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F, BREEE BRE®RE, BILRE (ERF)
RHL 3. WAEF = A VEHE
= — } (EP CHAIN)
£, Enbls BVRITARL L DD S Ry foeees :
Table 3 Yield om0 RI i
Cd 113 0.20 -19 0.53 -21
Cd 114 0.30 -24 0.159 -22
Table 9

Rapidly saturation

Non-saturation
Quadratic increase

Ge™, 132, Rylos

RE®RE (NAIG),
BEEL=E (FERRT7)

3. BT = A VEHE
= — ¥ (FP CHAIN)

(B)1 2D S A heveen

Yield d9200 RI
0.20 -19 0.53 -21
0.30 -24 0.159 -22

75Ge, 132 104Rh, 15Ryu &0
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BaREBRORETF =1 » DR

(FP JFEBiER vy —% v 2 « Sr—7#@gkE. 1)

= 5]

BT FORBEHECHC 2EHRERY (FP) DFEEREROLHTITR-HEY ¥ &
DbDTHB. Tihbb, (1) FP BEBOKT — % (MHZENE, REEEK, bR
Il L OSRRtS) D%, (2) FP BOBREF =« v DfFR, (3) FP 5 = 4 V38
BroEtE = — K (FP CHAIN) ofEmR, (4) 102, 108 35 17 104 n/cm? sec OPETFH L <
MEBWT, BBECHE> FP EOARBOHEY TV, - OfENS Pseudo FP OEE\
FORLHEOBRMNES LOBRHBECEE L5 FP BlopEstdhi.

TIZTRYHEbhTV5 FP ZREOIIF0 THY, 2 TBLhEBRCESEZE#HO
Pseudo FP DIFER DRI T bbb, T, ZOBEIXY 7 ~BIFESEMES FP FE
BHER T —% v 5« TN —FTCEBIhILDTH 5.

1970 4 4 A ‘
ARRFABET HEHEs o/ ~HRERE
WH BE - kil R N 4} B

Study for Decay Chain of Fission Products

(Report of the Fission Products Working Group « No. 1)

Summary

Concerning the burnup analysis in thermal reactor system, the multi-group constants
of the fission products (FPs) have been studied on the following items : 1) those nuclear
data of FPs, such as thermal fission yield, decay constant, thermal neutron absorption
cross section and resonance integral, 2) decay chain of FPs nuclides, 3) production of
calculation code, FP CHAIN, for the decay chain analysis, 4) build-up amounts of FPs
at the exposure stages of 1012, 10 and 104 n/cm? sec. Based on the results of the present
chain calculations with about 300 fission product nuclides, production of the multi-group
constants for the pseudo fission products should be performed in the next step of in-
vestigation. The study has been conducted by the members of the working group
in Reactor Constant Subcommittee, Japanese Nuclear Data Committee.

April 1970
Hajime SAKATA
Satoshi Nacayama*
Iwao OTAKE**

* AAFTFHHREKK The Japan Atomic Power Company
** BLE#MEKK Fuji Electric Co., Ltd.
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1. X H &

RFEOE=F 1, ORME ST # L
TU2PEDOHT —  OFES L OHEROARORIIR
T & X AMGIESEOBE T CIx e ooz, 2
nECESEERY FP oF— 2w LTH E N
EE S TS S 70, Lo LEEOERT
FIERORE - BEAET — s OBEORLE, ZhidiE
TTLTHEMO RARIEAER Lo LiC X W FFFED
MRBEEE DE EREE Y ES L FP o F— a4 B #
TEHIENEBEL L, TEL.

FP o FRIRM B OEL, F1cii e FP
2EOBEY—DITE Lo, 50 - 2 LTHER
Hubntutz, To% FP i (2207 v —
TRHEL, Thth® 120 FP gL LTl » &
o\ b DA RA Y (Pseado FP) o #f & 2348
£3h, FORNHTHEMEYEE X 7. Pseudo FP
wRD LD FP OMEEOKRE XL HEER L <7
N—TB T B hEE, 36K FP ORI EF A v %
LEBLUTCHETHHED 20035 508, BEOFEN
IHHENLBLNS.

BWETH FP oF—2d+4ombh T b & ik
I, BLDOERIC L - Tl h OmBrEHEIh
TETV5S., CORBERESEICESVTInE T Pseudo
FP o2 FoZ Mok & L OFBEROERSTT
HbhATWA. BRNTELIOEENETY, FP FER
DERDOVESENBE IR TEL. VI <EBETIIZ
OREREY B, CoEERTeS s, TTEAT
BRI TC RN E = — F T FP Szl 9 &
bR THL000E (ME1s8B) #ERL, hxi
L LCHE42 428 iz FP fFEBIER Y —x v 77
— T FEE R, TR D F it
RO AV S FP FEROERIEE R Bth L

(1) BPMFRIEER S L OB 2 — 2 DU

& FERK

(i FP SO pMEFRINNIERE, H£&/ 7 2
—axrUdkmEg s (R o5 — 2% BNL-
325 2nd ed. suppl. No. 2 A& LT Ul %
T LR, fERR

(i) FESTBERRIB OIS T A — 7 DR E R

i

¥

(2) skmfEssElE=—F (FP RD ofksk
(8) 2BOEERDIERR
@) EiEeisEli — 1 (FP CHAIN) o{Epk
(1, mEdEYT 7 {LUHE= — FeE
(i) RAEF =4 v, RETR2HOBERL IV
IR DR DIER
(5) EHEEEOWRE
(i) FP CHAIN = — N Ik 23t EfERE LEE
s FP EREORE
(i) BIEOREY b LNV — 7LD FEEOREL
(6) Pseudo FP {EE$ D ERK
(1) Pseudo FP %{F ¥ % 5t & = — F (FP
PARA) o{ERk
(i) Bfgxhic FPE#EOET —# % FP PARA
DASE L TEBEDIFERDIERL
(iii) {ERR X M7 FEEK DO FHE
AHEET EREEHEO 5 b, W LUBOEBC
COTEE LIFERRY T LD LDOTHS.
ORI L 5 TROBEIE LR,
(1) FP EEoOMERE, NERIUHEEESDT —
5 DR
(2) FP CHAIN 0%
8) FP o5 L TEEAHEYHA LI LI
NRAKETROT 70 FP 28 0 52330 2R A
TuwA.

WEWERESE  RBHKE, BUOLE ER), wEE— (R
o)

0 HF— 5 OB

21 57— 4%

MORERBEEOREF = L OB SLE LN HH
F— I RA RE O PR, WNESAE X
CREEH TH L. bhbiuihErmEes LT (n,

T) REDHRHEZZ. 5hobh, i in,p) 3 LT
(n,2n) BEOIEHEZ THIREL H L2, b hbh
OFFRE LT ZFRBABPHTFIFTCHZ20T, (n,p)
BIO (n,2n) e sd B AAF -8RI B
WCTHbhAPUFRRGIERTE 5 L Bbh .
¥ Bz Westcott O FFAFEH & BNL-325 2nd



2 BAOBERMDORETF = 1 VOHE

ed. suppl. No. 2 OB AT RILBTETE (022000 ¥ LT
e S5 X — & L0 HELCHRRMEY R LT
5.
L Lo hici# Sh T e W IES BRI O SEg < 7
2 — FIIEHAFRC L BHETROD TS, Zhbid
AfEgsEo (1), 2) BIV B) wxsddL o T, &
di TR O MR EIER O EERERIBICHE SN S.
BABAERSONBIE L LV PEISATHET—¥
D—2TH BN, BNBHYMChl - TFEDILMEE
Al LT BRI eV, B RBASRYEATHH
B CINROBEFNCX T 5 B O\ T4 ORELT
b Tws., L LEEACIEHAERE CHE
¢, BEOKELSW CRBE CTE VISR S
Wi, SEPHOBMRBILELEALL TRV, b
bR FCHRIEATOBEREA VDI LTl
0%, (REOBEMLYEZ D LR THALRERIELR
BLBbhb. BRI LD L, BEHIHLE
EHENLL (Equal Charge Displacement) DIREMN X
SR EIR TV A, |
FINAE L7c 25U, 29Pu, 21Pu DRI T IR
TEOWBRSAHD 5 B, U & PPu OFER%Y TasLe ], 2
CiE L. bhbhichbOEF LY O E, T7b
%, B.F. R ef al. (GEAP-5356) o4 D& T
w5,
BEEELNRAMER UL, FAERELLIADE
BOERNTHEAZEA LI
P, EShERHINIET— 5% TABLE3 ICF &
sz, i TaBLE 4 CREF CEIEERM L L THRDY
B T DR & ANEE T B OB B AR L
7o,

2.2 BAREBEBORAF = 1 >
TR DORBEERE S X OIS IFORHER AL DREAT,

Thobb, “DRENCHES FORICENESELT 552"
5 BRI IR » 7o BV RS R A U O Wi T AR D Wy
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BWEAEBEL £ H. DD AEEREED
BEF A VBT A LN EL 5 TL B, —
7, BOFERBROBIEECL RV, ZhbORE
F = A VR IERCH CCIRODET — 20835 TES.
2o TChRbRIREF = A VR2ERT 5% h, B
B o L OREMROHEN R IR (TABLES 0O
B Ofxt2bDE L, XHIC Tase3 IZIEE I I
M7 — 2SN ER L. ZOREER SN CHERT =
A & TABLES [T7RL7-.

TABLE 5 M HEALMT X 5, MERRSNICREF = 1
VAR ADMA TG BIe, 0¥ 2 EEHALT
OB EICHELOFBRYLEL L, HTHKEL
L LTHSERE: LOBREORBENELS. T O ®
“pF AV e F oAV OFEZFYEBAT L LELD
L, CHIIBC 7 Ay VBT - A v 2 RETH
LTIk, HEFLLIBEEI TS AV b F oA
VOEFERERD, FoA rOREREETDIILETH
5.

PbhbhiLZOEAFEE LT Figl IWRTHOXREZ
7o. L, CHhiEHLETHFETH b, Tases
NRTCORBEF = A V& ZOEFHTRRT 5 Z LIEAH
ETHDH. T T, BEEAMOMS B YR cRoR
L, EAHTRFTERVT = A VITx U CREER S
ETHETRTD. COFECLD, BEFELOBREYT
LI THIENTE, T, TaBeS O H
FolviES AV L F A VOEXRHT—IEDEIT
X7 L WHRENETRI. COSEHEY TABLES ©
& TR LT,

b REAIEY RS = 1 v OREROKE
CEDEVWIEERAVCTVAS. CORELEBRGME
BACREE LOENREOBRERESF = 1 v ORRICER
P RIETHICOVTORMISEORMETHD. i,
DX HEENbRLROSEER Lick s A v b
F A VOFENTED X5 B8R RIFTHEVOE
LEEINA TS,

3 HiEF-{ L EtEa— k (EP CHAIN)

3.1 FP CHAIN o— FOBE

A — Fid 2. 2105R LI BAERREEO RERF = A
VERE, SEABEREROEE S L O ERMIER
¥RwBa— FThb. HEKRIYV- FHFRTHEDLK
530, I 7% 7 vy bTAHIELTES.

BT AT = A ik S AU b F oA VIHE

XHhTWB0, “hrx@B OB IER (fiZ2s
) KRBT A%, BITHRESUER L *MEED
CHETES L5 L. — M FEX A RERS
ETRBACOBE FECEECHDLL, I
ATRROEAER LTV 5. Lichi - TRERSETH
BERAEOBETIE, ORI TRITERSLNE
Lich, TDXSAFECLYEVHEF =1 U RES
BEOHEBREDCRHA P THI ENEESIh T
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5. Efe, BITMAFERTLAEREY 2~ FRBTT
HECEHEL, FANEBRTEANLESNTHE LD
B, ThE U2 ERT5L 5 LT3,

TekARa — Ficikd X 5 EIRAH 5.

(1) TR CIEFBERES % I~11 LERD TV BN,
BIEMYIHBRESTN 0L, KO X5 ellRY 5 5.
Tiebh by HBRR A BERS TR CBEIILT £ ORH]
CRRAR T T iV, Lnd Z DBRA OREITRE
DFBRBEEE, LTFI0xMLizbDTHD, EHIZ
100 % . 7= H RO RO BAERE LT 200 Bt D
FEAEGTLT5.

@ AHTF—% (BI—FF3A47 5V —) ORAEF =1
VTR UEAREERM DA T v 7 2 (ID) TEL.
WS DEH DR E IR RIREC Lic\ .

(8) BBILODET AV e FAVy e TN—T
NTHEATE 2 FERETRIERILETH H, 120D
Fh—7RTOFBRRABSOEEIF IR, BEH
iy, - OBIRRA. SRR ETEREOSRE L HE
LOREYER L THROLFHETHS.

) AHF—23A7yavick hEBCHATES
S, FOMABREIAANT — 2 2B F = v 7 TED
X mEOWMAFBRCEIND.

(8) ¥I—BEERALTES AV N - FaArBX
OF =4 VHEDEEAY DT, FoA L ANT—2DIE
REBHCLTWA.

3.2 ANT—9&LVHNT—9

FP CHAIN o= — Fix FP # = 4 38B= — K (FP
CHAIN) &, 205475 ) —%{EfkT 5=~ F (FP
LIBP) kb7 »T\w5. BT FP LIBP X hEHAR
F—2 R IUOMAHT— 2 DHARTS.

3.2.1 FP LIBP

FP LIBP o AfF—#i: NID, TITLE ¥kio¥
CRDATA (J) TH5.

NIDI5) itz 2y b — FEBRCI-AAT—FDH
— Pk, TITLE(Q2A6) 33EOAFLYE #—
Ktdhs. £7- CRDATA (J) 35477V —D NE
<, FRoLO®ANTS. oo FORMAT i (A6,
12, 9E7.4, 13, I5) <& b, NID E< b3&T.

CRDATA (1)=AISOIA ; EOKITS

CRDATA (2)=KP1:¢ = x o b 71— K < BRI
Z DR

CRDATA (3)=DECAY ; o #EE (4)

CRDATA (4)=ALFER ; Fig.1 @mR¥ «, 8 1=
T

CRDATA (5)=YIELD ; %5U OEAZIZ X v 4
THRER (V)

3. HBF = VHH=—F 3

CRDATA (6)=YIELD ; 2Pu SR L »
ETormE (Y)

CRDATA (7)=YIELD ; 2'Pu o9 ZI X h 4
THIE (Y

CRDATA (8)=CROSTH ; #\h:7-58i% D Wi
W (o)

CRDATA (9)=CROSEP ; s#rh#:F88%k 0 & I
WrimEfE (RI)

CRDATA (10)=CROSDT ; Fig.1 1Z5R3 o’ OB
o 4 - SRR D B T

CRDATA (11)=CROSDE ; Fig.1 &3 o O
thikF IR O MR

CRDATA((12)=NISO ; D 1 » 5 » » =% (ISO-
TOPE ID)

CRDATA (13)=NO; 5475 ) —F—5 D £ &
(SEQ. No.)

TasLe 6 IZFP LIBP o /15— # O—fFila 5.

3.2.2 FP CHAIN

FP CHAIN ODAAF—F Tz K& <K/ T, HE%
HHETH I —FRIVHI—FF5A4T5Y —DANF—#
izt 5.

s+ A AN — Ficix TITLE, IS1, 1S2, 1S3, IS
4, DTIME, TIME, TIMEM, THELUX, EPFLUX,
SIGF, AAA, BBB 2% b, ThZhBKRONEY L »
Tuw3%. =» FORMAT %412, 6E10.6, 2E12.5)
ThH5H.

IS1:=1 FP LIBP o7 477V —%HH+
%
=2 H—=FFATF7)—DAIT— 2%
HA+5
IS2:=1 F = A4 v DFERITIb

—;2 HEEXTS
IS3:=17wy Y EVTEHERRD /S5 724
)
=2HBREREYHIFETS
IS4:=17wys&ERTA
=27 — FCHEREAHT

DTIME  : 4t 3ERS OB A v > = (F)
TIME T RO A v v 2 (BD)
TIMEM  : t,., FHEITEI D BRI (FD)

THFLUX : ¢,,, BT (n/cm?2esec)

EPFLUX : 4., BiHtETH (n/cm?.sec)
SIGF 1 2., EXRMESEETEME (cm™)
AAA : Westcott ﬁ%f‘@ﬁﬂilﬁ(‘/ 4—T°)
uT
BBB : Westcott KR T BEKRF AT 2 —

4



4 BHRERHOBRET = 1 vV OHRE

SIGF O KR X X412 oD@y clEX AN
1o, FHEMESLEELTEY 12107 Off w A
N-rz ok rus. &7 Westcott 5T A EIR O BTIE

Li-(BS
a,S= / (RI a,g/ ’IT)

TFRIHIN, Do b7 exziZax— pul) &
¥ «RI @“FIJR:.?W%—ME 0.5eV £
WIE L udeniow. Akl b7 o 2 220
ToMmEE, T, ix 293.6°K, T ik‘ﬁ‘HUﬂF iR
HbH.

HHEOANFT— 20T~ F 54770 =LA
h5 — v oA Znik ICHECK, Isotope 1D, Iso-
tope ID for XV, (Coupling, Isotope ID},-----:Cou-
pling, Isotope 1D:, Equation No O#&8 T, KON
BxL,TA. Con—Fo FORMAT 1 (12,
2013, E84) Thh, LELKEBEYRAETS.

ICHECK : —1 25U oiuR%» i
=2 BPu DI AFH
=3 21Pu DU HEH
= - 1BBOANT -5 THDH I L&R
+

7e¥s, ICHECK R EHON — FOIWLYSETHS.

i, ICHECK ¥ E¥I1 LEE, U#gEELETH
i, F =4 BN U ORETERTS.

Isotope 1D : ﬁ%ﬁﬁf@&ﬂ@\ﬂv ] ok (N

DAVT oI A

Isotope ID for Z2,Y;: iy hfgko Fdo (2,Y)
HOWR (V) #EOEEOA Ty A XL 2,
Yi=0 0BSC I hv BT 5.

wie, MAYHFEROFL THEOHERB YR TR, Cou-
pling & Isotope ID ¢ #—#iC LTANTS.

Coupling : %Al 75 53882 T ¥ 7o 43, # D
TOENRRFTHANT~FT, ROIOCTEEh
5.

Coupling=|11; g4+ Coupling

EOPRES dNijdt=21Ni

C @oBs  dNijdi=—AN,

= o Coupling *#.27c5 Isotope ID {3+ h £h
Ny 7202 N ¥ 2880 ID Ths.

Coupling=|21; #Athit T3 X OBS h T 0 RINIC
I % Coupling =, F£AL Coupling 1] ¢ R UTH
5.

Coupling=|3 | ; B} tpi 772 OB~ £ % Coup-
ling #73:L, FAZERLFETHS.

Coupling=141; £k % WRIMiE B~ X % Coup-
ling T (Fig.1 Bf) AOHEDOHAEK,RE LD,

dN;/dt=—Nj(0;4 /)¢ & 7.
Coupling=15] ; Coupling |4| @ Coupling T N;

B

H
22
m
B

iy

Vo R

I
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7.0 ORICTHHE N PERINDEEYFT. ED

;k/@ﬁ‘b%}
ANy .
' =No/o
t i9, O
Coupling={61!; «, 4 7 (Fig.1 ZH) ZL55k%»

e

4_1

~
<
2
) -

Equation No. : (Coupling, Isotope ID) O TR
ENfoMAFEAD Fgl TIRENDTF A LS SE
ROENIEET I HHEL, FOFBEXES ¥ E
<AL FoAraR Lo BRAESS RS
B¥railin, T OREDHFEAES 100.0 A1 o
BEaE 1000 290z 5 iEXES (101 ~111. )
DROFEALTT 2000 KoFEZLFEHRTD.

100. FfioFfERs 2000 BROFERK, bbb,
BIERE S RN A B oD PEYEHE 4 5. 1.0~
11.0 2 ToHBXEST T 2EEORTHED i
B (MR 2BR) TEabh, 200 ERIELESS X
UL OBUERH T HBRNIRD L 5o B Ih 5.

Equation No. 200.0

N,-(t)={S;(Efg&Yg-s-N;_ll,-l)e"i’dt]e"’l‘
Equation No. 201.0

Nit) = IS; (2, 8Yi+ Niyoi18) e"i"dt]e o
Equation No. 202.0

Ni(t)=ls;(sf¢yi*Ni— 1019+ (11 a) NjA;

+(1=8) Nedg+ N,o,) emdtl,rm

Equation No. 203.0

Equation No. 202 @ (1+a) # a B OT
HBH. ZIT P il ¢(a;+3/9) TH5.

TABLE7 (AN T — 2 O—Flh R LICH, ThiZ Xh
AMBUTON—F7AT7 70— ANT— 2% LLFeiR
A3 5.
4Bk

1, 1, 1, -2,1, -1,1 1.0
_— e e S et Se——~ S~
a b ¢ d e f

T, HEEFIROBHEERL LTV 5.

alg: U OBRSRNEXERT 5.

bIH : Isotope ID=1 T dN;/dt © N; T it
Ge-72 %3R5

c1g : Isotope ID=1 OEGRNFELZER D (Vi

dE : -0, N;¢ OE&FTLDCT —2 4 Coupling
wo 1ix Isotope ID TH 5

eld: —AN; DIELRL —1 A8 Coupling
&kD1H N; © Isotope ID TH 5.

f 1# : Equation No.

ZOF A vEFBRCRTEROL ST/ S,
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dN;
dt

SHEDN— FILROZ LiFRb LTS,

=3, Y50 - ;N —a; 0N,

L, 2 2 -22 -1,2 21 106.0

N —— —— S | p— S - ~— —

a b e’ g
a’ B Lo am [ U

b’ 15 : Isotope ID=2 T di\{';.x

D Ny Tihobh

Ge-73 %R+
¢’ 78 : Isotope ID=2 o3I E (Y, % EH
T5%
d’ 1H: —0,..N;,10 © Coupling & Isotope ID
e T§: — 4N o o Coupling & Isotope ID
f’ 1|/ : o;N;¢6 » Coupling » Isotope ID (Ge 72)
g E: IDF AL IXHEAFERT6 THH, 4 H
ZXOEHLOCEREIMELD R 70 Fig.] DK
oL mtid. Licdds T64Z 100 202 723K
Y HRAEFL TS,
Ihvak R T,
dN; 1
dt
THhh, kD FP EEOLIEERS L7 b,
FhbbLOoBDO L — KX

=X Y30 -0 N9 — Ris N9t o, NG

1r 37 3) —21 3y 2,-2, 1, 2y 201.0
—_— e e N~ M~ =~ ——
a// bu C// d-/ el/ f/! gI/

a” m:aklR@L
AdNiis

b” 1§ : Isotope ID=3 = dt

D A’YHQ, Ge-T4 %

Y
c” 1 : Isotope ID=3 @ Y, #EH+5
d” 1/ : —0;,9N;00 @ Coupling & Isotope ID
e” 18 :0,.1N10 @ Coupling & Isotope ID

£7 5 1 A, Ny @ Coupling & Isotope ID
g” 1 : Equation No. T, Zh#x AR TEhTL,

t
1\”,:, g'\tl = [S [Zf() )—,.4_2 -T—x\',%d,-ﬂ_l{')\é"'i‘(ft e vt
Y

THh.
THHZOHHERLARSR Y » 0T, Ge 72 T
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Tate 1 Per-cent yields in thermal neutron fission of U-235
Mass i WALKER KATCOFF 2:;%:: PETRUSKA FARRAR | RBU-Lib, GEAP-5356
|
72 1.6x10-° 1.5x10-% 1.5x10-5 | 1.6x10-° 1.7x10-®%
73 1.1x10 1.0x10™¢ 1.0x 104 1.0x10 1.0x 10
74 3.5x10 3.5x10™ 3.5x10~*
75 1.2x10-3
76 3.5x10-3
77 0.010 8.3x10- 7.9%x1072 0.008 9.1x103 8.3x 108
78 0.020 0.020 0.020 0.020 0.020
79 0.035 0. 056 0. 055 0. 056
80 0.06 0.11 0.09
81 0.13 0.14 0.133 0.21 0.008 0.22
82 0.28 0.35 0.24
83 0.57 0.544 0.60 0.545 0.548 0.557 0.52
84 1.05 1.00 1.1 1.00 1.01 1.02 0.97
85 1.3 1.30 1.5 1.30 1.31 1.00 1.30
86 2.0 2.02 2.1 2.02 2.04 1.93
87 2.5 2.49 2.7 2.49 2.50 1.7 2.50
88 3.6 3.57 3.6 3.53 3.58 3.53 3.58
89 4.8 4.79 4.8 4.73 4.8 4.76
90 5.8 5.77 5.8 5.74 5.77 5.74 5.77
91 5.8 5.84 5.8 5.97 5.07 5.90
92 6.0 6.03 6.0 6.03 5.73 6.03
93 6.4 6.45 6.4 6.51 6.12 6.48
94 6.4 6.40 6.4 6.55 6.28 6.48
95 6.4 6.27 6.3 6.55 6.40 6.41
96 6.3 6.33 6.3 6.41 6.03 6.37
97 6.2 6.09 6.1 6.33 5.42 6.21
98 5.8 5.78 5.8 5.93 6.0 5.86
99 6.3 6.06 6.1 6.25 6.0 6.19
100 6.4 6.30 6.3 6.58 6.56 6.44
101 5.0 5.0 5.0 5.0 5.02
102 4.1 4.1 4.1 4.1 4.2 4.15
103 2.9 3.0 2.9 2.9 1.4 3.0
104 1.8 1.8 1.8 1.8 .0 1.81
105 0.85 0.9 0.85 0.90 0.9
106 0.38 0.38 0. 38 0.38 0.39
107 0.18 0.19 0.17 0.19
108 0.09 0.07 0.08 0.070
109 0.04 0.03 0.028 0.030 0.028 0.030
110 0.021 0.020 0.018
111 0.015 0.019 0.018 0.016 0.019
112 0.013 0.013 0.011 0.010
113 0.012 0.012 0.013 0.016
114 0.011 0.011 0.012 0.014
115 0.011 0.0104 0.011 0.011 0.0071 0.0104
116 0.011 0.011 0.018
117 0.010 0.011 0.010 0.011
118 0.010 0.014
119 0.011 0.014
120 0.011 0.014
121 0.012 0.015 0.014 0.011 0.014
122 0.013 0.015
123 0.014 0.013 0.014 0.018 0.016
124 0.017 0.018
125 0.036 0.021 0.023 0.013 0.021
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Mass | WALKER KATCOFF 2::;%222 PETRUSKA FARRAR RBU-Lib. | GEAP-5356

126 | 0.0 0.1 0.10 0.032

127 | 0.25 0.25 0.15 0.13

128 | 0.50 0.10 0.58

129 | 1.00 0.8 1.0 1.0 0.8

130 | 2.0 , 2.5 2.0

181 | 2.9 2.93 2.9 2.92 2.93 3.02 2.01

132 | 43 4.38 4.3 4.37 4.38 4.33

133 | 6.5 6.62 6.5 6.59 6.62 6.62 6.67

134 | 80 8.06 7.5 8.03 8.06 8.06 7.92

135 | 6.4 6.41 6.3 6.41 6.45 6.36 6.43

136 | 6.4 6.46 6.2 6.44 6.47 6.46 6.46

137 | 6.0 6.15 5.9 6.15 6.17 6.225 6.18

138 | 5.8 5.74 5.7 6.68 7.22 6.60

139 | 6.4 6.55 6.2 6.42 6.40 6.28

140 | 6.4 6.44 6.4 6.33 6.25 6.32 6.30

41 | 5.8 6.0 5.7 5.73 4.6 5.81

42 | 5.9 6.01 5.9 6.03 5.80 6.03 5.84

143 | 5.9 6.03 6.2 5.80 5.71 5.8 5.87

44 | 5.6 5.62 6.0 5.39 5.30 5.39 5.34

s | 4.0 3.98 4.0 3.89 3.80 3.86 3.8

46 | 3.1 3.07 3.2 2.93 2.89 2.93 2.96

47 | 2.6 2.36 2.6 2.38 2.16 2.70 2.25

us | 17 1.71 1.8 1.63 1.61 1.63 1.66

149 | 1.3 1.13 1.3 1.13 1.02 1.13 1.09

150 | 0.70 0.67 0.71 0.64 0.628 0. 64

151 | 0.45 0.44 0.45 0.399 0.45 0.42

152 | 0.28 0.281 0.285 0.260 0.285 0.25

153 | 0.14 0. 169 0.14 0.148 0.300 0.16

154 | 0.08 0.077 0.077 0.0724 0.077 0.06

155 | 0.03 0.033 0.031 0.031 0.31

156 |  0.015 0.014 0.013 0.013 0.0134

157 | 0.007 7.8x 10~ 7.4x10° 0.015 6.6 108

158 210~ 2x10 8.4 10~ 2.6x10-

159 1.1x10 1.1x10-* 1.1%10- 1.05x 102

160 3.3x10~¢

161 7.6x10-° 7.8x 10 8.0% 10~ 8.2310°
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TaBLE 2 Per-cent yields in thermal neutron fission of Pu-239
STEINBERG FARRAR, I
& FICKEL & ANIKINA ef al. KaTcoFF |  WALKER | GEAP-5356 RBU-Lib,

GLENDENIN TOMLINSON | i
7 0.01 | 7.3x10-
78 0.02 | 0.025
79 0.04 | 0.025
80 0.07 | 0.048
81 0.024 0.11 RT.
82 0.045 0.17 oot
83 0.080 0.29 0.084 0.29 0.30 0.29
84 0.47 0.20 0.47 0.44 0.47
85 0.535 0.08, 0.22 0.54 0.53 0.55
86 0.75 0.5 0.75 0.75
87 0.912 0.7 0.91 0.91 0.73
88 1.43 1.4 1.4 1.41 1.10
89 1.8 1.71 1.9 1.7 1.73 1.71
90 2.16 2.5 2.2 2.2 2.31
91 2.3, 2.8 2.59 2.9 2.55 2.7 2.45
92 3.12 3.8 3.1 3.12 3.60
93 3.94 4.5 3.9 3.94 4.30
94 4.45 5.0 4.5 4.45 5.10
95 5.6 4.99 5.7 5.0 5.2 5.70
9% 5.13 5.9 5.1 [ 5.13 5.60
97 5.3 5.61 5.9 5.6 i 5.9 5.70
98 5.84 6.0 5.9 584 5.70
99 6.1 6.1 6.1 i 5.9 5.90
100 7.05 6.0 7.1 7.05 6.00
101 5.86 6.0 5.9 5.86
102 5.94 6.0 5.9 5.94 5.70
103 5.5 5.63 5.7 5.6 5.6 5.80
104 5.88 5.1 5.9 5.88 5.20
105 3.7 5.50 4.7 5.5 5.47
106 4.7 4.53 4.0 4.5 4.4
107 3.0 3.6 3.4
108 2.0 2.6 2.6 1.8
109 1.0 1.5 1.55 1.2 1.5
110 0.7 0.55 0.74
1 0.27 0.27 0.20 0.25
112 0.10 0.1 0.12 0.10 0.10
113 0.06 0.07 0.065 0.075
114 0.05 0.04 0.055 0.054
115 0.048 0.04 0.035 0.039 0.038
116 0.035 0.037
117 0.035 0.036
118 0.035 0.035
119 0.035 0.036
120 0.035 0.037
121 0.041 0.035 0.041 0.044
122 0.035 0.047
123 0.04 0.056 0.058
124 0.05 0.088
125 0.068 0.08 0.075 0.072
126 0.25 0.18 0.16 0.17
127 0.37 0.39 0.37 0.49 0.39
128 0.80 0.74 0.85 0.64
129 1.4 1.4 1.7 1.10
130 2.0 2.5 2.7 1.75
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STEINBERG FARRAR, 1
& FICKEL & ANIKINA ef al.!  KATCOFF WALKER GEAP-5356 RBU-Lib.
GLENDENIN TOMLINSON ‘
131 3.6 3.77 3.2 3.8 3.79 3.8
132 4.7 5.26 4.0 5.3 5.35
133 5.0 6.9 5.26+0.13 | 5.4 6.9 6.5 5.3
134 7.46 | 5.8 7.5 7.47 5.69
135 5.5 7.25 6.95£0.19 5.5 7.2 7.21 7.27
136 1.9 6.62 5.1 6.6 6.66 6.70
137 5.8 6.48 6.50+0.16 5.2 6.5 6.56 5.24
138 6.31 6.26+£0.15 5.3 6.0 5.91 6. 26
139 5.4 5.8 6.0 5.69 6.07
140 5.4 5.58 5.5240.14 5.8 5.6 5.50 5.68
141 4.9 6.0210.18 6.0 5.6 5.75 5.75
142 4.97 6.66+0.17 6.8 5.0 4.87 6.69
143 5.1 4.56 6.10+0.15 6.1 4.6 4.55 5.40
144 3.7 3.84 5.50+0.17 5.3 3.8 3.82 5.50
145 3.12 4.20+0.11 4.1 3.1 2.99 4.24
146 2.57 3.53+0.09 3.6 2.6 2.50 3.53
147 1.99 2.58+40.05 2.6 2.05 1.87 2.20
148 1.71 2.30£0.05 2.3 1.7 1.65 2.28
149 1.30 1.68+0.02 1.7 1.3 1.30 1.89
150 1.02 1.35+0.02 1.4 1.00 0.96
151 0.80 1.01+0.02 1.0 0.80 0.76 1.01
152 0.616 0.75£0.015 0.75 0.60 0.57 0.75
153 0.39 0.43 0.34 0.36 0.33
154 0.36+0.009 0.32 0.25 0.25 0.36
155 0.21 0.16 0.23 0.22
156 0.12 0.12 0.10 0.09 0.10
157 0.07 0.07 0.076 0.12
158 0.03 0.035 0.042 0.071
159 0.015 0.015 0.021
160 9.8x10-3
161 3.9x10-3
162 2.4x10
163 1.0x10-3
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TasLe 3 Library data for FP chain

Isotope No. A (sec™?) Yield gugggi) ‘ d2200 {CM?) ‘ RI (cm?) 1D
Pu-241 ‘ |
Ge T2 1.7 -7 | o098 -24 | o7 24 1
L1 -6 i
Ge 73 1.0 -6 0.14 —22 ‘ 0.63 23 2
2.5 -6 '
Ge 74 3.5 -6 0.45 —24 0.36 —24 3
6.2 -6
Ge 75 1.41 4 1.2 -5 4
1.4 -5
Ge 76 3.5 -5 0.36 24 0.30 —24 5
3.1 -5
Ge 77 1.704 -5 8.3 -5 6
7.3 -5
4.7 -6
Ge 78 1.34 -4 2.0 -4 7
2.5 -4
8.2 -5
As 75 0.43 -23 0.60 —22 8
As 76 7.266 —6 9
As 77 4.975 -6 10
As 78 .27 -4 11
Se 74 0.50 —22 0.53 —21 310
Se 76 0.85 —22 0.460 —22 12
Se 77 0.42 —22 0.343 22 13
Se 78 0.38 —24 0.665 —23 14
Se 79 0.128 -2 0.56 -3 0.40 -—22 0.18 —22 15
0.25 -3
| Se 80 0.9 -3 0.61 -—24 0.76  —24 16
i 0.48 -3
i Se 81 0.68 -3 0.22 -2 17
‘ 0.182 -2
‘ Se 82 0.24 -2 0.21 -23 0.98 —24 18
j 0.17 -2
* 0.7 -3
Se 83 0.462 -3 0.52 -2 19
0.3 -2
0.2 -2
Se 84 0.578 -2 0.97 -2 20
0.44 -2
0.30 -2
Br 79 0.109 —22 0.132 -21 21
Br 81 0.310 -23 0.548 —22 22
Br 82 0.5363 -5 23
Br 83 0.802 -4 24
Br 84 0.385 -3 25
Br 85 0.385 -2 2%
| Br 87 0.125 -1 27
! Br 88 0.447 -1 28
Br 89 0.154 -1 29
Kr 78 0.20 -—23 0.9 —24 311
Kr 80 0.140 -22 0.812 —22 30
Kr 82 0.25 22 0.190 -—21 31
Kr 83 0.206 —21 0.245 -—21 32
Kr 84 0.160 —24 0.354 —23 33
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U-235
Isotope No. A (sec™t) Yield Pu-239 a2200 (CM?) RI (cm?) ID
Pu-241
Kr 85 0.2072 -8 0.13 -1 0.80 -—23 0.81  —22 34
0.53 -2
0.30 -2
Kr 86 0.193 -1 0.62 —25 0.7 —25 35
0.75 -2
0.40 -2
Kr 87 0.148 -3 0.249 -1 0.60 —21 0.27 —21 36
0.91 -2
0.50 -2
Kr 88 0.695 —4 0.358 —1 37
0.141 -1
0.70 -2
Kr 89 0.363 -2 38
Kr 90 0.21 -1 39
Kr 91 0.708 -1 40
Kr 92 0.231 0 41
Kr 93 0.347 0 42
Kr 97 0.694 0 43
Rb 85 0.760 —24 0.32 -—23 4
Rb 86 0.4313 —6 45
Rb 87 0.12 -—24 0.233 -23 46
Rb 88 0.649 -3 0.10 -23 0.450 —24 47
Rb 89 0.7 -3 0.476 -1 48
0.173 -1
0.90 -2
Rb 90 0.42 -2 0.577 1 49
0.22 -1
0.14 -1
Rb 91 0.825 -3 0.59 —1 50
0.27 -1
0.17 -1
Rb 92 0.866 —2 0.603 -—1 51
0.312 -1
0.21 -1
Sr 84 0.105 —23 0.912 -23 52
Sr 86 0.80 —24 0.323 —23 53
Sr 87 0.70 -23 0.104 —21 54
Sr 88 0.50 —26 0.57 —25 55
Sr 89 0.1589 —6 0.50 —24 0.80 —24 56
Sr 90 0.785 -9 0.10 -23 0.20 -23 57
Sr 91 0.1985 —4 58
Sr 92 0.713 —4 59
Sr 93 0.165 —2 0.648 —1 60
0.394 -1
0.25 -1
Sr 94 0.578 —2 0.648 —1 61
0.445 -1
0.32 -1
Y 89 0.128 —23 0.766 —24 62
Y 90 0.2994 —5 0.40 -23 0.17 —22 63
Y 91 0.1383 —6 0.107 -—23 0.14 -23 64
Y 92 0.535 —4 65
Y 93 0.1869 —4 66
Y 94 0.70 -3 67
Y 95 0.11 -2 68
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U-235
Isotope No. 2 (sec™!) Yield { Pu-239 2200 (CM?) RI (cm?) ID
Pu-241
Zr 90 0.10 —24 0.268 —24 69
Zr 91 0.158 -23 0.717 -23 70
Zr 92 0.25 —-24 0.58 —-24 71
Zr 93 0.15 -23 0.18 -23 72
Zr 94 0.75 —-25 0.284 24 73
Zr 95 0.1234 -6 0.641 -1 74
0.52 -1
0.50 -1
Zr 96 0.637 -1 0.5 —25 0.544 —23 75
0.513 -1
0.50 -1
Zr 97 0.1133 -4 0.621 -1 76
0.59 -1
0.53 -1
Nb 93 0.115 -23 0.873 -23 77
Nb 95 0.2292 -6 0.4 -23 78
Nb 96 0.823 -5 79
Nb 97 0.16 -3 80
Mo 95 0.145 -—-22 0.106 -21 81
Mo 96 0.12 -23 0.263 —22 82
Mo 97 0.22 -23 0.145 -—-22 83
Mo 98 0.586 -1 0.15 —24 0.673 —-23 84
0.584 -1
0.60 -1
Mo 99 0.2895 -5 0.619 -1 85
0.59 -1
0.60 -1
Mo 100 0.50 —24 0.394 -23 86
Mo 101 0.791 -3 87
Mo 102 0.963 -3 88
Mo 103 89
Tec 99 0.22 —-22 0.204 -21 90
Tc 101 0.825 -3 0.502 -1 91
0.586 —1
0.640 -1
Te 102 0.277 -1 92
Tc 107 0.77 -2 93
Ru 96 0.21 —-24 0.551 —23 95
Ru 99 0.106 —22 0.195 -21 96
Ru 100 0.644 -1 0.104 —-22 0.113 -22 97
0.706 -1
0.63 -1
Ru 101 0.31 —23 0.738 22 98
Ru 102 0.144 -23 0.106 —22 99
Ru . 103 0.2021 -6 0.3 -1 100
0.56 -1
0.62 -1
Ru 104 0.181 -1 0.47 —24 .0.46 —23 101
0.588 -1
0.60 -1
Ru 105 0.4327 -4 0.9 -2 0.20 —24 0.90 —25 102
0.547 -1
0.58 -1
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U-235
Isotope No. A (sec™?) Yield {Pu—239 a2200 (CM?) RI (cm?) ID
Pu-241
Ru 106 0.2175 -7 0.39 -2 0.146 —24 0.13 -23 103
0.44 -1
0.55 -1
Ru 107 0.280 -2 104
105
Rh 103 0.15 -21 0.107 -—-20 106
Rh 105 0.5348 -5 0.18 —-19 0.165 —~18 107
Rh 106 0.2312 -6 108
Rh 107 0.444 -3 0.19 -2 109
0.34 -1
0.5 -1
Rh 109 0.193 -3 110
Pd 102 0.415 -1 0.48 -23 0.22 —-23 111
0.594 -1
0.63 -1
Pd 104 0.60 —23 0.194 22 112
Pd 105 0.11 -22 0.805 —22 113
Pd 106 0.292 -—-24 0.596 —23 114
Pd 107 0.1 —22 0.36 —-22 115
Pd 108 0.7 -3 0.123 -—-22 0.224 -21 116
0.26 -1
0.4 -1
Pd 109 0.1437 -4 0.3 -3 117
0.12 -1
0.31 -1
Pd 110 0.237 -—24 0.582 —-22 118
Pd 111 0.525 -3 0.19 -3 0.21 —24 0.945 - —24 119
0.25 -2
0.5 -2
Pd 112 0.9169 -5 0.1 -3 120
0.1 -2
0.7 -2
Ag 107 0.35 —-22 0.103 -21 121
Ag 109 0.91 —-22 0.146 —20 122
Ag 110 0.286 -1 0.18 -3 0.82 -22 0.37 -22 123
0.74 -2
0.22 -1
Ag 111 0.1056 -5 124
Ag 112 0.602 —4 125
Ag 113 0.363 —4 0.16 -3 126
0.65 -3
0.1 -2
Ag 114 0.578 -2 0.14 -3 127
0.55 -3
0.2 -2
Ag 115 0.578 -3 0.104 -3 128
0.39 -3
0.10 -2
Cd 106 0 0.10 -23 0. 45 —24 129
0
0
Cd 108 0.20 —-23 0.90 —24 130
Cd 110 0.10 —24 0.43 —-22 131
Cd 111 0.243 -—-22 0.51 —22 132
Cd 112 0.30 -25 0.118 -—22 133
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U-235
Isotope No. 2 (sec™) Yield {Pu—239 2200 (CM?) RI {cm?) ID
Pu-241
Cd 113 0.20 -19 0.53 —-21 134
Cd 114 0.30 —-24 0.159 —22 135
Cd 115 0.3633 -5 136
Cd 116 0.18 -3 0.15 —-23 0.675 —24 137
0.37 -3
0.60 -3
Cd 117 0.231 -3 0.11 -3 138
0.36 -3
0.50 -3
Cd 118 0.385 -3 0.14 -3 139
0.35 -3
0.50 -3
In 113 0.110 22 0.250 -21 140
In 115 0.199 -21 0.345 -20 141
In 117 0.175 -3 142
In 118 0.257 -2 143
In 119 0.66 -3 0.14 -3 144
0.36 -3
0.50 -3
Sn 112 0.125 23 0.303 -22 145
Sn 115 0.60 —22 0.524 -23 146
Sn 116 0. 60 —26 0.155 -—22 147
Sn 117 0.27 -23 0.168 —22 148
Sn 118 0.10 —-25 0.535 —23 149
Sn 119 0.25 -23 0.50 —23 150
Sn 120 0.14 -3 0.14 —24 0.15 -23 151
0.37 -3
0.25 -3
Sn 121 0.7002 -5 0.14 -3 152
0.41 -3
0.25 -3
Sn 122 0.18 —24 0.92 —24 153
Sn 123 0.5899 -7 0.16 -3 154
0.56 -3
0.36 -3
Sn 124 0.18 -3 0.14 —24 0.11 —-22 155
0.88 -3
0.43 -3
Sn 125 0.8357 —6 0.21 -3 156
0.75 -3
0.65 -3
Sn 126 0.231 -3 0.32 -3 0.30 -24 157
0.16 -2
0.128 -2
Sn 127 0.128 -3 0.13 -2 158
0.49 -2
0.25 -2
Sb 121 0.655 —23 0.206 -—-21 159
Sb 122 0.2865 -5 0.15 -3 160
0.47 -3
_ 0.25 -3
Sb 123 0.41 -23 0.124 -21 161
Sb 124 0.1337 -6 0.65 -23 162
Sb 125 0.1098 -7 0.156 —23 0.23 —22 163
Sb 126 0.6418 -6 164
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U-235
Isotope No. A (sec™?) Yield {Pu—239 daz00 (CM?) RI (cm?) 1D
Pu-241
Sb 127 0.2116 -5 165
Sb 128 0.1965 -4 0.58 -2 166
0.85 -2
0.50 -2
Sb 129 0.432 -4 0.80 -2 167
0.17 -1
0.102 -1
Sb 130 0.963 -3 0.20 -1 168
0.27 -1
0.184 -1
Sb 131 0.55 -3 0.291 -1 169
0.379 -1
0.301 -1
Sb 132 0.608 -2 0.433 -1 170
0.535 -1
0.447 -1
Sb 133 0.282 -2 171
Sb 134 0.154 -1 172
Te 120 0.234 -23 0.105 -—23 173
Te 122 0.28 -23 0.448 —22 174
Te 123 0.41 -21 0.552 —20 175
Te 124 0.40 —-25 0.404 -23 176
Tem 125 0.156 —23 177
Te 125 0.156 —23 0.169 —22 178
Te 126 0.104 -23 0.118 -22 179
Te 127 0.207 -4 180
Te 128 0.17 —24 0.10 —22 181
Te 129 0.16 -3 182
Te 130 0.26 —-24 0.30 —-23 183
Te 131 0.466 -3 184
Te 132 0.2501 -5 185
Te 133 0.578 -2 0.667 -1 186
0.65 -1
0.654 -1
Te 134 0.263 -3 0.792 -1 187
0.747 -1
0.781 -1
Te 135 0.578 -2 188
1 125 0.804 -21 0.137 -19 189
1 127 0.62 -23 0.149 -21 190
I 129 0.28 -22 0.36 ~22 191
I 130 0.1528 —4 0.18 -22 0.81 -23 192
1 131 0.9966 —6 0.70 —24 0.84 —-23 193
1 132 0.802 —4 194
I 133 0.9257 -5 195
1 134 0.22 -3 196
I 135 0.2874 -4 0.643 -1 197
0.721 -1
0.73 -1
I 136 0.806 -2 0.646 —1 198
0.666 —1
0.704 -1
1 137 0.315 -1 199
1 138 0.117 -0 200
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U-235 | i
Isotope No. A (sec™?) Yield <Pu-239 d2200 (CM?) ' RI (cm?) ID
Pu-241
I 139 0.257 -0 ; 201
Xe 124 0.10 -21 0.315 —20 202
Xe 126 0.150 —23 0.675 —24 203
Xe 128 0.80 —23 0.11 -21 204
Xe 129 0.210 -—22 0.271 -21 205
Xe 130 0.26 —22 0.11  —22 206
Xe 131 0.11 -21 0.784 —21 207
Xe 132 0.272 —24 0.122 —24 208
Xe 133 0.1522 -5 0.190 -—21 0.17 -20 209
Xe 134 0.228 —24 0.302 —24 210
Xe 135 0.2093 —4 0.360 -17 0.720  —20 211
Xe 136 0.281 —24 0.400 --24 212
Xe 137 0.296 -2 213
Xe 138 0.679 -3 214
Xe 139 0.160 -1 | 215
Xe 140 0.433 -1 216
Xe 141 0.408 -0 217
Xe 143 0.693 —0 218
Cs 133 0.200 —22 0.440 -21 219
Cs 134 0.955 —8 0.134 -21 | 0.115 -20 220
Cs 135 0.870 —23 l 0.805 —22 221
Cs 136 0.6171 -5 0.950 —23 i 222
Cs 137 0.747 -9 0.618 -1 0.110 —24 0.800 —25 223
0.656 —1
0.646 —1
Cs 138 0.362 -3 0.660 —1 0.112 —23 224
0.591 —1
0.679 -1
Cs 139 0.122 -2 0.628 —1 225
0.569 —1
0.630 —1
Cs 140 0.105 —1 226
Cs 142 0.116 -1 227
Ba 130 0.135 —22 0.150 —22 228
Ba 132 0.850 —23 0.380 —23 229
Ba 134 0.200 -—23 0.253 —22 230
Ba 135 0.580 —23 0.984 —22 231
Ba 136 0.400 —24 0.102 —22 232
Ba 137 0.510 —23 0.565 —23 233
Ba 138 0.350 —24 0.163 —24 234
Ba 139 0.136 -3 0.400 —23 0.180 23 235
Ba 140 0.6268 —6 0.630 —1 0.157 —23 0.136 —22 236
0.550 —1
0.60 -1
Ba 141 0.642 -3 0.581 —1 237
0.575 —1
0.502 —1
Ba 142 0.193 -2 0.584 -1 238
0.487 —1
0.470 -1
Ba 143 0.231 -1 0.587 —1 239
0.455 —1
0.451 -1
La 139 0.820 —23 0.133 —22 240
La 140 0.479 -5 0.310 -—23 0.60  —22 241
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Isotope No. i (sec™!) Yield {gu%ggg d2200 (CM?) RI (cm?) ID
Pu-241
La 141 0.520 —4 242
La 142 0.156 -3 243
La 143 0.608 -3 244
Ce 140 0.60 —-24 0. 49 —24 : 245
Ce 141 0.2431 -6 0.290 -—22 0.130 —22 : 246
Ce 142 0.950 24 0.100 -23 247
Ce 143 0.5835 -5 0.600 —23 0.270 -23 248
Ce 144 0.2865 -7 0.534 -1 0.10 -23 0.262 —-23 249
0.389 -1
0.408 ~1
Ce 145 0.385 -2 0.388 -1 ) 250
0.299 -1
0.314 -1
Ce 146 0.831 -3 0.296 -1 251
0.250 -1
0.266 -1
Pr 141 0.120 -22 0.180 -—-22 252
Pr 142 0.9976 -5 0.180 -—22 0.810 -23 253
Pr 143 0.5856 —6 0.890 -—22 0.190 -21 254
Pr 144 0.660 -3 255
Pr 145 0.3231 —4 256
Pr 146 - 0.473 -3 257
Nd 142 0.180 22 0.810 -—-23 258
Nd 143 0.335 -21 0.202 -21 259
Nd 144 0.50 -23 0.817 =21 260
Nd 145 0.52 —-22 0.306 21 261
Nd 146 0.10 -22 0.250 22 262
Nd 147 0.7228 -6 0.225 -1 263
0.187 -1
0.233 -1
Nd 148 0.166 -1 0.290 -23 0.187 -22 264
0.165 -1
0.188 -1
Nd 149 0.963 —4 0.109 -1 265
0.130 -1
0.155 -1
Nd 151 0.770 -3 0.420 -2 266
0.760 -2
0.959 -2
Pm 147 0.8289 -8 0.200 -21 0.221 -20 267
Pm 148 0.1488 -5 0.200 -20 0.480 -—-19 268
Pm 149 0.3626 -5 0.170 -20 0.765 —21 269
Pm 151 0.678 -5 270
Sm 147 0.870 -—22 0.624 -21 271
Sm 148 0.900 -23 0.500 —22 272
Sm 149 0.410 -19 0.326 —20 273
Sm 150 0.640 -2 0.102 -21 0.227 =21 274
0.960 -2
0.117 -1
Sm 151 0.2714 -9 0.150 -19 0.330 -20 275
Sm 152 0.250 -2 0.210 -21 0.270 —-20 276
0.570 -2
0.757 =2
Sm 153 0.4097 -5 0.160 -2 277
0.360 -2
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Isotope No. A (sec™?) Yield {gugggQ dze00 (CM?) RI (cm?) ID
Pu-241
0.559 -2 : |
Sm 154 0.600 -3 | 0.550 23 0.160 —22 | 278
0.250 -2 | |
0.408 -2 |
Sm 155 0.491 -3 0.310 -3 279
‘ 0.230 -2
0.293 -2
Sm 156 0.2139 -4 0.13¢ -3 280
0.900 -3
0.209 -2
Eu 151 0.880 —20 0.330 —20 281
Eu 153 0.390 -21 0.143 -20 282
Eu 154 0.1373 -8 0.150 —20 0.790 —20 283
Eu 155 0.5491 -8 0.140 —19 0.700 —20 284
Eu 156 0.5209 —6 285
Eu 157 0.125 —4 0.660 —4 286
0.760 -3
0.146 -2
Eu 158 0.193 -3 0.260 —4 287
0.420 -3
0.101 -2
Gd 154 ' 0.100 -21 0.530 —21 288
Gd 155 0.610 —19 0.156 —20 289
Gd 156 0.115 —22 0.105 —21 290
Gd 157 0.254 —18 0.515 —21 291
Gd 158 0.350 —23 0.135 —21 292
Gd 159 0.107 —4 0.105 —4 293
0.210 -3
0.680 -3
Gd 160 0.768 —24 0.346 —24 294
Gd 161 0.321 -2 0.820 -6 0.960 —19 0.432 —19 295
0.390 —4
0.650 —3
Tb 159 0.460 —22 0.373 -21 296
Th 160 0.1099 -6 0.330 -5 0.525 —21 0.236 —21 297
0.980 —4
0.450 -3
Tb 161 0.1163 -5 298
Dy 158 0.960 —22 0.336 —22 299
Dy 160 0.550 —22 0.116 —20 300
Dy 161 0.600 —21 0.167 —20 301
Dy 162 0 0.160 —21 0.332 —20 302
0.240 -4
0.650 -3
Dy 163 0 0.125 21 0.198 -20 303
0.100 -4
0.650 -3
Dy 164 0 0.270 —20 0.377 -21 304
0.370 -5
0.650 -3
Er 164 0.165 —23 0.419 -21 305
Er 166 _ 0.450 —22 0.137 -21 306
Ru 98 0.800 -—23 0.360 —23 307
Nd 150 0.180 -23 0.500 —23 308
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Isotope No. A (sec™?) . Yield [Pju?ggQ I G200 (C?) RI (cm?) ? ID
| Pu-241 | !
Eu 152 0.550 —20 0.248 —20 309
Nb 94 0.500 —23 0.500 —21 312
Mo 92 ‘ U 0.300 —24 0.134 —23 313
Mo 94 0.300 —24 0.170 —23 314
Sn 114 0.755 —23 315
La 138 0.332 -—21 316
Ce 136 0.250 —22 0.112 —22 317
Ce 138 0.900 —23 0.400 —23 318
Sm 144 0.700 -24 0.315 —24 320
Sm 145 0.110 —21 0.495 22 321
Gd 152 0.125 21 0.562 22 322
Er 162 0.200 —21 0.18 —21 323
Er 167 0.650 —21 0.342 -20 324
Er 168 0.203 —23 0.343 -22 | 325
Er 170 0.900 —23 0.593 —22 326
Rh 104 0.800 —21 0.360 —21 327
Br 80 0.64 -3 328
Pm» 148 0.191 —6 0.30 —19 0.35 —19 329
Ho 165 0.67 —22 | 0.648 -—21 330
Dy 165 0.8258 —4 0.50 —20 | 0.225 —20 331
DUM 501 0.0 0.0 0.0 | 0.0 : 501
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TaBte 4 List of fission products in accumulated various libraries
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BORERMORET = 1 VOFR

TaBLe 5 Fission product decay chain

Atomic Number (Z)
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YasLe 6§ Sample Output Data of FP LIBP

ey

RECARU NO 3 330

FyP.LIBRARY LIST

TITLE = FISSION PROLUCT JNLC DATA
ISOYOPE NAME = GE 72 1SCY0PE I
DECAY = 0,00000000+000 ALFER =
Y1239 s 1,100000000006 yl24y =
CROSEP 3 7,080000004025 CROSPT =
1SOTOPE NAME = GE 73 1SCTOPE I
DECAY =  0,00000000+000 ALFER 8
Y1239 s 2,50000000,008 vy1241 =
CROSEP = 6,300000004024 cROSpT =
ISOTOPE NAME = GE 74 1SCTOPE ID
DFCAY = 0,000000004000 ALFER =
Y1239 = 6,20000000,006 yl24y =
CRUSEP = 3,57000000a025 CROSDT =
ISOTOPE NAME = GE 7% 1SCTOPE D
DECAY = 1,41000000s004 ALFER =
Y1239 = 1,40000000,005 Y1241 =
CROSEP = «0,000000004000 CROSDT =
ISOTOPE NAME = GE 76 1SCT0PE 1D
DFECAYy = D,000000004000 MFER =
Y1239 = 3,300000000005 yl2dy =
CROSEP = 2,970000004025 CROSDTY =
ISOTOPE NAME =z GE 77 ISCYOPE 1D
DFCAY =  1,70400000s005 ALFER =
Y1239 = 7,30000000,005 Y1241 s
CROSEP = ~D,00000000.000 CROSPT =

.ve

1968 »4 =23
2 1

«0,00000000+000

«0.,00000000°000
«0,00000000+000

2 2

=0,00000000%000
«0,00000000+000
«0,00000000+000

3

=0,00000000+000
«0,00000000+000
=0.08000000*000

4

#0,00000000*000
-0,00000000+000
«0,00000000+000

s 5

«0,00000000+000

=0.00000000*000
~0,00000000+000

= 6

-0.00000000*000
4,70000000-006
«N,00000000+000

Y123s
CROSTH
CROSDE

Y123y
CROSTH
CRUSDE

Y1235
CROSTH
CROSVE

Y123%
CROSTH
CROSDE

Y1235
CROSTH
CRUSDE

Yla23s
CROSTH
CROSDE

Tasie 7 Sample Inout Data of FP CHAIN

Flaolun Prupucl Lnaln

2 ¢ & L1340 t+eved
Qe42 lale?5.
1 4 1=-2 1-1 :
1l ¢ ¢-2 2-1 2
1 3 5 -2 3 2 =
1l 4 ¢ -2 4 ¢ o
L A I VO
1 8 0-2 8-~1
1501 0 -1»01
L 9 0=¢ 9 -1 v
112 0 -212 -1 12
113 0 -213 -1 13

LaLe wnin AY00 =4 =<3

T¥3bed

N -

1501
2501
112

St4ieU

6501

b on=FPLLIur vall
c+128eu

E+111e0

SFQeND =

1,70000000<007

9,80000000%025%
«0,000000004000

"o

SEU=ND =

1,000000000006
1,40000000a023
«0,0000000U+000

SEU=ND =

3,50000000006
4,500000004025
*0.0000000U*000

" .

SEVeND =

1,20000000e005
«0,000000004000
=0,0000000V000

nwon

SEVUaNO =

3,50000000a005
3.60000000e025
w0,00000000+000

SkVeNO =

8,30000000e005
v0,00000000+00¢0
#0,00000000+000

nowon

ot FP§
-0

1.0 45
1C6.2 <5
2310 és
£0a 0 -
3
ded Z2
200 29
600
T4 s
10940 25
201.0 25

NN - e
WA - PU N~

IXINEN
[
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TITLE

e

F1SSION PRODUCT CHAIN CAL, DATA 1908 =8 ~ §

Tame 8.1 Sample Qutput Data of FP CHAIN

INPUT  IATA

OPTIDNS OF PRINT UR CIRVE PLOTTFR

NN

DELTIME( TIME MESH )

TIME( TIME OF PKINT 01 CURVE PLOT )

TIMEMAX( MAXIMUM TIME OF CALCULATION )

THFLUX( THERMAL FLUX )

EPFLUX{ EPITHERMAL FLIX }

SIGF{ NORMALIZEU VALY: )

TIME

0,000004000
1,000004006
2,000004006
3,000004006
4,000004006
5,00000+006
6,000004006
7,000004006
8,000004006
9,000004006
1,000004007
1,100004007
1,200004007
1,300004007
1,400004007
1,50000+007
1,60000+007
1,700004007
1,80000+007
1,900004007

Ge 72

0,00000+00¢
1,70000+00>
3.900004003
5.U99994+005
6,79999400 5
8,49998401
1,02000+00)
1,19000+007
1,359994+01
1,22999+00
1,069999+00
1,06999«0)n
2.03999+00
2,20999+0P>
2,9579984p0
2.24998+00
2,/1998+000
2,08998400.
3.U5997+000
3,22997400 5

5.00000000+004

1.00000000+006

1.900p0000+007

1.00000000+012

£.00000000+010

1.00000000s006

Tame 8.2 Sample Output Data of FP CHAIN

sew  OUTPUT LIST FOR FLUX TIME wev

NeSI1GMA

0,000004000
1,70694-019
3,41388-019
5,12082-019
6,82775-019
8,534692019
1,02416-018
1,19486-018
1,36555-018
1,53624-018
1,70693-018
1,87763-018
2,04832-018
2,21901-018
2.38970-018
2,56039-018
2,73108<018
2,90178-018
3,07247-018
3,24316-018

GE 73

0,00000+00v
9,99993+00>
1,99997+g08
2,999%44+q08
3,99989+008
4,99983+006
5,99975+0006
6,99966+006
7,99956+006
8,99944+006
9,99931+006
1099924007
1,19998400/
1.29988+007
1,39986+90/7
1,49984+007
1.59982+p0/
1,699800007
1,79978+007
1,89975+4007

N+SIGMA

0,000004000
1,39999+017
2,79996+017
4,19991017
5.,59985e017
6.99976%017
8,39965-017
9.79953-017
1,11994-016
1,25992-016
1,39990-016
1,53988-016
1,67986=016
1,81984-016
1,95981-016
2,09978-016
2,23975-016
2,37972%016
2,51969¢016
2,65965-016

GE 74

0,000004000
3,5000314006
7,00003+006
1,05001+007
1,40001+4007
1,75002+007
2,100034007
2,450034007
2,80004+007
3,150064007
3,50007%007
3,85008+007
4,20010+007
4,55012+007
4,90014+007
5,250T6+007
5,60018+007
5,95020+007
6,30023+007
6.65025+007

N+S1GMA

0,00000+000
1,62378-018
3,24757-018
4.87136-018
6.49515-018
8.11896-018
9.74277-018
1.13666-017
1.29904-017
1.46142-017
1.62381-017
1,78619-017
1.94858-017
2.11096-017
2.27335-017
2.43574-017
2.59812-017
2.76051-017
2.92290-017
3.08529-017

0,00000+000
8,604224004
8.88498+004
9,35292+004
1,00080+005
1,08503+005
1,18798+005
1,30964+005
1,450020005
1,60912400%
1,78694+005
1,98347+005
2,19872+005
2,43269+005
2,68538+005
2,956794005
3,24692+005
3,55576+005
3,88332+005
4,22960+005

N+*SIGMA

0,000004000
«0,000004000
90,00000+000
€0,00000+000
«0,00000+000
©0,00000+000
«0,00000+000
*0,00000+000
«0,00000+000
«0,00000+000
«0,00000+000
©0,00000+000
©0,00000+000
©0,00000+000
,00000+000
«0,00000+000
»0,00000+000
*0,00000+000
w0,00000+000
20,00000+000




TaBE 8.3 Sample Output Data of FP CHAIN
wws CHAIN DATA sde
*v CONSTANT e

FAL s THRLUX( 1,00004012) = 1,00006082
SIGF s 1,0000e006

EQUATION NO ® 1
DSN(GE 72) = SIGFeFAl*YIC 1,1) - SNC(GE 72)*pECAY( 1) ® SN(BE 72)+SIGHAL*FAl

S1GMAL = CRUSTH( 1)*(1,0+(CROSEP( 1)*EPFLUX)/(CROSTHL 1) eTHFLUX))

EQUATION NO = fub

DSN(GF 73) = SIGFeFAT«YI( 2,1) + SN(GE 72)«SI1uMAL+FAl o SN(GE 73)+DECAY( 2) = SN(GE 73)«SIGMAGeFAL

SIGMAL = CROSTH( 1)e(1,0+(CROSEP( 1)# EPFLUX')/(CROSTH!( 1)*THFLUX))

S1GMA6 = CRUSTH( 2)*(1,0+(CKOSEPI 2)*EPFLUX)/(CROSTHL 2)*THFLUX})

EQUATION NO = 243
P{(GE 74) z DECAY(501) « SIGMAT«FAL

SN(GE 74) =(SIGF*FAlwYlC 3,1) + SN(GE 73)¢S[GMACFAL)*DT

S{GMA] = CROSTH( s)*(1,0+(CROSEP( 3)SEPFLUX )/ (CROSTH( 3)*THFLUX))

SIGMA ® CROSTH{ 2)¢(1,0+(CROSEP( 2)+EPFLUX)/(CROSTH( 2)*THFLUX))

EQUATION NO = 201
P(GE 75>) = DECAY( 4) + SIGMAI+FAl

SN(GE 78) =(SIGFeFAl~Y1(501,1) « SN(GE 74)+SIGMASFAT)*DT

SIGMA] = CRGSTH( 4)«(1,0+(CROSEP( 4)PEPFLUX)/(CROSTHU  4)+THFLUX})

SIGMA = CROSTH( 3)e(1,0¢{CRUSEP( 3)+EPFLUX)/ZC(CROSTHL  3)*THFLUX))

ECUATION NO = 2
DSN(GE 75) = SIGF » PAL # YI (  4,1) -~ SN (GE 75) » DECAY(  4) = SN(GE 75) # SIGMA1® FAI

SIGMAL = CROSTH( 4) # (1,0+ (CROSEP ( 4) « EPFLUX)/(CROSTE(  4)#THFLUX))

.

EQUATION NO = 2

DSNCAS 75) = SIGFebAl#Yi(501,1) + SN(GE 75)4DECAY( 4) e SN(AS 75)DECAYT 8) o SN(AS 79)aSIGMA2#+FAL

SIGMAZ = CROSTH( s)w(1,0+{CROSEP( 8)*EPFLUX )/ (CROSTH(  8)¢THFLUX))

EQUATION NO s )

DSN(DUM501) » SIGFaFAleYI(501,1) + SN(GE 75)e5IuMALeFAl o SN(DUM501) «DECAY (331) » SN{DUM501) «SIGMAGFAL

SIGMA1 * CRUSTH( «)%(1,04(CROSEP( 4 EPFLUX.)/ (CROSTH{ 4)*THFLUX))

SIGMA6 ® CRUSTH(501)%(1,0+(CROSEP(501)*EPFLUX}/ (CROSTH( 504)*THFLUX))

EQUATION HO 7
DSNCAS 76) = SIGFeFA[#YI(501,1) ¢ SNCAS 75)eSIuMAZeFAl + SN(DUM501)+DECAY(331) .= SN(AS 76)+DECAY(

“ e w SN(AS 706)#S1GMAT et Al

SIGMAZ s CRUSTH( m)*(1,0+{CROSEP( B)*EPFLUX)/§CROSTHL  8)eTHFLUX))

SIGMA7 = CRGSTH( y)w(1,0+(CKOSEP{ 9)*EPFLUX)/(CROSTHL  Q)«THFLUX))

EQUATION NO = 1u9 .

DSNISE 76) = SIGFeFALleYI(501,1) ¢ SN(D00000)+SIuMAI*FAL + (1,0-ALFER(S01))*SN(AS T7O)*DECAY( 9)
PR « (1,0-ALFER( 0))eSN(000000)%DECAY(501) - SN(SE 76)#DECAY( 12) v
e o SN(SE 76)e51GMAger Al

SIGMAS = CRUSTH( u)e(1,0+(CKOSEP( D0)*EPFLUX}/(CROSTH( 0)*THFLUX))

SIGMA9 = CROSTH( 12)%(1,0+(CROSEP{ 12)*EPFLUX)/CCROSTH( 12)+THFLUX))

L3
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TasLe 9 Classification of FP nuclides

Classification Nuclide
Ge 8Ge MAg Ag LIS 85 g Ry “Br
8Kr 8Kr #Rb 8Rb “Rb 91Rb 2Rb NSr 25r
923Gy ugr 2y 93y wy w7y 9Nb Mo 101
107Rp 108pg mpg nzpg mpg 2Ag WA MAg  SAg
uscq n1cq 1scq 17 e[y 9] 121G, 125G 126G
Rapidly saturation 1278n 122Gh 126Sb 1278h 128Gh 125Gp  130Gh 13i1gh  132Gh
121 129T¢ 131 Te 132T¢ 183Te  1MTe  13] 133] 134]
136] 13] 13K 138Cg 139Cg 1398, 10, WR,  M2By
138, 0] ] o w5 13 5 13Ce u5Ce HeCe 13py
uspy WINd  MSNd BINg IS, 18Sm  155Sm %%Sm S’Eu
157G4 161G4
81Ge 095y sty 957y 103Rp mCq WiCe 1855y 195Gd
Slowly saturation 10T
2Ge 13Ge HGe %Ge BAg 6Ag 71Se 8Ge 0G0
825e Br 8Br 81Br 82Br 8Kr 8Kr 8Kr 87Rb
88Gr 905y 90y 27 937, uZr %67 %Mo Mo
. . %Mo 9T ¢ 10R Y, 10IRy Ry 196Ry 16Rp w2pg  105pg
Linear increase uspg 1A WAg M 116Cq 15[ gy 118Gy 119G
1209, 128G 124G 1215 122 126 130T¢ 127] 129]
134Xe  136Xe  135Cg 136Cg 197Cg 13884 139) U2Ce py
Non-saturation WINg  M4Nd 148N g 182§ m 134gm  18Ey 159Th
BGe %Se 85Rb 86Rb 80K ¢ 82K, 8K 865G, 9y
07, a1y 102Ry 105Ry 105Rp 105R| 106pg 107p4 10cq
L. meq  mcd 123G 14ShH 125G 128 12T 15Te 13T
Quadratic increase 132] 1Ye 132X 13Cg 184Cg 136B, 1578, 10Ce up,
WNg  M5Nd Wpgm 48P uspym  49pm WS 18gm  1%0Sm
IMEy  BSEy 184Gd 156Gq 158Gq 19Gd 161Th 10Dy 161Dy
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- AzAz o Asz
A="p P, Bs="p,_p,
C= 3r9Ys+a (At By)  AAy  hB,
Ps P;—P,  P3—-P,
2:9Y. A,+ B
2PV AR _ (4,1 By)
® Ni=A,(1—ePre)+ By(1—e-Pir) + Cy(1—ePs) + Dy(1 —e~Fer) “)
P4=l4+0'4¢
. X3A3 . 1333 _ 1303
A=P—p, Be="p,—p, C="p-P,
Di— 9V tA3(Ag+Bs+Cy) MAs By &G
| e Py Py-P, P—P, P,—P;
; = £f¢Y4+’13(l‘343+B3+C3) ~ (A4+ By+Cy)
i 4
® Ny=As(1—ePi¢) + By(1—e-Prv) +Cs(1—e~Ps7) + D5 (1 —e~Per) + Es(1— Ps7) (5)
Py=05¢
L MAY _ MBy4 MG __ MDy
As= Ps—P, Bs= Ps—P, Cs= P;—P; D= P;—P,
5= Ps P5'—‘P1 Ps—‘Pz P;— P, Ps-'P4
5
® Ns=Ag(1—eFre)+ Bg(l—eFror) (6)
Py=125+d¢9
_ oypA;
4s= Ps— P,
B _Z;Ye+a194; __a1pA, ___Z!¢Y6+61¢A1_AG
= Pg Ps—P, Pg
@ Ny=A;(1—ePr7)+By(1—e Prr) + (1 —e For) + Dy (1—e7Prv) L))
P7=A7+0'7¢
A 039 A, + AeAs _ 020 Apt AgAs
™ PP P-P, P—-P
__0:9B; __4Bs
Br="p,—p, CG="p,—p;




JAERI 1194 5] &

Dy= ZrpYr+099(As+Bsy) +As(As+Bs) _ 0spAs+2A6As __029By  A6Bs

P7 Py‘-Pl P-(—Pz P7‘—P6
— Ef¢Y7+f’2¢(A2'*I‘JBz)+/16(As+Bs) — (Ag+By+Cy)
7
N3=A3(1—8—P1') +Bg(1—e“P") +Cs(1 — e Fsr) +Ds(1—e"’°’) +E3(1—8_P7') + Fg(1—e~Psr)
Py=23+04p
A - 63,¢A3+QA7A7 B — ¢",3¢Bs +al7B-,
8 PP, 8 P;—-P,
__03'9Cy __akCy __ahsDy
Co= Py— Py De= Fy— P Ey= P—-P
Zr¢Ys+0'3p(As+By+Cy) +ads(Ar+Br+Cr+Dy)  0'spAs+aiAq
Fy= -
P8 Ps—'Pl
_0/¢BstakBr _ 0y¢Cy  akC  akDy
P3— P, Py—P; FP—P, P-PF
— Ef¢Yg+0'3 ¢(A3+B3+C;)8 +(117(A7+B7+C'1+D7) _ (A8+Bs+C8+D8+E8)

® No=Ap(1—e-Pi7)+ Bo(1 — =) +Cy(L—e~Ps) +Dy(1—e~Fse) + Ey(1 —e~Prr)
+ Fy(1—ePs7) +Go(1—eFs7)

Py=1g+099, h=03p A3+ (1—a)AzA7+ (1—B) AAs
ly=036B3+ (1—a)4; B+ (1—B) 23B;
lI3=039C3+ (1-B) Gy
ly=(1—a)Cr+ (1—B) 43Dy
Is=(1—a) Dy + (1-B) AsEs
lg=(1-PB)AsFs

__h __ b bk
Ag-— Pg'—Pl Bg_ Pg—Pz ® Pg—P3
4 I ae s
Ds=p._P, E=p_p, 9="P,— P
5, ¢Vor bl s+l g
Gg= P9
L Iy I Iy Is I )
‘( Po—P, Y Py-P, T P-P, " PP, | B-P, ' B-P,

_ 2r9Yothth+ltltlsti
= P,
Ll i+l i+ lg=039 (A3 + B3 +Cs) +A;(1—a) (Ar+ B +Cr 4 Dy)
+2g(1—B) (Ag+ Bg+Cs+ Dg+ Eg + Fy)
@ Nyp=AwQ—ePrr)+Byp(—ePr) +Co(l—eFsr) +Dig(1—e7Pe) + Ejg(1—ePer)
+ Fio(1—e~Pr7) +Go(1 —e~Pe7) + Hyg(1 —e~Po7) +I1o(1 —e~Pov)
Pyo=Ayo+ 0108 l=0spAs+2ABAg+ 294y
12=J4¢B4+ XaﬁBg'f‘Rng
I3=0,9C4+ A3BCs + 45Cy
ly=0$Dy
Is=2gBDg+ 29Dy
le=2AsBEg+A9E,
l;=2s8Fg+ AgFy

ls=lgGg
I 3 I3 Is
= Bio= Cyp= D=
A0=p,—P; =Py P, =Py Py = Pro- P,
Ey=p2 Fio=—52 =52 Hio=—5—
7 Py—Ps 07 Po-P 07 Pyy—Py 07 Py—Py

(8)

(8)

(10

47



48

HBABERYOMBF - 1 VOWR JAERI 1194

oY+ i+l + 1+ L+ s+ 1+ 1+
110= f¢ 10 (l 2 1310 4 > 8 L B) "(Aw‘l'Bm+Cm+D10+Em+F10+Glo+Hlo)

Lhtltla+l+ils g+l +lg=0,0(Ag+ By +Cy+ D))
+AsB(Ag+ Bg+Cy+ Dg+ Eg+ Fg)
+ A9 (Ag+ By +Cy+Dy+ Eg+ Fy+Gy)
@ Nu=An(l-ePir)+By(1—ePrr) + Cy(1-eP%) + Dy (1—ePer) + En(1—e7Psr)
+Fp(1—ePs?) + Gy (1—ePre) + Hy (1—ePoe) + Iy (1 —ePo) + Jy (1 —e Fror) + Ky (1 - e~ Fur)

W
Pyy=ay¢ h=05¢As+ iAo l,=05¢ Bs+410Bio
ly=059Cs+210Cro ly=050 D5+ ArDio
Is=05¢E;5 lg=A10E0
ly="A10F 0 lg=A1nG1o
ly=210H10 ho=hwlio
I l I/ l
An=p F; Bu=p,_h Cu=F,-, Du=5,"p,
Ey= Is _ 0s$Es Fy= L _ Aok
Py—-P; Py—Ps pP,-P; Py-—P
Gn= l7 — llon H11= ls_m = xICIGIO
P,-P, Py-P Py~Py  Py—Pg
L= ly _ Aol Ju= ho _ Aol
Py—-Py Py-P Py—Py :Pu—Pr
Ko oY+ i+l s+ g+l g+l +ho)
n= Py

— (An+Bu+Cu+Du+Ey+Fu+Gu+Hn+In+Ju)

ll +lz+13+ l4+ 15 +ls+l7 +ls +lg+llo=05¢ (A5 +B5 +C5+ D5 +E5)
+ A10(A1o+ Bro+ Crot+ Do+ Eyo+ Fio+ Gro+Hyo+I1o)



w?

JAERI 1194

Mg 3 FP CHAIN v o —54 —

NCTR=LCTR
KCHECK =0

LCTR=LCTR-1

NCTR =L

CBNTINUE

f

KCHECK =0
NCTR=LCTR

®

F.P.LIBRARYs Frint Routime

NCTR=LCTR
KCHECK =0

CBNTINUE

KCHECK =0
NCTR=LCTR

Chain data
Print  out
Routime

3

49



