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Effects of UQp-fuel Grain Size on Reactivity
- Study by Ultra-fine Energy Group Calculations
Using the Computer Codes Based on the Collision Probability Method -

*
Hiroshi OKUNO and Yasuhisa OKUDA

Department of Fuel Safety Research
" Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received July 24, 1991)

Heterogeneity effects of powdered or slurry fuel is studied through
reactivity calculations of tiny cells consisting of a small fuel lump
surrounded by water. The kind of fuel is slightly-enriched uranium
dioxide which is immersed in water. The cells are made smaller keeping
constant the volume ratio of water to fuel; the homogeneous system 1s
regarded as the limit of grain size 0. Reaction rates are calculated by
solving the ultra-fine energy group transport equations by the collision
probability method. The collision probabilities are calculated using
the extended version of the RABBLE code for the fast emergy groups and
that of the THERMOS code for the thermal energy groups as applicable to
spherical cells. The infinite-medium multiplication factor and its
four-factors, and their fractional changes from the homogeneous system
are obtained. The results of calculations show that substitution of
homogeneous system for heterogeneous ones underestimates the reactivity
some 2% for as small as 2-mm-diam. fuel elements, and this underestima-

tion mainly comes from the change of the resonance escape probability.

Keywords: Heterogeneity Effect, Grain Size, Uranium Dioxide, Celil
Calculation, Resonance Espace Probabilty, Ultra-fine Energy
Group, Collision Probabilty Method, RABBLE, THERMOS,

Criticality Safety
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RaF!sst RaMfus( .RaFlh RaMth RfFrusl RfFlh
0.0 2.53108-1 6. 74647-3 8. 73657-1 B. 54882-2 1. 530871 1. 28693
0.1 2.50081-1 6. 75525-3 6. 70431-1 7. 27322-2 1.53684-1 1. 28087
(-1. 18582 (0.1301) {-0,478% (9.399D) ( 0.0957: (-0. 4631)
0.2 2.48869-1 | . 6.77032-3 6. 71b02-1 7.28583-2 1. 54559-1 1. 28301
(-1. 6748) ( 0.3535) (-0. 3199 ( 9.5808) ( 0. 66586) (-0. 3046
0.3 2. 473581 6. 77303-3 6. 72810-1 7. 30527-2 1.54870-1 1. 2855]
(-2.2718) ( 0.4826) (-0.1257) ( 9.8732) ( 0.2682) (-0.1103)
0.5 2. 44132-1 6. T9297-3 B. 70561-1 7.35137-2 1.55194-1 1. 29076
(-3.5463) ( 0. 6392) ( 0.28260 {10, 5665) ( 1.0792) { 0.2976)
1.0 2.36271-1 6. 825503 6. 82062-1 7.48411-2 1. 55634-1 1. 30817
(-6, 65210 (1114 (1.247T7) (12.5630) { 1.3658) (12619
2.0 2. 22587-1 6. 877343 6. 92609-1 7.79264-2 1. 55988-1 1. 32328
(-12.0585) ( 1.9398) (28130 (17.2034) ( 1.5970) ( 2.8248)

0.7 HEESHOBMPETRES

BEEEE | BPEFRO MECHTS

(mm] ke #ALH & (%]
0.0 2.08707-1 0.0

0.1 2.17214-1 | - 4.0760
0.2 2.17346-1 4.1393
0.3 2. 17665-1 4.2921
0.5 2. 18466-1 4. 6759
1.0 2. 20666-1 5. 7300
2.0 2. 25505-1 8. 0486
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3. IR 3 IRITECH

3.1 EEXER

I I T THRASERBE O 2 RuTET & 0 B ERRICEY, TR T 2 ORI
KT HRETRICEF L - RAEHEN S LT 5 (I I THRBSMOMNRERLVITERL
TEHET A7, AHEBTREF EOEGIF) o B LiICHBEROT 5 U BHEE BE1EY
5L FiEN S OREERUMEIRER AT, BREE L SCHEEENENS
B EERERT S0, I TIZBREN0E T 6 OBRBONRET L, HELLAD
i2 2 RTTECFIEROES CRIBICERESw% T BHEY S L BEN2 g/ eERTH 5,
BEIREEIL0 (BY) 75 6mOBTELE® 5, KROBEIL20C LTS (THIHFHEIC
BOTHLEART, 208 1I5KTH3) o

—E{b 5 e, KERUHEOHEEEBHORTEREZECHEERS. 210577,

3.2 FEAE

SPESEOBRL L2 2 THRASAERBE O 2 RTEFIOHE LR LCTH B, FRICHAL LI
GiHDDT, EOHG AL TIZET,

ERAEF— 7 7 v AL ELUTIRIJENDL - 8% 2K 5, BEFEENF PFRUERE
EHTPFOERFIRIZ 2 2100 sEETH 2, BEFHPEFRORERICE, HRERE
EELCEEEI-F (EERICOVLWTHHRABBLEa-F'" %, 8@V TIETHERM
O0S2—F'"" ) 2FRAT5. BELINGOFEI- N3O EFTIEIRICHRICERNTEL
VWDT, 2RTEEFROBEEEFCLTIRTEROBEENFHETE S L) kR LstR
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SERS E 4 RO 3 RIS

#3.1
IRAAE v I vigE  BudM AR PR BRI
[wt%] [gU/cm? ] Vg =i [mm]
3 2. 4% 3.0239 0, 2, 4, b
o 1.0 8.6549 fa] &
» 2.0% 3.8274 0, 0.2, 1, 2, 4, B
y/ 3.0 2.2183 0, 2, 4, 6
10 1.3*2 6.4221 Els
20 0.8* 11.0455 n
40 0.4 8*2 19.0247 /4

X1 BHERER O RGEFEYL LIgEREEKT 5
¥2 HERTREBELL -TVD

#3.2 EAEKFR
YIE | BEE | UBKE EFEEER [stons/b-om]
[wt9%] |[gU /em®] H e 225y 2ary
3 4 | 5.0149-27) 3.7222-2 | 1.6447-4 | 5.8892-3
5 0 5.96920-2 | 3.4974-2 | 1.2810-4 | 2.4032-3
A 5 0 | 5 2910-2 | 3.6580-2 | 2.5621-4 | 4.8065-3
E 5 0 | 4.5998-2 | 3.8187-2 | 3.8431-4 | 7.2097-3
% 10 3 | 5.7742-2 | 3.5457-2 | 3.3307-4 | 2.9598-3
H 20 5 | 5.1194-2 | 3.4655-2 | £.0993-4 | 1.6150-3
40 0.48 | 5. 3401-2 | 3.4142-2 | 4.9182-4 | 7.2856-4
3 — | oo 4.8880-2 | 7.4229-4 | 2.3698-2
5 — | oo 1.8880-2 | 1.2368-3 | 2.3203-2
T — |00 4.8880-2 | 2.4721-3 | 2.1988-2
20 — {00 4.8880-2 | 4.9379-3 | 1.9508-2
40 — oo 4.8880-2 | 9.8506-3 | 1.4589-2
wadA (5K, 20°C) 6.6734-2 | 3.3367-2 | 0.0 0.0

¥ 5.0149x10°2% &K%
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#3.3 ERMERRUEHAET

JAERI-M 91-107

BEEE | VH0/VUC.| BER
& n f D K
Twt %] (UE) |[E&Elnmn]
3 3.02389 0.0 J1149 | 1.8318 | 0.8901 { ©.7302 | 1.3274
(2.4gU/em®)| 2.0 J1140 | 1.8318 | 0.8782 | 0.7517 [ 1.347¢C
4.0 J1126 | 1.8316 | 0.8766 | 0.7672 1.3704
6.0 L1119 | 1.8313 | 0.8741 | 0.7784 | 1.8855
5 8. 65486 0.0 0532 | 1.9301 | 0.8191 | 0.841% | 1.4018
(1.0gU /cm?®) 2.0 . 0533 1.9297 | 0.7981 { 0.8740 1.4195
4.0 1.0535 | 1.9292 | 0.7929 | 0.8878 | 1.4304
6.0 0542 | 1.9286 | 0.7840 | 0.8953 | 1.4273
5 3.82743 0.0 J1154 | 1.9239 | 0.9098 | ©0.7435 | 1.4516
(2.0gU /cm®)| 0.2 J1169 | 1.9242 | 0.8963 | 0.7459 [ 1.4386
1.0 1155 | 1.9242 | 0.8960 | 0.7564 | 1.4548
2.0 1142 ) 19241 0.8954 | 0.7675 1.4733
4.0 1.1126 | 1.9239 | 0.8931 | 0.7833 | 1.4974
$.0 J1117 ) 1.9235 | 0.8895 [ 0.7943 | 1.5109
5 2.21829 0.0 L2069 | 1.9171 ) 0.9448 | 0.6445 | 1.4089
{3.0gU/em®)| 2.0 2043 | 1.9181 | 0.9340 | 0.6618 | 1.4278
4.0 2005 | 1.9180 | 0.9328 | 0. 6760 [ 1.4521
6.0 1977 | 1.9178 | 0.9312 | 0.8873 | 1.4701
10 6.42207 0.0 21072 | 2.0006 | 0.9200 | 0.7788 | 1.5870
{1.3gU/cm*y| 2.0 J1055 | 2.0008 | 0.8999 | 0.8080 { 1.6085
4.0 01037 | 2.0005 | 0.8848 [ 0.8235 | 1.8270
6.0 01029 | 2.0000 | 0.8874 [ 0.8334 [ 1.6311
20 11.04548 0.0 . 1071 2.0411 0.9288 | 0.8043 1. 6880
(0.8gU/em®)| 2.¢C 1044 | 2.0417 | c.89¢4 | 0.8370 | 1.6875
1.0 L1021 ] 20410 0.8883 | 0.8512 1.7007
5.0 .1013 | 2.0404 | 0.8728 | 0.8598 1.6865
40 19.02466 0.0 .1133 | 2.0616 | 0.9370 | ©0.8220 | 1.7679
(.48gU/cm®){ 2.0 .1088 | 2.0625 | 0.8927 | 0.8550 | 1.7454
4.0 .1059 | 2.0616 | C.8693 | 0.8681 1.7207
§.0 .1058 | 2.0612 | 0.8392 | 0.8761 | 1.6758
FHE & 2HRYE, 4 A v v a AR
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%34 EEMEERCMET CSEERICHT 2EHE)
g | VH,0/VU0.| R WEGRRICRT A ZLEE (%]
[wt%] (URE) |E#%nn] P> n f p K oo

3 3.02388 0.0 0.0 0.0 0.0 0.0 0.0
(2.4gU /cm?) 2.0 -0.08 0.0 -1.34 2.94 1.48
1.0 -0.21 -0.01 -1.52 5,0? 3.24

-6.0 -0.27 -0.03 -1.80 6. 60 4. 38

5] 8.65486 0.0 0.0 0.0 6.0 0.0 0.0
{1.0gU /cm?) 2.0 0.01 -0.02 -2. 44 3. 81 1.126
4.0 0.03 -0.095 -3.20 5.43 2.04

6.0 0.09 -0. 08 -4, 24 6. 34 1.82

5 3.82743 0.0 0.0 0.0 0.0 0.0 0.0
(2.0gU /cm?) 0.2 0.13 0.02 -1.48 0.32 -1.03

1.0 0.01 0.02 -1.952 1.74 0.23

2.0 -0.11 6.01 -1.58 3.2% 1.49

4.0 -0.25 C. 0 ~1. 84 5.35 3.16

6.0 -0. 33 -0.02 -2.23 6.83 4. 04

5 2.21829 0.0 0.0 4.0 0.0 0.0 0.0
{3.0gU /cm?®) 2.0 -0.22 0.05 -1.14 2.68 1. 34

4.0 -0. 53 0.05 -1. 26 4. 89 3.07

6.0 -0.76 0.04 -1. 44 6. 64 - 4.34

10 6.42207 0.0 0.C 0.0 0.0 0.0 0.0
(1.3gU/cm?®) Z2.0 -0.15 0.01 -2.18 3.75 1. 3%

4.0 -0.32 -0.01 -2. 74 5, 74 2,52

6.0 -0, 39 -0.03 -3.54 7.01 2.178

20 11. 04548 0.0 0.0 0.0 0.0 0.0 0.0
{0.8gU /cm?®) 2.0 -0. 24 0.03 -3. 17 4.07 0.56

4.0 -0.45 0.0 -4, 36 5.83 0.75

6.0 -0.52 -0.03 -5.03 6. 90 -0.09

40 19.02466% 0.0 0.0 0.0 0.0 0.0 0.0
(.48gU /cm?) 2.0 -0. 40 0.04 -4.73 4.01 -1.21

4.0 ~-0.66 0.0 -7.23 5. 61 -2.67

8.0 -0.67 -0.02 ~10. 44 6.58 -5. 21

tE&HE 2, 44 v S
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£3.5 1B FR BRI RAFIRR
maEE | VE0/ VU0, | BAKIER 1 #EGH TR ¢ () e
fwt%] | (UBRED |BE&Rn)| v Ty | BEEE | Bl ARIRE
5 3.827430 0.0 0.55325 1.0
(2.0gU/cm®)| 0.2 0.59586 0. 54244 0.614886 1.134
1.0 0.60911 0. 55025 0.62448 1.135
2.0 0.62018 0.55858 0.63628 1.139
£.0 0. 64120 0.57096 0.65955 1. 155
6. 0 0.66303 0.57984 0. 68477 1.181
20 11.04548 0.0 0.43653 1.0
(0.8gU /em®)| 2.0 0.56763 0.43261 0.57486 1. 340
4.0 0.61979 0.44052 0.63608 1. 444
6.0 0.68680 0. 44282 0.70887 1. 600
At HEEHE 2HEt, 4 Ay = JREIE
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4, FEmESBOKRE

TEHEY S VBB ONE (213250 ) 3 BEHEAVNE (55 LIRRAL L MRFHOR
WIEHE EASEADEDARIEEIC L - THRET U7z JERICHAVBETE - T, REEN
10wt %LU F T EROFPEER LD bERMEER KRS (AR E72D, 77RO
Ry 2B AN T A LS5 LE0E E AL LT IVRETIROBR BEELLL. B
1A, AR H A EE 2 mORRBRHORFZEH T L TEERE LTIERS & KIG
A0 BWEEE BEL LV O HEEESEON. IhZ FEESRSENRFHFICL -
TR ANDZOTILAL, EBABROFEFORE VKT 5720 TH S,

L, BEAED L LTV - T BT R CRAUERAF RS E R OHE &R
SHMRSEVEEARRT A EARBELLTER TV 5,

& i

AR IIREENTD S ARETFHHEFEE L [ HLERRERTEHETRER O—
i LTS EE LU ERCER S A h, BRESEER T - IR -F TN -T
OFIREXN:E - H T I—F o PN —T O L THB i EE L, J DIt LTH
B LED,
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4. HimESBRORE

—EEY S VIERBORR (72325 ) ) 13, MEREIVNE (LD SRR RS HOR
I & AT A ENE BB & - THRE L ERICHPVBRETS - T, BEEN
10wt %LU T TIRIFSEROFIEER LD b ERWEER LR ECRLD, TT 2D
KTy ZIZRANTVE L3 LEVA 9 EAL LTIV TROM HEELL. B
H AT, TARREC & HEE 2 mOBRRBH OB 2R L THERE LTI & Ko
A2 SRR RS L) SMEEENE O, Jhud ENEARNEIRTIETICL
TRRIXNZOTIRAL, HBEROPETFORENTEFT57:0TH S,

A%, BEEE LTV - T b BT AR R ORI B R O & B
SEMRSEOHEARET 52 EPREEL LTER-T %o

At 5

AT RN & OAR T OWEFREH L7 (HABEERAKSMENHR. O—
M L THEMSEERUERTEECEHIN, BRESHERTF-TRHT-F L 7N -T
OFIHEINE T I F L VI N—T0b ETHBR I EE L, TR LTH
HELET,
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HEEA BEREFHEICEI ARMERECHEHEOR SR - 4 v ¥ a BOHER

By rRoEHic, BEHTEIRABRBLEI-NE ##TEITHERMOS a—
RE@RE L, RABBLE 2— FAMERT 3, ERE - >h KBl 8l 5. £7,
THERMOS 22— FAEETIHEICE, £OEEBLISI0020D A » ¥ ailsfitd. 8
HEZOHETIE FEERVEBEOSEHOERP A » V2 BIlKELTRVLITFEVLITTH S,
Wiz, IFMEZROHEERICRSOAN L LERORABRU A v Va BORENRNS LEL
SNb, F1o, FHEBHEERT, BEOTHEENEI S UTh o & S CHBH &SRR
HASHVWEETH, SMBROEEESRSNINELAEV. JOKDIICEL, LTTIRE
KL (BEERESwt%, 5 B2 0gl/cd, KHTHRRHEATE 3. 8274) ARfRID, BMERKET
R - £ v ¥ 2 MOBEEHERE LESEMEHIa T TR 2.

(1) BEREHER .

FTHEBEICONT, SRR tLoXES, EEMRTA v Va2 BELRMSETER
MERARCMATAHE L, B LU, SHHEEERL LITTT, LTINS /ST
AKIEFTRCIZND, HEGETIE, Fh2 1HEREUTHRELTE, 2@ERTENENOHE
CRCHESHELELTS, BAORIEARCAy V2B X OFESEFICEEEN NG D
D Bo |

WITHEA 1 OF — 255155 I5UT, BERRURERE T AAREC | BRI LT
H# Utz HEHEEEZRA 2R, J0FLD, BERPETRICOLTRERD (RHD &
fEBE 2 (AMAD (2—F LT3 (B, BEEMREOMREIRER 2 milWIGT 57 — A 4TI EE
QOFAERL L0H 1 %/EVY) o JhiDH U TREHHT RO EE TILMEE 2 OF 7% 1
IOt 0.5%FIHAECH-T I B, Z0LH0, EREERERUNAFCIBEAL D, T
FHOFETIRERORFOEFFICEET SR LENH S I EDG - T
(2) FEHHEBEHER
a) BRI 2 KoThY

R D 2 IRTTEFIZ oW T, LR, KEERU A v VaBEELS ST, ERPER
BOTIE T4 e Uz, MEHEER 0.2m (CILFEE 0.2197lm) OFEOFEERERA 31T,
PR IR 2, 0pm (2L HEE2, 197 m) OBEAOFEHELRAL 4ITTT, INo0&RLD, &
BESORBE S 7213 4 v V2 BAT SIS s 3R EICEL 2R EE RERERICH SRT
LW ERGhd, BT, BEEERED 2. 0mDBEII D0 THRET %,

SITRE I ENT, REEA—FEE LT Ay VaHaE{bs /558400, Ay
2 HAE—F L UTREM AT X B APRERICEASHENRE, REHBROX 58T
ELE, BEESEGE  RUEMAANLERp WML, TOBE EEMEFRK S8
PF 5, WTNOBEL, FEE RUBRPEFFAR T BRMELE .

b) HRIRBEO 3 KRITELFH

EEW OIEEEESE (REIKEE 2m) 2652, RABBLE - FOEREAERUT
HERMOS 3= FO A » ¥ 2 BT ESETERBIEEK ., WA BEPEFRRUED
HELRFEREEL U, FOEREEERA DITRT, JORLD, COBEOHEE - Avva
MOT A THEEEEEZRES(EMRLEVI EXGE (KAXRULTOBRHMNEET, RABBL
Ea— FEHWEHETRBHERR UREHEREENER I K8 L, THERMOS -
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RERLAFETHSERE L A » V2 CRALTND)
c) BITRIROYE

MR OIS ERR TR BRI A —F O T £, BARRER MO8 FREEIl
HETFAERL 1IORT, WEHBEE NEFRUBRPETRAREOEREEELEL 60T
+o EXTLRALESIE, SEEORYE e RUBLEE 72 EOBIROME T b e
BEFEAVIE L, $7e, HBAHAN 2R p IZMBOTE GRER, MHEE THEX) %
RLize3 e, T M, ROETAE A5,

Wiz, BETFRHAE OBERS SOLELEE AN 210, BEPRE TRAEHERA 31T
T, ThoORED, TR TEHE LHELE & T f RURFETTAIER BN Er 5
HESOCH LT, HEBR RROBETIRTEENE LT -Th, T80 OFRRIE
PEEFOBEEELCRESH, JOBEREELTIEZ, THERMOS I~ FOBELAEER
KR U CIERE T 2 2B L 5h B, |
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A 1 BAERODE (EERE HHGER)
-2 | %ARK e rvOKRES & &
1| B8 RABBLEIZ¥IH . THERMOSIZEE 1 emd
2 IR HE 0.2m | 2fEE. 1 /45 ¥a JFHE
3 5.0 SRR 1 LAAME2 OFFREL 0.5:0.5
4 50. 0
5 M | @8 0.2m | 2 fEIE. 14 v ¥ SR
6 5.0 fEI 1 L PR 2 O FFEE 0.63:0.37
7 50.0
8 iR [Ex 0.2m | RABBLEiZcosine current
9 5.0 QB 1 Ay v a R
10 50.0 | GBI ZEEME2 OfEHE 0.5:0.5
11 B HE 0.2m | 2fAEL. 4 4 ¥a JRRE
12 5.0 PRI 1 S FHI 2 DR 0.5:0.%
13 50.0
14 Bk BIR 3.3802 | 2fAM. 4 A v va JHHE
BRI 1 & fRIE 2 O FTELL R EEEEE O
Wkl & oEM ORI &R U
%A 2 HERSEEROEBEO PR
2 EEEDHT R (N ED HE TR W18
Rk 1 Rt 2 2,/1 RIE 1 PHI 2 2/1
11 1.43786 | 1.43787 | 1.0000 | 0.552162 | 0.554376 | 1.0040
12 1.43794 | 1.43795 | 1.0000 | 0.551879 | 0.554594 | 1.0049
13 1.43795 | 1.43795 | 1.0000 | 0.546921 | 0.553585 | 1.0232
14 1. 44857 | 1.43516 | 0.9907 | 0.551025 { 0.553835 | 1.0051
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A 3 FEEHBMHOREHE 4 v ¥ 2 K1)
WH &
R wt%
VRS 13 2.0 glU/ecn®
fHEEE #H 0.01 om
Bt 0.021971 cm
X ¥ THERMOSA¥31
& p f n koo
B BEM| 28 | BEMH
1 1 10 6 | 1.12062 | 0.74396 | 0.90247 | 1.91063 | 1.43753
1 1 20 6 | 1.12082 | 0.74394 | 0.90252 | 1.91062 | 1.48757
1 1 30 6 | 1.12062 | 0.74395 | 0.90253 | 1.91062 | 1.48759
1 1 30 "6 | 1.12082 | 0.74395 | 0.90253 | 1.91062 | 1.48759
2 1 30 6 | 1.12070 | 0.74390 | 0.90253 | 1.91062 | 1.43761
3 1 30 6 | 1.12088 | 0.74396 | 0.90253 | 1.81062 | 1.43789
5 1 30 6 | 1.12061 | 0.74407 | 0.90253 | 1.91062 | 1.43782
6 1 30 6 | 1.12057 | 0.74413 | 0.90253 | 1.91062 | 1.43788
10 1 30 ‘s | 1.12041 | 0.74431 | 0.90253 | 1.91082 | 1.43802
15 1 30 6 | 1.12021 | 0.74448 | 0.90253 | 1.91062 | 1.43809
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EA 4 FHEBEOXEEE A vV 2O

B
. §17:01:8 5 wt%
v VvIRE _ 2.0 gl/cn®
EEER BN 01 o
HEH 0.21871 cm
X ¥ THERMOSAyy1
WE | REH | B | REH| ? f T Koo
10 1 10 5 1.11741 0.77328 0,89928 1.91054 1.48454
10 1 20 6 1.11741 0.77327 0.89932 1.91053 1.48482
10 1 30 6 1.11740 0.77328 0.89333 1.910563 1.48464
10 1 40 B 1.11740 | 0.77329 0.89334 1.51053 1.48465
1 i 30 6 1.116686 0.77285 0.89933 1.910563 1.48302
2 1 30 .6 1.11682 0.77298 0.89933 1.91053 1.48328
3 1 30 B 1.11700 0.77300 0.89333 1.91053 1.483b6
5 | 30 6 1.11722 | 0.77308 0.88933 1.91053 1.48388
8 1 30 B 1.11729 0.77310 0.89933 1.91053 1.48418
10 1 30 6 1.11740 | 0.77328 0.89333 1.91053_ 1.48464
15 1 30 g 1.11742 0.77347 0.839933 1.910868 1.48504
10 1 30 3] 1.11740 0.77328 0.89933 1.910563 1.48464
10 1 30 12 1.11741 0.77333 0.89902 1.91055 1.48425
10 1 30 18 1.11741 0.77337 0.89880 1.91057 1.48397
10 1 30 24 1.11741 0.77334 | 0.89899 1.91056 1.48421
10 1 30 30 1.11741 0.77332 0.89903 1.91055 1.48433
10 1 30 18 1.11741 0.77337 0.83880 1.91057 1.48397
10 2 30 18 1.11751 0.77235 | 0.89880 1.91087 i.48215
10 3 30 18 1.11758 0.77182 0.89880 1.91057 1.48124
10 6 30 18 1.11777 0.77102 | 0.89380 1.91067 1.479584
10 9 30 18 1.11788 0.77064 0. 83880 1.91057 1.47932




JAERE-M 81-107

FA 5 FEHEBBOXEHE A v Va HOBF GRERH, HPERO

EHEE (BEERE S wt%. UIRE 2gU /cn?)

ERFZ IR REZE 2m
SEEER M 0.1 cm
Bo#ERF 0.16901cm

(1) PRI R NETF

RARBLE I £ | THERMOS Ay ¥ 2 BE
£ 7 f p Kw
BB LR R EEY
1 1 1 *t ]y = 1. 1152 1.9242 | 0.8879 | 0.7675 | 1.4622
1 1 g 2] g e 1.1143 1.9241 | 0.8946 | 0.7675 | 1.4721
1 1 §*3 | 3 *3 [ 1.1143 1. 9241 0.8947 | 0.7675 1.4722
1 1 A 1. 1142 1. 9241 0.8954 | 0.7675 | 1.4733
1 1 {10 * |10 *° 1.1143 1.9242 | 0.8950 | 0.7675 1.4728
2 2 2 ¥t g% 1. 1145 1.9241 } 0.8946 | 0.7671 1. 4718
2 2 4% 4 *E 1.1144 1.9241 | 0.8954 | 0.7671 1.4728
3 3 R I 1.1148 1.9241 | 0.8947 | 0.7669 1.4714
(2) BBk & BT AR
RABBLEFAIEL B | THERMOS Ay ¥ 1 X L ERDEFR ¢ (u) BT
WL | WUEM | B [ RGES | e A EY | BOBIRRER | EoE s SR R R
1 1 1* 1 ® 0.64599 | 0.55254 | 0.67041 1.213
1 1 2 *% | e 0.52298 | 0.55841 | 0.63985 1. 146
1 1 3 *3 | 3 3 0.62272 | 0.55762 | 0.63873 | 1.147
1 1 £ g 0.62019 | 0.55859 | 0.63628 1.138
1 110 *® |10 *® 0.82149 | 0.55771 | 0©.63815 | 1.144
2 2 2 x| 2 0.82267 | 0.55812 | 0.63953 | 1.148
2 2 4 %% | 4 %2 0.51987 | 0.55830 | 0.6350¢ 1.139
3 3 g x| 3=t 0.52223 | C.55717 | 0.63922 | 1.147
$¥1 1 45 ¥ JHER
¥2 2 Ay va S
¥3 3 A v va JHAN
¥4 A4 Ay v S
%5 104 » ¥ o BRI
% R R o (u) SRR S ()
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SMTAROZE RERE, FEHER)

(1) fEIRbE(E R, MR TR U gt T AR R E

swapR | MmEo 2 7 1 p Koo [EAAIETH
A& E [m] AF R T
B _ 1.1154 | 1.9239 | 0.9098 | 0.7435 | 1.4516 1.0
Ek B 0.2 | 1.1169 | 1.9242 | 0.8963 | 0.7459 | 1. 4366 1.134
1.0 | 1.1155 | 1.9242 | 0.8960 | 0.7564 | 1.4549 1.135
9.0 | 1.1142 | 1.9241 | 0.8954 | 0.7675 | 1.4733 1.139
I B 0.2 | 11171 | 1.9241 | 0.9019 | 0. 7469 | 1.44789 1.078
9.0 | 1.1131 | 1.9238 | 0.8988 | 0.7758 | 1.4928 1. 101
SER Ex 0.2°] 1.1165 | 1.9239 | 0.9078 [ 0.7517 | 1.4657 1,019
90 | 1.1145 § 1:9229 | 0.8893 | 0.7911 | 1.5076 1. 168
(2) WEEZRoH+ 2ZE(LEA
. | B BEERIcHT S ELEE (%]
IR
FE X [m] £ n - f D K o
ER BE&E 0.2 0.13 0.02 -1, 48 0.32 -1.03
1.0 0.01 0.02 -1.52 1.74 0.23
2.0 | -0.11 .01 -1.58 3.23 1. 49
& B 0.2 0.15 0,01 -0. 87 0. 46 -0.25
2.0 | -0.21 -0.01 -1.723 4. 34 9. 84
ik B& 0.2 0.10 0.0 -0. 22 1.10 0.97
2.0 t -0.08 -0. 05 -2.25 6. 40 3. 86

RABBLEIW 24, THERMOSIZ4 A v va 7fREE LT
E#gitcosine current& Lo

WEMEROAE S (EVOKEX) i VH0/VU0.= 3.82743 725 &5 &M

ﬁﬁi:ﬁb 7o
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H8B ANISNI— FERVERMEEONE GRIRBEO 3 Rtk

KT TS BOBEREERC LD, NS L U T EREERRUNE T &
BH Lt UL, BUSHREEIVNE 22210 s PRI f A Rus/ha (- TLE
Ve BB RORE LIRS S SN AT U BRETAFRRARIE/NE LT
W CRRIET 110 BEL D B B, PETFRAHIBR IR L F B TIEL RS NTH
WEVSERNEL 0N 3, FhWA, X OERATHETHOEMAHEG S0, Sy EIE
~<$¢AN]SN-JRI— KERLTHETOMEFERLRE, BREMEFELROIILIIL
1o .
T DI (5 B 5wt s, TRmREL. 0gl/c) AHRICT . ERMISNETE
/L LTIL, a) FHEKSET— 7 JENDL - 8 ofER L7187 BOMGCL S4T30 %
MAILZ2— FTARL-Bm#ESE, b) JENDL-3#moFPFRUTP F&fEpk L, #E
R TR - S RO EF R TLT B Lo lmE (RABMAT LI - FiZkbiFs
Nz) Fi5 2EEAEG S, a) OMA I LI— FOFETRY v ITRELTI4, J07:
DOERAEAFHEERTF&§2 (CUE#=a® /¥ 2, a BFHR o ANISN-JRA
— FoETH HIAOLY Y FUBHKREELD (P, ), Sy REEL, X v Vo B
8(%ﬂﬁﬁ4,ﬁﬁﬁﬁﬁ4;@b,ﬁgfm5)&b,EMﬁﬁ%#%%éﬁﬁ,EM%ﬁ
FpEAERRE, NEISE (inner iteration ) O AEEE30ME, WREHZIHIE D
SEGEREARYICR L BEROBEEREE TR bOLEE L TRE 1ITFT. J0&RS
b, AN SNOHEELZEEOEARY, MEREEY 4mOBECAHEROHAOMLT
BFAN [ SNONHRERAEEICKE LR UL, BHREEN X 0I0NE(E -7
& BTl mOBSITEINSOREC L DHEERIAECRE- TV S, JNIZANIT SN
T FA DL S HERIUN IR GERCER T 30N EL TN EETRLTN S EEAS
b,

ClEoiE®Ehs, ANISNa-— R IR AR DS 2 Bl T &V S FER N S EhCER T
2 LRENTE, BEBOBEREETROIIEEROTLMAHNT 5 L TOBEIIEL S
TN EG T,
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B 1 BHEHI— Fio k2 EBEERORE
mIgER (Mgt s 2 E{LFEe (%] )
PEEERE 2 .
MGCL/MAIL-ANISN | RABMAIL-ANISN RABBLE
B | 14641 1. 4653 14516
14641
pam | 1.4508 (-0.23) | 1.5152 ( 3.41) | 1.4548 ( 0.23)
1.4009" 1.4535°
amm | 14630 (-0.08) | 1.4833 ( 1.23) | 1.4733 ( 1.49)
1. 4628
4 15072 ( 2.94) | 1.5116 ( 3.16) | 1.4974 { 3.16)
1.5067"

ANITSNOFHEZST~TIHE L 7o
s Flitinner iteration O AKBIE % 0@ & Lty oii R,




