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Comparison Study on Cell Calculation Method of Fast
Reactor

Gou Chiba*

Abstract

Effective cross sections obtained by cell calculations are used in core calculations
in current deterministic methods. Therefore, it is important to calculate the effective
cross sections accurately and several methods have been proposed. In this study,
some of the methods are compared to each other using a continuous energy Monte
Carlo method as a reference. The result shows that the table look-up method used in
Japan Nuclear Cycle Development Institute(JNC) sometimes has a difference over
10% in effective microscopic cross sections and be inferior to the sub-group method.
The problem was overcome by introducing a new nuclear constant system developed
in JNC, in which the ultra fine energy group library is used. The system can also deal
with resonance interaction effects between nuclides which are not able to be
considered by other methods.

In addition, a new method was proposed to calculate effective cross section
accurately for power reactor fuel subassembly where the new nuclear constant
system cannot be applied. This method uses the sub-group method and the ultra fine
energy group collision probability method. The microscopic effective cross sections

obtained by this method agree with the reference values within 5% difference.

* Reactor Physics Research Group, System Engineering Technology Division,

O-arai Engineering Center, JNC
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YT I N—T G A—Z DOVEFRFEE LTI Fitting # (9 & Moment & 06 233875
N3, ETIREEOFEERZEMCHA TE 3 Fitting IETNT A —FER & H ATz,
LIF, Fitting OB OV TIRAND,

EEMEER ooy THEADND L E, RISz ORPWEEL FTINV—TRFA—F L
DEFERIINRERZAVWTKRATEA DN D,

amBPB
OtB + 0o,
Ozeffl = B———P—B— (14)

B UtB + 0o,

FiZEREEIC OV BRI L TWa ), BBERBRENE LT ERZEICHATVT
TN—TRF A —ZIIFEE LR, Fitting I TIRIETZBEFOFEH (f-table) 22675
T, FEED 00y IWBWT (14) RAEIERR Y Lo L S ITH T TN —FRF A —F RRET
BHETH B, ftable 23 NRIFLEUC X VR S, 0O L OBEBRILICERER A LR g
RETIE, RO oo KR LTHEHIC (14) XRBRYVILOK I BRY T IN—F T A =%
B—EBRICREZINDTHA I,

FIEE LTRETEFEEICET S (14) XEEBES L, T AV TKRRCERT 2,

I

Ol — L _{t_,l_ (15)
0o,
Py
I, = 16
o EB:(C"W:B)"1 + (002)™* (16)

(16) AT DWT, HRWTTEE & HBTES O T HIKME (T7420b Pg & o) Dk
DR TIISREEERETAZERTWETHS, LirL (16) ROEE TIILETER
Wiz, FBICEDDGBEIZD X5 2ETF [Iz(om +o5p) ER LT, Wi % 0o 1288
THSERICEBBAL., TORBBREKC. B #RATRET 5,

.It,l (O'O_,iN 4+ ZC,,O’E;Z'-H) = ZBia()_,;:+1 (17)

SR (15) TiE (17) RiC oW T, R E R CHOSFBREZEL I T —BHICHZRD T
WAHBZ EnD, AEGRRICIT T, SEIMERT AT A—F DT 7N —TH%: 3 &
LT 6 ROBESLFEANBNELERDIN, oy BV I0DRRTEZOND D, &
BICWEEELZTo ZARYE @INELL 25 BRELNRI o1, U (15)
TIEHIDHEE NI AFA TNMETIT2REWVWHITBRRH Y, T RFAFNLEERLT
BT, FBIIRB LT LI (K, BT oTLREELEY), £ZC, ZEOEE
EITT (A88BE) BEER{ToE A, RURBREBII LN T,

C;hbop BRAICIVEBIZLENTED XM o DWET2D),

XY 436X =0 (18)
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Y7 T A—TEH 3 DT (18) RIE=ZKRFBRE DN, ZTD3ODFEERDD DT
KOFELE RS, £T=2a— M ARKKIVOEODDREREKRT D, TOMEeRANT
(18) Ro% % T, ZKRFBROMOLKILVEY D2 OOMBEZRD D, Lrl, 20
2ODMBITEEITRE LTV ARV EEBRENELDED), ZOEZFHES L
frma— MBI X BEOBREE TR ENT o, UK VD RERERELNZ L Z
BER L (B)REBVWTELLATLOEFIZEEn L R25 I L 2R L),

8. 00,1 LIRS DORT L LTI, o1 B10 1k 104 100 5 105 10 225 108
D3FY (TRTIW"THB) L LT, U-238 DAERIToTr, ZE R o BHFEDNT
INE—EIE I —ATETRRDIED, bo b bRELTRIA—FZEH/DLIIENTE
72100205 10° ORT EEBRERTLIZ L & LT,

ﬁ’%&ht@&13%%wf&ﬁibfg%ﬁm#5

S 2 1003 +03) = By (19)
B tB

REFIL3ETH D, ZZTHWEFEL LT, Qo & 3AAVWT—EMNICEEZRD S,

@0 & ARBVWTER/MERIBICLVEERD S, @ Pp =1 OBBEREMTMR T

BNEREBEICLVEEZRD S, &) 3BYDOFEEZRAVWE, TOBR, O, OIXIZIER

W RTG A—ERNELN, QRTNICHRTETFREZE ThoT, O, QDFERZBED -

LAY P iR 1ICEVWEEZRLTRY, SEIXQ@DOFEZHEAE L,

BBIT 0,5 ZRDBZNB, T 2T (14) REANVSD, B (15) TiX4 8D ooy EHNWT
BENEREICIVBRELTVWS, SEIX oy 3R THEER, 4R THRIBERIEL 2EY
TIFoTHEN, FREEFERET R o7, IR L oy DEIZX VYT ITA—TFRT
A= RELNAERETFRR T, £ 10%, 102, 103, 10* =7, 10° 102, 10%,
108 DRTTHoEBEL DT RA—FRB/ONDIFEROVTEZEDNRT A —F 2 {ERL
THZ L E L

B OFEIC LY U-235, U-238, Pu-239, Pu-240, Pu-241, Pu-242, Na D% 77
—F G A —FBER LTz (7T A—781%3), A LEFEEE v MI JFS-3-
J3ORTH D, ERT A ENTERIFAT—HERILIIRT, BLY, FEDHELE
IR TIIY T IIN—T TG A—=FIRELIC WD b, GEEERBREE TN 23T
A—ABRBLNTWRENWZIAX—FERHDZ LBDND

* 3.2 121X U-238 OiEMEBD Y 7 7 NV—TRT7 A — &@ﬁ%%rf(a#ma@f:
OESIOFETESET D), RIV., EEFEEN 10 LT TRENKELR-2TVSZ
ERDND, it\%B%&mféwuﬁtht CEWERE CIIRERIZEEr 2o
T3, RICERFEEZHN ELIETEREZEEZRE, BREZHILICTT, KLY,
amB%H%/"‘E@‘Z)IS’T WAWBNZEN S TNAICEVEERER L TNAZ RN, 4

KIEWZ XA —TFNITEE TREZ IBICETOER F—AR bbb, ZOX Y
TIN—TR3DIr—ATENRNTA—FOBREPFEEICRESRo>TLEN., ZDRRT
A—F RNV T I N—TEORBEFMIRER DL RS (VT IIN—THECREER
RS A—BERBENDEE LI LITRD), HoT, RIA—FERBELEB S
BT 7 SN — T BB MR T ER B2V, Fitting I3 7 7 v —7#
BN L BESENABICRREIN 2D T ERFR I, RENRFETITRY,
F = TFitting BRIC K BV T TN —T7 R A—F DERIIE&ET L & L,
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3.2 Moment EIZKB/INT A —2 DIERK

Moment ¥ TiE., H 3RV —HANTHERET— AV b ’i’ﬁf?’ﬂ‘é X7 rn—
TRGA=ZRRET D, TR,

AF Jop @ ENE = SoiaPs (20)
5 ). e E)E = Soeseis P (21)

DRI EAVS, ORI (16) 2R L TH bWl

SE, (20)(21) ROEDDEHEDEHIZ, TIMS =— Rz X Y {ER &h iz MCROSS 5
ATF Y EBFER L, ZOMCROSS 7477 VIZFENBELREIRICBWNTELS ¥ —%
RESEREZLOTHY, FEDBERFERICOVTHERBEEZZERL TS, =R LF—
BHEEIC OV TIE, 4.3keV EAED LY P —1E1X 0.0000156, 961eV 2>5 4.3keV D L2 —
181 0.0000313, 961eV BLTF D L4 —IEiX 0.0000625 &, EE#EEL+LOBEETEDH
DLpoTNAD, .

ERTEE—AY PORBOBIIIEETH S, XHK (16) TR T IV —TH%E N
LA 1 -N2BNETOEHENb- LLREEREBT S LRSI TS, L
2> L3CER (17) TiE. Fitting ¥ & Moment & & OB#%2> 5. Moment {ETIE-1 IR 541K
DOEDEEEET— AV NOEIBNEEBRTILENRH D BT WD, ZIIEICHEK (17)
I2X 3 &, Fitting IEORKICEB VT o — 0, gg 20 &FT5HE,

1
ZO’t 1IDB

ot(0g — 00) = %:atBPB (23)

at(o0 = 0) = (22)

RV, ThBEORBPEKENRENEN-1 R, 1 ROWEFEET— A ¥~ MIX9 5 Moment
EORKICHET 2006 TH D, %:’C*‘/—“HEI 4}7“7“/1/~—7°%c%4&b7‘_/\°7>< N
F—A v FOREE-3. -2, -1, 0. +1, +2, +3, +H4 & LeHmE (F—A1) &, -3/2, -
2/2, -1/2, 0. +1/2. +2/2, +3/2, +4/2 & u‘_%—/\ (/7~—7< 2) TER L. TDHhER
BiTFolce T IN—TRGA—FZDBEFT I NE TLREERIC, RAXTREND NRIEE
WCE S EROEDBTERE D LEIC LV B,

o:8Pp

OB + 09
fg‘ = 2 Ps (24)

B 0B + 00

o(E)
/AE os(E) + oo a

S R S
/AE o+(E) + oo

EEIT oy &2 10" (01=-3,-2,...6) & L7 10 R CTRD, G L LIEEIIU-238 TH %,
E3JIEFTEINE—BICBITA 10 ED gy TOBRED S BLERE-T2bDETRT (728,

(25)
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FILICTOHBEDZINE—FEHO LB IV -2 TRTOT, SEBEICLT
HENEWY), BT, FOZRAX—BICBWTHEMICERDOH DT T I A—TFRT
A—ARBOENREPoI L ETRT, BRIV, ALMICT—R2OHFBREF /NS, 2
DBEELTCHTIN—T NG A—ERRELSTNBZ ERDND, F— A2 TIEHLEET
WHBREDRKE RBEENAOND N, ZFOMOETIEIREZIZRTLE DL RoTW5,

INEDOERIIIE (17) TRENTEHMRLEBEDENDZHDTH D, T LV, LA
DRG A—FZERICHNVDE— A POREIT L2 DBE{FLRDEDICLDHIL LTS
(728, Oz WCOWTHEMRIZE—AY bOKREE 1/2 DEHfEL L),

Moment IBIZ X B35 A —Z B0t 2 U EDERBY L L, R RXA—FREEZTHIC
ERERBD, FTIN—THEL L LT A—F 2R L, ERETEEN 1012
BIFBRTGA—FEELRIAITT, FENEHESRICRBITIBETI—BOTRLI—
BERWTIBRUT L Ro T3, RIT, BEPMOZRAF—FIZLEATRECHENT
WABIZOWT, VMNP FEBEELZ Lo TR TA—FREREFTMLE, BREZH
32107 T, “hb kb, EEFEITICEBI S U238 0EERNEREEBRICVWND &, &
KTCHNRFGA—FRBEIIRRETHD EWVWELD, BFEOBHLY, FT T NA—TF R
A—FOEEIZIZORETHSTHBHEHBTL, V77 N—T78iL5 L TP RBREET S
HDET B,

ik\meﬂ%ﬁi5%77”—7N7f—5%ﬁﬁ?5%KM;%@W%K£H6
BERERLENTA—FZRERTIAVNERDDZLREHENLTWS 18, F2bb,
T—RA v MEEORN

| F®(B)dE Sonr 2
/A _F(B)dE T 5EE
|, ,F B)o=(B)ouB)dE .
| F(B)IB = 2,750 0

L72%, NFD F(B)IXEHRRY "METRT, CEADERANOS D X 51220008 &1 >
TERMEEE SR L DB A F(E) 2 FHEHLEEL THOEEI NSV EZ X BN D, JFS
DIOEHEETIIFE) 2ZREL2TRERbRVWEFRESNDS, £ I TEFFRTIXIFS
LEBEAELDID, F(E)2EbALRAFLOEREE L L,

KIZ, MCROSS 5A 75V ZRAWTER LTIeY 7 IN—TRTF A—Z REEFDFER
LEANLNLTWALEESLTH, MCORSS 54 77 Y LV EBRFRETEREZ/ER L.
NJOY DA THERR LTI FEH DO Z N & LB Z21T o7z, U-238, Pu-239, Pu-240 22>\ T
Fol-fER %X 3.3-1 225X 3.3-3 1R T, SEELRER TIXIZIE—HLTWAHA, 3
ASEREHNESEIR CRE RHEENRRAOND, ZTOFREE LTI MCROSS 54 77 V ik TIMS
WEDERENTWATD NIOY EFEHRENBERDZIZENEBEZLNAIN, TNEBEIC
AN THETHITFEFICKREL, SEZFORRZHLNMITEIZ LIXTERboT, DR
BRI I S PR AR I FE IR E R KR E VA, S ENIIESBERERICR T A7
N—TF G A—ZOERIFE&THI L L, DEERREROICY T I N—T B ER
TAHRZEE L,
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%31 Fitting BIC XY NTA—FEB/B LR TELZINF—H

upper
energy
| group | (eV) | U235 cap | U-238 cap |Pu—239 cap| Pu-239 fis | Pu-240 cap| Pu~241 cap| Pu~241 fis | Pu-242 cap] Necap |
15 | 3.02E+05 0]
16 | 2.35E+05
17 | 1.83E+05
18 | 1.43E+05
19 | 1.11E+05
20 | 8.65E+04 Q
21 ] 6.74E+04 O
22 | 5.25E+04
23 '] 4.09E+04] 0]
24 o
25
26
27
28
29 (e}
30 o
31
32 o} o]
33 o8 O o
34 o} e 0 O
35 | 2.03E+03f; O 0] o)
36 .| 1.58E+03 1 O o) ;
37 | 1.23E+03 o] (@) o] o]
38 | 9.61E+02 o] o] (0] (o] O
39 | 7.40E+02 (0] (0] o} 0]
40 | 5.83E+02 0] 0 o ®)
41 | 4.54E+02 o (o] o] O (o]
42 | 3.54E+02 0O (0] 0 @] O
43 | 2.75E+02 (@) (@] (o] (o] O .0
44 | 2.14E+02 o O e O O O O @)
45 |1e7E402|° O (o] (o] (o] O o)
46 | 1.30E+02 O (o} o} O O (@) O o]
47 | 1.01E+02 @) o} o) o] o] o] o] (o}
48 | 7.89E+01 O o} o} O (] o} o}
49 | 6.14E+01 O o] O o]
50 | 4.79E+01 @) o 0]
51 | 3.73E+01 O O
52 | 2.90E+01 o] O O o] O
53 | 2.26E+01 O 0] O (o] o] o
54 | 1.76E+01 o] O O O
55 | 1.37E+01 0]
56 | 1.07E+01
57 | 8.32E+00 o] o O
58 | 6.48E+00
59 | 5.04E+00
60 | 3.93E+00

*EREZFABLTVS DA EDBLIRESE
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#3.2 Fitting I CA7 U-238 BERIED/$7 A —F B2 (B0L: %)

energy o0
group 0.1 1 10 100 1000 10000 100000 1000000
24 1.5 0.8 0.0 0.0 0.0 0.0 0.0 0.0
26 -1.9 -1.4 0.0 0.0 0.0 0.0 0.0 0.0
28 0.9 0.8 0.0 0.0 0.0 0.0 0.0 0.0
29 1.2 1.1 0.0 0.0 0.0 0.0 0.0 0.0
30 5.2 3.7 0.0 0.0 0.0 0.0 —-0.1 -0.1
32 39 30 0.0 0.0 0.0 0.0 0.0 0.0
33 2.1 1.6 0.0 0.0 0.0 0.0 0.0 0.0
34 154 10.5 0.0 0.0 0.0 -0.1 ~0.1 -0.1
35 14.2 84 0.0 0.0 0.0 0.3 04 0.4
36 6.7 6.2 0.0 0.0 0.0 0.0 0.0 0.0
37 8.9 6.3 0.0 0.0 0.0 03 03 0.4
38 10.3 8.1 0.0 0.0 0.0 -0.1 -0.1 -0.1
39 5.1 42 0.0 0.0 0.0 05 0.6 0.7
40 6.6 6.5 0.0 0.0 0.0 -0.1 -0.1 -0.1
41 2.6 1.3 0.0 0.0 0.0 0.1 0.1 0.1
42 4.4 3.0 0.0 0.0 ~0.1 26 3.1 3.2
43 4.1 35 0.0 0.0 0.0 0.5 0.6 0.6
44 79 " 8.3 0.0 0.1 -0.9 103 14.3 14.7
45 145 10.8 0.0 0.0 -0.3 2.7 10.2 13.2
46 22.7 16.8 0.0 0.0 -0.4 3.6 55 5.6
47 0.0 -1.9 0.0 0.0 -0.1 3.7 44 44
48 177 14.4 0.0 0.0 0.3 -3.0 -3.6 =-3.7
51 235.1 145.2 0.0 -0.3 2.1 -9.0 -12.6 -13.3
53 1176 80.4 0.1 -0.5 3.0 ~15.0 -19.9 -20.6
57 19.6 19.8 0.0 0.0 -0.2 1.2 1.5 1.4
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#%3.3 Moment IEIZE DB/ T X —FEREDE (BEAL: %)
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3K 3.4 Moment #5TH7 U-238 BRILD/NT A —FRE (BAL: %)

energy o0
group 0.1 1 10 100 1000 10000 100000 1000000
20 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 -0.1 -0.1 -0.2 -0.2 -0.2 -0.2
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.0 0.0 0.1 -0.1 0.0 0.0 0.0 0.0
31 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.0 . 0.0 0.2 -0.2 0.0 0.0 0.0 0.0
33 0.0 0.0 0.2 -0.2 0.0 0.0 0.0 0.0
34 -0.1. 0.1 0.9 -0.9 0.1 0.0 0.0 0.0
35 -0.1 0.5 1.6 -1.6 0.1 0.0 0.0 0.0
36 0.0 0.0 0.6 -0.7 0.0 0.0 0.0 0.0
37 0.0 0.0 1.2 -1.2 0.0 0.0 0.0 0.0
38 0.0 0.0 0.5 -0.5 0.0 00 0.0 0.0
39 0.0 0.0 04 -0.4 0.0 0.0 0.0 0.0
40 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
41 -0.6 -0.6 -0.9 -1.5 -3.0 -35 -3.6 -3.6
42 0.0 0.0 04 -0.3 -0.1 0.0 0.0 0.0
43 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44 0.0 -0.1 14 -0.3 -0.5 0.1 0.0 0.0
45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
46 0.0 0.0 -0.4 0.8 -0.4 0.0 0.0 0.0
47 0.0 0.0 0.2 =0.1 0.0 0.0 0.0 0.0
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(by f-table)/(by sub-group)
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4 HERFICBITOIHER

4.1 MEFEH

BERFIIBABFHEFEOUBREIT o, BITORSRE LIERIZ, ZPPR-I D
SCFE/LE BALYRAIFELELVTH D, BRER4.1ITTT, HBITENMEANEE
WEHL, B3 —FrFiarna— FMVPO X VBN EEZSEES L
7re BBOWTHOKFHIEEIXI00K & Lz, TOHEBIZSEER LY 7 7 A —78E
B 2T AT 300K LR Z BN ETH B,

HEs SR L AR FEIE SRR, B OEREFRNEE, b7 9/1/—7 UE. F LTHRA
FEEV AT MCHEBRAEN T D BBMEHEETH D,

B EEREFREEIC OV T, FERERELED I LBRFMEEIT O 2D, 3EHE
OIFEEEEy FERAZ L, NJOY & TIMSIZ X W fEf Lz b ® (JFS-3-J3.2R). NJOY
DHTHER LIZb D, NJOY & TIMSIZX WERR L2 R-EFIZEDRMPo2TZb D, T

B, WTNOEERLEL 2o TV BIMEE ST —F 5475 Uik JENDL-3.20) ©
H B,

¥WER NRITERET V2BV 77—, NJOY TIERL L7 FEE 2 BB
CERRTFANEEL oL EME 25, LHL, HEHMEEICL D, F BRSNS OKRE
DOEEBRREZEZER T D 2 L R—ETREL 25, SENIMEHREDEZEE O HFELEN
LT, 2 —ADFE®ITo7,

BISEHEEIHE R FoRE., BIUEELZ &N UEESELE L THRWVWEEL~< b
Vo AZEZELRZNWI END, TRTCOZRIAXF—GEHEN/NN—T D5 LITTER,
A [EN% 40.868keV AFICE A Lz, BEHMET A 77 VIXEEREXE, BEMEEEZD
N—=LTBY, BEMEZA T 7V BRVERE, BLUOERLRWEEELZEEIITH
[TFolz TOEHEC Lo TBLEDNEELRNA T2, €oT, LBHRET IEEOHR
HEEEL LTHRIFERZITO 2L C, BEHNOXBRTEHROEBERTET 08T
&, FEBEUSN OO ERE Y FH LIET 5 B EERETHEE (72 L R-B+%
FERLZRWV) V77 N—T% EHREEZBE LRV OSRELBIZ LN TE S,

4.2 EBFHER

4.1-1 5 H 4.1-4 \[CBEEEEEOREY, FEEEUINIERYE & Lizho
er—A2A0b 0 (B [PEACO-onlyl) & TRY, RBEPORBRITEMMELTE
EEEALE=XLX -0 LEBERT, KLY, BHMEEEC L 3EIMVP OF &
I —BLTWBZ Llbhd, U-238 DFEMEREIC OV TIL, 100eV 225 10keV D4y
BB CIIREIEEE 2 ¢ DINT—H L TV BN, FESHEILEERTH B 10keV UL ET
ETORENRRLND, Pu-239 OFEEERIC OV TH RIS, LBELRER (2.5keV
UTF) T2 o MR T—ELTWBR (22 L—8FI5 185 5). S BEILIR4EE TRE
BIER LT3, Z DI ESEELBRER IR 2 BHMEEHEE LS MVP & OREZEDCERET
HBHB, MVP IZBW T HBHMETEERECBWTHRBONEEZERENCHE > TWVWBE D
EM, TOLXIRHEEBERELIETVWAERLDEEZOND, -, BERED HBHEE
HERTor— AT, Na OBEREBENEET S 3keV FHEF L ONERE O FLISEBR N
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E745 1keVUTTERENRKEIV, ZhED, WTFROFr—RZONWTHERTHHEE
METHZ LT, RN Lo TBIZRBREDESI 7 ulfimBOREL 2o
TENDZ NGB,

B 4.2-1 7> 5 X 4.2-4 1213 100eV 5> 5 10keV iZ317 5 B BBERKEFABIEOREEZ R
4, B [TIMS-noR] X TIMS & NJOY T/ER Lz FFEH Th o R-AFZ2FERA LA
Wr—RThBIZEETRT, WTNOFEREZER L THERHEEE & N TREN
KENWZ ERHELNTH B, Zhit, EEEFMC LY BEERDREZFE L TERLE
ftable # AWVWAZ L DEEL, HBETEHYIREZREL TV RVWIEOBRECERL T
By, TZTEEHLTHLDBWEVWORR-EFOURTH S, R-EFEZEAT S Z &L TES
WEEIC BT AEBIIEDRELLL WD, Er—RX &k TH2 L, R-EFEERT
BILITEY MVP EO—ERIL RBERERDZERLND, LIZLR-EAFZRANT
LIFRBEIIE T - THY., EFE—EFREICFLToHR (U-238 DAL Pu-239, Pu-239
DELITU-238) DEBTEHEHELZE LTS, BENCRTSTHDZ LM RERTY
Do

X 4.2-1 2> 5[X 4.2-4 TiX TIMS & NJOY QHERTE 2, L5 DI MVP 28R
e LicBa, Bk D X 5 CHBTHHREZR LRVRENZTENTLE I NDLTH
B, T T, NAEBEEOHLDOBMHHAEICIVELELZSRMEL UTHRLZ, 1T
IO HEETENEOEELHRTIZENTED, BREFH4.3-1 0 4.3-4 1277,
728, TIMS TER LI FEHETIXR-BEFTANTWVWRY, ZOFRLD, TIMSIB LY
NJOY DZEIFZIIEEREL RNV B3935, ZHIENJOY I281T 5 NRIEL, &
B3R AX—EE (T72b5 100eV L E) THARBEEZEFELTWHZ EEZRLT
Wb, 7275 L, U-238 SRSV T 200eV BRI BV T TIMS 12 X 5 fF e 58
EEAIREETWVE, ZIZTITRLTHWARVD, NRIFEOBENTERT HEZRLF—
$EIR (40eV LV T) TIX TIMS OFB—E»B L\,

H4.4-1 7> 5 4.4-4 \ZI3FESBELBREIRIC BT D IFERERFEDO LK Z AT, P
O BT IE S BESEIESIR O EB R VE— (Pu-239 OBEIEXTRL) ZRL TS, 22
B, TIMS TER LZEERTIIR-EFIIFEoTWRY, BB LEZ &Y, MVP TilHE
RF—T NN LY IESEEBER Ao TV A TH, MVP L O—EBRZ L TENIZEE
BHRESODIENTIERY, o T, ZZIRTHDORHLETEEDERTH D, W
THOFREDS 3RUNTMVP E—HLTED, POFEEROBENIRRETH T,
LN TIMS I X A EHENEDWEE L /NS <FMMm L TV 5,

H4.5-1 558 4.5-412i%, ¥ 7N —TtEE NJOY IC XV ER L FER 2 E-72 B
TR FNREDRELTRT, 2RMBIILETEDIREZE L2V EBEEETREIEIC X
AZETHD, WTHb NRITLUCESHWTHFETFARZ MAVEEREL TS, TDOH
BIXV T IN—TFHEOBERGIC L PRE (T IN—T NG XA—FOEE) [CERLTE
D, FIITHRKRTH 29RETHBZ &R0 D,

E4.6-1 258 4.6-4 123V 7 S NV—ETHREMEEIC L YV BT HREZZR LIS
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Dy —RZONWTHEBTEHHNREZERT DI I XY EDRHERIIET L T3,
FOREIZZNEEREL R, OMVP EDO—BNRILRBFRTHDE LWV,
HEHRENR YV ML2D THIIEN RV BERIUREIND B2 6N E0, SEOKRILE
SR bR olt, TORBICOVWTIEHFET 277 A0RY DOAREELETEAT,. =
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#F41 BHWEENVOM (BEAL: n/barn - cm)
3 A L REIFEDEIL SCFEJL
U-238 5. 46756E-03 8. 24098E-03
Pu-239 9. 05779E-04 8. 86154E-04
Pu-240 3. 50532E-04 1. 17351E-04
Pu-241 1. 04026E-04 1. 11169E-05
U-235 1. 10083E-05 1. 81513E-05
Pu-242 5. 73948E-05 2. 45580E-06
Am-241 3. 27170E-05 6. 95786E-06
0 1. 36265E-02 1. 45213E-02
Na 9. 43968E-03 8. 74537E-03
Cr 3. 87492E-03 2. 87632E-03
Fe 1. 39003E-02 1. 20560E-02
Ni 2. 72617E-03 1. 27056E-03
Mn-55 3. 23595E-04 2. 43451E-04
Mo 3. 08833E-04 4. 31003E-05
Al-27 4. 73968E-06
C 1. 04688E-03
Cu 4. 31003E-05
Si 1. 66525E~04
H 9, 25538E-06
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75y B
Cr 1. 70972E-02
Fe 6. 13318E-02
Ni 1. 20286E-02
Mn-55 1.42779E-03
Mo 1. 36265E-03
I RIS
Na_ | 2 25394E-02 _
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