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ABSTRACT 

C r i t i c a l  and nea r -c r i t i ca l  experiments have been performed with cyl in-  

d r i c a l  pieces of two a l loys  of 93%-U235-enriched uranium and aluminum t o  

e s t ab l i sh  safe prac t ices  i n  fabr ica t ion  and i n  other  procedures. I n  one 

se t  of experiments t he  uranium content of the  a l l o y  w a s  5.4 w t %  and the  

diameter of the  pieces w a s  1.015 i n .  

in.-long slugs i n  a s ingle  water-reflected and -moderated t i e r  w a s  134; 
the minimum number i n  a double t i e r  w a s  about 165. 
8-ft-long, optimumly spaced rods gave the diameter of an i n f i n i t e l y  high, 

unreflected cy l ind r i ca l  a r r ay  as between 15  and 17.5 in .  and as approxi- 

mately 12 in .  f o r  a t o t a l l y  water-reflected cy l ind r i ca l  array. 

The minimum c r i t i c a l  nmber  of 12- 

Experiments with 

The second al loy,  which w a s  studied i n  d e t a i l  earl ier,  contained 

7.6 wt% u r a n i m  and w a s  made i n t o  cyl inders  1.35 in .  i n  diameter. 

minimm number of 8-in.-long s lugs which could be made c r i t i c a l  i n  a 

square l a t t i c e  w a s  101, arranged i n  two tiers, and t h i s  agreed with the  

earlier results. The minimum c r i t i c a l  number i n  a similar hexagonal l a t -  

t i c e  w a s  100. 

subc r i t i ca l  when submerged i n  water. 

unreflected c r i t i c a l  cy l ind r i ca l  array of optimumly spaced rods w a s  between 

1 5  and 17.5 in.; t he  diameter of a water-reflected cy l indr ica l  a r r ay  w a s  

about 12 in .  It w a s  shown t h a t  randomly spaced slugs produce less  source 

neutron mul t ip l ica t ion  than do l a t t i c e s  of t he  same over-all  density.  

The 

A double t i e r  of 1000 c lose ly  packed 8-in.-long s lugs w a s  

The diameter of an i n f i n i t e l y  1onG 
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INTRODUCTION 

C r i t i c a l  parameters a f f ec t ing  the  safe  storage and handling of 93%- 
u235 -enriched uranium-aluminum a l l o y  slugs were previously given by C a l l i -  

han e t  a1.l 

of the  same mater ia l  and a l s o  t o  include da ta  obtained with a s i m i l a r .  

a l l o y  of lower uranium content. The a l l o y  used previously and a l so  i n  

some of t he  t e s t s  reported here contains 7.6 w t %  uranium and i s  r e fe r r ed  

t o  as "J" al loy.  

as "SRO" a l loy .  

These da ta  have been extended t o  cover addi t iona l  geometries -- 

The new a l l o y  contains 5.4 w t %  uranium and i s  designated 

The usual quant i ty  of i n t e r e s t  i n  these s tud ies  i s  the  minimum num- 

be r  of slugs o r  rods required f o r  c r i t i c a l i t y  i n  various l a t t i c e s  and 

arrays,  usual ly  when completely immersed i n  water. 

experiments have been performed, however, t o  provide answers t o  spec i f i c  

questions posed by p ro jec t  personnel. Generally the  c r i t i c a l  mass w a s  

ac tua l ly  assembled; i n  a few cases, where the  number of s lugs ava i lab le  

w a s  insuf f ic ien t ,  only values of source neutron mult ipl icat ion were ob- 

ta inable .  

A number of spec ia l  

These experiments were performed during the  period 1952-1954. 

EXPERIbENTAL MATERIALS AND APPARATUS 

The gross proper t ies  of the mater ia ls  used i n  these experiments a re  

given i n  Table 1, while the  general  experimental arrangement i s  shown i n  

Fig. 1. The p l a s t i c  used f o r  t he  support t a b l e  and the spacers w a s  Plexi-  

g l a s  (methyl methacrylate).  

the  s lug experiments, with the magnetically supported cadmium blade shown 

i n  the  photograph as t h e  primary sa fe ty  device. No cont ro l  rod w a s  used, 

f i n e  cont ro l  of r e a c t i v i t y  being obtained r ead i ly  by monitoring the  r a t e  

of addi t ion of  water used f o r  moderator and r e f l ec to r .  The water contained 

< 10 ppm of  t o t a l  impurit ies.  

The apparatus p ic tured  w a s  used f o r  most of 

Experiments u t i l i z i n g  the  8-ft-long rods described i n  Table 1 em- 

ployed t a l l  cyl inders  as containers.  Figure 2 shows a diagram of such an 

apparatus. Three cylinders,  15, 17.5, and 20 in .  i n  diameter, were used. 

The 15- and 20-in.-dia cyl inders  were of s t a i n l e s s  s t e e l ;  the 17.5-in.- 

d i a  cyl inder  was of Type 1100 aluminum. 

1. Dixon Callihan e t  al., C r i t i c a l  Mass Studies,  P a r t  VI,  ORNL Y-801 
(AI.~. 8, 1951). 

-- - 



2 . 

Table 1. Propert ies  of Ekperimental Materials 

SRO Slugs J Slugs* J Rods 

Mater ia l  U-A1 Alloy U-A1 Alloy U-A1 Alloy 

Average U235 Enrichment, w t $  93 93 93 

u~~~ Concentration 5.0 + - 0.25 wt$ 7.1 wt$ 7.1 wtk 

Ty-pe Aluminum 3003 3003 3003 

Diameter ( in . )  

Length ( in . )  

1.35 1-37 + 0.000 
lo0l5 - 0.003 
12.00 + - 0.1 8.00 96 

Density ( g/cm3) - 2.89 + 0.0004 
2*816 - 0.0000 - 2.89 

Uranium Content (g) 23.96 + - 0.59 41.49 - 498 
u~~~ Content ( g) 22.37 + - 0.06 38.71 - 465 
Whis  m a t e r i a l  i s  the  same as t h a t  ca l l ed  "P-10 Slugs" by Callihan -- e t  al., 
C r i t i c a l  Mass - Studies, -2 Par t  I V  OWL Y-801 (Aug. 8, 1951). 
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Fig. 1. Experimental Arrangement. 
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Since use o f  an i n t e r n a l l y  placed sa fe ty  rod would have disturbed 

the  symmetry of t he  f u e l  l a t t i c e ,  the  primary sa fe ty  device f o r  the  rod 

experiments w a s  the  displacement of water by air. 
ing  v e r t i c a l l y  i n t o  the  center  of the  l a t t i c e  t o  a point  about 10 in .  

above the bottom of the cylinder,  w a s  connected t o  a source of compres- 

sed a i r  through a valve operated by the  scram system. Upon operation of 

the  scram, water throughout the  center  of the  a r ray  w a s  displaced by air, 

thus quickly lowering the  r e a c t i v i t y  of the system. A 3-in. water dump 

valve, independently operated, served as a secondary sa fe ty  mechanism. 

A s m a l l  tube, extend- 

A s e r i e s  of experimental a r rays  w a s  s tudied t o  provide information 

f o r  the design of a device, then under consideration, intended t o  evaluate 

the  uniformity of mass-produced pieces  of uranium-aluminum alloy. The 

device i s  ca l l ed  a Nuclear Test Gauge (NTG) and has been described by 

Parkinson -- e t  al.' 

long, l- in.-dia uranium-aluminum a l loy  rods with provision f o r  i n se r t ion  

of standard and of t e s t  samples i n t o  the  c e n t r a l  region. The neutron 

mul t ip l ica t ion  observed i s  a comparative measure of the uranium content 

of the  samples. The study reported here included determination of t he  

most react ive l a t t i c e  spacing and the  corresponding c r i t i c a l  number of 

pieces,  a comparison of the r e a c t i v i t y  value of cen t r a l  and per iphera l  

uni ts ,  and the  r e a c t i v i t y  of  these cen t r a l  and per iphera l  units as a 

function of t h e i r  displacement from the assembly i n  t h e i r  a x i a l  d i r ec -  

t ion .  For these experiments the element of f u e l  consisted of  t w o  SRO 

slugs placed end-to-end i n  a type 3003 aluminum tube of 0.045 in .  th ick-  

ness. The general  appearance of these a r rays  w a s  similar t o  t h a t  of 

Fig. 1. An empty f u e l  tube, located i n  the  second "ring" of elements 

from the center  w a s  intended t o  contain the  source i n  the  NTG. 

It cons is t s  e s s e n t i a l l y  of a l a t t i c e d  a r ray  of 24-in.- 

All experiments u t i l i z e d  a neutron source at tached t o  the end of an 

aluminum rod, which w a s  inser ted  v e r t i c a l l y  between the  elements o f  an 

a r r ay  by a remotely operable dr ive mechanism. 

I n  order t o  c l a r i f y  the  nomenclature used i n  describing the  various 

experiments, Fig. 3 shows typ ica l  element arrangements. "Rounding" was 

2. T. F. Parkinson --*, e t  a1 The - Nuclear - Test Gauge, DP-147 (June 1956) 
(Confidential)  . 
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accomplished by moving corner elements t o  pos i t ions  m o s t  near ly  f i t t i n g  

a c i r c u l a r  out l ine,  without a l t e r i n g  the chosen l a t t i c e  spacing. 

Instrumentation w a s  conventional and included a period scram. A log- 

N amplif ier  w a s  used f o r  pos i t i ve  period measurements. 

EXPERIMENTAL PROCEDURE 

Fuel elements, whether rods o r  slugs, were assembled by hand i n  the 

absence of water. During t h i s  assembly instruments operated continuously 

t o  de tec t  any neutron mult ipl icat ion,  although i n  no case was any appreci-  

ab le  mul t ip l ica t ion  observed. Af te r  t he  dry assembly of a spec i f ied  a r r ay  

was completed, moderator and r e f l e c t o r  water w a s  added by remote control.  

Any modification desired i n  an assembly required t h e  draining of t he  

water before making changes. 

EXPERIMENTAL RESULTS 

Savannah River (SRO) Slugs --- 
The f i rs t  experiments with t h i s  mater ia l  determined the e f f e c t  of 

spacing, of l a t t i c e  type, and of a r ray  out l ine  upon the minimum number of 

slugs required f o r  c r i t i c a l i t y .  Slugs were arranged i n  both s ingle  and 

double t i e r s .  The da ta  appear i n  Fig. 4 and i n  Table 2. For uncanned 

s lugs i n  square l a t t i c e  and square out l ine,  t he  minimum c r i t . i ca1  number 

w a s  142, with optimum center-to-center spacing of 1.45 in .  

perimeter of t h i s  a r r ay  reduced the  minimum c r i t i c a l  number -Eo - 136 slugs. 
Data f r o m  hexagonal l a t t i c e s  gave a minimum c r i t i c a l  number of 134 uncanned 

slugs, i n  a rounded array,  with the  center-to-center spacing optimized a t  

1.60 in .  

Fig. 4, i s  t o  increase the  minimum c r i t i c a l  number t o  152 i n  a hexagonal 

l a t t i c e  with a rounded out l ine.  

then - 1.63 in .  

Rounding the  

The e f f e c t  of canning the s lugs i n  aluminum, readi ly  seen i n  

The optimum center-to-center spacing w a s  

A p a r t  of the  da ta  of Table 2 has been rep lo t ted  i n  Fig. 5, showing 

c r i t i c a l  number of s lugs as a function of the  volume f r ac t ion  of water 

i n  the assembly. 

gonal l a t t i c e s  both occur between 0.62 and 0.65 water volume f r ac t ion  

and t h a t  the c r i t i c a l  number i s  r e l a t i v e l y  in sens i t i ve  t o  the type of 

l a t t i c e .  

It will be noted t h a t  the  minima f o r  square and hexa- 
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Table 2. C r i t i c a l  Parameters of Water-Moderated 
and -Reflected SRO Slugs 

Spacing, 
Center-to-Center Water Volume Array Minimum 

( in . )  Fraction Outlinea C r i t i c a l  Number 

Uncanned Slugs; Single-Tier Square Lat t ice  
- 

1.25 

1-37 

1.50 

1.63 
1.75 

- 

0.500 

0.583 

0.652 

0.705 
0.745 

Square 170 
Rounded 163 
Square 
Rounded 

Square 
Rounded 

146 
140 
143 
138 

Square 164 
Square 228 

~~ ~ 

Untanned Slugs; Single-Tier Hexagonal La t t ice  

1.50 0.597 Rounded 139 
1.58 0.638 Rounded 134 
1.64 0.663 Rounded 1.35 

Uncanned Slugs; Two-Tier Hexagonal La t t ice  

1.63 0.656 Rounded 165 

Canned Slugs; Single-Tier Hexagonal La t t ice  

1.58 
1.63 

1.69 

Rounded 

Square 
Rounded 

Rounded 

154 
157 
152 

154 

Canned Slugs; Two-Tier Hexagonal La t t ice  

1.69 Rounded 165 

a. See Fig. 3 
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Mockup of Savannah River Nuclear Test  Gauge -- 
Elements used f o r  experimentally mocking up the  Savannah River NTG 

were of t w o  kinds. For the  f i rs t  experiments, canned elements were simu- 

l a t e d  by pushing two uncanned slugs i n t o  0.045-in.-wall type 3003 alumi- 

nun tubing; l a t e r  experiments used SRO slugs canned i n  0.045-in.-thick 

type 3003 aluminum. From the  da ta  presented as Table 3 and Fig. 6, it 
i s  evident t h a t  results from s i m i l a r  experiments do not agree, the  d i s -  

crepancy amounting t o  about 1 4  slugs. 

s a t i s f a c t o r i l y  explained. It i s  possible  t h a t  the uncanned slugs and 

the  canned SRO slugs did not have the  same U235 content, but  t h i s  was 

not  determined by analyses. 

using other  slugs from the  same l o t ,  showed e s s e n t i a l  reproducibi l i ty .  

The difference i n  the aluminum cladding of the  two types of  elements i s  

not  believed t o  be s ign i f icant .  

This difference has not been 

Repetit ion of the  canned-slug experiments, 

The r e l a t i v e  worth of center  elements versus per iphera l  elements i n  

the  above a r r ay  w a s  evaluated i n  a s e r i e s  of experiments i n  which 1, 

and 7 of the c e n t r a l  elements were replaced by aluminum rods, with the  

elements optimmly spaced. The da ta  ( l i n e s  5-7 of Table 3) show t h a t  the 

r a t i o  of f u e l  removed from the  center  t o  f u e l  added on the perimeter 

decreases with each step.  Removal of one two-slug element from the  

center  required the  addi t ion of 5 slugs a t  the  outside, while 7 elements 

(14  slugs) a t  the center  were equivalent t o  57 s lugs on the perimeter. 

4, 

The r e l a t i v e  worth of center  f u e l  versus per iphera l  fue l  w a s  inde- 

pendently evaluated i n  another s e r i e s  of experiments using the same 

l a t t i c e .  

w a s  v e r t i c a l l y  displaced i n  successive steps.  A t  each displacement, the  

system was made c r i t i c a l  by addi t ion of elements and/or by a s m a l l  ad jus t -  

ment i n  the thickness of t he  top r e f l e c t o r .  

cents  per  inch, associated with these displacements of both cen t r a l  and 

per iphera l  elements was determined from the  per iod r e su l t i ng  from the  

displacement. 

function of pos i t ion  i s  p lo t t ed  i n  Fig. 7 where the  pos i t ion  f o r  each 

data  point  i s  located a t  the center  of t r a v e l  of the  element correspond- 

ing t o  a given period. 

I n  t h i s  s e r i e s  a f u e l  element, e i t h e r  cen t r a l  o r  peripheral ,  

The spec i f i c  reac t iv i ty ,  i n  

These da ta  a r e  presented as Table 4. Element worth as a 

t 
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Table 3. C r i t i c a l  Parameters from Mockup of Savannah 
River Nuclear Test  Gauge 

Spacing, 
Center-to-Center Minimum C r i t i c a l  

( i n . )  Configuration Number of Slugs" 

2 SRO Slugs i n  0.045-in.-wall Type 3003 Aluminum Tube 

1.50 1 
Clean c r i t i c a l ,  1 vacant tube i n  second 1.63 I 

r ing  from center.  b 182 

1.75 J 
1.69 A s  above except center  tube replaced by 187 

aluminum rod 

1.69 A s  above except 4 center  tubes replaced 210 
by aluminum rods 

1.69 As above except 7 center  tubes replaced 239 
by aluminum rods 

1.69 Original configuration, with 90 1-in.-  181 
dia,  3-in.-long Plexiglas  rods d i s -  
placing water r e f l e c t o r  on top of 
slugs 

1.69 183 Original configuration, lattice 
d i s to r t ed  by increasing space between 
second and t h i r d  rows e i t h e r  s ide  of 
cen ter  t o  1.84 in .  center-to-center 

2 SRO Slugs, Individual ly  Canned i n  0.045-inrThick 
Type 3003 Aluminum 

1.69 Clean c r i t i c a l ,  1 l a t t i c e  vacancy i n  168 
b second r ing  from center  

1.69 Same, using d i f f e r e n t  s lugs 167 

a. 
b. For source. 

The precis ion of these measurements i s  estimated a t  +O.5 - slug. 

. 
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Table 4. React ivi ty  Measurements f o r  Evaluation of Relative 
Value of Central  Fuel Versus Peripheral  Fuel 

- 

Moveable Fuel Element 
Po s i ti on" 

Number of Thickness Fuel Element 
For Pos i t ive  Stable  Stat ionary of Top Water React ivi ty  

( i n . )  ( i n . )  ( sec)  Array ( i n . )  ( cents  /in. ) 
A t  C r i t i c  a1 Period Period Slugs i n  Reflector  Worth 

~~ - -  

Moveable Fuel Element i n  Center . 
21.00 18.90 190 190 2.56 2.77 

15.00 13-25 109 188 2.24 5.27 
12.00 10.50 124 186 N 2.4 5.52 
9.00 7.00 105 186 1.81 4.77 
6.00 3.50 138 184 2.01 3.05 

18.00 16.65 192 1-9 0 2.05 4.28 - 

Moveable Fuel Element on Periphery 

21.00 16.1 190 184 3.27 1.19 
18.00 14.2 179 184 2.83 1.61 

15.00 11.3 144 184 2.40 1.98 
12.00 8.0 140 184 2.13 1.88 
9.00 4.5 185 182 4.17 1.32 
6.00 1.1 381 182 2.83 0.64 

a. Distance above f u l l y  inser ted  posi t ion.  
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From the  curves of Fig. 7, the r a t i o  of f u e l  worth from center  t o  

perimeter i s  about 2.7 t o  1. This agrees f a i r l y  well  with the  value ob- 

ta ined by the  previously described method. 

Returning t o  the  da ta  of Table 3, t h e  r e s u l t s  of two addi t iona l  

experiments a re  a l s o  shown. The f i rs t  involved the replacement of a 

por t ion  of the top r e f l e c t o r  water by Plexiglas .  In  pa r t i cu la r ,  when 

the  f u e l  elements were topped by 1-in.-dia, 3-in.-long Plex ig las  rods 

the  number of slugs required f o r  c r i t i c a l i t y  w a s  reduced by about one 

which may not be s ign i f i can t  because of t he  precis ion of the measure- 

ments. 

A second experiment measured the  e f f e c t  of increasing the  space 

between the  second and t h i r d  rows of elements e i t h e r  s ide  of center  t o  

about 1.84 in .  center-to-center.  Such a d i s t o r t i o n  might be desired t o  

allow inse r t ion  of s a fe ty  blades, and w a s  found t o  require  the  addi t ion 

of between one and two s lugs t o  r e s to re  c r i t i c a l i t y .  

SRO- and J-Alloy Rods -- - 
A s e r i e s  of experiments u t i l i z i n g  both the  SRO- and the  J-al loy,  i n  

8-ft-long rods, w a s  performed i n  configurations s i m i l a r  t o  t h a t  shown i n  

Fig. 2. The da ta  a re  given i n  Table 5. The rods were spaced i n  hexagonal 

l a t t i c e s  ins ide  15-, l7.5-, and 20-in.-.dia cyl inders  t h a t  could be remotely 

f i l l e d  with water. The cyl inders  were unreflected.  Although none of the 

a r rays  of J - a l loy  rods within the  15-in.-dia cyl inder  were c r i t i c a l ,  the  

neutron mul t ip l ica t ions  ind ica te  t h a t  the  optimum spacing f o r  such rods 

w a s  1.84 in., center-to-center.  

p l e t e l y  f i l l e d  the containing cyl inder  i n  each experiment. When the  

J -a l loy  rods were assembled within a 20-in.-dia cylinder,  c r i t i c a l i t y  

w a s  achieved with 39 rods spaced 1.87 in .  center-to-center,  thus forming 

a 13-in.-dia a r r ay  with an annular water r e f l e c t o r  3-1/2 in.  thick.  

It will be noted t h a t  the a r rays  com- 

The importance of r e f l e c t i o n  w a s  again demonstrated i n  the  experi-  

ments with the  SRO rods. 

to-center  and forming a 15-in.-dia a r ray  within a 15-in.-dia cylinder,  

w a s  no t  c r i t i c a l .  When the  assembly w a s  constructed within the  17.5-in.- 

d i a  cylinder,  however, an a r r ay  of 78 rods, spaced 1 . 5  in.  center- to-  

A t o t a l  of 86 SRO rods, spaced 1 .5  in .  center- 



Table 5. Arrays of 8-ft-long J- or SRO-Alloy Rods as 
Hexagonal La t t i ce s  i n  Water-Filled Cylinders 

- ~- ~ ~ 

Approximate Water a 
Cylinder Array Center - to  -C en t e r  Numb e r Maximum Ref l e c t o r  
Diameter Diameter Spacing of Rods Neutron Thi c kne s s 

( i n . )  ( in . )  ( i n . )  i n  Array Mult ipl icat ion ( in .  ) 

Array of J-Alloy Rods 

.J. - 1 5  15 1- 37 96 1.3 0 

15  15 1.77 55 2.9  0 

1 5  15 1.84 55 3.6 0 

1 5  15 1.97 43 3.0 0 

20 13 1.87 39 C r i t i c a l  - 3.5 

Arrays of SRO-Alloy Rods 

15  15 
17.5 - 13.5 
20 - 13 

1.5 
1.5 
1.5 

~~~ ~~ 

86 6 
78 C r i t i c  a1 

70 C r i t i c a l  

0 - 2.0 
- 3.5 

a. No re f l ec to r  ex terna l  t o  the  cyl inders  w a s  used; the r e f l e c t o r  thick-  
nesses given are the  thickness of water from edge of the a r r ay  t o  the  
cylinder w a l l .  



cen te r  w a s  c r i t i c a l .  The diameter of t h i s  a r r ay  was approximately 

13-1/2 in., thus r e su l t i ng  i n  a 2-in.-thick annular water r e f l ec to r .  

The experiment w a s  performed by f i l l i n g  the  cyl inder  t o  capaci ty  with 

rods (a  t o t a l  of log), then removing rods uniformly from the  periphery 

and noting the  height of water needed f o r  c r i t i c a l i t y .  

po in ts  a r e  p lo t t ed  i n  Fig. 8, showing water height  a t  c r i t i c a l  versus 

number of rods i n  array.  The c r i t i c a l  height  w a s  i n sens i t i ve  t o  the  num- 

b e r  of rods i n  arrays grea te r  than about 15.5 in .  i n  diameter (95 rods), 
showing t h a t  the e x t e r i o r  1.0-in. of water alone, as r e f l ec to r ,  w a s  worth 

about as much i n  r e a c t i v i t y  as the  l a t t i c e  of f u e l  and water previously 

f i l l i n g  t h a t  space. I n  the  2O-in.-dia cylinder,  it w a s  found t h a t  an 

13-in.-dia a r ray  of only 70 rods, having an annular r e f l e c t o r  about 

3-l/2 in .  thick,  w a s  c r i t i c a l  when completely flooded. 

Successive data  

From the  above da ta  it may be concluded tha t ,  using optimum spacing, 

t he  diameter of a bare, i n f i n i t e  cyl inder  of e i t h e r  SRO- o r  J - a l loy  rods 

i s  between 15 and 17.5 in.  If the  i n f i n i t e  cyl inder  i s  water-reflected, 

i t s  diameter i s  reduced t o  about 12  in.  

Extension of J-Alloy Slug Data - -- 
Although the  o r ig ina l  work with J -a l loy  slugs w a s  done with square 

l a t t i c e s ,  most of the  present  experiments u t i l i z e d  hexagonal l a t t i c e s  t o  

complement the  previous data.  As a check on the  agreement of the  two 

programs, one experiment w a s  performed with a square, two-tier l a t t i c e  

and the  optimum separation of 1.98 in., center-to-center.  The r e su l t s ,  

lo3 slugs f o r  a c r i t i c a l  square a r r ay  and 101 s lugs f o r  a rounded 

c r i t i c a l  array,  agreed exac t ly  with the  da ta  given by Callihan e t  a1.l -- 
Data from the J - a l l o y  slug experiments a re  shown i n  Table 6 and a 

por t ion  i s  p lo t t ed  i n  Fig. 9 as c r i t i c a l  number of s lugs versus center-  

to-center spacing. 

center-to-center, f o r  a hexagonal, two-tier l a t t i c e .  For the  square 

l a t t i c e  t h i s  value w a s  1.98 in., t he  difference being due l a rge ly  t o  the  

l e s s e r  amount of water moderator present  i n  the  hexagonal l a t t i c e  a t  a 

given spacing. 

The optimum spacing i s  apparently about 2.16 in., 

. 
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Table 6. Miscellaneous Experiments Using J-Alloy Slugs; 
Water-Moderated Arrays 

Center-to-Center Minimum C r i t i c a l  
Spacing Outline Number of 

( i n . )  of Array Slugs 

Two-Tier Square Lat t ice ,  Reflected 

1.98 square 
Rounded 

103 
101 

2.10 Square 163a 

One-Tier Hexagonal Ijatt ice,  Reflected 

1.35 Rounded > 1000 

Two-Tier Hexagonal Lat t ice ,  Reflected 

1.35 Rounded > 1000 

1.85 Rounded 122 

1.95 Rounded 111 

2.10 Rounded 100 

2.22 Rounded 101 
- - 

Random Array, Unreflected 

Random 15-in. -dia > 6OOb 
Cylinder Container 

a. Moderator'was 53% wood. 
b. 15-in.  -dia tank f i l l e d  t o  a height of 92 in.  Maximum 

source neutron mul t ip l ica t ion  w a s  1.4. 
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A t w o - t i e r y  hexagonal l a t t i c e  of c lose ly  packed s lugs containing 

1000 units i n  a rounded ar ray  w a s  s u b c r i t i c a l  when flooded with water. 

Extrapolation of t he  rec iproca l  mul t ip l ica t ion  curves f o r  t h i s  a r ray  

indicated a minimum c r i t i c a l  number of more than 1200 slugs, bu t  insuf-  

f i c i e n t  da ta  a re  ava i lab le  t o  e s t ab l i sh  a f i r m  conclusion. 

An experiment w a s  performed using a random a r ray  of slugs i n  a 

15-in.-dia unref lected cyl inder  t o  compare i t s  r e a c t i v i t y  with t h a t  of 

uniformly spaced slugs a t  the  same moderation. J - a l loy  s lugs were tossed 

i n t o  the cyl inder  a t  random. 

t o  a height of 92 in .  

of slug volume f rac t ion ,  t o  a uniform, hexagonally l a t t i c e d  a r ray  of J- 
a l l o y  rods spaced 2.0 in .  center-to-center, neglecting edge e f f ec t s .  The 

maximum mul t ip l ica t ion  by a uniform l a t t i c e  of approximately t h i s  spacing 

w a s  3.0 ( see  Table 5 ) ,  while the random ar ray  of s lugs produced only a 

mul t ip l ica t ion  of 1.4, only s l i g h t l y  higher than the  value, 1.5, ob- 

served with the  t i g h t l y  spaced, l e s s  moderated rods l i s t e d  i n  Table 5.  
The uniformly spaced ar ray  is, therefore,  apparently more reac t ive  than 

a s i m i l a r  random array.  

A t o t a l  of 600 slugs f i l l e d  the  cylinder 

This number of slugs w a s  then equivalent, i n  terms 

I n  conjunction with the  two-tier, square l a t t i c e  experiments, the 

e f f e c t  of subs t i t u t ing  wood (nominally about 49% carbon, 44% oxygen, 

6% hydrogen, and 1% ash) f o r  53% of the  w a t e r  moderator w a s  evaluated. 

The center-to-center s lug spacing was 2.10 in.  The number of s lugs 

required f o r  c r i t i c a l i t y  w a s  163, whereas the  value f o r  100% water 

moderation, from previous work, w a s  110. 

SDecial Ex-oeriments with SRO Sluns 

A number of experiments w a s  done with SRO slugs i n  order  t o  give 

answers t o  spec i f ic  storage and handling problems. Data from these 

measurements a r e  grouped f o r  convenient reference i n  Table 7. 
sults of the  experiments a r e  as follows: 

The re- 

1. Two experiments were performed t o  inves t iga te  the  e f f e c t  of 

s l o t s  i n  a r rays  a t  optimum spacing. The 90-deg cross  s lo t s ,  

one 1-3/4 and the other  1-3/8 in.  wide through the  center,  

almost doubled the  number of slugs required f o r  c r i t i c a l i t y .  

. 



Table 7. Miscellaneous Special  Experiments with SRO Slugs 
-~ ~ 

Slug Spacing 
Center-to-Center Minimum C r i t i c a l  

Configuration ( in .  1 Number 

Experiments Using Canned Slugs 

One-tier, hexagonal l a t t i c e ,  28-in. -wide 1.63 258 + - 1 
by 38-in. -long rectangular array; 1-3/8 
in .  s l o t  lengthwise through center  of 
a r r ay  

One-tier, hexagonal l a t t i c e ,  square a r r ay  1.65 294 + - 2 
with crossed s l o t s  through center;  
1 s l o t  1-3/4 in .  wide; other  s l o t  
1-3/8 in.  wide 

One-tier, c lose ly  packed hexagonal Contact Not Cr i t i ca l "  
l a t t i c e ,  rounded out l ine,  624 slugs, 
flooded 

76 slugs i n  one-t ier  hexagonal l a t t i c e  
p lus  

548 s lugs i n  c lose ly  packed r ing  

85 slugs i n  one-t ier  hexagonal l a t t i c e  

258 slugs i n  c lose ly  packed r ing  

Four Savannah River t o t e  baskets ,  
120 slugs each, stacked i n  two tiers:, 
s m a l l  mult ipl icat ion,  flooded 

624 ( t o t a l )  
Contact 

343 ( t o t a l )  

1*63 I 
1*63 li Contact 

Not C r i t i c  a1 

p lus  

b 

Four Savannah River t o t e  baskets ,  1.63 Not C r i t i c a l  
slugs optimumly spaced; t o t a l  of 
245 slugs stacked i n  two t i e r s  

Experiments Using Uncanned Slugs 

One-tier, square l a t t i c e ,  rows of slugs 
i n  contact, rows 0.5 in .  apa r t  i n  a 
rectangular arrangement of 8 rows 

a. Low mul t ip l ica t ion  when flooded. 
b. See t e x t  f o r  descr ipt ion of stacking. 
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2. The c lose ly  packed a r r ay  of the  624 slugs ava i lab le  gave only 

a s m a l l  source neutron mul t ip l ica t ion  when flooded. 

3. Two experiments using an optimumly spaced center  region and 

a c lose ly  packed outer  r i ng  were performed i n  an e f f o r t  t o  

ge t  a b e t t e r  idea of the  e f f e c t  of c lose ly  packed s lugs on 

the  r eac t iv i ty .  It w i l l  be noted t h a t  a change of 9 slugs 

i n  the  cent ra l ,  spaced region w a s  equivalent t o  a change of 

290 i n  the  number of c lose ly  packed s lugs i n  the  outer  

region. 

4. The Savannah River t o t e  baskets, proposed f o r  rout ine ship- 

ment of slugs, which were used i n  two experiments, had 

ins ide  dimensions of 9-l/2 by 12-1/2 in .  and were 16 in .  

high. In  one case the  s lugs w e r e  l a i d  i n  horizontal  rows 

with adjacent layers  separated by 0.080-in.-thick p l a s t i c  

spacers. The basket capaci ty  then w a s  120 slugs and 

represents  the  proposed normal loading. I n  the  other  

experiment, the  baskets were f i l l e d  with s lugs  held i n  a 

hexagonal l a t t i c e  a t  optimum spacing (1.6 in .  center-to- 

center)  by p l a s t i c  p l a t e s .  

ments w a s  c r i t i c a l .  

Neither of the  basket experi-  

5. I n  one experiment t e s t i n g  t h e  e f f e c t  of nonuniform spacing 

of s lugs i n  an array,  slugs were placed i n  contact  i n  rows 

and the  rows were separated 0.50 in .  

c 

. 
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