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LIMESAND INVESTIGATIONS 

ABSTRACT 

P r e l i m i n a r y i n v e s t i g a t i o n s i n t o t h e c a l c i n a t i o n 
of l ime sands f rom Eyre P e n i n s u l a , South A u s t r a -
l i a a r e d e s c r i b e d in t h i s r e p o r t . The m a t e r i a l 
a s mined ha s a chemica l compos i t ion s u i t a b l e f o r 
lime p r o d u c t i o n wi thou t p r i o r b e n e f i c i a t i o n . 
Usual commercial p r a c t i c e i s t o c a l c i n e c rushed 
l i m e s t o n e in a much c o a r s e r form t h a n g r a n u l a r 
l imesand . A recommendation f o r f u t u r e work in 
d e v e l o p i n g equipment s p e c i f i c a l l y f o r b u r n i n g 
l imesands i s made. 

1 . INTRODUCTION 

At t h e r e q u e s t of t h e South A u s t r a l i a n Mines Depar tment , 
an i n v e s t i g a t i o n commenced i n t o t h e u t i l i z a t i o n of d e p o s i t s 
of a e o l i a n i t i c l ime sands which occur in t h e C o f f i n Bay a r e a 
of Eyre P e n i n s u l a , South A u s t r a l i a * 

The ext.erit o f , t h e d e p o s i t s , has been, e s t i m a t e d ( J o h n s 1957) 
a t about 1,000 m i l l i o n t o n s in mobi le dunes , w i th a g r e a t e r 
t o n n a g e a s f i x e d a e o l i a n i t e s . There a r e f u r t h e r e x t e n s i v e 
d e p o s i t s in o t h e r c o a s t a l a r e a s of t h e Sta-ge. 

U t i l i z a t i o n of t h e m a t e r i a l f o r p u r p o s e s o t h e r t h a n a s 
a f l u x in p y r o m e t a l l u r g i c a l o p e r a t i o n s depends on i t s amena-
b i l i t y t o c a l c i n a t i o n , upon t h e ea se w i t h which t h e lime so 
produced can be h y d r a t e d , and on t h e p r o p e r t i e s of t h e h y d r a t e . 

P r e l i m i n a r y t e s t s have shown t h a t t h e m a t e r i a l c a l c i n e s 
r e a d i l y , t h a t t h e lime h y d r a t e s s a t i s f a c t o r i l y and t h a t a 
h y d r a t e of good q u a l i t y i s p roduced . 

The f i n e g r a n u l a r n a t u r e of t h e l ime sand p r e v e n t s t h e 
use of c o n v e n t i o n a l k i l n s f o r c a l c i n a t i o n on an i n d u s t r i a l 
s c a l e . The use of a n o v e l t y p e of f l u i d - b e d k i l n i s p roposed . 

2. MATERIAL EXAMINED 

A 500 pound sample of lime sand from dune d e p o s i t s in 
t h e C o f f i n Bay a r e a was s u p p l i e d by t h e South A u s t r a l i a n 
Mines Depar tment . 

Chemical a n a l y s e s and s c r e e n s i z i n g s a r e g iven in 
Tab le s 1 and 2. The m a t e r i a l con ta ined magnesium ca rbona t e 
in e x c e s s of f i v e per c e n t , and in consequence was c l a s s i f i e d 
a s a magnesian l i m e s t o n e . Calcium and magnesium c a r b o n a t e s 
exceeded 97 pe r c e n t , so t h e m a t e r i a l was s u i t a b l e f o r c a l c i n -
a t i o n ' as mined. 

M a t e r i a l and b u l k s p e c i f i c g r a v i t i e s have been determined 
a s 2 .63 and 1 .52 r e s p e c t i v e l y . 



Table 1 

Chemical A n a l y s i s 
Per c e n t . 

Calcium Carbonate CaC03 91. 5 0 

Magnesium Carbonate MgC03 5 , 80 
S i l i c a S i 0 2 0. 94 
Aluminium Oxide A I 2 O 3 0 , 24 
F e r r i c Oxide F e 2 0 5 0 . 24 

98, 7 2 

- 1 4 / 
- 1 8 / 
- 2 5 / 
- 3 6 
- 5 2 / 
- 7 2 / 

-100/ 
- 1 5 0 

Table 2 
Screen S i z i n g 

Screen Weight Cumulative Weight 
per . c e n t . per c e n t . 

+ 14 0 .25 0. 25 
+ 18 0 , 9 0 1 ,15 
+ 25 • 5 .35 6 ,50 
+ 36 14L75 21.25 
+ 52 24*35 45 .60 
+ 72 37 ,85 83 .45 
+ 100 14.85 98 .30 
+ 150 1 .50 99 .50 

0 .20 0 . 2 0 
100.00- 100.00 

3.' EXPERIMENTAL PROCEDURE AND RESULTS 

P r e l i m i n a r y c a l c i n a t i o n t e s t s were conducted by p u t t i n g ' 
5 g samples of lime sand i n t o a m u f f l e f u r n a c e h e l d a t 900°C, 
Chemical a n a l y s i s of samples withdrawn from t h e f u r n a c e a t 
r e g u l a r i n t e r v a l s showed t h a t c a l c i n a t i o n was complete a f t e r 
about 15 minutes i n t h e f u r n a c e , A chemica l a n a l y s i s of 
l ime ip roduced in t h i s way i s g iven in Table 3. 

Table 5 

Lime: 15 minutes c a l c i n a t i o n i n M u f f l e Furnace a t 900°C. 

Weight pe r c e n t . 

T o t a l Lime CaO 9 1 . 4 0 
Magnesia MgO 4 , 1 5 

R e s i d u a l Carbon 
Dioxide 0 0 2 0, 5 5 

S i l i c a S i 0 2 1. 7 2 

Alumina A I 2 O 5 0. 8 4 

F e r r i c Oxide Fe 0 OT 2 0 
• 

9 8 . 8 6 

A v a i l a b l e CaO ( c a l c u l a t e d ) 9 0 , 7 
Removal of 00 2 " 9 9 , 3 

S i m i l a r t e s t s were c a r r i e d out wi th t h e m u f f l e he ld a t 
1,000°C, and t h e t ime r e q u i r e d f o r c a l c i n a t i o n was reduced t o 



- 3 -

f i v e minu te s . Thermodynamic d a t a from Kubaschewski and 
Evans(1958) show t h a t one a tmosphere p a r t i a l p r e s s u r e of 
carbon d i o x i d e i s in e q u i l i b r i u m with lime and magnesia a t 
t e m p e r a t u r e s of 897°C and 419°C r e s p e c t i v e l y . T h e m u f f l e 
t e s t s i n d i c a t e d . t ha t t h e r a t e of c a l c i n a t i o n i n t h e m u f f l e 
was c o n t r o l l e d by t h e r a t e of hea t supply t o t h e l ime sand . 

From t h e s c r e e n a n a l y s i s g iven in Table 2, t h e lime sand 
ha s a p a r t i c l e s i z e d i s t r i b u t i o n such t h a t i t should f l u i d i s e 
a t r e l a t i v e l y low f l u i d i s i n g gas v e l o c i t i e s . 

To de te rmine t h e f l u i d i s i n g c h a r a c t e r i s t i c s of t h e l ime 
sand, f l u i d bed t e s t s were conducted in two p e r s p e x model 
f l u i d - b e d r e a c t o r s , one 2 .75 inches and t h e o t h e r 6 i n c h e s 
in d i a m e t e r . Batch t e s t s i n bo th models showed t h a t f l u i d i -
s a t i o n a t room t e m p e r a t u r e commenced w i t h a s u p e r f i c i a l a i r 
v e l o c i t y , ( i . e . a i r v e l o c i t y in t h e open t u b e ) of about 0 . 2 
f e e t pe r second . Beds h a v i n g a s p e c t r a t i o s (bed h e i g h t t o 
d iamete r r a t i o s ) up t o 2 : 1 were s u s c e p t i b l e t o c h a n n e l l i n g a t 
a i r v e l o c i t i e s between 0 . 2 and about 0 . 4 f e e t per second. 
However, a t a i r f lows above 0 . 4 f e e t per s econd , t u r b u l e n t 
f l u i d i s a t i o n was observed ' in a l l t h e f l u i d beds t e s t e d . At 
a i r v e l o c i t i e s of about 3 . 5 f e e t per second dus t l o s s e s b e -
came n o t i c e a b l e and a t about 7 f e e t per second most of t h e 
s o l i d s were t r a n s p o r t e d in t h e f l u i d . 

Beds of l ime sand up t o 12 i n c h e s in dep th can be f l u i d -
i s e d s a t i s f a c t o r i l y a t room t e m p e r a t u r e w i th f l u i d i s i n g a i r 
v e l o c i t i e s between about 0 . 4 and 3 . 5 f e e t per second . 

F l u i d i s e d bed c a l c i n a t i o n t e s t s were c a r r i e d , out in a 
r e a c t o r made from a l e n g t h of 3 - i n c h b o r e s i l i c a t u b i n g . 
The r e a c t o r was h e a t e d w i th two 2 KW r e s i s t a n c e h e a t e r s 
wound on t h e t u b e and t h e whole i n s u l a t e d w i th a 4 - i n c h t h i c k -
n e s s of r e f r a c t o r y i n s u l a t i o n . 

Samples of 1,000 g of l ime sand were f l u i d i s e d in t h e 
r e a c t o r and t h e r i s e of t e m p e r a t u r e wi th t ime r e c o r d e d . • For 
t h e f i r s t t e s t i t was found t h a t t h e t e m p e r a t u r e r i s e was 
rough ly l i n e a r w i t h t ime f o r t h e f i r s t 20 minu tes when i t 
r e ached a t e m p e r a t u r e of about 900°C. The t e m p e r a t u r e r e -
mained c o n s t a n t f o r about 20 minutes and t h e n s t a r t e d t o r i s e 
a g a i n . Chemical ana lyses- of a sample t a k e n when t h e t em-
p e r a t u r e r e a c h e d 925°C showed t h a t c a l c i n a t i o n was 99 .7 per 
c e n t , comple te . The cha rge was weighed a f t e r t h e t e s t and 
dus t l o s s e s found t o be 3 per c e n t . 

In a second t e s t t h e t e m p e r a t u r e - r o s e in a s i m i l a r man-
ne r and a sample t a k e n when t h e t e m p e r a t u r e r e a c h e d 10 25°C 
showed c a l c i n a t i o n was 99 .7 pe r c e n t , comple te . Dust l o s s e s 
amounted t o 5 .5 pe r c e n t . 

In t h e s e t e s t s , a s w i th t h e m u f f l e t e s t s , t h e ' r a t e of 
c a l c i n a t i o n was l i m i t e d by t h e r a t e of hea t s u p p l y . 

The l ime produced in t h e s e t e s t s was h y d r a t e d and s t a n -
dard t e s t s were c a r r i e d out t o de termine p r o p e r t i e s of the ' 
h y d r a t e . 

I t was found t h a t t h e l ime h y d r a t e d r a p i d l y when l i t t l e 
exces s water was added, but in t h e p r e s e n c e of a l a r g e r e x c e s s , 
h y d r a t i o n was s low. A chemica l a n a l y s i s of t h e h y d r a t e i s 
g iven in Tab le 4 . 
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Table 4 

Composi t ion of Hydrated Lime 

Lime 
Magnesia 
Carbon Dir.xide 
Water a t 100°C 
T o t a l water 
S i l i c a 
Alumina 
F e r r i c Oxide 

CaO 
MgO 
CO 2 

H 2 O 

H 2 O 

Si0 2 

Al203 

F e 2 0 3 

Weight Per cen t , 

69.6 
3.90 

not d e t e c t a b l e 
n i l 
23.8 
1.19 
0.28 
0 . 3 1 

9 9 . 0 8 

A f i n e n e s s t e s t ( B r i t i s h S t anda rd 890/1940) was c a r r i e d 
out on a sample of t h e h y d r a t e . ^ h i s compr ises wet s c r e e n -
ing 100 g on BS No.72 and BS No. 170 s i e v e s . R e s u l t s which 
show t h a t t h e sample conformed t o t h e s t a n d a r d a r e g iven in 
Tab le 5. 

Table 5 

F i n e n e s s of Hydra ted Lime 

+ 72 
- 7 2 + 170 

Weight 
Per c e n t . 

4 . 0 
7 . 2 

P e r m i s s i b l e 
Maximum 

5 
10 

A complete s i z i n g w i th t h e H a u l t a i n I n f r a s i z e r i s g iven 
in Table 6. 

Tab le 6 
I n f r a s i z i n g of Dry Hydra te 

Nominal s i z e Weight 
microns 

- 6 3 
63 
45 

+ + 

45 + 31 
31 + 22 
22 + 16 
16 + 11 
11 

per cen t 
3 . 8 
1.8 
1.0 
1 . 6 
3 . 4 
0.6 

87.8 
100.0 

In a d d i t i o n a t e s t f o r " f l u f f i n e s s " was c a r r i e d o„ut 
which comprised h y d r a t i n g 20 g of lime wi th a minimum amount 
of water t o produce a dry h y d r a t e . w a s a l lowed t o 
s t and f o r f o u r hour s and t h e volume measured in a g radua ted 
c y l i n d e r . A b u l k s p e c i f i c g r a v i t y of 0 . 3 7 was o b t a i n e d . 
T h i s was a c c e p t a b l e t o t h e s p e c i f i c a t i o n . 
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4. DISCUSSION 

R e s u l t s r e p o r t e d i n t h e p r e v i o u s s e c t i o n may be summarised 
a s f o l l o w s : 

1. The l ime sand a s mined c a l c i n e d r e a d i l y and t h e r a t e of 
c a l c i n a t i o n under t h e c o n d i t i o n s t e s t e d was dependant on 
t h e r a t e of hea t s u p p l y . 

2. Provided t h a t no l a r g e e x c e s s of wa te r was used , h y d r a t i o n 
of t h e l ime proceeded r e a d i l y . 

3. A h y d r a t e of good q u a l i t y was produced . 

4 . The m a t e r i a l f l u i d i s e d w e l l w i t h a i r a t v e l o c i t i e s between 
about 0 . 5 and 3 . 5 f e e t per second a t room t e m p e r a t u r e . 

5. The l ime sand was t r a n s p o r t e d i n an a i r s t r eam a t room 
t e m p e r a t u r e i f t h e a i r v e l o c i t y exceeded about seven f e e t 
pe r second. 

The l ime sand, i s s u i t a b l e f o r c a l c i n a t i o n , and. i t r e m a i n s 
t o s e l e c t equipment f o r t r e a t i n g t h e m a t e r i a l on an i n d u s -
t r i a l s c a l e . 

V e r t i c a l s h a f t k i l n s a r e p robab ly t h e most commonly used 
t y p e of i n d u s t r i a l p l a n t in t h e l ime b u r n i n g i n d u s t r y (Bowles 
1952). Coarse lumps of c rushed o r e a r e f e d t o t h e t o p of 
t h e s h a f t and move down t h r o u g h a r i s i n g s t r e a m of f l u e g a s e s 
produced by b u r n i n g f u e l in t h e lower p a r t of t h e k i l n . Heat 
consumptions of 5*000,000 B.T.U. per t o n of l ime produced a r e 
common. As t h i s t ype of k i l n t r e a t s on ly c o a r s e lump f e e d , 
i t i s common p r a c t i c e t o r e j e c t 25 per c e n t , of t h e s t o n e a s 
f i n e s (Bowles and Arundale 1956) . A f u r t h e r consequence of 
t h e c o a r s e n a t u r e of t h e f e e d i s t h a t i t i s n e c e s s a r y t o c a l -
c ine f o r . p r o l o n g e d p e r i o d s a t h igh t e m p e r a t u r e s t o avoid l a r g e 
unburnt c o r e s of l i m e s t o n e . A c e r t a i n amount of overburn. ing 
and u n d e r b u r n i n g i s t h e r e f o r e u n a v o i d a b l e . 

R o t a t i n g s h a f t k i l n s a r e a l s o commonly used f o r b u r n i n g 
l i m e s t o n e (Holme 1949) . C a p i t a l c o s t s a r e h i g h e r t h a n f o r 
v e r t i c a l k i l n s w i th e q u i v a l e n t c a p a c i t i e s , and f u e l consump-
t i o n s of 3 ,000 ,000 B.T.U. per t o n of lime a r e common. The 
s i z e of s t o n e f e d t o r o t a t i n g k i l n s i s u s u a l l y be tween about 
1 /8 inch and 1 - 1 / 2 i n c h e s , so l ime of b e t t e r q u a l i t y t h a n t h a t 
f rom s h a f t k i l n s i s produced. Dust l o s s e s u s u a l l y amount t o 
about 10 pe r cen t* of t h e f e e d . 

. These a r e t h e two t y p e s of i n d u s t r i a l equipment commonly 
used f o r l ime c a l c i n a t i o n . The f i n e p a r t i c l e s i z e of t h e 
l ime sand makes i t u n s u i t a b l e a s f e e d f o r e i t h e r t y p e of e q u i p -
ment. I f f e d t o a v e r t i c a l s h a f t k i l n voidage would not be 
s u f f i c i e n t t o a l low t h e upward f low of f l u e gases t h r o u g h t h e 
charge and t h e k i l n would be i n o p e r a b l e . I f f e d t o a r o t a r y 
k i l n , k i l n c a p a c i t y would have t o be r educed by a f a c t o r of 
about s i x t o p r even t t h e charge b e i n g swept f rom t h e k i l n wi th 
t h e f l u e g a s e s . 

A f l u i d - b e d c a l c i n e r f o r t r e a t i n g f i n e c rushed m a t e r i a l 
i s in o p e r a t i o n in M a s s a c h u s e t t s U.S.A. 'Crushed l i m e s t o n e a t 
minus 6 mesh i s bu rn t in a f i v e s t a g e f l u o - s o l i d s r e a c t o r ( s e e 
F i g u r e 1) * w i th a f u e l economy of 5 ,000 ,000 B.T.U. pe r t o n of 
l ime and dus t l o s s e s of 25 per cent„ (White and K i n s e l l a , 1952) . 

Such a r e a c t o r could be used t o t r e a t l ime s a n d s , p robab ly 
w i t h a f u e l consumption of about 5 y 000 ,000 B.T.U. per t o n s i m i -
l a r t o p l a n t mentioned above, However p l a n t c a p a c i t y would be 
lower by- an e s t i m a t e d 50 per c e n t , , t h i s e s t i m a t e b e i n g based 
on t e r m i n a l v e l o c i t i e s a t c a l c i n i n g t e m p e r a t u r e s which have been 
c a l c u l a t e d f rom v e l o c i t y measurements t a k e n a t . room t e m p e r a t u r e . 
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The West A u s t r a l i a n Department of I n d u s t r y i s a t p r e s e n t 
i n v e s t i g a t i n g t h e use of a m u l t i p l e s t a g e f l u i d - t r a n s p o r t 
system ( s e e F i g u r e 2) f o r c a l c i n i n g l ime sands which a r e some-
what s i m i l a r t o t h o s e o c c u r r i n g a t C o f f i n Bay(Feakes , unpub-
l i s h e d d a t e 1958) . Lime sands f low c o - c u r r e n t l y wi th com-
b u s t i o n gases and a r e s e p a r a t e d wi th cyc lones in each s t a g e 
of t h e equ ipment . The o v e r a l l f low of s o l i d s and gases i s 
coun te r c u r r e n t . Some d i f f i c u l t y i s b e i n g e x p e r i e n c e d in 
s e p a r a t i n g qu ick l ime from f l u e g a s e s , due mos t ly t o lime 
a d h e r i n g t o t h e w a l l s of t h e c y c l o n e . Developments w i l l be 
watched wi th i n t e r e s t . 

F l u i d - b e d r e a c t o r s a r e in g e n e r a l c h a r a c t e r i s e d by a 
: ' h i g h degree of i n t e r n a l c i r c u l a t i o n of s o l i d s and g a s e s , r e -

s u l t i n g in u n i f o r m i t y of t e m p e r a t u r e and chemica l compos i t ion 
t h r o u g h o u t t b e b e d . Var ious t y p e s of b a f f l e d f l u i d beds 
have been proposed by Orochko, Mel ik-Aknazarov and P o l u b o i a r -
inov (1957) a s a means of r e d u c i n g i n t e r n a l c i r c u l a t i o n and 
so m a i n t a i n i n g c o n c e n t r a t i o n g r a d i e n t s , mainly t o improve r e -
a c t o r pe r fo rmance when h i g h y i e l d i s r e q u i r e d . A b a f f l e d 
f l u i d bed r e a c t o r of t h e t y p e shown in f i g u r e 3 could be used 
f o r c a l c i n a t i o n of l ime s a n d s . 

In t h e scheme proposed , l ime sands f low down t h r o u g h t h e 
r e a c t o r a g a i n s t a r i s i n g s t r eam of gases a s in a c o n v e n t i o n a l 
s h a f t k i l n . By r e s t r i c t i n g l o n g i t u d i n a l c i r c u l a t i o n wi th 
s u i t a b l y a r r a n g e d b a f f l e s , t e m p e r a t u r e g r a d i e n t s could ' be 
e s t a b l i s h e d a l o n g t h e l e n g t h of t h e k i l n . High t h e r m a l e f -
f i c i e n c i e s could r e s u l t , which would r e d u c e f u e l consumpt ion. 
Th i s in t u r n would r e d u c e t h e volume of f l u e gases produced 

* _ per u n i t weight of s tone b u r n t and so i n c r e a s e , k i l n c a p a c i t y . 

€ " Data from K e l l e y (1949) and Kubaschewski and Evans (1957) 
i n d i c a t e t h a t t h e maximum t h e r m a l e f f i c i e n c y which could be 
expec ted from a c o u n t e r c u r r e n t system of t h i s t y p e i s about 
3 ,900 ,000 B.T.U. pe r t o n of l ime . F lue gases compr ise t h e 
bu lk of t h e gases f l o w i n g t h r o u g h t h e k i l n , so c a p a c i t y could 
be up t o 20 pe r c e n t , g r e a t e r in a h igh e f f i c i e n c y k i l n t han 
f o r a c o n v e n t i o n a l f i v e s t a g e f l u i d - b e d k i l n w i t h a hea t con-
sumption of 5?000,000 B.T.U. pe r t o n . 

t 
Such a r e a c t o r would be s imple t o c o n s t r u c t and c a p i t a l 

c o s t s should no t be h i g h . Labour and f u e l c o s t s , two major 
i t ems in t h e o v e r a l l cos t of p r o d u c i n g l ime , should be about 
t h e same as f o r a c o n v e n t i o n a l s h a f t k i l n . 

Dust l o s s e s of 3 t o 5 pe r c e n t , have been found when 
c a l c i n i n g 1000 g cha rges of l ime sand in a smal l f l u i d - b e d 
r e a c t o r . Losses which would be e x p e r i e n c e d in a l a r g e p l a n t 
cannot be p r o d i c t e d . However t h e lime sand i s composed of 
c l o s e l y s i z e d , dense , rounded p a r t i c l e s , a s opposed t o t h e 
wide r a n g e of f r a c t u r e d i r r e g u l a r shapes such as t h e c rushed 
s tone f e d t o t h e American f l u i d - b e d k i l n . There i s t h e r e - • 
f o r e a s t r o n g p o s s i b i l i t y t h a t dust l o s s e s would be c o n s i d e r -
ably. l e s s t h a n t h e 25 pe r c e n t , expe r i enced in America. 

In view of t h e smal l p a r t i c l e s i z e of t h e l ime sand , 
•s c a l c i n a t i o n t e m p e r a t u r e s need no t exceed about 900°C. C a l -

c i n a t i o n t i m e s a t t h i s t e m p e r a t u r e f o r s i m i l a r l ime sands 
have been e s t i m a t e d (Feakes , unpub l i shed d a t a 1958) a t about 
one second. Hold ing t i m e s a t t h e c a l c i n i n g t e m p e r a t u r e in 
t h e r e a c t o r would be governed by t h e . geometry of t h e r e a c t o r 

. and would p robab ly exceed t h a t n e c e s s a r y f o r comple te c a l c i n a -
- t i o n . At a t e m p e r a t u r e of 900°C t h e r e s u l t would be complete 

I - c a l c i n a t i o n w i thou t o verb urn i n g . 
& 
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I"t i s t h e r e f o r e recommended t h a t f u t u r e work on t h e p r o -
j e c t be d i r e c t e d t o d e v e l o p i n g a s u i t a b l e b a f f l e d f l u i d - b e d 
r e a c t o r . 

The f u e l used would be f u e l o i l ? a l t h o u g h i t i s p r o b a b l e 
t h a t a s u i t a b l e grade of c o a l or coke in p u l v e r i s e d form would 
be s a t i s f a c t o r y . 

The sugges ted i n v e s t i g a t i o n would invo lve d e t e r m i n i n g 
s u i t a b l e b a f f l e d e s i g n s and t h e optimum shape , s i z e , and num-
b e r of r e a c t o r s t a g e s . These d a t a w i l l in t u r n de termine t h e 
o v e r a l l k i l n d imens ions . I n i t i a l t e s t s would be conducted 
w i t h a r e a c t o r about 12 inches in d i a m e t e r . 
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