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‘Analysis of JUPITER Phase II Experiment (I-D)*

Analysis of ZPPR-13A Experiment and
- Reevaluation of Reaction Rate Distributions -
 in ZPPR-10 |

RN

by Kazuo Azekura¥*¥
y - _ ) Atsushi Zukeran**

Abstract
In relation to a'radially-hetefogeneous fast reactor
critical experiment ZPPR-13, its éxperiment plan has been
studied and preliminary study for ZPPR~13A has been per-
formed. Reaction rate distributioﬁs in ZPPR-10 have been
reevaluated. |
i) As a result of reviewing ZPPR~13 experiment plan,
some additional eiperiments have been added to
ZPPR-10A and 10B experiments. BAxially heterogene-
ous fast reactor critical experiments have bheen

suggested.

ii) Fundamental data of ZPPR-13A such as core dimen-

sions and ‘atomic number densities have been decided.

»

A cell calculation model for ZPPR-13A analysis has

—4

been suggested.

iii) Reaction rate distributions in ZPPR-10 have been
reevaluated by correcting for effects such as cell
asymmetry and shim rod effects. The systematic

difference in C/B-value between z- and y-axes has

* Work performed under contracts between Power Reactor and
‘Nuclear Fuel Development Corp. and Hitachi Ltd.
** Hitachi Ltd.




been reduced. Instead, the spatial dependency of
C/E~values has become more appreciable compared to
previous analyses. Froﬁ'these C/E-values, calculaf
tional error of power distribuﬁions in lérge fast

reactors has been estimated to be about 7%.
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Table.21 Plan of JUPITER Phase Il Experiment (U.S.Draft)
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Table.22 Learge Heterogeneous Core Criticel Experiment ZPPR—13 (General Work Plan)
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Table.23 Large Heterogeneous Core Experiment ZPPR—13
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Fig.24 Fuel Loading Maps of ZPPR-13 Cores for Radially Heterogeneous Fast Breeder(U.S. 2nd pro.)
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Table 3.1 Number of Drawers per Half

Region No. of Drawers Comments
Central Internal Blanket 96
lst Fuel Ring 204 SCF L= 56, DCF 2 = 148
1st internal Blanket Ring 200
2nd Fuel Ring ‘ 412 SCF = 116, DCF = 296
2nd Internal Blanket Ring 312
3rd Fuel Ring 824 SCF = 228, DCF = 596
Outer Radial Blanket 804 Low Na Density Drawer = 304
Radial Reflector : 844

*1 SCF = Single Column Fuel Drawer

*2 DCF = Double Column Fuel Drawer

Note: All special drawers were counted as normal drawers.
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Table 3.2

SCF Core Section

Examples of Region Average Atomic Densities (1024 atoms/cc)

i ti
Wucleid Whole Fuel Repg. 1lst Fuel Ring 2nd Fuel Ring 3rd Fuel Ring Whole FR+SD2) ANL 1) Values in ( ) sre ratios relative
5 to Whole Region Values,
239Pu 8.90317-4 (0.99997) (0.99969) (1.00018) (0.99951) {0.9995)
* 8,90287-4 8.90041-4 8.90474-4 8.89885-4 8.899-4 2) Special Drawer
N 9.27950-3 (1.00000) (1.00000) {1.00000) (0.97190) (0.97192) 3) Except Quter Radial Blanket
a * 9.27950-3 9.27950-3 9.27950-3 9.01871-3 9.0189-3
F 1.30515-2 (1.01247) (1.01245) (0.99027) (0.99254) (1.00611)
e * 1.32142-2 1.32140-2 1.29245-2 1.29541—2 1.31313-2
DCF Core:.Section Radial Reflector
Nucleid Whole Fuel Reg, lst Fuel Ring 2nd Fuel Ring 3rd Fuel Ring Whole FR+SD2) ANL . Nucleid Present -ANL
2389 1.76771-3 £1.00204) (0.99976) (0.99960) (1.00000) (0.9999)
Pu * 1.77131-3 1.76729-3 1,76701-3 1.76771-3 1.7677-3 Fe 5.55865-2 5.87994-2
- 8.85932-3 (0.99985) {0.99986) (1.00010) (0,99491) (0.99494)
2 : 8.85801-3 8.85810-3 8.81423-3 8.81423-3 8,.8145-3 " Cr 1.55710-2 1.35216-2
Fe 1.81109-2 (0.99874) {0,99616) (1.00223) (1.00100) (1.00275)
: 1.80880-2 1.80414-2 1.81291-2 1.81291-2 1.81607-2
Lower Blanket
Nucleid Whole BlanketS) Cent. Bl lst Bl. R. 2nd Bl., R. Inner Rod Bl. Outer Rod Bl Whole B1+SD2) Quter Rod Bl+502) ANL
238U 1.32511~2 (0.99332) (0.99370) (0.99684) (L.00557) {0.98971) (0.99812) (0.98959) (0.99598)
* 1.31706-2 1.31676-2 1.32092-2 1.33249-2 1.31148-2 1.32262-2 1.31132-2 1.31978-2
Na '4 232353 (0.99844) (1.00005) (0.99865) (1.00109) {0.91.806) (0,994801 (0.91669)' (0.9778)
* 4,22573-3 4,23258-3 4,22664-3 4,23695-3 3.88555-3 14.21033-3 3.87974-3 4.,1382-3
Fe 8.75461-3 (1.00615) (1.00308) (1..00043) (0.,99736) (1.00935) (1.003073 (1..00990) (1.00451)
- 8.3053653 8.28003-3 8.25813-3 8.23280-3 8.33182-3 8.27999~3 8.33634-3 8.2918-3
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Table, 4.1 Sy Mesh Size Effect on 233U(n,f) Reaction Rate

Distribution in One-Dimensional System

Column Reaction rate
Drawer =
number Average Center Difference (%)

49 1.0000 1.0000 —
48 09985 0.9985 000
47 09956 09956 000
46 09913 06913 0.00
45 02855 09855 000
44 09783 09783 0.00
43 09696 02696 0.00
42 09596 09595 000
41 09481 09481 0.00
40 09353 09353 000
39 09211 09212 0.01
38 09058 ‘ 05057 0.01
37 088893 08892 —0.01
326 08720 08720 000
35 08548 0.8547 —0.01
34 08393 08390 —0.04
33 08302 : 03294 —0.09

0.c 32 08460 08410 —059
31 | Double " 0.8982 09124 158
30 07694 07611 —1.08
29 Double 06941 0.7¢56 166
28 04685 04680 —0.11

R.BL 27 02440 02372 —2.79
26 01306 01285 -1.61
25 0.0740 00730 —135
24 00430 0.04 25 —1.11

¥ Relative difference of.”sU(n,f) reaction rate distribution
between two calculation methods

¥%¥ Double fuel column drawer



Table .42 Comparison of Interpolation Factors for

®¥pu(n,f) Rate Distribution along X-Axis

Interpolation factor
Foil location Drawer
Conventional Present Ratio
149,747 1001 1.001 1.000
46 A 1.000 1,000 1.000
45 1.000 1000 1000
¥ %
44 Double 1001 1.002 1001
43 1000 1000 1000
42 1000 1000 1000
41 1,001 1.001 1000
40 1J . 1.000 1.000 1000
39 1.000 1.000 1000
38 Double 1.001 1,002 1001
37 1001 1.001 1.000
36 1001 1.001 LOOOI
35 1001 1001 1.000
34 1001 1.001 1.000
33 v 1000 1.000 1000
CRP . 32 - - -
31 — -— -
30 — — —
0.C 29 A 1.002 1.001 0999
28 1.002 1.001 0999
*H X )
27 IJ PurAl 1011 1007 0996
26 1.004 1003 0999
25 ' 1.004 1.004 1.000
24 1005 1.006 1.001
R.BL 23 T —
22 EF —_—
21 t —_
20 -

% PFactor by present method factor by eonventional method
¥% Double fuel column drawer

¥¥% Pu+Af spike fuel drawer




Table .43 Comparison of Interpolation Factors for

28515(pn,f) Rate Distribution along X-Axis

Interpolation faetor
Foil location Drawer
Conventional Present Ratio’
149747 1.001 1.002 1.001
46 A 1.001 1.000 0.999
45 1.000 1.001 1.001
* %
44 Double 1.000 0999 0999
43 | 1.000 1000 1000
42 1.001 1.001 1000
41 1.000 1.000 1.000
40 IJ 1.000 1.001 1.001
39 1.001 1.001 1.000
38 Double 1.000 0999 0999
37 1.001 1001 1000
36 1.001 1001 1.000
35 1.000 1.001 1.001
34 1.000 1.000 1.000
33 v 1.000 1000 1.000
CRP 32 — - —
’ 31 - — —
30 - - -
0.C 29 1.004 1.004 1000
28 1.003 1.002 0999
%X ¥
27 1J PusAl 1.003 1.006 1.003
26 1.003 1.003 1.000
25 1.004 1.004 1.000
24 1.005 1.005 1.000
R.BL 23 0.985 0.986 1.001
22 EF _ 0981 0982 1.001
21 L 0980 0982 0998
20 0.993 0.983 0990

% Factor by present method/factor by conventional method
#% Double fuel column drawer

#¢ PuvAl spike fuel drawer




Table .44

Comparison of Interpolation Faetors for

%57(n,f) Rate Distribution along Y-Axis

Interpolation factor

Foil location Drawer .

Conventicnal Present Ratio
149,47 * 1.001 1.002 1.001
148 1J 1.001 1.001 1000
147 1.001 1.001. 1000
146 -1.000 1.000 1.000
145 CH 1.000 1.000 1.000
144 \ 1.000 1.000 1.000
143 10060 1000 1.000
142 1000 1.000 1.000
141 1.001 1.000 0999
140 1.001 1.001 1000
139 1.002 1.002 1.000
138 1.001 1.001 1.000

%

137 Double 1.000 1.000 1.000
136 1.000 "1.000 1.000
135 1.001 1.001 1.000
134 1J 1.000 1.000 1.000
133 0.999 0999 1.000
132 1.000 1,000 1.000
131 1.000 1.000 1.000
130 1001 1.001 1.000
129 1.002 1.001 0999
128 0.C 1.002 1.002 1.000
127 1.001 1.000 0.999
126 o 1.001 1.000 0999
125 Pu=Al 1.000 1.002 1.002
124 1.001 1.000 0999
123 1.001 1.000 0999
122 ¥ Pu~AZ 0998 1.001 1.063
121 R.BL * 1.001 1.000 0999
120 EF 1.000 0.999 0999
119 ¢ 1.001 0999 0.998

¥ Factor by present methed/fTactor by conventional method

%% Double fuel column drawer

%%#% Pu*Al spike fuel drawer




Table . 4.5 Comparison of Interpolation Factors for

3y (n,f) Rate Distribution along X-Axis

Interpolation factor
Foil location Drawer
Conventional Present Ratio~
1498,/47 0997 0999 1002
46 i 0998 0999 1.001
45 0997 0996 0999
* %
44 Double 1000 1.023 1.023
43 1.024 1.002 _ 0999
42 1.001 0.996 0995
41 : 1.001 1004 1.003
40 IJ 1.000 0991 0991
39 0998 - 0996 0998
38 Double 1.006 1.026 1020
37 1.003 1.004 1.001
36 1.001 0997 0996
35 1.001 1.002 1.001
34 1.002 1007 1.005
33 { 1.003 1004 1.001
TRF 32 - — -
31 — - —
30 - — —
0.C 29 0997 0982 0985
28 0998 0.988 0990
¥* % * :
27 1J Pu* AL 1.003 1.026 1.023
26 ) 1.006 0.997 0991
25 ' 1.006 1.003 0.997
24 1011 1.016 1.005
R.BL 23 0940 0.925 0.984
22 EF 0239 0.940 1.001
21 L 0957 0958 0998
20 0954 0595 1.043

% Factor by present method factor by conventional method
#% Double fuel column drawer

#¥%% Pu*Afl spike fuel drawer




Table .46

Comparison of Interpolation Factors for

87 (n,f) Rate Distribution along Y-Axis

Intarpolation factor
Foil loecation Drawer .
Conventional Present Ratio "
149747 A 0907 0999 1.002
148 1J 0.998 1.0 00 1.002
147 0998 0998 1.000
146 0998 0.996 0998
145 CH 1.000 1000 1.000
144 A 1001 0999 0.998
143 1.000 0998 0998
142 0.999 1.001 1.002
141 0997 0993 0996
140 0997 1.002 1.005
139 0996 0995 0999
138 o 0997 0.997 1.000
137 Double 6999 1011 1012
136 1.000 0998 0.098
135 0999 0998 0999
134 IJ 0998 0997 0.9 99
133 1.000 0999 0999
132 1.000 0.997 0997
131 0.997 0.996 0999
130 0.996 0992 1006
129 0996 0991 0.995
128 0.C 0997 0999 1.002
127 1.001 0999 0.998
126 1.000 0995 0995
* %%

125 Pu*AL 1.001 1014 1013
124 1.002 0995 0993
123 1.003 1.001 0.998
122 ¥ PusAl 1.004 1.029 1025
121 R.BL * 0986 0969 0.9 83
120 EF 0993 0986 0993
119 l 0.9 91 1.005 1.014

% Factor by present method/{actor by conventional method

%% Double fuel ecolumn drawer

#%% Pu+Af spike fuel drawer




Table.4.7 Comparison of Interpolation Factors for

2%891(p,7) Rate Distribution along X-Axis

Interpolation factor
Foil location Drawer
Conventional Present Ratio *
149/ 47 ' 1.001 1.001 1000
46 A 1.001 1000 0999
45 1.000 1.000 1000
* ¥
44 .| Double 1.000 0998 0998
43 1.000 1.000 1.000
42 : 1.000 1000 1.000
41 1000 1000 1.000
40 1J 1.000 1.001 1.00
39 1001 1001 1.000
38 Double 1000 0998 0998
37 1000 1.000 1.000
36 1.001 1.001 1.000
35 1.001 1.001 1.000
34 1.001 1.001 1.000
33 J 1.000 1.000 1.000
CRP 32 - - —
31 | - - -
30 — - —
0.C 29 1003 1.004 1001
28 1.003 1003 1.000
W9 %
27 IJ PusAl 1.003 1.004 1.001
26 1.003 1.005 _ 1.002
25 A 1.004 1.004 1.000
_ 24 1.004 1.004 1.000
R.BL 23 1 0983 0985 1.002
22 F 0979 0979 1.000
21 1 0.979 0977 0998
20 0.982 0979 0993

% Factor by present method/factor by conventional method
%# Double fuel column drawer

#%% Pu<+Af spike fuel drawer

— 56 —




Table .48

Comparison of Interpolation Factors for

28U {n,7) Rate Distribution along Y-Axis

Interpolation factov
Foil location Drawer
Conventional Present Ratio’
149747 T 1001 1.001 1.000
148 17 1.001 1.000 0599
147 1.001 1.0 01 1.0G0
146 l 1.000 1.000 1.000
145 CH 1.000 1000 1.000
144 A 1.000 1.000 1.000
143 1.000 1.000 1.000
142 1.000 1.000 1.000
141 1.001 1.001 1.000
1490 1.001 1.000 0999
139 1.001 1001 1.000
138 1.001 1001 1.000
* %
137 Double 1.001 0999 0998
136 1.000 1000 1.000
135 1000 1.000 1.000
134 1J 1.000 1.000 1.000
133 1.000 1.000 1.000
132 1.000 1.000 1.000
131 1.001 1.001 1000
130 1.001 1.000 0999
129 1.002 1.002 1.000
128 0.C 1.002 1.002 1.000
127 1.001 1.000 0.999
126 1.000 1000 1000
* %X
125 Pu*Al 1.0 00 1000 1000
124 1.000 1.600 1.000
123 _ 1.000 0999 0999
122 v Pu*AZl 1.000 1000 1.000
121 R.BL * 0.998 0.999 1.001
120 EF 0998 0997 0.999
119 ¢ . 1.000 0998 0.098

% Factor by present method/factor by conventional methed

¥% Double fuel

column drawer

##% Pu+Afl spike fuel drawer




4.2 EAFERTFHROME

ZPPR—9 RIS 10 OF L CEFLRE O —o28 LT Single fuel column drawer
FER L. COBREVYrYy —EHE4s CRTIIRERFLAHZBEELTEFD , L2
L0 P 7 —RELRTyBCHREZBLIRETNINALDLIL , FHTFRAMCE
BEEL D, cOFFEE , LD Single fuel column drawer TERKCHESEHLT
WERECHELT 2 wbY® A Halt-drawer model THMlAce TOHalf-drawer
model OE %R , T TR IRTERC T 2EHHAHAMELOLBERC IV BEI L
'Cw%iwsc), th  erRERRECLC L) FHTIROLENE HHEED C & OFHEN
% HEMHE Neutron dri;i)zm‘fbi&< Ly E PP USER LARDLTDE, 0L
g TRNB LT B,

B4 6 CRT O ZPPR—~10C KT 2 e ERHUREMET H/ADOO Half-drawer
GETHE, BF THHEEAR P UOKEOE wH O Half-drawer% , TOFACES
2753 7 0BAR P UOFEOE NSO Hali-drawer 25T o

L TR IAFELET AR ER Lt BERRE USSR T TI20RF Lyt b3y
B 7 —4 (27623cm) R xBFARTLALEZETDEAD , L2FLET AT
BOMELV, LL , ZPPR—10CT{E ZPPR—9 L EZ D ,FLy B L Single
fuel column drawer (@ 4 6 THEEBCRT I)odinwe s, yBITAOKIEE
ST yE AL 2 FrY —4 (2X55245em) ZTHA AL ZAZTHIEIN TR D , v &l
HEOEFRHZFPHTFEELOESBR I I VI LOEDE , 1L/4FLEFATHREER
bhb,

EEORRT TR YHHEE AT REEABEEE Lo 27 , LRO A ¥ =
Seo%EE , Single fuel column drawer THE 2~ LL TR AR E TV, K
EEAFERKD A b 2BEORGESFHFORD L e v FEWHHREFM L. BR
¥R 4LIRUVEFEL 1 0CFRT,
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Table. 49

Cell Asymmetry Effeet on Reaction Rate

Distribution along X—Axis

Matrix Asymmetry effect
position 289pu(n,£) | B0 (0, ) Bt ) By )
149,747 1.000 1000 1000 1.000
46 1007 1.009 1.003 1.008
45 1.012 1.016 1.006 1.014
44 1012 1.017 1.0 08 1.014
43 1013 1.017 1010 1.015
42 1.016 1020 1.012 1018
41 1.018 1.023 1013 1020
40 1.019 1024 1014 1021
39 1021 1.026 1016 1.024
38 1021 1.025 1.017 1.023
37 1021 1.024 1.018 1.022
36 1.024 1028 1.020 1026
35 1026 1.031 1.022 1.028
34 1.029 1.035 1.024 1.032
33 1.034 1.040 1027 1037
CRP 32
31
30
0.C 29 1.030 1.033 1.028 1.031
28 1.034 1037 1.029 1.035
27 1.03 4 1037 1.030 1034
26 1035 1.057 1.032 1034
25 1038 1.041 1034 1.038
24 1.042 1.048 1.0 36 1.044
R.BL 23 1049 1.033 1.045
22 1.048 1.03 4 1.043
21 1.046 1.036 1043
20 1.045 1036 1.042




Table .410 Cell Asymmetry Effect on Reaction Rate

Distributjon along Y—Axis

Matrix Agymmetry effect
position 2 (n, £) 2L ) B ()
149,747 1.000 1.000 1.000
148 1.001 1000 1.001
147 1.005 1.001 1.004
146 1.009 1.001 1,008
145 1.008 1001 1.008
144 1.008 1.001 1.008
143 1.008 1.001 1.0 06
142 1008 1.002 1.007
141 _ 1.008 1,002 1.007
1490 1.003 1.001 1.002
139 1.001 1.001 1.002
138 1.003 1.002 1.002
137 - 1007 1.003 1006
136 1.0 09 1003 1.008
135 1.011 1.004 1.009
134 1.013 1.005 1.012
133 1.012 1.005 1011
132 1.013 1.0086 1.011
131 1.014 1.006 1.012
130 1.009 1.008 1.008
129 1.008 1.007 1.007
128 1.008 1008 1.007
127 0.C 1.012 1.008 1.010
126 1.014 1.009 1,012
125 10186 1.010 1.013
124 1017 1.011 1.015
123 1.019 1.012 1.017
122 1.028 1013 1021
121 R.BL 1.023 1012 1.021
120 1024 1.012 1.022
119 1.024 1012 1.022
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Table.411 Change in Ratios of Average C/E between
X-and Y-axes Due to shim Rod Correctioﬁ
Assembly. Inner core Outer core Radial blanket

104 1.021— 1008 1.036—1.003 0.898-—0965
10B 1015—1.012 0995—>0985 1009—0998
10C 1.021—1.019 1017—1011 1.059—1053
10D 1.608—1.004 1003—0991 1.022—1,010
1001 1.029—1.021 0.999—0981 1034—1014
10D.72 10281014 0.972—0960 1.010—0998

% Correction factors for 10A applied to all assemblies
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Table .412 Reaction Rates Measured and Calculated along X—axis

(*¥py Fission)
% Caleculated
Foil location| Measured C/E
Bage c:al'x-pé Transport { Asymmetry Group

149747 5.789 5789 1002 1.000 1010 1.000
46 A 5548 5684 0995 1.007 1,009 1.023
45 5535 5636 0998 1.012 1007 1.023
44 5484 5499 1.007 1012 1.005 1.015
43 5396 5534 09899 1013 1004 1030
42 5374 5465 0997 1.016 1.004 1022
41 5317 5394 09599 1018 1.004 1024
40 1 IJ 5214 5317 0997 1019 V 1.016 1640
39 5060 5232 0999 1021 1.006 1.048
38 | 5139 5.045 1.007 1021 1.008 1005
37 4820 5011 1001 1.021 1.608 1058
36 4755 4878 0998 1.024 1.007 1.043
35 4613 4737 0999 1028 1.002 1042
34 4567 4600 0998 1.029 1003 1025
33 V 4427 4478 1.003 1.034 1002 1039

CRP 32
31
30

0.C 29 3.807 3.836 1.001 1.030 1.001 1.028
28 1 3476 3.525 1.003 1.034 1002 1.041
27 1 1J 3176 3.188 1.008 1034 1,002 1.035
26 2754 - 2851 1004 1.035 1001 1.064
25 2320 2456 1.002 1.038 0997 1,085
24 2021 2.059 1003 1042 0995 1.047

R.BL 23 1*
22 | EF
21
20

¥ Reaction rates are fissions or ecaptures per atom, normalized to an
estimated integrated power of one joule., x10  %unit.
#% T-group diffusion calculation using one mesh per drawer




Table ,4.13 Reaction Rates Measured and Caleulated along X—axis

(23U Fission)

* Caleulated
Foil loecation|{ Measured C/E
Base cal™" Transport | Asymmetry Group
149/47 6.357 6.357 1.008 1.000 1.014 1.000
46 | A 6133 6104 0.995 1.009 1.008 0986
45 5990 5986 0995 1.016 1004 0992
44 5900 5.773 1.009 1.017 0999 0981
- 43 5833 5848 0996 1.017 1001 0995
42 5777 5.789 0.998 1.020 1.003 1.001
41 5.810 5717 0997 1.023 1.002 0984
40 5.666 5620 1.000 1.024 1.001 0995
39 N 5598 5526 0995 1.026 1.000 0986
38 | 5449 5287 1.009 1.025 0.997 0979
37 5242 5290 0997 1024 1000 1.008
36 5119 5167 0999 1.028 1,001 1.015
35 4973 5.036 0.999 1.031 1002 1.022
34 49 41 4921 0996 1.035 1.003 1.007
33 Y 4868 4866 1.008 1.040 1006 1031
CRP 32
31
30
0.C 29 4125 4069 1.010 1.033 1.002 1.009
28 1 3640 3.624 0.999 1.037 0994 1.003
27 | 1J 3.257 3.247 1.004 1.037 0988 1.003
26 2.852 28902 1.001 1.037 0986 1.015
25 l 2529 2522 0,599 1.041 0989 . 1003
24 2191 2157 1.005 1.048 0994 . 1008
R.BL 23 1 1863 1874 0985 1.049 0995 1.012
22 | EF 1518 1.538 0095 1.048 0.995 1.028
21 l 1286 1242 1.002 1.046 1.008 0998
20 1113 1.059 1.030 1.045 1.005 1.007

% Reaction rates are fissions or captures per atom, normalized %o an
. -18 .
estimated integrated power of one joule, 10 “unit,

%% 7-group diffusion ealculation using one mesh per drawer
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Table.414 Reaction Rates Measured and Caleulated along _Y—axis

(%%°U Pission)

% Calculated
Foil location| Measured C/E
Base caf% Transport | Asymmetry Group
149747 6357 6357 1.008 1000 1.014 1.000
148 f 6300 6317 1000 1.001 1.013 0995
147 1J 6185 6142 1.003 1.005 1009 - 0988
146 $ 5929 6.036 0997 1009 1.005 1007
145 CH 5823 5.98 4 0996 1.008 1003 1012
144 A 5776 5951 0998 1008 1.003 1014
143 5817 5887 0.997 1.008 1.004 0999
142 5763 5.840 0997 1.008 1.005 1.001
141 5776 5825 1002 1.008 1.007 1.004
140 5812 5.89 4 1.000 1.003 1011 1.006
139 580 4 5.850 1.005 1.001 1.012 1.004
138 5.613 5711 1.0 01 1.003 1.009 1.008
137 5403 5309 1.018 1.007 1002 0988
136 5142 5264 0.998 1.009 1.002 1.010
135 4939 5109 0899 1011 1001 1.023
134 IJ 4822 4946 0997 1.013 0.999 1013
133 4616 4781 0.998 1.012 0999 1.022
132 4444 4586 1000 1013 1.0 01 1.024
131 4260 4408 1.003 1014 1.001 1031
130 ' 4104 4265 1.000 1.009 1.003 1029
129 3950 4.037 1.004 1.008 1.003 1.015
128 3.603 3707 " 1003 " 1.008 1.004 1022
127 0.C 3170 3.274 1010 1.012 0998 1.031
126 2847 2905 1.003 1.014 0.994 1.009
125 2543 2542 1.005 1.016 0.988 0987
124 2132 2186 1.006 1.017 0991 1017
123 1827 1847 1.004 1.019 09965 1007
122 y 1597 1524 1.015 1.028 0999 0973
121 R.BL T 1325 1327 0.995 1023 1.003 1000
120 EF 1.097 1.093 0998 1.024 1002 0998
119 { 0.945 0925 1.010 1024 1.010 1.000

% Reaction rates are fissions or captures per atom, normalized to an
; . ~-18 .
estimated integrated power of one joule. X10 “unit.

%% T-group diffusien caleulation using one mesh per drawer




Table ,415 Reaction Rates Measured and Calculated along X—axis

(%% Fission)

* Caleunlated -
Foil location| Measured C/E
Base cal** Transport | Asymmetry Group
149747 1113 1113 0977 1000 1002 1.000
46 | A 1257 1190 0996 1.003 1004 0970
45 1308 1227 1.020 1.006 1.005 0.988
44 1.474 1368 1.017 1.008 1.006 0978
43 1322 1227 1.019 1.010 1.004 0980
42 1267 1193 0983 1.012 1004 0961
41 1.258 1176 1,005 1013 1004 0976
40 | IJ 1245 1.179 0965 1014 1.004 0.950
39 1243 1162 1.017 1.016 1L.004 0991
38 1317 126 4 1.009 1017 1.005 1.011
37 1197 B s 1.023 1,018 1003 0.990
36 1.145 1.062 0.985 1020 1.002 0.954
35 1104 1016 1000 1.022 1001 0962
34 1078 0965 - 1.011 1.024 1.000 0.9 47
33 | ¥ 0.973 0888 0975 1.027 0997 0931
CRP 32
31
30
G.C 29 0881 0.835 0942 1.028 0994 0932
28 T 0931 0.857 1.027 1.029 0996 0990
27 | 1J 0911 0865 1.048 1.030 0.997 1.044
26 0.924 0719 1.025 1.032 0996 0.837
25 0631 0.584 1.024 1.034 0993 0994
24 0.503 0.449 1.000 1.036 0991 0936
R.BL 23 +1 0221 0.221 1.019 1.033 0994 1.069
22 | EF 0119 0122 0.895 1.03 4 0998 0967
21 l 0.06 4 0.066 0940 1.036 0.989 1015
20 0.047 0.036 1.073 1036 0996 0.866

% Reaction rates are fissions or captures per atom, normalized to an
. . . —-19 .
estimated integrated power of one joule. X10 " unit.

%% T-group diffusion ealculation using one mesh per drawer
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Table .416 Reaction Rates Measured and Caleulated along Y—axis

(*¥7 Figsion)

* Calculated
Foil location; Measured C/E
Base cal™ Transport | Asymmetry Group
149./47 1 1113 1113 0977 1.000 1002 1000
148 IJ 1105 1126 0.991 1000 1003 1035
147 1.240 1185 1.002 1.001 1.004 09083
146 1.3 09 1.228 1.013 1.0 01 1.005 0977
145 CH 1293 1.231 1.010 1.601 1.005 0.988
144 A 1332 1226 0983 1.001 1005 0930
143 1258 1204 0.990 1.001 1005 0974
142 1262 1178 1014 1002 1.004 0973
141 1225 1144 0998 . 1.002 1.004 0958
140 : 1122 1071 1009 1.001 1002 0.987
139 T 1087 1.042 0968 1.001 1002 1023
138 1.025 1.051 1006 1002 1.0 02 1058
137 1.220 1.206 0973 1.003 1005 | 0990
136 1145 1.084 1.013 1.003 1.003 0986
135 1101 1065 1000 1604 1003 0.995
134 IJ 1110 1.046 1.012 1005 1.003 0982
133 1.074 1.007 1.007 1.0 05 1002 0871
132 1.0 06 0966 0.995 1.006 1001 0983
131 0.940 0910 1.002 1006 1.000 0997
130 0.811 0829 1009 1.006 0.9 98 1058
129 0.790 0784 0955 1.007 0.996 0971
128 0.746 0.754 1.010 1.008 0994 1.045
127 0.¢ 0.786 0746 1007 1.008 0995 0979
126 0.714 069 4 1016 1.009 0995 1.013
125 0.691 0.660 0997 1.010 0988 0971
124 - 0516 0513 1020 1011 0995 1.042
123 1 0434 0397 1020 1.012 0593 0958
122 1] 0332 0311 0967 1.013 0993 0931
121 R,BL A 0141 0142 1.008 1012 0.994 1.043
120 EF 0.068 0.076 0.874 1,012 0997 1.007
119 ¥ 0.043 0.040 0912 1012 1.002 0.879

% Reaction rates are fissions or ecaptures per atom, normalized to an
estimated integrated power of one joule, X10 Punit.

¥ T-proup diffusion caleulation using one mesh per drawer




Table ,417 Reaction Rates Measured and Calculated along X—axis

(**8U Capture)

% Calculated
Foil location| Measured C/E
‘ Base cal™h Transport | Asymmetry Group
149/47 1 p 8163 8163 1.006 1.000 1006 1.000
46 7717 7.903 0996 1.008 1.004 1020
45 7.680 7776 0.994 1.014 1001 1.009
44 7.646 7.699 1.008 1.014 0.996 1.013
43 7422 7610 0996 1015 1.000 1.024
42 7.401 7.53 4 0999 1.018 1.0 01 1.024
41 7330 7.437 0998 1.020 1.000 1021
40 1J 7270 7305 1.002 1.021 0999 1015
39 7.038 7.183 1004 1.024 0999 1.036
38 6971 7.048 1009 " 1.023 0994 1.025
37 6702 6.884 0.997 1.022 0999 1.033
36 6596 6726 1.000 1.026 1000 103 4
35 6.398 6.551 0999 1.028 1.000 1.039
34 6329 6383 0997 1.032 1.000 1025
33 1 ¥ 6.281 6268 1.007 1.037 1.000 1.030
CRP 32
31
30
o.€c 29| 5.228 5.19 4 1010 1.031 0.995 1017
28 4637 4648 0999 1035 0990 1014
27 | 1J 4341 4303 1.002 1.034 0986 1.001
26 3630 3731 1.000 1.034 0985 1034
25 3.237 3.269 0998 1038 0989 1.022
24 | ¥ 2789 2.806 1006 1.044 0994 1.038
R.BL 23 | A 2202 2324 0.989 1.045 0996 1.073
22 [ BF | 1787 1863 0998 1.043 0.997 1.069
21 1.437 1443 1.002 1.043 1.009 1.046
20 1195 1.134 1.018 1.042 1009 1004

% Reaction rates are fissions or captures per atom, normalized to am
. . ~19 .
estimated integrated power of one joule. X10 “unit.

#¥% T-group diffusion calculation using one mesh per drawer



Table ,418 Reaction Rates Measured and Caleculated along Y—axis

(**%U Capture)

" Calculated
Foil location| Measured C/E
Base cal** Transport | Asymmefry Group
14947 ¢ 8163 8.163 1.006 1.000 1006 1000
148 IJ 7951 8.122 1.000 1.001 1.006 1.015
147 7.830 7.944 1.001 1.004 1.004 0995
146 7636 7.831 0896 1.008 1.002 1.019
145 H 7275 7778 0996 1006 1.022 1.061
144 A 7503 7.714 0999 1.006 1.001 1022
143 7537 7.654 0998 1.006 1002 1.009
142 7.460 7.580 0997 1.0 07 1002 1.010
141 7.425 7533 1.001 1.007 1.003 1.014
140 7.400 7.579 0.999 1002 1.004 1.017
139 73486 7509 1.0 05 1.002 1.004 1.021
138 7.205 7340 1.000 1.002 1.003 1.012
137 6931 7.056 1.019 1006 0.9 96 1.027
136 6512 6.829 0998 1.008 0999 1.041
135 6.291 6640 0999 1009 0999 1.050
134 1J 6188 8.431 0997 . 1012 0998 1.034
133 5884 6.216 0.998 1.011 0.997 1050
132 5671 5953 1,000 1.011 0999 1048
131 5381 5703 1.002 1012 0.998 1.060
130 5202 5489 1000 1.008 0897 1.048
129 49717 5183 1.005 1.007 0996 1.037
128 4581 4758 1.003 1.007 0998 1.034
127 0.C 4129 ' 4206 1.008 1010 0993 1.018
126 3621 3740 1.002 1.012 0.990 1.025
125 3377 3.381 1.006 1.013 0987 0895
124 2752 2828 1.005 1.015 0989 1.024
123 2.362 2396 1.004 1017 0995 1018
122 R 2171 2055 1016 1.021 1001 0983
121 R,BL A 1576 1616 0997 1.021 1.002 1.033
120 EF 1282 1276 1.001 1022 1.002 1008
119 4 1.044 1005 1.006 1.022 1.002 0980

% Reaction rates are fissions or captures per atom, normalized to an
—19 .
estimated integrated power of one joule., 10 unit.

¥% T-group diffusion calculation using one mesh per drawer
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Tablebl Mean C/E-values of reaetion rate distribuntions for ZPPR-10 cores
Roaction Rogi i) ZPPR-10 ZPPR-10D/1 ZPPR-10D,2
[+ eg1o
g X Y X Y X ¥ average
8y Fission I.C. 09904 09903 v 0.9824 09946 0.9842 0.9029 09821
400020 +0.0:38 100320 +0.0266 =+ ' +00146 t+0.0048
0.C. 1.0150 10034 1.0435 1.0187 1.0481 0.9904 10199
+0.028¢0 +0.0231 +00097 +00172 +0.0163 +00176 +o00225
238 . -
U Fission 1.C. 09951 10143
+00251 +006340
0.C. 10367 1.0118
+0.0450 +00401
Capture I.C. 10011 10188
+0.0149 100275
0.C. 1.0342 '1.0188
+0.0106 400275
289 p, Fissian I.C. 10166
100141
1.05089
+00226

*) I.C. and O.C.

stand ber

inner core and outer eore , respectively.
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Appendix : Cell Asymmetry Effect on Reaction Rate Distributions

in Fast Reactor Critical Experiments*

A-1. Introducticon

Tn the analysis of the large fast reactor critical
experiments ZPPR-% and 101), it was observed that there was
a systématic difference in C/E values of reaction rate
distributions between x—- and y-axes on the core midplane.
This difference, which is 2 to 5% in magnitude, is said to be
caused mainly by the use of asymmetric fuel drawers. That
is, single fuel column drawers, each of which contains one
plutonium fuel plate at its center, were used as inner core
fuel elements and as part of outer core fuel elements.
Their plate arrangement is asymmetric about the drawer center
(cell center) as shown in Fig. 1, i.e. the amount of depleted
uranium is twice as much on one side as on the other. This
kind of drawers were loaded such that the sides of higher
238y density were all closer to the core center. As a result,
a long region of high 2°°U density appeared along the y-axis
as shown in Fig. 2, and the neutron fluxes of low energy
groups decreased there. This is said to cause the difference
inVC/E values between the x- and y-axes.

The C/E values derived from the analysis of ZPPR—9 and
10 experiments are to be used to evaluate bias factors for
large fast reactor design. The C/E difference causes un-
certainty of the bias factor for power distribution. From
the standpoint of improving design accuracy, therefore, it

is desirable to eliminate the C/E difference by a calculation
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model which can treat the above phenomena. In this note,

accuracy of one such model is numerically evaluated and the
main cause of an appreciable global change in reaction rate
distributions is explained from a neutronics viewpoint. A

simple correction method is suggested.

A-2. Half-Drawer Model and its Accuracy

To take into account the effect of fuel cell asymmetry
on reaction rate distributions in ZPPR-9, Collinszl divided
each single fuel column drawer cell into two subregions
(called 'half—drawers')'of the same volume as in Fig. 2,
calculated their macroscopic cross sections byra conventional
cell homogenization {neutron flux and volume weighting)
method, and performed a two-dimensional XY diffusion calcula-
tion to obtain reaction rate distributions. This model is
called a half-drawer model.

The half-drawer model, as explained above, is based on
the homogenization of each half-drawer. Differing from the
homogenization of each unit drawer cell as a whole, such a
homogenization has not yet been wverified. To evaluate the
accuracy, reaction rate distributions in a one—dimensibnal
slab system were calculated by the half-drawer model and by
a heterogeneous transport model treating inner plate
structures of cells. The one-dimensional system is shown in
Fig. 3, which models the ZPPR-9 assembly.

In the heterogeneous transport model, the plate structure
of single fuel column drawers was taken into account by

assumming that each single fuel column drawer is composed of
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seven plates as shown in the figure, while the other kinds

of drawers were treated as homogeneous cells. Transverse
bucklings were assumed to be zero to avoid ambiguity caused
by a neutron streaming calculation, and reaction rates at

the plutonium fuel plates, i.e. near measurement folils, were
calculated by a 7-group Sis calculation. The final reaction
rate distributions were coﬁpared with those of a conventional
homogeneous calculation, which was also done by the Sis
transport model and the same mesh division to avoid transport
and mesh size effects. The half-drawer model calculation was
also done in a similar manner, i.e. by the 7-group Sis
calculation with almost the same mesh spacings. |

The cell asymmetry effect on 23°U (n,f) reaction rate
distribution, which was normalized to unity at the innermost
drawer, is shown in Fig. 4 as a deviation from that of the
homogeneous calculation. Results from two-dimensional XY
diffusion calculation using the half-drawer model are also
plotted for comparison. This two-dimensional half-drawer
model calculation yields almost the same results as the one-
dimensional one, which means that this one;dimensional model
satisfactorily reproduces cell asymmetry effect in the two-
dimensional system.

The figure indicates that reaction rate distributions
change up to 5% due to the cell asymmetry effect. This change
is too big to be neglected, i.e. reaction rate distributions
must be corrected accordingly. The figure also shows that
the difference in cell asymmetry effect between the half-

drawer and heterogeneous transport models is 1.0% at most in

- 122f



the inner and outer core reglons. Measurement errors in
experiments are said to be of the same order. Therefore,
the half-drawer model has sufficient accuracy to correct
reaction rate distributions in ZPPR-9 and 10 for cell

asymmetry effect.

A-3. Main Cause of Cell Asymmetry Effect

Though Fig. 4 indicates that the half-drawer model is
sufficient as a correction model for reaction rate distribu-
tions in ZPPR-9 and 10 assemblies, it also shows that the
curves for gell asymmetry effect have gradients at a far
distance from the lattice irregularities; the gradient is
particularly appreciable in the half-drawer model calculation.
This means that reaction rate distributions undergo signifi-
cant global change. The reason for this is explainéd below,.

Figure 5 plots the curves of the cell asymmetry effect

235y (n,f) reaction rate distributions in ZPPR-9 due to

on
individual half-drawer cells, i.e. changes of reaction rates
due to exchanging homogeneous cells with half-drawer cells.
These were calculated by the same one-dimensional slab model
which was used previously. The broken lines show effects of
individual half-drawer cells, and the solid lines their total
effects. It is evident from this figure that the cell
asymmetry effect on reaction rate distributions is the
superposition of effects of all asymmetric cells.

Figure 6a shows the same kind of curves in‘an infinite

lattice; the broken lines stand for cell asymmetry effects of

individual half-drawer cells and the solid line their super-

— 123 —



position. This case differs from that of Fig. 5 in that the
finite lattice of half-drawer cells is asymmetric about the
center. In this case, cell asymmetry effect causes reaction
rates to increase on one side of the finite lattice and
decrease on the other. The figure shows that cell asymmetry
effect is caused mainly by the outermost half-drawers of the
finite lattice. It can also be said that the solid line in
Fig. 6a represents the homogenization error of half-drawer
cells.

It is reasonable to expect that the curve of homogeniza-
tion error will change its sign and its magnitude wili'be
almost the same if other half-drawer regions are added at
both ends of this finite lattice of half-drawer cells as
shown in Fig. &b, It is aiso evident from Figs. 6a‘and b
that the homogenization error will almost vanish if the
thickness of the added half-drawers is reduced to one half
(see Fig. 6¢). This is because Fig. 6c can be considered to
lie between Figs. 6a and b.

Figure 6c¢ means that, in homogenizing a finite lattice
of half-drawer cells, one quarter of the half-drawer cells
at both ends (1/2 x the half-drawer regions at both ends)
should be left unhomogenized. In other words, cell boundaries
must be shifted near lattice boundaries as shown in Fig. 7,
before the half-drawer cells are homogenized. This is
equivalent to treating half-drawer cells as symmetric ones
near boundaries. |

Figure 8 shows the curve of cell asymmetry effect on

235y (n,f) reaction rate distributions in the one-dimensional
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slab model of ZPPR~9 obtained by the above method. The
region of the consecutive half~drawer cells was homogenized
-in the half-drawer model. The other half-drawer cells (ones
in the outer core region) were treated as they were. The
curve agrees well with that of the half-drawer model calcula-
tion.

It is concluded from this that the gradient of the curves
in Fig. 4 is caused mainly by regions of higher and lower
2387y densities appearing at core center and edge, respectively.

The results of the above numerical experiments also show
that a calculation model simpler than the half-drawer model
can be used to correct reaction rate distributions for cell
asymmetry effect. That is, it suffices to put regions of
higher and lower 2?3°U densities at both ends of a finite
lattice of single fuel célumn drawer in the usual homogeneous
model. There is no need to double the number of meshes as in
the half-drawer model. Figure 9 shows the results thus
obtained. This differs from Fig. 8 only in that the single
fuel column drawers in the outer core region are homogenous
cells. Correction of reaction of reaction rate distribution

thus can be made easier by this new ﬁethod.

A-4, Discussions on Neutron Drift

Before this study was performed, some people emphasized
on the possibility of neutron drift phenomenon in asymmetric
cells causing the global change in reaction rate distribu-
tions. It, however, has been denied by discussions in the

last section. This is reconfirmed here from another viewpoint.
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In a medium consisting of asymmetric cells, neutrons
can 'drift' or diffuse in a special perferred direction.
This is because such a medium can have different shielding
performances against neutrons proceeding in opposite direc-
tions. In such cases, neutron f£lux distribution is shifted
to one direction compared with that in a usual medium. This
can be taken into account by adding one term to the conven-
tional neutron diffusion equation as shown below.3) r#)
v Lf

V"DV@O + K'V@O - Zaqjo + géf—“ ®O =0, (1)

where D, Ly and v Ig are one-group constants; K is a gqguantity
called a drift coefficient, which appears in case of
asymmetric cells and vanishes in case of symmetric cells;

¢, is a neutron scallar flux; and Kgff is an effective

o)
multiplication factors.

The added them K - V&, causes the shift of neutron flux
distribution to one direction. That is, in case of one-

dimensional slab systems, Eq.{l) vields solutions of the

following form.

by = e~ 8% cosBx, (2)

- where
_ K]
- 72D

Expression (2) shows that the nuetron flux distribution in
an infinite lattice of asymmetric cells differs from usual
solutions by the factor e"éx(l—éx in case of a small §);
this distortion of neutron flux disstribution has nothing to

do with boundary conditions and cannot be predicted by methods
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based on usual cell homogenization. This was thought to be
the main cause of the global change in reaction rate distribu-
tions in ZZPR-9 and 10. |

" Now, Hughes“) has derived the following relation, under
the assumption that neutron flux distribution is expressed as
the product of a global distribution and a local distribution

within a cell.
s« L Se* ué du av (3)
2D

where ¢ and ¢+ are norﬁal angular flux and adjoint angular
flux, respectively, within a unit cell; u is the cosine
component of neutron flight direction; f 4V stands for a
volume integral over a unit cell region. Eg.(3) means that
neutrons drift in the direction of a higher importance.

In case of the half-drawer cell, periodic functions ¢
and ¢+ are symmetric about planes located at thercenter of
half-drawer. That is, the following equations hold when the
original point of the space‘coordinaﬁe X is moved éppro—

priately.

o (x,u)=0(-x%x, -u),

ot (x,u)=0"(-x, -u),

Substitution of these equations into Eg. 93) and use of the

fact that these are periodic functions leads to

This means that the global change in reaction rate distribu-

tions in the half-drawer model calculation is not caused by
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e~ 08X ip Eq.(2). That is, neutron difit cannot occur in a
lattice of half-drawer cells.

The above discussion cannot completely deny the
possibility of neutron drift in the actual ZPPR-9 and 10
systems. It can be considered, however, that, if it occurs,
it is a gquite small effect. This is because, firstly, the
gradient of the curve by the heterogeneous transport model
is much smaller than that by the half-drawer model, and
secondly, because even this small gradiént is thought to be
caused mainly by the same reason which was shown in the last

section.
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(1)

(2)
(3}

(4)
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