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Analysis of JUPITER Phase I Experiments (II-C)¥*
: T
Makoto Basaki

Kazumi Ikeda®*

Abstract

This report describes the analysis of the JUPITER Phase I
Experiments for the LMFBR radial heterogeneous core design.

It containts the referencelanalysis of the ZPPR assemblies
13A and 13B and the topics study (the treatment of neutron
balance for the cell calculaﬁion and the comparison of cell cal-
culation models’. The reference analysis was performed co-opera-—
tively with other members of the JUPITER Working Group. The
topics étudy was performed only by the authors using the 3D trans-
port code ENSEMBLE-XYZ,

The main results are as follows:

(1} The C/E values of the control rod worth on the ZPPR assembly
13A are about 0.9 for the first fuel ring, and about 1.0 for
the third one.  The radial dependence of these C/E values

,is Similar to the one on the ZPPR assemblies 9 and 10.

{2) The cell calculation with core neutron balance improves the

C/E values of the reaction rate distribution.

*  Work performed under the contract between Power Reactor and
Nuclear Fuel Development Corporation and Mitsubishi Atomic
Power Industries, Inc.

** Mitsubishi Atomic Power Industries, Inc., Advanced Reactors
Engineering Department.



(3)

This result is consistent with the one of the US (ANL)
analysis.
A future analysis of detailed reaction rate measurements

on ZPPR assembly 13B/4 and detail discussions will be hoped.

There is no difference between cell micro cross sections,
averaged with 1-D and 3~D cell models. 1In this present
analysis (on the point of neutron flux fine structure in a
cell}), the varidity of the 1-D cell model used in the

JUPITER W/G is confirmed.
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Table 2.1 The Extent of

Parameters

ZPPR-13 Program

Assembly
13A 138/1 13B/2 13B/3 138/4 13¢C
Criticality O O O Q O O
Reaction- Rates
. Foil Irradiations O O O (F5) O O Pu239(n,£), U235(n,f)
. Ratios _ O O e O '®) U238(n,£),(n,Y)
. In-Core Chambers (l235F) O O O O O (O Blanket Variations
Approach to Critical
CR insertions
Gamma Heating O O O O O TID
Control Roud Worths O O O O O
(Rod Size) /Pin, CR, CRP
Enrich-
ment
Zone Sodium~Void Worths O O O
Doppler Reactivity O O wNat. U0 , s.S.
Mixed Oxcide
Material Worth Traverses O O
Zone Substitutions O Q High-Pu, Uj3s, Pin
Kinetic Parameters O O




Table 2.2

Control Rod Patterns

Ring

First

Second Third
Ho- PatternCRP No. :
ame 2 3 4 5 6 7| 8 21011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

0 | Reference

1 |6cRP inF1 A A A A A A

2 |6CR in F1 OO NGINONOING,

3 | 12CRP in F2 VANRVANRY ANRVANRYANRYANVANYANRVANVANVANFAY

4 | 6CR+6CRP inF2 AOAOAOAN OANDO AQD

5 | 12CR in F2 ONONONONONONONONONONONS

6 | 12CRP in F3 VANRVANEY AN ANV ANNVANNANNYAWVANVANVANIVAN
7 | 6CR in F3 -0 -0 -0 —-—0—-0-0
8 | 6CR+6CRP in F3 AO HOAO0AOAOANAO
2 OOOOOOCOOOOO

12CRP in F3

Reference ;

subcritical cove :

CR in ;

CRP in




Table 2.3

Basic Calculation

1)

and Uncorrected C/E Values

Rod Patterns

Rod Worths

Rod Worths (Calculation)
No. Keff 57| (Experiment) C/E
Ring CR CRP (sAk/kk ') {$) ()
0 - 0 0 0.990468 . -
1 0 6 0.984054 0.658 1.895 2.,0129 0.941
First
2 6 0 0.973732 1.735 4,996 5.7250 0.872
3 0 12 0.971269 1.996 5.748 5.7387 1.001
4 Second 6 6 0.949758 - 4.328 12.463 13.428 0.928
5 12 0 0.932410 6.287 18.104 19.869 0.911
6 0 12 0.975937 1.503 4,328 4,079 1.061
7 ) 0 0.967356 2.412 6.946 7.082 0.981
Third
8 o 6 0.260507 3.149 9.068 9.095 0.997
9 12 0 0.947255 4,606 13.263 13.559 0.978
1) 7G-XY Diffusion(Danisaﬁf reference mesh).

*

Benoistsrs Diffusion Coefficients

2) Berf= 0.0034727




Table 2.4 Mesh Size Effects on Control Rod Worths in ZPPR-13A e

Rod Patterns Mesh Size 1 Rod Worths Correction
No. . (X % V) Kefs (s8k/kk ") Factors
Ring CR CRP
34 % 34 0.991145 —
0 —_ 0 0
®© X o 0.989189 —
34 X 34 0.984698 .6
1 0 6 ' 2 0.6605 1.0072
0 X o 0.982721 0.6653
- Pirst
34 X 34 0.974300 1.7443
5 6 0 1.0630
® X 0.971372 1.8542
34 x 34 0.971883 1.9996 : .
: 1.011
3 0 12 ® X o 0.969779 2.0233
34 x 34 0.950263 4.3406
4 Second 6 6 1.0675
: @ X o 0,945835 4.6337
34 x 34 0.932826 6.3077
c 12 o 1.0760
® % o 0.926953 6.7874
. ) b 34 x 34 0.976607 1.5019 1.0017
0 X o 0.974683 1.5045
34 x 34 0.968003 2.4120
_ _ 1.0643
7 6 0 o X oo 0.964690 2.5673
Third
] 34 X 34 0.961151 3.1485 1.0495
6 6 © X o 0.957879 3.3044
34 x 34 0.94787 4.6061
. 1 0 L 1.0586
, ® X ® 0.943671 4.8762

reference mesh; 34% 34, © pagh; ®© X )

1) 7GXY Diffusion (p., *
iso

* Benoist's Diffusion Coefficients.




:

Table 2.5 Energy Group Collapse Effects on Control Rod Worth in ZPPR-13A

1)
Rod Patterns Rod Worth Correction
No. Group Keff ‘
Ring CR CRP (%Ak/kk ) Factors
7 0.9904 —_
0 0 0 | 68
18 0.987038
_ 7 0.984054 0.6580
1 : ' 0 6 1.0047
18 0.980639 0.6611
First 7 0.973732 1.7352
2 6 0 0.9941
18 0.970513 1.7250
) _ . i 7 0.971269 1.9957 1.0045
18 0.967885 2.0048
] ; 7 0.949758 4,3276 0.9960
4 Second | 18 | 0.946756 4.3106
. L . 7 0.932410 6.2865 0.9957
18 0.929604 6.2594
0.975937 1.5032
6 0 12 ? 0.9924
18 0.972715 1.4918
7 0.967356 2.4121 0.9815
7 6 0 18 0.964500 2.3674
Third
7 0.960507 3.1493
8 6 6 0.9835
18 0.957758 3.0972
. 0 . 7 0.947255 4.6058 9.9812
18 0.944891 4.5190
1) 7G, 18G-XY Diffusion (D . ,reference mesh; 34 X34),
anlsao

* Benoist's Diffusion Coefficients,




Table 2.6

Buckling Approximation Effects on Control Rod Worth in ZPPR-13A

1)
Rod Patterns Rod Worth Correction
No. - Gecmet K
Ring CR CRP Y eff (s8k /KK 1) Factors
XY 0.990468 —_—
0 0 0 Y7 0.990509
XY 0.584054 0.6581
0.9938
1 0 6 XYZ 0.984134 0.6540
First
Xy 0.973732 1.735 0.9989
2 6 0 ) -
XYZ 0.873793 1.733
Xy 0.971.269 1.996
3 0 12 0.9926
XY¥?7 0.971448 1.981
Xy 0.949758 4,328
4 'Second 2] 6 0.9944
qYZ 0.950013 4,304
Xy 0.932410 6.287
5 12 0 0.99261
XYZ 0.932660 6.262
XY 0.9275937 - 1.503 0.9934
6 0 12 XYZ 0.976071 1.493
Xy 0.967356 2.412 0.9985
7 6 0 XyYZ 0.967429 2.409
Third XY 0.960507 3.149
6 6 0.9979
8 XY7 0.960605 3.143
XY 0.947255 4.606 1.0003
S 12 0
XYZ 0.947280 4,607
1) 7G-XY, 7G-XYZ Diffusion (Danisot reference mesh; 34 X 34 (X 22},

* Benoist's Diffusion Coefficient.




Table 2.7

X¥ Transport Effects on Control Rod Worth in ZPPR-13A

Rod Patterns Rod Worth ({%Ak/kk')
No Correction
Ring CR CRP biffusion 1) Transport 2) Factors
1 0 6 0.6653 0.6548 0.9842
First
2 6 0 1.8542 1.7814 0.9607
3 0 12 2.0233 1.9654 0.9713
4 Second ) 6 4 .6337 4.4300 0.9560
5 12 0 6.7874 6.4554 0.9510
6 0 12 1.5045 1.4691 0.9764
7 6 0 2.5673 2.4647 0.9600
Third
8 6 6 3.3044 3.1749 0.9608
9 12 0 4.8762 4.6697 0.9576
1) 7G-XY Diffusion,(D_ ., comesh).

2)

7G-XY Transport (S, Iy = 1/3

D__.
av*’

reference mesh) .




Table 2.8

Axial Transport Effects on Control Reod Worth in ZPPR-13A

Diffusion 1

Transport Correction
Case Model Factors
keff (-) (3Ak/kk") keff (-) ($Ak/kk')
RZ 1.016437 - 1.024495 - -
Reference 3)
R 1.017207 - 1.021804 - -
RZ 0.774252 30'774 0.789298 29.08E 0.9452
CR
g 3) 0.774619 30.78, 0.787614 29.10, 0.9452
1 .0000
RZ 0.961078 5.667 0.969763 5.509 0.9721
CRP
R 3) 0.962034 5.63B 0.966429 5.608 0.9947
0.9773

1) 7G-RZ, R Diffusion{Diso, fine mesh (<1 cm)})

2) 7G-RZ, R Transport (S,, reference mesh)

3) BZ2 is calculated from 7G-RZ Diffusion




Table 2.9 C/E Values of Control Rod Worth in ZPPR-13A
Rod Patterns Correction Factors C/E
. , *
Ring CR CRP Mesh Size | Collapse Transport Buckling Total Uncorrected | Corrected
0 & 1.0072 1.0047 0.9619 0.9938 0.9673 0.941 0.910
First
6 0 1.0630 0.9941 0.9607 0.9989 1.0141 0.872 0.884
0 12 1.0118 1.0045 0.9493 0.9926 0.9577 1.001 0.959
) 6 1.0675 0.9961 0.9525 0.9944 1.0072 0.928 0.935
Second
12 0 1.0760 0.5957 0.9510 0.2961 .1.0149 0.911 0.925
0 12 1.00L17 0.9924 0.9542 0.8934 0.9423 1.061 1.000
& 0 1.0643 0.9815 0.9600 0.9985 1.0013 0.981 0.982
Third
6 & 1.0495 0.9835 0.9572 0.9979 0.9859 0.897 0.983
12 0 1.0586 0.9812 0.8576 1.0003 0.9950 0.978 0.973
*# = XY Transport Correction Factor X Axial Transport Correction Factor.




Table 2.10 Uncorrected CR to CRP Worth and C/E Values in ZPPR-13A

Control Rod Worth (%)
Control Rod Patterns C/E
Calculation Experimental
. I CR to CRP
Ring CR CRP %g?%i%on No. of Rods | to Fuel to CRP to Fuel to CRP { ° )
6 0 4,996 5.,7250
First 0.315 6 3.101 3.7121 0.835
0 6 1.895 2,0129
6 (5] 12.463 13.4284
0.587 6 6.714 7.6897 0.873
0 12 5.748 5.7387
Second
12 ¢ 18.104 19.8690
0.588 12 12.356 14,1303 0.874
0 12 5.748 5.7387
6 6 9.068 9.0947
0.862 6 4.740 5.0159 0.945
0 12 4,328 4.,0788
Third
12 0 13.263 13.5588
0.860 12 8.935 9.480 0.243
0 12 4,328 4,0788




Table 2.11 Corrected CR to CRP Worths and C/E Values in ZPPR-13A

Contrel Rod Position

Control Rod Worth

($)

Calculaticn Experimental C/E
Ring CR CRP fg?;g;on No. of Rod| to Fuel to CRP to Fuel to crp | (CR to CRP)
6 0 5.066 5.7250
First 0.315 6 3.233 3.7121 0.871
0 6 1.833 2.0129
6 (4] 12.553 13.4284
0.587 6 7.048 7.6897 0.917
0 12 5.505 5.7387
Second
12 0 18.374 ©19.8690
0.588 12 12.869 14.1303 0.911
0] 12 5.505 5.7387
6 6 8.940 9.0947
0.862 6 . 4.862 5.0159 0.969
0 12 4.078 4.0788
Third
12 0 13.197 13.5588 .
0.860 12 9.118 9.480 0.962
0 12 4,078 4.0788




Table 2.12 ZPPR-13A Irradiation No.l
Reaction Rates Measured along the X-axis

239 2

Pu(n,f) 35U(n,f) 2

38 238
Matrix® U(n,Y) Uln,E)
Zone

Position Exp.b c/E Exp_b C/E Exp.b C/E Exp.b C/E

148 50 CB 4,357 0.929 5.116 0.976 0.6111 0.993 0.0189 0.960
149 50 CB 4.260 0.950 5.099 0.979 0.6138 0.989 0.0185 0.981
147 48 CB 4.473 0.941 5,340 0.967 0.6268 1.007 0.0220 0.983
148 49 CB 4.248 0.953 5.191 0.962 0.6065 1.001 0.0189 0.960
149 49 CB 4.341 0.933 5.176 0,965 0.6113 0.993 0.0185 0.981
147 48 CB 4.588 0.952 5.491 0.970 0.6521 1.002 0.0255 0.997
148 47 CB 4.669 0.969 5.511 0.9%6 0.6649 1.017 0.0289 1,017
148 46 CB 5.095 0.976 5.965 0.992 0.7207 1.022 0.0378 1.166
148 45 CB 5.610 0.980 6.295 1.013 0.7739 1.033 0.0612 1.143
148 44 CB 6.118 0.983 6.545 1.029 0.8217 1.028 0.1006 - 1.127

147 44 F1 S 6.146 0.950 6.554 1.007 .,8763 1.008 0.1421 0.998
147 43 Fl 6.434 0,954 6.731 0.987 0.8544 1.021 0.2089 0.211
147 42 F1 5 6.717 0.987 6.915 1.016 0.9121 1.022 0.20098 1.007
147 41 F1 6.895 0.958 7.221 0.9%91 0.9277 1.025 0.2250 0.911
147 40 Fl1 s 7.023 0.965 7.559 1.018 1.0020 1.028 0.1666 0.962

147 39 Bl 7.222 0.999 7.954 1.035 1.0130 1.034 0.0951 1.152
147 38 Bl 7.350 1.011 B.182 1.037 1.0330 1.047 0.0910 1.175
147 37 Bl 7.559 1.014 8.087 1.057 1.0330 1.049 0.1267 1.147

147 36 F2 7.567 0.994 7.985 1.040 1.0250 1.067 0.2419 0.911
147 35 F2 8 7.709 1.018 7.970 1.048 1.0560 1.043 0.2397 1.011
147 34 F2 7.654 1.004 7.918 1.036 1.0120 1.071 0.2618 0.954
147 33 F2 g8 7.403 1.027 7.996 1.051 1.0500 1.06%9 0.2020 0.998

147 32 B2 7.343 1.045 7.879 1.099 1.0210 1.080 0.1102 1.165
147 31 B2 6.985 1.076 7.790 1.102 1.0050 1.091 0.0846 1.261
147 30 B2 6.847 1.084 7.517 1.107 0.9617 1.101 0.1028 1.249

147 29 F3 6.764 1.038 7.057 1.085 0.9143 1.119 0.2050 0.969
147 28 F3 8 6.611 1.068 6.749 1.098 0.8874 1.0921 0.1988 1.1l26
147 27€ w3 6.431 1.050 6.324 1.090 0.7932 1.135 0.2261 " 1.039
147 26 F3 8 5.818 1,071 5.863 1.099 0.7578 1.101 0.1838 1.124
147 25 F3 5,102 1.072 5.243 1.095 0.6627 1.131 0.1773 1.034
147 24 F3 5 4.388 1.048 4,631 1.092 0.6026 1.113 0.1125 1.072

147 23 RB 3.628 1.084 3,925 1.124 0.4870 1.131 0.0493 1.252
147 22 RB 2,911 1.074 3.255 1.107 0.3947 1.124 0.0262 1.201
147 21 RB 2.339 1.080 2.655 1.112 0.3114 1.123 0.0141 1.166
147 20 RB 2,095 1.055 2,324 1.094 0.2540 1.099 0.0079 1.118

4 : Foils were positioned at 90.8 mm (23%u), 63.1 mm @350) ana 77.0 mm @380
above the midplane.

b : 10718 reactions per atom per second at a reactor power of approximately
1 watt.

. Axial traverse location, all foils were at 77.0 mm from the midplane.

d : JENDL-2B-70, 18G, (Cell B=0).



Table 2.13 ZPPR-13A Irradiation No.l
Reaction Rates Measured along the Y-axis

239 235 38 8
Matrix® Pu{n,f) Uln,f) Uln,yv} U(n,£)
Zone

Positi b
osition Exp. c/E Exp.b C/E Exp_b C/E EXp.b . C/E

2 23

149 50 CB 4,260 0.950 5.099 0.979 0.6138 0.989 0.0185 0.981
148 50 CB 4,357 0.929 5.116 0.976 0.6111 0.993 0.0189 0.960
149 49 CB 4.341 0.933 5.176 0.965 0.6113 0.993 0.0185 0.981
148 49 CB 4,248 0,953 5.191 0.962 0.e065 1.001 0.018%9 0.960
147 49 CB 4.473 0.941 5.340 0.967 0.6268 1.007 0.0220 0.983
147 48 CB 4.588 0,952 5.491 0.970 0.6521 1.002 0.0255 0,997
146 49 CB 4.802 0.942 5.527 0.992 0.6701 1.008 0.0284 1.040
145 49 CB 5.145 0,963 5.873 1.004 0.7207 1.018 0.0382 1.159
144 49 CB 5.597 0.976 6.233 1.015 0.7858 1.009 0.,0595 1,179
143 49 CB 6.035 0.986 6.551 1.014 0.8195 1.017 0:1003 1.131

143 48 F2 8 6.002 0.962 6.535 1.012 0.8761 0.996 0.1443 0.976
142 48 Fl 6.376 0.953 ©.722 0.976 0.8472 1.026 0.2124 0.899%9
141 48 FL 8 6.639 0.973 6.891 1.008 0.,9130 1,003 0.2065 0.955
140 48 Fl 6.727 0.960 7.147 0,980 0.9152 1.018 0.2233 0.8%4
139 48 Fl1 § 6.807 0.968 7.453 1.005 0.9928 1.017 0.1631 0.850

138 48 BL 6.954 1.004 7.910 1.008 0.9812 1.034 0.0891 1.180
137 4B Bl 7.202 0.994 7.829 1,031 1.007C 1.034 0.0886 1.172
136 48 Bl 7.413 0.992 7.993 1.024 1.00%0 11,029 0.1247 1.131

135 48 F2 7.459 0.965 7.814 0.997 1.0080 1.029 0.2407 0.911
134 48 F2 8 7.469 0.996 7.741 1,026 1.0170 1.028 0.2247 1.022
133 48 F2 7.479 0.966 7.561 . 1.023 0.9811 1.041 0.2542 0,922
132 48 F2 8 7.142 0.996 7.734 1.019 1.0250 1.029 0.1805 0.978

131 48 B2 6,921 1.029 7.618 1,058 0.9715 1.056 0.0995 1.169
130 48 B2 6.6539 1,040 7.338 1.080 0.9422 1.075 0.0762 1.262
129 48 B2 6.522 1.042 7.212 1.060 0.9074 1,072 0.0934 1.225

128 48 F3 5 6.407 1,013 6.672 1.066 0.8988 1.052 0.1683 1.039
127 48 F3 6.350 0,989 6,319 1.047 0.7929 1.091 0.2176 0.967
126 48C  ¥3 § 5.952 1.026 5.962 1.064 0.7733 1.063 0.1915 1.051
125 48 F3 5.434 1.015 5.506 1.039 0.6838 1.083 0.1954 0.996
124 48 F3 4.787 1.012 4.892 1.041 0.ele3 1.078 0.1677 0.972
123 38 F3 § 4,071 1.017 4,347 1,050 0.5616 1.079 0.1032 1.043

122 48 RB 3.382 1.048 3.700 1.076 0.4566 1,089 0.0471 1.154
121 48 RB 2.768 1.020 3.068 1.061 0.3713 1.079 0.0230 1.209
120 48 RB 2.215 1.036 2,515 1.067 0.29235 1.079 0.0129 1.136
119 48 RB 1,933 1.051 2.209 1.055 0.2385 1.06é 0.0084 0.946

a : Folls were positioned at 90.8 mm 23%u), 63.1 mm Z330) and 77.0 mm @38y
above the midplane.

b : 10_18 reactions per atom per second at a reactor power of approximately
1 watt.

¢ : Axial traverse location, all foils were at 77.0 mm from the midplane.

d : JENDL-2B-70, 18G, (Cell B=0).



Tabl