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ABSTRACT 

'The density o f  the t h o r i a  product p a r t i c l e s  from E b l - G e l  runs seems 
t o  h e r e a s e  as the r a t i o  N/Th decreases but t h i s  ra%io alone does not  
eonsi slen%ly correlate  with sol properties.  Seven expaw2es were prepared 
for  the t r ia l  i r rad ia t ion  of t h o r i a  i n  the 1,ITR. The three ion dlffusion 
model gives reasonably a e c u ~ a t e  predictions of the  uranyl su l f a t e  loading 
r a t e s  on f luoride equi l ibrate3 anion resins  e Eack-mixing f n  the leacher 
rotary d m  was found t o  he due t o  openings between the s p i r a l  f l i g h t s  
and the inner cylinder a t  bot,h. ends. In the  leaching of UOa it was found 
t h a t  5.5 molar 9 N 0 3  a t  a nole r a t i o  of 5 was barely suff'fclent to  completely 
dissolve the UO2 In  4 Ini-s. Lowering the  temperature t o  EO' below W i l i n g  
reduces the leaching r a t e  and the uranfiun loading. 
U-ZrH indicated t h a t  a minimum F/Zr rakio of 7.5 was required for  to ta l  
dissolution. Modified Ztirflex runs without n i t r a t e  using both 8% U-ZrH 
and PWR-E feed itiaterials laad dissolution r a t e s  comparable t o  ta-aase o f  
t h e  conventtonal reagent and an apparento increased tendency towards foaming. 
Experimental determinations of the temperature of spent fue l  elements i n  
simulated shipping cants have s t a r t ed .  A waste calcination run using a 
close -coupled evaporator and ea1 ciner system operated and controlled very 
sa t i s fac t .o r i ly .  

Runs d-fssslving 8% 
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1.0 FUEL CYCLE DEVELOP&ENT 

Six runs a t  iden t i ca l  conditions were made i n  the ag i ta ted  trough 
den i t r a to r  t o  prepare product of N/Th mol r a t i o  of 0.05 t o  0.10 f o r  sol 
dispersion-drying-calcining s tudies  The N/Th r a t i o  alone does not con- 
sis2;ently cor re la te  whether dispersion in to  a s o l  w i l l  occur o r  w h a t  the  
so l  propert ies  w i l l  be. 
t o  increase as the s o l  N/Th m1 r a t i o  decreased. 
g/cc  as measured by toluene immersion compacted t o  8.4 o r  8.5 g /cc  i n  
5/16-in. -dia tubes.  

The densi ty  of the  f i n a l  product pa r t i c l e s  seemed 
Products of  9.72 t o  9.88 

2.0 HR THORIA BLANKET STUDIES 

Procedures were approved and seven capsules prepared f o r  dry i r r a d i a -  
t i ons  of Tho2 or Th02-UO2 i n  the LITR. 
fabr icated f o r  i r r ad ia t ion  En I920 i n  one pressure vesse l  of s i x  samples 
separately contalned by thin-walled tubes and s in te red  metal disks .  

An autoclave w a s  designed and 

3.0 ION EXCHANGE 

Uranyl s u l f a t e  loading rates on chloride equi l ibrated res in  appear to 
be dependent upon the  f rac t ions  of the  r e s in  occupied by uranyl su l f a t e  and 
su l f a t e  ions at  equilibrium. 
the r e s in  i s  occupled w%th UOa(S04)$ and 0.02 i s  occupied with SO: (b i su l f a t e  
ions and other  uranyl s u l f a t e  complexes are neglected) then the th ree  ion 
d i f fus ion  model gives reasonably accurate predictions of the umny9 su l f a t e  
loading rake on chloride r e s in  and of t h e  rate at whiceh chlorrde ions are 
e lu ted  from the  res in .  

If one assumes t h a t  a t  equilibrium 0.98 of 

Operation of  the ro ta ry  d m  leacher as a conveyor at an e l e m t i o n  of 
20 degrees and '2 rpm using color coded 3 l f t e r  batches of sLainEess s t e e l  
rods (1/2-in.-OD x l - in*- long)  resu l ted  i n  backmixing by as much as 4 to 6 
Plights. 
she l l  and it ims found that the backmixing w a s  due primarily t o  an opening 
be%ween the s p i r a l  f l i g h t s  m d  the inner cylinder a t  both %he feed and 
discharge ends. 

The leacher ro ta ry  drum w a s  operated independent of t h e  ou'r,er 

It was found t h a t  14. M HE03 at a mole r a t l o  ( g  mol HNCS/g mol UO,) of 
4.06 was insu f f i c i en t  t o  &mpletely dissolve the UO2 in a 4 hr dissolut ion 
time whereas 5 . 5  M - HNOs a t  a mole r a t l o  of 5 w a s  borderline for the same 
d i  ssolut ion time. 

When maintaining the stage temperature at appmxlmte ly  10 degrees 
below boiling, t he  m a x i m  uranium loading i s  300 g / l i t e r  compared t o  350 
g / I i t e r  a t  boi l ing  and the disso lu t ion  time fs  -2 t o  2-E/2 ksrs compared t o  
- 1 - ~ / 2  t o  2 hrs. 
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The dissolut ion of crushed U 0 2  p e l l e t s  r e s u l t s  i n  a slightly greater  
spread between t h e  maximum and minimum uranium loading i n  the  product at  
apparently steady s t a t e  and there  is  a reduction in t h e  dissolut ion time 
of -25%. 

4.2 U-C me1 Processing 

In continuing work on a preliminary cos t  comparison of processing 
Pebble Bed Reactor fue l  by fuming n i t r i c  acid disintegration-leaching vs 
oxygen combustion-acid leaching indicated the  rate- l imit ing s tep  f o r  t he  
former i s  probably the  wash cycle. 

A mixture  of dis integrated graphite and f r e sh  go$ HNO3 failed t o  
detonate when primed by a No. 6 cap and a 5 g PETN booster, suggesting 
that no explosion hazard e x i s t s  f o r  t h i s  combination. 

4.3 Modified Zirf lex 

Modified Zi r f lex  i s  a batch process f o r  the  dissolut ion of U-Zr-Sn 
fue ls  i n  IW4F-N&NO3-H202 solut ions wfth a continuous addition o f  He02 t o  
oxidize UrV t o  t he  more soluble UVI .  Runs dissolving 8% U-ZrH i n  a 1-in.  
rec i rcu la t ing  dissolver  indicated that a minimum F/Zr charge r a t i o  of  7.5 
i s  required f o r  t o t a l  dissolut ion.  This produces a f i n a l  f ree  f luoride t o  
uranium r a t i o  of 45. 
f luoride i s  present,  t h i s  r a t i o  may be dependent on flow conditions within a 
dissolver .  

Since a surface layer i s  formed on the  f u e l  i f  insuf f ic ien t  

The use of hB4F-&O2 dissolvent (eliminating the  NO;) i n  dissolving 
both 8% U-ZrH and PWR-1 seed material produced comparable dissolut ion r a t e s  
(possibly s l i g h t l y  slower) and an apparent increased tendency toward foaming. 

5.0 REACTOR EVALUATION STUDIES 

5.1 Beat Transfer from Spent Fuels during Shipping 
_I 

Experimental determinations of temperature of spent reactor  fue l s  i.n 
simulated shipping cas t s  have been s t a r t ed .  Measurements have been made 
with bundles containing 4, 8 (4 x 21, and 16 tubes 5/16-in. i n  d- iameter  and 
spaced 0.37-in. apar t  within a 12-in.-ID simulated shipping cas t .  

The emissivity of imtreated 304SS surfaces was determhed t o  be 
approximately 0.55 by a simple experiment using heat t r ans fe r  between 
evacuated concentric tubes. 

6.0 WASTE PROCESSING 

T e s t  R-36 was the  f i r s t  close-coupled waste evaporator-calciner t es t  
t o  be performed. 
There were no addi t ives  t o  the  waste t o  reduce su l fa te  v o l a t i l i t y .  The system 
feed r a t e  w a s  20.5 l i t e r s / h r .  The n i t r a t e  recovery i n  t h e  condensate was 103$. 
The non-condensable o€f-gas w a s  0.2 cu ft of g a s / l i t e r  of feed. 
ing so l id  had bulk density of 1 . 3  g / c c .  
and control led very sa t i s f ac to r i ly .  

The feed used w a s  simulated purex waste (40 g/ton of U). 

Tine r e su l t -  
The close-coupled system operated 
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1.0 FUEL C Y C W  DEVELOPMEN?" 

P. A.  Ham 

Vibratory compaction of high density ThOa o r  ThO2-UO2 i s  a promising 
method of remote fabricat ion of fuel elements; for recycle of the fertile 
and fissile materials used i n  power reactors., 
the laboratory for  p r e p r a t i o n  of thoria sols, addition of uranium, drying, 
and calcining t0 give hSgb density oxide peLrticEes are being scaled up. 
The present emphasis i s  on demonstration s f  procedures and equipment wh%& 
would be applicable t o  Th-U-233 f u e l  element fabr icat ion at a level of about 
50 kg/week of oxides. 

The procedures developed i n  

1.1 Thorium Nitrate S t e m  Stripping Studies - J. W. Snider, R. D. Arthur 

Ten denitration runs were mfasle i n  the ag i ta ted  trough ee%l@?irner with 

This  material is needed as feed fo r  the p l m e d  dfspersion- 
conditions intended Lo prodwe re l a t ive ly  mdfspersel;ble, low nitrate 
p r o d u ~ t s .  
drying-calcining studies. The product of run 18 showed less than 2% 
dispersion during agitation of a P m. slurry in water a t  80°C for one bur. 
Five addi t ional  runs were made w i t h f d e n t i e a l  conditions t o  produce l g  kg 
of product fo r  drying and f i r i n g  s tudies  (Table 1.1). 
producLs i s  shown i n  Table 1.2, R u n s  18 through 23. 

Ana.ly~3.s of these 

The operating conditions: to produsre t ; k A , % ~  product consisted OS operating 
The s t e m  %empera%ure was; h ~ e l d  f o r  3 frrs at a steam f l o w  rate of 7.8 lb/hr. 

at 425°C for 2 hr8, then Encreased t o  450°C for  %he fiml hour. 
temperature was held a t  400°C f o r  1 hr m d  increased t o  425°C f o r  ,%he f i n a l  
2 h r s .  

The skin 

The prdu@t;s  of the ~ O U P  initirjal ~ W L S  (14, 15, 2.6, 1'7) i n t @ . ~ ~ & d  %O 

prepare low n i t r a t e  mterials did not have %kat3 properties expected. 
run 14, the s t e m  temperature w m  imcreaseil to k25V from the previous 4 0 0 " ~  
level and %he trough skin temperature was icereased after P hr of operation 
from 375°C ts 425°C. 
The m%erfsl  quite unexpectedly ( f o r  analysis see Table 1.2) produced a 
stable ge l  after ag i ta t ing  for  1 h r  at 80°C in approximtely a 3 pn comcentra- 
tisn a Gelation previously occurred at, high nitrogen eoneenkraLion&, not a t  
the l o w  concentration found 'in t h i s  material. 
t o  retain i ts  surface shape for  3 days while Inclined at -30 degrees. N E $ r i @  
acid was added to break the gel for  material t ransfer .  

For 

The run t i m e  was extended from 2 hrs  t o  2-l/2 hrs. 

This gel was ska*bPe emugh 

E m  1-5 was made using an air-steam mixture at  425°C. The product 
formed a thixotropic sol upon water addition. 

R ~ S  16 m d  1.7 were made again as ELXI att-,empf:, to produce ma%eriaI too 
Run 16 was mde w i t h  the sk ln  temperature low fn n i t r a t e  for dfspersfsn. 

at" 400"~ a d  t h e  stem a t  36~1"c while run 17 w a s  made w i t h  the sk in  tempera- 
t u r e  unchanged but w i t h  the s t e m  temperature increased to 450°C. 
from run. 1'7 i s  a p p r o x - ~ m t e ~ y  -twice as high i n  n i t r a t e  as LIB,% from. ~ " m  16 
(Table 1.2). 

The product 



Table 1.1. Opera t ing  Condi t ions  for % n i t r a t i o n  or" Th(NO3),'5H20 i n  t h e  A g i t a t e d  Trough Calc iner  

Run Number 14  1 5  16 17 18 19 a3 21 22 23  
S t e m  Temperature, *C 425 425 360 1150 (425-45@)a (425-450)' (425-h50)9 ( 4 2 5 - 4 5 ~ l ) ~  (425-450)& (425-h50)a 
Steam Rate, Ib/br 7.8 ?. f ib  6.6 11.8 7.8 7.8 7.8 7.3 7 .  8 7.6 
Skin Temperature ,  .C (375-425)' 400 403 430 (400-425)d (L;OO-b25)d (400-425)d (400-425)d (k00-425)d (409-425)' 
Tim, m f n  150 150 la3 120 1EO 180 160 1eC 1% 

%25*C for 2 hrs, t h e n  450.C f o r  1 hr 

b A i r  added wi th  t h e  s t e m  (-20 vol  $ a i r )  

'375-C for 1 h r ,  -then 425'C for 1 . 5  h r s  

d400"C for 1 h r ,  then 425'C for 2 hrs  

t . , 
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1 . 2  So l  Dispersion, Drying, and Calcining - C. C. H a m ,  Jr., F. N. McLain 

Product from the trough calciner stem str ipping s tudies  w a s  used t o  
study the e f f e c t s  of varying conditions for  dispersion in to  a sol ,  drying, 
and calcining. The density of the  f i n a l  product p a r t i c l e s  seemed t o  increase 
as the nitrogen content of t he  sol decreased. Dispersi.on in to  so l s  and t h e  
sol properties showed anomalous behavior with respect t o  the N/Th r a t i o s .  
All of the sols prepared gave products which could be vibrator i ly  compcLcted 
t o  8.4 o r  8.5 g / c c  i n  5/16-in.-dia tubes. 

The highest p a r t i c l e  densi t ies  and the highest vibrated densi t ies  
were obtained from trough calciner  products (Batch Nos. 4 and 5 )  low i n  
nitrogen. The low nitrogen content appears consistent with the small amount 
(-5 w t  $) of these materials which could drlsperse i n  80"c w a t e r .  A f t e r  
decanting of f  the dispersed phase and drying the  residual  powder from these 
batches, t he  dr ied powder dispersed readi ly  with additional t1itri.c acid. A 
small sample of  t he  dried powder (from Patch 5) w a s  .withheld from Vnfs n i t r ic :  
acid dispersion and stored f o r  about 2 weeks. S-lxty-eight per cent of t h i s  
sample (N/Th = 0,096) could then be dispersed i n  80°C water. 
t h a t  absolute nitrogen content alone i s  not a su f f i c i en t  c r i t e r i a  for. whether 
dispersion w i l l  occur. 

This indicates  

The advantages of carlying a dried s o l  t o  a high drying temperature 
( 1 5 0 ° C ) ,  re-dispersing the so l id s  and then processing them through the  
regular procedure were investigated. Duplicate samples were processed from 
four calciner batches, i . e . ,  7, 8 ,  9 and 10. 
9A and 10A) fdllowed the standard procedure, while the other ( B  Ser ies)  w a s  
dried and then re-dispersed before passing through the standard procedure. 
There was no detectable difference between the sample pa i r s  with respect t o  
density o r  vibratory compaction density. The re-dispersed smples ,  however, 
yielded a l a rge r  percentage of t he  desirable large (+16 mesh) p a r k i d e s  i n  
a l l  cases. This f ac to r  w i l l  become important when the  recycle of excess 
f i n e s  i s  studied. 

One serles of samples ('7-4, 8A, 

An increase i n  vibratory cornpaction density i s  obtained by tumbling the 
10/16 f ract ion of the s intered product (Table 1.3).  
vibrated,  beginnlng with samp1.e 7A, showed sa t i s fac tory  packing. Tumbling 
allowed an increase i n  -the packed density i n  a l l  cases t o  the desired minimum 
of 85$. 
8, 9 and 10 (before b a l l  mill ing) achieved a density of 85.3$. 
f a c t  shows t h a t  some bridging occurred i n  the small 5/1-6-in. tubes. 

None of t he  samples 

In  1/2-in. tubes a composite sample made up of a l l  of samples 7, 
This l a t t e r  

The product of run 18 was t rea ted  with hot water t o  t e s t  i t s  dispersion 
cha rac t e r i s t i c s ,  and then allowed t o  set t le .  Three-fourths of one per cent 
of the  so l id s  dispersed i n  8 0 ° C  water. Your dis t inct ,  layers  were observed 
af ter  completion of the s e t t l i n g .  A c l ea r  water layer w a s  on top, folloued 
successively by a sol l ayer ,  a flocculated layer  an4 a. sedimentary layer.  
A sample of each layer  w a s  taken and the  quantity of each layer w a s  measured. 
The r e s u l t s  of t h i s  sampling-measuring procedure are given fn  Tsble 1.4. 
i s  noted t h a t  some 1$ of t ho r i a ,  i . e . ,  a l l  layers  other than the sediment, 
has 2-1/2$ of t he  t o t a l  nitrogen. 
extremely high, possibly indicating nitrogen "free" of tile thor ia .  
are usually encountered above N/Th = 0.3, t h i s  i s  an unusually high value 

I t  

The N/Th r a t i o  of the upper two layers i s  
As f l o c s  
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Table 1.3. Results of Dispersion and Fir ing Tests 

Vibratory 

Density 
Toluene Compact ion 

g / c c  

N/Th Screen 
Batch Atomic Analysis ( w t  $) Eensity 

No.  Ratio c16 +loo -100 g /cc  

4 
5 

99 83 
9.88 

8. 4a. 
8.4" 

31.3 
22.4 

0.7  
0.4 

9.78 
94 97 

7A 
7 B  

aA 
8 B  

0.242 83.5 
87.0 

16.1 
12.3 

0.4 
0.7 

9.77 
9.75 

0.172 71.7 
83.6 

28.0 
15.7 

0 .3  
0.7 

9.76 
9.73 

9A 
9 B  

0.187 78.3 
84.2 

9.80 
94 72 

LOA 
10B 

21.4 
14.6 

0 . 3  
1.2 

0.178 75.2 9.81 7910 =t99 

5/16-1n. tube a 

b5/16-in tube ; 10/16 fraction tumbled 
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Table 1.4. Nitrogen-Thorium %lance for  Four Layered Sample I.__LI. 

Nitrogen Thorium N/Th 
Layer Present Present Atomi.  c 

Description Q g Rat Eo 

Water, clear 0 a9 0.124 12.5 
Sol 0.47 1.975 3.96 
Flocculated 0.06 9.86 0 e 106 
Sedirnentiary 1.14 1264 0 a 018 

Total. 1.76 1276 
___I ----..-__I- _-__--.- 
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t o  obtain a s tab le  sol. The f loc  which w a s  obtained is  about the  minimum 
N/Th r a t i o  at which sols are obtained. The sedimentary layer could not be 
expected t o  disperse at  a N/Th r a t i o  as l o w  as tkt given; so i t s  behavior 
is considered normal. 

The above r e su l t s  f i r t h e r  i l l u s t r a t e  the conclusion that, while the 
presence of nitrogen i s  a necessary condition t o  obtaining dispersion, i t s  
concentration within spec i f ic  l i m i t s  per se i s  not a suf f ic ien t  condition 
t o  obtaining a predictable r e su l t .  
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2.0 HR THORIA BLANKET STUDIES 

P. A .  Haas 

Engineering assi stance and development are 'neimg supplied for t he  
i r rad ia t ion  of thor ia  o r  thoria-urania s l u r r i e s  or p e l l e t s  as fabricated 
f o r  reactor blankets. The pr incipal  objective i s  t o  study the  mechanisms 
which cause p a r t i c l e  degradation during i r rad ia t lon  of the oxide s l u r r i e s  
o r  p e l l e t s  i n  w a t e r .  

2 . 1  HR I r rad ia t ion  Engineering - S. D. Clinton 

Seven capsules were loaded with oxides, welded, inspected, a n d  scheduled 
f o r  inser t ion in to  the  LITR on May 2, 1961. 
follows : sixteen Th02-UO2 p e l l e t s  (2  w t  $ fully-enriched UO,), s ixteen P-82 
Tho2 p e l l e t s ,  f i v e  g o f  arc-fused Tho2 (10-12 mesh), f i ve  g of ge l  Th02 
(10-12 mesh), and two g of c lass i f ied  DT-22 Th02-UO2 powder (0.5 w t  $ f u l l y -  
enriched UO,) . A Co w i r e  for monitoring the thermal neutron flux and a 0.1 
g of s i lvered Yorkmesh for absorbing iodine-131 were inserteed i n  each capsule. 
The maximum temperature i n  the  experiment should occur a t  the center of t he  
Th02-UO2 pellets. A t  a thermal neutron f lux  of 2 x loL3 and with IIe i n  t h e  
capsule, t h e  calculated maximum temperature i s  275°C. The thermal gradient 
(center t o  surface) within a ThO2-UOz p e l l e t  i s  expected Lo be approximately 
600"C/in. 
exceed 100 t o  150°C. 
only four  weeks; the Tho2 preparations w i l l  be exposed t o  re la t ive ly  f e w  
f i s s i o n  fragments due t o  the  27 day h a l f - l i f e  of Pa-233. 

The oxide preparations are as 

The maximum temperatures i i a  t h e  pure Tho2 samples should not 
Since the i n i t i a l  "dry i r radiat ion" i s  scheduled for 

A 347-SS autoclave (Dwg. C-34593) w a s  designed and fabricated. fo r  
i r rad ia t ing  multiple samples of " w e t  'IIhOz" i n  the  C- lc3  ail--coaled f a c i l i t y  
of t he  LSTR. The autoclave, which i s  sealed at  one end. by a threaded f i t t i n g ,  
has a cavity dimension of 7/8-in.-ID by 7-1/4-in.-long and a wall thickness 
of 1/16-in. 
i n to  the autoclave bomb increasing the e f fec t ive  heat t ransfer  area by a 
f ac to r  of four. 
velocity of 55 f t / s ec  (38 scfm), approximately 475 watts of gamma and f i s s i o n  
heating can be removed from the bomb (h = 10 Btu/hr-ft"-'F). 
a Loaded autoclave may be 8s follows: 330 g SS ( l e s s  t'mn 60 g i n  the f i n s ) ;  
100 g of Th02, and 40 g of  D20. 
the  LITR, gamma heating w i l l  contribute 235 watts leaving 240 w a t t s  of 
allowable f i s s i o n  heat.  
0.3 w t  $ U-233 i n  100 g of Tho2 which would be present after f ive  months i n  
the  LITR. 

Twenty-four longitudinal, t r iangular  shapped f i n s  were machined 

With an autoclave surface temperature of 250°C and an a i r  

The weight of 

A t  a t h e m 1  neutron flux of '2 x loL3  i n  

This q m n t i t y  of f i s s i o n  heat i s  equival-ent t o  

An autoclave of t he  preceeding design fs scheduled for reactor inser t ion 
on Tky 23, 1961, and w i l l  be loaded with the Following: 
sol-gel  'ri?Oz p e l l e t s ,  arc-fused Tho2 p e l l e t s ,  arc-fused 'Th02 partic'l  e s  (300 
-to 500 microns), DT-46 Tho2 s l u r r y ,  and single c rys t a l s  of Tho2 (p-repared 
hy fused salt process). 
i n  thiniwalled, annular tubes (maximum OD = l l /32-ina ),  designed t o  permit 
thermal convection of DzO past the pe l l e t s ;  whereas, the s lu r ry  01- p a r t i c l e -  
type  Tho2 mterials w i l l  be enclosed i n  single,  thin-walled tubes. 
sample w i l l  be exposed t o  common gas 3nd l i qu id  phases by sintered s t a i n l e s s  
steel  disks  ( 5  micron meen pore s i z e ) .  

pressed Tho2 p e l l e t s ,  

The p e l l e t  preparations wi 11 be contained separately 

Each 
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3.0 I O N  EXCHANGE 

S. C. Suddath 

3.1 Predictions of Uranyl Sulfate Loading Rates on Chloride Equilibrated 
Dowex 2lK - J. S .  Watson 

During the past  months, considerable data have been obtained and reported 
which demonstrated t h a t  uranyl su l f a t e  loading rates on su l fa te  equilibrated 
res in  a re  r e l a t ive ly  insentive t o  the solution uranium and sulfate concentra- 
t i ons  over the  range of solution concentrations stuaied. This observation 
suggested that the  loading rates could be predicted by calculating the r a t e  
at, which a s ingle  uranyl su l fa te  ion would load onto a res in  equilibrated 
with su l f a t e  ions+ 
that the  uranium could be conai&lered t o  e x i s t  as a single specie,  Calcuba- 
t ions showed t h a t  t h i s  simplification did allow the  loading r a t e s  t o  be 
predicted seasonably w e l l  with only self-diffusion coeff ic ients  of the ions 
involved e 

This  was a s igni f icant  simplification since it assumed 

Attempts have now been rnade t o  apply t h i s  analysis t o  uranyl su l fa te  
loading r a t e s  on chloride equi l ibrated res in*  
been so sat isfying,  but f i n a l  evaluation of the r e su l t s  w i l l  await more 
data on loading r a t e s  from solutions having d i f fe ren t  uranium and su l f a t e  
concentrations. 
equi l ibrated 960 micron Dowex 21K are shown i n  Figure 3.1. 
shown are from a run using a loading solution 0.005 M i n  uranyl su l fa te  
and 0.025 - M i n  t o t a l  su l fa te  ( the balance i s  from s u i h r i c  acid and sodium 
su l f a t e ) .  
capacity occupied by uranium at  equilibcfm. 
predicted by the  calculations if a uranium fori (with charge -2) were diffusion 
in to  960 micron ree;in equi l ibrated with chloride ions. 
were assumed t o  take par t  i n  the proeenss. 
r a t e s  are higher than those observed experimentally. 
too be the bes t  assumptions t o  describe %he process since the uranyl su l f a t e  
complex could not e x i s t  i n  the presence of large quant i t ies  of chloride ions 
i f  there w e r e  no su l fa te  ions; however, they do present m upper l i m i t  on 
%he loading rate. Ln the  experimental cases, s ign i f icant  quant i t ies  of 
su l f a t e  ions are always present. W i t h  a loading solution such as t h a t  used 
%o obtain Figure 3.1, the r e s in  at, equilibrium w i i l  have approximately 0.75 
sf i t s  capacity occupied with the  uranyl. su l f a t e  complex (assuming the 
compEex carries 8 charge of -2)"  
a@couulfa, and assuming the  r e s t  oq the res in  capacity (at equilibrium) 
occupied w i t h  su l f a t e  ions was expected t o  lower the predicted loading 
m t e ,  buf; the degree t o  which. it m s  lowered came as a surprise (Figwe 3.1) e 
The @alcmla%ed curve w a s  considerably lower than the Qbserved curve. 
d i f f i c u l t  t o  in te rpre t  t h i s  behmlor quant i ta t ively but the data m a y  f a l l  
above the lower curve because of e i the r  sf two reasons, (1) the sSngle uranyl 
~U$fate species which controlled the loading r a t e  on suZf&%e equilibrated 
resin does not control the rate on chloride r e s in  (e .g , ,  lower sulfatde 
complexes may be signiffcan%), o r  ( 2 )  the  assumption t h a t  the res in  capacity 
not occupied by uranium i s  oceupied by su l fa te  ions is  not va l ida  
Ea%ter cause appears ta be more probable and w i l l  be considered f i rs to  Some 
b isu l fa te  ions are always present on the rmin  when it is l a d e d  from uranyl 

Here the  r e su l t s  have not 

Calculated rates of uranium su l fa te  loading on chloride 
The data pints 

The parameter fo r  each curve? f ,  is the f rac t ion  of the res in  
The upper curve s h o w s  the r a t e  

No free su l f a t e  ions 

These a re  not considered 
Note tkt; the predicted loading 

Taking t h i s  lower uranium loading in to  

It is  

This 
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su l fa te  solutions or acid su l f a t e  solutions.  The e f f ec t s  of the b i su l f a t e  
ion can not be predicted q u m t i t a t i v d y  w i t q h  information presently available.  
Attempts have been made during equilibrium studies  t o  determine the mount 
of b isu l fa te  ion on the  resin by e lu t ing  the res in  w i t h  a neutral  chloride 
o r  n i t r a t e  salt and analyzing f o r  the hydrogen ions present* However, the  
hydrogen ion concentration i n  %he re la t fve ly  coneentrated eluate  1s too 
small t o  measure accurately although it may represent a s igni f icant  f rac t ion  
of the res in  capacity. 

One method of treatment woula be too simply ignore the  r e s in  capacity 
occupied by the b isu l fa te  ion and. consider the predicted loading rate of 
only uranyl su l f a t e  and the su1fat;e loading on chloride res in  where the  SO; 
concentrate ac tua l ly  present at equilibrium ( ra ther  than su l f a t e  +2 b i su l f a t e )  
is  used. The problem i s  thn t  the  equilibrium su l fa te  concentration is not 
known. However, as shown i n  Figure 3.1, one can f i t  the experimental data 
by assuming values f o r  the f rac t ion  of available res in  capacity (neglecting 
bisulfate) occupied by uranium a% equilibrium. 
0.98 fo r  the f rac t ion  f i t s  the data m e a n s  l i t t l e  since it i s  an empirical 
fit. However, these calculatlons also predict  the r a t e  a t  which chloride 
leaves the r e s in  as well. as the r a t e  a t  which uranyl su l fa te  loads the  res in .  
It i s  in te res t ing  t o  note t'mt the predicted r a t e  a t  which chloride I s  being 
eluted from the  r e s in  appears t o  be essent ia l ly  the measured ra%e when the 
equilibrium loading f rac t ion  i s  assumed t o  be 0.98 (Figure 3.2).  

The f a c t  that a value of 

Currently measurements of uranyl su l f a t e  loading rates are being mde  
with a wide range of soEution concentrations. 
experiments covered a rather w i c k  range of s~ l~- t ; r ion  concentrations only f o r  
loading s tudies  on su l f a t e  equi l ibrated res in .  It hss j u s t  been shown t h a t  
var ia t ions i n  the fractions of %be re s in  capacity Occupied. by uranyl su l f a t e  
and su l f a t e  ions at  equilibrium should affect the observei! loading rates, 

The in i t i a l .  s ingle  beaS1 
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4.0 POWER REACTOR FUEL PROCESSING 

C .  D. Watson 

4.1 Shearing and Leaching - - 13. C .  Finney 

A chop and leach program t o  determine the economic and technological 
f e a s i b i l i t y  of continuously leaching the core material  (UOa o r  UOZ-ThOz) 
from re l a t ive ly  short  sections (1-in.  long) of fue l  elements produced by 
shearing is continuing. 
of recovering f i s s i l e  and f e r t i l e  material from spent power reactor  f u e l  
elements without dissolut ion of the i n e r t  jacketing material  and end 
adapters. 
as so l id  waste. A "cold" chop-leach complex consisting of a shear, conveyor, 
leacher, and compactor i s  being evaluated p r io r  t o  "hot" runs. 

This processing method enjoys the appasent advantage 

These unfueled portions are stored d i r ec t ly  i n  a minimum volume 

Conveyor. The leacher s p i r a l  rotary drum was operated on the t e s t  
rack independent of the  outer  s h e l l  at a 20 degree angle of incl inat ion and 
-2 rpm t o  determine the reason for the  severe backmixing encountered when 
the leacher w a s  operated a6 a conveyor. It vas found t h a t  the  backmixing 
w a s  the  r e s u l t  of the open gaps between the f l i g h t s  and the inner cylinder 
at both the feed and discharge ends of the leacher. The open gaps allowed. 
the  chopped sections of  s t a in l e s s  s t e e l  rods t o  f a l l  back from one f l i g h t  
t o  the next. 

Modifications t o  the  leacher w i l l  be made t o  eliminate the  gaps and 
fu r the r  t e s t s  w i l l  be made t o  determfne the  optimum baat;efa size. 
t e s t s  have been made using a 3 l i t e r  batch but there  is  some question as 
t o  whether t h i s  i s  the optimum batch s i ze .  

Previous 

Leaching. A t o t a l  of s i x  glassware leacher model dissolut ion runs 
(Run-19 through 24, Table 4.1) using various HNOa concentrations and flow 
r a t e s  were made t o  fur ther  invest igate  the operating charac te r i s t ics  of the 
4 stage leacher model. 

It was found t h a t  4 M HNOa a t  a HNQa/UOz mole r a t i o  of 4 (37.5 ml/rnin, 
Table 4.1) was inadequate-to completely dissolve the  U02 pe l l e t s  i n  a 4 hr  
dissolut ion time. 
successive stagewise heel buildup. 

The run (Run-19) was terminated as the r e s u l t  of a 

Complete dissolut ion of the UOz p e l l e t s  w a s  accomplished when using 
5.5 M HNOs a t  a I€NO3/UO2 mole r a t i o  of 5 (Run-20). 
uranTm loading and ac id i ty  for  nine batch charges of UO2 pel.lets is presented 
in. Figwe 4.1. Steady-stage operation was at ta ined i n  3-4 batches and the  
composite product (section of cumes above l i n e  A-B) uranium concentration 
and ac id i ty  w a s  275-300 g/li.ter and 2.2 - 2 , 5  M HN03; respectively.  It i s  
estimated t h a t  there  is approximately a 25% inzrease i n  the time f o r  complete 
dissolut ion when using 5.5 M HE\VOs as the  dissolvent as compared t o  7 M - E N Q 3  
at eompara~.e operatimg condit.ions a 

A plo t  of the  incremental 

Figure 4.2 i s  a plot, sf the  incremental uranium loading and ac id i ty  fo r  
a nine batch dissolut ion run ( R u n - 2 1 )  using 7 M - HNO3 at; a IiNO3/UO+" mole r a t i o  



Table 4 .1 .  Leacher Model Dissolution Data U02-;!:J03 System 

pwli Rejects (0.360-in.-OD x 0.370-in.-long, ecges chipped) p ? e l l e t s :  10.1 g/cc 

Dissolvent (moa) 302 P e l l e t s  Acid 
202 Dissolution Flow Vol h% Procuct (Coryosite: Consumption 

R u n  Patches Time, Temp. AEfte l i t e r s  Charged ;6 'bading H 
30. Use6 min *C M - ml/mln ( t o t a l )  g Dissolved g U / l i t e r  E l i t e r s  g-mol ii?TG3 feed g-ml L102 

x-19 

R -20 

-3-21 

R-22, 

R-23 

R-24*' 

1 
2 
5 
1 
5 

1 
2 
3 
4 
5 
6 
7 a 
1 
2 
3 
4 
5 
6 
7 
6 
9 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 
2 
3 
4 
5 
6 
7 
b 
9 

240 
240 
240 
220 
100 

240 
240 
240 
240 
240 
240 
130 

70 

240 
240 
240 
240 
240 
240 
240 
240 
240 

160 

240 
2$0 
2k0 
240 
240 
210 
240 
2ko 
240 

2ko 
240 
240 
240 
240 
240 
240 
240 
PLO 

101-103 
101-103 
101-103 
101-103 
131-103 

130-105 
100-105 

100-105 

100-105 

103-109 
1cj-10y 

100-105 

100-105 
100-105 

100-105 

103-109 
i03- 109 
101-109 
105-109 
103-109 
103-109 
103-109 

92 -94 

101-108 
101-108 
101-108 
101-108 
101-108 
101-108 
101-108 
101-108 
101-108 

101-109 

10;-109 

101-109 

101-:09 
101-109 

101-109 

101-109 

101-109 
101-109 

4 

5.5 

7.0 

7 

7 

7 

37.5 

33.4 

30.3 

19.8 

22.9 

26. 3 

12.75 

16.4 

18.5 

3.2 

15.4 

i 7 . 6  

600.3 
602.5 

601.7 
603.1 

602.1 

602.0 
600.0 
602.2 
600.1 

600.3 
604.1  
600.9 

601.2 
600.0 
630.3 
600.0 
600.8 
600.6 
600.3 
600.4 
603.6 

600.5 

601.5 

600.3 
600.5 
599.5 
600.0 
600.0 
601.0 
601.9 
600.3 
600.9 

601.1 
601.2 
601.3 
6 0 1 . 4  
601.4 

b 2 . 3  
603.5 

597.8 
599.6 

98.3 
97.6 
96 

R u n  was discontinued because s-tagewise heel build up vas 
indica t ion  t h a t  chosen run conditions were inadequate for 
com?lete d isso lu t ion  in 4 hrs .  

83.1 
43.3 

100 
100 
100 
99.5 
99.8 
100 
100 

50.5 

100 
100 
100 
100 
100 
100 
100 
100 
io0  

100 

100 
100 
100 
100 
130 
100 
100 
103 
100 

100 
100 
100 
100 
100 
100 
100 
100 
1,X 

264 2.59 17.1 9.2 

257 4.14 18.5 12.9 

170 5.04 3.17 1.42 

297 3 . 6 9  16.2 1l.e 

13 

10 

6 .3  

10.5 

9.0 

2.55 

2.64 

2 . a  

2.56 

2.55 

* Temperature of stage was maintained at -1O'C below b o i l i n g  to dexemine e l f e c t  of lower temgerature. 
** Crushed U 0 2  of following size d i s t r i b u t i o n  was usee in each s tage :  62.5s - :/4-in. + 47631; 22.7% - 4760~ + 16bou; 11.5% - 16Mp + 2 9 7 ~ ;  1 .5% - ~ 9 7 ~  + 

1@; 1.95 - 143~. 



UNCLASSIFIED 
ORNL-LR-DWG Sllle 

Conditions: 

5.5 .%r HNO 33.4 ml/min 
U02 pellets QPLW rejects, 0.360 in. O.D. x 0.370 in.  long, p 
HNOy’U02 mole ratio = 5 

IC.1 gms/cc) -600 gms/batch 

400:- 0 U r a n i u m  Loading, gms/liter 
r6th ktch 

DISSOLUTION TIME, mins. 

Fig. 4.1. Ciranium loadins a d  9’ os a function of dissolation time for 4 stage Ieache. model d i s x l i u t i o n  
(Run-20) of eight batches of U 0 2  pellets based en a 4 hour dissolution time. 
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of 5-74. 
The u'ranium concentration varied fmm 215 - 235 g / l i t e r  minimum t o  375 - 
400 g / l i t e r  maximum and the ac id i ty  varied from a minimum of 2.6 M to 4.4  M 
HNO3. The composite product was 300 - 325 g / l i t e r  uranium and 3 * 7  - 3.5 E- 

Again steady state was at ta ined in  approxima.tely 3-4 batches. 

HE03 - 
A single batch. scouting run (Run-22) vas made using 7 M EN03 a t  a 

HNOs/UOz mole r a t i o  of 3.75 t o  invest igate  the  e f f e c t  of mayntaining the 
dfssolvent temperature approxlmtely 10°C below boiling (-92*C) 
of" the incremental uranium loading and ac id i ty  for R u n - 2 2  and Run-17 i n  which 
%he dissolvent temperature was maintained a t  botling (-101°C) is  presented 
i n  Figure 
%he conclusion of the first hour dlessolwbion, 79.5% of the UOe p e l l e t s  had 
been dissolved i n  Run-17  as compared to 6 6 . ~ $  i n  R u n - 2 2 .  

A comparison 

Although the  e f f luent  u m i w n  concentration was the  s a ~ e  at 

Run-23 was 14, nine batch rzul uslng 7 M HN03 a t  a IfM03/UO, mole r a t i o  of 
4.33  as the  dissolvent (Figure 4.4). In @omparing R u n - 2 4  (Figure 16.4) and 
Run-21 (Figure 4.2), the lower HIYOS/UO~ mole r a t i o  of Run-23 resul ted i n  a 
higher minimum and maximum uranium loading and lower ac id i ty  at apparent 
steady state. The uranium loading wried from 300 - 500 g / l i t e r f o r  Run-23 
as compared t o  -225 - 375 g / l i t e r  for R u n - 2 1 .  
loading and ac id i ty  was 415 g / l i t e r  and 2.3 M HNOs For Run-23 as compared 
to -310 g / l i t e r  and 3.4  M HNO3 f o r  R u n - 2 1 .  The e f f ec t  of a lower KNO3/UO2 
m o l e  r a t i o  is Lo producea  product of a higher uranium loading and lower 
ac id i ty  w i t h  some increase i n  dissolut ion t i m e .  

The composite product uranium 

Run-24 w a s  a nine batch run using 7 M HN03 at a. HN03/UOa mle r a t i o  of 
Each W t  was! charged Gith -600 g h f  crushed LJQz p e l l e t s  

62.5 wt $ - 2/4 inch -t 4760~; 
4.95 (Figure 4 ,5) .  
of the  following par t i c l e  size dis t r ibu t ion:  
22.7 w t  $ - 4 7 6 3 ~  + 1680~; 11.5$ - S.680~. + 297cl.j 1 . 5  wt % - 297~ + 2,49cl; 
1.9 w t  % - 149~. 
steady-state operation i s  not as clearly defined when dissolving crushed 
UQz p e l l e t s  as compared t o  w h o l e  U02 p e l l e t s  as evident by the continuing 
change i n  line AB. 
g / l i t e r  whereas there  appears t o  be ht aecreasing trend i n  the mintmum uranium 
loading and the  acidf ty  varied from -2 M HMO3 t o  -4.6 M - HNO3. 

The number of batches required t o  a t t a i n  an a p p r e n t  

The maxim uranium l o d i n g  wa6 f a i r l y  constmk at -400 

The composite 
. 

psoduc2; W ~ S  -320 g/liter u r m i ~  and -371 M - KNOs. 
4.2 U-C f ie1  Processing - €3. A. Heulnaford 

Proposed r e a c t o ~  fue l s  of the uranium-graphite type contain par t icu la te  
rsmpxmds (UOz, UQ&I!h02, U@zJ UCn-ThCa) dispersed i n  a graphite matrix. 
Fuel partiekes may be uncoated or  coated with. a refractory (AI-203, pyrolytic 
carbsn); fuel  elements may be coated with Si@ o r  associaked wiLh wnfueled 
graphite 

A s  the  basis for  a preliminary es-timte of the cost  of processing a 
uranium-graphite fue l ,  a, continuously-loaded 350 MWT Pebble Bed Reactor1 
was chosen. Processing load, assuming plant operation 300 tlays per year, 

'J.UYO-2373, Progress Report, Pebble Bed Reactor Pxogrm. 
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Uronium Lmdiny, grns/iiter 

o H+, ,M HN03 

dNCLASS!FI ED 
ORNL-LX-DWG 6i122 

Conditions: 

7 3: H N 0 3  26.3 rnl/min 
Crushed UO2 pe ie t r  -600 gmsbotch  
?article size: 

khO3/dO2 mole ratio = 4.95 

62.5 W/O - 1/4 inch + 4760 p; 22.7 w/o - 4760 p + i680 p; 11.5 w/o - 1630 p + 297 p 
1.5 w/o - 297 u + 149 w; 1.9 w/o - 149 IJ 

DlSSOLUTlON TIME, mins. 

Fig. 4.5. Uranium iwdiny and H+ os a iunciion of dissolution iime for 4 stoge izacher model dissolution 
(Run-24) of nine batches 06 crushed LJOg peilets bosec; or, a 4 hour dissolution time. 



would be EO0 kg/day. 
pyroly-tic carbon, dispersed i n  l-l./2-ina spheres covered with Si-Sic 

Fuel was assumed t o  be UQ-TbCz pa r t i c l e s  coated with 

TheQlow permeability of disintegsated 3% U-graplmi-be fuel  t o  %he flow 
of waterL (or acid) indicates  that the time required t.0 separate the acid 
and water from the reference (PBR) f u e l  w i l l  determine the t o t a l  cycle t i m e ,  
assuming t h a t  the irradiated reference f ie1  behayes i n  the same way as t h a t  
used i n  l a b r a t o r y  t e s t s .  k a c h i n g  experiments on the 3$ U fue l  showed t h a t  
extended leaching with a single batch of acid was less ef fec t ive  than several 
successfve leaches covering the sme tots1 1taime~3 
permeability and the advantage of countereurrent extraction - suggest that 
continuous flow of solution i s  desirable .  

BD.E;L~ these fac tors  - LOW 

On the basis of many assmp%fons, a critically-safe slab dissolver was 
sized, having a thickness of L-ino, width of -24-in., and height of -15 ft. 
The asswt . ions  were : 

E. Mass of" fie% = 100 kg 
2. 
3 +  Pore volume = -90 Biter  
4. 
5. 
6 ,  Dissolver Cycle 

Volume of dis integrated f u e l  = -150 l i t e r  

Volwne of leach and wash required = -420 l i t e r  
Permeability = -63 gal ft-"hr"' per I?% %hichess  

a* 1.0 h r  Pour new sand f i l t e r ;  add 
b. 0.5 hr Crack ~ncl  load fuel  
c. 2.0 hr Soak ttme 

e. 4,2 hr wash w ~ t h  eow-k~nuolxs f l o w  of water 
f .  005 hr  Transfer slurry waste rf sand, graphite, Si-Sic 

a. 15.8 k~ wfth, C Q ~ ~ ~ ~ U O U S  T ~ O W  ~f a m  

The passibfbity of et splantmeous explosfc3n of  graphite a d  f m n g  HNO3 
&s been raised imm %We to +xime. 
gave negative results. 
and f r e sh  90$ HNO3 failed to detonate when primed by a No. 6 cap and a 5 g 
PETN boaster. 
crater size of" the sample wi th  a blank (using mter instead of MN03) m d  of 
an e q u a ~  vc31me of 40$ exma fipmite* 

empirical t e s t  of" this possibility 
A lOQ cc rdlrture of acid-disintegrated U-graphite 

This conclusion w a s  "based on a comparison of the sound and 
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(up t o  10%) without the intermediate precipi ta t ion of UF4 which would occur 
i f  no oxidant were added. Dissol.utions of unirradiated zirconiim fue l s  a r e  
being carr ied out both on a, laboratory scale and i n  engineering-scale equip- 
ment. 

Run C Z r - 4  w a s  made i n  the  engineering-scale equipment using dissolvent 
i n i t i a l l y  6.65 M NB4F-0.67 M NH4N03-0.01 M :i=?O, (Table  4 .2) .  
PWR-1 prototype-weighing 1778 g w a s  98.2$-dissolved (portions of the thicker ,  
i n e r t  7$r-2 side p l a t e s  remained) i n  4 hrs  of refluxing. 
the NO; required t o  oxidize the H2 t o  NH3 w a s  present, the off-gas a f t e r  
!mo3 scrubbing ( t o t a l  volume only 0.94 f t 3  a t  1 a b m  and 78V)  contained 27 - 
42% hydrogen. The o f f -  
gas was sampled by flowing the e n t i r e  stream through the sampler f o r  t he  
period indicated. The Nz/O2 r a t i o  
of -4 i n  sample No. 2 suggests air contamination but the r a t i o  of 2.7 i n  
sample No. 1 indicates  t h a t  some oxygen w a s  ~ v o l v e d -  i n  the disso'I-ution. 

The unoxidized 

Although 1110% of 

Ammonia evolution was 4.86 moles/mole Zr dissolved. 

Off-gas data  are shown i n  Table 4.3. 

Table 4 .3 .  Off-.gae Data f o r  R i m  CZr-4.  

Sample Volume $ of Dissolu- Composition ($) 
No. Passed (rt3) t i o n  Time Hz 02 N2 

l 0.32 9 - 25 42 14  38 
2 0.12 ag - 52 27 1.4 54 

Before run C Z r - 4  was made the equipment had been modified by the addition 
of a s ight  glass  i n  the top of  the dissolver,  f o r  observing foaming character- 
i s t i c s ,  and a samp1.er and. rotamete? i n  %he l i n e  returning overhead condensate 
t o  the dissolver.  In  t h i s  run a boil-up of 0.07 cc/cm2-min (based GII i n i t i a l  
f u e l  surface) was sustained by external  heat; t h i s  vas more than doubled a t  
t he  peak dissolution r a t e  by heat of reaction; no s table  foam was observed. 
The condensate (boil-up) rate md NI340H concentration i n  t h e  condensate are 
p lo t ted  i n  Figure k.6.  
f o r  unoxided fue l ,  t a i l i n g  o f f  from the i n i t i a l  high boil-up and NH40R 
concentration. Ammonia and scrubber off-gas evolution behaved as described 
for a previous run with unox-ided f u e l  (Unit Operations Monthly Progress 
Report, Mareh 1961). 

'The shhpes of the curves a r e  as would be predicted 

The dissolution product from rui C Z r - 4  w a s  s t ab i l i zed  with t h i r t e e n  
d i f fe ren t  combinati.ons of HN63-Al( NO3)3 t o  produce solutions for corrosion 
and s t a b i l i t y  tests.  Two Levels of n i t r i c  acid (0.75 m d  1 .5  M) and three 
l eve l s  of Al(H03)3 (0.6, 0.8 and 1.0 M) were eval-uated with vaFiable Zr 
concentrations from 0.36 - 0.58 M at  Ik constant F/Zr r a t i o  o f  6.8. 
shows approximate compositions and r e l a t i v e  f luoride complexing for these 
solutions.  No precipi ta tes  formed. i-n any of the solution i n  the f i r s t  24 
hrs  but a f t e r  16 days a. coarse, white, c rys ta l l ine  prec ip l t s te  was observed 
i n  solutions No. 1 and 8;  these contained the  highest Zr concentraPions and 
the lowest Al concentrations a'c both acid 1eveI.s. A l l  the other  compositions 
were stable after 1.6 d8ys a t  room temperature. 

Table 4 .4  
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Table 4.2. Data for Modified Zirflex Runs 

___ ~~ 

H20za 
Di ssolvent Fuel Specimen Add. Rate Diss. 

R W l  VOL NH*F NH4NQ3 H@2 Diss. moles Time  
No R M Type Wt? 8 $ cm2-min hr s M M - - - 

c ~ r - 4  
MZr-11 
MZr-12 

MZr-14 
MZY-13 

~ z ~ r - 1 5  
~ z ~ r - 1 6  

_ _ ~  

18.9 6.65 0.6--[ 
0.220 6.6 0.32 
0.280 6.6 0.32 
0.260 6.54 0.00 
0.290 6.5 0.00 
0.285 6.65 0 ~ 6 7  
0.316 6.79 0.00 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

m-1 1738 98.2 0.4 x loa5 4.0 
TRIGA 17.158 100 0.6 x 10”’ 2.5 
TRPGA 27.512 9 4 , l  0.6 x LO+ 3 . 5  
PWR-1 23.973 95.1 0.4 x 4.0 
TRIGA 27.063 94.6 0.5 x 3-27 
f i ” R - 1  26,764 96*3 0.5 x 3.0 

%$u-zP 27.136 loo 0.6 x 3.7 

S tab i l izer  
Run Val, HN03 Al(N03)~ 

C Z ~ - 4  Variable 
m,r-ll 260 1.8 i . 8  
MZX-12 330 1.8 1.8 
MZr-13 350 1.8 1.8 
MZr-14 360 1.8 1.8 
MZr-15 550 1*8 1.8 
1~m-16 ~ 7 7 ~  - - 

d Solvent Extraction Feed 
Vol, Zr U Sn F H20z 

cc g l l  g / J  glR - M M - F-/U 

Corrosion T e s t  Solutions 
473 33.3 2.6 0.04 2.94 0.004 70 
602 38.3 2.4Tb 0.02 2.93 0.007 40 
627 33.1 0.94 0.47 2.24 0.002 NL@ 
660 3-.5 2072 - 2e70 0.001 38 
645 38.1 0.95 0.50 2.83 0.001 mc 
608 35.5 2,12 0.02 3.10 0.002 (55>f 

U-Z,r - Sn 
Matl. 
Bl., $ 

-, 

99.0 
95.0 
95.2 
96.1 
99.1 
84.3 

AS 3% solut ion (-0.9 M) a 

b~lso a small amount of U F ~  ppt 
c 

Not l i m i t i n g  a t  low U per centages C 

‘ A ~ s o  -1 M - HNo3,  -1 M - Al(N03)~ 
e fI2Q 
fCalciLated (some precipi ta t ion)  ; i n  supernate F-/U = 86 
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Table 4*ke Compositions and Relative Complexing of Solutions 

Solution HN03 A l  Zr F- c X 
M M - 4 ~ r  -I- AI- C/F‘ F- = 4zr -I- xa~, 
I 

M - M - NO. 

0.6 
0.6 
0.6 

0.58 
0.49 
0.40 

3.9 
3 . 3  
2.7 

2.70 

1.87 
2.28 

1 
2 
3 

0.74 
0.77 
0.01 

0.8 
0.8 

0.49 
0.40 

2.76 
2.40 

0.83 
0.88 

4 
5 

3 . 3  
2.7 

1-71 
1.40 

6 
7 

0.40 
0.36 

2.7 
2.4 

2.60 
2.44 

0.96 
1.00 

1.12 
1.00 

0.75 
0.75 

1.0 
1.0 

0.6 
0.6 
0.6 

0.54 
0.45 
0.36 

3.6 
3.0 
2.4 

8 
9 

10 

2.74 
2.39 
2-04 

2.50 
2.09 
1. 67 

0.8 
0.8 

0.4.5 
0.36 

0.85 
0.92 

1.56 
1.25 

11 
12 

3.0 
2.4 

2*59 
2.24 

0.36 2.4 2.44 1.00 13 1 .5  1.0 1.00 
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Six runs were made i n  t h e  1 i n .  d i a  rec i rcu la t ing  batch dissolver  

(Table 4.2).  
dissolut ion could be accomplished to free fluoyidc t o  uranium (P"/lJ) r a t i o s  
of < 70 with a probable lower l i m i t ;  of  -40. R u n  13 showed that dissolut ion 
rates were comparable with no NO5 present; more foaming was evident due t o  
t h e  increased Ib evolution. R u n  14  showed t h e  same H 2 0 2  r a t e  would oxidize 
U when present i n  higher per tentages. Run l.6 showed very l i t t l e  difference 
between 86 U-Zr and 8$ U-ZrB. 
observed i n  run l5 with less foaming dize t o  a smaller volume of  HZ evolved. 

R u n s  MZr-11 and 12 made w i t h  8% U - Zr iI alloy showed t h a t  

S l igh t ly  higher dissohxtion rates were 
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5~ REACTOR EVALUATION STUDIES 

J. C. Suddath 

5.1 Seat Transfer from Spent Fuels during Shipping - S (I Watson 

Experimental detesmina%ions of spent reactor  f u e l  temperatures in 
simulated shipping casts have been s ta r ted .  
with 5/16-in. 304 SS tubes spaced OO3'j'-in. apar t  and supported horizontally 
within a 12-in.-ID SS container a8 &scribed i n  %he March. Unit Operations 
Monthly Progress Repor%. 
and 16 tubes, and heat generation rates up t o  0028 wa%ts/@m-tube employed. 
The 1/4-in. th iek  SS confainer was insula%ed f o r  mst of the runs, but two 
d i f f e ren t  insulat ion thicknesses were employed with the  16 tube bundle t o  
simulate d i f fe ren t  carrier thicknessese The temperature rises ob%ained have 
corresponded t o  overal l  kea% t ransfer  coeff ic ients  of up t o  2 Btu/k-@Fe 
An overa l l  value such as t h i s  is  not alone very infclm%ive and 4oes not 
a id  mu& i n  predicting temperature r i s e s  from other tubes or  other bundles, 
Efforts; are being m a d e  t o  separate the e f f ec t s  of" the  various me-khods of 
heat transfer etnd obtain reasonably r e l i ab le  correlat ions-  

Measurements haye been made 

Bundles have been assembled containing 4, 8 (4 x 21, 

In  these experiments the  apparatus described i n  %he March Unit Operations 

Angular temperature var ia t ions are a pmblem i n  the simulated 
Monthly PPogress Report; has genera1;Ey performed well, but some mdi f i ca t ions  
&re warranted. 
cast. 
the  surface temperature io considerably hlgher. Although %be reh t ive ly  
t h i n  (l,/4-ina ) SS shell  and asbestos instilation covering does adequately 
simulate the radial resistmct t o  kea% conductfean, it does not simulate 
the  angular o r  ax ia l  heat condu@t;ion of several Inches sf" lead (&though 
with a r e l a t ive ly  long apparatus axial gradimts are rm problem). Tn an 
ac tua l  cast one would not  expectd a8 mch angular %empera%ure variatdisn. 

A t  the top  of the cast where mast of the  convection heat i s  carried,  

8ince approximtely one-third of the heat transferred i n  sone of" the 
early- experiments was by radiat ion,  a. reasonably aecww%e value sf the  
em-fssfvit;y for the  tubes and cast wall was needed. 
is 'kmawn t o  vary between 0.1.8 m d  O e 8  depending upon the degree of polish. 
or weathering. Since a more accumhe -value than t b f s  was neeaedl, a simple 
experiment was made t o  measme %be emissivity of aew 304 SS tubing without 
p l i s h  or  weathering. 
assembled eoncentrically w%%b t r a n s i t e  plugs at t h e i r  ends. 
(5/1,6-in.) was heated a t  a known r$;t;e, and temperatures of both tubes were 
mea,surede 
e~~dss fv f%y e m  be readi ly  calculated from t h e  hea$ flux and supface tempera- 
t o w e s o  
of" canduction and convection. The results were no% consistent u n t i l  the 
ppessure i n  the  annular space w a s  reduced t o  below 200 microns of Hg. 
this vaLue there wa6 no appa~ern% variat ion i n  the measured value of emissivity 
w i t h  pressure. The average m l u e  obtained under these conditions vas 
approximately 0 . 5 5 .  This 1% considered a reasonable valaae for  these t a b e s .  

The emissivity of S6 

Two foot lengths of 1-in. and fT/l6-inV tubing were 
The center tube 

The configuzatisn factor f o r  this geometry is urpity so the  

A near vacuum was pulled i n  the  annular space i;ga reduce the e f f ec t s  

Below 
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6.0 WASTE PROCESSING 

J. @. Suddath 

The purpose of Yhe waste processing s tudies  i s  t o  procure design 
information necessary fo r  t h e  design o f  waste cslciner pi.lot plant,. 
report  w i l l  describe an emporator-calciner t e s t  (R-361, which w a s  t he  first 
combined evaporator-calciner Lest. 

This 

6.1 Evaporator-Calciner T e s t  R-36 I._ - C. W- H<mcher 

Tine purpose of evaporator-calciner tes t  21-36 (E-Cy R-36) was t o  demonstrate 
the operabi l i ty  of  a close-coupled waste evaporator and calciner, Figure 6.1. 
This system w a s  described i n  the Unit Operat-lons Monthly Progress Report, 
March 1961. In b r i e f ,  the evaporator (-25 l i t e r  capacity) prepwes feed 
f o r  the -60 l i t e r  calciner .  
evaporator, where it i s  steam stripped by water added t o  the evaporator. 
Acid i s  removed from t he  evaporator t o  keep the acid concentration below 
6 molar t o  reduce Ru v o l a t i l i t y  when the system i s  used on ac tua l  high l e v e l  
waste. The evaporator condensate goes t o  condensate catch. tank.  The e n t i r e  
system operates under a reduced atmosphere of about m i n u s  one pound, by 
employing a watey j e t  which i s  operated by a closed loop f i l l e d  with m t e r  
and pumped with a turbine pump (10 GPM at 50 ps ig) .  

The eondensate from t'ne c a l ~ 5 x ~ r  returns t o  the  

The end r e s u l t  o f  t h e  t e s t  (E-Cy R-36) ifas t o  produce a cizlciner pot 
of so l id  purcx waste and %o treat the  ca1eine-L- off-gas with the evaporator 
i n  a controlled manner. 

The feed used T ~ S  simulated l W W  waste (40 gal/ton of U)(Table 6.1) 
without additives to redlice t h e  su l f a t e  volatil-i t y  during the calcination 
s tep .  
tendency of t h i s  feed to foam at cmy t h e  during t h i s  test. The t e s t  operated 
28 hours, 22 hours t o  f i l l  t he  calciner-, and 6 hours more tm finish the 
calcination (Table 6.2). 
thermocouples i n  the calcining so l id  were above 850°C except the top two 
vhich were 620°C and 755°C. The awrage feed m t e  for t'ae tes t  w a s  20.5 
l i t e r /hour  (Table 6.3). The bulk density of  the calciner so l id  vas 1.29 

Calcium o r  Mg may be used t o  decrease SO4 volaT,ility. There w a s  no 

The calcination s t ep  was stopped when all or' the  

Calciner Operation. The calciner  pot used sms &-in. long x 8-in.-dia 
equipped w i t h  18 thermocouples. 
described i n  d e t a i l  i n  the  Unit Operations MonYnly Progress Iiepor-i;, September 
l g b .  
one plugged. 
probe plugged showing a false high level. 
but plugged again only after LO mimites of  operation. 
was 0.6 CFH. 
l-lne, m.s l e f t  on at; 25 cc/ain ratct f o r  the re;nniader of Lhe t es t .  
did not plug again until t he  calciner  vas f u l l  of s o l i d  near the end of the  
test .  
liquid l eve l  controlled very good, Table 6.4* 

T h i s  i s  the  "standai-dis calctner pot and 

This ealciner poL '~6a.s equipped wi th  two l i qu id  leve l  probes i n  case 
Four hours ezftei- the t e s t  s tar ted the cal-ciner l iquid- level  

The purge air r a t e  
After the probe plugged t h e  second t i m e  the water clean-out 

'Fne probe ws  blown out; w i t h  w a t e r ,  

'The probe 

O u t s i d e  of two times %he Liquid l e v e l  probe plugged the calciner 
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Table 6.1. Purex Wasted used for Test - R-36 

Molar Molar 

H 5 . 5  Fe 0.5 
N O 3  6.1 C r  0.01 
SO4 1.0 N i  0.01 
N a  0.6 Al 0.1 

(No Additives) 

Table 6.2. Log for Evaporator-Calciner T e s t  - R-36 

Time Run, Hour 

8:oo A 0 1. 

2. 

F i l l  Evaporator w i t h  waste feed and sample - - 25 l i ters.  
Cdc ine r  w i t h  water heel. o f  about - - 10 l i ters.  

8:30 A 0.5 (s tar t )  1. S t a r t  heating calciner  fknesces * 
2. S t a r t  heating evaporator contents. 
3 .  S t a r t  f i l l i n g  calciner  from evaporator. 

9:oo A 1.0 1. Calciner was f i l l e d  -50 liters. . 
12:OO P 4.0 . 1. Had t rouble  with calciner  l i qu id  l eve l  probe 

plugging. 

5:oo A 21.0 1. Stopped Teed calciner  because l e v e l  stayed 
above control  point.  

6:oo A 22.0 

12:oo P 28.0 

1. Stopped evaporator, switched calciner  condensate 
d i r e c t l y  t o  Vne condensate tank. 

2. J e t  pump for system pressure control  failed.  

I., . Stopped calcinat ion because a l l  thermocouples 
i n  the  calcining so l id  were above 8 5 0 " ~  
except t he  top two which weere 620 and 7 5 5 ° C .  
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Table 6.3. Test R-36 Results 

Nitxate M a c e  ( H N C J ~ )  
System input - 2390 g mols 
System output - 2467 s mols) 103$ 

O f f - G a s  
7 ft3 - 225 ft" (system leakage + gas bubbler) = 79 cu ft 

79 2t3/432 liter of calciner  feed = 0.18 cu f t  g a s l l i t e r  of calciner  feed 

Peed R a t e  
432 l i t e r / 2 1  hrs = 20.5 liter/hr 

Calcined Solid 
Weight, = 136 l b  
Volume = k8  l i t e r  t o  l e v e l  set point 
Bulk density = 1.29 g/cc 

Table 6.4. Control Set t ings fo r  Test R-36 

k V  * Control Valves 

Variable Range €?and Reset Point Point (see Fig. 6,s) 
Control Control Prob Set From Set NO. 

0 -100% k mfn % 4 

map. Liqufd "1.4-35.0 LOO 10 50 26-58 1 

Evap. Density 1.0-1.5 200 10 63  20~7.4 2 

&ap. Temp+ 101-12j°C 100 10 113 IC&-120 3 
Evap e Pressure -5 t o  +5 50 0.3 40 35 -45 4 

CalQ Liquid 44-52 25 3.0 50 45 -63 5 

l eve l  l i t e r  

&;/ec 

Psig 

level l i t e r  
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Evaporator Operation. The major component t o  be t es ted  in t h i s  tes t  
(R-36) w a s  the  operation and control of the  evaporator. The evaporator has  - 
four (4)  control operations: (Table 6.4) 

1. 
2.  
3 .  
4. 

Liquid Level controlled by stem heating 
Liquid Density controlled by feed addition 
Liquid Temperature controlled by water add-ition 
Evaporator Pressure eontrolled by off-gas je t  by-pass 

After t'ne evaporator w a s  i n i t i a l l y  f i l l e d  the system feed rate i s  
approximately equal t o  the calciner feed rate, Table 6.5. 

The evaporator l iqu id  l eve l  control,  Table 6.4, performed very sa t i s fac tory .  
The control s e t  point w a s  22.0 l i t e r s  (50$)(Table 6.6). The desired l i m i t s  
of operation were -t 4.0 l i t e r s  (18 t o  26 o r  35% to 65%). If the evaporator 
leve l  goes too low, there i s  a chance tha t  the contents may bo i l  dry o r  the 
heat exchange tube may become excessively fouled. 
too high the chance of boil over o r  foam. over to the condensate tank i s  
possible. The evaporator went through a minimum l iquid  l eve l  while the 
calciner was f i l l i n g .  During the  r e s t  of the  tes t  the  leve l  control was 
good except near the  end of the tes t  when the  calciner  feed demand w a s  low. 

If the  evaporator goes 

The evaporator density vhich controls the  feed 8ddition t o  the system 
a lso  performed good, Figure 6.2. 
solutions i s  a strong function of the density,  and i t  i s  desired t o  keep 
t'ne concentration between two l i m i t s :  (I) lower l i m i t ,  the calciner has 
t o  boil  of f  more l iqu id  per amount of so l id  deposited than is  optimum, and 
(2 )  upper l i m i t ,  it may plug the  evaporator of feed l i n e s  i f  it i s  allowed 
t o  cool. 

The metal salts concentration of feed 

On Figure 6.2 and Figure 6.3 and Table 6,6, four l i m i t  terms appear: 

A and D "Upper Operational L i m i t  I' and "-mwer Operat ioiial L i m i t ,  '' 
above or below these l i m i t s  t he  operation i s  i n  a hazardous area 
o r  uneconomical and should be avoided. 

€3 and C "Upper and M w e ~  Desired L i m i t s " ,  between these l i r n i k s  
the  operation should run. 
B and A or C and D fo r  short  periods of t i m e  without great ly  
upsett tng the whole system. 

However the operation can d r i f t  between 

The density only exceeded the "C" l i m i t  once whjle the calciner  w a s  
f i l l i n g  and the  "B" l i m i t  once %hen the evaporator l e v e l  w a s  high and 
boiled dorm rapidly, FLgure 6.29  i t  never exceeded the "A" or  "D" l i m i t s .  
The external  density probe was used f o r  control, as the  in t e r io r  density 
probe always read low because of s t e m  bubbles or foam, 
probe checked closely with hourly sampl-es taken from the evaporator. 
density readings folbwed the i ron concentration su f f i c i en t ly  close t o  used 
density a measure of metal salt concentration. 

The ex ter ior  densfty 
The 

The evaporator temperature is EL flinction o f  the n i t r i c  acid concentra- 
t ion mainly, at a control-'led metal salt concentration. 
point w a s  113°C, t h i s  i s  cqual t o  6 M HN63 at 25 g / l i t e r  Fe ana -1.0 psig 
pressure. 

The operating s e t -  

This kemperaterre is  extre&ly sensi t ive t o  the  evaporator pressure a 
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Table 6.5. Evaporator-Calctner Test R-36 

%rex lk%i Waste (No Additives) 

Ca1ciner 
Feed map. Calciner Temp. 

System System Fatio Sys-zem ?bls Wls EVRP . S t a e n  Calciner Temp. a t  Miasecticn 
One Inch Run Feed Water CIater System Cff-gas ??i03 .W03 Evap. Evap. Fe Evap. Temp. Beat Feed 

Time ? k - e x  Feed t o  Feed Condensate *-A Input Output k n s i t y  Temp. Conc. Acid Input InpLt Point from Wall 
hr l i t e r  l i t e r  r a t i o  l i t e r  cu f t  g 1m1 g mol  g / c c  " C  g / a  mol 'C 3242 'C 'C 

1 
2 
3 
4 
5 
6 - 
Q 
3 

i o  
11 
12 
13 
i 4  
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Total 

0 
48.0 
96. o 
136 
208 
253 
321 
353 
3@ 
3 70 
383 

4 19 
423 
440 
446 
446 
446 
453 
4% 
4% 

409 

456 

456 

0 
0.43 
1.77 
2.12 
1.17 
l . 9 k  
c.68 
1.97 
4.69 
7.16 
L.91 
3.56 
3-30 
5.79 
4.22 
9.77 
6.2 

5.08 

0.6 

0 
0 

140 

4C.j 
265 

5h 
665 
762 
815 
860 
958 
107 j 
1115 
1191 
i24 0 
1374 
1322 
1354 
1420 
144j  
1 4  9' 
194.3 
1547 
1549 

1549 

0 
9 
13 
23 
41 
56 
7; 
36 
38 

111 
122 
133 
144 
157 
i n  
164 
196 
200 
216 
231 
255 
271 
282 
296 
j O 4  

3Ck-225 
' 7 0  

0 
0 

140 
3% 
646 
i1i1 
1466 
l h 2  
1702 
1790 
1922 
2046 
2172 
2210 
2269 
23Oit 
23al. 
2417 
2432 
2441 
2467 
2467 
2467 
2467 

,I 

Average 2.5 C.I& ft3/1iter of waste 

*-A system leakRge + gafi bubbles for instruments 2 9 cu ft,/hour 

1.00 40 0 
1.27 1a6 i9 .0  
1.30 110 24.5 

1.37 116 55.6 
1.34 120 29.5 
1.39 114 27.0 
1.26 109 23.6 
1.32 112 25.0 
1.28 11.1 27.5 
1.32 113 ly.o 
1.54 110 37.0 
1. jo 112 33.0 
1.25 i l c  29.0 
i.30 110 j1.0 
1.30 107 31.0 
1.51 1cg 22.5 
1 . j 7  111 51.0 
1.75 113 26.0 
1.34 112 32.0 
1.33 11c 21.0 
1.20 104 18.5 

1.52 115 24.C 

0 
ic.6 
4.5 
6.0 
0.7 
6.6 
5.7 
4.9 
6.6 
5.4 
6.3 
5.6 
5.2 
5 . 1  
5.3 
5.3 
6.; 
6.4 
7.5 
7.0 
6.8 
3.9 

0 
7 1 2  _- 
i52 
131 
iL2 
152 
13Jt 
123 
127 
118 
12.5 
121 
124 
121 
124 
l2t. 
114 
116 
130 
121 
ll? 

95 

0 
16 
ac. 

12: 
173 
21.9 
265 
741 
425 
445, 
473 
495 
512 
552 
5 50 
5% 
577 
5 89 
604 
614 
626 
6;Ll 
656 
667 
676 
682 
6% 
699 

200 
200 
113 
120 
122 
110 
115 
115 
115 
130 
120 
125 
133 
150 
150 
1 SO 
155 
16i: 
160 
175 
14 5 
120 
375 
520 
535 
560 
5 7G 
620 

S t a r t  Peed 

S t a r t  ca lc ina t ion  

I 
w 
'p 

Ehd feed 

End ca lc ina t ion  
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Table 6.6. Operational Limits fo r  Test R-36 

XI 
._-_.I 

A B C ~______-_____ __y,I__ 

1Jpper Upper Lower Lower  
Operakional Desired Set Desired Operational, 

Limit 1 , i m i - t  Foint L i m i t  Limi 2; 

Evap. Liquid Scale $I 
Level 1 it e r s 

~ v a p .  Density scale 
u/ f? @C 

Evap . Scale $ 
Temperature "C 

Evap . Scale $ 
Pressure PSig 

Cal. Liquid Scale '$ 
Level l i t e r s  

90 
33 

80 
1 e 4.0 

81 
120 

45 
-0.5 

30 
46 

65 50 35 
26 22 18 

70 60 40 

25 
b 50 0 
115 113 100 

42 40 35 
-0.75 -1.0 -1.5 

1.35 1.30 1.2c 

6 M  - 

25 
15 

30 
1-15 

Off -Scale 
90 

35 
-1.5 

70 
50 



U NCLAS S I FI ED 
ORNL-LR-DWG 61 125 

50 

45 I- 

10- 
i A Upper Operational Limit  1 B Upper Desired Limi t  

5 -  C Lower Desired Limit 
j D Lower Operational Limit  

- 1.1 

I 

RUN HOURS 

Fig. 6.2. Evaporator densities and iron concentrations for test R-36. 
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A good and. adequate pressure system i s  very necessary f o r  the system to 
operate correct ly .  
once during the  test. 
p a r t i a l l y  due t o  the i ron concentration going t o  37.0 g / l i t e r ,  however the 
n i t r i c  acid only reached a maximum concentration 6 e ~  molar., 
the peak ac id  return from the calciner -to evaporator at, 4th t o  6th hours. 
The water addition t o  steam s t r i p  the acid was also at i t s  mxfmumthe 5th 
hour, Figure 6.4. The maximum water addition r a t e  to the system was 97 
l i t em per hour. The average water addition rate was 46 l i ters per hour. 
The average water t o  feed r a t i o  was 2.5 w i t h  mxlmum of 7*2  one hour when 
the feed t o  t h e  calciner  w a s  abnormally low and wa$er addition was normal. 
The water was added t o  the  system p a r t i a l l y  as steam and p a r t i a l l y  as cold 
water ,. 

The evaporator temperature went t o  l i m i t  "A", Figure 6.3, 
T h i s  w a s  partly due t o  a pressure increase and 

This was during 

O f  the 2390 g-mol, of HNOs fed to the system 2467 g-mol was recovered 
(103%). 
leak and bubble rate of 9.Q cu f t l hour  at  -1.0 psig evaporator pressure. 
The non-condensate process Off-gas was 79 cu f t  o r  0.18 cu f t / J i t e r  of' 
ealciner  feed. 

Tne t o t a l  off-gas volume m s  304 cu f t .  The system had a combined 

The system as a whole operated very w e l l .  The control of 5 major 
variables  was sa t i s fac tory .  
l e v e l  w i l l  be increased to 4.0 cu fl/hour, advised T. Me Gayle as a possible 
solution t o  l iqu id  leve l  probe plugging. 

The gas purge r a t e  fo r  the calciner l iqu id  
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