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Multi-group Cross Section Sets for Shield Materials

—100 neutron groups and 20 gamma-ray groups in P5 approximation—

% %%
Kinji KOYAMA, Yoshihiro OKUMURA, Kimihito FURUTA,
and
Shun-ichi MIYASAKA

Division of Reactor Engineering, Tokai, JAERI

(Received January 21, 1977)

In establishing the data and methods for shielding calcu-
lations, it is necessary to have the multi-group cross sections
usable in many fields of analysis. Multi-group cross section
files with Pyscattering anisotropy were generated with code system
RADHEAT-V3 for transport calculations. The basic microscopic
cross sections and secondary gamma-ray production cross sections
are used from ENDF/B-IV and POPQP4 libraries, respectively.

The files generated are the following two:

(a) An infinite dilution cross section file for nuclides

100 energy-group microscopic neutron cross sections in P5
approximation for 41 nuclides

(b) A coupled neutron and gamma-ray macroscopic effective Cross

" gection file for materials

. A coupled file of 100 neutron energy-group CTOSs sections
with 20 gamma-ray energy-group values for typical 31 mate-

rials containing 13 shield and 12 structual materials.

* ISHIKAWAJIMA-HARIMA HEAVY INDUSTRIES CO., LTD.

** NIPPON KOKAN K.K.
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Energy group structure

in units of eV

----- NEUTRON GROUP -~

ENERGY RANGE

GROUFP

o
tom-qmcnacpmuag

1.4918E+07
1.3499E+07
1.2214E4+07
1.1052E4+07
1LOOOOE+OQ7
9.0484E+06
8187T3E+06
7.4082E+06
6.7032E+06
6.0653E+06
5488 1E+06
49659E+06
44933E+06
40657E4+06
3.6 T88E+06
3.3287E+06
30119E+06
27253E4+06
246 60E+06
22313E+4+06
20190E4+06
1.8268E+06
1.6 530E+06
1.4957E+06
1.353 4E+06
1.2246E+06
1.1080E+06
1.0026E+06
9.0718E+05
82085E+05
7.427T4E+05
6.7206E+05
6.0810E+05
55023E4+05
49787TE+05
4504 9E+05
40762E+05
36883E+05
33373E4+05
30197E+05
27324E+05
24724E+05
22371E+05
20242E+05
1.8316E+05
1.6 573E+05
1.L4996E+05
1.3569E+4+05
1.2277E+05
1.1109E+05

1.3499E+07
1.2214E+07
1.1052E+07
1.OCGOE+07
9.0484E+06
8.1873E+06
7.4 082E-+0 6
6.7T032E+06
6.0653E+06
5488 1E+06
4965%E+06
44933E+06
40657E+06
3678BE+06
3.3287E+06
30119E+06
27253E+06
24660E+06
22313E406
20190E+06
1.8268E+06
1.6530E4+06
1.4957E+06
1.3534E+06
1.2246E+06
1.1080E+06
1.0026E+06
90718E+05
8.208bE+05
7.4274E4+05
6.7206E+05
60810E+05
55023E+05
4978TE+05
45049E+05
4076 2E+05
3.6883E+05
3.3373E+05
30197E+05
27324E+05
24724E+05

22371E4+05

20242E+05
1.8316E+05

1.6573E4+05

1.L4996E+05 -

1.3569E4+05

"1.227TTE+05

1.1109E+05
86617TE+04

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

—4 -

ENERGY RANGE

8.6617E+04
6.7379E+04
52475E+04
4086 8E+04
31828E+04
24788E+04
19305E+04
1.5034E+04
L1709E+014
9.1188E+03
7.101 TE+03
55308E+03
43074E+03
33546E+03
26126E4+03
20347E+03
1.5846E+03
1.2341E4+03
9.6112E+02
7.4 85 2E40 2
5829 5E+02
45400E4+02
3.5357E+02
27536E+02
21445E+02
1.6702E+02
1.3007E+02

- 1.0130E+02

7.8893E+01
6.1442E+01
4.7851E+01
3726 TE+0 1
2902 3E+01
22603E+01
1.7603E+01
1.3710E+01
1.0677TE+01
8.3153E+00
6.47T60E+00
50435E+00
39279E+00O
3.0590E+00
2.3824E+00
1.8554E+00
1.4450E+00
1.1254E+4+00
87642E-01
6.8256E—01
53158E—-01
41399E—-01

B.737T9E+04
5247 5E4+04
4086 8E+04
3.1828E+04
24788E+04
1.9305E+0 4
1.5034E+04
1.L1709E+04
9.1188E+03
7101 7E+03
5.5308E+03
43075E+03
3.3546E+03
26126E+03
20347TE+03
1.5846E+03
1.2341E+03
96112E+02
7.4852E+0 2
58295E+02
45400E+02
3.5357E4+02
27T536E+02
21445E+02
1.6 TO2E+02
1.L3007E+02
1L0130E+02
7.8893E+01
6.1442E401
47851E+01
3726 7TE+01
29023E+01
22603E+01
1.7603E+01
1.3710E+01
1.0677E+4+01
8.3153E+00
6476 0E+00
50435E+00
3.9 27T9E+920
30590E+00
2.3824E+00
1.8554E+00
1.L4450E+00
1.1254E+00
87642E-01
6.8256E—01
53158E~01
41399E-01
LOOOOE—03
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Table 2.1 (Continued)

------ GAMMA GROUP

GROUTP

o =1 4 O s W N e

10
11
12
13
14
15
16
17
18
19
20

ENERGY RANGE

1.4000E8+07
LZ000E+O07
1.0000E+07
B0000E+0686
6.5000E+06
50000E+06
40000E+06

'30000E406

25000E+06
20000E+06
1.6600E+06
1.3300E+06
LODOOE+O6
330000E+05
60000E+0D
40000E+05
30000E+05
20000E+05
1.0000E+05
50000E+0 4

1L2Z000E+D7
1LOOOO0OE+HO7
BOOOGOE+OS
65000E+26
50000E+06
40000E4+06
30000E+06
25000E+0686
20000E+06
1.6600CE+06
1.3300E+06

*1LO0OO0OOE+0G
C80000E+05

6.0000E+05
40000E+05
30000E+05
20000E+05
1LOOOOE+05
5.0000E-+04
20000E+04



JAERI-M 6628

3 EEHICERSE

31 BHsXUERMH
RTFSOEGREELLR, BbAThiEasb 2 Eld5bBREREIND Y, EREN
4% O BAECHETORMBRE L REBOMER S A CLBL 22, FELIARNTER

ﬁﬁ&Uﬁﬁﬂﬂ&ﬁﬁ?éI%tﬁiﬁaz1&&,&%ﬂ@éwuﬁﬁﬁﬁomﬁﬂﬁm
6Uhm;ﬁ;UPu@BIOEE,é%mAmIn%ﬁ&ﬁtbf%m%ﬁ&&ﬁ#Blo

B, 454 1 BEOERAREEKERD, 1207 7 1~ JSDI00RREFL .
JSD100 CIXGZL s TOWHES (MAT. /) & Table 3.1 CART .

32 ERAHBIUCRIESR

ﬁﬁﬁﬂﬂﬁﬁ%ﬁ*ﬁ%-ﬁvvﬁ%%ﬁﬁﬁﬁﬁﬁbfﬂ<itﬂ»ﬁﬁ%%%%kl
U&%ﬁﬁﬁo%ﬁmﬁmfébo%ﬁ%mﬁimtﬁﬁﬁ,ﬁﬁﬁﬁxvmﬁ%mﬁﬁﬁﬂ
'@Eﬁﬂﬁﬁﬁﬁﬁ&¢ﬁ%100ﬁ-ﬁyqﬁzoﬁ-Psﬁwfﬁ&b,*&ﬁﬁ%ﬁﬁ
o FANISN—JR CHERHRLIHBRCE LDA. FHBOERANENHERITOHEE
ﬁm%&%%OE%ﬁﬁﬁmxbﬁb%ﬂéoLmb,Hﬂmﬁﬁﬂﬁﬁ%mmitéﬁim
EﬁmﬁﬁfﬁénfwaOf,ﬂ%&mb,E%&%E&ﬁm%&ﬁiyxviém&%%
Lk, ZPT EANISN—JR LV BEHEEAAIEBRC, PR(EIREOCHRADH
BOEHEEEEELL(ELHDDCRILDPDHL THD.

ERMGENE TR ROZFRORINES (ID. £) & Table 32 C, BEFHEREMNRC
nbnl.mﬁbﬁ,cct.ﬁi%&ﬁbﬁﬂ(&%ﬁwﬁ)%%ﬁbﬁﬁ%ﬂﬁﬁﬁﬁﬂ
ﬁ?&ﬁb@ﬁ%ﬁ@ﬁ&@bﬁbf@b,PWR,BWR%H%ﬁKO%Tﬁ%¢E%F%
ﬁD#%Eﬁ%&%ﬁbﬁﬁnHELm&%ﬁmﬁﬂ%ﬁmﬁ.Erﬁﬁﬁﬁok&ﬁﬁtb
7z o

1k§ﬁﬁ%ﬁﬁmowfu,ﬂﬁmbkﬁ&fibt%%ﬁﬁﬁf%%&%Rmﬂwfﬁ
&D&%&ﬁﬁfbtb,:ﬁﬁﬂﬁﬁﬁﬂﬁ“%ﬂbw”&ﬁﬁbﬁFOMP&%%ﬁ@Z
O@ﬁbﬁﬁkl@fﬁyivkimiﬁﬁnﬁﬁ.Tﬂh(llfﬁﬁbk?ﬁﬁFﬂﬁﬂ
0602252x10% £L, FhEROREOEEE \ath oORMEROFEKLCLHE
Adﬂ&%ﬁbf%ﬁﬁmﬁwmkﬂoko




Table 3.1
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contained inp the

Nuyclides and the Mat. £
file J1026J8D100

Shielding mat- Actinoide Detector elemenn.s *
Nuclide | MAT 4 | Nuclide | MAT 4 ;u:l!de MAT# | Reaction type |
H 1269 U-234 1043 Li—5 1271 | (n, a)
C 1274 U-235 | 1261 | Li—7 1272
1275 L-236 1163 B—lo* 1273 | {(n, a)
0 1276 U238 | 1262 | B-11* |1160
Na 1156 | Np—237 | 1263 | F 1277
Vig 1280 | Pu—238 | 1050 | Mg—24F | 1280 | (o p) ‘
Al 1193 | Pu-239 | 1264 | Al=27 | 6193 | (o, p)(n a)
Si 1194 | Pu—240 | 1265 | Fe—54 [ 6417 | (n p)
K 1150 | Pu—=241 | 1266 | Fe—56 | 6410 | (n, p)
Ca 1195 | Pu—242 | 1161 | Co-59 | 1199 | (n 1)
Cr 1191 Ni-58 | 6419 | (n p) |
Mb 1197 In—-115 {6416 | (n, n") :
Fe 1s2 ar¥ 1193 _E
N 1190 cu® 1295
Cu 1295 ca* 1281 '
Zr 1284 Au—197 | 1283 | (n, 7V l
_
Mo 1287
od 1281
Pb 1288
B—10 1273
B-11 1160

%k Nuclides with asterisk are the same as those listed in the shielding

material column .
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1) BNL—325 Third Edition-Vol 1| CHFHEFHEROCEILLHMEINTHLER.

{a) 4 o, O .

AT IR PARTCRW T A~y 220 A+ HAET, BHERS 1/ vIRIR&ECE

nEEELE. ThALL,

' T, |
‘o g f—- » i=ysoa f (411)
2 . T

o CHREEE20C TP 2200m s DR FIC T 5K ERDE

ai(new):

(BNL—-325 ko).
i=r: (n, 7 )RIEERTEFE
i=g: (n, a ) RIGETRTEHEF
i=f: (n, [ )RELEETRTEF
g 17 vRR&ELHOTRCHT LB ERS (Westcott ET LD )
T HRERE (ZZTIH293°K)
T, : BB (ZZTE293°K)

i

b) & :
el TR O, B MEANERE T AL ¥ — R EAERELRAD T, EA+LE
HABHECIEEINEVW, o7, HBER (bound effect) DAEMHEL 7.

Tabbh, A+1\z
as(new):(do)s. A } . (412)

=9 -
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10

g, SUPERTOG—JR CHERL A EMOE
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i=a: (n, o) RKEERTHRF
i=f: (n, f)RGERTRF
g = 1/vﬁfﬁﬂ*%@‘fﬂﬁﬁ?éﬁﬁ%ﬁ(Westcott BCL b))

¢ RACTROLINLHE

s (E)¢(E)AE
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2 0B P EM) EERL A

4.2 1 EGHMEHK

SR D B T B 2L AR B0 SE RV AR T O AR B T B AR O RS R E R

. EHEEHEL TWAEENDIROHERE DHEERTL > TEE 5.
ErEEARFERIEBARO L CBRNRE HEL A RPHERCENTRE ZHE
s 2B T bLACESYRE ERT S BHEOBIHKE (A5LONT, BBHRDOK

Erc%rra%ﬁ%ﬁ%ﬁ%ﬁbﬁﬁbmﬁﬁuﬁﬁ)nﬁm Fh®i, SHHOBPEFCHTL
EHE TR HBERAO ACEHERTF (f-factor )2 FRL T LD FHEABETROLLBE LS
5. '
%%%uﬁﬁ%ﬁﬁmﬁm,RAmmArwayz%AmﬁﬁiﬂtJAmu—&m;ms
M EERLT, HOBEBNTeMKLAZWMHEREROAL. TORBARDLEEN T
55, | |
f-factor ME FiL

£/ (e ) =—F 0 (421

1 —i
GO:—__%N-‘Gl (4.22)
N~ ! .
J

T,

£/ (o) HMi0 (o, x) RECHT D Ifactor, xiltotal

capture , fission & Lt elastic scattering® |b
-fﬂ
ci(e, ) B0 (0, x) RELOEBHER

x
i

Oy (o, =) : %0 (0, x)NLOEREREER

. N, B ORFHEE
j Tl EE i ORBENER
 HBEAEHCEENTHARE jUADPKEDS  DENEHRE jOR
FHEEN, THRLAME

JAERI—Fast SetiC#dd f—factori, (n, t)CBF5L . (0, y )T
ch.(n,f)Kﬁ?&ffklUﬁﬁﬁﬁﬂﬁféf;#%ﬁb,aOHIU%ﬁﬁﬁ

TCKIDBH TEbANTNE, TEbDL,

k4 0'0

s =f g +f ro +f +o to, to (4.23)
c . e e in n2n
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RADHEAT-V3v 27 aTH, (423)RACLIVETOKELCONT s EROKE, T
NLOES (422)RCRAL (421)RCALOED, o, PHNEMES 1 BHUACHE
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KT, 2oL TROLNAEFERE 8 POPOP4—JR &FEALT, #ROIKR Y
»=BERWERE RO .

POPOP4 3475 10t 1o0DEE, 1 DDREGLCONWTHEROAE 7T — 408 8&3INT
NBELDEBHDLDT, FNLOHRAL1IODF -2 2 RELESSE, TOBRFRELLT
"Wapstra & Gove DEFEROEBEMNOE | (#inz+k " oEERA) 25
HELATHFOAME AL ¥—DL EN{EQn, sp LPOPOP 45173 InbRAMAK
(n,r)ﬁmoQﬁ(ﬁﬁB_Tnull25%)&&%&Lt.Qhwﬁmﬁ%ﬁ<#o.
QEDLHEKENWEE AL T -2 2 HRALX. ,

4%, (n, 1 YMADP (0, a, v)s (n, p, r)FEOQTF—F1, EEO FETRER
L (n, r)RET—#LA—BREXAHRFE CRRL Tnd 7— 2 e HEHCRAL .
4%, XBEFTCHEPOPOP4 71 73 VOEACKEL TH

B—-11 k&,

Pu—240X U—-2380 F— % A,

Pu—241, 242ifPu—239 07 — 2 2 {{H,
Lk, NI OCL TRRLACK A » <HERT — 20 ID.- & £&B Table B.1 KL
F7g g
423 #Hr=BOEEOR

KT, Hy <~ BREEENERADHEAT-V3v 25 40 GAMLEG—JR »—7F >~ THER
Lz, ChidBEFESL*0RFCANGT AETREEEELN, AEBHCREFERED
{ Br—FrThHb,

e TcERLATAERZLRANWOW, Ay =BOWERC S LABYHROMERIEFES
NSBECHPATLOT, HHEDODEABDOR TRFEEFIKENBHEBLOEEIN TR WNRETT
semBTh e, Ay v BOBERDRIPAZBCHEINE, LrL, ARTHZKRAF ¥ <R
AR F— A CRBETABEDFRRENEELONDED T, BETECHBEAT 2> T,
424 HEHEH7 71N

HEDERECH > THERLAMBOZEARER Y »y I VEROZOORTESR, RFLL.
(774 ODEEARKAETEZK ]

@ Z7rAr% J1026-J8D120

MEF 10 OBROEBRAREER 7 7 1+J1026:IJ8D100 &~—CERL &, +

BF100B H>=B20R P, AUOHKA 7 7 14T, ¥R OEHRE Table 3.2

RT3 1BETH 5,

b 7r4r%g J1026+J85SD120G1

J1026-J8D120 774»&-—&7—.;&%:—I-'ANISN'CEE%E35&&56£9Kﬁﬂ

w# (Group independent) MEFIBLLAIDTHS.,

JSD120GI CIMLAMBIZ I 1HELENDT, 7y 1+ EXTDOEEERATDHLE
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T, CERASFIUCHEHEEHENT I AL CE, FECLELZHEOA2EJI1026
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Table 41 Compariscn bhetween new and old values of thermal
cross sections in units of barns
new value
old value
Nuclide| (n, y) (m a) (n, p) (n, £) (o, n°)
° 294200— 17 48516041
529673—1 204490+1
C 3.01000—3 557400
537363—3 472895
N 6.65000—2 1.60400 1.21680-+1
1.19024-1 288747 9.957004+0
o 23900014 : 424500
282525—4 3667285
Na 8.2420 —1 348400
847637—1 327226
Mg 55830 —2 370300
.00117—1 328507
Al 203800—1 1.60200
3.68368—1 1.33120
Si 1.41800—1 254975—1
236000 212497
K 1.86100 407700—3]452000—2 1.57800
333359 7.30212—-3{809557—2 216444
Ca 381100—1|8.69800—4 1.74800
6.32831—1{1.55750—3 298027
Cr 27470090 394700
492076 43420090
1.17860+1 217700
Mn
21110741 1.74404
Fe 226000 1.12930+1
406384 1.13325+1
Ni 392600 1.78950+1
725332 1.78641+1
335900 815000
Cu 601472 856480
1.63900~-1 654100
Zr 3.30198—1 617741
234900 592300
Mo
420661 50000
ca 21712043 57000
41017443 1.16993+1
Pb 1.50700—1 1.15110+1
2825566—1 1.11760+1
443100—11340045+3 502000—4 269800
B—10 |49 6.08960+4+3|898227—4 2039709
487425-—3 464132
B=11l 17937083 503600

X to bo read as 2.942X10
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Table 4.1 (Cont inued)
Nuclide (n, y) (n, ) (n, p) (o, ) (n, n
8880 ' 1L.21028+1
U234 00+1 _f
1.5336542 1.5336 541
U235 873820+1 503527+2|1.39177+1
1.65963+2 9.57334+2 |1.51938+1
U236 460840 9.54030
815656 944367
U238 239280 897495
429985 891692 |
' 1.49772+2 1.68380—2 17042941/
Np-237 , .
284669+2 279820—2 ({1.69093+1
Pu_238 484766+2 1.46227+1 120269341
" 908870+2 2.71086+1 (200710+1
23821842 6.90069+2 (7.76457
Pu—239 hl ) )
: 55324342 1.39739+3 |826727
5656 3+2 . -2 1155
Pu—240 2.5.6 + 265870—2 5 286
461753+2 9.20993—2 (343504
Pu—241 32613242 93328042 |1.10915+1
4 7.04351+2 1.71541+3 |1.10562+1
1.63952+1 8.06 630
Pu—242
u—z4 292927+1 832572
Li—é 248140—2 | 833053+2 9.80000—1,
6.11146—2 | 1.49219+3 7.21231—1
) 3.27904—2 137117
Li—7 )
55542 2—2 1L04980
¥ 841916—3 443213
1.50791—2 3929209
Mg—24
—27 -
Al—2 Because of threshold detector , these values
Fe=34 are same as from SUPERTOG—JR.
Fe—56 .
— 329676+1
© 59080641
Ni—58 " Because of threshold deteector , this value 1is
i—
‘ . same as from SUPERTOG—JR.
. T ;
Ine115 1.79018+2 |
263642+2 ;
8.7 I
Au—197 5592+1 ;
1.56580+2 g

L —15—



JAERI-M 6928

5 ¥ L ¥

EHRHHECANDL NABERE, ARIOKZCKETLIODTSE, TADL, #A
ME L OB PRFLIFIryr<RBoirr¥r—R 7 FrDEME TR E (IRFET A,
Ho T, ECOBEERCHATE 5L O RENANZERBEK « - b L—EHTRD 5
nEw. |

_BCHERAROFEEOS L€, MYA=A~<27 b v EEHEHEL TRO LA BEERDY
BAbhTnd., L, EBOESHECHELI(TR5cbCE, BHREREMATLE
HROkBLx ¥ —FHRCHTIEACERDREER L AERNEYFEROHLEL 2 b,
d7, KERORHTORES L FRIGBR TR B TR # » < G & FET B 2bCH,
R A~ BERKERE SAXTET « ¥ ~BRABOEDNA BT RO LEL 2D,

£% I RADHEAT—-V3Z B TERZHCEL TRELIAITERERLL, 4 1BOTR
COWTHEF1 008 P, U0 ERARKEREFRL £. K0T, TOHEREAN

TREBHAEEH, ERFETLC, 3 1EOHRCONWTHEFL O 0B - #r<H2 05

-Psﬁﬂﬂﬁﬁ%%ﬂﬁﬁﬁ%@ﬁbknCﬂ%@ﬁ%&ﬁSNﬁ%ﬂéFANHWFJE
TWOTRAN % 5\ (d DOT— NS & £ L5, WEDEBRBRGTERLE O BORIFHE,
AR ERBRE R AL C O EA T OCERINT WA, LAl ZZ THERLE
A EOHB AT CHHETEARRCEIRESS 50T, EF b R ERHERNE
BOEMERTELLOC, R ¥~ BERT — 2 HLCT N L OEMHE EEOERCH
nwheTF-FxatERR o LR .
éﬁaucna@ﬁﬁﬁoﬁﬁﬁ,FQMFJ%%wmﬁﬁﬁﬁ&ﬁur%&ﬁbfmao
Linl, SHOESHR T, COMOBENE» } OXSRRELGTTET, F(DH£D
BN EBTBRCRD bDTH D, OB HFEER € v b5 CHEEBITEECHA S
n, MEASSNEREBLTWARTREETS B,

b ) CABEBAERCSH% D RADHEAT o — Ny 27 aDKATF—4 7 7 1 » DEE

 CEsHERHCAEREWABLAG B FERCEHL 2T

BX XK
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7 START )
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Fig. A. 1 File sttucture of infinite dilution cross sectiomn.




JAERI-M 6928

Table A. 1 Notations used in Fig. A. 1

Symbol Notation

ING number of neutron energy groups (100)

ING1 number of neutron energy boundaries (101)
LORDER order of Legendre polynomial expansions
MATNO identification number of nuclides (same as

MATNO in ENDF/B--4 library)

NUC pumber of nuclides contained in the file
o, total e¢ross section

o, capture €ross gsection

o, fission ecross section

v neutron numbers per fission

EIR (n, p) reaction cross section

. {(n, a) reaction cross section

(n, y) reaction ecross section

nr

s, abserption cross section

O 2n (n, 2n) reaction cross secction

Tia inelastic scattering ¢cross section
o, elastic acattering cross section
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A2 ®B¥ (Group independent) 7 r A LORE
BRHCETLIHRET - # ~ROBBRUMERHERL) 1026+ F8D120GT CR&EL
e D77 4AMEANISNT — FTHERSADLRITC, x4+ ¥ -BBCHT L2 HmE
£ FTHO, 7rAr0OEHEFig A 2, EHROCP  OfEZ Table A 2 TR,
W, BHBEORSERDL Table 32 -7,

( start)

IGMNEW=1
NUC=1
-
-

PO components

Pl components

P2 c¢omponents

P3 components

P4 components

P5 componentes

NO

NUC>INUC

NUC=NUC+1

| xo

I GMNEW=-1 GMNEW+1

IGMNEW>120

Notes) [IGMNEW : Number of Lotal energy groups

INUC : Number of materials

Fig. A. 2 File structure of group independent cross

sections
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Table A. 2 Material and P —Position in the file
J1026«J8D120GI
Pos f1ion Material Pos fuion Material

1 WATER 97 PRESSURE VESSEL

7 SODIUM 103 SB42
13 GRAPHITE 109 ZIRCALOY—4
19 PARAFFIN 115 ORDINARY CONCRETE 1
25 POLYETHYLEN 121 ORDINARY CONCRETE 2
31 ALUMINIUM 127 HEAVY CONCRETE
37 AIR 133 SERPENTINE CONCRETE
43 IRON_ 139 CHRYSOTILE
49 COPPER 145 FUEL PIN (PWR)
55 CHROMIUM 151 FUEL PIN (BWR) -
61 NICKEL 157 FBR (INNER OORE) HOMD.
67 LEAD 163 FBR (OUTER CORE) HOMD.
73 2S—AL 169 DILUTION BLANKET 1
79 5541 175 DILUTION BLANKET 2
85 sUS27 181 B,C + AL
91 s8US 32
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Table B. | Material number and the ID. % in the POPOF4
library
Elements | z | ENDF/B~4 POPOP4 ID. NO.
MAT. NO.
H 1 1269 10101
C 6 1274 60102 60304
N 7 1275 70102 70301
[6) 8 1276 80201 86302 86601
Na 11 1158 113101 113301
Mg 12 1280 120101 120301
Al 13 1193 130103 130302
Si 14 1194 140104 140201 140301 1406901
K 19 1150 150102 190301
Ca 20 1195 200103 200301
Cr 24 1191 240104 240301
Mn 25 1197 250101
Fe 26 1192 266301 269102
Ni 28 1190 280104 280301
Cu 29 1295 290104
Zr 40 1284 400102
Mo 42 1287 420103
cd 48 1281 480102
Pb 82 1288 820102 820301
B—10 5 1273 50103 50201
B—11 5 1160
U—234 92 1043
U—235 92 1261 925101 925301 923806
U—236 92 1163 926101
U—238 92 1262 928112 925806
Np—237 93 1263
Pu—239 9 4 1264 925101 925806
Pu—240 9 4 1265 928112 925806
Pu—241 94 1266 925101 925806
Pu—242 94 1161 928112 925806
Li—6 3 1271
Li—7 3 1272
F 9 1277 90102
Mg—24 12 1280
Al-27 13 6193
Fe—54 26 6417
Fe—56 26 6410
Co—59 217 1199
Ni—58 28 6419
In—115 49 6416
Al 13 1193 130103 130302
Cu 29 1295 290104
Cd 48 1281 480102
Au~-197 79 1283

=24
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Note; ID No.used in the POFPOP4

or six(6) digits-

library has

five{ﬁ)

They indicate the following meaning

X X

X
\K ; Arbitrary number

Reautlon types (0

1
Last digit of produced 2
nuclide mass number 3
{8 for U-238) 44
5
Atomic number 6
7
\ 8
ﬁ-25“:

cont inuous

(n,
{ n,
(n,
{ n,
( n,
(n,
(n,

(m,

y) non fission

a )

n, 1)

2n’, 1)
307, 1)

a 1)

Py )

y) fission

speg¢trum
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Table B. 2 Comparison of total gamma-ray energy released
by neutron capture and the binding energy of
captured neutron
% 2) * 3) % 1) . l
%) Effective | CalenlatedMeasured POPOP4 Library :
El ement Z A o, ., 8t | Qvalue|QValue ) 1
(amu) | 22000m%s 1 (MeV) | (MeV) ID.% |photen | Er0MeV) |
(barn)
H 1| 100783 0.332 2.2246 10101 | L.00C 2.230
D 1] 201410 0.00053 6.2576 12101 | 1.00 6.000
T 1| 3.01605! <6.0x10 | —2.8979 13101 | 10O 6.240
. 30101 {259 8908
Li 3 6940934 | 0.03622 23813 | 0917113 -
30102 ! 1.00 7.200
40101 [ 207 9.097
Be 4| 9.01218] 0.0092 6.812 6.65267 40102 1 1.25 6.803
40103 |1.27 6.540
10 50102 | 1.45 6.640
B 5(10.01294] 0.5 114560 | 2.30617
50103 | 1.97 11029
60101 | 1.25 4.899
C 611201114] 0.003374 | 49552 | 331315 60102 | L.30 4.950
60103 |1.00 4000
' 70101 1 0.096 0.475
N 711400671 0.07474 | 10.8337 [10.3573
. 70102 | 216 10.862
YN 7 114.00307| 0.0750 10.8337 74103 | 1.87 10.920
' 4733686 90101 | 7.44 14.040
F 9 | 18.99840| 0.0095 6.6013
(6.34738) | 90102 211 ‘ 8160
T
110101 | 1.88 1 6240
7.35996 :
Na 11 | 2298977} 0.9 6.9594 110102 |1.88 6.233
(10.2666) 1
110103 |5.11 11.720 |
23 113101 1357 6.873
Na 11 |2298977| 0.9 6.9594 | 7.35996
113102 {446 11.228
120101 | 227 5715
Mg 12 | 2430505 0.06302 83208 | 4.98789
120102 [1.14 4501
130101 |1.75 7.303
130102 |6.40 1L787
130103 |265 9.180
3.99380
Al 13 126.98154] 0.230 7.7255 130104 | 177 7450
(5.56235)
130105 [1.68 7.279
130106 |277 9.200
130107 [6.00 10.970
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1) | %2 %*3) ¥ 4) POPOP4 l.ibrary :
7 A Effeect ive | Calculated| Measured ) :
Element Z Tar | Q-Value |Q—Value %3 ‘
Cama) | FELONS (MeV) | OBV) ID. % | photon | Er(MeV)
57 ‘ 137101 | 211 6.053
Al 132698154 0.230 7.7255 399380
137102 | 2.12 7099
140101 | 226 | 9287
140102 | 263 | 10301
914578 | 140103 | 2.28 9305
8i 14 | 2808581 0.17318| 85974
(9.30172) | 140104 | 217 9.041
140105 | 2.34 9575
140106 | 2.97 6753
P 15| 3097376 0.18 7.9363 691110 |150102 | 5.74 10.396
ip 15| 30,.97376/| 0.18 7.9363 691110 |[151101 | 4.36 11.342
160101 | 2.58 8381
. 160102 | 2.00 7.909
) 16| 3206410 051836 | 86126 6.50917
160103 | 201 - 8115
160104 | 295 8590
170101 | 2.20 7.855
170102 | 252 9510
Cl 17| 3545274 33.1138) 85730 529182
' 170103 | 2.46 9.385
170104 | 3.01 9.645
190101 | 2.07 5843
453997 | 190102 232 7.526
K 19 29009758 1.92803! 7.7876 '
(4.57365) | 190103, 2.32 7472
100104 | 3.86 9976
| 200101 | 5.28 11778
200102, 258 8216
Ca 201 4007799 042161 83562 488957 :
' , 200103 | 261 8473
200104 | 4.33 12244
_ ' 411005 - I
Se 21| 44.95592| 53.0 87670 | (yiase0) | 210101| 255 7.393
2201011 238 | 1661
2901021 2,31 | 8765 |
Ti 22| 47.87444| 6.04551| 82766 896105 : 4
220103 2.31 8.623
N J
_ 220104 | 3.34 8.834
v 23| 50.94147| 49328 | 7.4435 (?gggig) 230101 | 3.30 8.820
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JAERI -M
A*l) attoe X2 Caleulaty Moascroh POPOP4 Library |
Element Z 6, ., At Q—~Value |Q—Value
{a.m.u) %%g?r:)/s (Me V) (MeV) 1D 7 phot*oxﬁl) Ey(MeV)
240101 | 0.90 0.432
Cr 24 | 51.99593 | 3.06345 |9.2330 7.51986 240102 | 227 SBT9
240103 | 2.27 7.185
240104 | 187 6.227
Mo 255493805 | 133 |72704 | 22E900 | 250101377 | 8890
“Mn " 25| 54.93805| 13.3 7.2704 5.12309 2551011 250 5.358
260101 | 1.94 7.040
260102 | 1.35 7.459
| 260103 | 1.35 7.452
Fe 26 | 5584731 | 259954 |7.7797 | 6.32581 | 260104 | 250 7373
| 260105 | 1.35 7.394
260106 | 1.35 7.480
260108 | 2.50 7.260
S _ 269101 | 1.41 7.785
269102 | 1.41 7.793
Co 27 | 5893319 | 37.0 7.4916 | 410500 | 270101 207 6.000
00— | 27| 5893319 37.0 74916 | 410500 | 279101 | 1.95 5.061
| 280101 | 1.19 6.253
| 280103 | 1.12 7773
Ni 28 | 5872843 | 441582 |8.5673 | 846137 | 280104 | 1.12 7.830
280105 2.67 9.595
280106 | 1.44 8.497
290103 | 1.59 7.910
290104 | 1.60 7.931
506395 | 290105| 1.53 7.849
Cu 29 | 6354703 | 3.79549 |7.7693 .
(5.98141) | 290106 159 7911
290107 | 207 7.198
290108 241 7.955
| , 300101 258 9.149
Zo 30 | 6540036 | 109249 | 80785 | 331093 | 300102| 256 9.135
300103]| 410 8.870
485186 | 310101 170 1675
Ga 31| 69.72523| 293024 | 6.9156
(593951) | 310102| 0.91 4336
As 33| 74.92160] 43 7.3282 (gzgggggg) 1330101 0.70 3.280
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*1) 2k 2} sk 3) £ X)) POPOFP4 Library
A Effective | CalailatedMeasured )
Element Z %o,y at Q—ValuetQ—Value * 5)
(aomu) | 2008 | (MeV) | (MeV) ID. 4 | photon | Er(MeV)
Se 34 77.9930 | 123068 | 82681 | 1.69496 340101 1.03 5110
Br 35 | 809073| 69935 | 7.8208 |(3311930, | 350101 126 6132
Sr 38 | 87.6462! 1.2662 |10.8998 | 510874 380101 1.34 6.950
Y 39 | 8890587 | 128 6.8600 | 564749 390101 | 209 6.390
100101 | 1.84 4133
Zr 40 | 91.22375 | 0.22159 | 7.8130 | 1L.56085 .
400102] 1.52 6.940
410101 0.68 2032
Nb 41 | 9290638 1.15 72289 | 0.376237 | 410102 2.86 7.239
4101031 2.86 7.237
*'Nb 41 | 96.90810 59769 410101 130 1.745
—
420101 157 2787
Mo 42 | 95886305 ] 27266 | 89092 | 1.20961 4201021 268 6.118
420103 | 358 8.783
Rh 45 [ 10290551 | 150,00 | 695997 |(3557952, | 450101 299 5.585
Ag 47 | 107.8779 | 632693  6.9466 |(337785,y | 470101 331 7.225
AR0101 | 185 7.821 !
Cd 48 111243405 | 243485 | 90396 | 1.58458
_ 480102 | 4.14 8485
In 49 | 1148193 | 193801 | 67801 |(J39833)y | 490101 | 417 7.095
500101 | 612 12.950
Sn 50 118.7472 | 0.65080 | 89680 | 0.349114
500102 | 0.80 1613
. 177400 = £Qan
Sb 51 | 1217590 | 54381 | 66927 i(§377438, | 5101013355 5845
Te 52 | 127.6395 | 45486 89048 | 1.05057 520101 | 0.58 . 0290
1 53 [126.90448 | 6.2 68254 | 23248680, | 530101 149 | 3350
Cs 55 113290544 | 31.5 6.8007 | 0.366946 | 550101 | 1.32 4170
560101 | 256 | 7.299
. 560102 | 256 7.233
Ba 56 |137.32473 | 65401 | 84556 | 231980 -
560103 | 2.56 7.295
560104 | 0.91 3.962
La 57 {138.9055 9.1461 | 52227 | 182814 570101 | 0.77 | 2382
8 : : (L87133) ;
Pr 59 114090770 | 115 58437 | 0673574 | 590101 |042 1.840
Nd 60 |144.22348 | 49.9374| 75671 | 170547 600101 | 1.05 0525
620101 | 477 7.990
Sm | 62 15027179 | 5849.03| 7.9636 | 0954408 _
620102 | 219 1.581
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| ®i) *k2) % 3) %k 1) POPOP4 Library
B A Effective | Calculated [Measured
Element | Z Ty at Q—Value |Q—Value )
(amu) | ZOOME T (MeV) | (MeV) ID. # |photon | E,(MeV)
L 0.774954 | 630101 { 435 6.340
Eu ;63 |151.59507| 4627.51 | 63115 ‘
(0.800833): 630102 ; 431 8180
] 640101 | 0.78 0.938
Gd | 64 [157.25684] 49007.6 | 80421 | 0444377 F
640102 | 468 8.209
153 ‘ - 645101 | 1.95 1376
Gd 64 [154.92263| 610000 | 85307
: 645102 | 0.75 1159
Piqq | 64 15692397 | 254000, | 79307 647101 | 146 7.854
 Tb | 65 15892538 | 2550 | 63617 | 0.0152958 | 650101 | 0.07 0.035
' ] 860101 |351 6.950
' Dy 66 |16249434 | 945708 | 61020 | 0.849535
| 660102 | 1.14 1734
Ho |67 |164.93036 | 66.5 6.2427 | 0.0637168 | 670101 | 232 5.835
Er | 68 |167.25476 | 156.7479| 7.7532 : 0.631400 | 680101 | 6.20 11585
T | 69 [16893425 1 103.0- | 65937 | 0103236 | 690101 | 229 5.9 90
Hf |72 [17849572 | 982006 | 7.i506 | 0.559292 | 720101 | 424 7.775
730101 | 362 6.320
Ta 73 [180.9479 | 21.0840 | 6.0692 0.199385
730103 | 3.6 2 6.320
Mipa - 73 |180.94803 | 210 6.0627 731103 | 086 | 0.866
740104 | 0.95 2214
: o 101872 .
W | 74 118372215 | 182022 | 58556 740111 337 6.309
(1.19328)
740112 | 278 6.105
‘Re 75 11862134 | 881822 | 6.0183 00576149 | 750101 | 3.36 6.160
Ir |77 |1921021 |4269341 61774 (3889342, | 770101312 6431
: 780101 | 3.26 6.305
Pt 78 |194.85032  10.0246 | 7.7442 | 104090
780102 | 1.22 2491
Au | 79 |196.96655 | 983 65127 |(143898y | 790101308 7368
800101 | 2.34 5690
He | 80 120080899 | 345303 | 80055 | 433214
800102 | 3.98 9575
TI | 81 |204.38380 | 33378 | 6.6525 | 1.53056 | 810101 | 1.38 6.760
820102 | 1.00 7325
Pb | 82 {207.20476 | 0.17418 | 7.3043 | 698265
'i 820104 | 100 7860
'20 .
Py 82 20397305 0661 | 67347 824101 (171 | 6806
[ !
| 830101 | LOO 4000
' Bi |83 [208.9804 |0.033 45977
| 830102 | 1.29 4197
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JAERI-M 6928

-‘[ ]
‘ i | k1 3k 2) %3) Tkl POPOP Library
‘ ' i A Effective Caleulated | Measured
 Element | Z | g v at Q —Value Q—Value %9)
| | (a.m.u) %%angi (MeV) |(MeV) |1D. f |photon Ey(MeV)
Th | 90 | 23203807( 7.4 47867 900101, 3,44 5462
| ? 97 1239.59365| 7.00344 51712
238 i :
S P92 123805082 2.7 48027 9281021 0.85 1.341
‘ Np j 93 i 930101 796 19720
1237 [
‘j P | 93 1237048191 169, 5.4797 937101 1.27 2706
| Pu 94 940102 6.11 19925

%1) Mass (a.m u)weighted by natural abundance

4=SA W /IW

) i

A :Mass (a.m.u) of isotope i (7 =1200000)

W :Natural abundance of isotope i
1

With regard to A, , refer to the reference (14)

%2) Neutron capture cross section (at veloeity = 2200 m7s ) weighted

by natural abundance

,./W\ W\
o B ) D)

A/

(o ) :Neutron capture cross section of isotope i given
noay i

in BNL—-325.

*3) QValue weighted by atomic pumber density of each isotope and its

neutron capture cross section

r

Calculated Q—Valueiz(o v).'[ ) -Q./Z(on ) e
1 T ANV | ' : : 0o M i

Q. :Q-Value of isotope i defined in the reference (14)
%4) Refer to the references (15) and (16)

%5) Numbers of phoions released per neutron capture reaction
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