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Physics Problems on Analysis of
High Conversion Light Water Reactor (II)
(Analysis of PROTEUS Experiment by SRAC)

Yukio ISHIGURO, Hiroshi AKIE, Kunio KANEKO*
and Makoto SASAKI*

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

{Received January 31, 1986)

There are still uncertainties in predicting reactor physics quantities
of high conversion light water reactors (HCLWR). 1In the analysis of PROTEUS
experiments, preferable results were obtained from the SRAC system, compared
with the other codes, but some problems were-also pointed out., Considering
these problems, several improvements have been made in the SRAC system. On
the other hand, new results of PROTEUS experiments were published, so a
sequence of these PROTEUS experiments have been analysed again. Through these

analysis, reactor physics problems on analysing HCLWRs have been summarized.
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BARFICE T 2EHELSHIHNTRE C VABER L RS2 E TS 48T 4 8 b
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rols, —H T LRI b g s ),
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2. SRACYZ25740%B

#iE@ P RO TE U SFMHT TIEM S 1 BEA0 55, BIRFFRMERR U Dancoff E5®
HEIDWTCSRACVAFLOHBEITH -1, COELLOBLIBERICHTLIGDTH
D, SEBEKIFTOCOMBOEER, OB THMBICRSUHEEE 2L EEA LGNS,
SRAC Y27 ~ic B 2 ERBRERKO EESR, FEORNT S5V XEHBIEBHEEA
AR

21 EREFRBEHEDELE

SRAC VR F LB HEENET 2 VF —SAEBIERS 1 77 ) —DfEkid, TIMS—
PGG v RF A@HEHL 6N TNE, COvAF AL, ENDF—B4 44 7OMiEA T —
57 74 i LEEERAERT S 0T, TIMS—1% PROF-GROUCH-GIR® "%
9= Fipbiid. U, PuSEOEEORERE, PHEFREhEREHENICBOTTIMS
— ik D ESN, TOB, S BILBGERORBIER IS, #8975 X — 5 5355 #EH5)
HREE R, THWERIGEST A -85 4 -5 0 " @FLT” (ladder) ERAES#EEL
ALETHESNE Y, COHREFIOEFLIHELCFHESHTOEY, &) T LRIRIO#E
FTH SIS » oo £ ORR, $I0 7 Pu O RTRTE Tla28k L OB OER = 5 v ¥ —
BT A0 %EVBOFMAROA, Toi U EoMESONERICE L THERTILLIE
EAREMMELL U loioe, AEFEDEELIBHEE TOEEMEORAFRRTHOBESTE-
1o

EIEHAEEE LTIHPROF - GROUCH-GIR THHEE N bOEFH LI, LD —
Fid, 1/E ERDRARI b VviBEICHEFR T FVTEAE DT AT EICL > TEHFY
WEREATET A &0 BN LETHERERDH DT, SRACYRTALTH, &-1h
B, HOVREMETS Vv — 7 UIHREEE LGB S BEERIESIT AV 50T
VB,

X1 ~5cHl& LTENDF —B 4 OBao UKD ™ Pu ey S M BRAIC S D
% ETE (A ESBHREETE D -~ FUNRESRICEB#ER ), HHOREHF 175 ) —D
WO LK %R T,

2. 2 Dancoff REHEELIOHR

BB B AESITEMAROHEICEL, SRACY27F4THEIRE SBFMECL
AEEIRE(PEACO )Y SpnstamsmEsnTns™, E>130.1 eV OMEE T, NR
T E-S < table —look —up HEO&GMBEHTRES 15 - T T, T OEAELBEHEER

Dancoff %iﬁl%ﬁﬂ@’(é’r%éhé{mo Z O Dancof f &1L, BA2EEY V= 5 5 #E
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BTITHLHEVIREDS LITRKD NI HDTHY, PROTEUSERICEIBHRTOLS
REEEREEPREES 584, Dancoff REAEETAIBTOEFALABBEEL S, FHHiC
PERHRR 2 b Lo v 2O TICE S 1A TI5 S/ Dancoff A2 HW3C & DRE
SEERTEIDRT T LSS Nz, COE S HEEOREE Y ESUH-FICEL TR, SUKIES
&, BHM I LI Dancof f FEHBETLIMLENTT %, £ T, PROTEUSER
FIZROhAEERF I T 5 —ba N/ Dancoff FHOBHFEIT>WTH~NSE, (2HEIL
SCHRI0 A 2R )
BEmEERELEAR VS S, EHOREESFTEL R,

B (W) =P (W)W (u) X,;/ X, (u) (1)
DESKEDB, TCT

W (u) =8; (u)/ 2

Xoj :Tj 20}‘ , Xj (u) :Tj ZJ‘ {u)

THD, S (uw) FEedih -, 1; 388 OFEER 2, 3 2 (u) ® non—resonant
part T 5,

SEHTHHEOIBWERE 0, PHE T A LF (LI TERATHS LEUT S &, BHER
RP ZCOMMOBEET SR CHVT

ng (Ur)EPU (U):>§ij *rij /Xi (1ER) for Xi:>00 (2)
EEDbHEB, TIT

rij thglw {6”' —Pij (O'r) }Xl

Th b, if:%’P;j =1’C‘56%30)’G.?Tu =0 %73 :—,{_hj ERLD (L2AHCD L,
=i
¢ (W) BIiESEREBVTEKRATEDEINS,

¢, (w)y= [W; (u) X _é;RWj (u) X7 /X (u) 17X, (u)  for X;=> oo

(3)
G, Bl eV DL A VF-HRENRELTOEDTNRAPERNS &,
W, (u) =const=1
£/, i€KRTHAEX, /X, =1 THHDTENZ
$; ()= (X, *iéRrij)/Xi for X;=>ee (4)

LB,
—HHEERTORNERDZ <7 b VT BEREICET 52 <7 P v DIETEHT &,
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Qﬁi(u):(Xoiﬂ-bi)/(xiﬁ'b;)'—*—?}(X0i+bi)/X}— for X1:>OC (5)
MEBIEE~BZTEITLD

b]E—Z 7ij zl—Ci

6)
j &R

E7D, Cp i fAD Dancof{ RETH 5. BHRELEEEZHNTr,; 2RDHBT LicdD,
Dancoff FEAHETE 5,

Table 1iEPROTEUS @ cores 1 ~ 3 iz L'Cci@ji?%’i'ﬁ@b\’(%fﬁé 17 Dancoff &
A HEENAL 1oy FeicHtd 2EE B LTHRe
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3. PROTEUSS BN

31 PROTEUSEE ,

PROTEUS —-LWHCRIHBT52EEBIT, Pu &M L4 HERTALITET 5 EE0H
KA FRIGEFREEFHET 4 /25ic R, Chawla i & - TITHEbii, EROSEMIIFIEOE
Fr XD ~FIR S NT O B, F0E 15 % fissile Pu OMOX BB BBy v 25
FHOMBHED B FINICIE < G TS 7 2 bR (BREM / #E FRb=0.5 ) L&4h%
BdpoNy 7 7 =/ =Y RUF A== 2polil), TRV =V FEFAN= )= vipod
T TRAICHRIIND, TA N/ -~ VOREMBANBAE T LTE, COEBRTRHO0
Air, Dowtherm #3H 57z, Dowtherm (iSEIM D 4 2.5 B KA FAEBT L EEWTS
Bo MKl W, WEMOMEE Table 2 ERENT B, |

TAMEEOBTEEIEIMOX EY (fuel 1) EUQ, £ (fuel 2) A1 5 1 i EH| X4t
6 % fissile Pu ZHUHET S ( FELD 3 2OBEMITHIG L TF T core 1, core 2,
core 3 ) EMEMR 2 1K S8 Pu i+ 28T (core 6 ~4 ) @ 2EHIzHW»
TEBPITHEDHDNTOS (core 4 ~6 DEBRERIFIEDO PROTEUS BT OBTRESN
7)o M6~TIKENTNOHBFHRT,

TR oOFEMT2WTHARE S fuiz&id .

+ C8 (**®¥Ucapture rate ), F9 ( #®°Pu o fission rate, BITRE#)F 8, F 5
7y two rod heterogeneity ( &5 NMIGROEEBEREEROL)

« FLTORIGEE, C8/F9, F8/F9, F5/F9%

. kw

THbo 7oL, coresd~6KD2VTRFRAMY — /NS0 k., OAEEFLKEAT

LA A
32 EEFZE

SRACIKEIGHBEFITNTHEMBRICE S 2B THD, BT EFVEKGE, TD
PROTEUS — cores OB TEMEICHIE L/ two rod cell #H W/, T 57 vF—-HOMHE
EFERAEEFECT, SHEB 663, AF 208 THS, EYHBHEROHEIR 0683eV <
E<130.1eV THRHEFMRAY bAREAL—FYPEACOA(EM, E>130.1eV TIRNRIE
fLliTET < table - look—up HEH VW, TOE, HiEIFIEMA S -7 Dancoff REGHEE
DT, HEEFICBWTHE Y YO, BECLIZ Dancoff GHEBRHOLABL LHIHE
EERRLTHL, (2EEBRE)

HIEE#ES RAC Y2 7 LDt ERFEOBELRIT T A0, dicivF—« 2V FHN
O 3—-FVIMEDHEEBROKAZ T -7, VIMTHRENDF —B4iTES{F—
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#5475 ) —MEASNATVWALEY, SRACYZAF L2V TSHEENDFE —B 4 M o{ERS
N4 77 —FH O, $F2VIMEDHED /DNy 7)Y B =0 &Lk, VIMT
FEroibnEESICES (10% e ) EDEREHATLRS L LT B = 0 iTind 53t
BATW, keff OWEMQ 2~ 0.3 B ESAFHEIT history EFERDI,

ERE KT 50D SRACOIETE, EREREERT S0 B ZH# L T keff=
1.0 EHALESIC LT ATt 7475V —3JENDL -2 AT DA FKIC
ENDF -B4bHOTEIEIT- /0

HETKkHELEDS L, two rod heterogeneity i DWW TIEMOX E Y COET—{#d 1
DORISED, U0, £V TCORF—EHIOOERICKTAE L TRDE L KIBEIIM
00Xy, UO, Y TORTFEH0ORERERBICHFET SHTHARAL LTHIL
Foftioth & L TRkebt, RIBROUEDSICHL SHIEHE (°PU, 550 U0, EvizEd
320Puh) OFMEEET~T 1072 ( x 10%* atoms /e ) & Lic,

33 SRACEV | MOMEE

UTFiPROTEUS cors | ~ 6@ d AL eFmica20TV IMEUFSRACTITH
S EHR AR L TRY .

(a) ohEF3

B8 ~10id cores 1 ~6 35N FHhEFHETH 5, F4 FF0% (cores 1.6 ) &
U 42.5% (cores 3,4 ) iEDVT1eVLTDEZATSRACEV IMOBITA—HNRS
Nb, 0%FEA FTSRACDHEMMSV IMEDKEL, 425% £+ FTRFIZSRACD
CHDNE L AT B, 100% A4 FOFLIEODWTIHLEWICSRACEV I MDA
SRyA=R ‘

K11~ 15(3% core OFEEFIPHTHTE D, MBERTEHRICL TS LA L+ —fllDED
AlioE0EEi, 100 keV~IMeVIEMAFTSRACEVIMDEVSHID, FiC
500 keV~1MeViZmiFTOBES K, 42.5% FA FOBPLTHEDESKE L, £/ 30
keVIETSRACHV IMEDBIEAKENEEAHL T A, T8 *Fe D 27.7 keV 2 &
—DHLILBL T 5 S R ACOMEROFMICRIENS 2 b0 & Eb s (Filboi
FThiFfEInN T, o

Bl LE 2 TMO X E Y (fuel 1), UO, €¥ ( fuel 2 ), HE D2 ~<Y b
T BEESRACEV IMOTHOMERIBEDOMEBICHE L TERICTHAE T EMbAs (K11
~13) W-TSRACDR~Y MFEIIESSHS LT, TREFLADR T b
SBIOFGTER TR, —faURARI P VOGRS S L0 S,

(b) Capture Rate & Fission Rate

cores 1,6 BT 3,4 ( 0B FKUF42.5% K4 FHRRIEE) iz TABET keV LIFTOSR
ACEV IMOTAMHNT> (K16, 18, 19, 21), IDHMIEZPEACOEHNTHER
WOEMTERAHELTHY, ZOHEMECRHENLS LSS5 (20 & *°Pu 0 F
SR DL 77 7 5B TRT o THTERORTHIER L/ 30 keVATLE 100 keV ~ 1

767
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MeV LT AT P @ESE GNP 30TIE, capture R fission rate icdsi
HEGHEEHICHE DEELTRS I TR L,

100% &4 FOFLIKDOWTRZE, 27 b OB EERIC, 24 LTSRACEV
I MOEOR SIS BB I D045T 30 ke V 5D *°Fe D38 L ~viziind 2 o To%
WREC{IKILT, 20 ), TTTOEREFNLOET X AF —OBETA/NEYE L T BE5
EFr VAV LTOEIDICHERA S, F4 FRORKFVIFLICHT 23 EREICR S LES
EBEZTVAHTHER LS D, ZOHDOMAESORE S tF 3 0ENE S,

(¢) 2%U Capture, **Pu Fission OEMMERE

2R, 9Py L HICRIEICET TR OGN 1 keV ~ 10 ke ViZinit T O3S B ISR O E
HUHROS RAC LV IMOA—HBAUDHEBEBSI AT HTEMbb S, Ll 28U ca-
pture iICDWTRTHL&E 100 eV FEODHIIBEOEC -2 KBTS RACDMEMV I Mic
EBBDICHNTNE LB T D, T HICCNLIAMT S RERIEIE L ~ v o S WG 4870
T SHRPH L LA b, IERDIANVF—DHEZRTELHE LI OSBEIIE
TRROENFAEOHERBECREIMEI 2V EDEBbN 3, COFEEIEL OFYREic
R RFTOEEENS D, BT EEETH S,

(d}] Two Rod Heterogeneity &L

Table 3 (BRUF27 ) @ two rod heterogeneity O TIE, SRAC LV I MOEFR
BIRA 2 BEETHDINC42.5%, 100% K4 FTHCS8, core 5 TOF 9TV IMDEE
1Y LESHEENBHOND, 12720, BTHENLESRACEERELOEICH~NB LD
FERR TS O,

I (Table 4 &H28 ) 2R TA L&, FLOKHARET S L TEENIFA—FT
HHC8/FINBEKLHEBEEOENTEHONL, 12771, two rod heterogeneity [E#E,
EEBHEESRACEDEICH~ND ETDEFNPE L,

Ptz &% E8THA5E, SRACIZKZHEMEISBELEER ORI 228U o ZohirH
BOMHRICZ/PHBEPSD, PEACODKEICRIZHESSSb0EEbLNAS, SRACIKK
B3 PBU OfXBOBLHESUBSNDE, FOMDBENMELE S, VIME—FT5HE
KEDH-TITCEFEALNS,

34 SRACEEEBEDHE

{al Two Rod Heterogeneity

I TOBITICHE T, FRZC 8D two rod heterogeneity (38 bERITH T 2 Filllds
BOENSEDTH 72, Table 5 KERELRTH, FC 8D two rod heterogeneity 43 _
BEb1DoRENAZEETS 0.986 TRHT LIGEVWESR RS LD, BEICEEMT
WMCCOLEAEBL L5 & LTHIRICERATELLSY Table 5 i@ JENDL - 2 KU
ENDF -B4ZRA7SRACOHEFBROGRLTH2A, JENDLEENDF D#ENEH
ThTHsH—FH, C8, FIKBOTHRELOENAZTV(X29), ZhsOTHIEFIHD
VIMEDHRIZEATN (K27 ) KO CRRBVWT2HEAL b RE ZOHELHES

m_7_
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LO0EPEVRMETH B,

Table 5 IZIX & SICHOIDEYTIC L B cores 1 ~3DEREFHEHA (K30 ), Tihslb~T
SEHCERBEIZIT TV E G0 A 0,

two rod heterogeneity IKB3 A FIEXSEARKIFOIEGENRICHT 2 EHA8 572
HORGERNLEHEELEZEZL OO, RAERHRTILERE D I,

(b} BB

Table 6 MUK 31 CRILFILOEBRENFTENDL-2:ENDF-B4IiCkASRAC
DHEERELTT, FOTONEBETHAERMBELILETH/HITSRACIZLSZHEMICZPR
OTEUS / #Mfactor (EAE— FOR~RY b ICEBRIGRIICE T 2L TORIGERLD
e, cabiiChawla et, al.” RENAHEMETOEEH L/ Table 6 —(a) #FL
fobods, < >RIRRLTHSE. ChERSE, two rod heterogeneity DIFHITIHRT
EBEIOENREOLDICEDNS Y, EEFERLS two rod heterogeneity K H~NT2 ~
EORZIEDHONEL, TOHEGPOEELTL, L LERERSES EWMAE4E4RLTOEH
BEAE <, EREICR T two rod heterogeneity ©V IMEDOHEIET S two rod
hetenogeneity , RIGEHELNCORIGREOFEELO -HiEHTRILY, Table 7
M FB0 32 RO OB TIT7 » 7= cores 1| ~3DEETH B, CNICH~NSEIEREICHES
Wizl 00y, T/, FFEOMKUSRICH U THA FRIZL-TC/E PRECRITSHA
DFET 5o

% OMOMUGFEIT >V TRE LORRICRERLE S HDEHE TSN, ko 20T
(core 1 ~3DATLULRTEMEATND) VTR LERBEHOEHSRACIKE-THEGH
T B,

(¢} Mz FEoi®

PROTEUSRERIIX LTS RACEADHD 3 — Fit & -» TITHON/ T OB R EX33
~ 36 &% Table 8 {TRT . D7 —FTHS RAC E[E#EL, T3a Eol5 RUGE O KRB &
DEMBRONL, TIT, EOI— FICESERGEEEUF1 FIKEHEZRLTED, Tho
OFREERE G, F—DOFRRICE » TLOL I UREEEDH SO T AFERESH 5, 0T
I LBAEP S S AR THERBRFERCB T A MGERLO FRRBEEHEYIKESL L
TH b

Ko iDWTHE, 32084 FRICDOWTEBHEI-HLTWEDIEI]JENDL-2%H
WHSRACHUITEHE S, SRACTHENDF —BAZFWIEBE&ICEFEA FEBKEZ S
WONTERE,SHI NI kK. BB LS,

(d) ke OFM FEHICHT SELDRILCEDES

Chawla 5t L3 EHOHRET T k., OFA FREICESZ 2B 4 OMEORIGRICELSE
EOFMPREINT VS, TCTHVOGNAHEES RACIKIAHBEBICOER L RREE
Table 9ITRT o F4 VPV, Do v, BANELTERD ko, DR A FHEEE

@y = (Koy —Koot ) / (Ko 4v)  (%™")

22T, K= (Kus ke ) /2, dv=1v,—v,

_8_
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Iha, ZREORIEER; HoDHFHOMELTEALE, R, T3 E1 FREEROL
ITHERZ DL,

dyi=[~ (4A, /A) + (4P, /P)])/4v

CZTA;, P, BRIGE R, KE5 TR, hETFEREZRENEDL, A, PIEKAF
v, v, TORRIE LRBOFHETH S, .

A, POERBEREBOALVOT, ERENS ¢, 2B 57HICERKDOELS KT 5, Table
gD (Av/dR ) T/RLTCWA{E, Wb o, /4R; WIMS, EPRI-CPMizxL Tk
ThbL, MBEOENRHED, ZTTHADI - FICXZEHEAERD «,, / 4R, &K
EL, THCEBRICE S AR 2R LT ¢, OAIEMET S, SRACIKES a,,/ 4R, bR
LTWaD, InsEWIMS, EPRI-CPMOEHFEOERSEDAILL (SH4KS )
DO TIDIREEFFHATZ LELT, Table 10 DEERE L OHE L Chawla St k- TiE
ahi TERE] 2Zz0F AV TV A,

EREEORE R, core 1 ~3THRO%—100%, 0% >425% 100 %D 3 H>DFEA4
FRE(ITHLT, core d~6TIR0% > 100 HBITH L TDAITE-7, Table 10D ()
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4. ¥ & ¥
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FOBIHTHC o NTO 3/ NEEET B CRAD URENIS T TR ES ( F -y ROT
EELBRETEHEEZOND, COBRUBLTZEREYHEROIE S, chETo IREE
DEMEHICKS S, BB L > TRkY LB H 5 T & bRIEIOREF THeiE S f17-,
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Table 1 Calculated Dancoff factors.
Core Nuclide Material Present Homogenized
number name method single-rod cell
U-238 MOX fuel 0.844 C.846
Core-1 Uu-238 Dep. UDZ2 0.847 0.846
(Water) Pu-23¢9 MOX fuel 0.605 0.846
void 0.0 % Pu-240 MOX fuel 0.605 0.846
U-238 MOX fuel 0.584 0.588
Core-2 u-238 Dep. UD2Z2 0.588 0.586
CAir) Pu-23¢9 MOX fuel 0.347 C.586
void 100 % Pu-240 MOX fuel 0.347 0.586
U-238 MOX fuel 0.650 0.651
Core-3 U-238 Dep. UDZ2 0.653 0.651
{(Dowtherm) Pu-239 MOX fuel 0.405 0.651
void 42.5 % Pu-240 MOX fuel 0.405 0.651
Table 2 Atomic number densities for test-lattice '

materials in PROTEUS cores.

(unit=1.0E+24)

Material 1

(Fuel 1, 15 % Pu02/U02 + Steel):

u-235 ... 7.781-5 u-238 ... 1.8B39-2 Pu~-239 ,,. 2.580-3
Pu-240 ... 53.679-4 Pu-241 ... 5.675=5 Pu-242 ... 1.256-5
Am=241 ... 3.B33-5 0 cee h.366-2 H ese 2.005-4

Al - 3.683-4 Fe . 2.600-3 Cr I 6.843-4
N3 e 3.301-4 Mn ces 5.376-5 Si ee- 3.28B6-5
Mo ... B.123-46
Material 2 (Fuel 2, Depl. UD2):
U-23%5 ... 9.851-5 Uu-238 ... 2.328-2 0 eee hoB77-2
Al ee- 3.B27-4
Material 3 (Clad, Steel + Air + Al):
Al ... 6.080-3 Fe e 3.125-2 Cr c.. B.536-3
N .. 5.118-3 Mn ve- 1.001-3 Mo cer T.354-4
Si .. B.124-4 N e 1.323-5
Material & (Moderator):

Core 1 (H20 at 32 C): H 6.652-2 0 .. 3.326-2

Core 2 (Air/Al Smear, 37 C): H .. 3.BQ0O-5 0 1.000-5 AL .. B.100-4

Core 3 (Dowtherm, 35 C): H .. 3.824-2 ¢ 4.578-2 0 2.832-3
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Table 3 Comparison of two rod heterogeneity.
(ENDF-B4, buckling = 0.0, two-rod model)
<VIM>
CASE ca F&8 F5 FQ
Core 1 ?.6269E-01 9.3374E-01 1.2681E+0C 1.9098
+0.51% +0.46% ¥0.52% +0.79%
Core 3 ¢.6519E-01 9.6249E-01 1.1419E+00C 1.5945
+0.52% +0.50% +0.83% +1.25%
Core 2 9.874%9E-01 9.6741E-01 9.9873E-01 1.0002
+0.91% +1.58% +0.89% +0.70%
Core 6 9.9545E-01 ?.4715E-01 1.1752E+C0 1.7085
) $0.95% +0.64% +0.77% +0.97%
Core &4 9.6763E-01 2.5457E-01 1.0914E+0Q0 1.4222
+0.62% ¥0.81% +0.53% , +1.08%
Core 5 9.9416E-01 .68465E~01 1.0013E+00 1.0032
+0.65% +0.83% . +0.59% +0.50%
<SRAC>
CASE C8 F8 F5 F9
Core 1 9.5563E-01 @.3092E-01 1.2636E+0C0 1.8966E+00
( 0.993 ( 0.997 2 { 0.996 ) ( 0.993 >
Core 1 9.5572E-01 9.30%51E-01 1.2649E+00
(3 reg.) ( 0.993 ) ¢ 0.997 ) ( 0.997 )
Core 3 2.4730E-01 9.3941E-01 1.1304E+00 1.5815E+0Q0
' {( 0.981 > ( 0.997 ( 0.990 ( 0.992 )
Core 2 ?.7025E~-01 9.6063E-01 9.97686E~-01 1.0052E+00
‘ ¢ 0.983 ) ( 0.993 ( 0.999 ) ¢ 1.005% )

Core & @.5362E-01 @.L4985E-01 1.1900E+00 1.7348E+00
: { 0.998 ( 1.003 ¢ 1.013 ) ( 1.015 >

Core 4 9.4944E-01 @.5656E-01 1.0972E+00 1.4521E+00
( 0.981 ) ¢ 1.002 2 ( 1.005 ¢ 1.021 3

Core 5 9.7742E=-01 9.7057E-01 1.0020E+00 1.0090E+00C
( 0.983 2 ¢ 1.002 ¢ 1.0c01 2 { 1.0086 )

( Relative value to VIM in parentheses.)
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Table 4 Reactidn rate ratios. (VIM & SRAC)
(Rebtative value to VIM in parenthesis?

CASE CODE C8/F9 F8/F9 FS/F9 F1/F9 k=inf

Core 1 VIM 6.9741-2 9.6239-3 ¢.9150-1 1.6827 1.0278
$0.64% +0.61% +0.65% +0.60% +0.22%
SRAC 6.8264-2 9.5693-3 ?.9227-1 1.6750 1.03640
(0.978> {(0.994) (1.0013 (0.995) 1.¢c08>
SRAC 6.8277-2 9.5706-3 9.9307-1 1.8753 1.03631
(3 reg) (0.97%> (0.994) €1.002) (Q.996) €1.008>

Core 3 VIM 8.9712-2 1.1777-2 1.0784 1.7977 0.9747
*1.00% +0.99% *1.19% $1.20% +0.40%
SRAC 8.9448-2 1.1980-2 1.0823 1.7993 0.97225
(0.997) (1.0173 €1.0053 €1.001) (0.997)

Core 2 VIM 1.6007-1 1.9903-2 1.1173 1.4496 ¢.8971
+1.10% +1.70% +1.10% +0.85% F0.36%
SRAC 1.5856-1 2.0098-2 1.120¢9 1.46301 0.90687
(0.991) (1.010) (1.003> (0.987) (1.011>

CASE CODE C8/F9 F8/FQ9 FS/F9 F3/F% k-=inf
Core & VIM 8.1499-2 1.1982-2 1.009é 1.9557 1.08515%
+1.11% $0.87% *0.97% +1.04% +0.2%9%4
SRAC 8.0100-2 1.1948-2 1.0G55 1.9058 1.09320
(0.%9802 (0.997) (0.9963 (0.974) (1.007)
Core & VIM 1.0035-1 1.4243-2 1.1085 2.0037 1.05269
+0.73% +0.90X% $0.65% 10.99% +0.23%
SRAC 1.0049-1 1.4461-2 1.1175 2.0347° 1.0527¢
(1.003> (1.015) (1.008) (1.015) (1.000)
Core 5 VIM 1.5755-1 2.1491-2 1.1035 1.589¢6 1.05530
+0.74% +0.90% +0.69% +0.67% +0.24%
SRAC 1.5724-1 2.1721-2 1.1067 1.5874 1.0588¢6
(0.998) (1.011) (1.003) (0.999) (1.0033
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TablLe 5 Two rod heterogeneity. (Experiment & SRAC)

< Experiment >

CASE cs F8 F3 F2 F3 F9
Core 1 0.986 0.942 1.265 0.938 1.144 1.918
(1.0 %> (0.8 %) (1.2 %) (0.5 %y (1.5 %) (1.4 %)
Core 3 0.98¢9 0.938 1.131 0.935 1.113 o 1.572
(1.0 %3 (0.5 %) (0.7 %) (1.0. %) (1.0 %3 (1.0 %)
Cere 2 0.998 0.971 1.002 . 0.988 1.003 1.005
(0.3 %) (0.5 %2 (0.3 %y (1.0 %3 (0.3 %> (0.3 %)
CASE cs8 F3 F3 _ F3 F&
Core 6 0.985 0.957 1.177 1.129 1.672
(0.8 %3 (0.9 '% (0.% %y (1.0 X) (1.1 %)
Core & 10.999 0.954 1.088 1.07¢9 1.429
(0.8 X3 (1.2 % (0.5 %> (1.2 %y (0.8 %
Core 5 0.9%7 0.970 1.0046 1.012 1.008

(0.3 %) (0.7 %) (0.7 %) (0.6 %Y (0.8 %)
< SRAC : JENDL-2 >

CASE ) Fg . F53 F2 F3 FQ

Core 1 0.95598 0.93191 1.2645 0.93101 1.1686 1.9081
(0.970) (0.98%2 (1.000) (0.993) (1.002) (0.995)
-Core 3 0.94752 0.94041 1.1349 0.93928 1.100% 1.5833
(0.958) (1.003)  (1.003) (1.005) (0.9893 (1.007)
Core 2 0.96711 0.94154 0.99810 0.96055 0.99764 1.0074
(0.96%) (0.990) (0.9%5) (0.972) (0.9951) (1.002)

CASE Cc8 F& F3 F3 F9 .

Core & 0Q.95347 0.95072 1.1848 1.1248 1.7317
(0.948 ) (0.993 ) (1.008 ) (0.996 ) (1.036 )
Core 4 0.94948 0.95740 1.0955 1.0765 1.4512
(0.950 ) (1.004 ) €1.007 ) €0.9%8 3 (1.015 )
Core 5 0.97669 0.970886 1.0019 1.0015 1.008¢9
(fast) (¢0.980 ) (1.00%1 ) (0.9%6 ) (0.%990 ) (1.001 )

< SRAC.: ENDF-B&4 >

CASE cs8 F8 F5 F2 F3 F2

Core 1 0.95572 0.93090. 1.2642 0.92971 1.1672 1.9039
(0.969) (0.988) (0.999y (0,991 (1.001) (0.993)
Core 3 0.94751 0.93%42 1.1356 0.93802 1.0994 1.5801
(0.958) (1.002) (1.004) (¢1.003) (0.988) (1.005)
Core 2 0.96800 0.96081 0.99785 0.95956 0.99759 1.0074

(0.270) (0.990) (0.995) (0.971) (0.995) (1.0023

CASE c8 F8 FS F3 F9

Core 6 0.95359 0.94981 1.1870 1.1238 1.7288
(0.968) (0.992) (1.008) (0.995) - (1.034)
Core & 0.94954 0.954854 1.0943 1.0757 1.6497
(0.930Y (1.003) (1.008) (0.997) (1.014)
Core 5 0Q.97741 (©.97033 1.0017 1.0015 1.0088
(0.980) (1.00Q) (0.9962 (0.99Q0) (1.001)

£ () ... C/E value,.

< Refference! results of previous calculation. >
(C/E , by PEACO & JENDL-2?

CASE €3 Fa FS F2 F3 F9
Core 1 0.966 0.987 0.994 0.990 0.998 0.987
Care 3 0.95¢ 1.000 0.997 1.002 0.985 1.008
Core 2 0.948 0.989 0.993 0.971 0.993 1.004




Table 6-(a)

< Experiment >

Reaction rate
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raties,

{(Experiment with PROTEUS/FM

F8/F%

factors)

CASE CB/FQ FS5/F9 F1/F9 F2/F% F3/F9 k~inf
Care 1 0.0691 0.00%87 (0.988 1.78 .00254 1.900 1.045
(2.2 %) (2.5 %) (2.0 %3 (6.5 X2 (2.7 %3 (2.2 %) (1.1 %>
Core 3 0.0874 0.01113 1.032 1.75 .00291 1.943 0.991
(2.0 %) (2.3 %4 (1.8 %) (3.5 %) (2.5 % (2.0 %y (1.5 %)
Core 2 0.1476 0.0192¢6 1.091 1.486 00473 1.648 0.90S
(1.5 % (2.0 % 1.5 % 2.5 X7 (2.0 %) (1.5 %) (0.8 %>
CASE CB/F9 FE/FQ FS5/F9 F3/F%
Core & 0.0748 0.0119¢2 0.946 1.887
(3.0 %) (2.8 %) (2.1 %3 (3.1 %
Core & 0.0939 0.01413 1.050 1.959
(2.8 %) (2.6 %) (1.8 X0 (2.7 %
Lore S 0.1444 0.0221% 1.054 1.624
(2.0 %) (2.4 %) (1.7 %) (2.4 X
<< PROTEUS/FM factors »> { from papers by Chawla et al. )
CASE C8/F% F8/F% FS/F% F1/FQ F2/F% F3/F%
Core 1 0.998 0.980 1.000 1.000 0.980 1.001
Core 3 0.997 0.970 1.000 1.001 0.970 1.003
Core 2 0.975 1.030 0.985 0.990 1.032 1.034
CASE C8/F9 FB/F% F5/F¢% F3/F9
Core & 0.998 0.983 0.99¢9 1.001
Core &4 0.996 0.965 1.001 1.007
Core § 0.992 0.946 1.016 1.041
Table &-(b) Reaction rate ratios.
< SRAC : JENDL-2 >
CASE CB/FEQ FA/F9 FS/F9 Fi/F9 F2/F9 F3I/F9 k—inf
Core 1 6.6%941-2 1.0168-2 9.9043-1 1.5958 2.5283-3 1.8437 1.04980
(0.969) (1.030% (1.002> (0.953) (G.995) (0.970) (1.00%)
<0.967> <1.010> <1.002> <0.953> <0.975> <0.971>
Core 3 8.7410-2 1.2402-2 1.08%4 1.8253 T.0635-3 2.02257 0.98424
(1.000) (1.114) (1.058) {1.043) (1.053> (1.041) (0.993)
€<0.997> <1.081> <1.056> <1.044> <1,021> <1.044>
Core 2 1.5637-1 1.9109-? 1.1530 1.4918 4.5663-3 1.5589 0,.89837
(1.05%3 (0.992) (1.057) (1.022) (0.987) (0.948) (0.993)
<1.033> <1.022> «<1.041> <1.012> <1_.018> <0.978>
CASE C3/F9 F8/F9 F5/F9 F3/F% k—inf
Core & 7.8554-2 1.2991-2 1.0026 1.9248 1.10913
(1.050) (1.090) (1.060) (1.020)
<1.048> <1.071> <1.05¢%> <1.0621>
Core & ¢.8313-2 1.5619-2 1.1172 ‘2.0515 1.07052
(1.047) (1.10%) (1.084) (1.0473
- <1.043> C<1.087> <1.065> <1.055>
Core S 1.5003-1 2.3501=2 1.10846~1 1.5230 1.09117
(FAST) (1.039) (1.059) (1.050 (0.938)
<1.031> <1.002> <1.087> <0.974&>
x ( ) ... C/E value.
x < > oe. C/E value multiplied by PROTEUS/FM factor.
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Table 6-(c? Reaction rate ratios.
< SRAC @ ENDF-B&>
CASE - CB8/F9 F8/F% F5/F9 F1/F9 F2/F9 FI/FQ k=inf
Core 1 &6.8411-2 9.7245-3 9.,9337-1 1.46748 2.2517-3 -1.8204 1.03742
(0.990) (0.985)> (1.005> (0.941) (0.8864) (0.937) (0.993)
<0.988> <0.945> <1.005> <0.941> <0.848B> <0.938>
Core 3 8.9442-2 1.1799-2 1.0895 1.8054 2.7139-3 1.9975 0.97044
(1.023) (1.060) (1.0356) (1.032) (0.933) (1.028) (0.979)
<1.020> <1.,029>» <1.0%4> <1.033> <0.905> <1.031>
Core 2 1.6282-1 1.7889~2 1.1404 1.4524 4.0570-3 1.46204 0.8735%
(1.1023 (Q0.929) (1.0435) (0.9925) (Q.858) (0.983) (0.965)
<1.074> <0.957> <1 _02%> <0.985> <0.885> <1.017>
CASE C8/F% FB/F? FS/F9? F3/F9 k=inf
Core 6 8.0343-2 1.26421-2 1.0052 1.9012 1.097048
(1.074) (1.0422 (1.057) (1.008)
<1.072> <1.024> <1.054> <1.009>
Core & 1.0075-1 1.4873-2 1.11464 2.0288 1.05465
{(1.073) (1.052} (1.063) {1.0368)
<1.069> <1.016> <1.0684> <1.043>
Core 5 1.5559~1 2.2052-2 1.0984 1.5778 1.086927
(1.0773 (Q0.994) (1.040) (0.972)
<1.069> <Q,940> <1.057> <1.011>
( ) ... C/E value.
< » ... C/€ value multiplied by PROTEUS/FM factor.

ratios.
results of the previous

Reaction rate
(Refference:

Table &-(d? R
calculations)

< SRAC : JENDL-2 >
CASE C8/F% FB/F% FS/F9 FL1/FQ k—inf
Core 1 (0.962) (1.032) (0.996> (0.947) (1.002>
: <0.560> <1.011> <0.996> <0.947> .

Core 3 (0.994) (1.115) (1.042) €1.031) {(0.%88>
<0.991> <1.082> <1.042> <1.032>

Core 2 (1.0523 (1.013) (1.0522 (1.014) (0.990)
<1.026> <1.043> <1.036> <1.004>
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Table 7 C/E values of two rod heterogeneity
by SRAC & other ctodes.
* & % fissile Pu (Core 1 - 3
VOID CODE C8 Fg FS F2 F3 Fo
c % SRACKCJZ2) 0.970 0.989 1.000 0.993 1.002 0.995
SRAC(B4) 0.9469 0.988 0.99¢% 0.991 1.001 0.993
WIMS-D 0.942 0.992 1.010 0.994 1.005 1.123
EPRI-CPM 0.929 1.003 0.994 - - -
BOXER 0.990 1.034 0.979 1.038 0.993  0.990
2.5 % SRAC(JZ2)Y 0.958 1.003 1.003 1.005 0.989 1.007
SRAC(B4)Y 0.958 1.002 1.004 1.003 0.988 1.005
WIMS-D 0.931 1.004 1.008 1.006 0.991 1.205
EPRI-CPM 0.918 1.015 1.005 - - -
BOXER 0.982 1.043 0.985 1.046 0.981 0.994
100 % SRAC(J2Y 0.969 0.990 0.995 0.972 0.995 1.002
SRAC(B4)Y 0.970 0.990 0.995 0.971 Q0.995 1.002
WIMS-D 0.982 0.981 0.998 0.972 0.997 1.054
EPRI-CPM 0.979 0.993 1.003 - - -
BOXER - - - - - -
* 8 % fissile Pu (Lore 4 - &)
VoID CODE C8 F3 FS F3 F2
0 X SRAC(JZ2)Y (0.948 0.993 1.008 0.996 1.03¢8
SRAC(B4Y 0.9468 0.9%2 1.008 0.995 1.034
WIiMs-D 0.935 0.977 1.010 0.995 1.1467
EPRI-CPM 0.92% 1.020 1.004 - -
42.5 % SRACCJZ2) 0.950Q 1.004 1.007 0.998 1.015
SRAC(B4)Y 0.950 1.003 1.008 0.997 1.014
WIMS-D 0.921 1.0C¢ 1.004 0.995 1.201
EPRI-CPM 0.907 1.027 1.007 - -
100 X% SRAC(JZ2) 0.980 1.001 0.994 0.990 1.001
SRAC(B&) 0.980 1.000 0.9%96& 0.990 1.001
WIMS=D 0.987 1.003 0.995 0.988 1.034
EPRI-CPM 0.%85 1.018 0.999 - -




Table 8-(a)

C/E values of reaction

JAERI-M 86-039

rate ratios

by SRAC & other codes.
x 4 X fissile Pu (Core 1 - 3
valbD CODE k=inf FS/F9 CB/F9 FB/F9 F1/F9 d=%

0 X SRACC(L2Y 1.005 1.002 0.9567 1.010 0.953 -
SRAC(B4&) 0.993 1.005 0.988 0.965 0.941 -
WIMS-E(1) 0.998 0.%947 0.950 1.000 0.931 -
WIMS-E(2) G.994 1.003 0.956 Q0.987 0.982 -
WIMS-D 0.990 1.096 1.002 0.974 1.092 -
EPRI-CPHM 1.012 0.984 0.926 1.019 1.024 -
BOXER 0.987 1.011 1.036 1.113 0.959 -
SPECTRA 1.001 1.076 0.978 0.955 1.042 -

42.5 X SRACWJZ2) Q0.993 1.056 0.997 1.081 1.044 f0.0656
SRAC (B4 0.979 1.056 1.020 1.029 1.033 -0.0870
WIMS-E{(1) 1.012 0.962 0.953 1.117 1.032 ° ~0.0401
WIMS-E(2) 0.9%7 1.054 0.978 1.111 1.118 -0.0508
WIMS-D Q.975 1.189 1.054 1.045 1.292 -0.048
EPRI-CPM 1.014 1.085 0.951 1.068 1.1645 -0.053

100 % SRACCJ2Z? 0.993 1.041 1.033 1.022 1.012 -0.151
SRAC(B4) 0.945 1.029 1.074 0.957 0.985 -0.164
WIMS-E(1) 1.030 0.927 1.003 0.948 0.926 -0.1103
WIMS-E (23 1.021 0.964 1.023 0.945 Q0.952 -0.1140
WIMS-D 1.023 1.128 1.044 0.99C . 1.28¢9 -0.10%
EPRI-CPM 1.070 1.053 0,931 1.047 1.004 -0.09¢C
MICROX 0.968 1.049 1.088 0.972 0.995% -
SFCKTRA 1.007 1.038 1.05% 1.017 1.021 -0.135

{ Multiplied by PROTEUS/FM factor
Table B~-(hJ C/E values of reaction rate ratios
i by SRAC & other codes.
# B %X fissile Pu (Core & - &
VOID CODE k=inf FS/F9 CB/F9 F8/F9 F3/F9 d-k

0 % SRACCJ2) - 1.05¢ 1.048 1.071 1.021 0.0
SRAC{(B4) - 1.056 1.072 1.024 1.009 0.0
WIMS-D - 1.140 1.101 1.030 1.155 -
EPRI-CPM - 1.076 1.01¢6 1.064 - -

42.5 X SRACUJZD - 1.065 1.043 1.067 1.055 -0.0386
SRAC(B4) - 1.064 1.069 1.016 1.043 -0.0404
WIMS-D - 1.197 1.106 1.026 1.233
EPRI-CPFM - 1.0%90 0.996 1.051 -

100 % ‘SRAC(J 2D - 1.047 1.031 1.002 0.976 -0.0180
SRAC(B4) - 1.057 1.069 0.940 1.011 -0.0278
WIMS-D - 1.142 1.058 0.949 1.007
EPRI-CPM - 1.071 0.942 1.017 -

{ Multiplied by PROTEUS/FM factor



Table ¢

JAERI-M

reaction rate ratios {

86-039

SRACY.

Contributions to k~inf void coefficient by various

alpha value. ( 10E-4 / % ).

dR 1 reaction rate change. Av :
(Av/dR)we ¢ average of WIMS & CPM
<Av/dR>» average of WIMS,CPM & SRAC
< CORE 1-3 >
(C 0 X - 100 % 3>
Lib dR (%> Av Av/dR I (Av/dR)we | <Av/dR>»
C8/F9 J=-2 133.60 -35.31 -0.264 ! -0.271 | -0.249
B4 132.31 =-35.58 =0.26% | I =0.270
F8/F% J=2 87.93 6.514 0.0741 | 0.071 | 0.072
B4 110.20 7.704 0.0899 { | 0.070
FS/F9 J-2 16.41 0.443 0.0270 [ 0c.028 | 0.028
84 12.99. 0.363 0.0280 | | 0.028
F1/F9 J=2 -12.03 -0.20°9 0.0173 | 0.018 | 0.018
B -14.54 ~0.249 0.0171 | ! 0.018
(C 0 % - 42.5 % )
Lib dR (¥) Av Av/dR { (Av/dR)lwe | <Av/dR>
C8/F% J-2 30.57 -21.03 -0.4688 { -0.485 | -0.4854
B& 31.03 -21.468 -0.499 | | -0.689
F8/F9 J-2 21.97 3.890 0.177 | 0.173 I 0.173
B4 25.19 L.274 0.17¢C [ I 0.172
FS5/F% J=2 9.984 0.611 0.0612 | 0.063 | 0.063
B4 9.0465 0.566 0.0625 | I 0.083
F1/F9 J=2 7.623° C.349 0.0457 | 0.051 | 0.049
84 7.611 0.341 0.0460 | | 0.049
(C &42.5 % - 100 %X ))
Lib dR (%) Av Av/dR I (Av/dRYwec | <Av/dR>
C8/F9 J-2 78.%0 -45.2%6 -0.37¢4 | -0.584 | -0.586
B4 77.30 -45.22 -0.585 l I -0.536
F8/F¢% J=2 54.08 8.475 0.157 . | 0.156 I 0.156
‘ B4 67.91 130.30 0.152 | I 0.154
FS/F9 J=-2 5.842 0.323 0.0553 | 0.058 | 0.057
B4 3.4600 0.225 0.0624 | | 0.040
F1/F9 J-2 -18.246 -C.é12 0.0335 i 0.040 [ 0.038
B4 -20.473 -0.672 0.032¢% | | 0.038
< CGRE 4-& >
(C 0 % - 100 % )
Lib dR (%) Av Av/dR
C3/F9 J=-2 90.98 -23.79 -0.2461
Bé& 956.39 -¢5.48 ~-0.264
F8/F9 J-2 80.89 5.217 0.0645
B4 81.94 5.005 0.0611
FS/F9 J-2 10.57 0.205 0.0194
B4 10.08 0.205 0.0203
(C Q0 X - 4&2.5 %2 0
lib gR (%) Av Av/dR
€C8/F93 J-2 25.16 -15.98 ~0.635
B4 25.71 -16.461 ~0.4646
FB/F9Q J-2 20.23 3.209 0.15¢9
B4 21.04 3.135 0.149
F3/F9 J=-2 11.43 0.493 0.0431
B4 11.15 0.493 0.0442
(¢ &2.5 % - 100 % M)
Lib dR (%) Av Av/dR
"C8/F% J=-2 52.60 -28.95 -0.551
B4 S6.22 -31.40 -0.55¢9
FB/F9 J=2 50.44 &.779 0.134
B& 50.32 6.450 0.128
FS/F% J-2 -0.771 0.009 -0.011é
B4 -0.0047

-0.962 0.006



JAERI-M 86-039

Table 10 Comparison of alpha value with experiment
& other codes.
< CORE 1-3 >°
(¢ 0 % - 100 % )23
Expt. | SRACCJZ2)Y | SRAC(B4Y | WIMS | EPRI-CPM
C8/F9 -32.2 | -35.31 | -35.58 | -335.0 I -31.5
+0.8 I (1.097 | ¢€1.105) | ¢1.0872 I (0.978)
FB/F9 6.08 I &.514 | 7.704 I &.23 I &.44
#0.18 | ¢1.071> I (1.267) | (1.0235) I ¢1.092)
FS/F9 0.34 | 0,443 I 0.363 |  0.45 | 0.40
#0.06 | (1.303) I (1.068> [ ¢1.32420 I (1.176)
F1/F9 -0.31 | -0.209 | -0.249 | -0.06 I -0.40
+0.09 | (0.6743 | (0.803) | (Q0.194) I (1.2902
| | | [
(¢ 0 % - &2.5 %2
Expt. | SRACCJ2) | SRAC(B4) | WIMS | EPRI-CPM
C8/F9 -17.9 | -21.03 I -21.68 | =-22.4 i -19.2
#1.7 1 €1.175) I ¢1.211) | ¢1.2513 | (1.073)
F3/F9 3.48 | 3.8%0 | 4.274 I 4.89 I &4.88
£#0.43 1 (1.118) I ¢1.228> 1 €1.4053 I ¢1.402)
F5/F9 0.353 I 0.611 I 0.566 I 0.93 P 0.72
+0.14 | (1.851) I (1.715) ] (z2.8182 I (2.182)
FL/F% -0.05 I 0.349 I 0.341 I 0.91 b 0.57
+0.23 1 (-6.98) | (-6.82) | (-18.2> I (-11.4)
| I | !
(¢ &2.5 % - 100 X »
Expt. | SRACCJ2Y) | SRAC(B4)Y | WIMS } EPRI-CPM
C8/F% -43.0 | -45.26 | -45.22 { =-43.2 | -40.0
’ +1.8 1 (1.0353) | (1.052) 1 ¢1.00%) | (0.930)
F8/F9 8.52 | B8.475 | 10.30 1 7.24 | 8.03
+0.39 1 (0.993) I (1.209) { (0.850) [ €0.942)
FS/F9 0.38 | 0.325 I 0.225 I 0.11 | 0.18
. +0.12 | (0.855) i (0.592) | (0.289) | €0.474D
F1/F9 -0.464 I -0.612 I -0.672 I -0.75 | -1.09
+0.14 1 €0.927) I (1.018) I (1.1362 1 (1.6522
] | | |
< CORE &4-6 >
(¢ 0 % - 100 %2 )
Expt. | SRAC(J2) ) SRAC(BAY [ WIMS I EPRI-CPM
Ca/F9 -25.2 | =23.79 I -25.48 | =23.7 i -21.0
+1.7 I (0.944) I ¢1.0119 I (0.940) I (0.833)
FB/F9 5.8 [ 5.217 | 5.005 ! 5.1 | 5.2
+0.4 | €0.899) I (0.Bé&3) I (0.879) | (0.897)
FS/F9 0.20 I 0.205 1 0.205 I 0.19 i1 0.17
+0.05 1 (1.023) 1 ¢1.025) I (0.950) | (0.850)
| 1 | |
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Fig. 6 Test lattice for PROTEUS-LWHCR cores 1 ~3

Fig. 7 Test lattice for PROTEUS-LWHCR cores LAV
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