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KENO-1V Code Benchmark Calculation (4)

(Slab-Cylinder Critical Configuration

of Uranium Nitrate Solution)

Junichi KATAKURA, Yasushi NOMURA,
Takanori SHIMOOKE and Norioc ASANO*

Division of Reactor Safety Evaluation,

Tokai Research Establishment, JAERI

(Received July 28, 1980)

A series of benchmark tests has been undertaken in JAERI| in order
to examine the capability of JAERI's criticality safety evaluation
system consisting of the Monte Carlo calculation code KENO-1V and the
newly developed multi-group constants library MGCL. The present paper
describes the results of a test using criticality experiments about
slab-cylinder system of uranium nitrate soclution.

In all, 128 cases of experiments have been calculated for the
slab-cylinder configuration with and without plexiglass reflector,
having the various critical parameters such as the number of cylinders
and height of the uranium nitrate solution.

It is shown among several important results that the code and
library gives a fairly good multiplication factor, that is, keff ~vol.0
for heavily refliected cases, whereas keff ~ 0,91 for the unreflected
ones. This suggests the necessity of more advanced treatment of the
criticality calculation for the system where neutrons can easily leak

out during sltowing down process.

Keywords: Criticality Safety Analysis, Uranium Nitrate Solution,
Slab-Cylinder Critical Configuration, KEND-IV Monte Carlo
Code, MGCL Multigroup Constant Library, Benchmark Calculation

* Sumitomo Atomic Energy Ind., Ltd.
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Table 1

Cylinder Dimensions
Type-316 Stainless Steel

Bottom and
Inside Diameter Wall Thickness Length
{cra) {ern) {cm)
11.0 0.198 131
13.6 0.280 131
16.3 0.280 131
21.3 0.280 131
22.4 0.308 274
22.9 0.308 274
23.4 0.308 183
23.9 (¢.308 183
Table 2
Fissile Solution Properties
[UO2(NOs)z2]
End of
Test Unreflected Test
Beginning | Measurements End
Concentration
(g U/liter) 466 499 520
Density
(g/cm®) 1.636 1.685 1.704
Normality 0.59 0.70 0.77
H/PU atomic
ratio®’ 50 46 43

"Derived from laboratory analyses.
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Table 3

Critical Slah Thicknesses

Slab With Minimum Reflector

Critical Slab® Estimated® Uranium
Thickness Accuracy Concentrations
(cm) {cm) (g/liter) Condition of Slab
12.7 +0.3 465 Clean slab fank only
12.7 0.3 465 Clean slab tank only
12.7 +0.3 465 Slab tank plus 16 dummy cylinders and hoses
12.6 +0.3 465 Clean siab tank only
12.7 +0.3 485 Slab tank plus 0.5 cm of precipitate
12.8 £0.2 495 Slab tank plus 1 om of precipitate
i3.0 +0.2 500 Clean slab tank only
13.0 =0.2 510 Clean slab tank only
13.0 +0.2 520 5lab tank including ! cm of precipitate.
Reflected Slab®
10.3 +0.2 505 Clean slab tank only

2Tocludes any precipitate present in the slab tank.
bRepeatability of measurements was 0.1 cm.
¢Reflected slab tank without cylinders, as shown in Fig. 1.

Table 5

Slab-Array* Critical Configuration with
Array Suspended above the Slab

Spacing Between
Top of  Solution
Slab to Bottom Slab Solution Height®
of Array. Thickness in Cylinders
{em) (em) {cm)
9.4 4.7 66
6.9 7.3 49
3.8 10.5 19
2.1 11.4 8
20.4 7.8 87
18.2 10.0 49
16.7 11.4 19
16.4 11,7 10
28.2 12.4 0.3

*Sixteen 16.3-cm-diam cylinders in the minimum

reflector array at

485 g U/liter.

2This height is measured from the bottom of the
cylinders of the array.




Experimental Data for Critical Slab-Array
Configuration With Minimum Reflector

JAERI-M 9026

Table 4

] Array Urantum
Sere Cylinder | Configuration Slab Array* Concen-
Diameter Number of Thickness Hewgnt tration
No . {em) Cylinders fem) {cm) (g liter}
H 1 12.6 87 485
" 12.6 a7
13 4 123 88 465
% 124 5
| 5 12.5 0
! 9 12.1 88 455
,f’, 11.9 12.2 39
o 12.3 18
19 12.6 2
18 11.4 88 485
10 1.7 38
iz 119 19
23 12.5 2
2% 12,7 0
25 16 10.0 108 520
24& 13.6 10.4 &9
27 - 113 26
18 12.3 4
29 1 12.2 B8’ 470
10 12.2 40
31 12,3 18
12 123 14
13 12.5 [
I% 4 120 88 480
3T 12.2 25
36 123 12
17 12.8 1
38 ] 10.5 % 483
i 16.3 11.0 "
Y 11.8 14
41 12.4 3
&2 12.7 0
43 18 0 78 495
LG4 2.8 64
ag 5.5 50
ué 1.7 7
41 10.0 0
4% 11.4 8
41 12.4 3
5o 12,6 1]
[ 1 1.1 88 500
cx 11.1 39
€3 12.4 3
L ! 4 8.8 91 500
Y 16.1 33
14 11.0 19
57 11.8 10
vE 12.7 2
59 ] o 47 500
&0 213 1.5 43
&1 5.9 32
£2 8.6 23
€3 10.0 15
&4 11.8 7
&8 16 0 26 500
€T 2.1 22
(g 1.5 14
£9 9.1 11
T0 9.5 $
i 11.8 3
T2 224 1 10.8 108 505
n3 22.9 1 10.1 119 505
14 1 8.9 11 525
15 234 10.3 33
18 1.4 15
'T‘; 1 g . 1;: 525
T .
79 2.9 9.7 a4
1) 11.9 8

"Solution height in cylinders of array, measured from top of

solution slab,
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Table 9
Number Densities of Uranyl Nitrate Solution Used in Calculation
Concentration Element
(28 By By N 0 H
465 1.3104%10°% | 7.9996x10°° | 23808x107°(37338x107%|55631x107°
470 1.1224X10—_3 8.0856x10°°| 24065x10°°|37406x10°°55569x107*
480 1L1463x107% | 82577%10°°| 24577x10°%|37457x107%|55252x107*%
485 1.1582x10° | 83437x10°° | 24833x10°°|37441x10°%|55015%x107"
495 11821x10" | 85157x107° | 25345x107°|37444x10°%|54631x107"
500 11940x107% | 86017x107° | 25601x10°°|37463x107"|54446x10"*
505 1.2060X107% | 86878x10°° | 25858x10 °|3.7418x10°%|54149x107*
510 1.2179%x107° | 87738x10°° | 26113x10°° 37422x10°*|53953x107"
515 1.2298x10"° | 88598x10°% | 26369x1(0°*|37357x10°*|53619%x107°
520 1.2418x107° | 89458x107°| 26625X107°[37349x10°7| 63397x107*
525 1.2537x107* | 9.0318x10°° | 26881x10°°|37268x107%| 53032x107*
Table 10
Composition of Stainless Steel,
Mild Steel and Plexiglas
Type 316 Piexiglas
Stainless Steel Mild Steel 10°" atoms/m’

Density 7.92 gm/cnd 7.8 gm cu’®

Carbon 0042wt % 035wt % L.03570

Silicon 045 0.15

Phosphorus 0,031 004

Sutfur 0014 0.05

Chromium 166

Manganese 1.25 0.9

ITron 70313 Remainder

Nickel 113

Molybdenum 2.1

Hydrogen .05666

(Oxygen .01428
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Table 11 FEnergy group Structure in MGCL 137 and MGCL 26
Group |Upper Energy jLethergy Group |Upper Energy |Lethergy
NO. Boundary width AU NO. Boundary width ~U
TESP RS ﬁ 2684 11376m
1 16487 Mev el 37 I 1653 Kev UTZY
2 14550 0125 39 14264 0125
3 12840 Q125 40 12588 0125
4 11331 0125 4 41 11109 0125
/| 5 | 10000 0125 42 98037 0125
6 8825 2125 43 86517 0125
7 7.788 0125 44 76351 0125
8 68729 0125 45 67379 0125
9 60653 0125 46 59462 0125
10 53526 0125 47 52475 0125
11 47237 Q125 48 £6309 0125
12 41686 @125 49 40868 0125
13 36788 Q125 50 36.066 0125
14 32465 0125 51 31828 0125
15 28650 a12s 5 52 28088 0125
16 25284 at2s 53 24788 0125
2 117 22313 0125 54 21875 0125
1R 19691 0125 55 13305 0125
19 1737117 0125 56 17036 0125
29 1.5335 0125 57 15034 025
21 13533 0125 58 11709 0.25
22 11943 0125 ¢ 59 91188 025
23 1.0540 G125 60 71017 0.25
24 93014 Kev 0125 61 55308 023
25 82085 0125 62 43075 025
26 72440 0125 63 33546 025
é 27 | 639.28 0125 64 26126 025
; 28 56416 0125 7 65 20347 025
: 29 £93787 0125 66 15846 025
,1 3 30 43937 0125 67 123141 0235
‘ 31 | 38774 0125 68 | 96112 ev | 025
32 342138 0125 69 74852 025
33 30197 0125 70 58295 023
34 25649 0125 71 45400 023
33 23518 0125 72 35358 025
- 35 20754 0125 73 27536 025
4 37 183116 0125 J> 74 21445 023
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Table 11 Energy group Structure in MGCL 137 and MACL 26 (continued)

Group Dpper Energy lI.et hergy Group {Upper Energy | Lethergy
NO. Boundary width AU NO. | Boundary width AU
2,69, 137
1‘; ,;;h TE702 ev 0Z3 ‘77%10 029792 ev |270m,Sec
176 | 13007 025 11 | 027699 270
77 | 10130 025 1F B12 | 025683 270
78 | 78893 Q25 13 § 023742 270
1 79 | 61442 025 P14 0.21871 270
80 { 47851 025 J9 p15 ] 020090 270
81 | 31267 0.25 J16 § 018378 270
82 [29023 0.25 §17 [ 016743 270
83 | 22603 0.25 20 118 {015183 270
jo| &4 17603 025 J19 (013700 270
85 | 13710 0.25 j20 { 012293 270
B6 10677 02s 2] 121 010962 270
87 83153 025 J22 | 009708 270
|88 | 64760 025 j23 | 0085295 {270
89 50435 025 22 )24 Joo74274 |270
111 90 39279 025 f25 0064015 1270
91 30590 0.25 j26 0053518 {270
92 23824 0.25 23 )27 Q045783 270
93 1.8554 0125 j2e | 0037811 {270
12] 94 16374 0125 J29 {0n030600 {270
95 1.4450 0125 2% 130 {o024152 270
96 12752 0125 J31 |onisi6s {270
13{ 97 11254 0125 J32 |oo13541 270
98 0.99312 0125 25133 loo09379 270
iy 99 0.87642 0125 134 jo005973 {270
100 077344 0125 )35 |0003341 f270
101 0.68256 0.125 24 )36 0001465 270
‘;102 060236 0125 37 jonoo3s2 270
103 053158 0125 0000033 (270
104 0.46912 0125 |
105 0.41399 270 m4ec
I4lins 0.38325 270
107 0.36523 210
108 0.34206 27n
7109 031961 270
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Table 12
Catculated kegf for Critical Slab Thickness

Serbfual ket + o COMMENT
1 0.90957 + 000516 with Mimimum Ref.
2 same as No 1 o
3 D — 2
4 0.89718 =+ 000601 ”
5 ”
6 = "
7 0.91475 + 000529 "
8 0.89728 + 000523 "
g — e #
Average 090515 &+ 000538
10 098356 + 000564 Reflected Stad
Table 13
Calculated keff for Minimum Reflector Experiment
Se;;ai ket + o Se;;al Kefp + o
11 090563 £ 000588 36 093215+ 000555
12 091537 £ 000568 37 089801 + 000635
13 089742 £ 000583 38 090995+ 000607
14 0.89460 £ 000566 39 061515+ 000581
15 0.80342 £ 000582 40 090956 = 000569
16 090449 * 000569 41 0.90777 = 0.00587
17 090435 = 000569 42 090050 + 000542
18 089570 £ 000560 43 004280 = 000607
19 089882 t 000501 44 0,92859 + 000638
20 0.90392 £ 000546 45 094658 = 000624
21 091441 £ 000560 46 093137 = 000571
22 088421 £ 000615 47 0,92372 - 000615
23 0.90852 £ 000550 48 090183 = 000537
24 091731 £ 000512 49 092342 = 000523
25 090955 % 000625 50 086090 + 000543
26 098387 + 000593 51 0.90479 = 000575
27 090700 & 000516 52 090940 & 000555
28 089137 + 000511 53 0.90630 = 000538
29 091091 + 000581 54 090730+ 000546
30 090047 £ 000631 55 091500 000603
31 090631 + 000493 56 090261 + 0.00569
32 0.89896 + 000656 57 091118 &+ 0.00578
33 000682 + 000528 58 091900 = 000535
34 092188 + 000536 59 093955+ 000609
35 091504 + 000512 60 094910 = 0.00553
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Table 13 (continued)

Serial Serial
keff T o Keff + o
No. No.
61 093882 + 000580 71 090621 &+ 000553
62 0092308 + 000503 72 093609 = 000563
63 0.90650 £ 000527 73 0.93994 =+ 000629
64 091606 £ 000535 74 093436 = 000642
65 0.90732 £+ 006567 75 392177 £ 000598
66 093026 0.00631 76 0.92113 + 000586
67 082984 + 000508 77 094029 + 000552
68 091091 £ 000587 78 093568 + 000616
69 091088 £+ 000526 79 092560 + 000572
70 090142 + 000581 80 0.89264 £ 000497
Table 14
Calculated keff for Array Suspended above the Slab
Serial{Spacing Slab Soiutior}
bty S1e0 L ST
Ne. cylinder Bottom |Thicknes sta)
81 4.7 66 093737 = 000583
82 7.3 49 091581 £ 000591
141 cm
83 10.5 19 089831 L 000535
84 114 8 088051 + 000641
85 7.8 67 093848 + 500672
86 10.0 49 092811 L£ 000512
87 282 o 114 19 088405 4+ 000548
88 117 10 087125 + 000601
89 124 0.3 089509 + 000627
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Table 15

Calculated keff for Reflected Array

Serial Top and Side S1ab Tank Bottom
Reflector Thickness | Reflector Thickness Keff + ¢
No (cm) (cm)
90 1.00958 + 0.00609
91 099482 £ 0.00538
10.2 102
92 099014 = 000511
93 008356 + 0.00564(same as NolJ
a4 1.00509 = 0.00563
95 099940 1= 000509
96 089936 = 0.00528
97 0.98356 - 0.00564{s ame asNolQ
98 1.00947 £ 000553
99 099632 + 000615
7.6 10.2
100 098264 + 0.00518
101 097964 £ 000542
102 098007 - 000529
103 098614 = 000545
5.1 10.2
104 096708 = 000566
105 098456 = 0.00601
106 096347 42 000554
107 095714 = 000577
108 095668 + 000577
2.5 102 )
109 : 096993 = 0.00516
110 095447 + 000552
111 096535 F+ 0.00580
112 0 102 095923 = 000553
113 096656 - 000536
114 096125+ 000541
115 0 61 096493+ 000566
116 ' 0.95683 + 0.00493
117 097953 £ 000535
118 0.90955 + 0.00625(same ashu25)
119 0 0 0.91387 + 0.00593( ame asNo26)
i20 090700 4+ 0.0051 6 ameashoZl)
121 089137 + 000516 ame as No2B)
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Table 16

Comparison between Present Calculated Values

and

Reported Values

Serial

No

Present
(RBeflection from

Table Only)

Reported

Reflection from

Table only

Reflection from

Room and Table

122
123
124
125
126
127

0.92061 + 0.00633
092829 + 0.00652
090730+ 0.00546P
0.90308 + 0.00503°
090955+ 0.006259
094280 -+ 000607°¢

0979 = 0009

0975 &£ 0010
0977 = 0010
0958 + 0012

0961 + 0010 (23)2
0.986 + 0009 (26)4

0981+ 0.013 (152

00694+ 0010 (21)°

a Value

b This
¢ This
d This
e This

tn parentheses

is the number of batches
If no value is given, 30 bathes were used,

case 1s the same one as No 54

case is the same one as No 62

case is the same one as Na 25

case is the same one as No 43

Table 17

averaged,

Calculated keff for Pass—Through Configuration

Sertal
No.

Critical

Solution Height {em)

keff

4]

128

88 = 1

101197+ 000553

* This case was calculated with general

KEND — IV code.

Effect

Table 18

of Room Environment

geometry option 1n

Table only

Concrete

Thickness (cm

20 525

188

091815+ 000533

089728 £ 000523 001787+ 000536 | 092267 + 000563
Table 20
Effect of Neutron Numbers per Batch

Neutron Numbers

per Batch

300

600

1200

3000

090857 -L 000516

090957 + 000400

090408 £000275

090914000206
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Comparison between

Table

19

(1)

the RBesults of keff obtained

by 26 Group and 137 Group Libraries

=
=

26 group

137 group

O oo =~ & Ul R W N

G W W W W W N NN NN N NN NN e e e e e
(%2 I S L R T o T = B v s B D = T &) RSy . B DR B e S = B v o B B = 2 R ) B S B e T e B

0.90957+000516

0.89718L£000601

0.91475+000529
0.89723+-000523
0983561000564
0905631000588
091537+000568
089742+000583
0.89460+0.00566
0.90342+000582
00904491+000569
0.90435+000569
0.89570+000560
0.898824000501
0903924000546
0914414000560
0.88621+000615
0908524000550
0.91731£000512
0909554000625
0.913874+000593
0.90700+000516
0089137+000511
0910914000581
0b900474+£000631
0906314000493
0.898964+£0.00656
0090682000528
0921884000536
0.915044+000512

091789000647

0.081918+000532

091740000556
0.93225+-000539
099609000568
092469+ 000565
00919134+£000602
0091325000511
0.90580£000549
0090610000546
0.92139+000572
0.922364+£000520
0.913524+£000619
0,92878+000536
091638000574
0921414000606
0.90918+£0.00503
0.91980+£000578
0927844000581
0922704000553
0924012000576
0918714000514
0810294000570
0829394000517
0.92999+000548
0917952000568
0.092099+000531
0.92790£000509
0.93108+000569
0.93135+0005389
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Table 19

{2)

No.

26 group

137 group

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71
72

0.93215+£000555
0.89801+0.00635
0.90995+000607
091515000581
090956000569
0.90777+000587
0900504000542
084280000607
0.92859+000638
0.946584000624
0.93137+0.00571
0.92372+000615
0.90183+000537
0.92342+-000523
0.89090+ 000543
0.90479+000575
0.909404+000555
0.90634+000538
0.90730+000546
0.91500:000603
090261+ 000569
0911184000578
0919004000535
0.939551 0006009
0949104000553
0.93882+000580
0.92308+000503
0.906504+000527
0.91606+000535
0.90732+000567
0.93026+000631
092984000508
0910911L000587
0910884000526
0.90142+ 000581
0906211000553
0.93609+000563

0.96116+0.00508
0.91984+0.00550
0093283+000543
093015£000617
0.92428+000584
0.92708+000600
0.91418+000581
094038+000651
0945864000577
0.93938+000555
0.93838+000557
0.92543+000609
0917612000529
0093084000535
0090703000572
0.93837+000579
0.92694+000677
0.91584+000589
0.90704+-000588
092990+000639
0.93483+000588
0.92324+000527
0932851000640
0948361000604
0.96244+000533
0.95775+000680
095633£000617
0.91673+000545
0092990000619
0917072000540
00937084+000625
0094254+000505
0.92593+000505
0.93829+000507
0908871000535
0b92735+000541
0094036000572
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Table 19

8

Na

26 group

137 group

73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
a8
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

093994000629
093436000642
0.92177+000598
0921134000586
0940294000552
.93568+000616
092560+0.00572
0.89264+000497
0037374000583
091581+0.0059 1
0.89831+000535
0.88051+0.00641
0.93848+000672
0.92811+000512
0.88405+000548
0.87125+0.00601
0.89509+000627
1.00958+000609
0.99482+000538
0990144000511
100509400056 3
0.99940+0005009
099936+000528
L00947+000553
0.99632+000615
0.98264+000518
0.97964+000542
0.98007+0005209
0.98614+000545
0967084000566
0.98456+£000601
096347000554
0.95714+000577
0.95668+-000577
0.96998+000516

0.949461+000620
0948114000595
0.94066+0.00571
0.92434£000521
0.95532+00054¢9
0956844000524
0.94927+0.00567
0.91547+000612
094906+000630
0.93533+£000527
0917330005189
090691000608
096174+000555
0926671000589
0.90654+000591
0.890614000583
0911534000498
1.013844+000432
100403000560
L007004+£000545
1.00848+000485
1.00699+000541
LO00570+000487
1.60492-+000485
0999984000539
0L98504+000545
0.98258+000548
1.00342£000569
0996944000527
0.99278+000571
L00555+£000545
0.97358+£000b086
0098460+000551
d96961iﬂ00577
0988671000508




JAERI-M 9026

Tahle 19 @

No

26 group

137 group

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

0095447000552
096535000580
0.95923+000553
0.966562000536
0096125000541
0096493+000566
0956834000493
0.97953+000535

0920611000633
0.92829+000652

1.011974000553

0096780£000517
0957681000545
0971454000583
0975484000543
0097375000561
0097383+000563
0976611000565
0988181000591

0094016000620
096839000564

101042000566
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Table 21
Effect of Initial Distribution
[nitial Distribution of Neutron
No.
fiat cosine center
1 0.90957+000516 (0905475000535 (0906341000555
Table 22
Corrected Calculation included
four effects
No. Original Calculation Corrected Calculation
1 090957000516 093307000576

Table 23

Averaged Multiplication Factors Calculated

by KENO-N with Various

leflector Thickness

Top and Side Slab Tank Bottom B
RBeflector Thicknecs Reflector Thicknecs ket T 0

{em) (em)

102 102 0.99705+000542

7.6 102 099136000553

5.1 102 0.97947 000558

2.5 102 0.96073+000553

0 102 0096372+000555

0 5.1 0.96529+000531

0 0 090440L000553
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Table 24 (1

Comparison of Leakage

, K U L T 2 3
No (m) (m) g &)
1 049520 044583 11467
9 _ _ _
3 _ _ _
4 050243 0.44569 1273
5 _ — _
6 _ _ _
7 049237 0.44518 1060
8 050182 0.44477 1283
9 _ - _
10 014500 013125 1048
11 049828 044551 1184
12 049244 0.44583 1176
13 0.50244 044538 1281
14 00560376 044540 1310
15 0498714 044513 1204
16 0.49809 0.44487 1196
17 049694 044410 1190
18 050321 044430 1326
19 05009 3 0.44468 1265
20 049640 044327 1199
21 0.49130 0.44335 1082
22 0506214 0044304 1427
23 049517 044337 1168
24 048996 0.44407 1033
25 049121 044066 1147
26 0.4885 9 0.44049 1092
27 049340 044031 1206
28 050253 0.,44020 1416
29 0.49485 044551 1107
30 050010 0044496 1239
31 0049770 044502 11814
32 049946 0.44403 1248
33 049632 0.44494 1155
34 048880 0.44463 9.9 3
35 049163 04445 8 1058
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Tabhle 24 (2

L K 1 . T 2 3)
o (—) (—) @)
L+A L+A
36 0.48395 044697 8.27
37 0.50114 0.44403 1286
38 0.49260 044323 1066
39 048046 0.443 28 10.65
40 049263 0.4425 6 1131
a1 0.49487 044261 1181
42 0497909 0.44254 1253
43 0.47374 0.44207 7.16
44 0.48112 0.44156 8.96
45 0.47163 0.44193 6.7 2
46 0.48084 044165 8.87
47 048584 0044121 1012
48 0.49523 0.43980 1260
49 0.48444 0.44017 10.06
50 050311 0.43982 1439
51 | 0.49915 0.44537 1208
52 049596 044442 11.60
53 049797 044150 12189
54 49599 0044369 11.79
55 049252 044477 1074
56 0.49850 0.,44400 1228
57 0.49283 044341 1115
58 048922 044365 1027
59 047969 0.44495 7.81
60 047328 044461 6.45
61 047843 0044415 7.72
62 0.48712 044318 9.9 2
63 049336 044124 1181
64 048841 044161 1060
65 0.49342 0.44104 1188
66 048076 044083 9.06
67 0.48065 044058 9.09
68 048964 043910 1151
69 048815 0.43859 10.15
70 049506 0.43878 1283
71 049220 043843 1226
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Table 24 (8)

L K1 L T 2) 3)
& () (32) 5 (%)
72 048117 0.44559 7.9 9
73 048068 0.44699 7.53
74 048264 044595 8.23
75 0.48761 044316 10.03
76 0048642 0442014 1004
77 0048029 044762 7.3 0
78 0.48149 0.44568 803
79 0048659 044421 954
80 0.50098 044176 1340
81 047762 0443590 7.6 9
82 048926 0.44291 1047
83 0.49928 044216 1292
84 0.50766 044153 1505
85 0.477 46 044382 7.5 8
86 0.48405 0044364 903
87 050777 0044326 14.56
88 0514914 44295 16250
.89 050307 044338 1346
g9 0016165 016917 —4.4 4
91 014564 014057 361
g2 0.13971 0130114 7.3 5
93 — — —
94 0015491 0.16029 —3.35
a5 0.15453 15362 591
96 013782 013721 4.4 4
97 — -— —
98 022415 0023012 —260
99 0.21851 321630 1.2 3
100 0019416 0017841 883
101 018420 016728 1011
102 0.32075 0.30635 4.7 0
103 030327 0.29274 360
104 0.27736 0.25500 BT77
105 0.246 42 023309 5,72
106 041066 0.38833 575
107 0.39982 037356 7.0 3
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Table 24 (4)
@ (_L->K1) (__}‘_)TZ) 5 3)
L+ A L+A
108 0.37425 034601 816
109 0.32828 030693 6,96
110 0.31559 028323 1142
111 0.385438 0.36339 6.0 8
112 0.37521 0.34830 773
113 0350114 032739 6.9 5
114 0.42570 0406205 588
115 041640 0398353 581
116 0.41063 038266 7.31
117 0.39169 0.37725 3.83
118 — — —
119 - — —
120 — — —
121 — - —
122 049002 044561 997
123 0.48638 044564 914
124 - - -
125 — - -
126 — - —
127 - — -
128 0.15616 016558 —569
K
) (_L_> : Calculated leakage fraction from KENO-N
L+a out-put
) (_L_) T Catculated leakage fraction, assuming kegf
L+A =10
(3 0 :Deviation of | eakage fraction
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Tabie 25

Four Factors in Upnreflected

and Reflected Arrays

I3 7 f P P
026 149 197 0.610 0511
0952 1.35 111 0.789 0845
: Unreflected array 2t Reflected array
(VZf@j)epi
€ =1+
(‘VZ‘I’QS) th
(VZf(ﬁ) th
7;}-{:—_—._
(XFae¢) th
(Ya¢) th
P:—.._..,..._...........
A
A
P =
L+A
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10.2cm

REFLECTOR

160.0cm

BOTTOM REFLECTO

SQUARE SLAB TANK

Fig. 1 Typical reflected experimental configuration.

(This figure is cited from ref,1).)

501

asf-

U atomic ratlo

235

L ] i l
" 450 500 550

Concentration (g/£)

Fig. 2 Interporation scheme of H/235U atomic ratio from uranium

concentration,
A solid circle indicates a repoted value in ref 1).
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* ARRAY CYLINDERS

30.2c¢cm ‘

.
TAPE E

N
o AR 3
DIAMETER

@ @v_L
141icm
QUTSIDE

DIAMETER ’4‘ 3
ARRAY CYLINDER

Oniy theinner 4 cylinders of the 16 cylinder array are shcwn

Fig. 3 Placement of solution bottles in the array.
(This figure is cited from ref 1).)

MGCL—-ACE

MGCL

v

MAIL

——— |

KENO
Cross Section

1

KENO -~ 1y

Ret 1

Fig. 4 Flow diagram for KENO-1V calculation



JAERI-M 9026

0.15 1207 ot Siab
|
__( ; l//’Tank
o il {sus 318)
AT TG :
“ ] SRR f':-:}“ |
R S KR 1 N J
[(4]
2]
/
Q
U02(NO1)2 ™ Steel
Sofution Table
/ 2
. y =
152

Fig. 5 Typical dimension of the minimum reflector configuration
without cylinder,
[S.T.] indicates a slab thickness, which is a parameter of

criticality.

P P
4 %
4 %
4 d
4 e
d
v
61;. 120.7 ﬁ‘;ﬁ/’/izﬁ
e = ’{__9._3 |
/ll g s |
////V R~ ///
- -NE

152 \

: : Table
Fig. 6 Typical dimension of reflected slab tank.
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NSV NYN Vi
T T
' | 30,175 |
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It |
: 13.6 |
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;_ s | Y L _
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| [ ; Reflector
I | s
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' |
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Fig. 13 Typical dimension of the reflected 4xhk cylinder array.
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1.00

0.95}

et
—
I

Calculated multipiicaotion factor

THR
Ly

0] 50 100 150
Conerete thickmess {(cm)

Fig. 15 Variation of calculated keff with concrete thickness.

Floor, wall and ceiling have the same concrete thickness.

5 1.00F \{\
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1 I ] 1
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Slab thickness {cm)
Fig. 16 Variation of calculated keff with slab thickness.
These are the reflected array with 10.2 cm plexiglass

reflector.
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1.00

T

0.95}

Catculated multipllcation factor

0.90F

1 L L

O 5 10
Reflector thickness (cm)
Fig. 17 Variation of calculated keff with reflector thickness.

Clased circles indicate the change of keff with top and
side reflector thickness. Bottom reflector thickness is
fixed to be 10.2 cm.

Open circles indicate the change of keff with bottom
reflector thickness. Top and side reflector thickness

are fixed to be 0 cm.

0.95

Ly

Ly

|
1.00F Ili |
i* |

I

|
| T

i 1 |

0.1 0.2 0.3 0.4
L/(L+A)

Fig. 18 Relation of calculated k .. with leakage fraction.

L and A indicate leakage and absorption, respectively.
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0.95} ~
Tt
Wiy,

L

0980

T

047 0.48 0.49 0.50 0. 51
L/ {L+A)
Fig. 19 Relation of calculated keff with leakage fraction for

reflected array.
L and A indicate the same notation as in Fig. 17.

™

{.805}

1.800

¥

1.795

1 [

0 5 10 15

_ Number of cylinders
Fig. 20 Variation of F/A with the number of cylinders,
F is a fission fraction and A is anabsorption fraction.
Closed circles are calculated values from KENO-output.

Open circles are the avaraged values. -
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