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Revision of Fast Reactor Greoup Constant Set JFS-3-J2
%
Hideki TAKANO and Kunio KANEKO

Division of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai~-mura, Naka-gun, Ibaraki-ken

{(Received September 12, 1989)

To improve the fast reactor group constant set JFS$-3-J2 to be
applicable for high burnup reactor calculations, group constants for
155 fission product nucliides and the lumped group cross sections for
four mother fission isotopes of U-235, U-238, Pu-239 and Pu-241 have
been generated. Furthermore, the group constants for higher actinides
such as Am and Cm have been produced on the basis of the JENDL-2
nuclear data, so as to be able to use for TRU-transmutation calcula-—
tions. Benchmark test of this revised set has been perfiormed by
analysing the 21 fast critical experimental assemblies.

Benchmark calculation system based on one-dimensional Sn-method
has been developed to investigate the accuracy of one-dimensional
diffusion calculations. Significant difference between the results
obtained with the diffusion and transport calculations was observed

for small cores and the assemblies with iron or nickel reflector.

Keywords: Group Constant, Fast Reactor, J¥FS-3-J2, High Burnup,

Calculation
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Table 1 One hundred fission preduct nuclides of JENDL-2

Agl07
Cd1l1l
Cs133
Gd155
Kr083
Mo096
Nd145
Pd108
Rul01
Smlé47
Sr087
Xel33
Zr093

Table 2

As075
Dy161l
Kr(082
Prl43
Se080
Sr089
TelZ%m

Agl09
Cd112
Csl35
Gd1i56
Kr(84
Mol}97
Nd1l4é
Ld110
RulO2
Sml48
Sr088
Xel34
Zr094

Bal34
Cdl13
Csl37
Gdls7
Kr085
Mo098
Nd148
Pml147
Rul03
Sml49
Sr090
Xel3b
Zr095

Bal35s
Cdlls
Eul51
Gd158
Kr086
Mo100
Nd150
Prlsl
RulQ4
Sm150
Th159
Xel36
Zr096

Bal36
Cdl1é6
Eul52
Gd160
Lal39
Nb093
Pd104
Rb0O85
Rul06
Sm151
Tc099
Y89

Bal37
Celd0
Eul53
Inllb
Mo092
Nd142
Pd105
RbO87
Sb121
Sml52
Tell28
Zr0%0

Bal38
Celd?2
Eulb4
T127

Mo094
Nd143
Pd106
Rh103
S§bl123
Sml54
Xel3l
Zr091

Cd110
Celdd
Eul35
1129

Mo(95
Nd1l44
Pd107
RulOQ
Sb1l24
5r086
Xel32
Zr092

Fiftyfive fission product nuclides taken from ENDF/B-V

Bal40
Eul5é
Lal40
Rb0O86
5e082
Th160
Tel30

BrO81
Ge(073
Mo099
Rh1O5
5nl1l7
Tell2
Tel32

Celdl
Ge074
NbG95
Sb125
Snlls
Tell3
Xel28

Celd3
Inll3
Nd147
SblZ6
Snll9
Tel24
Xel29

Csl34
130

Pml48
Se76
Snl120
Tell5
Xel30

Cs136
I131
Pml48m
Se077
Snl22
Tel26
Y091

Dyl160
I135
Pml49
Se(78
Snl24
TelZim



Table 3 <Characteristics of the fast critical assemblies

PU-FUEL CORES

JAERI-M 89—141

ASSEMBLY N8/N9 CORE VOLUME(1) HARDNESS INPEX
VERA-11A 0.05 - 12 1.60
ZEBRA-3 8.5 50 5.14
SNEAK-7A 3.0 110 ¢.679
ZPR~3-53 1.6 220 0.369
SNEAK-T7B 7.0 310 0.801
ZPR-3-50 4.5 340 0.416
ZPR-3-48 4.5 410 0.645
ZPR-3-49 4.5 450 0.753
ZPR-3-56B 4.5 510 0.698
ZPR-6-7 6.5 3100 0.499
ZPPR-2 3.5 2400 0.50
MZA 3.9 570 0.775
MZB 5.8 1800 0.543
FCA-5-2 2.3 200 1.06

U-FUEL CORES

ASSEMBLY
VERA-1B
ZPR3-6F
ZPR-3-12
ZPR-3-11
ZEBRA=2
ZPR-6-6A

N8/N9
.07

o W = O
. . . . .
L Y s I

CORE VOLUME(1)

30
50
100
140
430
4000

1

o o o~ = B

HARDNESS INDEX
.01
.93
.20
.63
.573
.5322
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Table 4 Correction factors applied to the Keff calculated
by one-dimensional diffusion theory

No. ASSEMELY FUEL 1D to 2D TRANSPORT HETERC TOTAL EXPERIMENT
1  VIRA-11A PU  0.0035 0.0472 0.0 *  0.0507 1.00

2  VERA-1B U 0.0038 0.0237 0.0 * 0.0275 1.00

3 ZPR-3-6F U  -0.0028  0.0192 0.0 * 0.0164  1.00

4  ZEBRA-3 PU  -0.0006 0.0126 0.0 ¥ 0.012 1.00

5 ZPR-3-12 U  -0.0009 0.0099 0.0 *  0.009 1.00

6 SNEAK-7A  PU  0.0061 0.0120 -0.0045 0.0136 1.00

7 ZPR-3-11 U 0.0001  0.0060 0.0 ¥ 0.0061 1.00

8 ZPR-3-53  PU  -0.0150 0.0087 0.0230 0.0167 1.00

9  SNEAK-7B PU 0.0042 0.0047 -0.0021*%  0.0068 1.00
10 ZPR-3-50 PU  -0.0133  0.0056 0.0220 0.0143 1.00
11 ZPR-3-48  PU  -0.0009 0.0064 0.0183 0.0238 1.00
12 ZEBRA-2 U -0.0007 0.0033 0.0 * 0.0026 1.00
13 ZPR-3-49 PU  -0.0139 0.0068 0.0158 0.0087 1.00
14  ZPR-3-56B PU  -0.0166 0.0065 0.0102 0.0001 1.00
15  ZPR-6-7 PU  -0.0020 0.0016 0.0166 0.0162 1.00
16 ZPR-6-6A U  -0.0013  0.0013 0.0073 0.0073 1.00
17  ZPPR-2 PU  0.0003 0.0024 0.0175 0.0202 1.00
18  MZA PU  -0.0196 0.0075 0.0140 0.0019 1.0108
19 MZB PU  -0.0186 0.0036 0.0123 -0.0027 1.0040
20 FCA-5-2 PU  —0.0150 0.0044 0.0151 0.0045 1.00

* The atom densities and sizes were adjusted to account for heterogeneities.
#% Includes corrections for cylindrization, actual control rod position,
and heterogeneities.
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Table 5 Experimental data of reaction rate ratios

ASSEMBLY F8/F5 F9/F5 FO/F5 C8/F5 C8/F9

VERA-11A 0.102 1.18 0.475 0.158

VERA-1B 0,086 1.200 0.399 0.135 0.122

ZPR-3-6F 0.078 1.220 0.530 0.104 0.085

ZEBRA-3 0.0461 1.190 0.373

ZPR-3-12 0.047 1.120 0.123 0.110

SNEAK-7A 0.0448 1.016 0.1376 0.135

ZPR-3-11 0.038 1.190 0.340 0.112 0.094

ZPR-3-53 0.0254 0.928 0.174

SNEAK-7B 0.0330 1.012 0.131 0.129

ZPR-3-50 0.0251 0.903 0.159

ZPR-3-48 0.0326 0.976 0.243 0.138 0.141

ZEBRA-2 0.0320 0.987 0.237 0.136 0.138

ZPR-3-49 0.0345 0.986

ZPR~-3-56B  0.0308 1.028 0.282

ZPR-6-7 0.022 0.9425 0.132 0.140

ZPR-6-6A 0.0241 0.1378

ZPPR-2 0.0201 0.937 0.170

MZA 0.03366 1.0134 0.2599 0.1314 0.1297
MZB 0.02256 0.9488 0.1919 0.1351 0.1424
FCA-5-2 0.03960  1.1040 0.1400 0.1268

Note: The experimental data of VERA-11A VERA-1B were taken
from Ref. (15). The data of ZPR-6-7 and -6A were
taken from Ref. (16).
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(B}

573 — 5220

C

Kr83——“>Kr8425w Kr85m

N KBS — Kr86 — Kr87 — Kr88

Rb85 — RbEH6 Rb87 —= Rb88
Y89 £ Y90m
! Y30¢g
Sr80 —— 5r81
Zr8l —= 7r92 -~ 72r93 — Ir%4—— 7r395

Mo88 — Mo8S

Mo8'’

Mo2g

Mo25

2r896 —= Zr a7

Mol 00 Mol01
Te88 —— Tc100
Rul0Q0 — Rul0]l — Rul0Z2 —Rul03d

Rh103 —= Rh104

Rut04 Rul0b

Pd104 — Pd105 — Pd108 =18 py107m

Q

™ Pd107g — Pd108 L2 P4109n
)

"\ Pd109g
Rh105 — Rh105
0.05

AglOQ '5\—“‘ AgllOm

T8,
&\‘AQIIOQ

Fig. 1 Capture chains used in the DCHAIN code



17

18
18

20

21

22
23
24
25

28

27
28
29
30

31

JAERI-M B89—141

Cdl1l ——-—Cd1123'° Cdl13m

o

Cdl113g—=Cd114 T2 Ccd115m

Inl113 ——Inll4d

Inli5 Inlls

0.008

Sbl?lo Sbl22m

N 8b122g

Telpp 2%
o

Tel23m
Tel23g
Sb123 —= Sbl24

Tel25 —=Tel28

1127 — 1128

1128 — 1130

0.123

Xeld0 S Xeldlm
Xeldlg—= Xel32
5133 —=Cs5134—Cs5135—Cs136

Xeldb —— Xel 36
Bal 38 —= Bal 39
Laldg —— Lal40

Bal40 — Bal4l

Fig. 1 (continued)

N cd115¢
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32 Celd) — Celdl
33 Celd? —= Celd3 -
34 Celd] —=Cel4?2
35 Prl4l ‘;'3‘2 Pri42m
Prid2g
36 NQ143 —= Nd144 —= Nd145 —= Nd] 46 —= Nd147
37 Celds — Celd5s

38 Pr143 — Prlddg

39 Pm147 % Pml48m
Pml48g —=Pml 48— Pml150

40 Smid7? —~—= Sml 48

Sml 49 —— Sml 50 —= Sml 5] —= Sm152 Smid3
4] Sml154 — Sml1 55
Euld2n

EulSZm

Euid2g —Eul53 Eul54g — Euld5 ——= Eul56 — Euld7

43 Gd155 —— Gd158 —~ Gd157 — Gd158 — Gd15¢

44 Tbl59 — Tb160

Fig. 1 (continued)
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