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Measurements of Relative Power Distributions in the Simulated Axially

Heterogeneous Core {(FCA X Core) by y-Scanning Method
Kunio SATQH, Akio OHNO, Tositaka OSUGI and Wakaei SATO*

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

Tokai-mura, Naka-gun, Tbaraki-ken

(Received December 19, 1986)

Relative power distributions were measured using y-scanning method
in the partially simulated cores of axially heterogeneous IMFBR (FCA XII-1
and FCA X[[I-2 core) which were asgsembled to study radial nuclear character-
istics of the core. Radial power flattenings and a radial variation of
channel powers were examined from the power distributions measured in the
cores having the inner blanket at the core midplane. It is confirmed that
the power flattenings can be achieved not only in the axial distribution
but in the radial distribution. The distribution of the channel powers
also can be mere flattened by making coptimization of the inner blanket
shape.

Calculation predicts the overall trend of the measured results.
Calculated results agreed well with measured values in the core rigion,
while underestimated in the inmer and outer blanket region. As for the
channel power distribution and the power peaking factor, calculated values

agree with measured cnes.

Keywords : IMFBR, Axially Heterogeneous Core, Power Distribution,
v-Scanning Method, Power Flattening, Channel Power,

Power Peaking Factor

* JALS LTD.
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Fig. 2.2 Vertical cross section of FCA XIII-1 core
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- Table 3.1 Specification of fuel plates used

in test region

Pu Fuel NU Fuel DUO, Fuel
Size(inch) 2" X2"X1/16" 2" X2"X1/18" 2" X2"X1/47
Haterial form Pu-Al Alloy 22&:{31 Uranium Uranium Oxide
Thickness of .
fuel meat(mm) 1.02 + 0.05 | 1.59 | 6. 35
Thickness of
cladding(mn) SUS 0.25 E—
Density(g/cm?®) 14. 58 18. 34 8.62
Enrichiments 91.84% 0.71% 0.21%
Number density
(atom/cm?) :
Fu 3.620xX10%? _— —_—
Al 0.515%X10%** e R
U —— 4.65x10% ©2.18x10%¢
0 —_— E— 4.37x10%*
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Cell Calculation in One
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Fig. 4.1 Calculation flow used for analysis of power distribution
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Table 5.2 Measured and calculated total pbwer peaking
factor of FCA XII-1 and FCA XH ~2 core

Measured + err Calculated C/E
FCA XII-1 core | 1.39 + 1.5% 1.35 0.971
FCA XI-2 core | 1.45 + 1.5% 1. 40 0. 966

Normalized

g 0.8} -1
=
& -
Quter blanket
0.6+ 87 0 8
— 67 A
Core _
————47:V \
Inner blanket S |
04 I | | { | | | i | i 1 | |

|
0 2 4 6 8 10 12R
Radial distance from core center {x5.52 ¢cm)

Fig. 5.1 Profile of flattening in radial power distributions at
vertical elevations in FCA X_III-] core
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Table A.T Measured and calculated radial power distribution of
Pu fuel plates different elevation in FCA XIII-1 core

PU POWER AT 12 PU POWER AT 2Z
DISTANCE EXP. ERR(X) CAL C/E DISTANCE EXP. ERR (%) CAL C/E
“—== (M) e e e o B i it T ———a
36.81 1.0%90 2.4 1.100 1.00%9 36.81 1.082 2.41 1.092 1.00¢9
39.04 1.048 2.41 1.070 1.021 39.04 1.061 241 1.061 1.000
L4047 1.054 2.61 1.060 1.006 LOL47 1.017 2.461 1.050 1.032
42.33 1.035 2.41 1.042 1.007 42.33 1.035 2.41 1.031 0.996
Lb .56 1.000 2.41 1.0172 1.012 44.54 0.998 2.41 1.801 1.003
45.99 0.984 2.48 0.991 1.007 45,99 0.940 2.48 0.980 1.021
47 .85 0.966 2.461 0.%60 0.994 4L7.85 0.942 2.41 0.948 1.C006
50.08 0.%01 2.48 0.%15 1.014 53.08 0.896 2.48 0.904 i.oo9
51.51 0.8B83 2.48 0.885 1.002 51.51 O.B4Y 2.48 0.873 1.028
53,37 0.B56 2.41 - 0.841 o.982 53,37 Q.850 2.41 0,830 0.976
55.60 0.774 2.48 0.784 1.013 55.60 0.778 2.48 0.773 0.994
57.03 0.751 2.48 0.745 0.992 57.03 0.717 2.4L8 0.734 1.024
5B_BY 0.702 2.48 0.691 0.984 58.89 0.685 2.48 0.681 0.994
51.17 0.61C 2.48 0.623 1.021 61.17 0.610 2.48 0.614 1.007
62.55 0.5467 2.55 0.579 1.021 62.55 0.536 2.55 0.56% 1.02%
PU POWER AT 32 FU POWER AT 412
DISTANCE EXP. ERR (%) CAL C/E DISTANCE EXP. ERR (%) CAL C/E
mmm (M) mm e mrm e MY e e e
36.81 1.060 2.41 1.077 1.016 -1.83 1.062 2.55 1.062 1.000
39.04 1.039 2.41 1.044 1.005 0.40 1.053 2.55 1.063 i.009
40,47 1.024 2.41 1.031 1.007 1.83 1.053 2.55 1.064 1.010
42.33 1.005 2.41 1.01¢ 1.005 3.69 1.067 2.55 1.065 0.998
4Li .56 G.960 2.61 D979 1.020 5.92 1.052 2.55 1.068 1.015
45,99 0.955 2.48 0.957 1.002 7.35 1.075 2.62 1.070 0.995
47 .83 o.921 2.641 0.924 1,003 v.21 1.066 Z2.55 1.071 1.005
50.08 0.863 2.48 0.880 1.020 11.44 1.053 2.55 1.073 1.01¢9
51.51 0.840 2.48 0.849 1.011 12.87 1.076 2.62 1.075 0.999
53.37 0.812 2.48 0.B80S 0.991 14.73 1.070 2.55 1.077 1.007
55.60 0.743 2.48 0.750 1.00%9 16.96 1.077 2.55 1.079 1.002
57.03 0.703 2.48 0.711 1.011 18.3¢% 1.074 2.62 1.080 1.006
58.8% 0.4670 2.48 0.650 0.985 . 20.25 1.095 2.55 1.081 0.987
61.17 0.5853 Z2.48 0.5%4 1.015 Z2.48 1.087 2.55 1.080 0.994
62.55 0.537 2.55 0.551 1.024 23.91 1.10¢ 2.55 1.07¢ 0.977
———————————————————————————————————————————— 25.77 1.088 2.41 1.076 0.989
28.00 1.082 2.41 1.071 0.9%0
29.43 1.067 2.41 1.067 1.000
31.29 1.051 2.55 1.061 1.010
33.52 1.034 2.62 1.048 1.014
34.95% 1.057 2.55 1.042 0.985
35.81 1.025 2.41 1.028 1.003
39.04 1.007 2.41 1.00%9 1.007
4O 4T 0.982 2.48 0.994 1.012
42.33 0.987 2.41 0.972 0.985
L4 .56 0.933 2.41 0.%40 1.008
45.99 0.915 2.48 0.917 1.002
47.85 0.885 2.48 0.884 0.99¢9
50.08 0.82¢% 2.48 0.840 1.018
51,51 0.805 2.48 0.809 1.085
53.37 0.787 2.48 G767 0.975
55.460 0.714 2.48 0.713 0_99&
57.03 0.676 2.48 0.677 1.001
58.89 D.644 2.48 0.627 0.974
61.17 0.572 2.48 0.564 0.986
62.55 0.527 2.55 0.522 0.991
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PU POWER AT 5% - PU POWER AT 6é2
DISTANCE EXP. ERR¢%) CAL C/E DISTANCE EXP. ERR (%) CAL C/E
mmm (M = m e e = (CM) mmmm e B S U
-1.83 1.028 2.55 1.047 1.018 -1.83 1.000 2.55 0.999 0.999
Q.40 1.058 2.55 1.048 0.991 .40 1.000 2.55 1.000 1.000
1.83 1.032 2.55 1.049 i.0186 1.83 0.993 2.55 1.001 1.008
3.69 1.032 2.62 1.050 1.017 3.69 0.996 2.62 1,002 1.006
5.92 1.033 2.62 1.052 1.018 5.92 1.004 2.62 1.002 0.998
7.35 1.022 2.62 1.053 1.030 7.33 0.993 2.62 1.003 1.010
g.21 1.057 2.62 1.053 0.996 92.21 1.000 2.62 1.003 1.003
11.44 1,045 2.62 1.055 1.010 11.44 0.980° 2.62 1.002 1.022
i12.87 1.038 2.62 1.056 1.019 12.87 1.004 2.62 1.002 0.998
14.73 1.036 2.62 1.056 1.019 14,73 0.%986 2.62 - 1.001 1.015
16.%6 1.042 2.62 1.056 1.013 16.96 0.978 2.62 0.999 1.021
18.39 1.065 2.62 1.056 0.992 18.39 0.997 2.62 0.997 1.000
20.25 1.039 2.55 1.054 1.014 20.25 0.9%1 2.62 0.994 1.003
22.48 i.062 2.55 1.052 0.991 22.48 1.004 2.62 0.989 0.985
23.91 1.040 2.55% 1.049 1.009 23.91 1.001 2.62 0.985 0.984
23.77 1.032 2.41 1.043 1.011 25.77 0,979 2.48 0.978  0.99%9
28.00 1.024 2.41 1.035 1.011 28.00 0.%955 2.48 2.968 1.014
2943 1.021 2.48 1.029 1.008 29.43 0.954 2.48 0.961 1.007
31.29 1.005 2.62 1.02¢ 1.015 31.29 0.950 2.6¢2 0.950 1.600
33.52 1.010 2.62 1.005 0.9%5 33.52 0.949 2.62 0.934 0.584
34.95 1.017 2.682 0.9946 0.979 34.95 0.%920 2.62 D.922 1.002
36.81 0.971 2.41 0.980 1.009 35.81 0.914 2.41 0.905 0.920
39.04 G.%953 2.41 0.957 1.004 39.04 0.Bs8 2.48 0.881 1.015
LO.47 0.932 Z2.48 0.941 1.010 40,47 0.852 2.48 0.864 1.014
42.33 0.%23 2.41 0.917 0.993 42.33 0.864 2.41 0.840 0.972
44 .56  0.BB3 2.48 0.884 1.001 Gh_ 55 0.807 2.48 0.808 1.001
45.99 0.849 2.48 0.861 1.014 45.99 0.784 2.48 0.786 1.003
47 .85 0.837 2.48 0.828 0.989 L7 .85 0.764 2.48 0.754 0.987
50.08 0.787 2.48 0.785 0.9%97 50.08 0.705 2.48 0.714 1.013
51.51 0.74% 2.48 0,755 1.008 51.51 0.683 2.48 0.687 1.006
53.37 G.729 2.48 0.715 0.981 53.37 0.660 2.48 0.649 0.983
55.60 0.668 2.48 0.663 0.993 55.60 0.608 2.48 0.601 0.%988
57.03 0.630 2.48 0.629 0.998 57.03 0.562 2.55 0.56% 1.012
58.89% 0.5%9 2.48 0.582 0.972 55.89 0.540 2.48 0.526 0.974
61.17 0.522 2.55 0.523 1.002 61.17 0.461 2.35 0,472 1.024
62.55 0.481 2.55 0.4B4 1.006 62.55 0.430 2.62 0.437 1.016
PU POWER AT 71 PU POWER AT B2
DISTANCE EXP. ERR (%3 CAL C/E DISTANCE EXP. ERR¢%) CAL C/E
B £ b T e ettt e M) m oo
~-1.83 0.90535 2.62 0.915 1.011 -1.83 0.80% 2.69 C.801 0.990
0.40 0.920 2.62 0.916 0.9%96 0.40 0.812 269 0.803 0.98%
1.83 0.917 2.62 0.916 0.999 1.83 0.804 2.6% 0.803 0.99%
3.69 0.%03 2.6%9 0.917 1.016 3,89 0.BO& 2.77 C.804 0.998
5.9 0.B894 2.69 0.917 1.026 5.92 0.807 2.77 0.803 0.995
7.35 0.912 2.69 0.916 1.004 7.35 0.805 2.77 0.802 0.996
7.21 0.%03 2.69 0.918 1.014 9.21 0.793 2.77 0.802 1.011
11.44 0.900 2.6% 0.%916 1.018 11.44 0.818 2.59 0.800 D.980
12.87 0.911 2.69 0.914 1.003 12.87 0.7%4 2.77 D.7%8 1.005
14,73 0.897 2.69 ¢.912 1.017 14.73 0.7%7 2.77 0.7%6 0.999
16.96 0.903 2.6%9 0.909 1.007 16.%6 0.7%7 2.77 0.7%92 D.994
18.39 0.876 2.6% 0.%907 1.035 18.39 0.797 2.77 0.789 0.990
20.25% 0.911 2.62 0.902 0.9%0 20.25 0.802 2.69 0.784 0.978
22.48 0.8%5 2.62 0.895% 1.001 22.48 0.811 2.69 Q.7?7 0.958
23.91 0.889 2.62 0.891 1.002 23.91 0.778 2.69 0.772 0.992
25.77 D.888 2.48 0.883 0.954 25.77 0.771 2.48 0.764 0.991
28.00 G.B68 2.48 0_.873 1.006 2B.00 0.761 2.48 0.753 0.989
29.43 0.847 2.48 D.B&4 0.997 29.43 0.763 2.48 0.745% D.976
31.29 0.832 2.69 D.85? 1.024 31.29 0.735 2.77 0.733 0.997
33.52 0.847 2.69 0.83%6 0.987 33.52 0.738 2.77 0.719 0.974
34.959 0.826 2.6%9 0.824 0.998 34.95 0.714 2.77 0.704 0.989
35.81 0.806 2.41 0.807 1.001 36.81 0.70% 2.48 0.690 0.973
39.04 0.771 2.48 0.783 1.016 3904 0.670 2.48 0.668 0.9%7
40,47 0.7686 2.48 0.767 1.001 L4047 0.652 2.48 0.65464 1.003
42,33 0.756 2.41 0,744 0,984 42.33 0.644 2.48 0.633 0.983
44 .56 0.723 2.48 0.713 0.98% 44,56 0.622 248 C.6046 0.974
45.99 0.701 2.48 0.693 0.98¢9 45.99 0.593 2.55 0.588 0.992
47 .85 0.680 2.48 0.665 0.978 47 .85 0.588 2.48 0.563 0.957
50.0B 0.625 2.48 0.628 1.005 50.08 0.528 2.55 0.531 1.006
51.51 0.619 2.55 0.603 0.974 51.51 0.513 2.55 0.510 0.994
53.37 0.586 2.48 0.569 0.971 53,37 0.507 2.48 0.480 0.947
55.60 0.3532 2.55 0.5246 0.98¢9 55.60 0.456 2.5%9% 0.443 0.971
S7.03 0.503 2.55 0.498 0.990 57.03 0.422 2.62 0.419 0.993
38.89 0.472 2.48 0.459 0.972 58.8¢9 0.411 2.55% 0.386 0.93%
61.17 0.4613 2.62 0.412 0.9%98 61.17 0.355 2.62 0.345 0.972
42.55 0.378 2.62 0.381 1.008 62.53 0.319 2.6% 0.318 0.997
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Table A.2 Measured and calculated radial power distribution of
Pu fuel plates different elevation in FCA XIII-2 core

PU FOWER AT 1Z PU POWER AT 27
DISTANCE  EXP. ERR(X) CAL C/E DISTANCE  EXP. ERR (%> CAL C/E
mmm e (M) = —————— m e (M) m e e e e
47 .85 0.902 2.41 0.844 0.936 31.2¢9 1.096 2.55 1.045 0.953
50.08 0.853 2.41 °  0.848 0.994 33.52 1.042 2.55% 1.048 1.006
51.51 0.814 2.48 0.820 1.005 34.95 1.043 2.62 1.040 0.997
53.37 0.780 2.48 0.779 0.999 36.81 1.034 2.41 1.027 0.993
55.60 0.706 2.48 0.725 1.027 39.04 1.003 2.41 1.006 1.003
57.03 0.867¢ 2.48 0.688 1.013 L0.4L7 0.995 2.41 0.991 0.996
58.89 0.643 2.48 C.637 0.991 L2.33 0.974 2.55 0.969 0.995
61.17 0.5469 2.55 C.574 1.00¢ 44 .56 0.93% 2.565 0.937 0.9%8
62.55 0.521 2.55 C.532 1.021 45.99 0.926 2.62 0.916 0.989%
-------------------------- it i 47 .85 0.908 2.41 - 0.884 0.974
50.08 0.853 2.41 0.842 0.987
51.51 0.808 2.48 0.814 1.007
53.37 0.788 2.48 0.772 0.980
55.60 0.712 2.48 0.717 1.007
57.03 0.672 2.48 0.680 1.012
58.89 0.642 2.48 0.629 0.980
61.17 0.559 2.55 0.568 1.013
62.55 0.516 2.62 0.525 1.017
PU POWER AT 32Z PU PDWER AT 412
DISTANCE EXP. ERR (%} CAL C/E DISTANCE EXP, ERR (%) CAL C/E
mm s (CM Y e o — e (M) mmm e e -
31.29 1.080 2.53 1.046 0.969 -1.83 1.046 2,48 1.064 1.017
33,52 1.035 2.55 1.049 1.016 0.40 1.028 2.48 1.064 1.035
34.95 1.041 262 1.039 0.998 1.83 1.084 2.48 1.064 0.982
36.81 1.029 2.41 1.024 0.995 14.73 1.091 2.41 1.073 0.984
39.04 0.999 2.41 1.001 1.002 16.96 1.093 2.41 1.073 0.982
L0 .47 0.988 2.41 0.584 0.996 18.39 1.092 2.41 1.073 0.983
42.33 0.971 2.55 0.962 0.991 25.77 1.086 2.55 1.063 0.979
44,56 0.931 2.55 0.928 0.997 28.00 1.065 2.55 1.056 0.962
45,99 0.916 2.62 0.905 0.988 26,43 1.059 2.55 1.051 0.992
47,85 0.892 2.41 - 0.872 0.978 31.29 1.055 2.55 1.040 0.986
50.08 0.820 2.41 0.828 1.010 33.52 1.015 2.55 1.027 1.012
51.51% 0.798 2.48 0.798 1.000 34.95 1.018 2.55 1.016 0.998
$3.37 C.771 2.41 0.756 0.981 35.81 0.998 2.51 0.99%9 1.001
55.60 0.703 2.48 0.701 0.997 39.04 0.562 2.41 0.974 1.012
57.03 0.663 2.48 0.664 1.002 40 .47 0.969 2.41 0.958 1.009
58.89 0.628 2.48 0.614 0.978 42.33 0.931 2.55 0.933 1.002
61.17 0.559 2.55 0.551 0.9846 44,56 0.900 2.55 0.897 0.997
62.55 0.509 2.55 0.510 1,002 45,99 0.Bb4 2.42 0.873 1.010
———————————————————————————————————————————— 47 .85 0.842 2.48 0.840 0.998
50.08 0.789 2.48 0.796 1.009
51.51 0.765 2.48 0.766 1.001
53.37 0.731 2.48 0.725 0.992
55.60 0.664 2.48 0.672 1.012
57.03 0.635 2.48 0.636 1.002
58.89 ¢.602 2.48 0.587 0.975
61.17 0.516 2.55 0.527 1.021
&62.55 0,485 2.55 0.488 1.006
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PU POWER AT 52 PU POWER AT 62
DISTANCE EXP. ERR (%) CAL C/E DISTANCE EXP. ERR{%Y CAL C/E
e M) e e e e e e e e M) e
-1.83 1.0352 Z2.48 1.049 0.997 -1.83 1.024 " R2.54 0.999 0.976
0.40 1.058 Z2.48 1.050 0.9%92 Q.40 1.000 2.54 1.000 1.000
1.83 1.030 2.54 1.050 1.019 1.83 0.980 2.564 1.001 1.021
14.73 1.062 2.48 1.052 0.9921 14.73 0.989 2.48 0.997 1.008
16.%96 1.046 2.48 1.031 1.005 16.96 1.001 2.48 0.%94 0.993
18.%¢9 1.057 2.48 1,050 0.993 18.3¢ 1.005 2.48 0.992 0.987
25.77 1.047 2.55 1.031 C.%985 25,77 0.966 2.55 0.968 1.002
28.00 1.017 2.55 1.021 1.004 28.490 0.962 2.55 C.956 C.994
29.43 0.%83 2.55 1.014 1.032 29 .43 Q.955 2.55 0.948 0.993
31.2¢9 0.988 2.55 1.002 1.014 31.29 0.938 2.55  0.934 0.996
33.5¢2 0.971 2.55 0.986 1.015 33.52 0.891 2.62 0.%16 1.028
34.95 0.977 2.55 0.973 0.996 24,95 0.892 2.62 0.%903 1.012
36.81 0.958 2.41 0.955 Q.%97 36.81 0.873 2.41 0.884 1.013
39.04 0.91¢9 2.41 0.922% 1.011 359.04 0.846 2.41 0.858 1.014
40,47 ¢.210 2.41 0.911 1.001 40,47 0.830 2.41 0.840 1.012
4£2.33 0.871 2.55 0.884 1.015 L2 .33 0.831 2.62 0.81¢ 0.98¢0
L4 .56 0.827 2.62 0.848 1.025 44,56 0.780 2.62 0.780 1.000
45,99 0.817 2.62 0.824 1.00¢9 45,99 0.756 2.82 0.7564 1.000
47 .85 0.7%3 2.4B 0.792 0.99% &7 .85 0.739 2.48 0.725 0.981
50.08 0.751 2.48 0.748 0.9%6 50.08 0.693 2.48 0.684 0.%87
51.51 c.719 2.48 0.719 1.000 51.5%1 0.662 2.48 0.656 0.991
53.37 0.694 2.48 q,.67% 0.978 53,37 0.629 2.48 0.618 Q.%83
55.60 Q0.636 2.48 0.628 0.987 55.60  0.583 2.48 0.571 Q.97¢
§7.03 0.598 2.48 0.5%4 0.993 57.03 0.538 2.55 0.540 1.004
38.89 0.563 2.55 0.548 0.973 58.89 0.%521 2.535 0.497 0.%95¢4
61,17 0,496 2.62 0.4%1 C.%%0 61.17 0.454 2.62 0.445 0.280
62.55 0.463 2.55 0.455 0.983 62.55 0.411 2.62 0.412 1.002
PU POWER AT 7Z PU POWER AT 82
DISTANCE  EXP. ERR (%) CAL C/e DISTANCE  EXP. ERR(%) CAL C/E
=== {fM) - e e e e (M) m e e e e e e e
~1.83 0.921 2.54 0.913 0.991 -1.83 0.814 2.69 0.800 0.983
Q.40 0.910 2.62 0.915 1.005 0.40 0.807 2,62 n_a01 0.993
1.B3 0.900 2.69 0.915 1.017 1.83 0.821 2.62 0.8072 0.977
14.73 Q0.917 2-48 0.%0% 0.%991 14 .7% 0.835 2.4L8 0.7%3 0.950
16.96 0.903 2.48 0.905 1.002 16.%96 0.814 2.55 0.789 0.%69
18.39 0.886 2.55 0.%02 1.018 18.39 0.812 2.55 0.785 0.967
25.77 0.886 2.55 0.874 1.009 25.77 0.763 2.62 0.745 1.003
28.00 0.845 2.55 0.862 1.020 28.00 0.754 2.62 0.744 0.987
29 .43 0.B39 2.55 0.853 1.017 29 4T 0.740 2.62 0.738 0.9%5
31.29 0.833 2.55 0.839 1.007 31,29 0.74646 2.5¢% 0.723 0.969
33.52 0.834 2.62 0.821 0.%984 33 .57 0.697 2.69 0.706 1.013
34,95 Q.824 2.62 0.B0B 0.981 34.95 0.696 2.6%9 0.694 0.997
34.81 0.7%0 .41 0.790 1.000 36.81 0.696 2.41 0.677 0.973
39.04 0.768 2.41 0.765 0.996 39.04 0.643 2.48 0.654 0.986
4047 0.740 2.41 Q0.748 1.011 L4047 0.631 2.48 0.639 1.013
42.33 0.730 2.62 0.724 0.992 L3 .33 0.636 2.462 0.5617 0.970
44 .56 0.702 2.77 0.6%1 0.984 L .56 0.601° 2.77 0.58% 0.980
45,99 0.651 2.69 0.670 1.029 45,99 0.577 2.77 0.570 0.988
47 .85 C.654 2.48 0.641 0.980 47 B 0.564 2.48 0.546 0.968
50.08 0.614 2.55 0.604 0.984 50.08 n.521 2.55 0.5%13 0.985
51.51 0.581 2.55 0.579 0.997 51.51 a.499 2.55 0.491 0.%84
53.37 0.355 Z.48 0.545 0.952 53,37 0.484 2.4L8 0.467 0.955
55.60 0.4%4 2.55 0.502 1.016 55.60 0.429 2.6¢2 0.425 0.991
57.03 0.475 2.55 C.474 0.9%98 57.03 0.406 2.55 0.400 0.%985
S58.89 0.4461 2.55 0.437 0.948 58_.89 0.384 2.55 0.368 C.9538
61.17 0.385 2.69 0.390 1.013 61.17 0.347% .77 0.3%328 0.956
62 .55 0.357 2.69 0.360 1.008 62 .55 0.305 2.77 0.307 0.9%90
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Fig. A.5 Radial power distribution of Pu plate at 5Z in FCA XIII-1 core
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Fig. A.14 Radial power distribution of Pu plate at 6Z in FCA XIII-2 core



RELATIVE PLUTONIUM POWER

JAERT — M 85--191

—e— CALCULATED
~ MEASURED

1'20 LI I A I O A i\ll-lllF]I\\ililll[[ill('lllllHfll]lll TITTTI T TP r T [ TR T TrIT
] r |

1.00

_______________________________________________________________________________

____________

____________________________________________________________

.B.

Illl]I\!IlllLlllllllllllltllljilll

b

|[11|Ii]I]IIfiI||[TTIIIII|TT‘|||[||1|]7

0-40

llilliill]
IIII!?[II

;
1
H
1
1
1 1 1 r
1 1 1 ] 1 1
' ! i
T 1
i

WLl

H 1 H ;
sevsao b b e g ran g ba g b b Lis ey
0.20

-10.00-0.0C 10.00 20.00 3C.C0 40.00 50.00 60.00 70.00
RACIAL DISTANCE FRCOM CORE CENTER (CM)

Fig. A.15 Radial power distribution of Pu plate at 7Z in FCA XIII-2 core

RELATIVE PLUTONIUM POWER

Fig. A.

—e— CALCULATED

a MEASURED
I'ZDJT.HHHHHIMH P T T T T T T T T T T [T T T T T [T T T T T T T
_ I i 1 ] ] 1 T 1
- 1 El ¥ 1] 1 1 1 -1
— i 1 1 1 ' 1 ] -
- 1 3 ] 1 ' 1 ] -1
- ' 1 1 i 1 P 1 .
| i ' ' i i |
- i | ' 1 ' i i —
- i ' b 3 1 ' i 4
- i ' r | 1 1 3
T S e ——_——— e ————— dommcm - B L S | TS SR W —
1.00F : : : ; : : : .
r ' | { 1 i i |
r 1 1 ] i 1 i 1
- 1 1 b ] 1 1 1 -'
o 1 1 T t 1 ] 1 -
b— i 1 1] 1 1 1] ] -
- 1 ' I 1 i ' ' ]
1] 1 ] 1 | ] 1
I~ r 1 1 1 1 -1
F h I ; i i .
= ' r ' I ' ]
0D.80~--—--- : [ <3 - Oyt Y SRS e B -
- | 1 \ 1
1 ] =
- H .
- i m
C ! d
» ! e
o H E
- . ]
[ 5 o | S SIS S S it N WS Lommmee _—d —]
2 L IR B
¥
T 1 1
- ! 3
» H 3
0_40__ ......... et Sl [ U U VAU Sy S WA, - S -
» ; 3
o ' ]
N i ]
— 1 ] -
" t ! ]
i
- ! r H
- 1 ' | i i ' P
o b e an by b g s pr g b g b e bk s
0.20

-10-00-0.00 10-00 20.00 30.00 40.00 EO-CId 80.00 70.00
RADIAL DISTRNCE FRCM CORE CENTER (CM)

16 Radial power distribution of Pu plate at 8Z in FCA XIII-2 core




JAERI - M 86— 191

e MEARSURED

1'20|Jlllillrli!\lllll\II][I![II]]IYITI\\'#\IIIlI\LIIiIIlrl]!]IIilJ\llrlll'[‘l
] t

e = e T
—a——
lllllll.ll|II|II!IIIIJIIII1III—1

>

L -

S

a. r ‘

o~ E : i

o 0.B0F---—--—-- S U S SOSS 1 L"""""r"% -

o r ! i ! ! i ; :

B E | | | | ﬁ

L - E : ' % ! :

I o e s

I S N L A L
R TR I B e S o
YT
E\!\fl\fli'[llll[liilll!lLFIJ‘FIIIJIlflli;;fflllIlil F|i‘\\|l_L11LLEl[llll[llE

G.20
-10.00-0-.C0 10.00 20.00 30-00 40.00 5C.C0 60-.00 70.00
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.17 Radial power distribution of DUO» plate at 1Z in FCA XIII-1 core

e MERSURED

1'20:1[|[[TTIT¥]'I|]IIII[!TﬁWI[EIIJIIII||!||31\ lil!\[ i]fl]?!r'[ill!\ll ||ITTFIIT:
o E b ]
W 1.00F- o et SRS T % ﬂ --------- T
= - ; i ; ' : ]
A ﬁ oo
« E o
O 0.BOF--m b e S i LI TIPS e 3
=] C : : : : : : | ]
o - : : ' ] ; : %ﬂ ; 3
L E ! i ! : % E i i 3
—  0.80 ~+ ~~~~~~~~~ ---------- % : fommoomes 4} ]
(o - ! 1 '
| . :
o -

0403ty

U_ZD:HHIHH

-10.00-0.00 10.00 20.00 30.CO0 40.00 &0.00 80.00 70.00
RADIAL OISTANCE FROM CORE CENTER (CM)

Fig. A.18 Radial power distribution of DUO2 plate at 2Z in FCA XIII-1 core



JAERLI — M 86— 191

® MERSURED

ISR REBARBEAREEARRL llilfllllll\ill!lllLF!Ill |l[]l1 IIITIT]1l111TllLII'\II[III
i t ' i i

1.20

1.10

|
1.00
0.90

g.80

fl JHTIHI{IIJHi”ll”l”””]lI\IHIH]HEIIEIIL
b
{
]
b
r
b
;
1
o
:
'
]
)
1
]
1
]
————— At —————
]
:
1
!
1)
Al
!
4
i
]
i
|
]
]
!
i
.
|
]
'
i
[Sow=NL
SN L - A
b
'
r—a—
] E
’_—E_"
]
g
t
!
:
1
+
!
t
[}
!
:
:
1
]
]
!

0.70F

0.50%

RELATIVE BUD2 POWER

0.BCF

........

SERASRERRY RAARARREAY A T
3
]
i
(
I
'
h
i
'
(
R T S
'
'
'
i
1
I
'
'
'
1
[ R
1
'
|
'
[
)
T
)
)
I
——-=
i
1
1
[
i
t
'
t
'
—=-1
i
'
'
¢
1
!
1
[
e d
U
o= |
i
{
I
'
'

i 1 ) 1 1 1
ARV ENEE AR AR Sl SN EEE AN SRS EENEEN AR NSl USRS CUUUE DN EE FEREE RS FENNE] [RERRE:

0-40
-10.00-0.00 10.00 20.00 30.00 40.00 50.00 68.03 70.0C
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.19 Radial power distribution of DUO» pTate at 37 in FCA XIII-1 core

e MEARSURED

1'20 IT]IIiliIFIIiIIIIIIEIlrf'I_l'II!I\flllll]i[[Ili Ill!ll\IIIlll!fl\rlllll!l1]Trlllr§
T R e O S N S S o

oz : | ; ! : i : E
W . ! : : ! | E
o 1.00F - %% ----- Hﬁﬁ ---------- ot
o ! | 1 ! ] 5
o ; | E ‘: : é
N 0.0 {Hﬁ% #%%H Ha %}%h """""""" g =
> : : ; ! E
= ' ' ! 4 ! 3
0.B0E-——--- {. ------- %"""“ﬁ"""""1 ---------- bommmeeot %% -------- T =

y | : | | : | ﬁ E
> : ' : : | ; a v 3
N 1 By 1] Tt SRR iu_-wﬁﬁ-"nmuuéw%%%"¢-uﬂ?é
== : : | o 5 E
= 988 T Ul ey
Y og.80F A TR R R oo o % N R
R N Ewww

. 0-40 IH’I1I|!1‘\I_LIJJIII{J[II\IIlfiIi\\!IlL]iil‘ll F|'\‘;I|IHll\lil\Ililllji\i?ll\ll’é

-ig.00 -0.00 10.00 20.00 30.CC 40.00 50.00 60.C0 70.00
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.20 Radial power distribution of DUD2 plate at 4Z in FCA XIII-1 core




JAERI - M 86 —-101

@ MERSURED
1'2U§T1T\Illlllhilii|\IIJJIII\I\Ell\\lllllllllllIlf!l!lIlTrIIT'ITIJIllll\ill\}ll\g
P T S S SO S S N S S -

= 2 ' | : i : ; ' 3
L 3 r ! ] . | 3
2 e mﬁgﬁ$%%§ ---------- ——
o 3 . : ;. . : E
o g : ' i | ] 3
T S e S ﬁ %H """"" E
= g | : | | : | | 3
o - ' : : : : : : E
0.80F--—------ beoeeemon Armeemmmees Amormenee- FRRRREE St e %.% -------- SR =
! g | | | i | ' | E
> £ ; : ' | ; , | E
= 0.70F-— pommeeees ? --------- o e %““""T_é%““%“_m;
jam F ! i i ! E
d — :3831 ¥ NE T? 5 m—l
R e i e T o
T HNNEI R S SSS S N e
g1J_rllHlii\IllIIIIl.i\Illl_llL}_il_iLil}J.llEll'IlIl!i"i\llllllirllliIllIE\&II\EIIV:

0.40 3

-10.00-0.00 10.00 20.00 30.00 40.00 §0-00 B0.00 70.00
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.21 Radial power distribution of DUO2 plate at 5Z in FCA XIII-1 core

o MERSURED

1'20 l7||1||||||1rillTllilliT:llTl[TH’lrllHIllill iI\LII \[IITT'lTTIIEII\ TTITT T 11T
] t ] ; 1 ]
]

TTTTTTTTT

1.00

0.80

- _—.,;ﬁjF_...!FL_].__-_-_
—a—H
—a—
—a—
—a—

0.60

1

3

i

1

1

i
SR S,

1

|

1

1

E

1

s

)

+

t

+

i

i

'
————b e ———

1

i

]

'

]

1

:

1
PR

'

i

'

'

1

!

'

-

i

]

i

]

i

;

i

-

+

:

L™ o]
-8

i

Lo

1

1

L

TR T[T I P TI T T T TP T T TTT|
1]
H]
:
b
¢
¢
(
1]
r
[
:
|
'
1
1
1
1
'
| I
T
1
1
1
1
1
|
1
1
|
L
1
)
1
1
|
1
)
1
1
1
boe
v
1
s
[}
‘
{
1—8—

- SIS ——-
¥
1
'
1
L e
]
1
1]
1
1
1
i
1
i
'
!
*
L]
r
{
{
ETINEREENRS Rl INEN U ST FRINARENE,

RELATIVE DUOZ POWER

0.40

)
1
t
b
I
|
]
i
1
]
I
'
'
'

l]l]llllll

Il]IiIllIi

i 1 I 1 r t
0.20 ESEREEEAR RSN ERENY FE NN SN RN EURSRENE RISl SRR RENENERRNNANNANNE NS BRI (R RUEN)
.

-10.00 -0.00 10.00 20.00 30.00 40.00 50.00 B0.00 70.00
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.22 Radial power distribution of DUO2 plate at 6Z in FCA XIII-1 core



JAERI - M 86— 191

e MEASURED

1'20:\III\IIIIII\\]lTT]T!]rTTTII\I!Il||'\l.l'\!ll'\[l T[lill 'ilITII\illl'lllll'\\ill'\lll:

o o | | | i | | ]
w  1.00p--------- e IS S R I poommmeees I -
> - : : : : : : : 3
o C | h ) ; ) i 3
& g % { % %%% %%%' %% D% {10 S I N
- %% i H %% R RN
o 0.80F-------- bomee e s B & B e e -
= " S A
T R I
= C ' ; | : : & : .« 3
R e A e B S £ S R ™K
S é T383 ' ! e i T3 %M
& E | f | | | | :
N S R oo SN TN
| | | | | | K1
U‘ZDE‘JJII'lJLE:FII\III|I.ir\FIIIIII\ili\\IlIIIf\IJLi Il]jLJjLiLL\!ililllrll\Ell'!ll\\’E

-10.00-0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.0C
RADIAL DISTRANCE FRCM CCRE CENTER (CMI

Fig. A.23 Radial power distribution of DUO2 plate at 7Z in FCA XIII-1 core

o MERSURED

1. 20 R AN AR R R R AR ERRRRE RS EARRL AR RN LR AR R RS LER D RRRs

o ? | | | | | f E
Wi 1.00f------- T oo S e booeeeee R =
= : ! ; : ; ' : ;
O 5 | : : : { | 3
o : : | | 1 | : 3
o L
©  0.80 S R—— R E B brmnnennend . -
= : : : : : | .
& %%H ¢ %%% T N T R O
= ‘ S R
o A T T T2 | E
S ' TBBa ! 4 o %%% TS z:.
. S T R S
e e NI A - B

| i | | | N

: ; , ! E f - .

0.29 e b e b b b e e Togn g o ey de i 10

-10.00 -0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
RADIAL DISTANCE FROM CORE CENTER (CM)

Fig. A.24 Radial power distribution of DUO, plate at 8Z in FCA XIII-1 core
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Fig. A.31 Radial power distribution of DUO, plate at 7Z in FCA XIII-2 core
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Fig. A.32 Radial power distribution of DUO, plate at 8Z in FCA XIII-2 core
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Fig. B.7 Axial power distribution at 6R in FCA XIII-1 core
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Fig, B.8 Axial power distribution at 7R in FCA XIII-1 core
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Fig, B.14 Axial power distribution at 1R in FCA XIII-2 core
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Fig. B.15 Axial power distribution at 2R in FCA XIII-2 core
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Fig. B.16 Axial power distribution at 3R in FCA XIII-2 core
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Fig. B.17 Axial power distribution at 4R in FCA XIII-2 core

—ea— TOTAL POWERICAL)
4 TOTAL PBWERIEXP)

—— PU POWER(CAL)

*x  PU POWERIEXP)

—e— U POWER(CAL?

+ U POWERIEXP)]
I-ZUEH.‘|\=r.E”|| |||r!”r171r||||||||'|l!w\lr\xw\JHI\J\\\E
1.00F 3
o B ]
= g E
5 U-BU; =
o - =
18] - 3
a1 o Sy { N S
= B i ;]
< - 3 E
e 0-40g ER-Br
1) NN Y NS NS S | IS S E
5 :
U-UDzlll!""'i""|||IiJlJJlllllil]llllllliJl1'\4\1\LJ ‘—E

0.00 10.00 20.00 30.00 40.00 50.00 60.00
AXIAL DISTANCE FRGM CORE CENTER (CHM)

Fig. B.18 Axial power distribution at 5R in FCA XIII-2 core
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Fig. B.19 Axial power distribution at 6R in FCA XITI-2 core
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Fig. B.20 Axial power distribution at 7R in FCA XIII-2 core
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Fig. B.21 Axial power distribution at 8R in FCA XIII-2 core
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Fig. B.22 Axial power distribution at 9R in FCA XIII-2 core
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Fig. B.23 Axial power distribution at 10R in FCA XIII-2 core
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Fig. B.24 Axial power distribution at T1R in FCA XIII-2 core



