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ABSTRACT 

An un.nioder.at;ed, graphi-be r e f l e c t e d ,  c r i t i c a l  assembly of UO,, 
enriched t o  93.2 w t $  i n  U235 i s  descr ibed ,  The TJOz p e l l e t s ,  d.ensi-ty 
3.71 g/cm3, were co'nta,ineci i n  253 1.27-em-dia s t a i n l e s s  s t e e l  tubes 
which, i n  turn,  are closepacked -in an aluminum con ta ine r  22.87 ern i n  
d i a n e t e r  and '3l.I.l em long. Two combinations of top and sid.e r e -  
f l e c t o r s  were found t o  make t h e  assernbI.y c r i t i ca l - .  In  one the 
th icknesses  of t h e  top and t h e  side reflectors were l2.70 and 19.25 
cm, r e spec t ive ly ;  i n  t h e  &her these dimensions were 5.08 a n d  24.34 cm. 
Fis s ion  d i s t r i b u t i o n  measurements a x i a l l y  t>hrough t h e  assembly and 
r a d i a l l y  through the r e f l e c t o r  showed, i n  one case, a peak i n  the 
refleceor 3"5 greater thaii at t h e  c e n t e r  of t h e  core. 
cadmium r a t i o  measured i n  t h e  s i d e  r e f l e c t o r  ranged from 1.77 t o  2.43. 
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INTRODUCTION 

A small, compact, u rnodera ted  critical assembly of U235L7cnriched 
iJ02 re f lec ted  by g raph i t e  
Experiments Farilit:! has provided data i n  support of reactor cn lcu -  
lations, The c r i t i c a l  configurations vith t w o  r e f l e c t o r  condi t ions ,  
U2 3 5-f iss ion-rate  cadmi zun-rat is d i s t r i b u t i o n s ,  and var ious r e a c t i v i t y  
effects were measured The r e s u l t s  of t h e  experiments are reported %n 
t h i s  mema 

coristruetec? in t h e  Oak Ridge C r i t i c a l  

hL4TERIAI.S AND EQUIPMENT 

The core of  t h e  assembly, nominally 22.58 cm i n  diameter and 
30 h8 e m  h igh ,  was a close-packed a r ray  of 253 Type 347 s t a i n l e s s  steel 
tubes each containing U02 p e l l e t s  having a dens i ty  o f  9-71 g/cm3, 
The U235 content of the uranium was 93,2  wt$, The s t e e l  tubes  were 
stacked i n  a Type 1100 aluminum canp f i t t e d  with aluminmi shims t o  
preserve t h e  c lose  packing, which, i n  t u r n ,  was surrounded by Type ATL 
g raph i t e  The th ickness  o f  t'ne graphite reflector was the var i ab le  
which w a s  adgusted i n  s t e p s  t o  make the assembly critical 
tubes are descz-ibal il; Table I and one i s  shown, toge the r  w i t h  t h e  U 0 2  
p e l l e t s 9 *  i n  F ig ,  1 
r e f l e c t o r  are given in Tables I1 and 111, r e spec t ive ly ,  The core 
surrounded by a 6,35-em-Lhick reflector i s  shown i n  F ig ,  2 
and bstton r e f l e c t o r ,  r e s t i n g  on the assembly machine described 
below, are shown in F i g ,  3 The assemblies were b u i l t  on R vertical 
assembly machine so  t h a t  t h e  movable p a r t  w a s  t h e  core and bottom 
reflec*t.or and the f i x e d  p a r t  w a s  t h e  top  and s ide  reflectors as shown in 
F i g s ,  3 and b 
trating xhe differ\>nce in t h e  reflector i n  t h e  two c a m s  

The f u e l  

The properties of t h e  assembled core and of t h e  

The core 

F igare  5 is B ske tch  of the assemblies studied illus- 

The ~ e % c t , i . ~ i t y  of the first  aziScTnbly shown i.71 k'%p 5 9  with t h e  

w i k h  Lhl: 24 34-cm-thick side reflector and a th inne r  t o p  r e f l ee to r ,  
w a s  +3 14 cen t s  I n  both cases t h e  center  f u e l  tube w a s  removed from 
the COFP, t h ~  bottom graphite reflector was 15.24-cm t h i c k  and one of 
six equal ly  spaeed, 1. 27-cm-dia radial  holes  * extending throueh t h e  
side r e f l e c t o r  at core midplane, was empty, The f i v e  remaining 
radial laoles and. one s x f a l  h ~ l c  in t h e  top r e f l e c t o r  corhained O095-cm- 
dLa graph i t e  plugs 
radial hole in the l9,25-enn-thfck r e f l e c t o r  was +l05 centsL The 
r eaTkWi ty  value of the cen te r  f u e l  tube w a s  ilb0U't 32 cents, 

*The edges of t h e  pellets W ~ T @  chipped durPng t!ietr re3msval from the  
tube preparadory t o  t h i s  photograph 

L h i r b  s i d e  ref lect ,or ,  vas +<(' 2 ccnts and t h a t  of t h e  second, 

Tne r e a c t i v i t y  value of one of  these plugs i n  8 

-*.. , L , . - % - - P  w 
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Stainless el, Tube 

Type 
Length (cm) 
Outside Diameter (ern) 
:.~a11. Thickness (cm) 
Weight with End Caps ( 8 )  
Weight of One End Cap ( g )  

347 
30.48 
1.27 
0 e 051 

45.37 
0,64 

Urani.um Oxide 

Number of UO2 pe l l e t s  per f u e l  tube  

Mass OF U02 per  tube  ( 8 )  

D i a e n r t x r  of p e l l e t s  Icm) 1.1.41 
Length  of one p e l l e t  (cm) 1.145 

--h.paaso.rrrm- 

26 

295.8 
U02 Density ( g / ? c )  9.71 

Length of 26 p e u e t s  ( e n )  29.88 

Analyses Uranium Oxide -- 

4 3  
B e  
C r  
L i  
Ni 

Sn 
A1 
Ca 
cu 
Mg 

P 
B 
Fe 
Mn 
Ba 

K 
N a  
S i  

Isotopic ( w t %  1 

1.01 
93.15 

0.47 

<40 u2 3 4  
< 0 , 3  u235 
6 to 40 u236 

1J238 5.37 < Ie5 
c 25 

5 t o  25 
3 t o  30 

50 

< 12 
3 t o  35 

< 100 
< I  

< 0  
< 10 

10 to 250 

< 50 
< 10 
10 to 50 
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,. - 
i ' 3 , .  7'. " 

I 'J (kg) 

' ' - (FS  (kg) 

: ~ ~ r z i n l e s s  Steel. !%SS (kg) 

Core ri cnb 

Material 

Sicie Wall Thickness (cm) 

Bottom Thickness (cm) 

Outside Diameter (cm) 

Outside Length (cm) 

Weight (kg) 

Ty;x 1100 Alurxinm 

0 . 2 3  

0.35 

22.87 

31,U 

2,134 

Shins for Positioning Fuel Tubes (See Fig. 2)  

Vertical Dimension fcm) 1.91 

Shape Q 24' and 34O segments of 
a circle 

Tota l  Weight sf 24 ( g )  185 
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Table 111, Reflector* Properties 
First Second 

Side Reflector - Graphite (Type ATL) 
Thickness (cm) 
Inside Diameter (em) 
Length (cm) 
Mass (kg) 

Top Reflector - Graphite (Type ATL) 
Thickness (cm) 
Diameter (cm) 
Mass (kg) 

Bottom Reflector - Graphite (Type ATL) 
Thickness (cm) 
Diameter (cm) 
Mass (kg) 

Additional Bottom Reflector 

Aluminum (Type 1100) 

Thickness (cm) 
Diameter (cm) 
Mass (kg) 

Aluminum (Type 1100) 

Thickness (cm) 
Diameter (cm) 
Mass (kg) 

Stainless Steel (Type 304) 

Thickness (cm) 
Diameter (cm) 
Mass (kg) 

Iron 

Thickness (cm) 
Inside Diameter (cm) 
Outside Dimensions (cm) 
Mass (kg) 

Assemoly 

19.25 
23 o 07 
46.63 
210 e 5 

12.70 

42 e 36 
50 e 80 

Assembly 

24 e 34 

46,63 
23 07 

298.0 

5,08 
50.80 
16.94 

15.24 
22.87 
11,05 

1.94 

1.920 
21.60 

0.63 
45.72 
2.787 

2.38 
45.72 
3.91 

1.27 
23.58 
121.9 x 121.9 
137 e 9 

* See Fig, 5 for the relative 1oc-t.ion of the verious components of 
the reflector, 
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Spectrochemical- Analyses of Type ATL Graphite 

Element E Element 

A 1  270 Mg 

Ba 

B 

Ca 

co 

Cr 

CU 

Fe 
K 

Li 

Lu 

22 

< l  

820 

3 
16 

1 

?940 

5 

2 

1 

Ma 

MO 

Niz 

Ni 

si 
Sr 

Ti 

v 
Y 

Yb 

1 

1 

5 

3 

27 

54 

5 

5 IC 
220 

11 

3 
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A ' A  
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CONFfOENTlAL PHOTO 39305 
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Fig. 3. Core and Bottom Reflector 

pr 
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Fig. 4. Typical Assembly Showing Movable Core and Bottom 
Ref lec tor  and Fixed Top and Side Reflectors .  
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L 

12.70 

r///l GRAPHITE, 4 st ASSEMBLY 

k v q  GRAPHITE, 2 n d  ASSEMBLY 

IRON 

v=A TYPE 1100 ALUMINIUM 

c v  TYPE 304 STAINLESS STEEL 

ALL DIMENSIONS IN CENTIMETERS; SEE TABLE 111 FOR OTHER DIMENSIONS. 

Fig. 5. Reflector Arrangement in Two Assemblies 
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Fiss ion  r a t e  d i s t r i b u t i o n s  were measured with a 2,5-cm-long, 
0.64-cm-dia U235-fission counter  along t h e  ( v e r t i c a l )  axis of t h e  core  
i n  both assemblies.  The f i s s i o n  rate as a func t ion  of t h e  d is tance  
from t h e  bottom of t h e  core  is  p l o t t e d  i n  F igs ,  6 and 7 from t h e  data 
of Table I V ,  
through t h e  19.25-cm-thick s i d e  r e f l e c t o r  were measured a t  t h e  midplane 
of t h e  core  of t h e  first assembly using as de tec to r s  0.75-cm-dia x 
0,010-cm-thick uranium metal f o i l s  w i t h  a U235 enrichment of 93.2 w t $ .  
The cadmium covers were 0,051 cm th i ck .  Table V summarizes t h e  
r e s u l t s  of the f o i l  measurements which are p l o t t e d  i n  Fig. 8. The 
data from t h e  axial  arid r a d i a l  t r a v e r s e s  i n  t h e  first assembly are 
expressed i n  t h e  same a r b i t r a r y  u n i t s  and show t h a t  the peak of t h e  
r a d i a l  f i s s i o n  r a t e  d i s t r i b u t i o n  i n  t h e  r e f l e c t o r  i s  almost a f a c t o r  
of 3 0 5  l a r g e r  than  t h a t  i n  t h e  cen te r  of t h e  core,  

The r a d i a l  flux d i s t r i b u t i o n s  and U235 cadmium ra t io s"  

* The cadmium r a t i o  i s  def ined as t h e  bare  t o  cadmium covered f o i l  
ac t iva t ions  
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Table IV. Axia l  U235-Fissian Rate Distributions 

Distance" from 
Bottom sf Core 

(an) d 12 ,~0-cm-thick ( 5,08-cm-thick' 
Top Reflector) Top Reflector) 

3081 
6+35  
8*89 
11,43 
12 0 70 

17.14 
17.78 
19.05 
21  0 59 
24 13 

26.67 
27.94 
29.21 

33 02 
31.75 

34 29 
36 83 
38,10 
39 e 37 
41 91 

6.81 
0,a2 
0.84 
0,88 
0.86 

0,88 - 
0 ~ 8 5  - 
0,84 

I 

0,82 
0.82 

0,68 
0-77 

0.62 
0.60 
0.64 
0,521 
1,OO 

1,06 
1,04 
0 093 
0.80 
0.55 

1.83 
1,03 
1.07 
1.07 
1.07 

1.02 
1.03 
1.04 
1.82 
1.00 

0.63 

0.54 
0.50 - 
0e37 
0.24 

a, Measured from the bottom of t h e  s t a i n l e s s  steel fuel tubes, 
b. The detector w a s  a U235 fission counter 2,5 cm long x 0.64 cm diameter. 



Table V. Radial. Fission Rate Distribution Through the 
19.25-cm-thick Reflector 

Distance from 
Core (ernla 

Relst ive  
Activity 

Cadmium 
Ratio 

5.5 
6,5  
8.0 

l0,5 
13.0 

16,o 

1 068 
1392 
2,25 
2.43 
2,84 

3.19 
3,19 

2,92 
2.25 

3008 

1077 
1,81 
1.92 
2.03 

2,18 

2,34 
2-43 

- 

2.35 

2.41 

a. Measured from the core-reflector interface, 
b, The detectors were 0,010-cm-thick x Oe?5-cm-dia, 93,2$-U235-enriched 

uranium metal foils, Cadmium covers were 0,051 cm thick. 
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