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Benchmark Calculations for Neutron-Interacting System

by the Criticality Code-System JACS
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A series of benchmark tests has been performed since 1980 in order
to examine the capability of JAERI's criticality-safety evaluation code-
system JACS. This report presents the results of benchmark calculations
on fissile array experiments with the Monte-Carlo code KENQO-IV and the
multigroup data library MGCL as a part of the JACS code-system.

The experimental systems selected from USA publication vary im
moderating ratio, physical/chemical property of nuclear fuel, reflecting
condition, shape/size of array unit, distance between units, array size,
from case to case. The calculated kyff's for 108 cases in all distrib-
ute from 0.945 to 1.025. This distribution width is presumably due to
the bias—errors in the calculated kpff's, since the KENO-IV statistical
error, some 0.007 at maximum standard deviation, predicts 1/2 or 1/3 of
the width.

The bias~errors in calculated keff's are acknowledged to be caused
by the wvariation of the moderating ratio, the reflecting condition

together with the distance between units.

Keywords : Criticarity Safety, Benchmark Calculation, KENO-IV Code,

MGCL Library, Neutron Interaction, JACS Code-System
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Table 2.1 Critical

JAERT-M 86-082

Conditions

for Two Aluminum Reactors with Water Reflector

Reactor Critical
H:"U Solution Critical Mass Per
Diameter Separation Atomic & =y Density Height Reactor
{in.) D (cm) Ratio g Solution {g/cm?) {cm) ke 25U
3 0.2 52.9 G.293 1.566 36.4 2.12
2.8 52.8 0.293 1.566 51.9 3.02
3.3 52.5 0.293 1.566 56.2 3.26
3.8 52.9 0.293 1.566 65.3 3.80
4.0 - 52.8 0.293 1.566 70.2 4.08
4.2 52.9 0.293 1.566 76 4.4
53 0.5 29.9 0.394 1.526 27.1 3.15
2.9 28.9 0.394 1.626 31.0 3.60
6 0.1 29.9 0.394 1.826 22.8 3.16
2.9 29.9 0.394 1.926 26.9 3.73
0.0 52.8 0.293 1.566 21.0 1.76
2.8 52.% 0.293 1.566 24.0 2.01
5.8 52.9 0.293 1.566 31.5 2.64
8.7 52.3 0.293 1.566 £0.7 3.41
11.0 52.9 0.293 1.566 47.G 3.98
13.0 52.9 0.293 1.566 52 4.3
0.4 169 0.127 1.187 28.9 0.796
2.0 168 g.127 1.187 32.5 0.893
4.0 169 0.127 1.187 42.2 1.18
6.0 169 0.127 1.187 60.8 1.65
8.0 169 0.127 1.187
0.2 329 0.0715 1.101 63.1 0.805
.5 329 0.0713 1.101 66.2 0.850
0.8 329 0.0715 1.101 69.8 1.00
8 0.0 29.9 0.354 1.926 13.4 3.29
0.0 29.9 0.394 1.926 13.4 3.28
0.4 29.9 0.394 1.826 13.5 3.32
1.5 29.9 0.394 1.826 14.0 3.43
c.0 32.9 0.283 1.566 12.8 .89
0.0 52.9 0.293 1.566 13.2 1.86
0.8 32.9 0.233 1.566 13.6 2.02
1.7 52.9 0.293 1.566 13.9 2.07
1.8 52.9 0.283 1.566 13.7 2,04
3.5 52.9 0.293 1.566 14.9 2.22
3.6 328 0.293 1.568 15.3 2.28
4.2 52.9 0.293 1.566 15.2 2.26
4.2 52.9 0.293 1.566 15.2 2.28
5.7 52.9 0.293 1.566 16.1 2.40
6.8 52.9 0.293 1.566 16.6 2.47
8 7.0 52.9 0.293 1.566 17.0 2.53
8.6 52.9 0.293 1.566 17.6 2.62
10.9 32.8 0.293 1.5686 18.4 2.74
14.4 32.9 0.293 1.566 18.8 2,80
14.7 §52.9 0.233 1.566 18.8 2.80
14.7 32.9 0.293 1.566 19.1 2.84
20.1 52.9 0.293 1-566 18.6 2.79
43.0 52.9 0.293 1.5G6 18.8 2.80
10 0.0 29.9 0.394 1.928 11.0 4.23
G.2 52.8 0.293 1.566 10.3 2.40
3.0 52.9 0.293 1.566 11.2 2.60
7.0 52.9 0.293 1.566 12.2 2.84
10.5 52.9 0.293 1.566 12.7 2.895
. 136 | 323 0.293 1.566 12.9 3.00




JAERI-M 86-082

Table 2.1 (Continued)
Reactor ] Critical
H:*U Solution Critical Mass Per
Diameter Separation Atomic g Py Density Height Reactor
(in.) D {em) Ratio g Solution (g/cm?) (em) kg “°U
10 20.0 52.9 0.293 1.566 13.0 3.02
0.0 329 0.0715 1.101 16.9 0.674
3.0 329 0.0715 1.101 18.7 0.745
8.0 329 0.0715 1.101 21.1 0.841
15 0.0 52.8 0.293 1.566 7.3 3.82
2.9 52.9 0.293 1.566 7.5 3.97
2.8 52.8 0.293 1.568 7.65 4.G0
11.6 52.9 0.293 1.566 7.7 4.03
0.0 169 0.127 1.187 9.0 1.535
3.0 169 0.127 1.187 9.3 1.60
22.0 169 0.127 1.187 9.7 1.67
0.0 329 0.0715 1.161 11.5 1.63
5.0 329 0.0715 1.101 12.3 1.10
20.0 328 0.0715 1.101 12.6 1.13

Table 2.2 Critical Conditions for Two Aluminum Reactors without Water Reflector

Reactor ) Critical
H:**U Solution Critical Mass Per
Diameter Separation Atomic g 2y Density Height Reactor
{in) D (cm) Ratio Z solution (g /cm®) (cm) kg U
8 0.0 52.9 0.298 1.566 >38 »3.63
0.0 169 0.12% 1.187
10 0.0 52.9 0.293 1.568 >20 >4.65
0.0 153 0.127 1.187 28.7 2.20
2.0 169 0.2127 1.187 30.7 2.35
2.8 159 0.127 1.187 32.8 2.51
9.6 169. 0.127 1.187 34.3 262
15.6 169 0.127 1.187 35.8 2.74
24.6 159 0.127 1.187 37.2 2.85
33.9 189 0.127 1.187 38.2 2.92
80.0 169 0.127 1.187 39.1 2.99
0.0 329 0.0715 1.101 40.8 1.63
1.9 329 0.0715 1.101 44.9 1.79
4.8 329 0.0715 1.101 30.0 1.99
8.0 329 0.07135 1.101 54.8 2.18
18.6 329 0.0715 1.101 64.7 2.58
31.3 329 0.0713 1.101 74.4 2.97
43.3 3ze 0.0715 1.101 80.1 3.1%
15 6.3 169 0.127 1.187 17.3 2.98
5.0 168 0.127 1.187 17.8 3.06
15.0 169 0.127 1.187 18.0 3.10
50.0 169 0.127 1,187 18.3 3.15
0.2 329 0.07135 1.101 20.1 1.80
5.0 329 0.0715 1.101 20.8 1.87
9.7 329 0.0715 1.101 21.0 1.88
31.2 329 0.0715 1.101 21.3 1.91
50.0 329 0.0715 1.101 21.5 1.93
202 0.0 169 0.127 1.187 14.7 4.50
5.0 165 0.127 1.187 14.8 4.53
20.0 168 0.127 1.187 14.8 4.53
0.0 329 0.0715 1.101 18.7 2.66
10.0 329 0.0715 1.101 17.6 2.71
25.0 326 0.0715 1.101 17.3 2.76

3The 20-in.-diam cylinders were stainless steel.




Table 2.3 Critical Conditions
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for Three — Dimensional

Cylinders with Various Paraffin Reflectors

Arrays of U {93.2) Metal

Average

Unit Paraffin Surface Ratio of
- Reflector Separation | Uranium Density Array
Mass | Diameter Height-to- Thickness of Unitsh in Array Height to
(kg) {cm) Diameter Ratio Array? {cm) {cm) (g/cms) (Base Area)?
10.48 11.51 0.47 2x2x2 0 0°¢ 14.71 0.47
1.3 0.23 13.56 0.48
3.8 1.98 7.83 0.55
7.6 3.42 5.35 0.59
135.2 3.70 5.00 0.60
10.48 11.51 0.47 3 X3 x3 0 2.01 7.77 0.55
) 1.3 2.99 5.93 0.58
3.8 5.87 3.09 0.63
1.6 8.26 1.97 0.69
15.2 8.59 1.83 0.70
10.51 9.12 0.95 2x2x2 0 Od 14.63 0.95
1.3 0.680 12.04 0.95
3.8 2.36 7.23 0.96
7.6 3.97 4.87 0.96
15.2 4.31 4.30 0.97
10.48 9.12 0.95 Ix3x3 0 2.44 7.10 0.96
1.3 3.43 5.33 0.96
3.8 6.58 2.80 0.97
7.6 9.02 1.81 .97
15.2 9.43 1.69 0.97
10.48° 11.51 0.47 2x2x%x4 0 1.35 9.42 1.05
10.46 11.49 0.47 I®3IxX3 0 3.44 5.31 0.99
10.43 11.48 0.47 4xX4x4 0 3.95 4.69 0.61
' 15.2 12.36 1.04 0.74
15.69 11.48 Q.70 2x2x%x2 0 0.90 11.37 0.73
: 1.3 1.21 8.76 0.7%
3.8 4.96 4.45 0.7%
7.8 7.39 2.85 0.82
15.2 7.82 2.65 0.82
15.68 11.49 Q.70 Ix3Ix3 0 4.20 5.19 0.78
: 1.3 5.68 3.87 0.80
3.8 10.19 1.83 0.84
7.8 13.69 1.14 0.86
15.2 14.19 1.07 0.87
20.81. 11.46 0.94 2x2x2 0 2.22 8.56 0.25
20.86 11.51 0.94 T Z2x2x2 Y 2.25 8.51 0.835
' 1.3 3.68 §.20 0.95
2.5 5.71 4.29 0.96
3.8 8.21 2.84 0.96-
7.6 11,51 1.78 0.87
15.2 11.99 1.87 0.97
20.88 11.48 0.54 IxIxI 0 6.36 3.83 0.96
’ 1.3 8.57 2.68 0.96
3.8 14.76 1.19 .97
7.6 18.72 0.78 .98
15.2 19.15 0.74 0.98
26.22 11.51 1.17 2x2x2 0 3.54 6.81 1.18.
1.3 5.42 4.84 1.12
3.8 11.33 1.88 1.08
7.6 15.70 1.22 1.07
15.2 16.38 1.13 1.07
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Table 2.3 {(Continued)
Unit Paraffin Surface Average Ratio of
Reflector | Separation | Uranium Density Array
Mass | Diameter Height-to- Thickness of Units? in Array Height to
{(ke) {em) Diameter Ratio Array? {cm) {em) (g/em’) {Base Area)*’*
26.11 11.49 1.17 Ix3Ix3 0 8.49 2.98 1.10°
1.3 11.32 2.03 1.09
3.8 18.61 0.82 1.06
7.6 24.50 0.33 1.05
15.2 24.99 0.51 1.05

2The horizoatal and vertical dimensions, respectively, of the array are expressed in number of units.
bErrors on all surface separations are 20.01 c¢m for unreflected arrays and +0.03 em for reflected arrays.
¢Array was suberitical with an apparent neutron. source multiplication of ~3.
dArray was suberitical with an apparent neutron source muitiplication of ~10.

Table 2.4 Critical
Cylinders without Reflectors

Conditions

for Three — Dimensional

i

Arrays of U (93.2) Metal

Unit Average Ratio of
Center | Surface Spacing®{em) | Uranium Density Array
Mass | Diameter Height-to- Spacing® = in Array Height to
(kg) {cm} Diameter Ratio | Array® (cm) Horizontal | Vertical {g/cm™ Base Area)*?
10.5 11.51 0.47 Ix3Ix3 11.51 0 6.13 6.88° 1.00
10.5 11.51 0.47 Ix3Ix3 - 2.01 2.01 7.77 0.55
15.7 11.49 0.70 2x2x2 | 11.48 0 3.42 10.33¢ 1.00
13.7 11.49 0.70 2x2x2 0.90 Q.80 11.37 0.73
21.0 11.51 0.94 2x2x2 13.50 2.00 2.74 g.51 1.00.
21.0 11.51 0.94 2x2x2 2.25 2.25 3.51 0.95
20.9 11.48 0.94 IxIxI 17.60 6.12 6.84 .83 1.00
20.9 11.48 0.94 Ix3Ix3 6.36 6.36 3.83 0.96
26.2 11.51 1.17 2x2x2 15.78 4.27 2.32 6.68 1.00
268.2 11.31 1.17 2x2x2 - 3.54 3.54 6.81 1.13

3*The horizontal and vertieal dimensions, respectively, of the array are expressed in number of units.
bThe error in the separation is £0.01 ¢m.
€ Array is suberitical; maximum apparent scurce neutron multiplication is ~70.
dArmy is subcritical; maximum apparent source neutron multiplication is ~81.
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Table 2.5 Critical Conditions of Three — Dimensional Arrays of Plutonium Metal
Cylinders
[ Critical Center-to-Center
Separation (cm) _ Unit Cell
Volume
Description . Vertical Horizontal (cm®
3-kg Celis
1 % 1 x 4 unmoderated, four sides reflected® 5.56 + 0.03 _— _—
1 % 1 % 5 unmoderated, four sides reflected” 6.18 £ 0.03 -— -—
1 x 1 x 7 unmoderated, four sides reflected® 6.75 £ 0.03 - -
1x 1 x 11 unmoderated, four sides reflectad® 7.25 % 0.03 -— ———
2 x 2 x 2 unmoderated, bare 5.40 = 0.03 7.30 = 0.03 287.7
2 x 2 x 2 unmoderated, one side reflected® 5.74 £ 0.03 7.64 £ 0.03 334.8
3 % 3 x 3 unmoderated, bare 7.71 = 0.03 g9.60 = 0.03 710.1
3 x 3 x 3 unmoderated, cne side reflected” 8.24 £ (.03 10.15 £ 0.03 848.4
3 x 3 x 3 unmoderated, except 1.27-cm
moderator cell around central unit, bare 7.72 £ 0.03 9.61 = .03 712.5
3 x 3 x 3 unmoderated, except 1.27-cm-
thick °LiD slab between two rows, hare 7.73 £ .03 8.62 £0.03 715.4
4 x 4 x 4 unmoderated, bare 7.86 = G.01 12.51 £ 0.01 1 230
4 x 4 x 4, 127-cm moderator cells, bare 9.63 = 0.01 14.19 £ 0.01 193¢
4 X 4 %X 4, 2,54-cm moderator cells, bare 13.64 £ 0.01 14.55 £ 0.01 2 888
4% 4% 4, 3.81-cm moderator cells, bare 13.63 = 0.01 14.62 = 0.35° 2913
6-kg Cells
1 x 1 X 2 unmoderated, four sides reflected® 11.48 £ 0.03 - -—-
1x1x 35, 1.27~-cm moderator ceils, four sides® 13.54 = 0.03 -— _—
reflected® '
2 x 2 x 1 unmoderated, bare ——— 7.59 = 0.03 -—-
2 x 2 X 2 unmoderated, bare 11.98 = 0.02 9.76 = 0.03 1141
3 x 3'x 3 unmoderated, bare 13.68 = 0.02 14.51 % 0.03 2 878
4 X 4 x 1 unmoderated, bare -—- 10.91 = 0.02¢ -—
4 x'4 x 4 unmoderated, bare 47.12 = 0.02° 11.93 = 0.01 g 707
4 x 4 x 4 unmoderated, bare 32.12 £ 0.02° 15.09 = 0.01 3 505
4 ¥ 4 x 4 unmoderated, bare 22.12 = 0.02° 15.23 £ 0.01 3131
4 X 4 % 4 unmoderated, bare 17.12 £ 0.02° 17.28 £ 0.01 5111
4 X 4 X 4 unmoderated, bare 13.12 + 0.02° 20.19 £ 0.02 5 349
4 X 4 X4, 127-cm moderator cells, bare 25.79 = 0.02 17.50 = 0.01 7 897
4x 4 x4, 2,534-cm moderator cells, bare 25.82 = 0.02 21.24 = 0.01 11 633

*The elementa! moderator composition for all moderated arrays were as follows: carbon, hydrogen, nitrogen, and
oxygen were 30.56, §-14, 31.57, and 34.73 wt%, respectively. The calculated oumber densities were 2.398, 2.89,
2.123, and 2.042 x 10°%/cm’, respectively.

®Two sides were reflected by 152.4- x 35.6- x 15.2-cm polyethylene body simulators, and i{wo sides by

_152.4- x 7.6=- X 7.6-cm arm simulators.

®The polyethylene reflector slab was 45.1 cm high % 35.1 cm wide x 20.5 cm thick.

“Extrapolated estimate; array was terminated at 15.25-cm horizontal center-to-center spacing when moderator
cells touched.

dWith this planar array located at five heights between 28.3 and 113.4 cm above the assembly table, the critical
horizontal center-to-center separation varied between 11.12 x 0.02 cm and 10.90 = 0.02 ¢cm. The nominal critical
spacing is listed above.

*This set of measurements is referred to as the “‘unit cell series’”; {.e., each array was 4 x 4 x 4, but the unit cell
configuration was progressively distorted.
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a8 l—
- &
- Tube: wall 0,195 em
44 |— o.d. 6.84 cm
L 4659 (11.01 g/em)
40 b
e
36 b—
32—
28 p—
: Lateral clearance:
E 0.32cm
s F
24 —
_3 — 42 5cm
w - 4.6 cm
50— 0.36 _ 16.5 g spacer
- em T 6.53cmo.d. x 4.62 ¢
— - height- :
— 4.6em
16 }— -
B 0.50 Heat sink 30 g
| cm }
12 :_ Lower er 70.5g
Ny 3.87 cm o (12.0g/cm)
_ PN A Plane of bottom of
-8 __ _ lower spacer
B ' \ ] Daio for con for Pu billet
5.5cm H : o
= H  Steel lid thickness Pk om 0021 cm
4= i Wall thickness: Qi agy Q003T-
o 4 Bottom thickness 0.9 em  0.037cm
— 1.3 em i {not flat)
= 1.5 ¢em r 7 Weight Z7.Cg
- Q
S 2S4em Table top g
d e

Fig. 2.4 Arrangement of column — support structure for array
without moderator

of 6— kg units
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Table 3.1 Energy Structure of MGCL 137 and MGCL 26
Group Group
A Upper Energy | Lethergy #a Upper Energy | Lethergy
26 | 137 Boundary width AU 26 | 137 Boundary width AU
Gr | Gr Gr | Gr
1 16.487 MeV 0.125 38 | 161.63 keV 0.125
2 14.550 0.125 39 | 14264 0.125
3 12.840 0.125 40 | 125.88 0.125
4 11.331 0.125 41 { 11109 0.125
, 5 10.000 0.125 4142 98.037 0.125
! 6 8 825 0.125 43 86.517 0.125
7 7.788 0.125 4 4 76.351 0.125
8 6.8729 0.125 45 67.379 0.125
9 6.0653 0.125 46 59.462 0.125
10 5.3526 0.125 47 52.475 0.125
11 4.7237 0.125 48 46.309 0.125
12 4.1686 0.125 49 40.868 0.125°
13 3.6788 0.125 50 | 36066 0.125
14 3.2465 0.125 |51 31.828 0.125
15 28650 0.125 152 | 28088 0.125
16 2.5284 0.125 53 24,788 0.125
2117 22313 0.125 5 4 21.875 0.125
18 1.9691 0.125 55 19.305 0.125
19 1.7377 0.125 56 17.036 0.125
20 1.5335 0.125 57 15.034 0.25
21 1.3533 0.125 58 11.709 0.25
22 1.1943 0.125 ®lse 91188 0.25
2 3 1.0540 0.125 6 0 7.1017 0.25
24 | 93014 KkeV 0.125 6 1 5.5308 0.25
25 | 82085 0.125 6 2 4.3075 0.25
26 | 724.40 0.125 6 3 3.3546 0.25
27 | 639.28 0.125 6 4 2.6126 0.25
28 | 56416 0.125 7165 20347 0.25
29 | 497.87 0.125 6 6 1.5846 0.25
a0 | 43037 0.125 6 7 1.2341 0.25
31 | 387.74 0.125 68 | 961.12 eV 0.25
32| 34218 0.125 69 | 74852 0.25 |
33| 30197 0.125 70 | 58295 0.25
34| 266.49 0.125 71 | 454.00 0.25
35 23518 0128 g ! 72 ! 25335¢ n.25
36| 207.54 0.125 73 | 27536 0.25
4 37| 18316 0.125 4 | 21445 | 025
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Table 3.1 FEnergy Structure of MGCL 137 and MGCL 26 (continued)

Group Graoup
s Upper Energy | Lethergy o Upper Ener— | Lethergy
26 | 137 Boundary width AU 26 | 137 | gy Boundary | width AU
Gr Gr Gr Gr
g8l 7516702 eV | 025 171110 0.29792 eV | 270m/sec
76 113007 0.25 111 0.27699 270
77 | 101.30 0.25 18112 0.25683 270
78 | 78.893 0.25 1131 023742 270
? 79 | 61442 0.25 114 021871 270
80 | 47.851 0.25 19 { 115] 020090 270
81 37.267 0.25 116! 018378 270
g2 | 29.023 0.25 117 | 016743 270
8§83 | 22603 0.25 20 | 118 015183 270
8 4 17.603 0.25 119 | 013700 270
Lo 85 13.710 0.25 120 | 0.12293 270
86 | 10677 0.25 21 | 121! 010962 270
87 83153 0.25 122} 009708 270
88 6.4760 0.25 123 0085295 270
89 50435 0.25 221124 0074274 270
11 50 3.9279 0.25 125 0.064015 270
91 2.0590 0.25 126 0.054518 270
92 | . 23824 0.25 23 | 127 | 0045783 270
93 1.8554 0.125 128, 0.037811 270
12 g4 1.6374 0.125 129 | 0.030600 270
95 1.4450 0.125 24 1130 0024152 270
g6 1.2752 0.125 131 ] 0018465 270
13 97 1.1254 0.125 132 ] 0013541 270
98 1 0.59312 0.125 25 1133/ 0009379 270
99 0.87642 0.125 134 | 0.005979 270
Y100 077344 0.125 135 | 0003341 270
101 0.68256 0.125 26 ] 136 0.001466 270
102 0.60236 0.125 137 | 0000352 270
151103 0.53158 0.125
104 0.46912 0.125
105 0.41399 270 m/ sec
16 | 1086 0.38925 270
1107 0.36528 270
L7 108 0.34206 270
f109 i 0.31961 270 ]
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Fig. 3.1 General calculatign flow of JACS
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(1) EEREZ | THOBRBOETHEY (B4 (No. /bem))

H/ U
- 29.9 52.9 169 329
el 29995 x 10 ~° | 1.3904 x 107 ° | 4.5680 x 10~ ° | 2.3850 x 107"
5 19442 x 10~ ° | 11786 x 107 ° | 3.8623 x 10 * | 20169 x 10"
=y | 1304 x 10~° | 6.8351x 107 ° | 2.2456 x 107 ° | 1.1726 x 107 °
H 58132 % 10-° | 6.218x 107" | 6.5273x 107" | 6.6356 x 10’
F 41605 x 107 | 25157 x 107" | 8.2652x 107 | 4.3161x 10 "
0 3 9997 x 10~° | 3.3610x 107° | 3.3463x 107° | 3.3610 x 10 °
2 7Tl EEEORTHER _
1%iE BE (g/om®) HEE (No ., /bem)
Af 2. 69 6.004 x 10~ °
(3) BAKORTEHER
% ¥ (No. /bem)
H 6.6620 x 10 °
o) 3.3310% 10 °
(4) EERIATE 2 THO REO R FRER
%A H#EE (No./bem) Eamlt (wt %)
# 4.8271 % 10" 1.0
%5 4.4796 x 10 ~° 93,2
#61] 9.5721 x 10 ~° 0.2
=Y 2.6576 x 10 " 5.6
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B) 7 7 ¢ YEFEORFEEE (No./ bem)
e
- {g/ cm?) 0. 88 0.93
H 7.8122 % 10 ¢ 8.2561 x 10 °
D 111563 x 10 ° 1.2220 x 10 °
C | 3.7564 x 10" 3.9699 x 10 °

*
B FEREZRIOBELI- ., FOFEEFANTHOEORTHEE

FuRE IR T4 %E (No. / bem)
C 3.1807 x 10~ °
Si 1.7003 x 10 ~°
S 4.4681 x 10 °
Cr 1.7450 x 10 ~°
Mn 1.7385 x 10 °
Fe 5.8633 x 10 °
Ni 7.5246 x 10 °
* MK SUS 304 b A M7,

(7} ERESR 3 OB OB EMERE

% RF#%EE (No./bem) FEE (wt %)
29 Py 4.5942 x 10 ° 93.55153

0 Pu 2.9333 x 10 ° 5.9730

“'Pu 2.2625 x 10 ° 0. 46072

" Pu 7.2430 x 10 ° 0.01475
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8 EERAEFRI THOW I EEMO R FHERE (B 1.68g/cm’)

e JG T-## & (No. /bem) BRI (wtd)
H 3.1518 x 10 ~° 3.14
c 2.5741x 10 > 30.56
N 2.2804 x 10 ° 31. 57
0 2.1961x 10 34,73

9 RBAEH S THOLR) T F L Y REEOR THEE (HE0.93 g/ cm®)

ks FRF$ =% (No, / bem)
H 7.9842 x 10 "%
D 1.1818 x 10 ~°
C 3.9927 x 10 7°

W EBRIER 4 THOBEO R T HER

¥ : R F#EE (No. / bem)
By 0.8366 x 10 ~*
Wy 7.8807 % 10 °

H 5.8036 x 10 °

N 2.1245 x 10 °

0 3.7516 x 10 °

1) EREE A THOET LY v 77 AOBRTHERE (BE 1.186 g /cm’)
BRI (wt %)

g R FEEE (No, / bem)

H 5. 6893 x 10 ~°

D 84210 x 10 ° 5.09
C 3.5511 x 10 ° 59.72
0 1.4347 x 10~ ° 32.14
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( Vaccuum )
Separation [/ Aluminum cylinder

Izocmi}

Aluminum feed pipe

i
Solution beight |7771" " x (thickness = 7 in , 1.D=8,10,15in)
(thickness = = in , 1.D = 3 in )

UO2F2 aqueous solution {93.4 w/o 2%V )

Fig. 3.2 Calculational model for two aluminum reactors without water reflector

|

20cm (Water )

Aluminum cylinder

( thickness = Tle'i in, I.D.= 8,10,15in))
— Aluminum feed pipe

( thickness= 7= in ,I.D =3 in)

.
Solution h?ight

( Vacuum)

68 58em N L | UO02Fz aqueous solution -
; (934 wh %)

(Vaccuum)

134.62¢cm

Fig. 3.3 Calculational model for two aluminum reactors with water reflector
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{ Vaccwum )
_ l_-!rx// Uranium metal cylinder
! |1 . -
Vertical 1.}t % % radius = 5.75c¢cm
separation {-| | | height = 5.38 ~ 13.46¢cm
o % % | density = 18.76 g/cm®
N ?ﬂ". ‘\ enrichment =93.2 wt % 2%
N T A ‘ )
v | i: E | EE i Paraffin reflector
acuum t +— ) '
RS T (thickness=0, .3,25,38,76, 15.2cm )
I !
Horizontal & | | ;:‘ @ 7
separation {'-I-- ! @
t Xy
( Vaccuum )

Fig. 3.4 Calculational model for a 2x 2x 2 array of uranium--metal cylinders
with paraffin reflector

Iron lid {thickness =Q021cm)
Aluminum cylinder (side thickness = 0.037cm )

bottom thickness = 0.09¢cm
i 3kg plutonium - metal

52 O M R S
1__

239y enrichment = 93.6 wt %

ot

Fig. 3.5 Calculational model for a 3 kg plutonium—metal billet

+ \ .
Aluminum —zzz #—'0.33cm 3 kg plutonium - metal billets

spacer B2 —

it 1

Fig. 3.6 Calculational model! for a 6 kg plutonium—metal billet
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20.2cm .
] Vertical center — to — center separdtion
. [ U |
(Vaccuum) % y ' Aluminum spacer
45.0¢m %’ ’i (3or 6kg ) plutonium - metal  billets
E Aluminum  support tube
! ( I.D. = 6.604cm )
I thickness = 0.195¢m
I
@ ' Aluminum spacer (height = 5.87¢cm)
(Vaccuu'n)[ 5 |
343em—=2" i Y Horizontal center — to — center -separation
L
RE

Fig. 3.7 . Calculational model for a 2x 2x 2 array of plutonium—metal billets
unmoderated with partial reflection

2T Plastic moderator

.
g| izl dipz g\/ Aluminum  spacer
7l T3 E| _ .
Ven‘ic;' ke I g%@’ (3 or 6kg ) plutonium - metal billets
center-to - center M4 A= Void
separation t s_t——— Aluminum support tube

Aluminum spacer

A 1 .
o | : Y Horizontal center - to - center separation

Fig. 3.8 Calculational model for a 2x 2x 2 array of plutonium—metal billets
moderated without reflectors
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Surface separation
X | p
| | .2032¢m
! ¥ 1,0.64cm
I
27 T 7Y 7 //ff/ | |
% | U0, (NO3)» aqueous solution
/ . [ . .
% %% §,§~/ (235U enrichment =926 wt % 2% )
g | - H /2% =590
- :I , 14 : B ',l g l . I . . .
4t ~H{Vaceuum) | ;{ g Plexiglas cylindrical container
% . |
¢ g% §§ 1 (Vaccuum ) |
;’ ' ] [4— Paraffin or Plexiglas reflector
A 1l S { ?
VA DAV AV TAVINS,
| b [ Loy
! ! ll 1] , ! 1
. A 4
¢ '] Plexiglas cylindrical container
¢ %
¢ 1
| .
7
% ( Vaccuum )
Yoo

Fig. 3.9 Calculational model

solution with reflectors

for a 2x 2x 2 array of UO, (NO;), aqueous
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AR BOR R

MGCL 137T#5 -4 54 7% ) - EKENO— IVEYFHLDm « 2 FEMART, RO
i D FHRE L T | |
THRUE-FEL. . 137 , |
MR D T 300, 1,000, 2,000
APEMEE ;103 -
A&y THAE 3
O TRESE . TR o
PSS D o TR RANICE 300 & LAchs, 2=y bEBHA S CHETBOHOERERO
S, WEE LB AE 000 BB 2,000 & Ui, .
CFTEREE % Table 4.1 5 Table 4.6 £ TRRE . X, BHBAZRBO k¢ FEEOE 2 +
75 L% Fig. 4. 15 Fig. 44RTFT, SeA b5 aRbD opid, BAD k.o st EED S
HOTEEP bD/8 T Y £ 274, Fig. 45387 — 2D ke STEEOE R F 75 LERLLE
bDTH 5,
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Table 4.1 Calculated Results for Two Aluminum
Cylindricsl Reactors
H/%3%%Q Surface Critical iCalculated Results
Case . X .
Atomic | Separartion Height
No. Ratio {cm) {cm) k G
eff
R ®
- 18 2909 0 13.4 | 1.0009" ' 0.0052
*
2R 5209 0 13.2 | 0.9891 | 0.0028
- *

Cylin R 5209 3.5 14.9 | 0.9879 | 0.0052
der R % '
Dia. &5 52,9 7.0 17.0 | 0.9877 | 0.0053

= 7 *
8in R 5209 14,7 19.1 0.9952 0.0052
Fok
6| s2.9 20.1 18.6 | 0.9803" | 0.0031
* :
1- 7 | 169 15.6 35.8 | 0.9719" | 0.0067
x
8 ! 329 16.6 64.7 | 0.9717" | 0.0059
*
Cylin— 9® | 329 0 16.9 | 0.9931" | 0.0049
K
Di§EI 10} | 329 8.0 21.1 10.9860" " | 0.0040
* *
- 10in| 1180 s2.9 13.0 12.9 | 0.9983" | 0.0054
*
128 s52.9 20.0 13.0 | 0.9924 | 0.0052
&
13R | 29,9 0 11.0 | 1.0074 | 0.0055
1-14 | 169 0.3 17.3 | 0.9493" | 0.0060
15 | 169 5.0 17.8 | 0.9574 | 0.0058
b3
16 | 169 15.0 18.0 | 0.9543" | 0.0056
b3
17 | 329 0.2 20.1 | 0.9546° | 0.0052
b4
18 ) 329 5.0 20.8 | 0.9567" | 0.0053
*®
19 | 329 9.7 21.0 | 0.9566 | 0.0054
*
, 20 | 329 31.3 21.3 | 0.9589" | 0.0059
Cylin- r *
der 2181 52,9 0 7.3 | 0.9722" | 0.0054
: *
Dia. 228 | 52,9 5.8 7.65 | 0.9789" | 0.0051
= 15in R %
2381 52,9 11.6 7.7 lo.9711" | 0.0053
S
248 | 169 0 9.0 | 0.970¢ | 0.0031
x
258 | 169 3.0 9.3 | o0.9881" | 0.0057
*
268 1 169 22.0 9.7 |0.9672" |0.0053
*
27% | 329 0 11.5 | 0.9747 | 0.0055 |
*
28% | 329 5.0 12.3 | 0.9754 | 0.0049
%k
268 | 320 20.0 12.6  |0.9685 | 0.0027
R: Experiment with water reflector,

*:
KA

Calculated with 30,000 neutren histories,
Calculated with 100,000 neutron histories,
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Table 4.2 Calculated Results for Cubic Arrays of
Uranium-Metal Cvlinders without Reflectors

.y Critical _
Case array Fyllnde? Sepation Calculated Results
No. R?S;?S H%i’i};t Hor;’.. Vert. keff o}
2-1 | 3% | 5.7545] 5.382) 0 |6.1270.9957 | 0.0017
2 | 23 is5.747 |.8.077] o0 |3.417|0.9992°  0.0017
3 22 5.753 | 10.7651] 1.997 | 2.738 | 1.0105" 0.0044
4] 3® 5,762 110.765] 6.118 | 6.837  1.0162° | 0.0025
5 23 | 5.7545 | 13.459 | 4.269 | 2.319 | 1.0169" 0.0042

*: Calculated with 30,000 neutron histecries.
#%:  Calculated with 100,000 neutron histories.

#*%%:  (Calculated with 200,000 neutron histories.

Sirvisn
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Table 4.3 Calculated Results for Cubic Arrays of
Uranium-Metal cylinders with Reflectors
Case | , Cylinder Reflector Criticgl Calculated Results
No array Radius Height Ehiii?ess SEP?E;§lOU K -
{cm) (cm) eff
2- 6 33 5.7545 1 5.382 0 2,007 1.0185* 0.0042
7 1.3 2.992 l.OOSO# 0.0047
8 3.8 5.872 1.0035# 0.0049
9 7.6 8.258 1.0090* 0.0049
10 15.2 8.689 1.0140# 0.0048
1| 23 5.747 8.077 0 0.902 1.0144* 0.0043
12 1.3 1.805 1.0198* 0.0045
13 3.8 4,961 1.0058* 0.0050
14 7.6 7.391 1.0094* 0.0051
15 15.2 7.823 1.0117* 0.0049
16 23 5.753 10.765 -0 2,248 1.0188* 0.0023
17 1.3 3.678 1.0130** 0.0028
18 2.5 5.710 1.0193** 0.0025
19 3.8 8.207 1;0153** 0.0025
20 7.6 11.509 1.0158** 0.0024
21 15.2 11.986 1.0121** 0.0023
22 33 5.742 10.765 0 6.363 1.0166** 0.0025
23 ' 1.3 - 8.574 1.0035"" | 0.0024
24 3.8 14.764 1.0169** 0.0024
25 7.6 18.720 1.0148** 0.0022
26 15,2 19.147 1.0221** 0.0024
27 23 5.7545 113.459 0 3.543 1.0088*. 1 0.0045
28 1.3 5.423 1.0038*_ 0.30045
29 3.8 11.532 l.OOSS* 0.0048
30 7.6 15.697 | 1.0139* 0.0047
31 15.2 16.378 | 1.0120" | 0.0048
*: Calculated with 30,000 neutron histories
**%: (Calculated with 100,000 neutron histories

—29—
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Plutonium-Metal Billets

Calculated Results for Arrays of

Critical Separation

- : Moderator [Calculated Results
b?se Array tem) Thickness
HO. Vertical | Horizontal (cm) keff g
3-1 | 2° 5.40 7.30 —_ 1.0018" 0.0051
2 | 32 7.71 9.60 1 1.0088" | 0.0048
3 kg 3R 43 7.86 12.51 —_ 1.0033: 0.0047
Pu 4 23 5.74 7.64 _— 0.9982* 0.0028
iilet B33 8.2 10.15 101217 10,0028
6 43 9.63 14.19 1.27 0.9761 0.0017
7 43 13.64 14,55 2.54 0.9878" | 0.0027
8 | 43 13.63 14.62 3.81 1.0055" " | 0.0029
9 | 2x2x1 7.59 — | 1.0063™ |0.0030 |
10 23 11.98 9.76 —_— 1.0070" 0.0046
1| 3 13.68 14.51 —— l0.9926" | 0.0043
12 | 4x4x1 10.91 — lo.9911” 0.0059
6 kg 13 43 47,12 11.93 —— 1.0188" " | 0.0016
Pu 14 43 32.12 13.09 S 1.013¢ " | 0.0017
| billet 15 43 22.12 15.23 —_— 1.0056" " | 0.0027 :
16 43 17.12 17.28 — 0.9945 " | 0.0028
17 | 43 13.12 20.19 0.9944" | 0.0028
18 43 25.79 17.50 1,27 0.9847" 10,0038
19 1 43 25.82 21.26 2.54 0.9809" " | 0.0026 E
R: Experiment with polyethylene reflector
Calculated with -30,000 neutron histories
**%: Calculated with 100,000 neutron histories
*%%:  Calculated with 200,000 neutrron histories
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Calculated Results for Cubic Arrays of Cylinders

Table 4.5
Containing Uranyl-Nitrate Solution with Various
Reflector-Thicknesses:
Case Surface Reflector Calculated Results
Array
No. : Separation {(cm) Thickness (cm)} kefF a
_ 5 \ . k% ’
4—- 1 2 1.43 None 0.9763 0.0031
k&
2 23 3.28 Paraffin 1.27 0.9760 0.0031
*
3 23 6.91 Paraffin  3.81 0.9919 0.0053
*
4 23 8.48 Paraffin 7.62 1.0044 0.0049
Kk
5 23 8.99 Paraffin 15.24 0.9967 0.0030
®%k
6 23 3.00 Plexiglas 1.27 0.9815 0.0029
’ * &
7 33 6.48 None 0.9679 0.0031
3
8 33 9.02 Paraffin 1.27 0.9797 0.0030
*
g9 33 13.69 Paraffin  3.81 0.9977 0.0060
*%
10 33 16.53 Paraffin 15.24 1.0025 0.0032
* %
11 33 8.76 Plexiglas 1.27 0.9756 0.0032
*k
12 43 10.67 None 0.9578 0.0031
®R
13 33 14.40 None 0.9584 0.0031

# (Calculated with 30,000 neutron histories

#% (Caleculated with 100,000 neutron histeries
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Table 4.6 Caliculated Results for Cubic Arrays of Cylinders
Containing Uranyl-Nitrate Solution with Various
Reflector-Thicknesses on Five Sides and a 15.24~
cm—thick Paraffin Reflector on the Bottom

Case : Surface Reflector Calculated Results

Arra -

No. 7 Separation (cm) Thickness keff o]
*
4=-14 23 3.86 Paraffin 1.27 0.9935 0.0067
LS
15 23 7.26 Paraffin 3.81 0.9870 0.0031
*®
16 23 8.71 Paraffin 7.62 1.0002 0.0056
kX
17 23 8.99 ~Paraffin 15.24 0.9967 0.0030
* %
18 23 3.61 Plexiglas 1.27 0.9842 0.0030
*
15 23 5.41 Plexiglas 2.54 0.9963 0.0053
*
20 23 7.39 Plexiglas 4.45 1.0061 0.0061
*
21 23 8.64 Plexiglas 6.35 0.9974 0.0053
*
22 23 9.53 Plexiglas 11.43 1.0008 0.00538
*
23 23 9.60 Plexiglas 15.24 1.0026 0.0028
EES
247 33 9,88 Paraffin 1.27 0.9849 ¢.0031
*
25 33 14.27 Paraffin 3.81 0.9950 G.0055
*
26 33 15.85 Paraffin 7.62 1.0042 0.0055
*
27 33 16.53 Paraffin 15.24 0.9917 0.0058
i
28 33 9.58 Plexiglas 1.27 0.9786 0.0032
X%
29 33 11.94 Plexiglas 2.54 0.9856 0.0031

% Calculated with 30,000 neutron histories

#% Calculated with 100,000 neutron histories
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keff = 0976
0y =0.016
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Fig. 4.1 Histogram of calculated kef’s for two aluminum
reactors (29 cases ) _
| ke = 1012
0y =0.006
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Fig.4.2 Histogram of calculated keg's for cubic arrays
of uranium - metal cylinders (31 cases )
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Fig. 4.3 Histogram of calculated keft's for arrays of
plutonium (19 cases )
p Kty =0989 , 0, = 0013
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51
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Calculated  Kkgys

Fig. 4.4  Histogram of calculated keff’s for cubic
arrays of wuranyl nitrate cylinders (29 cases)
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Fig. 4.5 Histogram of calculated keff's for all cases
from Fig. 4.1 to Fig. 4.4 (108 cases )




JAERI-M 86-082

5. & K O M

p={iil
=

Bl —AD K, FHEBDO LR b J 5 AFig. 4545528, K — A0 ke BB T HE
0.9938 DA BTN T Y £ 0. 018 TMIL AL T B, EREZEHIND koo FTHED X b
¥ AFig. 4.1 ~Fig. 4 4 %2BTh, F—DOEBERTE k¢ iTBBEO 7y 2r7 5
waETEOHHSRE (54 0005 1E) o TFRENsbDHD 2~3FRE0, TDT LA,
Bl — AT ET Kert FEMED N4 TATS = T, Kerr 3HESA 7 REELOSH) HMEL
LT BT &EmT,

KENO— IVa—Fitk 5 kert st E 44 7 A, ARELBTEEALAD/ Y7 A -5 DIEIC
O EEEZI A, 207 A -5k LehEE D ek n s gk s R TAEL S,
(1) R '
(i) 7w b= A E(LEE
i) RaHADH
(V) %5 VIBHE « 7 b = 4 fissile f
Ihoid, HETBOMWE—KROERT - stk v F7 -7 REREEELTELN
:ﬁ%@i%@—%?%%ﬁ,%H®%§ﬁ%@£ﬁ%%ﬁﬁﬁ?$%?%%Ct@%,&K%
ST S kees F B 7 RAREEE LFTREERS S LEA SN B,

(V) 2= PO « T8
(Vi) 2= bFAFERE
i) EHN A RgRkd 5 2= » bDEL

LIF, ki@%ﬁ?mothﬁfﬁﬁﬂ471ﬁK&i? B HWTEET S,

3.1 ﬁﬁﬁ@%

LSEDHERERD A T2 L7 —CHT EREEOBEECHLTR, v5 v2EHE BT
b= A @BEBEIE LTHOAERAER 2, 30 ket st EM (Fig. 4.2 XUFig. 4.3 TR
TEIICELEE LTFRFNR 1012 KF0.999) i3, LY 5 v H B0 EREY 5 v OKE
WL LTRORERER L, 40 ke it 2 (Fig. 4.1 KU Fig. 4 41RT LI
BELTERZN0.976 R 0.980) Z0 &L, BlEA/NE (T T R £ -2 27 huhs
BASIC R > T B B ker  SEEEAS L0 > koRE s Tl s n 2k
&H%@@mﬁﬁbﬂ%o%%@tb%%@ﬁl&@%ﬁ%ﬁZ@ﬁﬁ# A DOTHHET T
FAF =R bk Tig. 5 1 RUFig. 5. 2R T,

ERELZ 1R, B/ PUOBRBL4BEOUQ F. /KBREZBEICHOCTVWAD T, Kerr F1
B 72{EEH/ P UDOBGRERNLZIENTEL, K- nditEE L 2lOT7 v =
ANBEOEBRARCITH2TBERNST (Table 4 20REM LA —2) %, MENEDHE
WICE D BEELH/ PUDBEREBICEDERN2RET 4 v T 4 v r&lT &, REABESN S,



JAERI=M 86-082

8 4 v FHEMOMERERICTL
Kett = - 23x10 “¢n (H/ *U) + 1.0774
104 ¥ F EHERBERICHL
kKett = —56x 10 *€én (H/ ®U) + 1.0209
15 4 v+ BHEREBEEHERIC L
Kest = —4.5x 10 "¢n (H/ *U) + 0.9764
Iho0XERDIEODB LD, kerr FTEMERH/ UL AOHEBEFRICHD, HEEFRK
Bz PHBERNARX{BIBRENEL{ LTS, §ROLHEEH/ ®Ud/phs{13
Ekett BECEHINZEOHIHERAIB I I THEHELD LN DG, SHICEDELOEEP 2=y

PRSI SIRTES 2 L LWibh B, CDa=y MERTEREKEES BTN 25500
ES ORI ER T - s OFTEREHIICHEE L FTHdhdERET SO LH TS
i, TOEHRRICK S, _

ERHER 102 HOMNFEERED = F L EBLT—AORFERICACTVLEAEI 1 v FO R
BHHAHO 7V 3 =9 a8, 7R EFOWEYERICERL 205, FOHBERICERLTHS
[ = & BID T EEME ¥ 4 Z IR » T - 9 BRIRLEIDBE LD - e TORHEERE
R1IOHEERIKHIBEEOEENETNTHL D LBRT RETH S,

5.2 FILFZOLELEOER

ARDHETIE, 77 YeBABEELTHOAERER 2O kerr s B{HO P 1. 012 23,
T b2t LeBEBREE LTHOAEBRAERIO Rert 3T REOFEE0.99 LDH 1.3 %5
v LL, EBRERITHE IV = 8Ba= o VOFEICT S 2 F 5 7l EEE D0
for—262ThT0, IhdBFHFRI~7 bARZSIEL TS 1 EITHRRWC Kert S
BRI ETVWBIEMEZIGNLDT, — iy 7 VEBROAB IV =9 E&BHELD ket
HEMESEVERE TS/ (EE, Table 44 DEBREFRIWKMET S keyy st EEERS &,
FITRF oy VT IREME XD — A0 Keer sTHBERBOY — 2D Kerr FFRMIDELR
STWB), X, EBKZ 2OHEEFAVTHE, v vy&BHCFIL . 2 BoEaANRTH
BEERLTHE2DT, HEEBKHIABREEELEINECL2ERBTI I TH S,

5.3 RHEHEEEORE

HEAER LTS Rer: ST EE% 79 Table 4.5 %K 3 &, WY 7 = vRKBROMAFEL=
FDEFDARBDEREE 77 A F v 7 REHETHAI Y — 2D ket r 5T BEIRE~N, T00OEH
BORTMERDr — A D ket ST EEMNELMTEY, Fig. 5.3 MU Fig. 5.4 RERER 1D
Kot it EfE%:, REEOZDYyr —2EZNOHVEDr —2IHH TR M7 8ITRLES
DTH b, CHERALPFSHICHIEDILNY — A TE kerr ZLEDELBEHLTVWS, Th
A RBHEETRD kot HHE AL 7 2 EADEBER L £ RO BEDBRE —HLTWE)
Fig. 5.5 XU Fig. 5.6 if, EBRERAD ket A BBEENFEHEEsOBKRELLTT oy LI




JAERTI-M 86-082

LD THAED, HEAREIOHMAL I kKerr ST BENEHRT ZERSREDH NS, T OHEENT
ST HEBER A EAFRLEEBARRIC DLW TEAES NNV F v -2 BHROEROESED

18)
FERE—FHLTHE T,
REHED 15 ERERIC DT, Fig. 3.1, Fig. 3.6EHE =T ALHICRET LS, &

ﬁ@E@,i%ﬁ%M,%E@émﬁ%ﬁm&%ﬁ%%%ﬁﬁﬁi&@Anénfﬂmocne)
. 16
kB ketr sTHE~OEENEDEER Z01E, SEIOHEHEA TIE S 5 850ERD REF]
Tk B EkerOEICRAN 2 ¥REOMME &7 5T C LABERSA TV 5,

5.4 USUEBRE - TN b=OLfissile ROXE

w5 VBEES BRIV =9 A fissile RO BB DWTIE, SRIOHETIHMEE L
FEEAKRIZE TSR« & fissile OB A K -TED, ket sTE A 7 2 {EICHd 5 EN%
P AT EMNTEITN,



JAERI-M 86-082

-
ETTT T T 7T TTTT T 1 T T T T T 3 DTTT 7 T T 1 TTTT T T T 7 ﬁg
= E
= —WD
= 5
&= '—“no
= 3 —
C 7
= —'D
= Ev—l
- 4o
may E'_'
= —ND
= ERa
L 4=
E q —
= —QD
= Ev—(
n
| o
= 43—
- T
= =C°
= =
[ . =
E .
E -‘?
L o
E 1’
byt gty 49 1 Digigvy 1004 IR [ ER R <
- o~ m - w
& ) o & o &
— — — — — —t

{

LINN JTENIS )} XnT4

)

EV

ENERGY

region of case no. 1 — 11

the fuel

in

137 energy groups

Fig. 51 Neutron spectrum for



JAERI-M 86-082

g]— 7 ‘Ou 9se3 Jo uoldar [eny ayr ur sdnoid Afisua pg] 1o wmnayoads uoimsN Z g "Fig

(A3 ) ADYIN3
ol ol 01 01 01 01 01 a1 01 01 01 01

01

¥ -

£
LELEN SRR T TEE IR B LIF LRI | | LLLLERLIL B rret Ty FLLCAR IR B [LLLELRIR B PO T HAAR L [Ty T T T

ARA

f

HEERE

RN

A

TR RO (T MO I IR R LS R (1T TR N A N (TR T N A [T R M A (T R A T AN B T IS NI (IS A W T IRR RO

frege

Lirgrg1

[

firi1d

RN

1

1

I

s 1

v01

e01

201

07

o0 1

XN14d

3TONIS )

LINA



Frequency

QO — MWW b D
T

Frequency

QO — N O]

JAERI-M 86-082

. Unreflected Reflected Cylinders

_ Cylinders { kegr= 0993)
( kef = 0.972)

: |
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Fig. 5.3 Histogram of calculated kef's for two
~ aluminum cylinders ( 8or 10 inch diameter )

A
- (l:JnlﬁglsrCsTed Reflected
- Cy ! 7 Cylinders
N
%% '
0.94 096 098 100

Fig.5.4 Histogram of calculated kesf's for two
aluminum cylinders (15 inch diameter )
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Fig. 5.5 Calculated keff as a function of reflector thickness
surrounding array of uranyl - nitrate solution cylinders

102 T I i
100 | ,J H H H FHJ i
098 |- _u
e 23 array with paraffin reflector
o 23 array with plexiglas reflector
096 - s 33 grray with paraffin reflector -
] ! ] 1 ] L | 1 11
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Reflector  Thickness

Fig. 5.6 Calculated ket as a function of reflector thickness surrounding

array of urany! -nitrate solution cylinders with 1524cm- thick
paraffin

reflector on the bottom
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Table 5.1 Calcalated Results for Single Bare Aluminum —erlinder
Containing UQ:F. Aqueous Scolution
H/ #U | Cylinder | Critical .
Case Atomic Diameter | Height Calculated Results
No. Ratio Kert g
1—14 169 15 in 17. 3cm 0.9128 £. 0054 | ;
15 169 15 in 17. 8cm 0. 9249 0. 0060
16 169 15 in 18.0cm 0. 9361 0. 0065
1 —17 329 15 in 20. lem 0.9231 (. 0050
18 | 329 15 in 20.8cm | 0.9338 0. 0055
19 329 - 15 in 21.0cm 0, 9400 0. 0050
20 329 15 in 21. 3cm 0. 9492 (. 0053

*  Calculated with 30,000 neutron histories

Table 52 Calculated Results for Single Bare Piutonium—Metal Billet
*
Case Unit | Moderator | Calculated Results
No. Mass Thicknes | ks _ 70
3—1~3-5 | 3kg | —— 0. 6732 0:0024 |
3—6 3kg : 1.27cm | 0.6940 0.0023
3—7 3 kg 2. 54cm 0.7165 | 0.0025
3-8 3 kg 3.8lcm 0.7240 | 0.0025
3-9~3-17 | 6 kg — 0.7891 | 0.0026
3—18 6 kg 1. 27cm 0.8118 ¢ 0.0025
319 6 kg 2.54cm | 0.8362 | 0.0026
* Calculated with 100,000 neutron histories,
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Fig. 5.7 Calculated kett as a function of center -to-center separation
of plutonium - metal cylinclers in array disposition
Arrgy size 43
Unit : 6kg Pu billet
Moderator : None
Reflector . None
1.02 T T 7
Symbol |Diemeter| H /233y note
4 8in | 52.9 | submerged in water
a 15in | 52.9 | submerged in water
o I15in | 329 | submerged in water
o 15 in 329 bare
100 F H -
0.98 ;J ’J H . F‘J ]
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Fig. 5.8 Calculated ke vs. surface separation of two aluminum
cylinders containing uranyl - fluoride solution
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Fig.5.9 Calculated keff as a function of surface separation of
uranyl - nitrate  solution cylinders in array disposition

Array size : 23 ~ 53

Unit  Uranyl — nitrgte solution
Moderator - None
Reflector : None
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