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ABSTRACT 

An unmoderated, berylliwn-reflected, critical assembly of U02 
enriched to 93.2 wt% in UZ3’ is described. 
9.71 g/cm3, were contained in 253 
which, in turn, were packed with a center-to-center spacing of 1.506 cm 
in an aluminum container 25.96 cm in diameter. The beryllium reflector 
required to make the assembly critical was 11.37 cm thick on the side 
of the core, 7.62 cm thick on the bottom and 6.98 cm thick on top. 
The ratio of the peak to minimum fission-rate distribution along the 
axis of the assembly was 1.8; the ratio along a radius at the midplane 
of the core was 3.7. Reactivity coefficients of CH2, C, W, Type 347 
Stainless Steel, Nb, BqC, Cd and K were measured. The reactivity 
resulting from filling the void between the fuel tubes with 3.4 kg of 
potassium was + 18.6 cents. 

The U02 pellets, density 
1.27-cm-dia stainless steel tubes 
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A SMALL BERYLLIUM REFLECTED U02 CRITICAL ASSEMBLY 

INTRODUCTION 

A small, compact, unmoderated c r i t i c a l  assembly of U 2 3 5  enriched 
U 0 2  r e f l e c t e d  by beryll ium, constructed i n  the ORNL C r i t i c a l  Experiments 
F a c i l i t y , h a s  provided data i n  support  of r eac to r  ca l cu la t ions .  
c r i t i c a l  conf igura t ion  with each of two f u e l  tube arrangements , the  U 2 3 5  
f i s s i o n - r a t e  d i s t r i b u t i o n ,  cadmium r a t i o s  and t h e  r e a c t i v i t y  e f f e c t s  of a 
v a r i e t y  of ma te r i a l s  were measured. 
repor ted  i n  t h i s  memo. 

The 

The r e s u l t s  of t h e  experiments are 

MATERIAL AND EQUIPMENT 

The core of t h e  assembly, nominally 25.96 cm i n  diameter and 30.48 
cm high,was an a r r ay  of 253 type  347 s t a i n l e s s  s t e e l  tubes containing 
U 0 2 p e l l e t s  having a dens i ty  of 9.71 g/cc. 
uranium w a s  93.2 w t % .  
can, the  center-to-center t r i a n g u l a r  l a t t i c e  spacing of the tubes  being 
f i x e d  at 1.506 cm by g r i d  p l a t e s  a t  t h e  t o p  and bottom. The g r i d  p l a t e s  
were spaced by four  type 347 s t a i n l e s s  s t e e l  tubes which surrounded fou r  
equal ly  spaced pe r iphe ra l  fuel tubes.  The th ickness  of the  beryl l ium 
r e f l e c t o r  on the  top  and s i d e  was the  va r i ab le  t h a t  was adjus ted  i n  
s t e p s  t o  m a k e  the  assembly c r i t i c a l .  The f u e l  tubes are descr ibed i? 
Table I and one i s  shown toge ther  with t h e  U02 p e l l e t s "  i n  Fig. 1. 
prope r t i e s  of t h e  assembled core  and of t h e  r e f l e c t o r  are given i n  
Tables I1 and 111, respec t ive ly .  The p a r t s  of  t h e  assembly are shown i n  
Fig. 2. 
p l a t e ,  a r e  shown i n  Fig. 3. The assembly w a s  b u i l t  on a v e r t i c a l  
assembly machine so t h a t  t h e  movable p a r t  w a s  t h e  core  and bottom 
r e f l e c t o r  and t h e  f ixed  p a r t  w a s  t h e  t o p  and side r e f l e c t o r  as shown i n  
Figs.  2 and 3 .  
assembly. 

The U 2 3 5  conten t  of t h e  
The tubes were packed i n  a type 1100 aluminum 

The 

The t o p  and s i d e  r e f l e c t o r ,  r e s t i n g  on a 0.635 cm t h i c k  aluminum 

Figure 4 is a sketch showing the  dimensions of t h e  

EXPERIMENTAL RESULTS 

To check t h e  r ep roduc ib i l i t y  of assembling t h e  core ,  t h e  co re  tank 
w a s  loaded twice with f u e l  tubes and assembled with the r e f l e c t o r  as 
shown i n  Figs.  2, 3 ,  and 4. No at tempt  w a s  made t o  r ep lace  tubes  i n  
t h e  former loca t ion .  The r e a c t i v i t y  of t hese  assemblies d i f f e r e d  by 

'1.2 cen t s  and had an average va lue  of  + 11.8 cen t s ,  

F iss ion  Di s t r ibu t ions  and Cadmium Ratios.  
measured i n  t h e  co re  and i n  t h e  t o p  r e f l e c t o r  by i r r a d i a t i o n  of  0.75-cm- 
d i a  by 0.010-cm-thick U(93.2) metal fo i l s  and determining t h e i r  r e l a t i v e  
gamma a c t i v i t y  by two NaI s c i n t i l l a t i o n  counters.  

F i s s ion  d i s t r i b u t i o n s  were - 
A l l  foils placed i n  

* The edges of t h e  p e l l e t s  were chipped during t h e i r  removal from t h e  
tube  preparatory t o  t h i s  photograph. 
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Table I. Proper t ies  of a Typical Fuel Tube 

S ta in l e s s  S t e e l  Tube 

5 P e  
Length (cm) 
Outside Diameter (cm) 

Wall Thickness (cm) 
Weight with End Caps ( g )  
Weight of One End Cap ( g )  

Uranium Oxide 

Number of UQ p e l l e t s  per fue l  tube 
U02 Density (g / cc )  
Mass of U02 per tube  ( g )  
Diameter of p e l l e t s  (cm) 
Length of one p e l l e t  (cm) 
Length of 26 p e l l e t s  (cm) 

* 

Analyses of Uranium Oxide 

Spectrochemical (ppm) 

Ag 
Be 
cr 
L i  
N i  

Sn 
A1 
C a  
cu 
Mi3 

P 
B 
Fe 
Mn 
Ba 

K 
Na 
S i  

5 t o  25 
3 t o  30 

3 t o  35 
50 

<12 

<loo  
<1 
10 t o  250 
<8 

< l o  

<50 
<10 
10 t o  50 

u234 
$3 5 
$36 
u238 

3 47 
30.48 
1.27 

0.051 
45 037 
0.64 

26 
9.71 

295.8 
1 . 141 
1.145 
29.88 

I so topic  ( w t % )  

1.01 
93 15 
0.47 

”- 5.37 
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Fig. 1. Fuel Tube and U02 Pellets.  
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Table 11. Core Properties 

Core 

Mass of U 235 (kg) 61.15 
Mass of U02 (kg) 74.54 
Mass of Stainless Steel Tubes, Type 347 (kg) 11.43 

Core Tank (open top) 

Material 
Side Wall Thickness (cm) 
Bottom Thickness (cm) 
Outside Diameter (cm) 
Outside Length (cm) 
Mass (kg) 

Grid Plates ( 2 )  

Mat e r i a1 
Thickness (cm) 
Mass (€3) 

Grid Plate Spacer Tubes ( 4 )  

Mater i a1 

Outside Diameter (cm) 
Wall Thickness (cm) 
Length (cm) 
Weight ( g ) 

Fuel Tube Clipsa (10) 

Type 1100 Aluminum 
0.254 
0.33 

25.96 
31.04 

2.125 

Type 1100 Aluminum 
0.317 

139 (each) 

Type 347 Stainless 
Steel 

1.37 
0.076 

27 -94 
37.5 (each) 

Type 1100 Aluminum 
2.3 (each) 

a. These clips were at the core midplane to hold pairs of outer fuel 
elements in position. 
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Table 111. Reflector  Proper t ies  

Side Reflector  - Berylliuma 

Height (cm) 
Thickness (cm) 
Ins ide  Diameter (cm) 
Mass (kg)  

Top-Ref l e c t o r b  - B e r y l l i u m  

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

Top Ref lec tor  TankC - Aluminum (Type 1100) 

Side Wall Thickness (cm) 
Height (cm) 
Bottom Thickness (cm) 
Mass (kg)  

Bottom Reflectorb - Beryllium 

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

Bottom Reflector  TankC - Aluminum (Type 1100) 

Side Wall Thickness (cm) 
Height (cm) ’ 

Bottom Thickness (cm) 
Mass (kg)  

. 
30.63 
11 37 
26 . 16 
75.7 

7.62 
41.2 
18.7 

0.635 
8.51 
0.89 
5 075 

Additional Reflector  

Radial  - Beryllium Support P l a t e  - Aluminum (Type 1100) 

Dimension (cm) 75 x 75 with 27.9 cm O.D. Hole 
Thickness (cm) 0.635 
Mass (kg)  8 07 

Bottom Ref lec tor  - S t a i n l e s s  S t e e l  (Type 304) 

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

2.38 
45.72 
31.2 

.’ 

’\ 
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Table I11 - Continued 

and 2.54 
a. 
be 

B u i l t  
B u i l t  
0.635 

out of annular  r ings  of beryll ium. 
out of blocks of beryll ium 7.3 o r  3.65 cm square 
cm t h i c k  and some t r i a n g u l a r  shaped pieces .  

3.65 cm 

7.3 cm 

There i s  a 0.h76-cm-dia hole  through each block of square c ross  
sec t ion  perpendicular  t o  t h e  square face.  

C .  The purpose of  t h e  t o p  and bottom r e f l e c t o r  tanks i s  t o  support  
t h e  beryll ium blocks (See Figs. 2 and 4 ) .  

o r  

.' 



. 

* 
Fig. 2. Assembly Showing Movable Core and Bottom Reflector with Fixed 

Top and Side Reflector .  
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Fig. 3. Top and Side Reflector .  
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t h e  core  were taped tangent  t o  t h e  f u e l  tubes.  
t h e  t o p  r e f l e c t o r  w a s  measured by p lac ing  t h e  f o i l s  between beryll ium 
blocks. U235 f i s s i o n  cadmium r a t i o s  were measured i n  t h e  top  r e f l e c t o r  
and a t  one loca t ion  i n  t h e  core.  The a x i a l  and r a d i a l  f i s s i o n  d i s t r i -  
but ions and cadmium r a t i o s  are shown i n  Figs. 5 and 6 and a r e  l i s t e d  i n  
Tables I V  and V. The loca t ion  of  t he  f o i l s  used f o r  t h e  r a d i a l  d i s t r i -  
but ion i n  t h e  core  are shown i n  Fig. 7. 
bu t ion  a t  t h e  core  midplane i s  f l a t  t o  wi th in  2.54 cm of the  side 
r e f l e c t o r ,  where it increases  t o  a maximum, a t  t h e  core boundary, about 
3.7 g r e a t e r  than a t  t h e  center .  

The f l u x  d i s t r i b u t i o n  i n  

The radial  f i s s i o n  r a t e  d i s t r i -  

Reac t iv i ty  Effec ts  

Fuel Ef fec ts .  The r e a c t i v i t y  worth of t h e  cen te r  f u e l  tube w a s  
measured by observing t h e  change i n  t h e  s t a b l e  r eac to r  per iod when t h e  
f u e l  tube was removed. The r e a c t i v i t y  of o the r  f u e l  tubes r e l a t i v e  t o  
t h e  cen te r  f u e l  tube  was also measured. From these  two measurements 
t h e  r e a c t i v i t y  worth of a f u e l  tube  as a func t ion  of radial  pos i t i on  is  
obtained and given i n  Fig. 8 and Table V I .  

- 

The r e a c t i v i t y  t o  be expected from displacement of t h e  ou te r  f u e l  
tubes toward t h e  r e f l e c t o r ,  a condi t ion which might acc iden ta l ly  arise, 
can be  estimated from t h e  r e s u l t s  of  an experiment with 20 pe r iphe ra l  
tubes.  
t h e  l a t t i c e  t o  one as c lose  t o  t h e  core-tank w a l l  as poss ib le ,  i n  t h e  
manner shown i n  Fig. 7 9  decreased t h e  r e a c t i v i t y  8.2 cents .  

Displacement of these  20 tubes from t h e i r  normal pos i t i on  i n  

The core w a s  a l s o  assembled with t h e  f u e l  tubes arranged i n  
c l u s t e r s  of  seven by g r i d  p l a t e s  i l l u s t r a t e d  i n  Fig. 9. The r e a c t i v i t y  
of t h i s  assembly w a s  10.5 cents  higher than t h a t  of the  assembly with 
uniform spacing of t h e  f u e l  tubes on 1.506 cm centers .  
o v e r a l l  e f f e c t  of c l u s t e r i n g  t h e  f u e l  i s  s m a 1 l : i t  may be made up of two 
l a r g e  components. 
streaming out  of t h e  core  and the  p o s i t i v e  e f f e c t  caused by peaking of 
t h e  f a s t  neutron f l u x  wi th in  t h e  f u e l  c l u s t e r .  

Although t h e  

These are the  negat ive e f f e c t  of t he  increased 

Neutron Moderation Absorption Effec ts .  Reac t iv i ty  c o e f f i c i e n t s  
of var ious neutron absorbing and moderating ma te r i a l s  i n  t h e  assembly 
were measured and t h e  r e s u l t s  given i n  Table V I I .  
of t h e  samples i s  given i n  Fig. 10. 
beryll ium r e f l e c t o r  from 7.0 t o  7.6 cm increased t h e  r e a c t i v i t y  of  t h e  
assembly 40 cents .  

"he loca t ion  of some 
Increasing t h e  th ickness  of t h e  t o p  

Potassium React iv i ty  Coeff ic ien t .  The e f f e c t  on r e a c t i v i t y  of 
surrounding t h e  f u e l  tubes with potassium was inves t iga ted  using t h e  
ca landr ia  type vesse l ,  f ab r i ca t ed  of type  304 and 347 s t a i n l e s s  s t e e l ,  see 
Fig. 11. 
p a t t e r n  as when loaded i n  t h e  aluminum core tank. 
s t a i n l e s s  s t e e l  ves se l  (13372 g of s t a i n l e s s  s teel)  f o r  t h e  aluminum in-  
creased the  r e a c t i v i t y  28 cents  which was compensated by reducing t h e  
th ickness  of t h e  t o p  beryll ium r e f l e c t o r  t o  6.35 cm. 

The f u e l  tubes ,  loaded i n  t h e  ca landr ia ,  were i n  t h e  same 
Subs t i t u t ion  of t h e  

The r e a c t i v i t y  of 



Fig. 5. Axial Fission Rate Distribution 
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Table I V .  Axial F iss ion  Rate and C a d m i u m  Rat io  
Di s t r ibu t ion  

Distance from 
Center of Fuel  
Tube (cm) 

Rela t ive  
F iss ion  Rate C a d m i u m  
(Arb i t r a ry  Units ) Ratioa 

- 2.54 
0 
2.54 
5.08 
7.62 

10.16 
12.7 
15.44 

1 5  091 
17.18 
18.45 
19 72 
20 99 
22.26 

1.02 
1 .oo 
1.00 
0.95 
0.91 
0.83 
0.88 
1.51 
1.56 
2.21 

2.53 
2.45 
2.00 

1.20 

1.37 
1.56 

1 ~ 6  

2.06 

1.70 

1.97 

a. The de tec to r s  were 0.010-cm-thick by Oa,75-cm-dia U(93.2) metal  f o i l s ;  
t h e  cadmium covers were 0,051 cm th i ck .  No co r rec t ion  has been made 
f o r  self sh i e ld ing  i n  t h e  f o i l s .  

\ 



A .  Table V. Radial Fission Rate and Cadmium Ratio Distribution 

Locationa 

Distance from 
Core Center 

( cm) 

Relative 
Fission 
Rate 

Cadmium 
Ratiob 

Distribution at Core Midplane 

a. 
b. 

e. 

1 
2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

0.635 
3.25 
5.87 
8.53 
9.93 
10.74 
11.12 
11.2 

11 35 
12.06 

12.62 
12.47 

1.0 
0.98 

1.04 
0.99 

1.06 
1.12 
1.21 

1.55 
1.45 
3 .Ob 
3.68 
3.56 

1.24 

Distribution at 15.44 cm Above Core Midplane 

13 
14c 
15' 

0 

3.02 
12.06 

1.51 
1.63 1.39 
2.50 1.87 

Foil locations are shown in Fig. 7. 
The detectors were 0.010-cm-thick by 0.75-cm-dia U(93.2) metal foils; 
the cadmium covers 0.051 cm thick. No correction has been made for 
self shielding in the foils. 
Foils laid on top of fuel tubes. 



C O N F I D E N T I A L  
ORNL DWG 63-3641 

7 

Fig. 7. F o i l  Locations f o r  Radial  F iss ion  Rate Di s t r ibu t ion  and Fuel 
Tube Locations for Fuel React iv i ty  Measurements. 
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Table V I .  Fuel Tube Reac t iv i ty  Worth a t  Various Radial  
Pos i t  ions 

Fuel Tube 
Pos i t  iona 

Distance From 
Core Center 

(em) 
Reac t iv i ty  
( c e n t s  

1 
2 

7 

0 

2.59 

5 2 3  

7.75 
10.48 

10 . 56 
11.78 

32.0 

32.0 

30.8 

27.2 

25.5 

25.6 

22.6 

a. Pos i t i on .g iven  on Fig. 7 .  

I .  h 

a 
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Fig. 9. Grid Pla t e  f o r  t h e  7-Tube Cluster  Assembly. 
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Table V I I .  Reac t iv i ty  Ef fec t s  i n  Corea 

Tota l  Reac t iv i ty  
Weight Coeff ic ient  

bh t e r  ia 1 Form Number Location (d (cents /kg)  

Type 347 
S ta in l e s s  
S t e e l  

W 

m 

cH2 

C 

B4c 

S ta in l e s s  
S t e e l  

A1 

Al 

Cd 

0.317 cm d i a  rods 
30.5 cm. long 

0.317 cm d i a  rods 
30.5 cm long 

0.317 cm d i a  rods 
30.5 cm long 

0.317 ern d i a  rods 
30.5 cm long 

0.317 cm d i a  rods 
30.5 cm long 

0.305 cm d i a  rods 
30.5 cm long 

F i l l e  d with 

B4c 
Disc 0.317 cm 
t h i c k  f o r  t op  of 
core tank  

L i d  f o r  t o p  of 
core tank, 
0.317 cm t h i c k  

Lid. f o r  t o p  of 
core tank  
0.159 cm t h i c k  

L id  f o r  t o p  of 
c'ore , 
0.066 cm t h i c k  

90 

46 

46 

46 

8 

23 

1 

1 

1 

1 

1 

All pos i t i ons  
f i l l e d  

Every o ther  
pos it i on 

Every other  
pos it i on 

Every o ther  
p o s i t  ion 

Odd. numbered 
holes  between 
43-57 

Every 4 th  
pos i t i on  

Center f u e l  
tube pos i t i on  

Top of core 

Top of core 

Top of core 

Top of core 

1704 

871 

2110 

105 0 

18.4 

82 

30.5 

1290 

464 

226 

287 

+ 8.7 

+ 9.1 

- 2.0 

-I- 4.7 

+ 1320 

+ 91 

- 220 

+ 18 

36 

35 

160 

/ 

a.  See Fig.  10 f o r  l oca t ion  of sample rods.  

I I-r . ,."Q ?T. . 1. . . . 
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# Fig. 10. Location of Samples in Reactivity Coefficient Measurements. 
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Fig. 11. Potassium F i l l e d  Calandria. Tubes are type 347 s t a i n l e s s  s t e e l ;  1 

end p l a t e s  and tank are type 304 s t a i n l e s s  steel. 



the assembly with no potassium in the calandria was then +13.4 cents. 
Adding 3403 g of potassium resulted in a reactivity of +32 cents, corre- 
sponding to a potassium reactivity coefficient of +5.4 cents/kg. 


