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Preliminary Report on Bxperiments, Analyses and Bvaluations Performed

in Reactor Technology Section, Experimental Reactor Division
—Quarterly Report Vol,7, No 1—

Yuuichi Shimada® ", Soujyu Suzuki', Yoshio Ariit

Takayoshi Kobayashi®, Makoto Sawada™, Toru Sone,

Toshio Funada*, Katuya Kinjo*

Abstract

This report summarizes results on experiments, analyses and evaluations
performed by Reactor Technology Section, Experimental Reactor Division during
April tﬁrough June, 1990. FEach result described in this report was reported as
the intermal memoranda of Reactor Technology Section, for further analyses,
evaluations, and/or discusstons,

This report contains the following items,

Results of measurements, analyses and evaluations for nuclear characteristics

*

of JOYO,
. Results of measurements and analyses for the plant.characteristics of JOYO,
. Production and/or arrangements of analyses codes and their manuaL
- Analyses and evaluations on MK- I Core
« Miscellaneous results,
The final report will be published for each program after further

discussions, analyses and evaluations,

%+ Reactor Technology Section, Experimental Reactor Division, farai Bngineering
Center, PNC

%% Now, JAPC FBR Development Depertment
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® T&B. 1, QREFLIOL, HA—HROBH, v -2s— LEREFEE
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3. EERRFOFLIHHEORAESRBI - M

RER, BEERFOFLOBEONE L BN CEONARBAZEDbDTE S,
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3.1 MG-DIFELOHA A7 NVCHTIHEBRLODVT (£E0 1)
HEE FHEE, EHEXR (FOEEFHEG)

B HA20icBYE5 v 7 NERHORBROFMmAT IS LD, T, V7
FLyvRELTHELBLTHESLUALBRE (PRI ORBRISDVTHELIAEERE
Eew L,

3l l e FLhLBREORISEERNE S “CITATION” 3D-HexZR ¢F "Dotd, 5" K&
ARGEHEELB S AN 0mOES: 1 KERMLLTRT., 3. 1.1 X0, FELEAE
HBARAAFRELYD, BBRBEBERTOoZRAE L, COREBIKDVWTRHIET -
fca '

TP, HERFTAEPEOCESORNEMcOVTI], BXESERIAFETERY—
HFLTHY, 4, FE=FVREER IV BRCHARELEBALLEFVTHERD,
HERLBOCHHBNBERETAAERARTOIEFHESMIE -

‘i, M3 1L1kd0TEAEA+ ZFAK 2abilreos, FHEALBEN—K
ARt oot o, chRTFHELABRHEBLIHABRX -2 0lKROT
Rickatzions, BHEBBCIIIAETHEOBETR, BRLIFRZSI ¥ ar—
FRLUy FO—WMERELTCOATEREFE, BHERBRBOF —TEOREBERO.
DFHRLBLY TbIAEERED, SSNBARAHNOAEAOMIKORERT
HNEEBRBEBOTIhE2EH3E, | ~2aBBEotThidPRENS,

HE, AEBEOA»SFLTLET vy 7 NBOBRBOREEORMEIX, +10~—-10
D EBEILLE - THSHETHA2H, 2alBRrTFhcBEesoF - ~O¥FI0.2
UBETHD, REEOLEADEERK2VTRIEBEERATS 5,

2.0 T T T T T T T T T T T =T
- e :Calc. (DOT35 2D~RZ) |
- o :Calc. (CITATION 3D—HexZ) =
- X :Meas. (E=1596.51Ke V) b
S O :Meas. (E=252175KeV) I
15 [ | Fuel S/A=PFD240 (000) =
- ! Mormalized by the data at Ocm: .
m [ L
o 1
g [  ;
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%il-a i : . &0 °0, 1
ks L R o0 o0 [
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32 Sy/NMBHMAEIEESTOHE
WEE HFHER, FHEXR (Fo . EEHEGr)
 RIERMERR (MK-TFELE20 ¥4 2 0) DT RAERRE*ECHREOBEICHE
Tk, EMBEYORDAHE ERE) 2HA LA (B-1 —358ick o &) .
TT, W —F “CITATION” Q2 RARIFH B LY, THOL S » 7 RERY
CERAFETAKBESRALEF VST IRMANBENGLRD L, 5 7 HERE Y
YOREM, BRFLISOERLHHOEREOBREF L - TREL D, HS.
LIBROEHNEOHNIEENFTREROKZRTOBMSFRBLICE T 2 XENEH D
FEAMERBAFELELONEG, 27 L, THRECRNERLAR I RBOTRTF
i (MHOBORETRE) + ZHAKERBS (nax/nin=1.02) ZHREHE - TH
20T, THEWMET LD, BAMFPLICHFLTHRE A » v 2 OFEHEELED I,
RERDIEHABEESFLERIUCIDAT - ABLT, S VYEORFHICER LA,
EHRMEROFELIT> D, MBI - F “Dotd. 5" KX EROHERT - o
HAFEDOE -+ Y 7 ifil (MABEBAOE YORABE /2 Y HIEEOFEA)
i "CITATION” 1,64, “Dotd.5" T149TH -7,

alln il
Z w7 RTE PR

YA

v 7 frE s "

R
KEOF LR ATEHAER(RZETNV)

3.2 1 HuproMBm

(-2 —013, £~ 2 —066)
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3.3 MK-LHFOHAH 4 7 AOBRBZBHE

wWEE

MLE, HHEXR (FLEE - FHEGr)

BUH 4 7 v AOBRBERFEL TRIERT,

#L 20 .
wqts 20 21 u £
800 PFD240"| PFD527 |* 4D2~
1Al PRCOZ0"| PRCGIO™[" CMIR-2 * CMIR-IHEH
151 PFD241*"| PFD413 [** 4B3~
1cl prpazi™| PFD526 " Ga3~
1F i PrD342"| PFDU16 |= 4BE~
2C1 PFD327"| PFD535 |* 4ad~
2D1 PFD330*] PFD53% [* 5B4~
261 PFD335") PFDG3G [ 4Fi~
2C2 PFD337"% PFD{14 |™* 4Bi~
2D2 PFD405*] PFCO3O0™I™7 4CI~ *1* CJM BZE1&H
2F2 PFD338%{ PFD541 |=*5D3~
3A1 PFD3317] PFD244*{** 502~ “*R-21kb
3E1 PFC030™] PFD247%Y? 2D2~ "M R-G4b
3D2 PFD317 | PFD534
382 PFP329™ PFD339™M*"* 403~ "' 3F240
3f? PFD339°M PFBOT0**" B2~ 2 BYAKA
3B3 CRIOSM™ CRTI02 |=*R-20~
ic3 cR30IM*™] CRT401 [*" PIE #+a2*-HL
3E3 TCR204 | CRIVLM™*"® R-23&b
4Cl PFD307 | PFD4035™]"*" 2D24D
4B2 PFD30B PFD342""9 " 1Fl&Y
4D32 PFD243" PFD2£0**" 5F4~ " 000D
1Al PFD3IL15 | PFD327%{*"' 2Cl&h
183 PFD3I18 | PFD341°97 IBLLY
4c3 PFD314 PFD320"1" 3E2 LY
4B4 PFD322 | PFD3I3T™"* 2024b
4Fd PFD252 | PFDAa5"*» 2E14p
543 PFD238 | PFD3Z1*Y** |Cl4b
502 PFD306 | PFD331%"7 3A1&D
5D3 PFDBI03 PFD338™] " 2F 210
$E4 PFDI11L PED3 301" 2D1&Y
5F4 PFDZ57 PFD243"4"" 4D2kY
5B5 PREOLO™| PRSOZ1-9*4 SHMIR-1 " SMIR-21
6F1 TNS002™] NSTLOL%] " higFd
5A2 NFRIOQ | RINE21
EBZ NFRIDV | RIN1Z2
BE6 NFRILE | RIN104*{* GF4&h
62 NFRILF | RIN124
6F4 RINLG&™ PRSOLO™4** GEE~ ** SMIR-19
5B1 NFRMOI | NFRM4A
6C1 NFRM0O 2 NFRM4B
TAd NFRMOS | RON1DI
184 NFRMOG | RON1O2
TAS NFAMOA | RON103
7B5 NFRMOH | RONIDY
GE2 NFRILA | RINL23
542 PFD239"] RIN201*§* 5D3~ ' 5D24b
5D2 NFRI11P“] PFD239™]"" 542~ "M 5AZLD
R-29 CRI04M | CR305M™|*" 38321
5A5 NFRIIQ@ | RINZOZ

B2 A 7 A B0CKEF B BERIGE
i, W1.3%AK/K (0MW, 250%T)
THy, BEIHPEURBERI#AFSH
T3,

c MBI R BRITEOME
R 124&
Ik e 3 &
BEEWN 2 &
Buy 7 2 &
o i 5 1R 14&
I 54 134k
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3.4 THB) TOMYEYEESR
WEZE GRE, BREV, FHEX (Fo - EEFE)
1. o\ E
MEB) KILT, ChETKERFEAABRBOBREREIICHORME LTH
HE3AIKEEdroTRET B,
SHE LDLBMORHEBMIL, M-I BRI GHK-TB20° ¥4 7 LR THET
&Lt |
2. & B
SEEEDLBREERIALLRRT,
BFi7s—s OBELTT,

CMK-THRBE oo 1078 GROEA 3 HOBBR Q)
CMK- T EHEEBRRE oo 6l (RIMBBESEAM 3 KRR Q)
CUK-TERRE oo 241K (REABEBAH 2 HER Q)
MR- BBREEE oo 168K
MK-TRBAESE 0 B
CB B e 375

*ME-T3820° 44 7 Vit S v FRER STV ESH,
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35 REAERHBOZECLBRBEAORKECONT
WmEE HHEE, FHEX (Fo, EEitEGr.)

RS EERARESISIINSSUSIIE~ERTTEIH D, ZOHBUE~OEELFIE
TaD, TEB OREEERE2 TSI LABEE, SIS LB
EfT o7z, SUS304ESUS3I6DRESHEEES 5. 1 KRT,

ZORE, HEGEREL TSI LABSESIS4E 8L T, BEREED
0.2%Ak /RBD LA, £, BADHFEREBLALELLTOLAEL,

Ho-oT, RAKERMBOSUSIANLSSISIE~DOEBR LA BREE~OXERMER

/R
#3.5.1 SUS304&SUS3I6D#EE (w./ 0)
AF VYL RE
SUS30 4 SUS31686
B 5
Cr 19. 900 17. 00
N i 9.25 12. 00
Mo — 2.50
Fe Bo B0
(8 — 2 —064)
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L1 1 RAHRABENRBRBOL+EF~2 3 VDT
WEE FHEXR P BEFE)
I RONARBEMAREC, FLESAOT Y5 YR -/ Xt BREOHRES

KBOWTEEES +EF—va VORENFRIWALDT, IEEOKF+»EF— v g

VEBEREE LI EREET . BBEUTORL TS 5,

) FEMICR, ARREATCEVTR, B5AOEBN: yEF—v oY (K4 L
18B) ickdzo—Ya VOTRBRSEVEFHShE, £RL, EHMIKC
EFHEBETEAIERTERL (2o —YVa VOEFERLIRTETENY)

@ FOLEBREELT, S5HACFLRNORELTHALDICR, B 15IOCHIRERL
BEI, $5i1, B5ORBRMBE T RAFLBNCESRAILBAXROHER
T, I RERBIURCESFIOFLRNORBENK-T OMI05%BHEE T3
BTEBCEHH 7o RoT, |RERBINGTEMRUEEROBEN THRR

HAIRETH 5,
I . — A —
D T FLEBRA V7 AT, NE
/. '\\‘:‘: g kiEn g B oW W(zrrsvasxe HREES V7 AAOMARE
5 “E FO7428 )% ¥ 7 4 2 (WO, 17| W25 | BIN | B4A | W55 | ®wEH
g I[ 7
g | €°NJB ¢ on
j - R § 1.5 7.0 0
\ 't - EEH 5 10.0 6.0 o o o
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5. BEERFILBIBIPEFER - AvRRU
BREZOAMTEEBH

AER, BEERF TEB) CBWTERIWLHRFR - V< BORUEF -5 OB
HRCHBRAMECLDOEBEORBERARECIVEONIBRRETILDNLDOTH S,
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51 M3IvrR—LdlETFRHEER
WMEE BWRE, AIEEE (A6

L. B B
MEBI M3 =Y h— N TRHLABRHLEEE N YA —20r 82 ~27 F LENE
UTHHEEERD CRIERAFEL, #REFRRI AT VI 4 ~AF 4 v a—
¥ “NEUPAC-JLOG” X O &tk FH, 1.0MeVRIE &0, IMeVBl oMb FHD &
C7=51 PEERRE LcdiaREBREFMB LA, 51, 100MWEHMHSER K%
AoTEhZhoMBERMBEBLHEM L.,
g, BTROBHEFR <7 P VvERCTBRAB P AR T2l EHBTRD,
HeSEBMBE v 2 —4 (BEN) TRELleM & B UL,
2. UPR-L1oRusKE
- & MR
ME-THLEIIH 41 72 0
19894F 8 H 158 ~ 19894 10H 26H
cRTFFEREBM D
P =4 097x10°MKd (100MWtH 5 <5, 936 % 104sec)
;Eﬁmﬁ (HF G b & oD By O 1) B B )
M3=¥d&—n Z=0cm, Z=+130cn
KMy —gOREHE
Fe, Ni, Cu, Co-Al, Ta-Al, Ti‘
3 % e S
) BHCEBERCRGRAFZEREE2ESL], 5L 2KRT,
2)  “NEUPAC-JLOG” kO kedrerpikFR, hit FREBSE%5 L 3~5 1 6 KR

7o
3) HeEMmE L oOl® (KL L1BHR)
HeRMBETIHE Lo leli, MAEEERTHELABIOWLIBEEN &0tb
Poke ThiF, BEBENF PO LA TN IIHART, BHTRE LD E

BRUE—BOlerBH BB L bDEEL 2,

(5 — 2 —008)
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#£5 11 HBHLBAEER
Katft g (decay/sec/g)
i X &
Z=10cm Z=130cm
Re Fe58 (N, 6)Feb59 | 5.072e+06 (2.83) | 1.260e+06 (3.05)
Co Co59 (N, G)CoBC | 1.811e+07 (2.64) | 3.253e+ 08 (2.72)
Ta Tal81(N,G)Tal82 | 8.459+07 (2.62) .| 1.398e+07 (2.382)
Ni Ki58 (N, P)Co38 5.979e+ 04 (3.10) E—
#5612 BEERAEER
RI® x 10%* (reaction/sec/atom/100M0t)
% g I
Z=10cm Z =130cm
Pe Feb8 (N, 6) Feb9 | 2.812e+11 (4.37) | 6.218e-+10 (4.52)
Co Co59 (N, G) CoB0 1.188e+13 (2,.64) | 2.130e+12 (2.72)
Ta Tal81(N,G)Tal82 | 7.806e+ 13 (2.62) | 1.290e+13 (2.82)
Ni Ni58 (N, P)Co58 1.732e+ 07 (3.10) —
E) () ARl o %$BRE, ZRFLFLISOED W EE




#5.1.3 ®MoOhHFHE
DISTANCE BMoOoPHEFE (o ed/ sec,/” 100MWL] dpa
{em] TOTAL >1. OMEV >0. 1MBY (dpa/SEC/100MWt)
=0 1.129E+12( 7.47) | 1. 021E+08(22. 14) | 2. 903E+10(18.57) 2.082E-11(15. 41)
Z=+130 2. 147B+11( 7.20) | 1. 146E+07(22. 35) | 3. 714B+09(18. 79) 3. 049E-12(14.72)

&) () Rl o %B#AE, ZRFLDLHS O HERE

#5.1.4 ®MEPHETEHE
DISTANCE BohYEEFH (n ok sec,/ 100M0t] dpa
(cal TOTAL >1. DMEV >0. 1MEY [dpa/SBC/100MWt)
Z=0 6. T04E+16( 7.47) | 6. 061E+12(22. 14) { 1.723E+13(18.5T) 1. 236E-06 (15, 41)
I=+130 1.271E+16¢ 7.20) | 6. 801E+11(22.35) | 2. 205E+14(18. 79 1. 810E-07(14. 72)
B) () ARl o%BE, ZRFELBLH) S OEH FE
£5.1.5 BRIBEEI0%EEFEIR
¥WAMmBESE | No | REACTION TYPE g x 102 9096 B BE SR % (MeV)
(ca) REACTION RATE R.R ERROR LOWER ENERGY UPPER ENERGY
I=0 1 59Co (N, ) 1. 18800B+13 5.58013E-02 4. 13273E-08 1.60328E-04
2 h8Fe (N, &) 2.81200E+11 4.36010E-02 3. 05345E-08 4. 29275E-04
Z=+130 1 h9Co (N, &) 2. 13500E+12 5.698368-02 3.65823E-08 1.58625E-04
2 28Fe (N, &) 6.21800E+10 4. 40900E-02 2.87150E-07 4. 154498-04
H) REACTION RATE : [reaction/sec/atom/100MWt]
#5 1.6 BFriigoC/E
o5 EEgE | No | REACTION TYPE RIEEOC/E HigbmE BE#BOC/E TYZa—WF v
{cm) CALC. /EXP, C/E ERROR CALC, /EXP. C/E ERROR CALC. /EXP, C/E ERROR
7=0 1 59Co (N, G) 7. 71421E-01 3. 258218-01 | 1.34119E+00 1.03462E+00 3.25829EB-01 1. 04378E+00 2. 80576E-01
2 58Fe (N, G) 7.28929E-01 2. 29085E-01 9. 77629E-01 2. 29085E-01 9.97743E-01 7. 98456B-02
2=+130 1 959Co (N, G) 8.98163E-01 3.27779E-01 | 1.26235E+00 1.13380E+00 3.277878-01 1. 19900E+00 2. 75458E-01
2 28Fe (N, 6) T.12144E-01 2. 36063E-01 8. 98977E-01 2. 36064E-01 9.90655E-01 7. 46744E-02

¢11-06 0T76NS DJNd
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8 K|S

CBeikERBor y~REE

2400C T2 B8, Helftih

BEEE, RIBBOHH

HESHatTRAE

NEUPACZ — F T .
hiE F R ~<27 F v EFEM

i 3 E Ba—-F5475) —HhDFa v
&%ﬁl:i@ﬂeﬁéﬁﬁ REEEEE2ERL TleEHIB
@ B
BAFEEEMLSE He £ 8 & B & b &
{cm) (atoms,” mg) {atoms,/ mg)
+130 5.1x 103 1.2x10'¢
0 1.8x10'S 4. 7x10'®
—-100 1.6x10'° FviA—gkRER

511 BaEFe YEMPICERLIIeRORM
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5.2 TUT-NO+HFRHEBITM
WEE HAWMB, AF@L GEe)
LB E
PR ME-THFLCRWT, 50MWl D LR SR S T5MH3E 1 cycle® TO MM+
—RASVRRZ v a Y JALITREENEY -4 5V RFR MY FTHT-00D
HETFREBEIZDNT, Fe, N, (D7 F v 27 RE=2y—THELALRBELRH, X
NPT YT FNF 4 T ETEY, vtk Pdpa (displacenment per atom) %
HBL7,
2. BETREFEE
S4Fe(n, p) **Mn, S°Fe(n, 7)°%%Co, *®Ni(n,p)%°Co, ®°Cu{n, @)®"CoDKHE L, 2
RITHMETTE 2 —F “D0T3.5" OHERRIODR <2 + v#Hta—F “NEUPAC-JLog”
EROTHBEFRARI PADT Y7 3 —nF 4 ¥ RTIN, S TOTAL, ¢ > 1. (MeV,
¢ >0.1MeV, ¢dpa/sectk KDk, BONABMATRFELY, BHBHRORFE
REAMAEZZR L CEHHABAORESETREE (2vt) 2HB LA,
3. & e
FTRICSBEFE L AREFEFREARERT,

Window Function +TGmmlevel -39mmlevel -145mmlevel

Total Fluence*®
over 1. (HeV*

over (), 1Me¥*

1. 64e+21(10. 44)
3.48e+19(15.87)
4.09e+20(14.23)

1. 68e+21(10. 46)
3.53e+19(15. 52)
4, 22e+20(14, 25)

1. 54e+21 (10, 43)
3.29e+19(15,74)
3. 84e+20(14. 22)

DPA** 1. 82e-01{(11.79) 1. 83e-01(11. 80} 1. 72e-01(11.79)
* 1 ned ®xx : dpa { ) :Read as 1o % error
(F£— 2 —0186)
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5.3 FFOMSMEBR (COANERR) BRELOLT
BEE ATHRS (3HHer)
L & =
BT 4 7 VBB TRREEISY A 7 VEBRICGEOBEENRESEL LT
LA CORB IR (B~ 1 —05688) O~y /Ty 77— s RBORD, E1B
¥4I ABMABTRROEIIYA 7 VEDBICEE, OEBERREZRLEOT,
EORRERET 5,
2. RBRF% |
V=234 6%BE0108»5 1 BER-01Oa vy —wETEEL, 7L E
Fm g NOASN—H AR (FBI6-6) FTEDH doc /nint 5K d0ec /nink R —
IR TEEL, BFFHAOERICHT 5 CeR MELE hEOCeHER TR
875, |
M, BTFEHAEE RS ORE SR D Rch6 ORBIMMET 5,
5. B B
TRBRFE) CRELASEEAS c&ickd, WEEARKE, (GEOBEENER
BT EMEARTHD, CEROBEREESHIERT &Y, BERRTS 1
AFBECLBRBRUAEATRTL, 2%E, V-2 A LbEHTHEED Y
ATBHLOEAPEOROAEBRI DV TRI LTV T & LU B,

(Bt—2 —019)
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5.4 THIBS 1K HH DNl B T
| WEE BARE (R
CHEHESOEMBENAEUROSIBORMETIR, Nv? - V5 FEREED, %
ORIBAELT 5 ARENRDS 3> Ned | KEMHNarh OBEE T Lo
ek, BMUeVOFEPHFICLE > Na, D ERTCERTIESNRZORMREE
ThhH. FATOERBRIEBHS L0, LRMAEO-DRHEBENICIAS ¢
BO, DAN-FRPTHRBOBRENL T3, L, GLEETHS LD 5,
EHTO N BECHENERRB TH S, ok, ANRETR, EUOBEERT
RIS THERT B 2 NaOEMEENTL 5K X ARBRABEOLL S, | KADHDO
SNe BRI M S I EE & R TR A KD fo

[# ®]
FREITEOB oA, 100MtHHDEZMICE T 22 Ned | RENMHREMBER,

Eerrstae : 2.8X10" Bg g Na (0, 77mCi,g. Na)

FRFEEE : 1.5x10°% 2°Ne atom.”g. Na

TH b,
chid, MK-THFLREF2FEBTH AN, WK-MEL~BITLTHAINL S
STBAKER, e BESCICHEPALTEML, RO, 4203 &%Eén

Bo

(-2 —028)

- 31—
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55

L

2.

BEBERUTERSERBEERQ :
HEE YRE, BBHXY, HFHERX (FL - EEFEG)

7 =
MEHOHBAACEEEHARERE (F-1-32) KT, BOBRENERD
BEBECEETZ:EIONAUTOLI RERMEANEN, ORBEEHE TS ICH
Tt ORERABLE— s RABEIOL (BITFTC/EET3) BBEINE, @
ﬁ%®§%ﬁﬁ?%?—&®ﬁéﬁ%ﬁk%mo%:T,:né®ﬁﬁébfﬁmﬁ
EHNEROREAFVEERARET -2, XETR, NEREOHRDEENERLL
THZONERESTHO 2508k, FLEESREF LB I AEHRL, »oFHE
IREMASES, BAENIBTVESCLE, HDEBEENENBEORVWIKXLBCA/E
~OREAFRML, BRET 5.

] L

AEORRBRICED, DToERB LN, OFROLBHOEREOF -4 EHD
RIBES, RBOEHIEHETAF 706 2FRPELA LR, OREL~0.72/
Nk B O TR THHOBEMEROF -4, BELIL /minkIoTRERHED
EEMNESOF -2 HANEAFRC/AERLIKEL BRI &bl

CORRBLY, fiBoBRERROBERKRE T THREBEAE(TAKDODATC/E
RELR S BAOERE LTRBENK, TROROREMNERIERBLIEREY S
RTVHNEDPRBOBI VO VTR, TEROBEANERTRE2BEENE
Laxhd, IESSLER~RRBF T RdDEELILONE, Thid, TRLERD
AEEOBICRAMARE VI ST, TROMEREIDRBEREELILS
mmgﬁﬁammﬁﬁﬁ,T%mmﬁﬁ&@%L%muﬁ§®ﬁﬁﬁw:&#6%ﬁ
XhB, £/, LHBOMOBESAACLEBADOC/ERIINNKRTEELTED, J
HRE LEORORECSHEEARAOin flovDBEAHEICHEL TS AR

REOLEAZELEDESE, SBRORBRIFROLBOME LR 5 & L ¥R

TE D,

11 HUERGER (BRB—C/E) O: RETHTHOMOBRR b—2 BrEi | MR R 2 | TERMOBE | LSImOERE
M LIHHHE (W) (£ /min) {t) ()

. * : HEDEH HIOHOBK 200 0.20 .31 35.13

. REACLIHRER 200 0.50 27,52 27.62

1 200 0.70 26. 06 26. 49
* 200 1,00 25, 16 25.70

CcE 5 = 300 1.00 27. 21 27, §:
- . ° } 400 0,20 15,82 2.5

9.9 = & ] 400 0.20 48,77 43,87
= 400 0,50 34,96 34,60

" i 400 0.70 50, 19 30,29

E 400 1.00 28.07 28. 63

o8 a 500 0.50 34.25 33,8
] 500 0.70 33,48 33,40

500 100 2.70 23,35

800 0.50 38, 64 37,69

. 600 0.70 24, 96 84,85
. 600 1.0 30, 88 31, 28
8 8.2 0.4 8.6 2.8 ! 1.2 %00 0.50 15,23 1,54
& E Umin 800 0,70 39,18 38. 82

800 1.00 34,42 34.68
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5.6 THEBI C&ITBNpRIA—SYRBEER
wEE HAHAEE. wART (GHler)
FAANHEO—RELTHERRE TEB) 2HVALTRIY > 7 v BHERMGEX
nNTHd, CORHAREBRHTALTOERT -2 &T2100, ERFILBITA
BUpEMORMEREFEL &,
RRFICBGEF 2 P —HBTHR, B100KeV~BMeVO = 2 L F —HFOPRTF
RBEFHRIVP 2 -2 E LT Np2BERALTHD, £OF Y2 — 5 OEBIZ, TR

DBOTHB,
AT Np0,
- MERE BERZNF IV A e TEMICHA
i FAEE B 164 10ng |

*VF e e BR HZElLSm EX8m

- ABEFAT R ~T o4 1atm

SR FY2=—40D53%, BHYI ZVELIEERHMESEK» o MBINTHEERYE
REBAZh, FR2F5ARRE TSGR  REROUEFER/ET LTS D

DR, TROBMDTH 3,

Np-237 ¥ v A — & IS S

BHUIE MEHA B on #
BREY 7 - E£&& Mo B W
{MlD) total nvt
B0J | 83. 2/ 8- 1/ 6 ([1A1] 2780 8. 4E21
B11J 83, 2/ 8 12/ 2 | [1E11[2B1] 11658 2.4~3, 6822
B4 M .| 86.11/13-  11/15 [1A1] 37 1. 3820
CMIR-1 83. 2/ 8- 7/ 8 [1C1] 2780 0.5~1, 0B22
UPR-—-1. 1 85.12/ 2-86,10/26 | [5C2]1 E#m 22173 2.1~9.6E19

(% — 2 —040)
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5.7 TRUGHRALIBICHIT S BRHEE OMEEE
METE HEME, HART (GG
1 & =
TRUBHRL BB 2B L LT, 2°"Np, **'An, **%An, *““Codb X T*°°U
(REH) 2FELTCHY, BHERE | ~10e2FREL TV S, AL H— T,
CLhOOBRBIEOVT, KBHEME 4 100D BEHEEIRLL,

2. BEFE
BHER KRR E S 5,
W In (2)
R= A + Na T
W HEHESR
A RHTE
Ny 71X FaoE# (6,02x10%°)
T2 388
3 & L3

57 1KRT,

#5171 BHEEOHHE

% OB ER () ¥BE (v) K (200
237Np 100 2. 14x 10° 010
24 Am 100 4. 32x 102 3.4x10°
24%Am 100 7.37x10° *2.0x10*
294Cm 100 1.81x 10 8.1x10°
23vU 100 1.04x10° *2.2x 107!
* G AT SEB IR LTIl

4. # E

237Np, 24'Am, *CAnB X OFPMniCB VT, BHIANLIOTH-T, 100uli%
WA DD, %4l HHEHMEEILSALY, KREEWAOCHEACHET 2FINL
BEThb,

Bicnid, BEFEDME TR, 1620, KEHOKA (EERUER
KOWTHBRIDOHREREND 5,

Fh, THHARCEROBRAL O, KAMOKSEIZ, BaliBlTHEF LW, <
i, FlAM P TR B0 g ITRELT 3, (BEHCIZRHAEEZRLALE
AL g lTHEE LI, )

(B2) MEABLRBHFRE/TE (R)

EHE 8 A

(% — 2 —054)
—-34—
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5.8 HEMATHBRHE (FHM2E6, 7, 8 AD)
WEE URY, EBXDY, TMEE EHEX (FL - EEHE)
1L B B
MBROREREOM EAENE L, RESRNELKONERFEEHCNET
BRORHRES WA BERNELEL L 3 HARNTERROTER2E6, 7, 8AH
ORRHBEEERLA, BERUTIRTEY TH 5,
2. BEBRMM: FR2ESABE~FR2EIA3H
3. WERRESH
B, BV -AREBEATOIBARRNELKDS B, UTORAGBIHE
BRARLTE (BHESHIN) . TECARHREARORNEELRT,

FOMsE | Bl —vER | BaREE
Eakhe | EEHMN | B W O OB
H |5 » 7 & B | (MWd/t)
PFD1438 I1~18 b5 B4 2508 X14Y 8 46, 000
PRD237 12~19 441 243 H X14Y 7 50, 000
PFD238 13~20° 4C2, 5A3 2058 X13Y 5 54, 000
PFD306 14~20’ 000, sc2 - 1708 X4Y5 57, 000
PRD311 14~19 281, 5B4 1918 X15Y 3 53, 000
PFD312 14~20° 282, 4B1 236H X1YS8 51, 000
PFD315 15~30 1B1, 4A3 1988 X11Y 35 53, 000
PFD317 16~20° 3D2 1778 X15Y 2 55,000
PFD322 15~20" | 404, 2C1, 4B4 18485 X14Y 10 53, 000

(& — 2 —056)
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5.9 BEEFERARY FAASN (n, o) BEk
WEE HAEWT, FHEME N
1. ® =
EFFACETETFECEN b VBRI N3BAMETIE, (0, a) RIET
ERT2~) 7 L0EMCLEBANES S, ChERET DR, BEMHO
EERHTHBRe, Ni, CPFHYWELTEEIEBD (0, a) RISMERLEE
M175)—BDOFRTIHENRD B,
A2ETR, NiOPEFHBETERL, A&% (n, «) REHEHRE LD NI
OUEBEERL .
2. fF B &
TROLBEOFIWEEAKRT -9 54750 —
« TRDF45 : 19854F KR International Reactor Dosimetry File
- KEDAKL : FEMOBT -9 5475 ) —
I ENTO AN (n, ) RUBEEMARERERS — FCONIRTREL TR
EMOEER L 7o,
3. ® B
ZREADIAT I —DOERLEARS LT IBOBEREE5.9.1, &5
9.2, %503, %59 4KERT.

{(H— 2 —047)

—3p —



£0.9.1 °°Ni(n, a) *“Fe®21#WEH (IRDFES5)
HES | LBz F— W o
(eV) (barn)
1 1. 492E+07 6. T2597E-02
2 0. 488E+06 4, 47554E-02
3 3. 329E+06 2. 20713E-02
4 2. 019E+(6 7. 89640E-03
5 1. 225E+06 3. T1899E-03
5 7. 427E+05 2. 23865E-03
7 4. 505E+05 2. 38342E-03
8 2. T32E+05 2. 66921E-03
9 1. 657E+05 3. 55G03E-03
i0 6. 7T38E+04 6. T3186E-03
11 2. 479E+04 1. 39020E-02
12 9. 119E+03 1. 62514E-02
13 3. 355E+03 1. 45350E-03
14 1. 234E+03 1.52103E-02
15 4. 5408+02 1. 20200E+01
i6 1. 670E+02 1. 12564E+00
17 4. 785E+01 5. 10426E-01
18 1.371E+D] 7. T1101E-01
19 3. 928E+00 1. 36179E+00
20 1. 125E+(0 2. 31319E+00
21 4, 140E-01 1.17513E+01
FE2IB I Bt T

£5.93.2 ®Wi(n, a) *FeD21BWmma (KEDAKL)
HES | LBz A ¥F - W | M
(eV) {barn)

1 1. 492E+07 1.22074E-01
2 5. 488E+06 7.63351E-02
3 3. 329E+06 4, 29913E-02
4 2. 019E+06 2. 19706E-02
5 1. 225E+06 9. 34996E-03
6 7. 427E+05 3. 77802E-03
7 4. 505E+05 1. 75597E-03
8 2. T32E+05 9. 28287E-D4
9 1. 65TE+05 4. 64360E-04
10 6. T38E+04 2.50837E-04
11 2. 479E6+04 1.97354E-03
12 9, 119E+03 b, 32113E-03
13 3. 355E+03 1. 23827E-03
14 1. 234E+03 1. 7T7522E-02
15 4, 540E+02 1. 33554E+01
16 1. 670E+02 1. 10792E+00
i7 4. T85E+01 9. 69689E-01
18 1. 371B+01 8. 68225E-01
19 3. 928E+00 1. 53821E+00
20 1. 1258400 2. 6464 7E+00
21 4. 140E-01 1. 35164E+01

BB URPHETHE
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#£5.9.3 5°Ni (n, ) “*Fe 1008 HEH (IRDFD)
BHES | LBxx ¥ — W W HEE | LBz F - B B #HE o = A T SR Wrow
{eV) {barn) . {e¥) (barn) {eV) (barn)
1 1. 492E+07 7.27288E-02 36 4. 505R+05 2. 20041E-03 71 5. 829E+02 3. 60772E-02
2 1. 350E+07 7.33463E-02 37 4. 076E+05 2. 25434E-03 72 4. 540E+(2 9, 65602E-02
3 1. 221E+07 7.37726E-02 38 3. 688E+05 2.37612E-03 13 3. H36E+02 3. 52282E-01
4 1. 105E+07 9.22833E-02 39 3. 337E+05 2. 497T74E-03 T4 2. 754E+02 3. 94655B+00
3 1. 00QE+Q7 7. 44893E-02 40 3. 020E+05 2. H8836E-03 75 2. 145E+02 4. 36359E+01
6 9. 048E+06 7.501268-02 41 2. T32E+05 2.61813E-03 76 1. 670E+02 2. 81455E+00
7 8. 187E+06 7. 48256E-02 42 2. 472E+05 2.63411E-03 17 1. 3018402 1. 04336E+00
8 7. 408E+06 7.08396E-02 43 2. 237TE+05 2. 64899E-03 78 1, 013E+02 6. 89970E-01
9 6. 703E+06 6. 62590E-02 44 2. 024E+05 2. 67996E-03 79 7. 889E+01 5. 82320E-01
10 6. 065E+D6 6. 13398E-02 45 1. 832E+05 2.76453E-03 30 6. 1448+01 5. 00188E-01
11 5. 488E+06 5.58732E-02 46 1, 6578+05 2. 84540E-03 81 4, T85E+01 4. 72125E-01
12 4. 966E+06 5. 05798E-02 47 1. b00E+05 2. 96489E-03 82 3. 727E+01 4. 74661E-01
13 4. 493E+06 4. 62153E-02 48 1. 30TE+05 3. 14749E-03 83 2. 902E+01 4,95243E-01
14 4. 066E+06 4. 24034E-02 49 1. 228E+05 3. 32856E-03 84 2. 260E+01 5. 34558E-01
15 3. 579E+06 3.69854E-02 50 1. 111E+05 3.63932E-03 85 1. 760B+01 5. 75613E-01
16 3. 328E+06 3. 22604E-02 51 8. 662E+04 4.22257E-03 86 1.371E+01 6. 21257E-01
17 3. 012E+06 2. 76549E-02 h2 6. 7T38E+04 4. 84372E-03 87 1. 068E+01 6. T6700E-D1
18 2. T25E+06 2. 21592E-02 h3 5. 248E+04 6. 10431E-03 33 8. 315E+00 7. 56684E-01
19 2. 466E+06 1. 69601E-02 LY 4. 08TE+{4 7.25374E-03 89 B, 47T6E+00 8. 49535E-01
20 2. 231E+086 1. 35223E-02 95 3. 183E+04 8. 72547E-03 80 5. 044E+00 9.512786-01
21 2. 019E+06 1.135428-02 56 2. 479E+04 1.174788-02 91 3. 928E+00 1. 067108+00
22 1. 827E+06 9. 27040E-03 57 1. 930E+04 1. 41679E-02 92 3. 059E+00 1. 19630E+00
23 1. 653E+06 7. 36485E-03 58 1. 503E+04 1. 60873E-02 93 2. 382E+00 1. 34639E8+00
24 1. 496E+06 5. 91691E-03 ho 1. 171E+04 1. 36117E-02 94 1. 8558+00 1. h0655E+00
25 1. 353E+06 5. 02146E-03 60 9. 119E+03 1. 74527E-02 95 1. 4458400 1. 692448+00
26 1. 225E+06 4. 52869E-03 51 7. 102E+03 7.75810E-04 96 1. 125E+00 1. 90508E+00
21 1. 108E+06 4. 22064E-03 62 5. h31E+03 6. 05697E-03 97 8. 764E-01 2.15164E+00
28 1. 003E+06 3. TAT37E-03 63 4. 307E+03 4. 07464E-02 98 6. 826E-01 2. 43867E+00
29 9. 072E+05 3. 25812803 64 3. 355E+03 1. 73035E-03 89 h. 316E-01 2. 7H680E+00
30 8. 209E+05 2. 83988E-03 65 2. 6138+03 1. 02062E-03 100 4, 1408-01 1. 17513E+01
31 7. 427E+D5 2.53507E-03 66 2. B35E+03 1. 15422E-03
32 6. T21E+05 2. 27302E-03 67 1. 585E+(3 1. 90818E-03 B0 A& E TFHHES
33 6. 081E+05 2.09892E-03 68 1. 234E+03 3. 31679E-03
34 5. 502E+05 2.12270E-03 69 9. 611E+02 6. 68927E-03
35 4. 979E+05 2.163878-03 70 7. 485E+02 1. 47622B-02
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#5.9.4 °°Ni (n, a) “‘FeD100BHTE# (KEDAK4)

BE IR F—~ W w8 HES | LBz ¥ - W m M HES | LBz & — Wr-m 8
{eV) {barn) {eV) (barn) (eV) (harn)

1 1. 492E+07 1. 84453E-01 36 4. 505E+05 2.273248-03 71 5. 829B+02 4. 26325E~02
2 1. 350E+07 1. 71500E-01 37 4. 076E+05 1. 96386E-03 72 4. 5408402 1. 21805E-01
3 1. 221B+07 1. 66143E-01 38 3. 688E+05 1. T1404E-03 73 3. b36E+02 4, 83893E-01
4 1. 105E+07 1.62185E-01 39 3. 337E+05 1. 50537E-03 T4 2. TH4E+02 6. 91194E+00
9 1. 0008+07 1.56110E-01 40 3. 020E+05 1.32359E8-03 15 2. 145E+02 4, 58539E+01
6 9 048E+06 1. 46791E-01 41 2. T32E+05 1. 16431E-03 76 1. 670E+02 2. 58948E+00
T 8. 187E+06 1. 37996E-01 42 2. 472E+05 1. 02937E-03 77 1. 301E+02 1.08144E+00
8 7. 408E+06 1. 29889E-01 43 2. 237E+05 9. 14321E-04 78 1. 013E+02 7. 290482E-01
9 6. T03E+06 1. 17488E-01 44 2. 024E+05 8. 12716E-04 79 7. 889E+01 5. 97520E-01
10 6. 065E+06 1. 05516E-01 45 1. 832E+05 7.21270E-04 80 6. 144E+01 5. 43546E-01
i1 h. 488E+06 9. 57T165E-02 46 1. 65TE+0D 6. 46076E-04 81 4. T85E+01 5. 27278E-01
12 4. 966E+0¢6 8. T0542E-02 47 1. 5008405 5. 84834E-04 82 3. T27E+01 5. 33651E-01
13 4, 493E+06 T.90480E-02 18 1. 357E+05 5. 33226E-04 83 2. 902E+01 5.56168E-01
14 4. 066E+06 7. 11660E-02 49 1. 228E+(5 4. 88155E-04 84 2. 260E+01 5. 91881E-01
15 3. 679E+06 6. 32589E-02 20 1. 111E+05 4, 21544604 85 1. 760801 6. 39536E-01
16 3. 329E+06 5. 57T816E-02 a1l 8. 662E+04 3. 49849E-04 86 1. 371E+01 6. 98835E-01
17 3. 012E+06 4. 89547E-02 52 6. T38E+04 2.984948-04 87 1. 068E+(1 7. T0205E-01
18 2. 125E+06 4. 28601E-02 53 5, 2485404 2. 08168E-04 88 8. 315B+00 8. 54357E-01
19 2. 466E+06 3. 7T4163E-02 54 4, 087E+04 2. 31203E-04 89 6. 476E+00 9. 52265E-01
20 2. 231E+06 3. 26016E-02 95 3. 183E+04 2. 15493E-04 90 5. 044E+00 1. 06539E+00
21 2. 019E+06 2. 84317€-02 56 2. 4798404 2. 06186E-04 91 3. 928E+00 1. 19544E+00
22 1. 827E+06 2. 47910E-02 57 1.930E+04 2. 63006E-04 92 3. 0659E+00 1. 34438E+00
23 1. 653E+(6 2. 14857E-02 58 1. 503E+04 2. 33805E-04 93 2. 382E+00 1. 51444E+00
24 1. 496E+06 1.84114E-02 59 1. 171E+04 7. 18944E-03 94 1. 855E+00 1. T0806E+00
25 1. 353E+06 1. 56000E-02 60 g.119E+03 1. 59800B-02 95 1. 445E+00 1. 92854E+00
26 1. 225E+06 1. 30977E-02 61 7.102E+03 5.16701E-04 86 1. 125E+00 2. 17941E+00
217 1, 108%+06 1.09355E-02 62 5. 531E+03 1. 555638-03 97 8. T64E-01 2. 46404E+00
28 1. 003E+06 g 07905E-03 63 4. 307E+03 3. 23333E-03 98 6.826E-01 2. T8736E+00
29 9. 072E+05 7. 47986E-03 64 3. 3b5E+03 1. 78363E-03 99 5. 316E-01 3. 15440E+00
30 8. 209€E+05 6. 15415E-03 65 2.613E+03 9. 07126E-04 100 4. 140E-01 1. 35164E+01
31 7. 427E+05 5.09953E-03 66 2. 035E+03 9. 05704E-04
32 6. T21E+05 4. 30924E-03 67 1. 585E+03 1. 75594E-03 BB IR THER
33 6. 081E+05 3.67977E-03 68 1. 234E+03 3. 57140E-03
34 5. 502E+05 3. 13773E-03 1Y 9.611E+(02 7. 60932E-03
35 4 979E+05 2. 665061E-03 70 7. 485E+02 1. 72005E-02
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510 HeBWEICHIS3 "BOBRMRCLIERBORMK
BEE FERAE, HAREYT (GHGD
1. ® E
hikEFRABOMEED 1 2 Th sHeFMEk (HAFME) TR, HPETFRHEON
ERH LT "' BOBBEVRC L 2HeERBORTBNHNELNL - T 5,
ALf— TR TEBI icbd 3 [000] RCHARME A FEDOSMIRIY [6F4] O
LA TORICHT IHeFMBICOVTHRMEL o
2. MEHE
"B (n, a) "LiTERSNIHEREIL, BEUNETHE ' "BORRITHVE
Fld s, "BOBBEHRARATCESEL, REPREZB LGS L, BEALLES
OleBEHBEBAILB L,

CBORBAEEBLALESOIENUE
NCROBRBEEBEALLBSOIcENE

C BBRHR=1-

SO, (n, @) RBKHERIZORIGEN-2A > TV BFRTROR <7 AT 1EHK
FRLA " BOWEREAD, bt FHEIMAGITEHE LAMK-TFLEAY A 20
OBOCOM (SHIR19 1.58%10'°n - cm® - sec™', [000] 4.67x10'°n +cm~?-
sec™!) ZRHWL A,

3. & ®

MK-T L B21~23% 4 7 A CSHIRIG B TEH LALES, 5 10.1KFRT &L
K, BESYRIIVEETHAH, [000] co3+4 7 rv0RHE TR, . 10.2KK
RTLSKE, BREYRERIUEELNLD, ¥4, ¥4 7 vBELAESE, 20%L
25,

4L ® ®

HARMEE IC X 2B FRABOMEICS VT, '"BOBBICHE I leERB ORI

ﬁ%%m?éﬁﬁﬁéao

(B~ 2 —057)
— 40—
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PNC SN9410 90-112

.11 HeBRAEILKEIBHeBRMIC LB AT ZIDODAEER
BEE FERE, KRB+ (M)
L. # =
O HREFRHEBOMEED 1 2TH 2 HeFEHE (HAFNE) X, HeoERIEL I T
VORENRLERLTL27®, ThXBRBEHLUTCHIHORIATILENS S,
ALR—FT TEB B0 5 [000] BROHARME: B4 FE OSHIRLY [6F4] O
DUV TORBEXNT ZHeERELIANELRIEDOWTHEATFTEOVA LIS

oA R AT - oo
2. FMEHIE
AT7erORER, RATEHEIALNE,
W é RT
P= n { (1 —exp (—adt)} Ve =W, 0)
W:Fvy2—% (B) E& 1. 0lmg ¢ ''BORAREHELE 19.9%
e : (n, a) RIGWEH 2. 11barn ¢ 2 FE
t : REEE R : KEOCKRBEH 8. 31i-mol-'ek!
A:BOETFE 10. 81 T ' BE T73K
p:BOEE 2.53g'em"? Ve: A7 enrdBER 2. 58m?

(n, a) RIEHERIZORIGEN-2KA > THWARRTFOR <2 PAT ]I BICEHLE
"BoWMEBREEHAY, 290 FEIMAGITHE LLU-TIFLE2ZIY A 7 »OBICOHE
(SMIR19 1.58x10'°n - em~?+sec', [000] 4.67x10'°n +em~2+sec™') %M
Wi,

SRR o YU TAHBORBRAEP ., KAV THEEINE, 27T, oI,
XE kb, 28700psid& L,

g
P = 05 (Do ) =057 &
g : BEEM X Do: A& 1. 27 mm
t AR 0. 26mm k :ZeE
3. & R

SHIRIOR T [000] OHLL XATORBBKHT 247 e rROENRCEBRE D
AE5 11 1IIkRd. B2ELZAFICE R ES, BERNEP L, 24, MPaTdH - -,
SMIRISCTHK-T L EE21~234 1 2 v BEHLALES, BERTHOY Tt rOREIR,
J.2WPaEEETH D, [000] TD3IH44 27O TIHE, REZS WNPaBE &1L 35 H,
1044 7 VB LB a, 24 3MPal i3,

4, % i .

AT ErOWNER, MK-IHFELIBWT, [000] T4 4 2 v Rl EBELEES,
Fhld, TRICHEYTA2RBALAES, BEEsN-TL 5,

5. BEXE
) BRERAEEREZELE, BHJFEE, PTI1-T798
2) W=7, HEAERMBAL S s, P232, 238

*  THRBI MK-IFRLIKET 3 [000] TOU09 4 2 vORHEBRR, 2FEFRT
2.82x10%°n +em™?, 0. IMeVRIET2.02%X10%°n » en~*iICHY T 3,

(5—2-072)
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6. SWRWICETLEHMAMEA

FEu, BEERFORFTBH BT IMRARVCHERBCLIVBOALRBER T DD
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RERME - HeM2FE —— 500mé_/®min
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£T1.2.1 RrF=—-/HERTCEL-GFERELEREBIER

A RIRE R FHERRE (M780GS) Koeir

Model 2, CRe ik 6 Omin, 27. 9sec. ” 0.97344

CReHE A 6 1 20.1 0.95927

Model 3, CRIZ UL 9 10 2.2 1.02183
CRe & 9 10 14,7 1.00121

CReH A ) 10 4.1 0.97135

*HEHOHFELEZERBLUD, 2 v v BNERIE STz,

#£7.2.2 fEmE\ELMHodel IBFICELHREMEOLE (FHME)
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o

P. A Landeyro E YT Hon ? 11380
K-, Wehmann ” CD CYBER 3000
R. W. Schaefer ” CRAY XMPI14 74808
M, Nakagawa ” FACOM VP-1000 1064
L. N. Yaroslavzeva Sx ES 1066 45420
S. M, Lee o ND 570 46560
6, Bucket ” MVS/8P2. 1 9724
T, Yamamoto # FACOM MT780GS 604
T. Takeda ” ACOS 2000 2732

R. Roy J. 1BY 3090 16972
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I0-1-A+GD2/4 (kg « m) BEEORE (%) TEHEOIIHO

— iR “R%E —R%A —R*R NalB R (T)
r—2A 210 13.5 15 15 370
r—21 210 13.5 15 15 300
r—21 210 13.5 10 HARBER 300
r—23 210 68.5 10 HARER 300
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BONGBEERENICO, — X 24, BESKBERNEEE) c58 28573,
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821 J1@e (REERK) #EE
B F 88 & B B OE:370.0 €
| CITATION | EXPANDA ENDF-B B B & Density (x1E+ 24f8/cc)
10 8 1276 0 1, 88075E-02
11 11 1156 Na 8. 45170E-03
19 24 1191 Cr 3. 52194E-03
20 26 1192 Fe 1, 25859E-02
21 28 1190 Ni 2, 47699E-03
22 25 1197 Mn 3. 43138E-04
25 42 1285 Mo 2, 80700E-04
34 925 1261 - -235 7. 45905E-04
36 928 1262 1-238 5, 40087E-03
37 949 1264 Pu-239 1. 60790E-03
38 940 1265 Pu-240 5, 45628E-04
39 941 1266 Pu-241 1, 60187E-04
40 942 1161 Pu-242 7. 12668E-05
£82.2 J2BN (AMMBE) #HE
R F & ¥ E B E:370.0 ¢
CITATION | EXPANDA ENDF-B B & Density (%1E+ 24{8/cc)
10 8 1276 0 1. 68163E-02
1 11 1158 Na 8. 45170B-03
19 24 1191 Cr 3. 52194B-03
pAll 26 1182 Fe 1. 25859E-02
21 28 1189 Ni 2. 47699E-03
22 25 1197 Mn 3. 43138E-04
25 42 1285 Mo 2.80700E-04
34 925 1261 U-235 1. 14983E-03
36 928 1262 U-238 5. 00146E-03
31 949 1264 Pu-239 1. 60790E-03
38 940 1265 Pu-240 5. 45628E-04
39 941 1266 Pu-241 1.60187E-04
40 942 1161 Pu-242 7. 12668E-05
#£8.2.3 #HBAER
B ¥ ¥  E B BE:370.0 ¢
CITATION | EXPANDA ENDF-B BB & Density (x1E+ 24§ /cc)
10 3 1276 0 1, 49527E-02
11 11 11586 Na 8.983088-03
19 24 1191 Cr 3. 82320E-03
20 26 1192 Fe 1, 36625E-02
21 28 1190 Ni 2, 68887E-03
22 25 1197 Mn 3. T2487E-04
25 42 1285 Mo 3. 04710B-04
34 925 1261 U-235 7. 00340B-04
35 926 1163 U-236 8, 47296E-06
36 928 1262 i-238 4, 743458-03
37 949 1264 Pu-239 1. 59198E-03
38 940 1265 Pu-240 4, 48532E-04
39 941 1266 Pu-241 7. 76628E-05
40 942 1161 Pu-242 2. 24976E-05
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OB 4% L HE XN B,

'40a WA BE (cps) WA BRI (%)
T Energy (=ReHdEL)

(keV) PED240 PFD244 PFD247 PFD244/PFD240 PFD247/PFD240)
1596.51 | 6.110x10¢ | 5 261x10° | 5. 028x10° 8.61 8. 23
2521, 75 1. 151x10¢ 9.639x10°% 9, 542x10% 8.39 8.29
4 & =B
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8.4 MK-MFOCOERF—5 %
wmEE WERE, FHEX (FL - EE3HEGT)
TEB) SHEEFLOFLERFROLD, EAROEBBRERRT 3,
®8 4 I CEHBEETRT,
T, BEEFLO I RENROLMRIITIN. e/ s, FEBBADRER, €4
ERH0CRTFIHICTH S,

®841 E 8 B ¥
Ee kN E® bl T#HbNn
EHFE® (B % EEERER (B | EHRE (B B

s A

0, 131 SHIGH [ 1.809 | -4| 1.828 |2.366 |-1| 2.0[2.170 |~1{ 1 718
o7 0 2 Al SHIGH | 1.688 | -4 | 1.847 |2.366 |-1] 2.0| 1.618 |-1]| 1.786
3 3 SHIGH | 1.437 | -4 1.868 | 2.366 | -1| 2.0 2.300 {-1|1.701
B 4 A SHIGH | 1.267 | -4 1.895 [2.366 | -1| 2.0 4.155 | -1|1.622
5 A SHIGH | 1.818 | -4 1.894 |[2.366 |-1| 2.0| 1.477 | +1[0.971
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Advancement in FBR Shielding
- Ten Yearsin JAPAN -

Nobuo OHTANI, Soju SUZUKI(PNC-JAPAN)

INTRODUCTION

Research and development on the FBR shielding in JAPAN was started
in full scale at the time of attainment of the first criticality of the
experimental fast reactor JOYO, in April, 1977. This report presents the
main activities performed and results obtained during this more than ten
years of FBR shielding research.

SHIELDING RESEARCHIN JOYO

As a shielding research in JOYOQ, the radiation distributions were
measured in detail around the core, in the reactor vessel, in the guard vessel,
in the reactor pit room around the shield plug, in the primary coolant pipe
chaseway through the biological shield wall, and also in the
IHX(Intermediate Heat Exchanger) room. The activation of the primary
sodium and the radiation dose from the corrosion products around the
primary cooling system were also measured as a part of the shielding
characteristics.!

All data obtained by the measurements were compared with numerical
calculation results. The large scale calculations by the two-dimensional Sn
code DOT3.5 were performed with the nuclear group constants prepared
from ENDF/B-IV file. The Monte Carlo code MORSE was also applied in
addition to DOT3.5 for streaming estimations through the pipe chaseway
and for distribution calculations in the IHX room.?

Comparison between measured and calculated data proved that, for the
neutron reaction rate distribution in the reactor vessel room, the numerical
calculation could estimate the measured values within an accuracy of factor
‘5 and for neutron dose rate in pit room, where the level decays to 10-14 from
the core center value, the difference was by a factor of about 30.34
Measurement of shielding characteristics in a plant like reactor is generally
very difficult particularly to get useful data for research works. However,
through the measurement and analysis of JOYO shielding characteristics,
the base of analysis system for FBR shielding has been established in Japan.

MONJU SHIELDING DESIGN AND RELATED RESEARCHES
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Along with the activities around JOYO, several items of FBR shielding
research have been performed during this period. Addition of albedo
capability to DOT3.5 and MORSE, cross-section sensitivity analysis,
estimation of the optimum shielding arrangement by the spatial channel
theory, and development of three-dimensional transport code, are the
examples of the research items. Shielding experiments and analysis at
YAYOI, the fast neutron source reactor of Tokyo University, and the
shielding data analysis of FFTF could be cited as researches with
experimental data.

Under the PNC(Japan)-USDOE agreement on FBR Development, data of
FFTF shielding measurement were exchanged for those of JOYO. By the
analysis of the exchanged data with Monte Carlo code, it was shown that the
neutron dose rate in the reactor pit room of FFTF increased significantly
owing to the presence of spent fuels in the In-Vessel Storage.

In Japan, the prototype FBR, MONJU, is expected to attain first
criticality in 1992, Shield structure for MONJU was designed using the
analysis system mentioned above.? The unique shield floor in reactor vessel
room incorporated into the MONJU design is to prevent neutron streaming
through the cavity around the reactor vessel to the reactor pit room and to
the penetrations of primary coolant pipings.

RESEARCH ACTIVITIES FOR FUTURE FBR

After MONJU design, R&Ds on FBR shielding are now being performed
mainly for the next generation LMFBRs. To improve the safety and
economics of FBR, more accurate analysis of shielding design is required(see
Fig.1). Major efforts have recently been focused on both the employment of
the nuclear data file JENDL(Japanese Evaluated Nuclear Data Library) and
the introduction of three-dimensional codes such as MCNP, ENSEMBLE and
TORT., For example, neutron streaming experiment for CRBR pipe
chaseway, performed at TSF, was analyzed by using TORT and ENSEMBLE.
Results show that the calculation accuracy for thermal neutron, which was
poor for the conventional analysis by two-dimensional Sn code, was notably
improved by using three-dimensional Sn codes.

The PNC-USDOE joint shielding research program, named JASPERS, is
now in progress at TSF of ORNL. It is expected that the shielding
characteristics of B4C as a new in-vessel shielding material, and neutron
streaming under various configurations will be evaluated in this program,
for the shielding design of the demonstration FBR,
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EVALUATION ON SHIELDING DESIGNS OF MONJU

As a near future R&D plan on FBR shielding, the measurement and

analysis of MONJU shielding performance could be cited. Along with the
construction work of MONJU, the preparation for shielding characteristics
test to be performed just after the attainment of first criticality is going on
now. Since the same design method as will be used for making
demonstration FBR shielding was employed for designing MONJU
shielding, therefore, results of the shielding performance tests in MONJU
will be of great importance and hence is being waited for eagerly. |
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