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ABSTRACT 

Additional runs were made i n  the  6-in. -dia separation column. The 
k ine t ics  of t he  methane-copper oxide react ion was investigated i n  deep 
bed t e s t s .  The work on the  development o f  t he  shear included a sa t i s fac tory  
method of holding a f i e 1  assembly during shearing, preliminary t e s t s  o f  an 
outer  gag faced with rubber and a metal l ic  inner gag contoured t o  the  shape 
of  a sheared assembly. The mechanical dejacketing of t he  SRE Core I fue l ,  
NaK bonded, s t a in l e s s  s t e e l  clad uranium slugs,  was successfully completed. 
The e f fec t ive  thermal conductivity of a packed bed of 0.023 in .  s t e e l  shot 
was approximately 0.33 ~ ~ u / h r - O ~ - f t  a t  2 0 0 ~ ~ .  Flow capacity f o r  t he  
compound extract ion scrub column equipped with sieve p la tes  (0.125-in.- 
d i a  holes, 23% f r ee  area)  f o r  the  m i n e  extract ion flowsheet was determined. 
Average waste calc inat ion r a t e s  f o r  Purex were higher by a f ac to r  o f  1.5 
t o  2.0 than r a t e s  f o r  TBP-25. 
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1 . 0  CHEMICAL ENGINEERING RESEARCH 

Foam Separation 

Additional runs were made i n  a 6-in. -d ia  foam separation column with 
t he  M NaOH, 10'" t o  10'" M dodecylbenzenesulfonate and 10'" t o  10'" 
M ~r ( ~ ~ ) ~ - s ~ s t e m .  The surf  ac tan t  d i s t r i bu t i ons  were 7.2 x lo-* (moles/cm2)/ 
Tmo1.e cm3). The values ca lcula ted f o r  Sr  d i s t r i bu t i ons  from t h e  experi-  
mental da t a  were 3 t o  4 x 10'~ (moles/cm2)/(mole/cm3) f o r  Sr  concentrat ions 
below 10'~ However, p rec ip i t a t ion  o f  SrC03 from absorption o f  C02 from 
t h e  foam generating gas o r  t h e  a i r  above t h e  feed l i qu id  probably occurred 
during t he  i n i t i a l  four  experimental runs. The continuous countercurrent 
runs were made with l iquid/surface flow r a t i o s  much smaller than t he  
optimum and d id  not  give use fu l  column eff ic iency data .  

2 ,0  GCR COOLANT PURIFICATION STUDIES 

The k ine t i c s  of t h e  methane-co~per oxide react ion was invest igated 
i n  deep bed t e s t s .  In t h e  range invest igated (10 t o  30 atm and 400 t o  
600°c), t h e  r a t e  was dependent on methane concentrat ion and CuO surface 
area .  

3.1 Shear and Leach 

The economic asld technological  f e a s i b i l i t y  of  shearing and leaching 
spent power reac to r  f ue l s  i s  t o  be determined i n i t i a l l y  i n  a "cold" chop 
and. leach f a c i l i t y  consis t ing o f  a shear,  conveyor feeder,  and leacher .  

In continuing development of  a s a t i s f ac to ry  method o f  holding a f u e l  
assembly during shearing, preliminary t e s t s  o f  an ou te r  gag faced with 
rubber and a meta l l i c  inner gag con tou~ed  t o  t h e  shape af a sheared assembly 
were very encouraging. 

The stepped moving blade of the  shear has made a b u t  800 cu t s  on a 
s t a i n l e s s  s t e e l  jacket,ed porcelain f i l l e d  Mark I prototjrpe with no s igns  
o f  wear. 

Preliminary desigri of t he  shear-leach complex a l u i l i a r y  equipment 
F s  e s s e n t i a l l y  complete. 

Design o f  t he  e l e c t r i c a l  con t ro l  c i r c u i t  f o r  manual and automatic 
operat ion o f  the  conveyqr-feeder ahla leacher has been completed. 

3.2 SRE De jacketing Studies 

The mechanical degacketing af  t h e  SRE Core I fue l ,  N a K  bonded, s t a i n -  
l e s s  s t e e l  c lad  u r a n i u ~  slugs,  was successfully completed. A t o t a l  of 
1,780 kg o f  ~?r~.nL~.lrn s?.l.qy; [?. 75-i.n. -OD x 6-in.  lone were deJacket.ed-, 



steam cleaned, recanned i n  aluminum, and stored t o  a w a i t  o f f - s i t e  ship- 
ment f o r  processing. The ove ra l l  average processing r a t e ,  based on ac tua l  
operating time, was -6 kg ~ / h r .  

The decay heat  from a can of 12  slugs i n  storage i n  air w a s  measured 
a t  2 . 5 " ~  above the  ambient storage room temperature of 8 7 O ~ .  

A n  o i l  f i r e  produced from a NaK-water react ion was quickly extinguished 
with COP. Damage t o  equipment w a s  minor and only about 1 hr  of operating 
time was l o s t .  

3.3 U-C Fuel Processing 

An acceptable uranium lo s s  was not a t t a ined  i n  any of t he  semicontinuous 
leach runs i n  which -4 mesh graphite f u e l  (2.6$ U )  was leached i n  90% HK03 
a t  a O c .  The leaching cycle consisted of  a 2 hr  batch leach followed by 
a 4 h r  leach i n  flowing acid,  and a f i n a l  water wash. Uranium losses  t o  t he  
residue were I.?$, 1.6$, 0.61%) and 0.56% a t  flow r a t e s  of 0.52, 0.91, 1.52,  
and 2.21 bed volume changes per hour, respectively.  

4.0 REACTOR EVALUATION STUDIES 

Heat Transfer from Spent Reactor Fuels during Shipping 

The e f fec t ive  thermal conductivity of a packed bed of 0.023 in .  s t e e l  
shot was measured t o  assess  the  pos s ib i l i t y  of using such a mater ia l  t o  
a id  i n  removing heat from spent reac tor  f u e l s  i n  shipping casks. The 
measured value was a s l i g h t l y  increasing function of temperature and had 
a value o f  approximately 0.33 ~ t u / h r -  OF-ft a t  200 '~ .  

5.0 SOLVENT EXTRACTION STUDIES 

Work w a s  s t a r t ed  t o  evaluate the flow capacity and stage e f f ic iency  
of pulse columns as a function of operating var iables  and car t r idge  design 
f o r  the  m i n e  extract ion flowsheet f o r  f i n a l  cycle plutonium recovery. 
Flow capacity f o r  the  compound extract ion scrub column equipped with s ieve 
2 l a t e s  (0.125-in. -dia  holes, 23$ f r ee  a rea)  and operated aqueous continuous 
was > 2400 ga l  ft-'hr-' a t  50 cpm pulse frequency and was 1590 g a l  ft'"hrm' 
a t  30 cpm f o r  a s i m i l a r  column equipped with nozzle p la tes  (0.125-in.-dia 
nozzle, 10% f r ee  a rea)  and operated organic continuous. Flow capacity f o r  
sieve p la te  s t r ipp ing  column (aqueous continuous operation) was 540 g a l  ft'2 
hr-' a t  35 cpm and f o r  t he  nozzle p la te  column (organic continuous operation) 
was 440 ga l  ft-'hr-l a t  35 cpm. 

Flow capacity i n  the sieve p la te  solvent treatment column operated 
aqueous continuous a t  phase r a t i o  (P./o) of 1/2 was 375 ga l  ft-2hr'1 and 
< 100 ga l  ft-2hr- '  a t  a phase r a t i o  of 1/3.3. Flow capacity of the  sieve 
p l a t e  column operated solvent continuous a t  phase r a t i o  of 1/3.3 was 
> 700 ga l  ft-2hr-1. The nozzle p l a t e  solvent treatment column operated 
with the  solvent phase continuous a t  1/3.3 phase r a t i o  flooded a t  350 
ga l  ft-2hr-'. 



6.0 WASTE PROCESSING 

Preliminary r e su l t s  from continuous flowsheet conditions fo r  Purex 
and TBP-25 type waste indicate average ra tes  f o r  Purex t o  be higher by 
a factor  of 1 . 5  t o  2.0 than ra tes  f o r  TBP-25. Prolonged feed periods 
fo r  TBP-25 type waste gave higher bulk dens i t ies  (0.77 g / c ~ 3 )  a t  the 
expense of decreased average feed ra tes .  A revision of the continuous 
e ~ a p o r a t o r  was necessary t o  give suf f ic ien t  boil-up fo r  peak Purex 
conditions. 



1.0  CHEMICAL ENGINEERING RESEARCH 

1.1 Foam Separation - P. A. Haas, J. D. Sheppard 

Engineering s tudies  of countercurrent foam-liquid columns were con- 
tinued with the  object ive  of  evaluating the  engineering var iables  which 
control  column performance. Additional. runs were made with the  NaOH- 
d~dec~lbenzenesu l fona te  -sr++ system selected as a simple chemical system 
t o  s impl im the  analyses o f  r e s u l t s .  This system was found t o  be more 
complex than assumed ( ~ u g u s t  Unit Operations k n t h l y  Progress ~ e p o r t )  and 
a more complicated analyses of  r e s u l t s  w i l l  be necessary. 

Isotopic Exchange Equilibrium. The system selected f o r  invest igat ions  
of  column ef f ic iency  was isotopic  exchange of Sr  using radioactive ~r-89.  
The equilibrium d i s t r i bu t ion  o f  t he  strontium forms of  t he  surfactant  w i l l  
not show any detectable var ia t ion  due t o  t h e  strontium isotope.  A t  equi- 
librium, the  r a t i o s  of sr-89/srT where SrT is  the  t o t a l  strontium w i l l  
be the  same i n  the  bulk l i qu id  and a t  the  surface.  The ~ r -89  concentra- 
t i o n  i s  e a s i l y  measured by use o f  i t s  rad ioac t iv i ty .  

Experimental r e s u l t s  have shown t h a t  the  sur f  ace/solution separation 
fac tors  f o r  various cat ionic  complexes of a surfactant  a re  near ly  independ- 
ent  of  cation.* A simple method o f  measuring concentrations of  the  dodecyl- 
benzenesulfonate surfactant was avai lable .++ I f  a l l  the  sur fac tan t  were 
present as  cat ionic  complexes and a l l  the  Sr was complexed, t he  r a t i o s  o f  
S ~ ~ / D X  where DBS indicates  the  dodecylbenzenesulfonate surfactant  would 
be i den t i ca l  i n  the  bulk l iqu id  and at the  surface. The sodium salt of 
dodecylbenzenesulfonate i s  over 90% ionized at 10'~ M concentrations and 
the  ionic  form is  r e l a t i ve ly  non-surface ac t ive .  Therefore, S ~ ~ / D B S  i s  
much l a rge r  at the  surface than i n  t he  bulk solut ion.  

Values of  r / ~  = 1.7 x lo-" crn o r  1 .7  x (moles sr/cm2)/(moles 
sr/cm3) have been reported f o r  conditions usable fo r  column ef f ic iency  
tests.*** This value can be used t o  calculate  SrT concentrations, but 
the  accuracy is poor because of  t he  poor accuracy of foam surface a rea  
measurements. The foan column systen w i l l  be arranged t o  permit checking 
of SrT concentrations a t  the countercurrent run conditions by use of t he  
Sr -89 t r a c e r  without isotopic  exchange. F'uzure countercurrent runs w i l l  
be made using flow r a t i o s  calculaked t o  be optirnum f o r  t h e  correct  equi- 
l ibrium curve and checked by the  s ing le  stage SrT concentration measure- 
ment mentioned above. 

Ef fec t s  of C02 Absorption. The presence of COE i n  t he  so lu t ion  from 
absorption of  COa from the  a tmsphere  o r  t he  foam generating gas r e s u l t s  
i n  p rec ip i ta t ion  of r e l a t i ve ly  insoluble SrC03. The conditions which 
~ o u l d  r e s u l t  i n  p rec ip i ta t ion  csrn be estimated from: 

* ORNL CF 61-2-61, " k n t h l y  Progress Report f o r  Chemical Development 
Section B, January 1961, p. 35-39. 

+* ORNL-TM-65, "Unit Operations Monthly Progress Report, August 1961 " 
*** E. Schonfeld, OR)&, personal conmnicatfon, October 1961. 



a. The s o l u b i l i t y  product of SrC03 a t  25OC i s  1 . 6  x lo-' (moles/ 
l i t e r ) 2 .  

b. The C02 content  of f r e sh  a i r  w i l l  average 0.0476 o r  400 ppm by 
volume. 

c.  The C02 content of H20 pumped N2 a t  Oak Ridge has been found t o  
be 30 t o  40 ppm. 

d.  The s o l u b i l i t y  o f  COz i s  water a t  25OC i s  0.76 scc/cc Hz0 f o r  a 
~ 0 2  pressure o f  760 o r  0.145 g / ~ ~ ~  g &O f o r  a C O ~  pressure of 
735 llm. 

e .  The equil ibrium C02 concentration i n  the  gas f o r  absorption i n  
NaOH solut ions  i s  very small f o r  C O ~ / N ~ +  < 0.5 and becomes 

C s ign i f i c an t  f o r  C O ~ / N ~  between 0.5 and 1.0.  

f .  Feed gas r a t e s  were 3000 cc/min. 

g .  The l i q u i d  feeds were 0.001 M NaOH and were 2 x t o  5 x 10'~ 
M - Sr.  The amounts o f  Sr  were 54 t o  3000 p moles f o r  batch t e s t s  
and 0 .6  t o  61 p moles/min f o r  continuous countercurrent t e s t s .  

From the  gas r a t e s  and concentrat ions,  p r ec ip i t a t i on  o f  SrCOs was 
probable f o r  most of  t h e  continuous countercurrent runs and was poss ible  
f o r  all of  them i f  some p i c l ap  o f  C02 by t he  feed p r i o r  t o  en t ry  i n to  
the  column was assumed  a able 1 .1 ) .  P rec ip i t a t ion  of SrCOs should not 
have resu l t ed  during batch runs 10, 11, and 12,  but may have occurred 
during runs 7 and 9. Since so l i d s  Ere surface ac t ive ,  any SrCOs precip- 
i t a t e  would pass through t h e  column with t h e  foam and r e s u l t  i n  S r  i n  
t h e  condensed foam which would be incor rec t ly  a t t r i bu t ed  t o  t h e  e f f e c t  
of  t h e  sur fac tan t .  

Countercurrent Run Results .  The p r i nc ipa l  use fu l  r e s u l t s  from th r ee  
countercurrent  runs has been t h e  refinement of  operat ing procedures. The 
mater ia l  balances f o r  surfactant  using t he  u l t r a v i o l e t  ab so r t i v i t y  as  a 
method of analysis** were 84 t o  1 0 1 ~ ;  with most o f  them 90 t o  101%. 
Adequate sampling procedures and adequate containment of t r a c e r  i n  o ther  
respects  was demonstrated. 

No use fu l  da ta  on column e f f i c i enc i e s  was obtained.  The precipi ta t ion.  
of  SrC03 probably contributed t o  t h e  t r a n s f e r  o f  S r  from the  l i q u i d  t o  
t h e  surface  f o r  a l l  runs. A l l  l iqufd/surface flow r a t i o s  were se lected 
much smaller  than  optimum because o f  t he  incor rec t ly  assumed equil ibrium 
curve . 

B t c h  Test  Resul ts .  Five batch t e s t s  were made i n  order  t o  inves t iga te  
unexpected countercurrent continuous r e s u l t s .  These t e s t s  involved pu t t ing  
a batch charge of feed containing ~ r - 8 9  i n  t he  column and co l lec t ing  con- 
acnsed foam samples without any continuous l i q u i d  feed o r  countercurrent 
contact .  The surface  sur fac tan t  concentrat ions from runs 7 and 9 ( ~ i g u r e  1.1) 
arc  a b u t  150$ of those reported from la'aoratory measurements. Areas o f  
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Table 1.1. Effects of C02 i n  Foam Generating Gas 

Total  Estimated 
Run Liquid Sr co2 
No. Input Input Input as Sr C03 

A .  Continuous countercurrent runs: 

E. Batch runs: 

cc p moles p moles 

a Based on COe f ree  solution a t  start of  run, so lub i l i t y  constant = 
1600 (p r n o l e ~ / l i t e r ) ~ .  



LIQUID SURFACTANT CONC, M 

Fig. 1.1. Surface l iquid surfactant distribution. 
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90 cm2/cm3 of foam might be more correct  than 60 cm2/cm3 f o r  the  foam 
leaving the  l iqu id .  Use of 90 cm2/cm3 would r e s u l t  i n  ve r i f i ca t ion  of  
t he  laboratory values. The slope of Figure 1.1 corresponds t o  r / ~  = 
7.2 x cm o r  7.2 x 10'~ (moles/cm2)/(mole/cm3). The va l id i ty  of 
values of  l ' / ~  f o r  Sr a re  uncertain due t o  the  poss ib i l i t y  of  SrC03 
precipi ta t ion.  The calculated values a re  about 3 x 10'~ cm for  run 7 
and 4 x 10'~ cm fo r  run 9. Results from runs 10, 11, and 12 are not 
complete . 



2 .0  GCR COOLANT PURIFICATION STUnIES 

J. C .  Suddath 

Contamination of coolant gases by chemical impurit ies and re lease  of 
f i s s i o n  productsfmm fuelelements a r e  major problems i n  gas-cooled reac to rs  
and i n -p i l e  experimental loops. Invest igat ions  a r e  being made t o  determine 
t h e  bes t  methods t o  reduce t he  impuri t ies ,  both radioact ive  and non-radio- 
a c t i ve  with emphasis on t h e  k ine t i c  mechanisms of t he  f ixed bed oxidation 
of hydrogen, carbon monoxide and methane by copper oxide. 

The react ion r a t e  of t h e  CH4-CuO react ion appears t o  be dependent on 
CH4 concentration and ava i lab le  CuO surface area .  Several deep bed t e s t s  
seem t o  confirm t h i s  dependence. 

2.1 Kinetics o f  t h e  CH4-CuO Reaction - - C.  D. Sco t t  

A t o t a l  of  s i x  k ine t i c  t e s t s  were made on t h e  react ion o f  CH4 from 
a flowing stream of  helium with f ixed  beds o f  CuO p e l l e t s .  The ranges 
of operat ing condit ions were: 

System pressure - 10.2-30.0 a t m  
System temperature - 400-600'~ 
Mass flow r a t e  - 0.086-0.169 g-moles/cm2-min 
Gas phase methane concentration - 0 . j l -0 .53  vo l  % 
CuO bed volume i n  2- in .  -dia reac to r  - 49-196 cc 

The deep bed system can be represented by t h e  following d i f f e r e n t i a l  
equations i f  t h e  react ion i s  dependent on methane concentrat ion and CuO 
surface area:  

Red Material  Balance: 

Reaction Rate : 

where, 

C = gas-phase methane cancent,ration, g-moles/cc 

t = reac t ion  time, sec 

z = bed height  measured from lmttom of  bed, cm 

V = f n t e r s t a t i a l  gas veloci ty ,  cm/sec 



f5 = bed external  porosity, void volume/total volume 

n = molar density of CuO i n  CuO bed, g-moles/cc 

k = reaction r a t e  constant which i s  dependent on temperature 

K = constant dependent on physical properties of t he  CuO p e l l e t s  

Equations (1)  and ( 2 )  can be used to predict  the  gas-phase methane 
concentration a t  any point i n  the  CuO fixed-bed and they may be solved 
simultaneously by f i n i t e  difference methods which are  amenable t o  d i g i t a l  
computer t e ~ h ~ i q u e s .  

These equations were solved on the  IBM 7090 computer a t  ORGDP Computing 
Center for  the  conditions of each of the  s i x  deep bed t e s t s  made. The 
eff luent  methane concentration as a function of time was computed f o r  each 
t e s t .  These predicted eff luent  methane concentration his tory curves were 
then compared t o  t he  actual  experimental data  from the  s i x  deep bed t e s t s  
( ~ i ~ u r e s  2.1 - 2.3) .  It was found t h a t  there  was an acceptable f i t  of t he  
?re?.icted values with t he  experimental data  over t he  range of experimental 
data.  The experimental da ta  s ca t t e r  w a s  much greater for  the  CH4-CuO 
reaction than fo r  the  reaction of  H2 o r  CO with CuO. This probably r e f l e c t s  
t he  la rger  temperature dependence of t he  CH4-CuO reaction and the  tempera- 
t u re  f luctuat ion during the  experimental t e s t s  (+ - 25'). 
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CH4-CUO reaction showing the influence o f  react ion temperature. 

I 

I 
P 
u 

I 

0 0 0 
U 

0 0 0 
0 0 0 

0 
Run CH-2 

o Predicted Curve 
a 

a a 
a a a a 

• Run CH-1 
• Predi cted Curve 

a 

Experimental Conditions 

Pressure - 20.4 atm 
2 Mass Flowrate - 0.086 g-moles/cm -sec - 

CH4 Concentration - 0.35-0.47 vol % 
C u O  Bed Volume in  2-in. dia reactor - 49 cc 
Temperature: 

Run CH-1 - 500°C 
Run CH-2 - 400°C 

- 

Experimental Data: 
Run CH-I  

o Run CH-2 
, I I I I 1 I I I I I I 
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Fig. 2.3. Comparison between experimental data and predicted effluent concentration history curves for the 
CH4-CUO reaction at the two pressures, 10.2 atm and 30.0 atm. 
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Experimental Conditions 

System Pressure: 
Run CH-5 - 10.2 atm 
Run CH-6 - 30.0 atm 

- Mass Flow rate: 
2 Run CH-5 - 0.072 g-moles/cm -min 

Run CH-6 - 0.109 g-moles/crn2-min 
CH4 Concentration: 

Run CH-5 - 0.52 vol % 
Run CH-6 - 0.37 vol % 

CuO Bed Volume in 2-in-dia reactor: 
Run CH-5 - 196 cc 
Run CH-6 - 98 cc 

Temperature: Run CH-5 - 600°C 
Run CH-6 - 500°C 
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3.0 POWER REACTOR FUEL PROCESSING 

C .  D. Watson 

3 . 1  Shear and Leach - B. C .  Finney 

A shear 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  (UOe o r  uOe-~h02) 
from re la t ive ly  short  sections (1-in.  long) of f u e l  elements produced by 
s h e ~ x i n g  i s  continuing. This processing method enjoys the  apparent ad- 
vantage of recovering f i s s i l e  and f e r t i l e  material  from spent power reactor  
fue l  elements without dissolution of the  i n e r t  jacketing &er i a l  and end 
adaptors. These unfueled portions a re  stored d i r ec t ly  i n  a minimum volume 
as a so l id  waste. A "cold" shear-leach complex consist ing of  a shear, 
conveyor feeder, and leacher i s  being evaluated pr ior  t o  "hot" runs. 

The development of  a sa t i s fac tory  method of holding o r  gagging a 
tubular prototype fue l  assembly during shearing i s  continuing. Gagging 
i s  a three-fold problem, (1) the f u e l  assembly must be held securely during 
shear, (2)  the  fue l  assembly must be progressively fed into  the  shear 
against  the  s top a f t e r  each cut, and (3 )  the  fue l  assembly should be 
sheared t o  within 1 inch of the  end. Tests t o  date have been made shearing 
across the  diagonal of porcelain f i l l e d  ORNL Mark I fue l  assemblies with 
a double row of fe r ru les  every 12 inches using a stepped blade with a 
ru'ober i n s e r t  i n  the  outer  gag and metal i n s e r t  i n  the  inner gag. The 
blade tends t o  crush =d deform the end of the  assembly ~trhich assumes an 
approximate 30 degree slope a t  the  cut end. The slope increases t o  
approximately 45 degrees when the sheared face i s  a t  o r  through a double 
row of  fe r ru les  ( ~ i g u r e  3.1). This changing face of the  bundle prevents 
proper feeding by jamming against the  contoured face of the  inner gag. 
Jamming can be eliminated by del iberate ly  re t rac t ing  the  inner gag a t  t he  
appropriate time so t h a t  the  deformed cut end .of the  bundle does not come 
i n  contact with the gag. However, re t rac t ing  the  gags even p a r t i a l l y  has 
resul ted i n  end pieces of  from 1-1/2 t o  2 inches long f a l l i n g  in to  t he  
sheer. Attempts t o  move the fue l  assembly forward by re t rac t ing  the  outer  
gag and leaving the inner gag i n  posit ion but reducing the  pressure t o  
zero has been unsuccessful. Two f resh  approaches t o  the  gagging problem 
have developed, (1) spring load the inner gag so t h a t  it w i l l  r e t r a c t  
ea s i ly  when contacted by the  fie1 assembly and thus conform it t o  the  
chznging shape of the  fue l  assembly, (2) shear in to  the  f l a t  s ide  of a 
f u e l  assembly ra ther  than on the diagonal t o  minimfze deformation of the  
sheared face thus permitting eas i e r  feeding by the  gags. 

The Squarkeen No. 3 (American Knife Co. a l loy  equivalent t o  Carpenter 
610) stepped moving blade of the  shear hardened t o  a Rockwell C of -59 
has made about 800 cuts on s ta in less  s t e e l  jacketed porcelain f i l l e d  ORNL 
Mark I prototype f u e l  assemblies with no sign of wear ( ~ i g u r e  3 .2) .  

Preliminary design of t he  shear-leach complex acid feed, product 
haidling,  and off-gas handling equlpment i s  essen t ia l ly  complete. 







Ins ta l la t ion  of  the  conveyor-feeder and leacher control  c i rcu i t ry  
i s  approximately 75% complete. 

3.2 SRE Dejacketing Studies - G. A. West 

Mechanical dejacketing of the  SRE Core I fue l ,  NaK bonded, s t a in l e s s  
s t e e l  jacketed uranium slugs, 2.77% enriched, burned t o  -675 M W D / ~ O ~  and 
decayed -2 years, w a s  successfully completed i n  the  ORNL High Level Segment- 
ing Faci l i ty ,  Bldg . 3026-D . 

A t o t a l  of 26 can is te rs  of fue l  rods containing 1,778 kg o f  uranium 
slugs,  0.75-in. -OD x 6-in. -long, were de jacketed, steam cleaned, recanned, 
and placed i n  storage t o  await o f f - s i t e  shipping and processing. The 
surface temperature of cans of slugs stored i n  a c r i t i c a l l y  safe  a r ray  
was measured 2.5'F greater  than the 8 7 ' ~  storage room temperature. Terminal 
processing r a t e s  s f  from 2.3 kg/hr t o  7.7 kg/hr were a t ta ined.  The low 
r a t e  resulted from the  processing of a canis ter  containing embrit t led and 
broken rods (Figure 3.3) which required -30 hrs  processing time. The 8 f t  
long rods required cu t t ing  o f  the  jacket near each slug Juncture and 
removal of the  jacket by s p l i t t i n g  with the auxi l iary dejacketer cu t t e r s  
o r  with a special  ch ise l .  

Ten jacketed slugs i n  a basket stored i n  the  steam cleaner f o r  64 hrs  
were reduced t o  a sludge of uranium oxide (Figure 3.4) by leaking steam 
and condensate. The 10 m i l t h i c k  jackets were s p l i t  by expansion of the  
uranium slugs as  it was converted t o  the  oxide. The 8.2 kg of uranium 
oxide sludge i n  the  steam cleaner basket and steam cleaner f i l t e r  was 
placed i n  double containment cans and buried underground, 

Sections of s t a in l e s s  s t e e l  jackets -4 in .  long from the center rods 
of the  c lus te rs  were removed f o r  physical property analysis.  

NaK samples were obtained from the center rods of all c lus te rs .  Results 
from f ive  d i f fe ren t  c lus te rs  show the following a c t i v i t i e s ,  no uranium o r  
plutonium were found. 

~s~~~ (c/m/g) 9 . 9 ~ ~ 0 ~  2 . 6 ~ 1 0 ~  9 . 0 ~ 1 0 ~  1 . 6 ~ 1 0 ~  2 . 1 ~ 1 0 ~  
Gross y (c/m/g) 9-24 x 106 2.66 x lo7 8092 x lo6 1.71 x lo7 2.11 x lo7 
Gross $ (c/mlg) 4.25 x 106 1.17 x lo6 4.32 x lo6 7.25 x lo6  9.59 x 10" 
T R E B ( C / ~ / ~ )  2 . 3 6 ~ 1 0 ~  8 0 5 9 x 1 ~ 4  3 . 7 2 ~ 1 0 ~  2 . 3 3 ~ 1 0 ~  2 . 3 9 ~ 1 0 ~  
Gross a: (c/m/g) n i l  n i l  n i l  n i l  n i l  
u (mg/&) < 0.OODl < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Na ($) 24 21 24 24 25 
K ($1 76 79 76 76 75 
02 ( P P ~ )  2708 6785 590 5 2473 2963 

In  general the  operation of the mechanical equipment complex fo r  the 
dejacketing of SRE Core I f u e l  was sa t i s fac tory .  However, due t o  the  
extreme hardness and embrittlement of the  i r rad ia ted  s t a in l e s s  s t e e l  jackets, 
the physical f o ~ c e  ~ e q u i r e d  to perform each s tep was much greeter  than 
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Fig. 3.3. Condition o f  7 rod SRE core 1 fuel cluster as withdrawn from shipping canister (- 675 ~ w d / t o n ,  
cooled - 2 yr) (photographed through 5 ft. thick zinc bromide window). 
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Fig. 3.4. Effect of leaking steam on SRE core I uranium slugs (A- 675 Mwd/ton cooled - 2 yrs) (photographed 

through 5 ft. thick zinc bromide window). 



anticipated.  Several pieces of equipment were noticeably underdesigned, 
including: the  pneumatically operated tube winder, the  hydraulic cylinders 
fo r  clamping and removing tubing from the c o l l e t ,  and the jackscrew drive 
a d  co l l e t  mechanism. The hydraulically operated s a w  leaked at a 1- in .  
IPS swivel connection i n  t he  c e l l  and at two control  valves outside the  
c e l l  due t o  vibrat ion of  the  l i n e s .  Maintenance t h i s  month included 
replacement of  th ree  inner boots on the Wdel  8 manipulators, t h e  hand 
g r ip  motor on the  General Mills manipulator, and the hand of t he  Lee 
M~nipulator . 

During the f i n a l  cleanup of  N a K  from the  25th SRE c lus t e r  a minor 
explosion and f i r e  occurred which was readi ly  extinguished with COa. The 
damage caused by the  incident was minor. A one l i t e r  glass  metering 
vessel  was ruptured and manipulator boot of vinyl-nylon laminate was 
burned. The incident occurred during the  process of  t ransfer r ing  NaK 
from the trough of  the  hydraulic: dejacketing uni t  t o  a glass metering 
pot where a v i sua l  quanti ty measurement i s  made before the NaK i s  d i s -  
charged t o  a NaK disposal vessel .  It i s  assumed t h a t  water was drawn 
from the  reactor vessel  o r  i t s  overhead l i n e s  i n t o  the  metering pot where 
contact with NaK caused the explosion. 

F i f ty  t o  seventy-five m l  o f  NaK dispersed i n  900 m l  of Bayol-D o i l  
were estimated t o  be involved. A Tygon t r ans fe r  l i n e  connecting the  
dejacketer trough t o  the  metering pot was severed and the contents of  
the  dejacketer,  -10 ga l  of  o i l ,  was siphoned t o  the  f l oo r .  The burning 
hose kindled the  siphoning o i l  which prompted the  manual actuat ion of 
the C02 f i r e  extinguishing system. The c e l l  ven t i la t ion  system maintained 
a negative pressure of  1.0-1.5 in .  H;20 throughout the  discharge o f  20 
cylinders, 1500 lb s ,  of COe t o  the  c e l l  and air monitoring instruments 

f l oo r  smears revealed t h a t  no rad ioac t iv i ty  escaped from t h e  c e l l .  

A second f i r e  incident occurred while handling high burnup, 9,500 
~ / t ,  U - b b  powdered f'uel samples. A can sf -300 g of U - b b  a l loy ,  included 
with the SRE shipment from Atomics Internal  fo r  Chemical Development 
Section B s tudies ,  igni ted when the contents were opened and agi ta ted f o r  
inspection. The f i r e  was smothered by replacing the  can's l i d  and no 
~ d d i t i o n a l  f lare-ups were noted. This sample was disposed of by bu r i a l  
underground. 

3.5, U-C Fuel Processing - B. A. Hannaford 

Recovery of uranium and thorium from graphite fue l s  by a "semi- 
continuous" method appears t o  o f f e r  advantage s over batch processing f o r  
fue ls  amenable t o  the  n i t r i c  acid flowsheets: 90% HNOs and grind-leach. 
To define a semicontinuous flowsheet, experimental data  a re  needed on, 
(1)  the  U and Th recovery a s  a function of contact time and flow r a t e  o f  
leach solut ion and wash water, and (2 )  permeability of deep beds of 
dis integrated f u e l  t o  acid and water. 

Effect  of Contact Time and Flow Rate on U Recovery. An e a r l i e r  
experiment (un i t  Operations Monthly Progress Report, July 1961) i n  which 
3/8-ic. cubes of graghit ized 3$ U-gra,?hite f'uel vere leached f o r  1t. 6 hr  



i n  90% KN03 a t  b O c ,  had demonstrated an almost acceptable uranium l o s s  
of 0.13$. In an attempt t o  define the lower l i m i t  of acid flow r a t e  f o r  
an acceptable uraniumloss,  a new se r i e s  of experiments were performed i n  
which t o t a l  acid contact time was s e t  at 6 hrs  and flow ra t e s  were varied 
from 0.51 t o  2.0 bed volumes per hour. To increase the surface area of the  
fuel ,  the  graphite was mechanically crushed t o  -4 mesh pr ior  t o  leaching. 

Results of t he  runs a re  summarized i n  Table 3.1. Uranium los s  i n  
every run w a s  greater  than tlhe l o s s  sustained i n  t he  e a r l i e r  experiment 
with 3/8-in. f u e l  cubes, despi te  the  longer acid  contact time ( 6  hr vs 
4 .6  h r ) ,  and the higher acid flow r a t e s  i n  runs 105, 106, and 107. The 
fue l  was dis integrated t o  the  same degree i n  all runs of the  current se r ies .  
Figure 3.5, a p lo t  of uranium inventory i n  the  dissolver vs the  flow time, 
shows t h a t  by the end of 120 min acid flow the  r a t e  of  uranium recovery 
was diminishing slowly with time. The crossover of runs 106 and 107 a t  
-80 min may be due t o  increased channeling which was visual ly  observed a t  
the  higher flow ra t e .  

Since the  higher uranium losses  for  runs 104 through 107 (compared t o  
run 101) cannot be a t t r ibu ted  t o  the  increase i n  acid contact time and acid 
flow ra t e ,  they apparently must r e su l t  from the  increased subdivision of 
the  U-graphite fue l  charged t o  the  dissolver.  Further experiments w i l l  
be required i n  order t o  es tab l i sh  the re la t ionship between feed s i ze  and 
uranium los s .  

Table 3.1. Semicontinuous Leaching of -4 Mesh U-Graphite 

Fuel i n  90$ HNOs 

Nominal composition of fue l  : 3% uranium. 
Duration of batch leach period: 2 hr; 
Duration of acid flow period: 4 hr; , 

Duration of water flow period: t o  c lear  e f f luen t .  
Temperature - 6 0 " ~ .  
Diameter of column: 5 cm 

Mean Parbf c le  
Height Size Flow Rate of HN03 

Weight of Bed As Dried and k O  U Loss 
Run of ~ u e l , ( f i n a l ) ,  Crushed Residue bed volume ppm i n  
No. Q cm P C1 ml/min hr residue 
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Run 104, Flaw Rate - 0.51 bed volume/hr 
0 Run 105, Flaw Rate = 0.81 bed valume./hr 
@ Run 106, Flow Rote = 1.5 bed volume/nr 
+ Run 107, Flaw Rate - 2.0 bed volurne/hr 

I I I 1 ,  I I I I l l  I L  I 

5 0  100 150 2 0 0  25OW0 5 0  100 150  2 0 0  2 5 0  

FLOW TIME OF ACID LEACH EFFLUENT, m i n  FLOW TIME OF WATER WASH EFFLUENT, min 

Fig. 3.5. Uranium remaining in dissolver system vs flow time of acid leach and 
water wash. Final content o f  graphite residue determined by direct analysis. 



4.0 REACTOR EVALUATION STUDIES 

J. 6. Suddath 

Heat Transfer from Spent Reactor Fuels during Shipping - J. S. Watson 

Recently i n t e r e s t  has developed i n  the  possibi  l i t y  of aiding heat 
t ransfer  from spent reactor  f'uels t o  the  inside walls of shipping casks 
by packing t h i s  space with a so l id  granular material  having a r e l a t i ve ly  
high thermal conductivity. Introduction o f  the  so l id  material  w i l l  elim- 
ina te  any radiat ion o r  convection which may have taken place i n  these 
spaces, but the  effectfve thermal conductivity of the  space may be ra ised 
t o  a value 10 t o  20 times tha t  of air. Such a system would be very desirable 
i n  casks having very small void spaces and a la rge  portion of t he  heat 
t ransfer  i s  by conduction. In casks where the clearance between 
the fue l  and the  wall i s  r e l a t i ve ly  la rge  and convection and/or radiat ion 
control  the  heat t ransfer  process, one i s  l i k e l y  t o  f ind t h a t  adding the 
granular material  w i l l  ac tua l ly  hinder heat t r ans fe r ,  The usefulness of 
t h i s  technique w i l l  a l so  depend upon the ease with which the material  may 
be added and removed from the  cask, such a s  by pouring. However, i f  the 
material  poures too easi ly ,  it i s  l i k e l y  t o  be l o s t  from the cask i n  an 
accident. I n  t h i s  case it may be l i t t l e  be t te r  than a l iqu id  coolant. 
However, i n  some cases it may be possible t o  advantageously use granular 
so l id  coolants. 

As noted e a r l i e r ,  the  e f f ec t  of granular coolants on the heat t ransfer  
properties of a cask depends upon several  parameters of t h a t  par t icu la r  
cask (average o r  effectfve clearance between t h e  fue l  and the  cask wall, 
emissivi t ies  of t he  surfaces,. e t c .  ) . ~ - t ;  l e a s t  i n  principal,  it 
i s  p s s i b l e  t o  calculate the  temperature d i s t r ibu t ion  expected within a 
cask where a l l  heat t ransfer  i s  by conduction. Therefore, a t  l e a s t  a s  an 
i n i t i a l  experimental e f fo r t ,  an attempt was made t o  evaluate the  e f fec t ive  
conductivity of a packed bed of a possible su i tab le  coolant 
cer ta in  @orrelat ions  which have appeared in the  l i terat ,ureo 
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A promising type of packing m a t e r i d  which can be readi ly  obtafned 
at  reasonable cost  i s  the metal s b t ~ . ,  A 0.025 In. nominal d i a  s t e e l  
shot vas obtaf ned f r s m  WheePabrator Zcjrp. fo1" t e s t i ng .  Examination of 
the material  with a rniesroseope showed a r e l a t i ve ly  high f rac t ion  (-20%) 
gf nonspherica9, par t fc l@s 'ad an average dfaxc;f;el- of approximately 0.019 
in .  The p a n i c l e s  packed t o  give a porosity (water f i l l e d )  of 0 ~ 4 0 4 .  
The density of  the  individual pa r t i c l e s  was found t o  be approximately 
7.5 g/@m" indicating t h a t  they have EL very POW in t e rna l  porosity. 

For measuring the  thermal conductivity of t h i s  packing, the material  
vas placed in to  the m u l u  space between a 5/16-in. heated tube and a 
3-in. Sch 40 pipe. The temperatures of  the  inside surface of t he  pipe 
and the  surface of the  5/16-in. tube were measured. The tube was iden t ica l  
t o  those used i n  previous experiments wi th ,  simulated fue l  bundles (un i t  
Operations Monthly Report, March 1961) except a thermocouple w a s  welded 
t o  the  outside surface of the tube. The Pomer experiments had required 
very lox: beat F3dxes (heat generation r a t e s )  a ~ d  a simple sheathed 



thermocouple inser ted between the  i n t e rna l  heater and tube w a l l  had been 
adequate. However, i n  the  conductivity experiments the  res is tance t o  
heat t r ans fe r  between the  tube and pipe walls  was much l e s s  than i n  t he  
simulated bundle experiments. 

The r e s u l t s  of some of t h e  runs are  shown i n  Table 4.1. Along with 
t he  experimental temperature and heat generation r a t e s  are  values of the  
merage thermal conductivity of  t he  bed obtained from the  r e l a t i on  

where 

- 
k = ef fec t ive  conductivity 

Q = heat generation r a t e  

r = r a d i i  

t = temperature 

o , i  = subscripts re fe r r ing  t o  outside and ins ide of t he  annular space 

- 
Although there  are some deta s ca t t e r ,  k appeared t o  increase with tempera- 
t u r e .  This can be expected with grmular - materials .  One can show t h a t  
i f  k var ies  l i nea r ly  with temperature, k w i l l  be t he  k which corresponds 
t o  the  average temperature, (ti + to ) /2 .  Figure b.1 i s  a p lo t  of k vs t 
and can a lso be considered a p lo t  of k vs t i f  k is  a l i nea r  function of 
t .  Within the  s ca t t e r  of  t he  da ta  they can be f i t  t o  a s r igh t  l i n e  as tla shown. The r e s u l t s  agree reasonably well  with l i t e r a t u r e  which predict  
t h a t  the  e f fec t ive  conductivity should be approximately 21 tfmes the  
conductivity of a i r .  

4.2 Estimation of Errors i n  Temperatare Measurements i n  Simulated Fuel 
Bundles 

The locat ion of thermocouples i n  simxlated fue l  bundles without aiding 
o r  hindering heat flow presented a problem because of the  t i g h t  spacings 
icvelved. It appeared necessary t o  bring all leads  out  of t he  bundle through 
the  ins ide of t h e  tubes, and furthermore any ex te r io r  protrusions r e su l t i ng  
from welding the  junction t o  the  tube wall  had t o  be avoided. In  view of 
these r e s t r i c t i ons ,  the  arrangement described i n  the  March Unit Operations 
Xorthly Report (ORNL CF 61-3-67) w a s  adopted. A sheathed thermocouple w a s  
simply inser ted in to  the  tube between the  heater and the  w a l l .  In pr incipal ,  
t h i s  method of measuring t h e  tube w a l l  temperature i s  poor, and it w i l l  
always give high readings. However, i n  t h i s  case t he  method appeared 
acceptable since the  heat f luxes (o r  heat generation r a t e s )  a r e  very low 
( e . 8 0 ,  the  res is tance t o  heat t r ans fe r  between the  tube bundle and the  
ccsk w a l l  w a s  very high).  I f  the  e r r o r  i n  the  readings were acceptably low, 
t h i s  nethcd had the  adva t age  of being reasenably simple and temperatures 
could e a s i l y  be read a t  various posi t ions  along the  length of  t he  tube. 
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Table 4.1. The Thermal Conductivity of a Bed of Steel Shot 

Heat Generat ion 
Rate, ti, to J 

watts/cm "C OC 

k 
Cal Btu 

SCC-cm- OC h r  - f t  - OF 

0.00136 0.326 
0.00127 0.306 
0.00120 0.288 
0.00117 0.282 
0.00130 0.313 
0.00134 0.324 
OeO0l39 0.338 
0.00117 0 -277 



Fig. 4.1. The effect of temperature on the thermal conductivity of a bed of 
steel shot. 



The exact e r ro r s  t o  be expected were d i f f i c u l t  t o  calculate  because 
of  the  r e l a t i ve ly  complicated geometry of  t he  tube i n t e r io r ,  but an e r ro r  
of" 3*C was considered acCeptable since e r ro r s  of t h i s  magnitude could be 
expected t o  r e s u l t  from dimensional uncer ta int ies  i n  assembling the  bundles. 
However, with the  thermocouple welded t o  the  side of the  tube used i n  the  
bed conduct,ivity experiments, a check on the  probable temperature e r ro r s  
became possible since the  temperature of a sheathed thermocouple ins ide 
t he  tube could a l so  be measured. The difference between the  two tempera- 
t u r e  readings a re  shown i n  Figure 4.2 a s  a function of  heat generation 
ra te .  Because $ h e t h e m c o u p l e  i s  not bound r i g id ly  within the  tube, 
some ex t r a  s ca t t e r  i s  introduced t o  the  da ta  which becomes more evident 
a t  higher f luxes.  Another fac tor  reducing the  l i n e a r i t y  of  t h e  p lo t  i s  
the  increasing conductivity of a i r  within the  tube a t  higher temperatures 
(which r e s u l t  from higher heat generation r a t e s ) .  Note t h a t  i n  the  region 
used with the  simulated f i e 1  bundles, 0.05 watts/cm o r  l e s s ,  t he  e r ro r  i s  
probably 2 ' ~  o r  l e s s .  However, with the  higher heat f luxes required f o r  
measuring the  conductivity of packed s t e e l  shot,  the  e r ro r  i s  very s ig -  
n i f  icant  . 
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Fig. 4.2. Difference between temperatures measured inside and on the sur- 
face of simulated fuel tube. 



5.0 SOLVENT EXTRACTION STUDIES 

A. D. Ryon 

Flooding values reported t h i s  month were obtained using t h e  amine 
extract ion flowsheet f o r  f i n a l  cycle plutonium recovery. The experimental 
techniques and a descr ipt ion of t he  pulse columns may be found i n  t he  
October 1959 Unit Operations Monthly Progress Report (CF 59-10 -77) . 
5 .1  Pulse Column Performance Studies - R .  S. Lowrie 

Work was s t a r t e d  t h i s  month t o  evaluate t he  flow capacity and stage 
eff ic iency of a pulse column as  a f inc t ion  of  operating var iables  and 
car t r idge  design using the  amine extract ion flowsheet f o r  f i n a l  cycle 
plutonium recovery developed by Chemical Development Section C.* Feed 
f o r  t h e  flowsheet would be t h e  purex p a r t i t i o n  cycle plutonium product 
stream containing 1-2 M HN03, 0.05 M s u l f a t e  and a varying plutonium con- 
centra t ion.  A typical-flowsheet foF t he  engineering t e s t s  ( ~ i g u r e  5.1) 
used 1 .5  M n i t r i c  acid  containing 0.05 M SO4 as  feed, 0.3 M t e r t i a r y  
m i n e  as solvent,  e i t h e r  0.5 o r  5.0 M nTtr ic  acid as scrub-and 2.0 M 
a ce t i c  acid  a s  s t r ipp ing  reagent. 1T0 M sodium carbonate solut ion was 
used as the  reagent t o  the  solvent treatment column before recycling 
t he  solvent.  Lack of  containment precluded t e s t i n g  t he  flowsheet with 
plutonium present i n  t he  feed. 

The amine used f o r  t h i s  experiment was t r i l a u r y l  amine, Mamine 304, 
purchased from General Mills ,  In@.,  Chemfcal Division, Kankakee, I l l i n o i s .  
It contained < 1% primary, -7.0% secondary and 93% t e r t i a r y  amine with a 
neu t ra l  equivalent of  543 and a density s f  0.812 g/cc at  2 5 ' ~ .  The solvent 
was made up t o  be 0.3 M i n  m i n e  concentration using diethylbenzene as 
d i luen t .  The dfethylbenzene was purchased from Dow Chemical Co., Midland, 
Michigan, and had a densi ty  o f  0.861 g/cc, and a v i scos i ty  of 0.86 cp 
at  2 5 0 ~ .  

The proper t ies  of t he  t e s t  solutions are  shown i n  Table 5.1. 

5.2 Flooding Rates f ~ r  Extra@t;iora and Stripping Colwrm 

The flooding r a t e s  measured i n  the  ex t rac t ion  and s t r ipp ing  columns 
a re  shown. i n  Table 5.2. The sieve p l a t e  extract ion column flooded at  1850 
g a l  f%-2hr-1 a t  70 cpm using 0 .5  M HN03 scrub and a t  a lower flow r a t e  
of 1610 g a l  fi-'hr-' with 5.0 M HEO~ scrub. Flow capacity w a s  qu i te  high 
and exceeded the pumping capacity of t he  equipment at  lower pulse frequencies. 
Flow capacity o f  the  nozzle p l a t e  extract ion column a t  70 cpm was 700 g a l  
ft-"hr-' with 0e5 M n i t r i c  aerub and 650 ga l  ftm2hr" with 5.0 M n i t r i c  
scrub. Flooding o@@urred a t  540 ga l  ft-'hF1 a t  35 epm i n  t he  i 2  9% sieve 
p l a t e  s t r ipp ing  column using aoaded solvent scrubbed with 0.5 M n i t r i c  
acid  and a t  440 g a l  ft-2hr-1 at 35 epm i n  t he  12 f t  nozzle p l a t e  s t r ipp ing  

* K. B. Brown, Chemical Development Section C Progress Report f o r  
February-March 1961, p. 27 (CF 61-3-141). 
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Table 5.1. Properties of Test Solutions 

Scrub Scrub 
Analyse s Feed A B S t r i p  Carbonate Solvent 

m03, : M 
SO4, g 
Acetic Acid, M - 
Na2CO3,  
Density, @;/cc 
Viscosity, cps 
Amine, M 
Flash ~ c i n t  
Open Cup, O C  

Density and viscosi ty  measured at  25OC. 

Table 5.2. Flooding Rates f o r  Extraction and Stripping Columns 

Pulse 
Phase Frequency Flooding Rate -gal ft'2hr-1 

Column Continuous cpm 0.5 - M HN03 Scrub 5.0 M - HN03 Scrub 

Extraction Column 
Sieve p la te  Aq 50 

70 
90 

Nozzle p la te  Solv 30 
50 
70 
90 

Stripping Columns 
Sieve p la te  Aq 25 

3 5 
50 
70 

Nozzle p la te  Solv 35 
50 

Pulse amplitude = 1 inch. 
Sieve p la tes  contained 0.125-in. -die  holes, 23% f r ee  area.  
Nozzle p la tes  contained 0.125-in.-dia nozzles, 10% free  area.  



column using t h e  same solvent .  Flow capacity f o r  both columns increased 
s l i g h t l y  with loaded solvent scrubbed with 5.0 M n i t r i c  ac id .  Sieve p l a t e  
columns were operated with t h e  aqueous phase co~ t i nuous ,  nozzle p l a t e  
columns with t he  organic phase continuous. 

Flooding Rates o f  Solvent Treatment Columns 

In general ,  a l ka l i ne  wash treatments a r e  required t o  c lean up t h e  
s t r ipped solvent before recycle.  Neither t h e  amount of  solvent  cleanup 
nor t he  reagent t o  be used have been adequately defined. Flooding t e s t s  
were made using 1 M sodium carbonate so lu t ion  by a r b i t r a r y  choice. Solvent 
coming from t h e  st?ip cc~lumn contains t he  equivalent  of  0 . 6  N a c id  (as 
both f r e e  ac id  and m i n e  salt) which reac t s  with t h e  sodium carbonate t o  
form C02. Tests  were ca r r i ed  out  at  aqueous solvent  r a t i o s  o f  112 and 
113.3, equivalent  t o  60 and 100% u t i l i z a t i o n  of t h e  carbonate. Flooding 
r e t e s  f o r  aqueous continuous operation of  t h e  s ieve  p l a t e  columns a t  a 
112 phase r a t i o  increased from 270 t o  375 g a l  ft-2hr-1 a s  pulse frequency 
decreased from 50 t o  35 cpm ( ~ a 3 l e  5 .3) .  The column was inoperable due t o  
excessive gassing at phase r a t i o  o f  113.3. Conversely, t h e  column could 
~ o t  be flooded with t h e  avai lable  flows when operated organic continuous 
a t  113.3 phase r a t i o .  Flow capacity o f  t he  nozzle p l a t e  column operated 
organic continuous at  113.3 phase r a t i o  increased from 290 t o  350 g a l  f t -2 
h r - l  a s  t h e  pulse frequency decreased from 50 t o  35 cpm. 

Table 5.3. Flooding Rates of  Solvent Treatment Columns 

Phase Pulse 
Ratio Phase Freq . Floodin Rate 

column A/O Cont . C P ~  
5 ga l  f t -  hr-' 

Sieve p l a t e  112.0 AS 3 5 375 
0.125-in.-dia 50 2 70 

113-3 A? 35 < 100 i;Tf ee a rea  50 < 100 
113-3 Solv 3 5 (NO flooding at maximum 

70 ( flow ava i lab le  >700 
110 

Nozzle p l a t e  113.3 So l v  3 5 
0.125-in.-dia 50 
nozzles 
10% f r e e  a rea  

-- -- 

Pulse amplitude = 1 inch. 



6.0 WASTE PROCESSING 

Jo C. Suddath 

Development s tud ies  on engineering-scale equipment were continued t o  
obtain design information f o r  flowsh,eet and control  analysis .  During t h i s  
period several  t e s t s  were made using simulated Purex and TBP-25 type waste 
and operating with the  continuous and batch evaporator. 

6.1 Evaporator-Calciner Studies - C. W. Hancher 

Engineering-scale s tudies  were continued t o  obtain  design data  fo r  
the  high l e v e l  p i l o t  p lant  flowsheets. The major e f f o r t  was on Idaho 
Chemical Plant type waste (TBP-25), since t h i s  i s  t he  proposed f i r s t  feed 
f o r  the  p i l o t  p lant .  Tests were made i n  the  la rge  batch evaporator-calciner 
system and i n  t he  small continuous evaporator-calciner system. A summary of 
t e s t  conditions and r e s u l t s  i s  presented i n  Table 6.1. Tests R-42 and R-43 
have been analyzed i n  d e t a i l  i n  Tables 6.2 and 6.3. The remaining t e s t s  
w i l l  be analyzed and w i l l  appear i n  a l a t e r  Unit Operations Monthly Reports. 

Average feed r a t e s  decreased with prolonged feed periods, but the  
bulk density of the  calcined so l ids  increased f o r  the  long feed periods. 
An economic stopping point  may be determined by balancing operating tfme 
against  basic f ixed cost .  In report  ORNL-TM-59, J. J. Perona calculated 
t h s t  a pot 12-5.11. -dia  should be approximately 9g01$ f u l l  f o r  economic 
ont i h u n  f i l l i n g  . 

Stable ruthenium was added t o  the  feed f o r  f i v e  of  the  t e s t s  t o  de te r -  
mine t he  v o l a t i l i t y  under evaporator operating conditions. The ruthenium 
i n  the  condensate was below ana ly t ica l  detection except during minor upsets 
a t  the  start of  each t e s t .  

Control of  both the  batch and continuous systems w a s  good, except f o r  
feed l i n e  plugging a t  high concentre,tions which would upset control  of 
the  e n t i r e  system. The boil-up r a t e  of the  continuous evaporator was 
insuf f ic ien t  at  the  peak r a t e  f o r  the  Purex flowsheet, but has been 
corrected by removing a mitered 90" elbow ( 2  in .  IPS) on the  discharge 
of  heat-exchange and replacing it with a smooth r ad fa l  sweep elbow (3  in .  
IPS) t h a t  re turns  the  discharge s f  stem chest above the  evaporator l e v e l  
i_ns%eatl of below a s  forrner l i n e  did.  The boil-up r a t e  was increased from 
6-8 l i t e r s  per min t o  greater  than 12 l i ter /min.  



Table 6.1. Summary of  Conditions and Results 

Bulk System 
Density Feed Rate 

Calciner Water t o  Off-gas t o  Nitrate  i n  of Average 
Feed Feed Ratio Feed Ratio Calcined Calcined f o r  Feed 

Solids Test Pccd C~n@zr;trrt icn f o r  T e s t  f o r  Test Solids Period I 
W 

No. Type System Factor l i t e r l l f t e r  f t 3 / l i t e r  W t  % g/cm3 l i t e r / h r  ?' 

42 Purex Continuous 1.18 t o  1.96 4.4 -., 0.02 - 2.3 1.5 
43 Purex Continuous 1 .3  t o  2.2 

49 
Leak 1.09 0.008 - 0.9 1.28 50 0 

44 f i r e x  continuous 1 .3  t o  3.8 7.8 2.02 0.06 - 0.14 1.14 40.9 
45 Purex Batch 0.98 t o  1.35 3 - 9  2.20 0.01 - 4.7 1 17 25.2 
46 Purex Batch 0.98 t o  1.27 4.1 3.50 0.01 - 3.7 1 - 5 5  25.8 
47 TBP-25 Continuous 1.2 t o  2.3 3 0 4 1.90 0.36 - 6.0 0.57 30.6 
48 TBP-25 Continuous 0.93 t o  1.6 2.8 3-  50 0.10 - 6.0 0.77 15.0 



Table 6.2. Results and Conditions fo r  T e s t  R-42 

Feed Concentrations 

A s  madeup 5 .1  6 .1  25.0 13.0 96.0 0.15 
A s  analyzed 

Tank 1 5.57 6.27 28.8 13. 3 97.5 0.160 
Tank 2 5.44 6.32 28.9 12.1  93 8 0.166 
Tank 3 5.00 5.84 30.6 13.3 102.0 0.183 

System Balances and Results 

NO3 Balance 
Input : 
Eecovery : 

Condensate 
Solid 
Evap . 
O f f  -gas 

Fe Balance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

PJa 3alance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

SO4 Balance 
Input : 
Recovery : 

Condens ate 
Solid 
Evap . 

4306 g moles 107.2% 
107 g moles 2.8% 
47.5 g moles 1 - 3 %  

263 g moles 

229 g moles 87.1% 
2 1 0 . 1  g moles 30 8% m 
287 g moles 

1 .5  g moles 0.8% 
245 g moles 88.1% 

505 g moles 

5.8 g moles 1.2% 
466 g moles 92 3% 



Table 6.2. Continued 

F.u Balance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

0.827 g moles 

0.379 g moles 45*8$ 
0.049 g moles 5.9% 

3 7 7 .  
Average Feed Rate 

495.5/10 = 49.55 l i t e r s / h r  average 

Wa3er Feed Rate 

2195 l i t e r s  of water, water t o  feed r a t i o  = 4.4 

Calcined Solids 

90 kg solids/60 l i t e r s  = 1.'50 g/cc bulk density 

Solid Analysis 

s-1 10.8 0.044 15 -7  1.10 2.37 54.06 5.68 
s-2 10.1 0.062 23.6 0.91 0.63 40.70 5.04 
s -3  16.7 0.045 11.2 1.10 0.03 52 - 39 7.44 
S-4 19.3 0.022 9.5 1.02 0.02 51 50 0.88 

Average 14.2 0.043 10.5 l * 0 3  0.76 49.66 6.26 



Table 6.3. Results and Conditions f o r  Test R-43 

Feed Concentrations 

A s  madeup 5.1 6.1 25.0 1 3  0 96. o 0.15 
A s  analyzed 

~~k 1 5-10 5.84 26.1 12.6 92 3 o -126 
Tank 2 5 20 6.22 27.2 13.4 93.9 0 157 

Average 5.15 6.03 26.6 13.0 93.1 0.141 

System Balances and Results 

Recovery : 
Condensate 
Solid 
Evap . 

Fe Balance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

N a  Salance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

SOs Balance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

3582 g moles 

2927 g moles 81 - 7% 
0.2 g moles - 
1 .9  g moles 

268 g moles 

2.3 g moles 009% 
178.3 g moles 66-5$ 

0.02- g moles 
e J T  

336 g moles 

2.3 g moles 007% 
109 g mles 32.5% 

0.06 g moles 
+-$ 

5.8 g moles 1.0% 
453 g moles 78 7% 

0.09 g mles 
753 



Table 6.3. Continued 

Ru Balance 
Input : 
Recovery : 

Condensate 
Solid 
Evap . 

- 
0.32 g moles 
- 

O f f  -Gas 

6491594 = 1.09 cu f t / l i t e r  of system feed 

Average Feed Rate 

59418 = 74.2 l i t e r lh r  average 

Water Feed Rate 

3698 l i t e r s  of  water 

Calcined Solids 

76.4 kg solid160 l i ters  = 1.28  g/cc bulk densi ty  

Solid Analysis 

- - -  - 

Top 1 9.26 0.03 58.9 2-95 0.90 353 
2 18.40 0.02 58.2 4.49 0.008 502 
3 9.06 0.04 53.5 1.30 0.18 353 

Bottom 4 16.10 0.02 59.0 4.04 0.014 434 

Average 1 3  3 0.028 57.3 3 - 2  0.30 432 
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