JAERI-M
9025

KENO-IV I — FXRVF v —J5tH(3)
UF FH1> ) v & — OFHEEH)

19808 A

B s B 3 - TR 4l
S| FR oy mut

B = B F H ® % A
Japan Atomic Energy Research Institute



s E
BN R B

IO EE, B AR T AW S JAERLM b Al b B LT, Tz LT g

, BEHLIL &,

JAERI-M reports, issued irregularly, describe the results of research works carried out
in JAERL Inquirtes about the availability of reports and their reproduction should be
addressed to Division of Technical Information, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan.

5 A, @M oo tiE, IAE FHETEEEAERS CRRE



JAERI-M 9025

KENO—-N 22— FRyvF=--275HE (3)
(UF: R v ) v # — OFmALF])

B AR T HH R R % LB
B s HA W - A AR
=m E-lw EmR

(198047 F 28 R&Z3®)

EH CHREER T OSRERT A7 7Y ~MGCL &€ v F # i oatEs — FKENO -
VA bE7I - FYRFLANIZERELEHEORKEFMEEDO B L LT, UF A
) 8 —OEERMERCOVTRY F v — 7R EEERE L,

ﬁmﬁ%fd.ﬁ%bﬁ?ﬂwfffwtﬂUR%ﬁVUVﬁ—%ﬁ%b,20@%—
INEEESEAC L DEAERER LTS, COKSICLTHAT — 2 2BMES N
RROEKEI6, -, £ TF L UBEMS KRBT -2, RTa v 7Y — MREHEA
SAFRELY — X DAB1y — RASEMR & L,

NyFe—JHER, FRIALF -BBENEOIAT 5 Y =2 OTT - 1005, 26
BOHETHENEEROFEEEMNL 03 &0, BFAME L0 X0 3BEREL, —7,
VBT EBELABE>FA 77 ) 2B OREHETE, 6BOHBLOMW4 B T4-T0 990
L DEREICE S, SO EE, AHBEEROL S AL X UFEERHETF (1855
eVELE) K& BMABASKENIIAR T, 6B L0 bHMa s A v ~BBEL R
5475 —HRCTHET ALENSH BT LET LTS, |

*+ BRETIEEE)



JAERI-M 9025

KENO- 1V Code Benchmark Calcutation (3)

(UFg Container Cylinder Critical Array)

Junichi KATAKURA, Yasushi NOMURA, Takanori SHIMOOKE,
Tadashi YOSHIDA* and Michinori YAMAUCHI*

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 de-
veloped multi-group constants library MGCL. The present paper describes
the results of a test using criticality experiments about array of UF6

container cylinders.
In all, 81 cases of experiments have been calculated for the UF6

container cylinder arrays arranged into various configurations from the
4 x & array to a linear-array, where cylinders are bare or reflected by
polyethylene or by concrete,

The KENO-1V calculation with the 26 group MGCL library results in
about 3% excess of the mu]tiﬁlication factor for the unmoderated array
where the fission due to fast neutrons is dominant.

The conclusion is that in order to obtain a better prediction of
the effective multiplication factors for the experiments considered

here, the finer energy group structure is needed.

"Keywords: Criticality Safety Analysis, Uranium Hexafluoride Cylinder
Array, KENO-1V Monte Carlo Code, MGCL Multigroup Constant

Library, Benchmark Calculation.

* Nippon Atomic Industry Group Co., Ltd.
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Table 1 Uranjum Isotepic Analysis.
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Isotope
234
235
236
238

vt %

0.77
97.66

0.23.

1.34

Table 2 Description of UFg Cylinders.

b Calculated

Cylinder UFg Average Density
Nunber® Mass (kg) Height (cm) (g UFG/cma)

460 108.024 72,4 L.60

Lok 110,178 Th. L 4,57

453 111,562 76.0 4,53

k51 110,904 79.0 L.33

k39 110,904 79.0Q L.33

L83 110,043 B0.3 L.,23

L37 110.610 81.0 L,21

475 111.313 83.8 L.13

351 111.494 83.8 4,10

438 111,993 85.3 4.05

kg2 109.589 83.8 k.03

k91 110.178 8L.6 h,02

L&8 112.242 89.9 3.85

L3 113.353 98.8 3.54

L85 110,451 98.0 3.47

L&z 109,88k 103.1 3.23
a. The average tares weight of the cylinders was U4S5.4 + 0.2 kg,

b.

Height value is the average of 5 readings of X-rays,

Denaity

calculated from mess of urg, helght, and assumed uniform
inside diameter of 20,3 om.
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Table 3 Number Densities of UFs Composition
(10%* ¢cm=? )
cylinder Elements
Na 2y B35y By 238y F HY
460 6.138x107° | 7.752 x107% | 1.818 X 107%| 1.050x 107*| 4762 x 107| 3.492 x 10~*
494 6.098x10~% | 7.701 x107% | 1.806 x 10~° 1.o43><1o-*w4.731><10-2 3.469><10~4;
453 6.045x 1075 | 7.634 %1073 | 1.790 x10~° | 1.034 x 10~* | 4689 x107%| 8.439:x 104
451 5778x 1075 | 7.297 107 | 1.711 X10"| 9.885 x 107" | 4482 x107%| 3.287 x10~*
439 I’ " ’” 4 ’” ”
483 5.644x10-5 7.128 x107% | 1.672x107%] 9.657 x10~% | 4379 x107%| 3211 x10~*
437 5.618x107% | 7.094x107%| 1.663 x107%| 9.611 x10~° 4358 102| 3196 x 10~*
475 5511x10~%] 6.960 x 103 | 1.632x107° 9.429><'10-5 4275 x107%| 3135 X 10~ |
351 5471x107% | 6.909 x10"* | 1620 x107%| 9.360 x10~° 424410723113 x 10~
438 5.404x 1075 | 6.825x107% | 1.600x107°| 9.246 x 10~° | 4192 x107%| 3.075 x10™*
492 5.377x107% | 6,791 x10~% | 1.693x107°{ 9.200 x107° | 4172 x107%| 3.059 x 10~*
491 5.364x107% | 6.774x107% | 1.589x107°| 9.178x107° | 4161 x107*| 3.052 x107*
468 5.137x107° | 648810~ 1.521x107°| 8,789 x10~° 3.985x107% 2.923 x 1067*
423 4724x107° | 5.965x 107* | 1.399 X 107°| 8.082x 107" | 3664 %1077 2.688x10~*
485 4.630x10°° 5.84?><10-3 1371107 7.922 107" | 3592 x107%} 2.634 x107*
;
462 4377x107% | 5,527 x107% | 1.296x 107%| 7.488 x10"° 3.395><10-2'2.490><10"4
a) H U atomic ratio is assumed to be 0.044,
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Table 4 Number Densities of Plexiglas and Polyethylene
(10 em™¥)
Plexigias Polyethylene
Corbon 3. 570 x 10 ¢ 3.9501 x 10~
Hydrogen 5. 666 x 107 7.9002 % 10
Oxygen 1. 428 x 10 ¢ ‘ _
Table 5 Chemical and Spectrographical Analysis of Concrete.®
Atom Densities Atonm Den§ities
Elemer< {em=~3) Flemant {em—=>,
H k.2l x 102! c1 1.90 x 20}?
c 1.13 x 10%2 K 3.11 x 1020
0 4,02 x 1022 Ca T.27 x 102!
Na 7.9 x 109 Ti 4,0 x 1019
Mg 4,99 x 1027 Mn 1.2 x 10!9
Al 3.75 x 1020 Fe 1.29 x 1020
si 1.93 x 10°! Sr 8.9 x 1018
s 1.00 x 1020 Ba 3.9 x 10!8

a. Concrete shielding blocks, 10.2 x 20.3 x 40,6 cm, at a
density of 2,15 g/cm3,
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Table 6 Critical Conditions for an Unreflected 3 x 4 Array or
U(97.7)F6 Cylinders.

Cylinder Table
Center Separation
Experiment  Separation at Critical
%o, (em)} {em) Notes
1 22.52 2.56
2 22.68 0.7k -
3 22.73 0.6 -
L 22.81 0.12 e
5 22,81 0.19 3
6 22,81 1.01 4
7 22.81 0.13 5
8 22.81 1.26 6
9 22.81 1.48 T
10 22.81 1.21 8

Movable Stationary

NOTES:

1. The 3 x 3 array was subcritical., Cylinders are in contact in the
3 x 4 array. Assembly is subcritical with Cylinder L9L removed.

ke of assembly at table closure was 1.0010.

. ASsembly as in Experiment 4. Cylinder realignment performed. keff
at table closure wes 1.0013, ' B
Exchanged Cylinder No. 460 for No. k423,

Exchanged Cylinder No. 423 for No. L60. k a: table closure was
1.0013. efr

Exchanged Cylinders Nos. 438 and b23.

Exchanged Cylinder No, U600 for No. L23.

. Exchanged Cylinder No. 462 for No. 460,

-0 W L Mo

Cylinder
No. Mass Density

L6o 108,0 L.60
438 112.0 L.05
423 113.4 3.54
Lé2 109.9 3.28
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Table 7 Critical Conditions for an Unreflected 4 x b Array of
U(9T.T)F6 Cylinders.

Cylinder Table
Center Separation
Experiment Separation at Critical

No. {cm) {cm) Notes
11 24,50 4.10 1
12 24,82 1.16 -
13 2k,91 0.88 -
1k 24,96 0.3k 2
15 2L .96 1.14 3
16 24,96 0.33 in

Movable

t &®

Stationaty

NOTES:

1. Assermbly is subcritical upon removal ol Cylinder No, 423.
k . of assembly at table closure was 1.0017.
. Tﬁfckness of steel supporting assembly increased from 2.5 to 3.2 cm,
i.e,, 0,6h-cm-thick steel plate added to table top. Reactivity
increase to assembly estimated as 60 cents based upon B £r 0.0066.
k. B8teel plate removed and cylinders reassembled, k £ at gagle closure
was 1,0014, Comparison of Experiments 14 and 16°%% measure of
reproducibility of assemblies.
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Table 8 (Critical Conditions for a 2 x 2 Array of U(97.T)F6 Cylinders
Reflected on 5 Sides by 25,3=-cm Thickness of Polyethylene and
Moderated by Plexiglas.

Cylinder Table
Center Separation
Experiment Ceparation at Critical

No. (em) {cm) Hotes
i Polyethyl 17 22.52 - 1
olyethylene 18 23.66 - 2
\ 19 25,05 1,22 3
/...Piaxlglas 4 A a2 ;
21 26.2h — 5
| 22 25.13 0.59 [
|
L

Movable g Stationary

NOTES:

1. Assembly suberitical. No Plexiglas moderator, cylinder in contact,
and close~-fitting reflector on 5 sides,

2. Assembly subcritical. Plexiglas thickness was 1.lh cm and eylinders
in contact with reflector and Plexiglas. Height of Plexiglas and
eflector was 147.3 cm,

3. Plexiglas thickness inoreased to 2,5 em. Cylinders in contact with
reflector and Plexiglas.

4. Assembly subcritical. Cylinders spaced 0.32 cm from reflector and
FPlexiglas. .

5, Plexizlas thickness ilncreaged to 3.1 cm. Assembly subcritical.

£, Plexiglas thickness decreased to 2.5 cm and spaced 0.16 cm from

reflector and Plexiglas.
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Table 9 Critical Conditions for a 3 x 3 Arrmy of U{(97.7)F, Cylinders
Reflected on 5 Sides by 15.2«cm Thickness of Polyéthylene.

Cylinder Table
Center Separation
Experiment  Separation at Critical
No, {em). (em) Notes
/.Polyethylene 23 23,58 0.56 1
y 4 2k 2h.17 v10.9 2
25 24,84 v Tl -
26 26,09 0.31 3

Movable —gmst Stationary

NOTES:

1. Cylinder No. 483 removed. Reflectcr st cell boundary, i.e., one-
half cylinder surface separation.

2. Assembly as shown, i.e., cylinder No. 483 added.

ke £ at teble closure was 1.0015, Assembly reflected on 5 sides;

hefght of reflector in Experiments 23-26 was 146.7 cm.
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Table 10 Critical Conditions for a 4 x L Array of U(97.7}F6 Cylincers

with Various Polyethylene Reflector Cosnditilons.

Cylinder Table
Certer Separation
Experiment  Separation At Critical
. No. (cm) . {cm) Notes
ya Polyethylene 27 29.1¢ 0.5k 1
28 269.19 G.60 2
29 29.59 0.0 z

Movable —s{ Stationory

NOTES:

1.

2.

Assembly reflected on 5 sides by 15.2-cm-thick polyethylene. Height
of reflector was lu6.7 cm. keff of assembly at table closure was

1.0018,
Polyethylene reflector, 15.24-cm-thick, placed on top of staticnary

half of assembly. Reflector height on movable table reduced to
106.0 cm.

Asserbly reflected on 6 sides. Inside height of reflector cavity
was 146.7 cm. kopp Of assembly was 0.9993.
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Table 11 Critical Conditions for a 2 x 2 Array of U(9?.T)F6 Cylinders
Reflected on 5 Sides by a 20.3-cm Thickness of Concrete and
Complete Reflectiomn.

Cylinder Table
Center Separation
Experiment GSeparation At Critical
No. {em) (cm) Notes
E
; 20.3 cm 30 22.52 0.96 1
Concrete 31 23.12 - 2
Py 32 23.12 1.52 3
33 23.12 1.86 4
34 23,12 2.01 5
N g 35 23.12 1.65 6
36 22,8l 0.18 7
37 22.84 0.12 8
38 22,68 C.54 g
39 22.68 0.62 10
Movable —me Stationary
w

NOTES:

1. Concrete reflector (20.3-cm thickness) on bottom and L sides.
Reflector height was 1U47.3 cm.

2. Assembly subcritical. k at table closure =0,993,

3. Concrete reflector thicknéss on U4 sides increased to 30.5 em. Top
of array was unreflected.

4. Concrete reflector thickness on 3 sides (N, E, S) increased to 40.6
cm., Top of array was unreflected. Akeff of perturbation was
+0.0022,

5. Add top reflector of concrete 20,3-cm thick. &k of perturbation

eff :
was + 0,0015.

6. Return concrete reflector thickness on L sides to 30.5 cm. &k e
of top addition to Experiment No. 32 evaluated as +0.0013. ®

7. Assembly reflected on 6 sides by 20,3-cm-thick concrete. keff of
asgembly at table closure was 1.0013.

8. Remove top reflector, k table closure was 1,0010.

G. Assembly reflected on 5 gides by 20.3-cm=thick concrete,

10, Add 20,3-cmethick concrete reflector to top. 4k of perturbation

eff

was +0,0009,
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Table 12 Critical Conditions for a 2 x 2 Array of U(QT.T)FG Cylinders

with Various Concrete Reflecpor Conditions.

Cylinder Table
Center Separation
Experiment Separation at Criticel
No. {cm) __ {em) Notes
Concrete
/ E 40 25.70 - 1
b1 25.70 1.04 2
42 25,70 1.35 3
L3 25.70 1.56 b
Ly 25.70 1.26 5
N S 45 25.01 - 6
46 25.01 - 7

Movcble e Stationary

W

NOTES:

1. Assembly suberitical reflected on bottom and 4 sides bv 20, 3-cm-
thick concrete, Reflector height was 147.3 cm.

2. Assembly reflected on 4 sides by 30.S5-cm-thick concrete and on
bottom by 20.3=-cm thickness.

3. Concrete reflector thickness increased to 40.6 cm on 3 sides (N, E,
S) of assembly., Ak of perturbation was +0.0021.

L, Add 20,3-cm-thick cgggrete reflector to top of assembly., A&k ef of
top addition +0,0019. €

5. Reduced reflector thickness on U4 sides to 30.5 cm. Comparison of
Experiments L1 and Ll estimate Ak ¢ for top reflector as +0.0019.

6. Assembly reflected on 6 sides by 56.3-cm-thick concrete, Assembly
suberitical, k rr ™ 0.9987,

7. Remove top refiector, Akef of perturbation =-0.0008.

b4
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Table 13 Critical Conditions for a 3 x 3 Array of U(9T.T)F6 Cylinders

with Various Concrete Reflector Conditions.

Cylinder Table
Center Separation
Experiment  Separation at Critical
No. {em)  (em) Notes
Concrete w7 30.78 1,35 1
L8 31.18 - 2
49 31.18 2.31 3
50 31.18 1.83 4

Movaoble —m={ Stotionary

NOTES:

1. Assembly reflected on bottom and 4 sides by 20.3-cm-thick concrete,
Reflector height was 147.3 cm.

2. Assembly supercritical, k = 1.0009 st table closure.

3. Add top reflector 20.3-cm-thick concrete. Reactivity gap sensiti-
vity mesasurement extrapolated to closurz indicauves keff > 1.01 at
table closure,

L. Thickness of zop reflector reduced to 10.2 cm. Akeff of perturba-

tion wes ~0.0021,
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Table 14 Critical Conditions for a 1 x 12 Array of U(9T.7)F6 Cylinders
with Various Concrete Reflector Condivions.

i Cylinder Table
| Center Separation
Experiment Separation et Critical
Yo. {cm) {em) Notes

51 22.52 0.69 1

: 52 22.52 0,62 2

; 53 22.52 0.61 3

: Sh 22.52 -— h

l--

(sas)easYeoaem)(sme)aor)(sse) sor s\ erseon)(esd)
AN\ /)
| ! a
L::ij_ 40.6 o L20.3 cm
cm cm
Movable Stationary

w

NOTES:

1. assembly was subecritical reflected on one side by 30,5-cm-thick and
by 20.3-cm thickness on bottom. Reflector heigh- was 147.3 cm,
Criticality achieved with reflector addition to west side as shown.

2. Removed Cylinder No. 485, 8k_.p of perturbation was -0.0006.

3. Femoved cylinder XNo, 453, 8k ., of perturbation was -0.0001.

L. ssembly subcritical upon remgvfng evlinder Nos. 491, 475, 451, and
439. BSix cylinders remain 11 asgembly.
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Table 15 Critical Conditions for & 1 x 5 Linear Array of U(9?.T)F6
Cylinders with Various Concrete Reflector Conditions.

Cylinder Table
Center Separation
Experiment Separation at Critical
_ Ho. (em) {em) _ Notes
55 26,66 - 1
56 26.66 £.00 2
57 26.33 0,38 3
58 26.33 0.72 L
59 26.33 0.94 5
A0 26,33 - 6
a1 26,33 c.28 T
6 26,33 0.67 8
E

N [30.5 483351 %303 '
cm cm |

8‘ .2 8] .2 ——y 30‘5 m
cm cm
Movable —gee{ Stoticnary
w
NOTES:
1. Assembly subcritical. Reflected on bottom and 4 sides; height of
reflector 147.3 cm. Units in contact with reflector, K op = n0.9997.

2. Added 20.3-cm-thick top reflector, k ¢ = 0.9997.
3. Assembly supercritical. k = 1,00% g at table closure, top and

bottom reflector 20.3-cm-t5 ck concrete.

4. Increased reflector thickness on stationary table to 40.6 cm on
East side, k at clgsure =1,0038,

S, chreased reffecfor thickness on movable table to 40.6 cm on East
side, , at closure =1,0049.

6. Removed 38 S-cme~thick refiector from North side, i.e., unreflected
North end. Assembly suberitical.,

7. Added 10.16-cm thickness of concrete to North side of sssembly.

K at closure =1,0012,

8. Increase reflector thickness on North side to 20.3 cm. k oo of
agsembly at closure =1.,00L0, €
Comparison with configuraticn in Note 3 gives +0,0012 as Ak P
iddition due to incressing East reflector thickness from 30, § to

0.6 cm.
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Table 16 Criticel Conditions for a 1 x 4 Linear Array of U(97.7)F6
Cylinders with Variocus Concrete Reflector Conditions.

Cylinder Table
Center Separation
Experiment Separation at Critical
No. {cm) {cm) Notes
63 2L, 72 C.56 1
n 2L, 72 0.65 2
65 24,72 0.23 3
E
jm— B1.2 121.8 o
cm cm
‘ J
40.6 ¢m
_ — t
pt- iy
i ZCICITO T N
cm cm
; 30.5
je 81,2 ot B1.2 o
cm cm
Movable —gm{ Stationary

W
NOTES:

1. Assembly unreflected on top. Bottom reflector was 20.3-cm-thick
concrete and height of reflector was 147.3 em, Cylinders in con-
tact with reflector.,

2. Added top concrete reflector 20.3-cm thick. Akeff of additicn was
+0,0007.

3. Reduced reflector thickness on Esst side from L0.6 to 30.5 om.
keff of assembly at table closure was 1.0013,
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Table 17 Critical Conditions for & 1 x 3 linear array of U(QT.T)FG
Cylinders with Varicus Reflector Conditions and with
Plexiglas Separmting the Cylinders.

Cylinder Table
Center Separation
Experiment GSeparation at Critical
No, {cm) (cm) Notes
E 66 22.52 - 1
: 67 23.66 0.69 2
i 68 23.66 C. k2 3
40.6¢cm 69 23.66 0.12 L
T0 23.66 0.11 5

—

N (=40, 6m4 438 L-40.6..- S
cm _ cm
I =

40.6 ¢cm
1

cm cm
Movable —mmd Stationary

W

NOTES:

1. Concrete reflactor thickness was L40.6 cm on L& siies and 20.3 cm on
bottom. Cylinders in contact, Reflector was close fitting.
Assembly suberitical.

2. Top reflector 20,3-ocm~thick gonecrete added. Two Plexiglms sheets

©321.9 x 22.2 x 1.1L cnm inserted between cylinders. Reflector in
contact with cylinders,

3, FReduced reflector thickness on West side to 30.5 cm. Akeff of
perturbation wags -0.002%,

L. Reduced reflector thickness on East side to 30.5 em. Ak of

; eff
perturbation was -0,0022,
7. Removed top reflector. A4k of perturbation was -0.0001. k

of assembly et tuble closufé was 1.0008. eff
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Table 18 Criticael Conditions for Two Linear Three-Cylinder Arrays with
Close Fitting Concrete Reflectors Neutron Coupled through a
LO,6-cm Thickness of Concrete,

Cylinder Table
Center Separstion
Experiment Separation at Critical
E No. (cm) {cm) Notes
T1 22.52 E,W 2.49 1
72 3.54 2
7 Tg 5.12 3
7 1.0 L
N 453 S

20.3 :"mx . N—-20.3 cm

Each Region 10.2 cm

Movcble - Stationary
w

NOTES:

1. Assembly consisted of 2 arrays each containing 3 cylinders in con-
tact as linear array reflected by 20.3-cm-thick concrete on top,
bottom, and 3 sides, The other (fourth) side of each array was neu-
tron coupled through 40.6 cm of concrete as 4 regions, 10.2-cm-thick,
as shown. Reflector height inside cavities was 14T.3 ¢m. Center
separation of the parallel arrays was 63.3 cm at table closure.
Concrete of Reglon I removed,

Conerete of Region II removed.

Concrete of Region III removed,

Replaced concrete in Regions I-III. Difference in table position

at critical compared to Experiment 71 was 7.l x 10-5 in Akeff'

WVt EFw i
. .
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Table 19 Critical Conditions for Two Linear Three-Cylinder Arrays with

Concrete Retflectors Neutron Coupled Through a 40.€-cm Thick-
ness of Concrete,

Reflector
Cylinder Table Cylinder
Center Separation Separstion
Experiment Separation at Critical dl- d2
No. (cm) Lem) (cm) Notes
76 22.52 E,W - 1.1 1.9% i
7 0.22 1.27 1.91 2
78 0.13 0.95 2.22 3
E

a9 | [ v

2666

20.3 cmS ‘- S 20.3 em
T T \

Each Region 10.2 cm

Movable —gmd Stotionary

NOTES: W

3.

Assembly consisted of two parallel linear arrays each containing 3
¢ylinders in contact. Cylinders in South array were in contact with
concrete reflector on lateral sides, Cylinders in North array were
in contact with concrete except for surface separations described
by 4, and d, shown in diagram. Reflector height inside cavities was
lhT.% cm. enter seperation of two parallel arrays at table closure
was 65.2 cm. The assembly was subecritical but at a high source
neutron multiplication.

North side reflector moved inward to decrease dl. keff of assembly
at table closure was 1,0005,

Cylinders moved Iin North directlon to decrease dl and increase 4,.

keff of assembly at table closure was 1.0003.
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Table 20 “riticel Conditions for Twoc Linear Three-Cylinder Arrays of

U{97.7)F, with Varicus Reflector Conditions Neutron Coupled
Through & 50.8-cm Thickness of Conerete.

Cylinder Table
Center Separation
Experiment Separaticn at Critical
No. {cm) {cm) Notes
79 22.52 EW - 1
8o 0.39 2
81 7.36 3
E

(&)
066

N_20.3 cm
20.3 cmX

Each Region 10.2 em

Movable—smi Stationary
w

NOTES;

1.

3.

Assembly consisted of two parasllel linear arrays each containing 3
cylinders in contact. Concrete reflector is 20,3-cm thick and was
in contact with lateral surfaces o cylinders, Arrays were re-
flected on six sides. Height of reflector cavities was 147.3 cm.
Center separation of fwo parallel arrays at table closure was

73.3 cm, Assembly was subcritical with an spparent neutron source
multiplicetion greater than 5,

Reflector thickness on North side increased to 30.5 cm. keff of
assembly at table closure was 1,000T7.

Reflector thickness on South side increased to 30.5 om.
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Table 21 Energy Structure of MGCL 137 and MGCL 26
Group Upper Energy| Lethergy Group. . |Upper Energy | Lethergy
No Boundary | width AU | No Boundary | width AU
ZBGI, 137GI’, EGGI'. 13?Gr.
1 | 16. 487 MeV 0.125 38 16163 keV 0.125
2 | 14.550 0.125 39 | 142, 64 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 4 42 | 98037 0.125
! 6 | 8825 0.125 43 | 86.517 0.125
7 | 7.788 0. 125 44 | 76. 351 0. 125
8 | 68729 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 | 47237 0.125 48 | 46. 309 0.125
12 | 41686 0.125 49 | 40. 868 0.125
13 | 36788 0. 125 50 | 36.066 0.125
14 | 3 2465 0.125 5 51 | 31 828 0. 125
15 | 2 8650 0.125 , 52 | 28088 0.125
16 | 2 5284 0.125 53 | 24,788 0. 125
2 17 | 2 2313 0. 125 54 | 21.875 0.125
18 | 1. 9691 0.125 55 | 19. 305 0.125
19 | 17377 0.125 56 | 17. 036 0. 125
20 | 1.5335 0. 125 57 | 15,034 0.25
21 | 13533 0. 125 ; 58 | 11.709 0.25
22 | 11943 0.125 59 | 9. 1188 0.25
23 | 10540 0. 125 60 | 71017 0.25
24 | 930. 14 keV 0. 125 61 5. 5308 0. 25
25 | 820.85 0. 125 62 | = 4. 3075 0. 25
26 | 724. 40 0.125 63 | 3 3546 0.25
27 | 639. 28 0. 125 64 | 26126 0. 25
28 | 564. 16 0. 125 7 65 | 2 0347 0. 25
] 29 | 497. 87 0. 125 66 | 1.5846 0. 25
30 | 439. 37 0.125 67 12341 0.25
31 | 387. 74 0. 125 68 | 961.12 eV 0. 25
32 | 342 18 0. 125 69 | 748.52 0. 25
33 | 301.97 0.125 70 | 582 95 0. 25
34 | 266. 49 0. 125 71 | 454. 00 0. 25
35 | 235 18 0. 125 8 72 | 353. 58 0. 25
36 | 207.54 0.125 73 | 275. 36 0. 25
4 37 | 183.16 0.125 74 | 214 45 0. 25




JAERI-M 9025

Table 21 Energy Structure of MGCL 137 and MGCL 26 (continued)

Group Upper Energy | Lethergy Group Upper Energy | Lethergy
No Boundary width AU No Boundary width AU
ZGGI-. 137Gr. 26Gr, 137G1-.
8 75 | 167.02 eV 0. 25 111 | 0.27699ev| 270 m/sec
76 | 130 07 0. 25 18 | 112 | 025683 270
77 | 101. 30 0.25 113 | 0.23742 270
" 78 | 178,893 0. 25 114 | 0 21871 270
79 | 61.442 0.25 19 | 115 | 020090 270
80 | 47. 851 0. 25 116 | 0. 18378 270
81 | 37267 0.25 117 | 0. 16743 270
82 | 29 023 0. 25 20 | 118 | 0.15183 270
83 | 22 603 0. 25 119 | 013700 | 270
0 84 | 17.603 0. 25 120 | 0.12293 270
85 | 13.710 0. 25 21 | 121 | 010962 270
86 | 10,677 0. 25 122 | 0.09708 270
87 | 8 3153 0. 25 123 | 0085295 | 270
88 | 6. 4760 0. 25 22 | 124 | 00742714 | 270
89 | 50435 0. 25 125 | 0.064015 | 270
11 90 | 3. 9279 0. 25 126 | 0054518 | 270
91 | 3 0590 0.25 | 23 | 127 | 0045783 @ 270
92 | 2 382 0. 25 128 | 0037811 | 270
93 | 1 8554 0. 125 129 | 0030600 | 270
12 | 94! 16374 0. 125 24 | 130 | 0 024152 | 270
95 | 14450 0. 125 131 | 0.018465 | 270
96 | 1. 2752 0. 125 132 | 0.013541 | 270
13 97 | 1 1254 0. 125 95 | 133 | 0.000379 | 270
98 | 0. 99312 0.125 134 | 0005979 | 270
" 99 | 0 87642 0.125 135 | 0003341 | 270
100 | 0.77344 0. 125 2% | 136 | 0.001466 | 270
101 | o0 68256 0. 125 137 | 0.000352 | 270
s 102 | 060236 0. 125 0.000033 | 270
103 | 0.53158 0. 125
104 | 0 46912 0. 125
105 | 0. 41399 270 m/ sec
16 | 106 | 0 38925 270
107 | 0. 36528 270
108 | 0. 34206 270
17 | 109 | 031961 | 270
110 | 0. 29792 270
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Table 22 Calculated kes for Unreflected Arrays,

No Calculated k. | Comment
1 0. 99965 -+ 0. 00449 3 x4 Array
2 1. 00726 = 0. 00404 »
3 1. 01123 =+ 0. 00487 "
4 1. 01880 + 0. 00439 v
| 5 1. 01478 -+ 0. 00434 oo
| 6 1. 02909 -+ 0. 00458 "
7 1. 01015 + 0. 00441 "
8 1. 00293 + 0. 00481 "
9 1. 00660 =+ 0. 00422 ”
10 1. 01059 + 0. 00433 ”
r 11 1. 02817 =+ 0. 00463 ' 4x4¢ Array
12 1. 01860 + 0. 00427 ”
13 1. 02183 + 0. 00438 . "
14 1. 01969 = 0. 00414 ”
15 1. 01830 + 0. 00437 ”
16 1. 01367 + 0. 00437 , "

Table 23 Leakage and Fraction of v—Fission for Unreflected Array

3 M | Leakage (L/(L+A)) P Fp™ Fs ™)
| 1 0. 52826 0. 57 0. 43 0.0
2 0. 52384 0. 56 0. 44 0.0
3 0. 52190 0. 57 0. 43 0.0
4 0. 51870 0. 57 0. 43 0.0
5 0. 52033 0. 57 0. 43 0.0
6 0. 51388 0. 57 0. 43 0.0
7 0. 52254 0. 57 0. 43 0.0
8 0. 52623 0. 57 0. 43 0. 0
9 0. 52448 0. 57 0. 43 0.0
10 0. 52304 0. 57 0. 43 0.0
1 0. 51475 0. 57 0. 43 0.0
12 0. 51860 0. 57 | 0. 43 0. 0
13 0. 51806 0. 57 : 0. 43 0.0
! 14 0. 51779 0. 57 0. 43 0.0
15 0. 51959 0. 57 0. 43 0.0
16 0. 52137 | 0. 57 0. 43 0.0

*)Fl : Fission fraction of fast energy region.
(> 183 keV)
Fy : Fission fraction of intermediate energy region,
(183 keV~ 0. 68 eV)
Fs : Fission fraction of thermal energy region,
(< 0.68 eV)
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Table 24 Calculated kg
with Polyvethylene Reflector

for Array

No Calculated kest Comment
17 0. 96968 + 0. 00395 2 x 2 Array (sub critical)
18 1. 01812 4= 0. 00503 1 ( ” )
19 1. 01298 £ 0. 00432 ! ”
20 1. 01921 = 0. 00472 (sub critical)
21 1. 00411 = 0. 00430 ( # )
22 1. 00975 + 0. 00443 #
23 1. 04878 4 (. 00459 3x3 Array
24 1. 03853 £ 0. 00437 ”
25 1. 04925 + 0. 00424 "
26 1. 04003 4= 0. 00513 4 x4 Array
27 ‘1. 03999 £ 0. 00422 "
28 1. 04370+ 0. 00540 o
29 1. 04526 - 0. 00491 "
Table 25 Leakage and Fraction of v—Fission

for Polyethylene Reflected Array
Nu' Leakage (L-I;-A) F, *) Fz*) F3 )
17 0. 01767 0. 42 0. 38 0. 20
18 0. 01333 . 36 0. 42 0 32
19 0. 01415 0. 34 0.38 0. 28
20 0. 01280 0. 34 0.38 0.28
21 0. 01221 0. 33 0. 37 0. 30
22 0. 01300 0. 34 0.38 0. 28
23 0. 06383 0. 43 0. 40 0. 17
24 0. 10539 044 0. 40 0.16
25 0. 09505 0. 44 0. 39 0. 17
26 0. 06875 0. 44 0. 40 0.16
27 0. 09396 0. 45 0. 40 0.15
28 0. 09054 0.45 0. 40 0. 15
29 0. 04261 0. 44 0. 40 016

*) Notations are same as in Table 23
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Table 26 Calculated k.;'s for Array
with Concrete Reflector

Na Calculated ks Comment

30 1. 01216 4 0. 00479 2x2 Array

3! 1. 01645 -+ 0. 00486 ” (sub critical)
32 1. 03434 4= C. 00405 #

33 1. 02940 -+ 0. 00454 ”

34 1. 04335 - 0. 00473 ”

35 1. 03152 4 0. 00462 ”

36 1. 01791 + 0. 00393 ”

37 1. 01710 4= 0. 00392 ”

38 1. 02123 -+ 0. 00403 ”

39 1. 01759 4 0. 00464 #”

40 1. 01118 4= 0. 00469 s (sub critical)
41 1. 03917 + 0. 00391 2x2 Array

42 1. 03039 £ 0. 00466 ”

43 1. 03374 == 0. 00403 ”

44 1. 04364 = 0. 00466 "

45 1. 03200 4= 0. 00432 #  (sub critical)
46 1. 02502 = G. 00481 #  (sub critical)
47 1. 03120 == 0. 00500 3x3 Array

48 1. 02860 4= 0. 00416 (super critical)
49 1. 03994 = 0. 00448 3x3 Array

50 1. 04026 4 0. 00427 ”

51 1. 02908 4 0. 00466 1 X12 Linear Array

52 1. 02032 4= 0. 00462 ”

53 1. 03301 - 0. 00479 ”

54 1. 02431 £ 0. 00415 " (sub critical)
55 1. 02128 4= 0. 00444 I1x5 Linear Array (sub critical)
56 1. 00793 £ 0. 00377 1 x5 Linear Array

57 1. 02243 4= 0. 00405 ”

58 1. 01936 4= 0. 00457 w

59 1. 01153 4-0. 00414 "

60 1. 00878 £ 0. 00475 1x5 Linear Array (sub critical)
61 1. 01761 4= 0. 00524 ”

62 1. 01700 &= 0. 00476 ”

63 1. 02657 - 0. 00451 1 x4 Linear Array
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Table 26

(continued)

Calculatecl ket

Comment

64

65

66
67
68
69
70
71
72
73
74
75
76
77
78
79
&80
81

- 02316 = 0. 00420
. 02024 + 0. 00447
. 02421 - 0. 00388
. 02515 -+ 0. 00521
. 02296 == 0. 00429
. 02990 -+ 0. 00429
- 02778 4 0. 00445
. 04784 -+ 0. 00473
. 02862 == 0. 00486
. 03166 + 0. 00440
. 04438 4 0. 00436
. 04136 =+ 0. 00439
. 04975 =+ 0. 00457
. 03936 = 0. 00455
. 05052 + 0. 00514
. 04419 + 0. 00465
. 05240 + 0. 00439
. 04575 + 0. 00456

e T R e e T e e T e e e S P AU O WY

1 x4

Two Linear

Linear Array

”

”

L4

’r

4

1x3 Linear Array ( sub critical )

Three ~Cylinder

”

I

7

L

”

”

”

”

”

’”

(sub critical)

{sub critical)
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Table 27 Leakage and Fraction of v—Fission
for Concrete Reflected Array
No Leakage Fy *) F, %) T F3 *)
30 0. 41137 0. 45 0. 50 0. 05
31 0. 40771 0. 46 0.50 0. 04
32 0. 30845 0. 42 0. 49 0. 09
33 0. 25375 0. 43 0. 49 0. 08
34 0. 23544 0.43 0. 49 0. 08
35 0. 29966 0. 43 0. 49 0. 08
36 0. 40006 0. 44 0. 50 0. 06
37 0. 40841 0. 44 0. 50 0. 06
38 0. 40702 0. 45 0. 50 0. 05
39 0. 40264 0. 45 0. 50 0. 05
40 0. 41147 0. 47 0.48 0.05
41 0. 32329 0. 44 0. 48 0. 08
42 0. 28617 0. 44 0.48 0.08
43 0. 26844 0. 44 0. 48 0. 08
44 0. 28853 0. 44 0. 48 0.08
45 0. 39365 0. 46 0.49 0. 05
46 0. 40467 0. 46 0. 48 0. 06
47 0. 41259 0. 47 C. 48 0.05
48 0. 41346 0. 47 0.48 0. 05
49 0. 38491 0. 46 0. 49 0. 05
50 0. 39689 0. 46 0. 49 0. 05
51 0. 39309 0. 45 0. 49 0. 06
52 0. 39675 0.46 0. 48 0. 06
53 0. 38966 0.45 0. 50 0. 05
54 0. 39180 0. 45 0.49 C. 06
55 0. 32358 0.43 0.49 0. 08
56 0. 31503 0. 43 0. 48 0. 09
57 0. 30757 0.42 0.49 0. 09
58 0. 29585 0,42 0. 49 0. 09
59 0. 28550 0. 42 0. 48 0. 10
60 0. 30776 0.43 0. 48 0. 09
61 0. 27684 0. 42 0. 49 0. 09
62 0. 29016 0. 43 0.48 0. 09
63 0. 25774 0. 42 0. 49 0. 09
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Table 27 {continued) -
Na Leakage Fi ) Fs ) Fj )
64 0. 24994 0. 42 0. 48 0.10
65 0. 28445 0. 42 0. 48 0. 10
66 0. 21632 0. 41 0. 49 0. 10
67 0. 19905 0. 38 0. 49 0. 13
68 0. 23208, 0. 39 0. 49 0. 12
69 0. 26006 0. 39 0. 49 0,12
70 0. 26593 0. 39 0. 49 0. 12
7 0. 31105 0. 43 0. 48 0. 09
| 72 0. 35031 0. 44 0. 48 0. 08
3 73 0. 35815 0. 44 0. 49 0. 07
| 4 0. 35312 0.44 0. 49 0.07
f 75 0. 31502 0. 43 0. 49 0. 08
76 0. 30384 0. 42 0. 49 0. 09
77 0. 31186 0. 43 048 0. 09
| 78 0. 30510 0. 45 0. 49 0. 06
| 79 0. 30179 0. 43 0. 49 0. 08
f 80 0. 27850 0. 43 0. 49 0. 08
‘ 81 0, 28821 0. 43 0. 48 0. 09

%) Notations are same as in Table 23

Table 28 Averaged kert 'S for Various Array Patterns

Array Pattern

Calculated k.s:

3 x Z{WIth Cmcvgéf)arator)

1x12

Ix 5

1x 4

1x 3

1.028;j:Q.004
1. 038 = 0. 005
1. 027 = 0. 005
1. 015 = 0. 004
1. 023 = 0. 004
1. 027 4 0. 005

1. 042 0. 005
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Table 29 Comparison of Calcutated k. ’s for 26
Group structure with ones for 137 Group
structure

Na 26 Group 137 Group
1 0. 99965 + 0. 00449 0. 85476 + 0. 00403
2 1. 00726 == 0. 00404 0. 95993 4= 0. 00426
3 1. 01123 4= 0. 00487 0. 95857 - 0. 00372
4 1. 01880 4= 0. 00439 0. 96728 -+- 0. 00394
5 1. 01478 4= 0. 00434 0. 95973 = 0. 00402
6 1. 02909 + 0. 00458 0. 96615 1= 0. 00424
7 1. 01015 0. 00441 0. 96945 -+ 0. 00436
8 1. 00293 4= 0. 00481 0. 95792 + 0. 00396
9 1. 00660 - 0. 00422 0. 95853 - 0. 00422
10 1. 01059 +- 0. 00433 0. 95265 + 0. 00363
11 1. 02817 - 0. 00463 0. 97283 4= 0. 00437
12 1. 01860 +- 0. 00427 0. 96521 == 0. 00402
13 1. 02183 - 0. 00438 (. 96904 £ 0. 00414
14 1. 01969 -+ 0. 00414 0. 96877 £ 0. 00426
15 1. 01830 -+ 0. 00437 0. 96575 = 0. 00419
16 1. 01367 4 0. 00437 0. 96398 = 0. 00399
17 0. 96968 + 0. 00395 0. 96230 4= 0. 00379
18 1. 01812 + 0. 00503 0. 98973 £ 0. 00461
19 1. 01298 4= 0. 00432 0. 99005 4= 0. 00409
20 1. 01921 4= 0. 00472 0. 97594 £ 0. 00375 -
21 1. 00411 -+ 0. 00430 0. 96320 £ 0. 00442
22 1. 00975 4- 0. 00443 0. 97939 = 0. 00461
23 1. 04878 -+ 0. 00459 1. 00693 4= 0. 00428
24 1. 03853 £ 0. 00437 0. 98800 £ 0. 00436
25 1. 04925 + 0. 00424 0. 99337 £ 0. 00404
26 1. 04003 = 0. 00513 1. 01024 £ 0. 00452
27 1. 03995 4= 0. 00422 0. 99898 = 0. 00446
28 1. 04370 - 0. 00540 0. 99600 £ 0. 00395
29 1. 04526 -+ 0. 00491 0. 99089 = 0. 00406
30 1. 01216 = 0. 00479 0. 98740 4= 0. 00395
31 1. 01645 £ 0. 00486 0. 97926 4= 0. 00421
32 1. 03434 4= 0. 00405 0. 99240 1= 0. 00424
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Table 29 (continued)
Na 26 Group ! 137 Group
33 1. 02940 = 0. 00454 0. 99644 = 0. 00417
34 1. 04335 == 0. 00473 | 1. 00023 - 0. 00430
35 1. 03152 = 0. 00462 i 0. 99601 - 0. 00441
36 1. 01791 4= 0. 00393 0. 97868 =+ 0. 00478
- 37 1. 01710 £ 0. 00392 0. 98089 + 0. 00440
38 1. 02123 == 0. 00403 0. 98599 =+ 0. 00394
39 1. 01759 = 0. 00464 0. 98623 4= 0. 00432
40 1. 01118 == 0. 00469 0. 98330 -+ 0. 00417
41 1. 03917 4= 0. 00391 1. 00132 -+ 0. 00388
42 1. 03039 £ 0. 00466 0. 99328 + 0. 00441
43 1. 03374 £ 0. 00403 0. 99524 4- 0. 00446
44 . 1. 04364 £ 0. 00466 1. 00649 4= 0. 00380
45 1. 03200 £ 0. 00432 0. 99352 == 0. 00424
46 1. 02502 - 0. 00481 0. 98841 == 0. 00411
47 1. 03120 == 0. 00500 0. 99745 =+ 0. 00426
48 1. 02860 = 0. 00416 0. 99007 £ 0. 00358
49 1. 03994 + 0. 00448 0. 99271 = 0. 00453
50 1. 04026 == 0. 00427 0. 99893 =+ 0. 00395
51 1. 02908 + 0. 00466 0. 99936 =+ 0. 00382
52 1. 02032 -+ 0. 00462 0. 99219 —+ 0. 00379
53 1. 03301 == 0. 00479 0. 99964 + 0. 00517
54 1. 02431 = 0. 00415 0. 99202 + 0. 00471
55 1. 02128 = 0. 00444 0. 98458 = 0. 00457
56 1. 00793 == 0. 00377 0. 98168 = 0. 00409
57 1. 02243 0. 00405 0. 98586 =+ 0. 00433
58 1. 01936 £ 0. 00457 1. 00004 = 0. 00433
59 1. 01153 0. 00414 0. 98922 -+ 0. 00439
60 1. 00878 == 0. 00475 0. 97997 4 0. 00436
61 1. 01761 == 0. 00524 0. 98804 = 0. 00384
62 1. 01700 = 0. 00476 0. 99199 =+ 0. 00402
63 1. 02657 =& 0. 00451 0. 99851 + 0. 00470
64 1. 02316 - 0. 00420 0. 99120 = 0. 00445
65 1. 02024 == 0. 00447 0. 99637 = 0. 00466
66 1. 02421 == 0. 00388 0. 99153 4= 0. 00425
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Table 29  (continued)

Na 26 Group 137 Group

67 1. 02515 + 0. 00521 0. 99966 40, 00427
68 1. 02296 == 0. 00429 1. 00102 £ 0. 00487
69 1. 02990 = 0. 00429 0. 98975 £ 0. 00404
70 1. 02778 1= 0. 00445 0. 99647 = 0. 00455
71 1. 04784 =4 0. 00473 | 1. 00573 4 0. 00413
72 1. 02862 £ 0. 00486 1. 00084 - 0. 00424
73 1. 03166 == 0. 00440 0. 99666 + 0. 00423
T4 1. 04438 4= 0. 00436 1. 00811 4= 0. 00433
75 1. 04136 = 0. 00439 1. 00997 &= 0. 00410
76 1. 04875 4+ 0. 00457 1. 00733 £ 0. 00351
77 1. 03936 + 0. 00455 1. 01343 = 0. 00392
78 1. 06052 4= 0. C0514 1. 00745 £ 0. 00501
79 1. 04419+ 0. 00465 1. 00615 £ 0. 00406
80 1. 05240 -+ 0. 00439 1. 01700 = 0. 00419
81 1. 04575 & 0. 00456 1. 01346 &= 0. 00451
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CONCRETE
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Fig. 1 Example of experimental set up
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Fig. 2 Flow diagram for KENO calculation
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GENERAL DATA

Other Descriptive Terminology Used = 8-inch

ENGINEERING DRAWING UNION CARBIDE CORPORATION,
- REFERENCE ORGDP: D-P 35721-B, REV. 1

Nominal Diameter 8 in,

Nominal Length 56 in.

Wall Thickness 3/16 in,

Nominal Tare Weight 120 ib

Maximum Net Weight 255 1b

Neminal Gross Weight 375 1b (without cap}

Minimum Volume ‘ 1.319 cu ft

Basic Material of Construction Mone!

Service Pressure 200 psig

Hydrostatic Test Pressure , 400 psig

Isotopic Content Limit 12. 5% 235U mox

Volve Used - Superior No. 5665, or equal.

Fig. 3 Description of UF6 cyclinder model 8A
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//// UF,
‘ S Cylimder
o
I Z
o th e— 30.5 £~ 30.5 —
oo
X o
[ A
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« Concrete
o
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2. 62 e—————— 81, 2 I{, 1.2 — > (cmy
Fig. 6 Configuration of NO. 56 assembly
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Fig. 7 Typical neutron spectrum of the bare array
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Fig. 8 Typical neutron spectrum of the polyethylene reflected array
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Fig. 9 Typical neutron spectrum of the concrete reflected array
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Fig. 10 Histgram of calculated kesr with 26—group MGCL
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Fig. 11 Histgram of calculated kersr with 137—group MGCL
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ENERGY (eV)

Fig. 12 Difference of neutron spectrum for 26 energy group and for

137 energy group
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Photo., ] A View of the Movable Portion of & 15.2-cmethick Polyethylene
Reflected b x 4 Criticel Assembly.



