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The macroscopie cross sections for the reflector region nave deen faung ¢

nEensitive to fuel design, exposure, ang YOIT YA the adiacent fue! renion,

o wE

vE8L & Jeneric set of apt operating

- ¥ # »
§ woegroup mef'ectoe cross

. o . . . £l )
seciions for the top, bottom, and side ret eCtOR noces ‘or &' reactors. &

. ¢ twosgroup reflector cross sections ‘s use¢ for 2pla
Critical caleylations, The comparisons of the ANF ceiculated ane measures
g § nclyce the mode'ing uncertainty FRSUTLING Fram tne

v SINCE thYS ungcertainty Nes beer incorporater in the
MICROBURNB Jncertainty analysis, the staf¢ concludes that +»

-

model ing ragial ang axta! reflectors is acceptable for appiicaticn o rep

that contatn fyue! types similar %o those used in the denchmark:s

% ~ - . 4
d.d Jiscontinyity Factors

Radia! discontings ty factors, defineg as the ratio of

the assembd'y surface
L

Uk tD the volume average ) vk, are generated by CASMO-3C and usec 1n

the
three-dimensiong! caleculation, when the reflector

caleylation ¢ performey
flux giscontingity factors are caleylated for each Quadrant of

the bundle and
for the beffle/

reflector regions. In the ANF CASMU«3G/MICROBURNGD

me'hn‘ C :r
the discontinuity factors for the fue! Fegion are calculated for sacr latsice
type as a function of voids 817 exposure and are input o MICROBURN.B, Becaus

of axial enry chment variations (axial blankets)

and partielly inserted contro) FOCS, @ specia’ treatment of axial internpga!
eakage Mas been 1n¢ludes in MICROBL RN<8, The methodology s based on an
analytical twosgroup di1ffusion theory solution over an axis! portion

210N of the
fuel assembly that includes three succossive axia)

hodes. Twoegroup av rige
fluxes, surface ) UXES, and surface currents for the middle node of she
three-node segment are ¢3! culated, and the values are ysed to dete™ming axia)

arscontinuity factors for she t0D and dottom surfaces of the node,

-

he use of Ciscontinuity factors 11 the ANF methodoloay ras Jeen syctessfy
vaiioatec by comparing power CISTridu.ion caleulations wish measured gata,
The ANF implementytion of the discontinuity facsors § COnsYstent wish

NRUSIFY Dractice. The introduction of *he Siscontinuisy factors ~as can.
LTIbUted 0 the reduction of *he overal! nodal power uncerss Nty t0 about 3.8

@ ANF methog for

A

» 82987y diseributed pagolinig,
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$.0  SUMMARY AND CONCLUSIONS
The new code system (CASMO-3G/MICROBURN-3 $hows
the measured performance parameters of the henchmark
réport. Specifically,
Fuel rod gamma scan measurements for  seyer
assembiies were compared o CASMO-36 za'cy
The uncertainty of the caleulated 'oca) power
assemblies 13 which Jemonstrate -
sSection 4.])
Fuel assembly gamma scan data for Juad =it e
the end of Cycles 2 and 4 were uses
MICRCBURN-B calculated power distribut one
calculations for Doth cycles show the ra
relative standard deviations without
included) to be less than ang .
4.2.3)
Overall predicted planar TIP response for
FRPOrt Shows agreement with measureg T!°
saction §.3.2
The calculated hot operating core «-e¥é
reactor types angd shows tte 2
section 4.2
The calculated ¢o'ld critical k-effs far ma¢
criticals are consistent detween reactor :./oe
N summary the new <ode System accurati
vehavior of BWR reactors AcCuracy in caleylat
jemenstrated A Tedle 2.1« whigh compare ned 2
uncertainty Dbetween the existing codes FYRE, XTOEWA
Reference | and the new (CASMO-3G/MICROBURN
n the tadie the nhew es dion with reg i
$5#80 n Sect n & provige a © 4
4 ’ h:' o-.d,\ ..' By ’ ‘@ . -~






3.0 CASMO-3G/MICROBURN-8 CALCULATION METHODOLUGY

Advanced Nuclear Fuels Corporation (ANF) nas deve spes
20111ng water reactor (BWR) mnodal simulator cace, MICRCBURN.2
represents 4 significant improvement osver the nreviocu: care "
ih two principal aress. They are:

The number densities and durnup of key ‘sotopes ire @
nodal Das‘s utilizing microscopic sross secLions
feature rrom which the name of the code ‘& Jer:ves

An improved coarse mesh finite differerces ‘areylat on
h the solution of the full two group 31¢¢
representation of the reactor core,

Other important benefits arise directly from the introcuct
two ‘mprovements.

An additional significant extension to the ANF 2WR meth
ytilization of MICBURN-3,/CASMO-3G, the bundle spectrum senlet:an
Jeveioped Dy Studsvik Energiteknik AB. This code svstem nas "een
evaluated by ANF and has been determined t0 52 Doth flecitle ins
providing the input constants required DDy MICRCBLAN.Z
Characteristics of these code: are summarized Deélow e
JesCriding the codes are given in References 2 ang 7
3.1 Migroscopic Busmup in Bupnaplp Ahearmpr Rase (M! SLRN- 2!

MICBURN-3 calculates the microsiesic Burnup ‘n an absorser
an inftially homogeneously distributed bdurnadle adsorser
effective cross sections as a function of the absorser aumcer
vsed 1n CASMO-36. ANF gtili2es MICBURN-3 for the treat~er
nowever the Code can e used for any burnid'le reud
equired for MICBURN.] are gcata for geometry & nat
Astructions for the choice of options (n the calcy'a!
reaC from the CASMO-30 data ibrary
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gistridbution, nodal power gistribution, reactor thermal mit i
incore detector responses.

MICROBURN«8 uses two group migrascopic cross sect ons fir «@y

and calculates their aumber densities ang Surmud [(Migradurs 3t &4
The cross sections of the key 1sotopes are processes from [ASMC

functions of their number densities. The remaining 1sotopes are
MICroSCUpPiIc Cross sections that are functions of exposure ang vo'd

The key isotopes are burned at each node 'n the three dimens onal arri,

vold, control, and flux spectrum states appropriate for @ach oureus

void history and control history effects are thus automatical’
without the need for history correlations.

MICROBURN-B permits a more accurate treatment of plutonium tran

codes which use only macroscopic cross sections Since piytonium pr

depends strongly on the fast Mlux, while plutonium deplet on zepenas

on the thermal flux, racroscopic cross sections canmot acoura!

plutonium at the simulator leve! even though Soth the “as:

groups might bde treated by the simulator coce W1tN Racroseas
sections, the relative impiicit changes in plutanium density re'st
fast to thermal flux ratio evaluated in the assemdly oyrmup coce

simulator code) at that exposure. Within the Timits of two 3reup
MICROBURN-B correctly treats plutonium at each node with She fast

flux ratio as calculated by the simulator code (tsalf

For fuel management calculations, the code has a numper of cag

outlined 1n Reference 2, some of which incluce
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§
t
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Tables 4.2.,-3 to 4.2..-6 summarize
volds versus cycle exposure for Cycles §
plotted versus core exposure for Crcles §

e Be Be 3e
* = ’

cold k-critica) values for Chinshan | eyel

4

Table 4.2.1.7, Table 4.2.)-8 summarizes

ceginning of Cycle 9 for the initial and fina) loa

4.2.2 Kugsgheng Units | and 2

(&1

Core follow calculatinns have been performes “ar «

from Cycles | through §. Tadle ¢.2.2-]

which define the units at rated operating
and ANF fuel types loaded in Cycles

.

through § for Kuosheng 2. ANF fusl was !

thpn
. F_'.

Measured versus calcylated TIP and core k-eff

oeen made for both Kuosheng units. TP

through § and Kuosheng 2 Cycles 4 and § are o

‘n Appendix B:

1 -
Kyosheng | ang 2
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TABEE 5.3 1 1 DAITA BASE SUMMARY
No. of Two
Dimensional
o Data Source Pata Points

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
Report NEDO 20340 June 1974

keactor measurements and

MICROBURN -8 calculations of the following:
Chinshan Unit 1, Cycles 5,6,7.8

Fuosheng Unit |, Cycles 1,2,3,4.5
Kuasheng Unit 2, Cycles 4.5

Susquehanna Unit 1, Cycles 1,2
Susquehanna Unit 2, Cycles 1.2,3

CASMO 30 slculations and gasma scor
measurements for Quad Cities Unit |1,
tOC 2,.3.4, a total of 7 bundles

tn the three cycles

Ihe above gamma scan data for bundles

No. of Nodal/
Planar

_Data Poinis
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IMAGE EVALUATION
TEST TARGET (MT-3)




IMAGE EVALUATION
TEST TARGET (MT-3)
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ARPENCIX &
SLATTICE CASMC-3G/MICRCBURN-8 ME™~CLS VERIFICATCN

N NTRORUCTION

caiculiations nave been performed ‘or the Drescen 2 ang 3 D-arice SWE aactar “8Ng
the ANF CASMC-3G/MICRCBURN-8 metncas presenmted n XN-NF-30.18® aiume
Suoplement 3. The MICRMBURN-3 reactor core simuiator 2oce s verflea ‘ar > amas Siants Sy
“SMUanng caicLiatec reacior carameter 10 the MeAaSUred 'eacior DAraMmeters. The "ot foerar rg
<@ff values and the startup critical 2210 k-eff vaiues saicuidtes v MICE2CE =N-2 are
summarizec ‘or the 'ast four cycies of reactor operation

Measured anc caicuiated traversing incore sroce TP Zata ‘ar ‘Re
Crescen 2 and 3 reactors have been compared and Jncenainty aralysis per'ormed. The zata
shown s typical for Deginning of cycle. micdie of cycie. anc end of 2ycie ‘or each of *me ‘eacars

Al MICRCBURN-8 caiculations were performed with a ‘uil 2ore mocel s ng 24 axial “¢ces

"
L3¥]

SRESCEN 2 CYCLE 9 THROUGH 12

CASMOQO-3G/MICRCBURN-3 2ore follow caiculations nave Seen performec ‘cr Srescen 2

- -

Fertinent reactor core parameters at rated Sperating congitions for the Crescen Jnits are 3iven
n Tacle F-1. Tacie F-2 summarnizes the ‘uel /caced n Drescen 2 Svoles 3 mreugn 2. Sesuits
of measured versus caiculated TIP compariscns and core <-eff have neen mace ‘or \ne Crescen

2 cycies (caced with ANF fuel. TIP compansens for Drescen 2 are sictec n = Gures 5.3 tnreugn
F.129
—
Tacles F-3 to 7.8 summarize the saiculated Rt cceranung x-eff anc average v0i1Cs (ersus
SvCie sxposure for Cycles 3 threugh 2. =0t <@ /alues 2re 2ICNET /8rsLs 2218 exoosLrs ‘ar
~ycles 3 inrough 12 In Figure F.1 The 3010 <<cnitical values ‘or Drescen 2 ars surmmanzes n
Tace .7



"
L&

3 DRESDEN 3 CVCLE 8 TRROUGH !

CASMO-3G/MICRCBURN-B core iollow 2aicuiations nave seen cerormes ‘ar rescen 2

Tapie -8 summarizes the ANF fuel loacec n Drescen 3 Cycies 3 reugn 11 Resuits o
measured versus caiculated TIP comparnsons and core x-eff nave been mace ‘or Syoe 3 nreugh
1. Tlo compansons ‘or Crescen I are sicttes n Figures £.123 hreugh #.242

Tables F-9 to F-12 summarize the caicuiated not scerating x-#ff ana average /Cics .ers.s
Sycle axposure for Cycies 8 through 11, ot k-eff VaIUeS are DICNeC (@rSus =278 axrceLrs ‘=
“ycies 8 through 11 in Figure F.2. T™he 22i0 k-critical vaiues ‘or Drescen 3 are surmmar-sa -
Tabie 5.13.

R "NQE‘P’&INW ANAL vszs EOR ol "”QE 1) ANTS

The resuits of an uncertainty anaiysis using the O-amtice data oresentec ~ereir s srows

nTaple F-14. The methods used 1o nerfarm 'He analysis are discussed in Seclicn & 2 of XN-NA.
80-13(P Voiume 1, Suppiement 2

8  SUMMARY
Core follow caiculations for the D-lattice Drescen piants show 3CCQC agreement. e
caicuiatec not critical eigenvalues plotted n Figures F.1 ang F-2 are 2omsistent serweer ~ces

Coid eritical eigenvaiues are similar 1o the hot antical eigeNnvaiues ang are consistent ‘rem o2

‘

‘0 cycia. Comparisons of measured and caiculatec TIP Zata are geea. nsummary vASMC

v e Sl

3G/MICRCBURN-8 coce system accurately precicts the neutranic senaviar af the 221108 siar:s

Vo -
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SWR CASES 1 AND 2. N LINIA RODS AND 70% VC
PIN TYPE :
N
N 4
3 3 3 ¢ B :
R R v
A v
w 4 (®
A L b
3 J 3 . T e o
4 Y 5
k D
G o W
3 3 3 . A A A
- P N 4
N £
E R
e b 2 i
+a8 CM
+20 CM
«73 CM
FUEL PIN RADIUS .52 CM IN TY? 1: 6% enr,
! « «X ear.
OUTER RADIUS OF CAN .62 CM ot 3.0% enr.
41! 3.0% enr. # €.0 Cd.
SQUARE LATTICE PITCH +.63 CM .
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POWER DISTRIEUTION CASE °: 0% VOID, 8 GAD
+ 9507 (3.8) + 901 (3:,2) + 999 (3.3) 13,377 d+3)
918 «9503 73 1.208
0.9 0.2 2.6 2.6
3 3 2
858 (d¢3 « 784 (3.8) o4l €+8) 13,208 & d
903 777 238 id.199
0.9 “0.9 1.2 0.5
$ 7
3 3 (Gd) 4« “
960 (3.7) 241 (3.2) 3,201 (2.0)!1.394 J)
973 238 +.083 2.396
2.4 d.2 *2+8 .1
3 (Gad) 4 J e
+.3182 (3.3) [31.218 (3.3) 1,408 (3.3) 1.388 J)
d.208 1.199% 2.396¢ 377
2.2 1.6 0.9 -0.8
by e 2 -
VIM (lok)
3
Difg.x
Type
7IM/CAS /880791
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Transactions ANS, Vo

7. Integral Transpom Comoutation of inCore
Camma Etects with CASMOICPM, A, Ahlin,
M. Edenius (Studsvik USA), 8. Suk, D, R, Marrs
fRPI), ©. Ozer (EPRI)

INTRODUCTION

The ¢ we severy ipplcalions for gamuma (rRnipon caicu.
ALIGNS IR pOWeEr reaciors, ¢.3., 10 determine gamma detecror
fESpOnse, gamma rediinduiion of power, and boiling waler
reanor (DWR) pypass heaiing. Calcuidnional LO0Is ealai for
PEh anAyses, o parucular Monie Casio codes that track Aty
1OAs and gamvmas (ogeiher. Sueh methods ase, however,
WAPRAICUGA and capeniive 10 wie (or e numerows QVoulauong
Nerded in (he Gengn and suppon of power reasiors,

The KENG-IY muliigtowp Monie Carie €0de has alio
Deen used 10 dnermine Creen's funcuions' for ngimdua fuel
Pind, which (hen are comhined with power shapes calevlareg
By (At slandard reacior payiict progiam.. For exampie,
CASNO-2E, an extended version of ihe CASNO:L pros
uun.‘ alows (he gamma derecior feiponse 10 be calcuiaied
uiing input Sreen's funetions.

METHODOLOGY

AN aliernative meihod 10 caleulate the gamma detecior
FeIponie has been developed for CASNO (Rel, J) ang CPAI
(Rel. 4) under sponsorihip of (he Elesiric Power Research
instiuie (EPRI).. Camma sourem from capiure, fsion,
and ineldsuic seatienng are caleulaied for all regions in
CASNO/CPAL, and 2 jamma (ranspon caleviaiion based on
he (womdimenniona) heierogemeous collision probabiiiy rous
fine CPANLHET i1 wed. This elininates the need for Pl
couily Monte Carlo caleviations (0 determine 1O o1 2107
Creen's funciions,

CPALHET was developed by Studivik for the CPA pro-
gram and i available in aspeeial EPRILCPN vervion for (he
NEWIION 1ranspon caleulation. In CPAILKET, canning and
FOUIAAL are homogeniued bul fuel 1s not smeared. Thit merhod
Wl chosen fof (he gammy (ranspon probiem betaus Whe [y
Tods are aimosl black for gamma rays and (he waler is 1ranse
parent. [\ is QifTieult 1o aerermine adeguale pin cell homages
NiZed aTOLS sevuons for (Ais (ype of sirongly heierogencous
conigwnanen, and TPALHET wems (0 be an ¢llicien: mewiod
19 10ive (he gamma ranipon caleuiation. Oiner ranipan
mehods Uhe A, or 5, theory ae unpraciical (of aeembly @l
SVIALIONE wilh duserete representaion of 1he fuel,

XN-NF-80-19(NP)(A)
Supplement 4
Page €6

47, Wasnington, November 1984,

CAMMA DATA

The gamma traniport caleuiaiion i ¢arried oul in i
EACIEY IOV WMIAL LAMMAra) CIONS APC1IONS DAsed On ihe
CLOSEUP/SCALE ibrary.! Delayed gamma proavdion »
P30T Wiing IRE LOS ALAPIOT Um0« \PORENLIAS TEDresen-
taen.t

CWMI rays sQatie” panaipally in<Cpie by CGDD(OH (S0
IENNE, WAIEA i QUItE AALOIIORIC A1 enerpies abOve 4 lew
lenihs of & megacieciron voli, Mence, 3 fammaay vanpan
COFTECIION Musl be appiird 10 1he A, WaiENN] represenidiion
vaed in CPALLKET, For ihe pracuical case of man energ)
Broupt, w b waelul 19 dounguih didgonal, ovillow, a2
mNow iranspon cortecvions.' Lei &, o, resrevent he i
orger Legendie comnonent o ne walienng 0K w08 1om
jamma group £ 10 grovp ¢ The diagenal 2, iranipan cors
recuon comuts of swbiracuen of (ne in-graup seatienng
Eipme [10M ihe (012) CrOMS 486000 A §rOup § and (rom
S0 ime THe QuiNow (FANIPON £OF1ECLION Subiradts

- e
- g
‘
N ERe saMe way, and (hy infow 17AAIDOM €748 SOVLION §ube
rag
"
-4 -

-4

The applicability of 2, iraniporm corrections for jamma
AAIDAN INOre Ads been sivdied uiing dusreit Ordinaie sa:
culdiions for a DWR, Figure | shows DO, resulis for a mig:
Iife yieady ieate pamma (ourde specirum emiiied wnilorm y
and irerrepically on 2 plane at X' = 0 in hamegenized BWR
matenal, The energy deposiiion effect computed using van-
OUS JAMMAIAY SALLErIng (eI IMENts i Presenied reiauive (o
Pyscauienng & relerence. Several JAmmacay (1AAIDON £/«
IRCLIONS were [OUND (MAI Bive reasonable resuiil [or distances
Vp (0 =10 10 |5 em Trom ihe source (10urses 3l larger Give
(AACEY A7¢ NeRUSIDIE In iNCOre CAITVIELONS). BaLh he ouillow
ANG INlermediale cOrIeCLISns, €.,

- .
- T
i~

~

labeled *2C ciagonal Py, ° seem 10 be adequaie.
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