TIP/
ramma.TlP rano direcly from the CASMO roults for the mi.
ual bundle 1)Te. The normalstJtion used is arbitrary but wt
conclude inat ihe measured and calculaied void depender.cin
are in very good agreement.

CD*.CLUSIONS

in summary, the nnous benchmarks agaanst Monte Carlo
cWculanons and operanng BWR dais show that gainma deset.
ior eticulationn uung the integral transport theory tr.odelin
CA5MO peto accurait rnvita for a marginal cura computer
soit anc *ithovi the need for suamary codes.

1. A. AHLIN. M. EDENIUS. H. H ACCBLOM. *CASMO
User * Slanual " AE.RF.4al38. Studma (1978).

2. A. A H LIN. M. EDENIU$. S. SUK. O, R. H A R RIS. O.
OZER, * integral Transport Computanon of in Core
Camma Effects moh CASMO/CPN * Trem. Am. Aucf.Joe. 47, 434 (1984).

3. M. %T.5TTALL, Pnista Commurucanoni: see aho J. A.
B UCH O LZ. *SCA LE: A Modular Code Syvem for Pen
forming Standardized Computer Analyses for Licennet
Evaluations," NUPJC/CR.C200, U.S. Nuclear Regula.
tory Commisuon (1980),

4 5. D. SUK. * Development of Efficient Methods for Pre.
diction of in Core Camma Effrets.* thnet, Rensselaer
Polpechnic insuiuse (Dec.1984).

5. R. J. LAB AUVE T. R. ENGLAND. D. C. CEOR CE.
M. C. STAM ATEL.ATOS. "The Aopheauen of aLibrary

of Proented ENDF/B.IV Fatuon Ptoduct
Asterpie Decar Data m the C4JcV.aiion of Deca >.Erierry
Speera.* LA 1441.Ms. Los Alamos Nanonal Lac.
(1978).

4. P. ROSE. E. SMITH. Brookhaven National Lab.. Pri.tait Communication.

7. K. W. DURKE, *$pecial TIP Deenor Measurements at
E4*in 1. Hatch Nuclear Plan Unit i Prior to End of
C>cle 1.* EPRI NP 540. Elenne Pouer Antarca leui-tute (19771.

4. C. L. HOLLOWAY. J. E. TAWK$. B. W. CRAW.
FORD. * Core Desern and Operating Data for Cycin
and 3 of Haich 1.* EPRI NP.21C4. Elecinc Po.er
Knearch ininitute (1984).

9. H. D. KO5 ANK.E. M. C. CRECORY. J. T M A. D. W.
CMWFORD, *Camina 5.:an McAsurements at Ed.,n 1.
Haich Nur) ear P'Ani Unu i FoHoeing Cycle 3.* EP Rt.

NP.2101. Dectne Power Rnearch inuuvie (1983),

10. D. M. VER ptANcx *$tyVLArg.g: A segaj C,re
Analytii Program for Light Water Rearters,* NP ;792
C O t (1983).
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I

Transactions ANS, Vol. 47, Washington, N0vember 1984.

7. Integral Transport Computation of in Core CAMMA DATA
Gamma Eff ects with CASMOICPM, A. Ahlin. The gamma tran cort cascu;asion in cattied out in la
M. Edenitat (Stud.rvik USA), S. Suk, D. R. Hams enerty groups unns samma ray crou uwons bmd on we(RPI), O. 0:tr (EPRI) CLCSEuPtSCALE hbrary.' ;etated samma proaucuan a

irraird using the Los Alviot numbof.esponent4Ms represen.
- INTROD UCTION '30'"A

The e ate neveraj appUcadoru for garnm.a truspon cajcu. Camma rays waurf pnnopoly in. cote by Compton uai.
laucru in pon er tsaciors, e.g., to determine gamma detector tering. mnsch is quite annostcpic as enetties aboie a (em

response. gamma redatribuuon of power, and boihng maler lenths of a megacitoron vols. Hence. a gamma. ray truucusn

reactor IDWR) bypus heaung. Calculanons tools eaJo for correction muu be appaed to the B, seauentig represenianon
such thoyus. 4n parucular Monte Culo codes that trach new. used in CPM.HET. For the pranical cue of mut energy

groups, d is useful to dounguish diagonal. outdo *. Udstoru ud guvnu together. Such rnethods are, homeser,
unpracucal and operune to we for the numerous calculauona

innow iransport correcuens.' l.et I,.,.,. represent the /'in
eneeded in the eesign and suppen of pouce reactofs. ordef Lrgenare comrionens ofine waaientig crou secca from

The KINO-tv multistoup Monie Culo code hu also gunma group g to group s'. The diagonal p, tratuport cor.

been ued to cetermine Creen's funcuoru' for indMduaJ fuel recuon conusts of suoitaeUon of ine in. group scanenna
pina. w heth then ate com'sined with power shapes calculaied

E,. from the sois etens troien in group g and from
by the standud reactor knysica program.. For etample.

0,,,,.,,. The outdom trusport correction suoitseis

CASMO-2E. An sAtended versio4 of the CASMO4 pro.
g ram.3 PClous the garnma drieder response to be calculated 7' :, # .using input Green's functions,

in the same may, and ihn innom trusport crou semon sub-
tract s

ht CTH O DOLOGY .

y;,,g,,
An alternative method 10 calculate the gamma detec1or

8

response haa been desetoped for CASMO (Ref. J) and CPM
(Ref, d) under sponsorirup of the Electic Power Research The applieniiny of p, staniport corrections for gamma
Bruinuit IEPRil. Camma sourect from capture. finion transoon in-core has been tsud4ed uung dacreie ord4nait ca.
and inelauie watiering are calculaird for all regions in' culauons for a DWR. Figure i shoms DQ resuhs for a mid.
CASMO/ CPM. ud a gainma traAsport life sacadputate gamma source specirum emnied uniformly
the amo dirnenuonaJ heatrogeneous colk calculadon baud on and isoironically on a plane at X * 0 in homogetuard BWKsson probability rou.
@e CPM.HET is med. Thu eliminnes the need for sepunie material. The energy depoution effect compuerd using van.

'couly Monte Carlo calculadoru to determine rod.to detroot . ray wauenng arminun is prnenied relaus e to
P scauenns as reference. Socru samma.rs) traAspon cor. '

,

~

CPM HE as developed by Studevik for the CPM pro. rMum men found thai IWe nasonable rnulu for diouns
grain ud is asailable in a spagi4J EPRt. CPM sersion for the up to .40 to 13 cm from the source (sources as tuger dn.
neutron transport calculatiet.. In CPM.HET, curUng and iuen an netugaba in incu mam, kh LM owh
coolant are homogena.rrd but fuelis not smeated, Thas method . And inunnedaan conMuons, ogn
ma chosen for the gamma tratuport probtain becaast the fuel

e.srods are Mmosi black for gunma rays and the malet is tranu
parent,it is difficult to arterm4ne aceguate pin cell homoge. [ E., ,. ,

89
naaed (foss settsons for this im of sitongly heurogeocous
coringurauon, ud CPM.HET .cfma to Oc an effiorni ineuw I46'3'd *2C 8'4888d #*.* seem so be adequait.
10 solve the samma transport caleulation. Ciner transpari
methods like B, or J. incory ur unptatues! for 4 cmbly cal.
culauons muh dacrete representadon of the fuel.

I
I
I

|

L I-
1
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TABLET*

Camma rha ans Deww Poww ler sa # : p 8WR mA 40% Vs.4

VPPER INERGY R t' . O CT10"? C R }80VNOARY D CTIOTOR R t.5PONlt
.

at ts p o h t t N i' Oso0* # u t v'i i 1 A met i V w 0! s' A W'v i c a sue i e,t r eu i t a u.e t I c.i t u e 4

1 ! $.0 6. "
18,"7 .3444t.te ""*" .it t .303i f.4 .StPat.01 ,131st.gt 1 91.4 .i t t .5413 8.3 .If 38 t.02 11.2 .fl6 t t Of a l t.1 3. 04 1.1694 1.4 .33181 01 15.4 .31291 01 4.1 4.196 4.311 |

3 4.0 .1123t 01 1.4 .1404t.41 3.1 1.113 f.114 14 3.0 .2833t.01 4.6 .!!0f t 01 8.6 f.!!t 1.ft? 'f 2. 6 .e411t.01 ?.4 418?t.01 . l .1 15.473 14.9448 3.3 .!!!1101 4.! .ltttt 41 l .1 4.843 1.191 |9 1.11 .if39t.Sl 4.4 .2144t.01 .1 10.3 t ? 10.51110 1.33 .31441 01 1.4 .318 9 t.01 1.4 11.334 II.J t t t

'

il 1.0 .!!!1t.01 4.4 .31112 01 .'8 f.4 4 6 4.145 |It 9.8 .!!190 01 6.7 .Illit.01 ell.! 1. s ? ? t.filla 0.8 .!!0ft.01 4.4 .1998C.01 .t.l *t44 1.131

:

14 0.4 . tit 4tatt 14.0 .fl34t.37 23.3 f.148 2.t t e
.

11 0.3 84tEC.01 13.0 .89411 01 .*4 3.111 f.a t i16 0.1 .4115t.01 14.1 .383?t.01 . t 0.4 1.1 t h 2.3 t )11 0.1 .303tt.02 91.9 .13611 0! a l .1 .364 .48610 0.05 4. "" .Il 0 8 t.0 3 *"*" Pe !?S
TOTAL .2811t*00 f.l .flo!E*00 .l .7 100.000 i 100.333

*n
, ;

1

30 .
-.

|
I

it = i
T$ N.e4

\
s to 1

E 4T f
-

le .
|g. *V Te -

. . , .

g -

s y ~ ~
i

!! CI ACOM r
10, -

,

.it e. * #^CE hq , y

**t07
3a 0 '

-

'

i

I,-

,e e
i i '

0
1 10 !) 10

s(4*). SC VI A? low Ft M $ CJ t * f. * t.4 * C

F,e,1. Peereiaf t drnanon freri P gamma ennrv c& lion rate as a Tsnetton of i*e calamcc frera.

3

in a homogefuted BW R. the retrccie plane tourte
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The CA5Nt0/CPNI samma deseetor caJewisiion is teing
twnshmarLed aladant 5AAl.CE Stonte Carlo caja' teoru car. g
ned out si Brookhaven NaiionaJ Laboratory ' The SASI CE
gamma stansport calculatiorin mere mace using prompt
gamma sources cajewlated Dr CASAtO. Thus. me avoid any
incoruistences that rrught u.nt tri the rieuttoast pa/t of the c.1h
culation in the imo codes, and the comoatnen it a tesi of the
ability of the CPst.HET rowune in CASAIO/CPNIio calcu.
late the gamma Ova.

Tatte i shoms results for a BWR assemely wiing the own.
flom transpan corrution. There is a utruncant 6tatistical
uncertaani) in the S AAl.CE reiwiii. = hien were edited for the
18 energy groups. '"he le enor in SAal CE in 3 to lor in thee

mont imponant energy range and the uncertainty in the tol4J
detecor responie is -3ri. The CASNIO code predicted the
resconte minnin the le uncenainir for most of the important

*
energy groups.

Funhet benchmait cajeviatioru agaanit blome Carlo and
operatirtg data were planned for Fad 1984. 5
1. ht J. HEBERT. D. R. HARRIS D. ht. KAPITZ, E. E.

PILAT.*5tonie Carlo Artajysis of BWR Bntas Hsaiing.
Camma TIP Response, and Camma Redistt Dution fac.
tors.* Proc. 7091. Mrg. Advances en Acertot hysnct gad
Core TActmW #parewi.e. NURIC/CP.CC34, p. 914. U.S.
Nuclear Regulaiory Commission.

2. A. AHLIN. kl. EDENIUS, *CA.$NIO 2 for Centration of
1 Effative PDQ Cros Stesions.* Trav. Am. Nutt. Soc.,

4 1. 611 (1982).

J. A. AHLIN. Af. EDENf US. H. HACCD LONI. *CASNIO
User's Stanwal.' AE.RF.44138. Siwdsvik (1978).

4. A. AHLIN, ht. EDENIUS *ARAf P Sytiem Documensa.
lion.* Pan 11. Chap. 6. EPRI CCM.I. Electne Power
Ressatch Instiiute (1977).

f. St. WESTFALL Privait Communication: let alio J. A.
B UC H O LZ. *5 C A LE: A htodular Code Spiem for Per. Wforming Standardized Comouter Analpes for Licensing
Eialwaiions. NUREC/CR.0;Co. U.S. Nwetcar Regviatory

*

Commission (19f 0).
,

6. R. J. LABAUVE. T. R. ENGLAND D. C. CEORCE. AI.
C. STAatATELATC5. "The Apoliention of a Librarv of.

Procened ENCF/B.lv Flision.Prodwet Attrefaie Decay
Data in the Calculation of Decav.Energv Spectra."
LA.7483 513. Los Alamos Naiional lad. (1973).

7. D. R. H A RRIS. ' Unified Theorv of Stuttigroup Transport
Crois Secions.* Trev. Am. Nutt. Soc.. 1 5, 938 (1972), 3

f. P. RC35. E. SNIITH. Broolhasen Nanonal Lab. Prnve
Com mu nicatio n.
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July 20,1990
RAC:083:90

|
Dr. Lambros Lois
Reactor Systems Branch

I Division of Engincoring and System Technology
Offico of Nuclear Roactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Lois:

Subject: TIP ASYMMETRY UNCERTAINTY

Rof: 1. Lotter, R. A. Copoland (ANF) to Director NRR (NRC), " Submittal of MICROBURN-
8," dated March 8,1989, (RAC:010:89).

2. Letter, R. A. Copeland (ANF) to R. C. Jones (NRC)," Responses to NRC Questions
on CASMO 3G/MICROBURN.B," cated March 16,1990, (RAC:022:90).

As wo discussed in our telephone conversation on July 20,1990, this letter is being written to
confirm that the TIP Symmetry Uncertainty value of 6.0% will be used in tno determination of the

I
radial bundle power uncertainty for MICROBURN B (Reference 1). This valuo wul oo used for
both the C lattico and D lattico plants. This TIP Symmetry Uncertainty is the same uJao used
to determino the radial bundio power uncertainty for the currently approved XTGBWR
methodology. The other uncortainties identified in the responso to Cucstion 26 of Reference 2

I that are unaffected by tne TIP Symmetry Uncertainty remain the same.

Pleaso considor the information in this lotter to 00 propriotary to ANF, The affidavit supplied with

I tho original submittal (Reference 3) provides the necessary information as required oy 10 CFR
2.790(b) to support the withholding of this letter from pubhc disclosure,

if there are questions, or ilI can be of further help, please contact me.

Sincoroly,

Sw
| R. A. Copeland, Manager
p Roloaa Uconsing

.

l

A Siemens Company

_ _ - - - _ _ _ _ _ _ _
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