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A Basic Study on the Adjustment of Group Cross Sections

by Means of Integral Data

Hiroshi MITANI

Division of Reactor Engineering, Tokai,JAERI

( Received June 18, 1974 }

Theoretical and numerical studies have been made on. the
adjustment of group cross sections by means of the integral data
such as critical mass, reaction rate ratio and sample worth ratio
obtained from fast critical experiments, to see usefulness of the
method. The theoretical basis for the adjustment of group cross
sections is established by use of the generalized method of least
squares. In the adjusting process, information of the integral data
is thus used to supplement the nuclear data. A theory of the cor-
relation between group cross sections is derived; which permits
reasonable adjustment of the group cross sections in nuclear physics
It is confirmed theoretically and proved numerically that the sum
of squares of the residual in the least-square treatment has a
non-central chi-square distribution when the group cross sections
include systematic errcr, The'XZ-test is proposed as a criterion
for the validity of the adjusting process. Numerical study is made
- of the ABBN set, using the integral data obtained from ZPR-III,
ZEBRA, VERA and FCA. Some practical problems are investigated,
including the effect of the correlation between group Ccross sec-
tions and also the arbitrariness in the standard deviation of
nuclear data on the adjusting process. The adjusted ABBN set 1s
compared with differential cross section and other evaluated data,
and the estimation of a critical mass by the adjusted results is
also made. The adjustment of group cross sections by integral data

is highly useful.
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Table 3 ~1 Correlation coefficiants of U  fission
cross  sections
anZo® |y 23 a5 8|7 e 9 10 i1 | 2
1 1.0 10.700.57 |0.52 | 0.35 }0.18 042 0.1 '0.10 | 0.09 ©.06 | 0.02
- 2 0.70{1.0 10.97[0.92 | 0.61 50.32 0.22 éo.eo 0.19 10.16 {011 10.08
3 0.57 | 0.97 1.0 0.9720_6?'0.36 0.26 | C.24 o.es}ows 0.13 {0.08
: 4 0.52 | 0.92|0.97 | 1.0 io.as 0.57 | 0.48 :0.45 | 0.42 | 0.35 |0.24 | 0.13
5 .35 | 0.61 |0.67 |0.83 1.0 |0.93 |0.88 0.85 0.20 0.65 0.44 10,24
6 .18 | 0.32 | 0.36|0.57 0.93(1.0 |0.99 0.97 0.92 0.75 0.52 10.29
7 0.12 | 0.22.0.26 |0.48 | 0.88|0.99 | 1.0 |0.99|0.94:0.7910.56 |0.32
8 0.11 '0.20|0.24 | 0.45 | 0.85 | 0.97 |0.29 | 1.0 o.se%o.es 0.65|0.44
9 0.10 ' 0.19 | 0.23 0.42 | 0.80 | 0.92 | 0.94 | 0.98 | 1.0 ' 0.9510.80 | 0.62
10 0.09 ; 0.16 | C.19:0.35 | 0.65 | 0.75 0,79 | 0.86|0.951 1.0 |0.95 | 0.84
X 0.06 | 0.11 | 0.13 0.24| 0.44|0.52 | 0.56 | 0.65|0.80:0.25 1.0 |0.87
12 0.04 | 0.06| 0.08|0.13 | 0.24| 0.28 | 0.52 | 0.44 0.62| 0.84 |0.97 | 1.0
Toble 3-2. Correlation Coefficients of Pu-239 Fission Cross Sections
sy | 2 | 3| 4 5| 6| 7T |8 | 9]0 11|12
{ .00 |0.73 | 0.60 | 0.55 | 0.41 |0.21 ; 0.13|0.11 [0.11] 0.09/0.07 | 0.04
2 .73 [1.00 10.97 | 0.93| 0.67 [0.34 | 0.21 | 0.18 | 0.17  0.15| 0.1 | 0.06
3 60 | 0.97 [ 1.00 | 0.97 . 0.71 |0.37 | 0.24]0.22 0.21 | 0.18 [0.13 | 0.07
. 4 55 | 0.93 |0.97 1.00|0.85 0,56 | 0.430.400.39 0.33 0,23 O.12
5 41 10.67 |0.71 | 0,85|1.00|0.91 | 0.83|0.79 |0.75|0.64 | 0.45 0.24
. 6 .21 {0.34 [0.37 | 0,56 0.91 |1.00 | 0.98 | 0.96,0.920.79 0.55| 0.30
7 131021 |0.24 | 0.43] 0.83 0.98 | 1,00 | 0.99  0.96 0.83,0.59 0.34
8 11 ]0.18 [0.22 | 0.40|0.79 |0.96 0.99 | 1.00  0.98 0.88 0.68 | 0.44
9 L1017 | 0.21 ;0.39 0.75 |0.92 | 0.96 | 0.98 | 1.00 | 0.95 [ 0.80 | 0.60
10 |0.09 | 0.5 | 0.18 10.33| 0.64 |0.79 | 0.83 |0.88 | 0.95|1.00| 0.94 0.8
i .07 0.1t |0.13 | 0.23| 0.45/0.55 | 0.59 | 0.68 | 0.80 | 0.94 . 1.0C | 0.96
t2 |0.04[0.06 | 0.07|0.12 0.24 [0.30 | 0.34 0.44|0.860.81 | 0.96 1.00
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Table 3-3. Correlation Coefficients of U-235 Capture Cross Seclions
Gwr;’“ps1 2 3 | a4 |5 e | 7|8 |9 | 0] 11112
1 1.00|0.77 0.64| 0.58  0.39| 0.20|0.14[0.§210.12|0.10| 0.07 | 0.04
2 0.77|1.00|0.97 | 0.92 | 0.6 | 0.32 ! 0.21 o.zb "'o.se%owé 0.11 | 0.06
3 0.6410.97 | 1.00/0.97 |0.66!0.36 | 0.26 | 0.24 | 0.23,0.19 | 0.13 ; 0.07
4 0.58 0.92/0.97|1.00 | 0.83| 0.57 | 0.48 0.45 0.42| 0.35 | 0.24 0.13
5 10.39|0.61|0.67|0.83 | 1.00 o.;as 0.88|0.85 0.80|0.65 0.44'0.24
I me 0.2010.32 | 0.36 ' 0.57 | 0.93]1.00 | 0.99 6.97 0_92,0.75'0.52 ok.z.s
7 0.14|0.220.26 | 0.48 | 0.88| 0.99 1.000.99 [0.94| 0.79| 0.56 032
8 | 0.142|0.20 0.240.45|0.85 6.97 0.99 |t.00 ! 0.98 o.éa 0.65 ' 0.44
—9_ 0.12|0.19 | 0.23|0.42 | 0.80| 0.92 | 0.94 | 0.98 1_0-0?0.95 o‘eo'o.sz_
10 | 0.40]0.16|0.19/0.35|0.65,0.75 | 0.79 0. 86 | 0.95| 1.00 0.95 | 0.84
£ 0.07|0.11|0.13|0.24 | 0.44: 0.52 | 0.56 | 0.65 | 0.80 | 0.95 | {.00 | 0.97
12 |o.ca 0.06 | 0.07 0.13 | 0.24 0.29 | 0.32 | 0.44 | 0.62 0‘84@'97,1‘00
Table 3-4. Correlation coefficients of Pu-239 capture
cross sections
oy 2] 3]a 56 7 819 10 11 12
i 1.00|0.80|0.67 | Q.62 |0.46 |0.23 |0.14 0.12§0.12 0.10|0.07 | 0.04
2 0.80/1.00[0.971093.0.67 (0.3410.21|0.180.47(0.15|0. 11 0.08
3 0.67|0.9711.00/0.97|0.71 |0.37|0.24  0.22 |0.2110.18[0.13,0.07
4 | 0.62 |0.93|0.97 | 5.00|0.85 |0.56 |0.43|0.40|0.39|0.33|0.23 |0.12
5 042|0.67|0.71,0.85|1.00|0.20|0.83 |0.72 |0.75 | 0.64|0.45 | 0.24
5] 0.23|0.24|0.37|0.56 |0.91 11.00|0.98 | 0386 |0.92 |0.7910.55 0.30
7 0.14 |0.21]0.24 |0.43/0.83 |0.98 |1.00 | 0.99 | 0.96 0.83‘0.59 0.34
8 0.120.18|0.221040:0.79 10.96 (099 |1.00!0.98|0.88 |0.68 | 0.44
9 0.12 1017 O‘.21 0.39|0.7510.32 |0.96 |0.98 | 1.00|0.95|0.80 | 0.59 |
10 C.10(0.15|0.18 |0.33(0.64 |0.79|0.83 |0.88 |0.95 | 1.00,0.94 0.81
11 |0.0710.11 |0.1310.23!0.45 [0.55|0.59 | 0.68 10.80]0.94|1.00 |0.96
12 |C.04!0.06|0.07|0.12 |0.24 |0.30 |0.34 |0.44 |0.59 | 0.81 0.9611.00
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Table 3-5. Correlation coefficients due to relative

mesurements of cross sections

0.050 , 0.075 | 0.100| ©.4125 | 0.150 | 0.175 | 0. 200

0.025% 0.894 | 0.949 | 0.870 | 0.981 0.986 | 0.990 | 0.992

.050 0.707 | 0.832 | 0.894 | 0.928 0.94% | 0.962 | 0.970

0.075 0.555 | 0.707 | ©.BOO | 0O.B57 | 0.8%4 | 0.919 | 0.9386

6.100 | 0447 O 600‘3 0.707 | 0.78t | 0.832 | 0.868 | 0.894
0.125 | 0.371 | 0.515 ,‘,o.sés 0.707 | 0.768 0.814”.-0.848
I 0.150 | 0.316 | 0.447 | 0.555 | 0.640 | 0.707 | ©.759 | 0.800
0,175 | 0.275 . 0.394 | 0.496 | 0.581 | 0.65 | 0.707 | 0.753
0.200 0.2;;3 0.351 | 0.447 | 0.530 | 0.600 | 0.659 | 0.707

(arbitrary unit )

neutron spectrum

Boron cross section
{14,~ Law)

sensitivity
coefficient (%)

“7N

Energy

Fig.3-1,. Boron cross  section, neutron spectrum and resulting
sensitivity coefficient of Boron reaction rate




{ barns}

Oce (B}

{ arbitrary unit )
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~ \\ correctly adjusted cross section
~ - 1
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ét—""\\ adjusted cross section
, " (non—=Vv)

cross section
before adjusted

(1A —law}

Energy

Fig.3~2. Depictive Boron cross section, before adjusted,
qdjusted. and correctly adjusted cross section
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FHT LA b Thh, Chhb, KEFOEGHEERS TR ERCTE S £HKHL, Pu
FLTRAEINZESF -2 2 BERHECHR I AN THEEHOBELTT 2o LB RETH L,
FLNWF -2 %W ANTHBFRIFCI VBERORAL®TZ 5 LRNCE R ZBE TO
Bl s HB L TIBEREO S ET B LAk b, FILWET — 2 bRNL T T ENLR
Thb,
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Table 6-3. Experimental critical mass and various various
corrections of ZPR-II assemblies (from Davey }
ZPR-T | Experimental MM Experimental Corrections to Critical Mass
Assembly | Critical Maess TaR/K) Heterc— | Irregular Center g:;;er?:ne;m
NO. (kg) geneity ig) | Boundrmytkg)| GOP (kg} | Mqes  (kql
ZA 147.7 3.3 + 3.8 -0.1 - 1A 150 .3
6F 1311 3.8 + 3.4 -0.1 - 1.1 133.3
11 240.6 7.0 +16.86 -0.2 - 3.0 254 .0
12 176.8 5.5 + 5.8 - 0.1 - 1.8 180.7
14 136.0 3.8 + 2.6 - 0.1 - 11 137.4
16 204.8 4.8 +10.2 -0.2 - 2.0 212.8
23 258 .1 4.5 + 9.8 -0.2 - 3.0 264 .7
24 480 .7 9.4 +35.7 - 0.4 - 6.0 490.0
25 581.6 7.2 +37.7 -0.4 - 8.0 612.9
29 420.7 5.4 +24.0 -0.2 - 3.0 "441.5
30 394.9 5.7 | +z22.5 -0.2 - 3.0 414.2
31 463 .0 5.6 [ +25.9 | -0.2 - 3.0 485.7
32 227.5 42 | +9.7 | -0.2 - 3.0 234.0
33 238.0 a2 | o+ 9.7 -g.2 - 3.0 244.5
34 503 .0 5.0 +24.9 -0.4 - 6.0 221.5
36 242.7 4.3 +10.4 - 0.2 - 3.0 249.9
Table ©&-4, Shape factor correction for ZPR - 1I
Assemblies { from Davey )
Approximate | Pak Actual | Critical
Assembly Assembly Radius of L Assembly Mass of
Sphere of Shape /D fiLsl
NO. Volume P Shape Sphere
(liters) Same VquTcem) Factor Factor (kg)
24 56 .4 24 0.96 0.97 0.997 | 0.96 {44
6F 49 .9 23 0.96 Sphere - - 133
11 1324 .9 32 0.94 0.88 1.000 0.24 239
12 100.5 29 0.95 0.87 1.000 0.95 172
14 77.3 26 0.96 0.99 0.9%6 0.96 132
16 116.4 30 0.95 0.91 1.000 | 0.95 | 202
23 148.5 33 0.94 0.84 0.998 .94 249
24 324.6 43 0.93 0.93 1.000 .93 456
25 432 .6 47 0.92 0.90 1.000 0.92 564
29 451.5 48 0.92 0.79 0.992 0.91 402
30 356.4 | 44 0.92 0.80 0.994 0.91 377
31 425 .0 47 - 0.92 0.73 0.980 0.90 437
32 131 .0 32 , 0.94 117 0.872 0. 21 213
33 136 .2 32 0.%4 1.14 0.977 0.92 225
34 574 .4 52 P 0.91 0.94 0.999 0.91 475
36 138 . 1 32 | 0.94 1.44 0.920 0.87 217
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Table 6-5. Compositions and Dimensions of Spherical Models.
of ZPR-II Assemblies {from Baker)
Assembly Composition, nuclei /ecm3 x 10722 Critical | g,
NO. U= | U | Ni Fe Cr Al Na 0 C | Mass (kg)| (em)
2A 0.6706 | 0.049 | 0.254 | 1.669 | 0.423 | 1.896 144 24
6F 0.6720 | 0.763 [0.113 0.746 | 0.189 1.893 133 23
t1  |0.4565|3.443 | 0.084 |0.555 | 0.140 P 239 | 32
12 0.4502 | 1.669 | 0.084 0.555% | 0.140 2.678 172 29
4 0.4502 | 0.034 | 0.084 | 0.555 0.140 5.3566 132 26
) 0.4502 | 2.405 | 0.0B4 6.555 0.140 1.817 202 30
23 0.4450 | 0.034 | 0.083 | 0,551 0.139 | 2.582 249 33
249 0.3634 | 3.499 | 0.086 0.566 | 0.143 456 43
25  {0.3442 | 3.560 | 0.084 0.555 | 0.140 564 47
29 0.2386 | 0.479 | 0.227 1.499 | 0.380 1| 1.471 1.392 402 48
30 0.283T7 - 0.434 | 0,226 1.487 | 0.376 ' 1.408 0.697 377 44
31 0.2789 | 0.439 | ©0.226 1.489 [ 0.376 1.416 437 47
32 0.4445 | 0,032 | 0.747 [ 4.917 1.245 213 32
33 0.4450 | 0.033 | 0.586 | 3.861 | 0.977 0.400 225 32
34 |0.2242 | 0.494 | 0.226 | 1.493 | 0.387 | 1.538 (1 0.761 | 475 52
36 0.4498 | 2.376 ' 0147 0.770 | 0.195 0.401 217 32
47 0.2861 | 1.397 | 0.130 0.856 | 0,217 1.079 : 462 47
Reflector| 0.0091 | 3.998 | 0.067 | 0.440 | 0.112 ? Refiector
L Thickmess 30cm
Table 6-6. Compositions and Dimensions of Spherical Models
of ZEBRA and VERA Assemblies (from Baker )
Assembly Composition , nuclei/em® x 102 Reflector | Crificol | g
NO. (PR P P B U8 Go | Cu| Ni | Fe | Cr | Af [Na | C |Type M°ffq, (cm)
Zebra
1 0.4655|3.433 0.032 |0.447 | 0.082 E 2149 31
2 0.2523|1.555 0.034 |0,402 | 0.087 3.795 E 390.9| 45
3 |0.3465|0.01830.0016|0.0229| 3.156 | 0.022 | 0.457 |0.032 |0.456 | 0.082 E 76.5| 24
6A |0.1879(0.0144/0.0016(0.0046| 0,635 |0.012 0.03350.044 0.453 | 0.127!0.250 | 0.447 | 2. 959 F 172.2 1 38
Vera ‘
1B 0.7348|0.056 0:069 |0.628|0.164 575 | G.H 84.2| 19
1A |0.7213|0.0370{0.0028 0.045 | 0.959|0. 066 | 0.609 0.158 0.001 4620 G.H 32.8| 14
Reflector : é 3
E i ' 0.0301,4.099 0.036 (0.350 | 0.08|
F ! 0.0194, 2,681 0.032 |0.32% | 0.081 2.341
G 0,025 | 3.440 0.071 |0.646 | 0. 168
H 0.026 3.610 0.072|0.658 | 0.171 |

—-75—
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Table 6-7. N' s effect in Sn calculations

for effective multiplication factors

Assembly | Sy Kegs (S ) Keafr (SnlKogs (S

S, 104827 0.0445 1
VERA-11A] Sq 1L.00915 . 0.00539

Se 100553 0D.00179
R/y=3.20| Se 100469 0.00093

Si2 1.00404 0.00028

Sie 1.00376

S, 103268 0.02472
ZPR-3-14 | g, 101205 0.00209

S¢ | -1.01055 0.00059
Rn=8.06 | ss 1.01026 0.00030

Si2 101004 0.00008

Sis 1.009 96

Sz 101216 0.00463
ZPR-3-24 | s, 100804 0.0005

Se 1.00768 0.00015
R/ =128 Se 1.00759 0.00006

512 1.00757 0.00004

Sie 1.00753

Table 6€-8. Effect of mesh intervals in core and

reflector  on  kess (ZPR-3-14)
{ Sg calculations }

Core Reflector
mesh interval {cm)| mesh interval (cm) Kot
0.325 1.500 1.010286
0.867 1.500 1.010286
2.600 1.500 1.01034
c.8B67 0.430 1.01013
0.867 1.500 1.010 26
0.867 3.000 1.01072
0.867 6.000 1011 11

,76_
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Table 6-15. Dependence of the sum of squares of the
residual on assumed standard deviations of

group cross sections. { numerical experiment~1}

* U T > CAﬂ— 2
Case No % os S(BEEF b g,(_ﬁ?j')
i [ 2. 682 7417 76 .00
2 1.823 47.11 54.85
R——T—H 1.309 34 .64 38.69
. | 034 29. 26 28.63
5 6.8658 26 18 22 30
4} the sum .of sguares of the residual (G = —-;—j——:_}
Table &-16. Deviation of calculated and adjusted integral data from

their measured values normalized by experimental error :

i P m. —~ My 2 **
b TE{ afy )
| integral initial no correiction 1o correiation — 1
data calculated adjusted fadj/cal 2 cdjusted (acj/cal)?
Keft 5.945 0.808 0.ol8 0732 0.015
o® s o 0.806 0633 0.617 - 0.701 0.757
i s o 1.288 0.934 0526 0.989 0.589
g7/ 09 1894 0. 695 0. £35 0689 0 132
0 O 0 967 0.315 0. 1086 0.425 0.193
S/ Same. 2. 241 0.95| 0 180 0.939 0176
Sozrr?:/Scr:sj o 2.222 0 688 0. 095 0 740 o 1l
average -4. 180 0.7886 0.0354 I 0769 0. 0339
** g meogsured value, m, . adjusted value , £ m, . sloadord deviction of measured valua
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Table 6-17. Initial calculated dnd odjusted effective
multiplication factors of 25 assemblies.

ossembly N (2 initial calculated adjusted
X aket | Fan AR (g
IPR-3-2A 0.07 1.0397 3.43 0.9984 0.34
5F .13 0267 3 46 0.9940 0.33
" 7.53 1.0056 4 36 0.9948 0.27
f2| 375 0233 3.43 Loo2 0.28
14 o.c8 joio3 278 1.0012 0.4
16| 5.30 L1137 381 09547 0.27
23 | o0.07 103398 3.29 o014 0.37
24 | 2.60 1.0076 4.69 0599 ! .33
25 .03 L oes52 4.79 09976 0.37
29 | 2.0 lL.os72 3.23 10072 © 38
30 .5 I 0553 333 L0060 0.29
3 i.6 1.0549 350 1.OGS] 0.28
32| oov7 1.0777 3.6 10078 0.46
33| o007 | o622 353 0.9999 0.38
34 2.2 { 0505 3.27 Loo4z | 035
36 | 53 o282 405 | 10079 026
41| 4. 88 L0274 3.89 | 09969 0 23
48" 4.50 1.0468 333 10085 0 40
ZEBRA- | 7.37 o107t 4.40 10013 0.29
2| 6 18 Lora? 3.49 09939 037
3* 9 1. 0. 9950 410 0.9945 0.49
6A"| 338 | 0264 3.09 0.9976 0.44
vERA - 8| 0.07 1Lo1a7 2.89 0.9979 0.39
L4 00 . 1.0047 3.21 0.9239 C.54
FCA-3-2-S | 3 97 L0146 313 02946 | . 037
® PU system ##*  Stondard devigtion of cclculoted keff when o

initig]l set hos gssumed Slandard deviations
glvan in cose 3 of Table il.
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Reliability of adjusted group cross sections and

Table 6-18.
adjusted integral data.
energy No of group & L ¢ (affi ¢ LE(“—F")"— L§ el f IRgFULIR g
groups cross sections Mz Amg miam ¥ i A% nio 29 % N
15 269 1.309 0.4501 0.3439 1.216 0.9290 1084
|5 %
269 l. 160 0.3979 0.3430 09801 0.84409 0.8 18I
Correlation-1
12 223 27 0.4435 0.3493 1. 1860 0.9127 1.O18B
o 185 1.207 0.4295 0.3558 1,077 0.8B923 0. 9266
7 129 0.9971 0.3729 0.3740 0.8353 0.8377 0.6952
5 95 0.9805 0.3581 0.3652 0.7694 0.7847 0.6 (69

q - the sum of squores of the residual.

** maan value of columms 4 and 6.

Table 6-19, Adjusted values and their standard deviations of U-235.
fission cross section without and with cerrelation.
energy no correlation corralation = | correl&fion -2
groups |y Pysp % | AT (F-F1i6 % aF w | E-FsF % af %
i 363 6.9 7.75 12.7 501 6.7
2 3.99 16.3 7.72 5.1 6.05 4.2
3 4. 23 13.7 6.22 5.7 §.80 9.0
4 - 0.87 14.6 1. 08 4.8 - 3.68 2.4
s - 11.64 14,2 - 1076 37 - 10.97 13.9
[ - 18.486 13.7 - 16.40 . 4.3 -~ 19.66 15.6
i 7 - 7.99 I5.2 -~ 17,31 4.7 - 10.87 [
8 - 8.90 14,9 - 18,12 4.7 - 12.49 5.4
F ] - 10 3a i5.1 ~ 13.32 4.8 - 15.68 3.6
ol - 10.28 15. 1 - 7.98 58 |- 1395 7.8
1 3.22 161 - 197 7.3 3104 13.2
|z; 10.05 14.8 312 8.3 _—;.ﬁf;ofﬁ 7.1
3 14.45 15. 4 14.38 14.5 7.40 9.7
14 5 02 16 9 502 5.9 1.95 16.4
5 0.02 17. 2 0.0z 6.2 - 0.02 | 17.5
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6—22. Calculations of Kgff for FCA-V-2 assembly
by using unadjusted and adjusted ABBN sets.
Keff Katf (Ss!
Experiment 1.000
Unadjusted | Se (CTF-¥) . 0281
ABBN sef sDIfquIOFI 1.0185 1.0281
aKyqy (Sx correction) 0.00986
Adjusted Diffusion 0.9785
0.9881
ABBN sef |5 comectediDitf+aKsn) 0.988 1
M
AM /2K = 481 (calculation)
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Table A -1
nuclide : U reaction type : fission
ABBN set Adjusted cross sactions
Energy | Collapsed No correlation Correlation (Type—1)
group Ot (barns)| 05 (barns) | (G5-07//Cu%) T¢ (barns) ( O7-0p)/ T(9%)
1 i24 1.29 3.63 1.24 7.75
2 1.25 1.30 3.99 1. 35 7T.72
3 1.28 1.33 4.23 1.36 6.22
4 1.25 1.24 - 0.867 1.28 1.08
5 1.23 1.09}) —11.6 1.10( -10.8
5] 1.41 1.15 -18.5 1.18| -16.4
7 1.70 1.66 - 7.99 1.4 1 -{7.3
8 2.10 1.81 - 8.90 1.76 -16 .1
9 2.65 2.38 -10.3 2.30 -13.3
10 3.40 3.08) —-10.32 3.13| - 7.98
il 4.40 4.54 3.22 4 321 - 1.97
12 6.35 6.99 10.1 655 3.12
13 13.5 15.5 14 .4 15.4 14.4
14 36.8 38.6 5.02 38.6 5.02
15 62.2 62.2 0.0 62.2 0.0
Table A-2 Adjusted cross sections and its percent
nuclide : U?*® , reaction type : capture
ABBN set
Energy | Collopsed | _No correlation Correlgtion {Type—11
group | O (barnsy Ot (barns}|G-8)/0.0) T¢ (barns)(O-0p)/ Oui%)
1 0.028 0.029 0.40 0.030 4.61
2 .04 0.040 0.91 0.043 7.38
3 0.086 0.061 1.83 0.065 8.38
4 0.12 0.125 4.14 0.135 12.5
5 017 0.19 9.36 0.20 191
6 0.25 0.29 15.0 0.30 19.9
7 . 0.40 0.46 15.2 0.48 18.9
8 0.80 0.69 14.5 0.70 16.4
S 1.00 1.10 10. 1 1.12 11.8
10 1.50 1.62 8.05 1.56 3.81
t 2.10 2.03 -3.10 2.01 -4 .33
12 3.28 2.96 -9.61 2.92 -10.7
13 7.90 6.86 ~-13.1 6.79 ~-14.1
14 30.1 28.6 4.95 28 .86 ~5.186
15 21.8 21.8 0.02 21.8 0.02
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Table A-3 Adjusted cross sectons and its percent change
nuclide : Pu®™® reaction type : fission
ABBN sat Adjusted cross sectfions
Energy | Collapsed No correiation Correlation (Type-1)
group Or (barns)| O (barns)|i3;-071/6; |Gt lbz:lrns)(b';—a})/'@‘!t‘.jtr
1 1.90 1.93 427 197 3.65
2 1.97 2.02 2.51 2.06 4.34
3 1.895 2.03 3.90 2.02 3.71
4 1.80 t.70 - 5.49 1.82 0.88
5 1.68 1.59 - 5. 18 1.57 - 6.40
5] 1.66 1.52 - 8.13 1.47 -11.5
7 1.68 1.53 - 9.04 1.46 -13.3
g 1.85 1.64 -11.5 1.58 - 14.8
g 2.15 1.83 -15.1 1.79 -16.7
10 2.40 2.07 -13.9 1.96 - 185
11 2.50 2.30 - T7.86 2.04 - 18.5
12 3.80 3.47 - 8,70 3.18 - 16.8
13 10.3 S.37 - 9.02 3. 77 - 518
14 53.0 52.1 - 1.78 52.7 - 0.48
15 371 371 0.0 371 0.0
Table A-4 Adjusted cross sections and its percent change
nuclide : Pu®®®, reaction type : capture
ABBN set Adjusted cross sections
Energy Collopsed No correlation Correlation (Type-1)
groups |&. (barns)|Bc (barns W0e-0x1/80 T barns )|(Ge-0g)/ Tet%)
1 0.019 0.019 0.04 0.01s 0.85
2 0.03 0.030| 0.10 0.030 1.20
3 0.04 0.040 0.249 0.041 1.35
4 0.086 0.060 C.09 0.061 2.09
o] 0.1 0.110 0.16 0.114 3.54
€ 017 0.170| -0.03 0.18 4 11
7 0.24 0.241 0.38 0.25 4.22
8 0.40 0.41 1.48 0.42 4.40
9 0.71 0.73 3.40 0.74 457
10 1.08 1.12 3.51 1.13 452
11 _1.25 1.27 1.94 1.30 398
12 2.25 2.29 1.83 2.32 3.15
13 7.05 711 0.92 6.81 - 1.986
14 40.8 40.5 -0.58 40.1 — {.68
15 264 264 - 0.01 264 - 0.01
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Table A-5 Adjusted cross sectrons and its percent change
nuclide U*®  reaction type : capture
ABBN set Adjusted cross sections

Energy Coliapsed No corralation Correlation (Type-1}¥

groups G (barns}| Oz (barns)|(&-Go)/G,%)| e { barns) [iTe-0o/ Tt
1 0.008 0.008( -0.14 c.008| - 0.09
2 0.02 0.020| -0.40 0.02 - 0.14
3 0.086 0.059) —1.38 0.06 - 003
4 0.13 0.12 -7.55 012 - 470
5 0.13 0.10 |—22.2 010 |-21.7
6 0. 15 0.11 |-23.5 0.t1 |-25.8
7 .22 0.18 18.1 C.17 [-22.1
g 0.35 0.33 -467 031 |-10.3
9 0.46 0.53 14.5 0.50 9.58
10 0.60 0.73 20.9 0.69 15.8
i1 0.78 0.86 10. 2 0.84 7.58
12 1.65 1.81 9.87 .75 590
13 4.05 4.26 518 4.16 2.65
14 43.0 43. 2 0.55 42.9 -0.26
15 34.7 34.7 - 0.01 34.7 -0.02

* Correlation of Uzu_cap'ruu
cross sections affects the

adjustment of U**"

is not taken Into but corraelafion of U gnd  Pu

capure cross sections

239

sections and its percent change

L 3

The Correigtion
of U= inelastic

cross section is
net taken into
but correlations

of Uz“and Puz”

cross sections
offect the
odjustment of
U inelastic

cross sections

Table A-6 Adjusted cross
nuclide : U%®®. reaction type : inelastic scattering
ABBN set Adjusted cross  sections
Energy Coliapsed No correlation Correlation (Type-1)*
group Gy (barns)| Tin (barnsk Gin-Oied Gintx Oi (barns)|iTin-Oink Gint4
1 2.40 1.88 -21.5 1.89 -21.4
s 2.60 2.15 -17.3 2. 14 -17.5
3 2.25 2.01 -10.5 2.03 - 9.886
4 2.15 2.93 36.5 2.98 38.6
5 1.65 2. 16 311 2. .22 34.7
6 1.05 1.09 3.54 1.08 2.50
7 0.55 0.55 - 0.53 0.54 -2.02
8 0.19 019 2.17 0.19 1.78
9
10
t
12
13
14
15
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Adjusted cross sections and its percent change

Table A-7
nuclide : U®", reaction type : fission
ABBN set Adjusted cross sections
Energy Sollade No correlation Corretation (Type~1) ¥
group | Oy (barns) (3% (barns) |(5;-5;)/0, % | (barns) [(Ty-0p)/Gets)
1 0.64 0.69 6.58 0.69 6.69
2 0.58 060 3.09 0.60 2.91
3 0.49 0.44 -9.49 0.44 -10. 1
4 0.02 0.02 |—0.24 0.02 - 0.15
5
6
7
8
9
10
11
12
13
14
15
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