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I. ABSTRACT 

The progress of extensive labora tory  and p i l o t  p l a n t  inves t iga t ions  
on the  f l u i d i z e d  bed process f o r  the  conversion of radioact ive  l i q u i d  
wastes t o  s o l i d s  i s  reported.  These s tud ies  a r e  d i rec ted  toward 
obta in ing information on the  dynamics of f l u i d i z e d  bed opera t ion,  the  
removal of v o l a t i l e  f i s s i o n  products and s o l i d s  p a r t i c l e s  from gases,  
the  development of equipment and operat ing techniques, and the  various 
long term disposal  a spec t s  of a l l  radioact ive  wastes. 

Laboratory s t u d i e s  on the removal of  v o l a t i l e  ruthenium from a 
simulated c a l c i n e r  off-gas showed the  removal e f f i c i ency  of s i l i c a  g e l  
t o  decrease w i t h  successive wett ing and d.rying cycles.  E l e c t r o s t a t i c  
p r e c i p i t a t o r s  were found t o  have a higher removal e f f i c i ency  f o r  s o l i d  
p a r t i c l e s  (alumina) when a wetted wa l l  r a t h e r  than a dry w a l l  type was 
used. 

Tests  t o  determine the  d i s t r ibuk ion  of ruthenium i n  a p i l o t  p l a n t  
c a l c i n e r  were performed. P i l o t  p lan t  da ta  on p a r t i c l e  growth i n  a 
f l u i d i z e d  bed were compared with t h e o r e t i c a l  equations. Operating 
experience with a NaK hea t  t r a n s f e r  system, and w i t h  l i q u i d  flow 
c o n t r o l l e r s  i s  reported. The r e s u l t s  of a s e r i e s  of q u a l i t a t i v e  t e s t s  
t o  determine the  l ike l ihood of an explosive reac t ion  should NaK leak  
i n t o  a f l u i d i z e d  bed calc i i le r  indioated  that  a i ~ a h  a reac t ion  is  
unl ikely .  A NaK leak t h a t  occurred a t  a welded junction was a t t r i b u t e d  
t o  thermal overs t ress ing of the  metal and not  due t o  corrosion. Calcium 
fluoride-impregnated Teflon was found t o  be a super ior  gasketing 
mate r i a l ,  both chemically and mechanically, t o  pure Teflon. 

A l i t e r a t u r e  survey on t h e  chemistry of zirconium i n  a ca lc ina t ion  
process suggested the  p o s s i b i l i t y  of ca lc ina t ion  i n  contact  with s i l i c a  
and a labora tory  u n i t  is  being i n s t a l l e d  t o  study the  process. The 
hydraulics of a pulsed p l a t e  so l ids - l iqu id  contactor and i t s  assoc ia ted  
equipment were determined. A preliminary inves t iga t ion  w a s  s t a r t e d  of 
t h e  p o s s i b i l i t y  of using meta l l i z ing  techniques t o  surface  coa t  s o l i d  
p a r t i c l e s  and thereby reduce the leaching of f i s s i o n  products when 
contacted wi th  ground water. 

Construction of a demnnstrational f l u i d i z e d  bed c a l c i n e r  w a s  
approximately half  completed ; however, the  na t iona l  s t e e 1  s t r i k e  has 
slowed the  const ruct ion schedule and the  completion date cannot be 
est imated u n t i l  the  s t r i k e  i s  s e t t l e d .  Process and equipment reviews 
of  the f a c i l i t y  and t h e  r e s u l t s  of thermal conductivi ty measurements 
on Idaho sands a r e  reported. 
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11. SUMMARY 

Laboratory and p i l o t  p lan t  work on the  d i sposa l  of radioact ive  
wastes was concentrated on the f lu id ized  bed technique of reduction-to- 
s o l i d s  and i t s  assoc ia ted  problems. The work c a r r i e d  out  during t h e  
repor t ing  per iod def ined f u r t h e r  the o p e r a b i l i t y  l i m i t a t i o n s  of 
equipment and mate r i a l s  of  const ruct ion,  the  complex i n t e r r e l a t i o n s h i p  
of  process va r iab les ,  and the e f f e c t s  of  opera t ing techniques upon 
process components a s  w e l l  a s  determining the  e f f i c i e n c i e s  and 
c a p a c i t i e s  f o r  various process components. Review of engineering 
designs and p l a n t  const ruct ion of a Demnnatrational Waste Calcining 
F a c i l i t y  was continued. 

A. Research and Development i n  Laboratory and P i l o t  Plant  

The uoc of  D./F c e l l  Lransmittrrrs equipped wi th  i n t e g r a l  oi8ifices i n  
p iace  of  rotameter type c o n t r o l l e r s  i n  the l i q u i d  feed stream t o  the  
s ix - inch  diameter c a l c i n e r  r esu l t ed  i n  smoother operat ion.  A NaK l eak  
i n  the  heat  exchanger f o r  the two f o o t  square ca lc ine r  was det.em?.ned 
t o  bc the  resiilL of a t ransgranular  crack i n  t h e  welded zone which was 
presumed t o  have been caused by thermal overs t ress ing  of a poorly 
designed header. The hea t  exchanger i s  being redesigned. Q u a l i t a t i v e  
tests which were conducted t o  determine t h e  e f f e c t  of NaK leaking i n t o  
a f l u i d i z e d  bed c a l c i n e r  demonstrated t h a t  an explosive reac t ion  was 
un l ike ly ,  s ince  no r i s e  i n  pressure could be detec ted  by a 0-50 p s i  
pressure  transducer and high speed recorder.  The use of a powder- 
u e L a f l i ~ i r i g  gun i n  a f l u i d i z e d  bed t o  produce an  impervious coating on 
the calcined p a r t i c l e s  i s  being considered as a means of immobilizing 
soluble  f i s s i o n  products i n  the  calcine.  

Synthetic waste containing 6.63 n i t r i c  acid and 0.017 milligram 
p e r o m i l l i l i t e r  of ruthenium t raced  wi th  ruthenium-106 w a s  decomposed a t  
400 C t o  provide a simulated off-gas f o r  labora tory  test of the  
e f fec t iveness  of s i l i c a  g e l  f o r  ruthenium removal. S i l i c a  g e l  which 
had gone through t en  wet t ing  and drying cycles ,  thereby having i ts 
absorpt ive  capaci ty  f o r  water  vapor reduced from 4.4 t o  30 percent  on a 
d ry  weight b a s i s ,  was t e s t e d  f o r  ruthenium removal e f f i c i ency .  The 
average decontamination f a c t o r  f o r  t h e  as-received s i l i c a  g e l  w a s  164 
while f o r  the aforementioned s i l i c a  g e l  was from 11 t o  22; however, . 
wide l i m i t s  were found f u r  the standard dev ia t ion  i n  a l l  t e s t s .  It was 
concluded t,hat, the effectiveness of s i l i c a  g e l  as a ruthenium adsorbent 
w i l l  decrease wi th  number of washing and drying cycles  although i t  i s  
n o t  expected t o  have a s i g n i f i c a n t  e f f e c t  i n  the operat ion of the 
Delilorlstrational Waste Calciner . The evaluat ion of a t e s t  t o  determine 
ruthenium d i s t r i b u t i o n  i n  p i l o t  p l a n t  equipment using a ruthenium spike 
i s  await ing a n a l y t i c a l  r e s u l t s .  

A wetted w a l l  e l e c t r o s t a t i c  p r e c i p i t a t o r  operated with a p o t e n t i a l  
of approximately 20 k i l o v o l t s  and a residence time of 3.98 seconds gave 
a removal e f f i c i ency  of over 99 percent  f o r  p a r t i c l e s  l a r g e r  than 0.3 
micron and 93.8 percent  f o r  p a r t i c l e s  smal ler  than 0.3 microns. For 
d ry  w a l l  operat ions a t  a p o t e n t i a l  of 24 k i l o v o l t s  the  e f f i c i e n c y  w a s  
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over 97 percent  and 86.8 percent ,  respectively.  It w a s  concluded t h a t  ' 
the  removal e f f i c i ency  of  an e l e c t r o s t a t i c  p r e c i p i t a t o r  f o r  alum'ina 
p a r t i c l e s  was i n  the  range predic ted  by theory and t h a t  wetted-wall . 

operat ion is  more e f f i c i e n t  than dry w a l l  opera t ion even a t  a lower 
voltage. Theore t i c a l l y ,  i t  i s  poss ib le  t o  p red ic t  the t y p i c a l  S-shaped 
curve f o r  p a r t i c l e  s i z e  versus weight f o r  t h e  c a l c i n e r  product from 
feed r a t e ,  weight of bed, seed r a t e  and d i a e t e ~ . ;  dens i ty  and p a r t i c l e  
growth ra te .  However, the  c o r r e l a t i o n  betueen.t'he t h e o r e t i c a l  equation 
and meager experimental d a t a  i s  not.good. 

Pulsed-plate so l ids - l iqu id  contactors  such as might be used f o r  
leaching f i s s i o n  products from calc ined s o l i d s  were incorporated i n t o  
a process flow scheme. This scheme uses a i r  l i f t s  t o  remove the  s l u r r y  
a t  the bottom of t h e  contactor  and t r anspor t  it t o  a s e p a r a t o r . f o r  

1 removal of t h e  l iqu id .  The performance curve. f o r  a 5 inch diameter 
a i r - l i f t  showed it t o  have a capacity i n  excess of 2.25 l i t e r s  per  
.minute a t  a i r  flow r a t e s  between 0.3 and 0.75 scfm and t o  be p r a c t i c a l l y  
independent of the s o l i d s  flow r a t e s  between 30 and 75 grams per  minute. 
A s  t he  a i r  flow r a t e  was increased from 0.75 t o  approximately th ree  
sc fn  a t  the  above s o l i d s  r a t e s  the  s l u r r y  capacity decreased l i n e a r l y  
wi th  the  g r e a t e s t  decrease found f o r  the h ighes t  rate of s o l i d s  
t ranspor t .  

The res i s t ance  of a calcium fluoride-impregnated Teflon gasket  
ma te r i a l  (Garlock 9428) t o  chemical se rv ice  i s  g r e a t e r  than f o r  the  
mate r i a l s  present ly  used a t  the  ICPP. Estimated thermodynamic funct ions  
appear favorable f o r  ca lc in ing f l u o r i d e  containing zirconium wastes , 
with s i l i c a .  An apparatus i s  being constructed t o  evaluate  experi- 
mentally the  f e a s i b i l i t y  of the  proposed react ions .  

B. Waste Calcining F a c i l i t y  

Construction of a 60 gal lon per  hour demonstrational f l u i d i z e d  
bed ca lc in ing f a c i l i t y  f o r  high l e v e l  aluminum type wastes i s  approxi- 
mately 45 percent  complete. Completion of the  f a c i l i t y  o r i g i n a l l y  
est imated a s  February, 1960, w i l l  be deferred  an  ur~krlown length  of 
time because of the  na t iona l  s t e e l  s t r i k e .  , . . 

Engineering review of construction drawings and s p e c i f i c a t i o n s  
continues t o  demand considerable time. Inspection of high e f f i c iency  
f i l t e r s  of the  AEC-type disc losed d e f i c i e n c i e s ,  e.g., t e a r s ,  sev?re 
curvature of the media, e t c . ,  such as found by many other  AEC 
contrac tors .  

During the  development of conceptual designs f o r  a Bigh Temperature 
Demonstrational So l ids  Storage F a c i l i t y  it became apparent t h a t  a g r e a t e r  
knowledge of the  thernial conductivi ty of l o c a l l y  a v a i l a b l e  sands would 
be necessary. Therefore, thermal conductivi ty measurements were made 
on Idaho windblown and p i t - run  sand wi th  the  following r e s u l t s :  

Idaho windblowrl sand - k = 0 .I36 + (1.. 04 x 0 - 3 ~ )  4 Idaho p i t - run  sand - k = 0.208 + (6.3 x 10' T)  
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where k and T a r e  ~ t u / ( h r )  ( f t 2 )  ( O ~ / f t )  and OF, respect ively .  These' 
values were found t o  be e s s e n t i a l l y  independent of pressure between 0 
and 50 psig. 

. . 
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111. RESEARCH AND DEVELOPMENT I N  LABORATORY AND PILOT PLANT 

A .  Equipment Operation and Development 

During the  r epor t ing  period t h e  ruthenium adsorpt ion  equipment(18* 22* 25) 
was operated rou t ine ly  i n  a s e r i e s  of experiments.. Equipment i s  being 
assembled t o  cons t ruc t  a l abora to ry  c a l c i n e r  f o r  work on zirconium wastes 
containing f luor ides .  

The operat ion of the 6-inch diameter e l e c t r i c a l l y  heated f l u i d i z e d  
bed c a l c i n e r  was improved s i g n i f i c a n t l y  by replac ing the  rotameter-type 
c o n t r o l l e r s  on the  l i q u i d  feed stream with D/F c e l l  t r a n s m i t t e r s  equipped 
wi th  i n t e g r a l  o r i f i c e s .  The rotameter  c o n t r o l l e r  tended t o  s t i c k  
momentarily, causing a surge i n  the  feed  stream and con t r ibu t ing  t o  
caking i n  t h e  bed and t o  poor hea t  t r a n s f e r ,  which i n  tu rn  caused over- 
heat ing  and r e s u l t e d  i n  the  d e s t r u c t i o n  of many e l e c t r i c a l  heaters .  
Sirlct! Llie i i ~ s t a l l a t i o n  of t h e  T)/P ce l l  c o n t r o l l e r ,  c a l c i n e r  opera t ion  
has been improved i n  severa l  ways: (1)  the  s t a t i c  pressure above the 
bed has been sub jec t  t o  l e s s  f l u c t u a t i o n ,  (2)  the  screen s i z e  of the  
product has been subjected t o  l e s s  c y c l i c  v a r i a t i o n ,  and (3)  heat 
t r a n s f e r  has improved a s  evidenced by the  f a c t  t h a t  hea te r  des t ruc t ion  
has been el iminated f o r  1ong.per iods  of  operation. 

A l eak  occurred i n  the  NaK hea t  exchanger of the  two f o o t  square 
c a l c i n e r  during the  seventy-third s t a r t -up  of the  system. P r i o r  t o  t h i s  
l eak  the  system had been operated f o r  2280 hours above 1 0 0 0 ~ ~  and 600 
hours below. The crack occurred a t  the  po in t  where the  f i r s t  of twelve 
Carpenter-20 a l l o y  tubes was welded t o  a manifold of s t a i n l e s s  s t e e l  type 
316. The NaK loop was dumped, the  crack repa i red  by welding, and the  
c a l c i n e r  pu t  back i n t o  operat ion.  Af te r  th ree  s tar t -ups  and 60 hours 
,of s e r v i c e ,  a leak  was detec ted  a t  the  po in t  where t h e  twe l f th  tube was 
welded t o  a tube shee t  of s i m i l a r  composition; i . e . ,  Carpenter-20 a l loy .  
Following the  second l eak ,  the  c o i l  and a s h o r t  sec t ion  of  the  loop 
were removed f o r  me ta l lu rg ica l  examination. Both f r a c t u r e s  i n  the  c o i l  
were preceded by opera t ion  of the  loop a t  the  b o i l i n g  temperature of the  
N a K .  It has been observed t h a t  b o i l i n g  reduced the  o v e r a l l  punping 
e f f i c i e n c y  by approximately 20 percent  and caused considerable v ib ra t ion  
of  t h e  loop components. No one s i n g l e  f a c t o r  can be i s o l a t e d  a s  the  
cause of the  tube f r a c t u r e s  b u t  it i s  bel ieved t h a t  the  many thermal 
,cycles imposed on a c o i l  of  poor thermal design was t h e  primary cause , 

of f a i l u r e .  A redesigned c o i l  h a s  been f a b r i c a t e d  and t h e  loop i s  being 
reassembled. Modifications i n  the  f l u i d i z i n g  a i r  system f o r  t h i s  c a l c i n e r  
w i l l  make i t  poss ib le  t o  use e i t h e r  high pressure  a i r  t o  opera te  a j e t  
f o r  recycle  of s o l i d s  t o  the  bed arid f l u i d i z e  the  bed o r  1.1ae low 
pressure  air  f o r  the  f l u i d i z a t i o n .  

A 12-inch diameter c a l c i n e r  is  being designed t o  replace  the  6-inch 
u n i t .  The l a r g e r  u n i t  should provide a more f l e x i b l e  experimental t o o l  
and e l iminate  many of the  f l u c t u a t i o n s  i n  the  6-inch diameter u n i t  
which a r e  a t t r i b u t a b l e  t o  i ts  small  s i z e ,  The 12-inch diameter c a l c i n e r  
is  being designed a s  a prototype f o r a h o t  p i l o t  p lan t .  This u n i t  and 
i t s  a u x i l i a r i e s  should permit determination of (1)  the  e f f e c t s  of 
recyclc  of  off gas a s  t he  f l u i d i z i n g  media, (2)  the  e f f e c t  of 
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subatmospheric pressure  on t h e  c a l c i n a t i o n  process,  ( 3 )  t h e  r e l a t i v e  
value of  steam versus a i r  f l u i d i z a t i o n ,  (4)  the  e f f e c t  of feed  nozzle 
pos i t ion ,  (5 )  the  e f f e c t  of various types  of f l u i d i z i n g  a i r  d i s t r i b u t o r s ,  
and should a l low study of the  pneumatic t r a n s p o r t - o f  c a l c i n e r  product 
from t h e  c a l c i n e r  t o  a simulated s to rage  area .  Detai led design of the  
u n i t  is. under way and t e s t s  a r e  being made on a u x i l i a r y  equipnent as 
w e l l  a s  on components of  the  ca lc ine r .  For example, a perfora ted  air 
d i s t r i b u t i o n  p l a t e  conta in ing 3116-inch diameter holes  on a l t - i n c h  
t r i a n g u l a r  p i t c h  has been f a b r i c a t e d  and appears t o  give a much more 
uniform f l u i d i z a t i o n  than was achieved by the  bubble cap d i s t r i b u t o r  
p l a t e .  

A three-inch diameter  g l a s s  NITROGEN PURGE 

column equipped a s  shown i n  
Figure 1 was e r e c t e d  i n  a r e ~ o t e  
a r e a  t o  determine the  e f f e c t  of  
a NaE l eak  i11Lu a f l u i d i z e d  bed 
of  ca lc ined alumina under various 
condi t ions .  Motion p i c t u r e s  
were taken of a por t ion  nf the  
t e s t s .  

An e l e c t r o s t a t i c  p rec ip i -  
t a t o r  s h e l l  having a 4.00 inch 
i n s i d e  diameter  and a probe 
l e n g t h  o f  14.5 inches was 
i n s t a l l e d  and a comnerical 
power pack capable of 40,000 
v o l t s  p o t e n t i a l  was obtained. 
I n i t i a l  t e s t $  of t h i s  equipment -BED SIJPPOH I SCREEN 
i n d i c a t e  a p o t e n t i a l  of  25,000 
vulLs should be a t t a i n a b l e  f o r  ELECTRIC HEATERS 
appreciable  per iods  of time CPP-s-1345 
when the  u n i t  i s  operated a s  
a wetted-wall p r e c i p i t a t o r .  
I n  an at tempt t o  ob ta in  Fig. 1 - Equi pment f o r  D e t c r m i n i ~ ~ g  
increased removal e f f i c i e n c y  E f f e c t  of NaK Leakage I n t o  A 
a t  lower vol tages  f o r  si~hmicron Fluid ized Bed uf Alumina 
alumina p a r t i c l e s  from a i r  
another  e l e c t r o s t a t i c  p r e c i p i t a t o r  was operatcd wi th  di-y Duwex-50 i o n  
exchange r e s i n  being f l u i d i z e d  i n  the  s h e l l .  Eff ic iency a t  the m w x i m u ~  
vollagc attainable wilhouO s h o r t  c i rcui t , ing  (WO v o l t s )  was only 60 
percent. The p l a t e s  of the  cascade impactor used f o r  downstream 
sampling c o l l e c t e d  l a r g e  amounts of the  r e s i n ,  thereby making accura te  
measurements impossible and the  t e s t  was terminated. 

Shake down runs on a four-inch diameter pulsed-plate l iqu id - so l ids  
con tac to r  were made 1-iith ca lc ined alumina and water.  These runs were 
genera l ly  good except  f o r  occasional  dumping of  the  ca lc ine  from one 
o r  more of  the  beds. This uns table  a c t i o n  would s t a r t ,  most f requent ly ,  
on a bed.about  ha l f  way up the  column, although it has s t a r t e d  a t  one 
time o r  another  on evelcg. bed, and would progress down the  column. The' 
beds above were no t  a f fec ted ,  b u t  the  a f fec ted  beds were l e f t  wi th  only 
about  one-fourth of the  volume f i l l e d  wi th  ca lc ine .  This phenomenon 
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was thought t o  be caused by i n s u f f i c i e n t  s e a l  depth of the  downcomer !.' 
i n  the  bed of ca lc ine  contained on t h i s  p l a t e .  I n  an e f f o r t  t o  c o r r e c t  
t h i s  i n s t a b i l i t y  and t o  add a d d i t i o n a l  measuring devices ,  the  column 
was disassembled and t h e  following changes made: 

( a )  The bed dimensions were changed t o  inc rease  the  downcomer s e a l  
depth from a 2 inch  t o  1 inch. Figure 2 shows the  new bed 
dimensions. 

(b) The g l a s s  column was 
replaced wi th  an a c r y l i c  
column so t h a t  the  column 
could be tapped, thereby 314" TUBING--\ 
,permit t ing d i f f e r e n t i a l  DOWNCOMER 
pressure  drop measurement 
of a g r e a t e r  p rec i s ion  
t o  be made. 

( c )  A i r  and l i q u i d  ro ta-  
meters were added on the  0XlDE BED 

. s l u r r y  a i r  l i f t  f o r  STEEL BALL 
PACKING determining performance. PERFORATED 

PLATE BED 
The shakedown t e s t s  were 

continued a f t e r  the  column was TUBING SPACER 
reassembled and opera t ion  was 
s a t i s f a c t o r y .  The changes made 
i n  the  bed dimension seem t o  
have correc ted  the  dumping of  I/~"CENTERING R 

, t h e  alumina. 
CPP-S- 1346 

A i r  l i f t s  were used success- 
f u l l y  f o r  continuous removal of 
the  s l u r r y  discharged from the  
l iqu id - so l ids  contactor .  Since Fig. 2 - Deta i l s  of  Four-Inch 
a i r  l i f ts  w i l l  perform contlnu- Diameter Liquid-Solids Contactor 
ously,  a r e  mechanically simple, f o r  Leaching of Calcined So l ids  
and provide r e l i a b l e  remote 
opera t ion  they a r e  des i rab le  
from both a process and opera t ional  viewpoint. Therefore, rotameters  
were i n s t a l l e d  t o  measure t h e  a i r  and l i q u i d  flows i n .  order  t o  determine 
the  performance of these  a i r  l i f t s .  

Severa l  poss ib le  methods f o r  t r e a t i n g  ca lc ined  aluminum oxide waste 
t o  reduce l e a c h a b i l i t y  were inves t iga ted .  One method i s  the a p p l i c a t i o n  
of metal o r  ceramic coat ings  from a powder-metallizing gun i n  a 
f l u i d i z e d  bed followed by a hea t  t reatment of the  p a r t i c l e s  t o  produce 
an impervious coating.  A second method is  an adapta t ion  of the  ORNL 
flame-calcinat ion process t o  granular  s o l i d s  having t h e  p a r t i c l e  s i z e  
c h a r a c t e r i s t i c  of ca lc ined aluminum type waste,  i n  which the  su r face  
would fuse  and reduce t h e  numbcr of  surface  pores,  thereby reducing 
f i s s i o n  product l eachab i l i ty .  Scoping t e s t s  a r e  planned f o r  atbe f irst  
method. 
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B. Process S tud ies  

1. Off-Gas Problems 

A high removal e f f i c i ency  f o r  both s o l i d  p a r t i c l e s  and v o l a t i l e  
f i s s i o n  products from the  Waste Calc iner  off-gases w i l l  be  requi red  
be fo re  these  gases  can be  re leased t o  the  environment. Research on the  
removal of a v o l a t i l e  ruthenium spec ies  by a s o l i d  adsorbent  ( s i l i c a  
g e l )  and on t h e  removal of s o l i d  p a r t i c l e s  by scrubbing, p r e c i p i t a t i o n ,  
e t c . ,  i s  i n  progress.  

Ruthenium A d s o r ~ t i o n  by S i l i c a  Gel, D. W. Rhodes, Problem a 
Leader; D. R. Anderson 

Syn the t i c  waste conta in ing 6.6g n i t r i c  a c i d  and 0.017 
mil l igram per  ~ n i l l i l i t e r  of ruthenium t raced  wi th  ruthenium-106 was 
pumped contirluuusly i n t o  a ca l c i  ncr  tube,  which was iuai~~ tained a t  a -- 0 temperature of approximately 400 C. Preheated a i r  was introduced i n t o  
t h i s  c a l c i n e r  and the  off-gas was passed through a column containing 
3 p a r t s  of 8-10 mesh Davison Grade 40 s i l i c a  g e l  t o  1 p a r t  of  Davison 
i n d i c a t i n g  6-16 s i l i c a  ge l .  A sample of the  same type of s i l i c a  g e l ,  
which had been subjec ted  t o  t en  cyc1.a~ nf water vapor oa tu ra t ion  a d  
dehydrat ion,  thereby making t h e  g e l  more r e s i s t a n t  t o  dec rep i t a t ion ,  was 
a l s o  used f o r  the  ruthenium adsorpt ion  s tud ies .  A c a u s t i c  scrubber 
downstream from t h e  s i l i c a  g e l  column co l l ec ted  any ruthenium passed by 
the  column, t h e  concentra t ion  of ruthenium i n  t h i s  s o l u t i o n  was determined 
by a gamma counting technique. 

The r e s u l t s  of these  experiments i n d i c a t e  t h a t  t en  successive 
we t t ing  and drying cyc les  p r i o r  t o  the  ruthenium adsorpt ion  cycle reduced 
t h e  ruthenium decontamination f a c t o r  of  the s i l i c a  g e l  t o  approximately 
one-tenth of i t s  v a l i ~ e  i n  the  as-received gel .  The only known property 
of  t h e  s i l i c a  g e l  t h a t  was a l t e r e d  by the  wet t ing  and drying cycles  was 
i t s  a b i l i t y  t o  absorb water.  The absorpt ion  of water  was reduced from 
40 t o  33 percent  on a dry-weight b a s i s  a s  a result, o f  the &en wet t ing  
and drying cyc les ;  however, this apparent  reduction of su r face  a r e a  is  
i n s u f f i c i e n t  t o  account f o r  the  lower ruthenium adsorption.  Rather, the  
lessened e f f e c t i v e n e s s  f o r  adsorbing ruthenium i s  suspected t o  be due 
more t o  a change i n  the  type of  surface  ava i l ab le  than a reduct ion  of 
t o t a l  surface  area .  The i n v e s t i g a t i o n  of ruthenium adsorpt ion  by s i l i c a  
g e l  us ing  the l abora to ry  continuous c a l c i n e r  is  being discontinued s ince  
t h e  l i m i t  o f  i t.s usefulnccn has been reauhcd. 

b. Ruthenium Dis t r ibu t ion  Determined i n  P i l o t  P lan t  Equipment, 
E. S. Grimmett, Problem Leader; B. R. Wheeler 

A second run was made i n  the 6-inch diameter c a l c i n e r  wi th  
a ruthenium spike  t o  determine the  d i s t r i b u t i o n  of  the  ruthenium between 
t h e  s o l i d s  and the  off-gas system s ince  the  first run, a t  a lower 
ruthenium concentra t ion ,  w a s  inconclusive because of poor m a t e r i a l  
balances.  Evaluation of the  run i s  await ing a n a l y t i c a l  r e s u l t s .  
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c. Removal of Sol ids  From-,Offf-Gases, E. S. Grimmett, Problem 
Leader; E. Hylsky 

The s tud ies  on the  use of an e l e c t r o s t a t i c  p r ec ip i t a t o r  t o  
remove submicron alumina p a r t i c l e s  were extended t o  a previously 
described l a r g e r  u n i t  and runs were made with both dry and wetted-wall 
operation.  The r e s u l t s  a r e  shown i n  Table 1. 

Table 1 

EFFICIENCY OF ELECTROSTATIC PRECIPITATOR 

Removal 
TY pe Voltage Length of Run Residence Time Average.Inlet Loading Efficiency 

(Kilovolts) (Hours) (Seconds) (gms/ft3) (Percent) 

Dry Wall 24.5-25 5 6.7 3.98 ( 3  micron and e s s )  . 97.7 
5.1 x 10- t 

(1.2 micron an$ l e s s )  97.3 
5.0 x 10- 

(0.3 microns a d less) 86.8 
7.4 x 10- 3 

Wetted W a l l  19.5-20.5 55.1 3.58 ( 3  micron and 1 s s )  I 99.3 
9.75 x 10- 

(1.2 micron and l e s s )  99.1 
6.62 x 

(0.3 micron and l e s s )  93.8 
1.89 x 

2. Fluidized Bed Dynamics, E. S. Grimmett 

Since p a r t i c l e  s i z e  d i s t r i bu t i on  of the ca lc iner  bed, and 
therefore  of the product, i s  one of the  so r e  important dependent var iables ,  
a  mathematical equation was derived f o r  the  re la t ionsh ip  between p a r t i c l e  
s i z e  d i s t r i bu t i on  and some of the  operat  variables.  This equation, 
which i s  presented i n  an e a r l i e r  r epor t ,  if$) is: - . 

Where 

A = cumulative weight f r a c t i on  of s o l i d s  
F = equivalent  s o l i d s  feed rate. grams/hour 
W = weight of bed, grams 

So = nunher of seed p a r t i c l e s  enter ing the bed, numberlhour 
g = p a r t i c l e  growth r a t e ,  cmlhour 

pp = densi ty  of p a r t i c l e s ,  grams/cc 
a = the funct ion F 

gw 
1, = diane te r  of seed p a r t i c l e ,  cm 
It = the  l a r g e s t  p a r t i c l e  s i z e  i n  any spec i f i ed  cumulative 

weight f r a c t i on ,  cm 
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For a  given feed  r a t e  assume t h a t  the  system reach- s teady 
s t a t e  condit ions.  Assume f u r t h e r  t h a t  the  s i z e  of the  seed p a r t i c l e s  
is s o  small  that equat ion  (1) reduces t o :  

r 

Mow when It+&, A i s  e.qual t o  u n i t y  and the  equation becomes 

the re fo re  t h e  group 

Now s u b s t i t u t e  equation (4) i n t o  equation (2)  t o  g e t  

- 6 + 6 a l t  + 3(al t12 + .---- ( a l t )  -.-- 
e a l t  'I ( 5  

From t h i s  it can be seen 
t h a t  t h e  curnulatiye f r a c t i o n ,  A, 
i s  a funct ion  of g and It. 
Since f o r  any given r u n x h e  value 
f o r  2 i s  constant ,  t h e  cumulative 
s i z e  d i s t r i b u t i o n  obtained from 
t h a t  run can b c  predic ted  if 2 
i s  known. This i s  i l l u s t r a t e d  
i n  Figure 3, where cumulative 
f r a c t i o n  versus It i s  p l o t t e d  
f o r  a nmber  of z t r f ferent  values 
of 2. It w i l l  be noted t h a t  a t  
l a r g e  values of  2 tho pred ic t ion  
i s  f o r  small  p a r t i c l e  s i z e s  a s  
well a s  narrow s i z e  d i s t r i b u t i o n  
ranges. 

Equation (3) can be 
rearranged t o  show t h a t :  

( 6  0 02 04 0 6  08 10 12 14 
It - mm CPP-5-1347 

Fig.  3 - The Effec t  of the  
o r  Function 2 on P a r t i c l e  Size  

a (7) 
Dis t r ibu t ion  i n  a F l u i d b e d  Bed 
Calciner  



K 
Examination of t h i s  equation shows t h a t  2, o r  the  p a r t i c l e  s i z e  

d i s t r i b u t i o n ,  i s  dependent only upon the  feed r a t e  and the  number of 
seed introduced i n t o  the  bed per u n i t  of time. A p l o t  of equation (7) 
i s  shown i n  Figure 4, with 2 p l o t t e d  versus the feed r a t e ,  with So a s  
a parameter, and 6 assumed t o  be 1.8. 

I ron ins tead  of the previously used manganese was u t i l i z e d  i n  
a chemically t raced run t o  determine p a r t i c l e  growth r a t e .  Curves 
comparing the  a c t u a l  p a r t i c l e  s i z e  d i s t r i b u t i o n  found i n  the  c a l c i n e r  
with ca lcula ted  values f o r  three  runs a r e  shown i n  Figures 5, 6 and 7. 
I n  a l l  cases lo was assumed t o  be zero. Although the ca lcu la ted  curves 
do not  c o i n c i x  with the  experimental ones, i t  w i l l  be noted t h a t  t h e  
experimental curves have the  same genera l  shape and s h i f t  i n t o  t h e  
c o r r e c t  area.  

o l  I I I 
I I I J 

0 2 0 0 0  4 0 0 0  6 0 0 0  8 0 0 0  10000 12000 14000 
FEED RATE - GRAMS/HOISR 

0 
0 .I .2 3 4 .5 .6 7 .8 .9 1.0 1.1 1.2 1.3 1.4 

PARTICLE DIAMETER - mm 

Fig. 4 - The E f f e c t  of Seed Fig. 5 - Calculated Experimental 
P a r t i c l e  Rate, So, and Feed Rate, P a r t i c l e  Size  Dis t r ibu t ion  f o r  
F, i n  a Fluidized Bed Calciner on Calciner Run SA-1, Feed Nozzle A i r -  
the Function 2 to-Liquid 'Ratio = 505 

Table 2 shows the  ca lcu la ted  number of seed en te r ing  t h e  bed pe r  
hour a s  we l l  as the ca lcu la ted  number of seed en te r ing  the c a l c i n e r  

Table 2 

SOPlE RESULTS OF 100 LITERS PER HOUR CALCINER RUNS 

SA-1 SA-2 SB-2R 

Seed Rate, So, - number/hour 4.4 x 3.05 x lo8 1.M x 102 
 hour 5.5 x 107 3.8 x lo7  1.8 x 10 
A 90.4 72 25.8 

A i r  Volume 
Feed Nozzle - Liquid Volume 505 
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0 0 .  
0 .I .2 .3 ,4 .5 .6 7 .8 .9 1.0 1.1 1.2 1.3 1.4 0 .I .2 .3 .4 .5 .6 7 .8 .9 1.0 1.1 1.2 1.3 1.4 

PARTICLE DIAMETER - mrn PARTICLE -DIAMETER -mm 

Fig. 6 - Calculated Experimental Fig. 7 - Calculated Experimental 
P a r t i c l e  Size  Dis t r ibu t ion  f o r  P a r t i c l e  Size  Dis t r ibu t ion  f o r  
Calciner Run SA-2, Feed Nozzle A i r -  Calciner Run SA-ZR, Feed Nozzle 
to - l iqu id  Rat io  = 410 Air-to-Liquid Rat io  = 270 

p e r  cubic f o o t  of bed, t h e  values of 2, and the r a t i o  of feed nozzle 
a i r  volume t o  feed volume. It w i l l  be noted t h a t  run SA-2R had a much 
smal ler  seed r a t e  t h m  the  o t h e r  two runs and t h a t  the average p a r t i c l e  
s i z e  is  l a r g e r ,  a s  would be expected. Inspect ion of Table 2 w i l l  
i n d i c a t e  a genera l  t rend t o  t h e  r e l a t i o n s h i p  between the  seed rate and 
feed  nozzle a i r  t o  feed  volume r a t i o .  I 

3. Handling and Disposal of So l id  Product 

a. Leaching, E. S. G r i m m e t t ,  Problem Leader; B. P. Brown 

The pulsed p l a t e  solids-1 i-qiii d nontactors were incorporated 
i n t o  a process flow scheme a s  shown i n  Figure 8. The leached s o l i d s  
progressing down t h e  contactor  a r e  t r ans fe r red  as a s l u r r y  from the  
contactor  bottom t o  a Sweco Separator. This continuously screens t h e  
s l u r r y ,  discharging t h e  screened s o l i d s  and re turning the s l u r r y i n g  
s o l u t i o n  through a rotameter  t o  the  bottom of the  contactor .  The air 
add i t ion  device f o r  the a i r - l i f t  was a standard $-inch tubing t e e  wi th  
a i r  bled  i n t o  the s i d e  i n l e t .  

When determining performance of t h e  a i r  l i f t ,  suct ion and 
discharge heads, pulse frequency and amplitude were held constant .  
During t e s t i n g  a s o l i d s  r a t e  was s e t  and the  a i r  r a t e  varied t o  
determine the curves shown i n  Figure 9. The reference curve i s  the  
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Fig. 8 - Flow Schemes f o r  S lu r ry  Fig. 9 - Performance Curves f o r  a  
A i r  L i f t  Tests  3-1nch A i r  L i f t  With Di f fe ren t  

S l u r r i e s  

performance curve f o r  the  a i r  l i f t  with no s o l i d s  flow. The o t h e r  
curves show the  e f f e c t  of increas ing s o l i d s  flow r a t e .  The e f f e c t  of 
s o l i d s  a t  a i r  r z t e s  l e s s  than 0.75 scfm and when the  l i q u i d  r a t e  i s  
high, is negl ig ib le ,  s ince  the  amount of l i q u i d  ccnpared t o  the  amount 
of s o l i d s  i s  large .  A t  t he  higher a i r  r a t e s  where the l iqu id - to - so l ids  
r a t i o  i s  not  s o  g r e a t ,  the e f f e c t  of the  s o l i d s  i s  t o  decrease t h e  
amount of l i q u i d  by from 2 t o  4 times the  weight of t h e  s o l i d s  when 
compared wi th  the  reference curve. This i s  probably due t o  increased 
energy required  t o  overcome the  add i t iona l  f r i c t i o n  caused by the  
s o l i d s  as wel l  a s  the  g r e a t e r  dens i ty  of t h e  s l u r r y .  Runs a r e  planned 
on t h e  air l i f t i n g  of ion  exchange r e s i n  s l u r r i e s  as w e l l  a s  s tudying 
higher flow r a t e s  of alumina so l ids .  

The prepara t ion of a  new ion exchange equil ibrium curve f o r  
the system copper-hydrogen on Dowex-SOW, 8x, r e s i n  wi th  n i t r a t e  a s  the  
commun arllori and a t o t a l  ca t ion  c t rongth  of 0.5l :is await.ing a n a l y t i c a l  
r e s u l t s .  A s e r i e s  of ion  exchange runs is  planned f o r  the  2-inch 
contactor  t o  compare e f f i c i e n c i e s  with o the r  contactors.  

4.. NaK Leak Test, E. S. Grimmett, Problem Leader; G. E. Lohse 

Mumerc?~~s t e s t s  have been conducted t o  determine the  e f f e c t  of 
a  NaK l eak  i n t o  e i t h e r  the  p i l o t  p l a n t  o r  demonstrational ca lc ine r .  
Resul ts  of these  tests a r e  given .below: 
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( a )  A f i r e  occurred a f t e r  two t o  three minutes of continued 
manual ag i t a t i on  when approximately 250 m i l l i l i t e r s  of NaX 
w a s  added t o  one l i t e r  of cold calcined alumina. The 
burning mixture d id  not explode when dipped i n t o  a pool of 
water. 

(b) When NaK was introduced i n t o  a f l u id i zed  bed of alumina a t  
room temperature the immediate r e s u l t  was a complete mixing 
of the NaK throughout the bed. Continued f l u id i za t i on  
caused voluminous amounts of oxide smoke t o  appear, followed 
by flames a f t e r  approximately f i v e  minutes. This t e s t  and 
those described below were ca r r ied  out i n  the  equipment 
shown i n  FPgure 1. 

(c)  When MaK was introduced a t  a c ~ n s t a n t  r a t e  i n t n  a heated 
bed of f l u id i zed  alumina, the  i n i t i a l  react ion produced 
vcrlwninous  amount^ of ~molte. This r e a c t i o ~ ~  did not appear 
t o  be a f f ec t ed  by the simultaneous introduction of the 
l i q u i d  feed. A s  time progressed a v i s i b l e  flame was 
produced. Reactions were not v io len t  enough t o  expel 
calcined so l i d s  from the  bed. No r i s e  i1.1 pressure could be 
detected by a 0-50 p s i  pressure transducer and high speed 
recorder. Small masses of s o l i d s  which contained unreacted 
l i q u i d  metal produced no explosions when dropped i n t o  a pool 
of water. Hydrogen evolution appeared to be uniformly 
continuous over a three  t o  four  minute period from a mass of 
s o l i d s  three  inches i n  diameter by four  inches long. When 
water was allowed t o  d r i p  on small masses of the  alumina- 
NaK mixture a react ion s imi la r  t o  t h a t  of sodium dropped on 
water w a s  observed. 

(d.) When hot gases produced by the  combustion of propane were 
used t o  f l u i d i z e  and heat  the  calcined so l i d s  i n  the  t e s t  
vesse l  the  r e s u l t s  were s imilar  to those described previously. 
The residue remaining i n  the test apparatus contained 
potassium and sodium carbonate arriong o ther  chemical comgounds 
ind ica t ing  t h a t  a react ion had t a k e n  place between the N3K 
and the carbon dioxide of t he  combustion gases. 

A s  a r e s u l t  of these qua l i t a t i ve  t e s t s ,  it i s  believed t h a t  i f  
a NaK leak were t o  develop i.nsi.de the  ca lc iner  t h a t  the  react ion between 
NaK and oqygen from the  a i r  would predominate bu t  t h a t  the react ion is 
.unlikely t o  be of an explosive nature. 

5. Materials  of Construction 

Corrosion i n  NaK Heat Exchanger, N. D. Sto l ica ,  Problem a* - 
Leader; 0. R. Klemens 

Microscopic examinat5on of the welded zone ( s t a i n l e s s  s t e e l  
type 316 t o  Carpenter-20) t h a t  f a i l e d  i n  the NaX heat  exchanger of the 
two-foot square ca lc iner  revealed a . t ransgranula r  crack, indicat ing t h a t  
the  f a i l u r e  w a s  the r e s u l t  of overs t ress ing,  probably thermal, because 
of the large  number of thermal cycles which had been imposed on the  
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system. Metallographkc examination revealed t h a t  the  s t a i n l e s s  stekl 
type 316 has undergone a r e c r y s t a l l i z a t i o n  i n  the  high temperature 
(over 1 0 0 0 ~ ~ )  NaK se rv ice ,  al though r e c r y s t a l l i z a t i o n  of s t a i n l e s s  
s t e e l  type 304 and Carpenter-20 i n  t h i s  se rv ice  has no t  been observed. 

A small  amount of su r face  corrosion on the  NaK s i d e  was 
observed, b u t  t h i s  was judged t o  be an  i n s i g n i f i c a n t  amount. 

b. Evaluation of Gasketing Mater ia l ,  D. W. Rhodes, Problem 
Leader; J. S. Madachy 

A t e s t  was made t o  determine the  r e s i s t a n c e  t o  chemical 
a t t a c k  of  a calcium fluoride-impregnated Teflon gasket  m a t e r i a l  
(Garlock 9428), which had been proposed f o r  use i n  the  demonstrat ional  
ca lc ine r .  The r e s u l t s  c l e a r l y  ind ica ted  t h a t  t h i s  m a t e r i a l  w a s  
super io r  t o  the  ma te r i a l  p resen t ly  i n  use a t  the  ICPP where r e s i s t a n c e  
t o  a t t a c k  by chemicals i s  the  prime considerat ion.  It must be assumed; 
however, that the  Teflon gasket  w i l l  be a f f e c t e d  adverse ly  by high 
r a d i a t i o n  f i e l d s  i n  much the  same manner a s  pure Teflon. 

C. Other Studies  of t h e  Reduction-to-Solids Method . .  . 

1. Calc inat ion  of Zirconium Wastes, D. W. Rhodes, Problem Leader; . 
R. L. Hickok . .. 

The conversion t o  s o l i d s  by high temperature c a l c i n a t i o n  of 
aqueous zirconium wastes containing f l u o r i d e  would c r e a t e  severa l  
problems not  encountered i n  the  ca lc ina t ion  of aluminum n i t r a t e  wastes. . - . . .  
These problems a r i s e  from the physio logica l  t o x i c i t y  of  hydrogen ... .. 
f l u o r i d e  which would p r o h i b i t  r e l e a s e  t o  the  environs and would necessi tate: :  
recovery of the  hydrogen f l u o r i d e  i n  a decontaminated form p r i o r  t o  
d i sposa l  i n  some acceptable manner; a l s o ,  because of the  h ighly  corros ive  .:>. 

e f f e c t  during condensation and c o l l e c t i o n ,  a severe corros ion problem 
would be encountered i n  the  ma te r i a l s  of construct ion.  A l i t e r a t u r e  
search on .the chemistry of  zirconium was i n i t i a t e d  i n  an at tempt t o  f i n d  
approaches t o  the  ca lc ina t ion  of f luoride-containing zirconium wastes 
t h a t  would reduce both the  corrosion and the  t o x i c i t y  problems. 

One poss ib le  approach i s  c a l c i n a t i o n  of  the  waste i n  contac t  
wi th  s i l i c a .  Reaction of  the  f l u o r i d e  wi th  the  s i l i c a  under the  proper 
condi t ions  should produce v o l a t i l e  s i l i c o n  t e t r a f l u o r i d e ,  which would 
be r e l a t i v e l y  noncorrosive. Information i n  the  l i t e r a t u r e  suggests  t h a t  
the  v o l a t i l e  s i l i c o n  t e t r a f l u o r i d e  may be removed from the  off-gas by a 
sodium f l u o r i d e  s o l i d  adsorber a t  e l eva ted  temperature t o  produce sodium 
f l u o s i l i c a t e .  Another approach t o  t h e  removal of fluoride from the  o f f -  
gas involves  hydralysis of the  s i l i c o n  t e t r a f l u o r i d e  and c o l l e c t i o n  of  
f l u o s i l i c i c  acid.  No f r e e  hydrogen f l u o r i d e  would be p resen t  by e i t h e r  
method, 

Est imates of the  enthalpy changes and f r e e  energies  of the  
c a l c i n a t i o n  reac t ions  appear f avorab le ;  however, the  accuracy of  the 
da ta  ava i l ab le  f o r  these  ca lcu la t ions  i s  sub jec t  t o  quest ion.  Apparatus 
i s  being constructed t o  evaluate  experimental ly t h e  f e a s i b i l i t y  of t h e  
proposed react ions .  
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I V .  DEMONSTRATIONAL WASTE CALCINING FACILITY 

Demonstrational Waste Calcining F a c i l i t x ,  J. I. Stevens, Problem Leader; 
L. T. Lakey 

Under const ruct ion a t  the ICPP i s  a 60 gallon/hour f l u i d i z e d  bed 
c a l c i n e r  f o r  conversion of f i r s t  e x t r a c t i o n  cycle aluminum waste t o  a 
granular  s o l i d .  This f a c i l i t y  w i l l  demonstrate the  process o p e r a b i l i t y  
and economics of  t h e  f l u i d i z e d  bed technique and obta in  information on 
t h e  long-term s torage  aspects  of highly rad ioac t ive  s o l i d s .  Conceptual 
designs of a s o l i d s  s to rage  system capable of sa fe ly  containing masses 
of s o l i d s  wi th  high temperatures a t  the  c e n t e r l i n e  have been considered 
and a design concept has been chosen f o r  which a detai l .sd mnchanical 
design w i l l  be made. 

Corlstruction of  the  Demonstrationsl Waste Calcining Faci l?  t.y was 
slowed considerably by t h e  s t e e l  s t r i k e  and the  archi tec t -engineer  must 
re-est imate t h e  completion da te  upon se t t lement  of the  s t r i k e .  A t  t he  
end of t h i s  r epor t ing  period,  t h e  o v e r a l l  est imated completion of the  
p r o j e c t  i s  45 percent  which is  broken down i n t o  t h e  following categor ies :  

Percent  

Building 70 
Sol ids  Storage 65 
Process and Piping 20 
S o l  i d s  Transfer System 15 
Sampling Sys tern , 5 

The o f f - ~ R S  f i l t e r s ,  which c o n s i s t  of a primary roughing f i l t e r  and 
a secondary high-efficiency f i l t e r  of t.he AEC-type encased i n  a 
s t a i n l e s s  steel box equipped with i n l e t  and o u t l e t  valves,  were r e j e c t e d  
upon v i s u a l  inspect ion.  These f i l t e r s  were found t o  have t e a r s  i n  the  
f i l t e r  media and severe curvature of the  media and i ts  dividers .  
These de f ic ienc ies  a r e  sh i lar  t o  those f o ~ ~ n d  hy cnnt.ract.ors a t  other 
s i t e s .  It is not  known whether these deficiencies a r e  a t t r i b u t a b l e  t o  
poor manufacturing techniques, damage during encasement, o r  damage i n  
shipment. However, t h e  encasement w i l l  be redesigned and the  f i l t e r  
w i l l  be inspected a t  t h i s  s i te  by a l l  i n t e r e s t e d  p a r t i e s  before f i n a l  
assembly and i n s t a l l a t i o n .  

The NaK dump tank,  i t o  ca tch  bas in  and f i f e  p i -okc  ti011 sys Lem was 
found t o  be considerably undersized when f i n a l  design of the  c a l c i n e r  
hea t  exchanger, headers, e tc . ,  was completed. This w i l l  be correc ted  
by i n s t a l l i n g  a dup l ica te  tank i n  p a r a l l e l  wi th  t h e  present  tank and 
en la rg ing  the  ca tch  bas in  and incrcaoing the  s i z e  of the  f i r e  
p r o t e c t i o n  system. 

The r a t e  of temperature r i s e  of the  waste s torage  tank cur ren t ly  
receiving waste so lu t ion  was measured. Apparently t h i s  tank has not  
been receiving waste f o r  a s u f f i c i e n t  time t o  c r e a t e  a thermal 
r e s e r v o i r  of appreciable magnitude i n  i t s  environment. A s  a 
consequence t h e  time-temperature curve exhibi ted  no sharp change i n  
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s lope  and i t  was impossible t o  ob ta in  a reasonably accura te  es t imate  o f  
hea t  generat ion r a t e  and environmental l o s s e s .  This t e s t  w i l l  be 
repeated a f t e r  f u r t h e r  thermal s a t u r a t i o n  of the  environment by the  tank 
contents .  

The review of drawings and s p e c i f i c a t i o n s  was continued and the  
review of the  d e t a i l e d  process ca lcu la t ions  was begun. The evaluat ion  
of sampling techniques and prepara t ions  f o r  t echn ica l  eva lua t ions  of  
t h e  c a l c i n e r  a r e  underway. 

During the  course of developing various conceptual designs f o r  a 
high temperature demonstrational s o l i d s  s torage  u n i t  i t  became apparent  
t h a t  the  p r a c t i c a l i t y  of seve ra l  a t t r a c t i v e  schemes would be dependent 
upon a g r e a t e r  knowledge than p resen t ly  e x i s t s  of the  p r o p e r t i e s  of 
ground mate r i a l s  a t  the  e r e c t i o n  s i t e .  One of these  p roper t i e s  was t h e  
thermal conductivi ty of sands. Inves t iga t ions  by the  archi tec t -engineer  
showed t h a t  the  thermal conductivi ty could be rap id ly  determined with 
s u f f i c i e n t  accuracy f o r  engineering design purposes by measuring the  
thermal d i f f u s i v i t y  . The a r c h i t e c t  .-engineer performed these  tests In 
a 5-inch ou t s ide  diameter by 20-inch long s t a i n l e s s  s t e e l  type 304 
cyl inder  which was instrurnented by twenty gauge chromel-alumel thermo- 
couplesd The tests were conducted over t h e  temperature range of 300' 
t o  1400 F and a t  pressures  of 0 and 50 psig.  The fol lowing equations of 
the  l i n e a r  r e l a t ionsh ips  of thermal conduct iv i ty  and temperature were 
obtained: 

Idaho windblow sand - k = 0.136 + (1.024 x 1 0 - 3 ~ )  
Idaho p i t - run  sand - k = 0.20 + (6.3 x 1 0 - 4 ~ )  S where k and T a r e  ~t'/ (hr )  ( f t  ) ( O ~ / f t )  and OF r e spec t ive ly  

L i t e r a t u r e  values f o r  clean s i l i c a  sand which had a thermal 
conduct iv i ty  near ly  equal  t o  t h a t  of Idaho p i t  run sand a t  8 0 0 ' ~  b u t  
wi th  a temperature c o e f f i c i e n t  ( s lope)  approximately tha t  of Idaho 
windblow sand were used t o  check the  t e s t  equipment. Corrosion of 
thermocouples imbedded i n  the  sand was encountered. Furthermore, it 
i s  apparent  t h a t  because of the  h igh  temperatures involved, it w i l l  be 
necessary t o  evaluate  some of the  ma te r i a l s  of cons t ruct ion  proposed f o r  
t h e  vesse l  conta~ining the  s o l i d s .  
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