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ABSTRACT 

Operation of a 6-in.-dia foam separation column with ~ r - 8 9  t racer  
and dodecylbenzenesulfonate a s  a surfactant and foaming agent w a s  continued. 
The catalyt ic  oxidation of Hz, CO, and C& was studied using a nickel- 
chrome-palladium ribbon catalyst.  A Mark I prototype fue l  assembly was 
sheared t o  within 1-1/2411. of the end by modifying the gag hydraulic 
system of the shear. The force required to shear a highly carburized 
Mark I fuel  assembly (1.7-2.7s C)  was -25 tons compared to -50 tons fo r  
the duct i le  tubing. Demonstration of the mechanical dejacketing of the 
SRE Core I fuel  burned t o  -675 mwd/ton and cooled about 2 years is 
complete, and decontamination and equipment remval  from the  segmenting 
c e l l  i s  approximately 90% completed. Ten SRE Core I fuel  jackets were 
dissolved i n  aqua regia and analysis showed negligible uranium and Pu. 
A semicontinuous leach run, i n  which -2 mesh graphite f u e l  containing 
2 . w  uranium was leached i n  90s HN03 a t  60°c, gave only 0.37% uranium 
loss. Graphically estimated spectral factors  fo r  radiation between tubes 
within fue l  bundles and improved wall radiation factors were used t o  
calculate the temperature dis tr ibut ion expected within apent fue l  elements. 
Further studies of the dissolution of zirconium oxide by HF i n  fused salt 
resulted i n  r a t es  about twice as  great a s  f o r  Z r  metal under similar 
conditions. 
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SUMMARY 

1.0 CHEMICAL ENGINEERING RESEARCH 

Operation of  a 6-in. -dia foam separation column with ~ r - 8 9  t r ace r  and 
dodecylbenzenesulfonate a s  a surfactant and foaming agent was continued. 
The surfactant d i s t r ibu t ions  f o r  two batch runs were / c  = 5.6 t o  5.9 x 
(moles/cm2)(moles/cm3) f o r  concentrations below 250 ppm andI' = 3.2 x 10'1° 
moles/cm2 fo r  500 ppm, Values for  i7/c f o r  Sr were 1.1 t o  3.6 x (moles/ 
cm2)(moles/cm3), but the  ~ r - 8 9  material  balances were about 6046. An air 
oqerated whistle o r  "Sonic Ai r je t  Defoamer" was t e s t ed  and in s t a l l ed  i n  place 
of the  cyclone defoamer and it i s  more convenient fo r  t he  6-in. -dia column 
foam breaker. 

2.0 GCR COOLANT PJRIFICATION STUDIES 

The ca t a ly t i c  oxidation of &, CO and CH4 was studied using a nickel-  
chrome-palladium ribbon ca ta lys t .  Mass t ransfer  of  the  contaminant and 
oxygen t o  the  react ion s i t e  from the bulk gas contributed t o  t he  reac'cion 
r a t e  control .  The reaction r a t e  constants f o r  the  th ree  contaminants was 
f i t t e d  t o  an Arrhenius-type expression. 

3.0 POWER REACTOli FUEL PROCESSING 

3 . 1  Shear and Leach 

Spring loading the  fnner gag hydraulic cylinder and reducing the  
hydraulic pressure t o  zero at  the time the  f u e l  bundle i s  being moved 
forward resul ted i n  a porcelain f i l l e d  Mark I prototype f u e l  assembly 
being sheared t o  within 1-1/2 i n o  of the  end. 

Shearing in to  the f l a x  s ide of a, f u e l  assembly with the  stepped blade 
resul ted i n  producing dfserete  pieces; however, t he  tubes were badly spread 
causing drag back when the rncvable blade was re t racted.  

The force required Lo shear a h:ighly carburized Mark I f u e l  assembly 
(1.7-2.776 C )  w a s  -25 tons a s  compared t o  -50 tons  fo r  the  duc t i l e  tubing. 

A 2.25 l i t e r  bulk volume i s  the  optimum so l ids  batch s ize  f o r  the  
leacher t o  insure the  so l ids  being covered with t he  acid dissolvent.  

3 . 2  SRE Dejacketing Studies 

Demonstration of the  mechanical dejacketing of t he  SRE Core I fue l  
iz~rned t o  -675 mwd/ton a d  cooled about 2 years i s  complete, and decontamina- 
t l o n  and equipment removal Prom the  segmenting c e l l  is  approximately 90% 
completed. 

Batch dissolut ion of  t en  SRE Core I f u e l  jackets, 304-L s t a in l e s s  s t ee l ,  
10 n i l  w a l l ,  was successfully completed i n  aqua regia  of  2 M HC1-5 M HN03 
m d  3 PI - HC1 and 4 - PI HN03 cotacentrations. Using an i n i t i a l  molar r a t i o  o f  
~ 1 -  to  s t a in l e s s  s t e e l  cf 3-5 to 1 the s t a i ~ l e s s  s t e e l  jackets were 



completely dissolved in 3 out of 5 batch dissolutions, yielding  solution^ 
containing 50 g of s tainless  s t e e l  per l i t e r .  The 2 M HC1-5 M FINO3 solution 
where the C 1 -  t o  s tainless  s t ee l  r a t io  was 2.35 t o  1 xid not ~ompletely 
dissolve the jackets and a cleanup run was always required. Analysis of the  
product solutions show a negligible uranium loss  from the dejacketing opera- 
t ion.  Low concentrations of U from 0.001 t o  0.0041 mg/ml o r  from 0.1 t o  
4.6 mg  mole stainless  s t ee l ,  and Pu from 108 t o  1.1 x lo3 c/m/ml were 
measured. A spectrophotometric scan of the dissolved jacket showed a 
complete absence of f i ss ion  products originating from the core fuel .  

3.3 U-C Fuel Processing 

A uranium loss  of only 0.37% (100 pprn U i n  residue) was sustained i n  
a semicontinuous leach run i n  which -2 mesh (73$ > 12 mesh) graphite fue l  
containing 2.6% uranium was leached in 90% HN03 at 60°c, a 2 hr batch leach, 
a 4 hr leach i n  flowing acid, and a f ina l  water wash. Uranium loss  for  
-4 mesh (27% > 12 mesh) fue l  following identical  treatment was 1.6$. 

4.0 REACTOR EVALUATION STUDIES 

Graphically estimated spectral factors for  radiation between tubes 
within fuel  bundles and improved wall radiation factors were used t o  cal- 
culate the temperature dis tr ibut ion expected within spent fuel  elements 
i f  a l l  heat t ransfer  were by radiation. These resul ts  a re  believed t o  give 
a much m r e  r e a l i s t i c  picture of the ef fec ts  of radiation within air f i l l e d  
casks than previous calculations. Although the previous resu l t s  gave 
bet ter  agreement with the experimental data which are available on center 
tube temperatures, the more recent calculations give a bet ter  f i t  t o  the 
temperature dis tr ibut ion throughout the bundle. The calculated resu l t s  
a re  always s l ight ly  higher than the experimental since convection and 
conduction were neglected. 

Further studies of the dissolution of zirconium oxide by HF i n  fused 
salt resulted i n  r a t es  about twice as  great as f o r  Z r  metal under similar 
conditions. Preliminary chemical analyses of the film forned on pa r t i a l ly  
dissolved oxide indicate t h a t  an intermediate oxyfluoride may be formed. 



1.0 CIIEMICAL ENGINEERING BESEARCH 

1.1 Foam Separation - P. A. H a a s ,  J. D. Sheppard 

Continuous countercurrent and batch operat ion of a 6- in. - I D  foam- 
l lquid column was continued t o  study engineering variables controlling 
column performance. Mechanical operation of the column system was improved. 
Complete material balances fo r  the ~ r - 8 9  t racer  and sat isfactory isotopic 
exchange fo r  Sr during countercurrent column operation were not demonstrated. 

Batch Run Results. Results a re  complete f o r  two  batch t e s t s  (runs 11 
and 12) made with i n i t i a l  charges of seven l i t e r s  of lo-' M NaOH with 
s ~ ( o H ) ~  and Trepolate F-95 to give ~r/dodec~lbenzenesulfo<te mole ra t ios  
of 0.2. The N2 used t o  generate the  foam was bubbled through 0.2 M NaOH 
pr ior  t o  metering at 3,000 cc/min into the column. Liquid and conxensed 
foam samples were taken (Figures 1.1 and 1.2)  at  5 rnin intervals .  The 
condensed foam sample times were corrected for  the  column holdup which was 
about 5 min of normal gas flow o r  7 rnin from the start of foaming u n t i l  
collection of condensed foam. 

Calculated surfactant material 'balances were 91% fo r  run 11 and 102% 
f o r  run 12. The f3 material balances were 625 f o r  run 11 and 60% fo r  run 12. 

Values f o r  r o r  r / c  for  the dodecylbenzenesulfonate may be calculated 
from the surfactant analyses (Figure 1.1). For run 11 a t  zero time, the 
surfactant r a t e  i n  excess of tha t  corresponding t o  the l iquid  volume of 
the condensed foam i s :  

(47 ,L min -6) - (0.012 A) (.?50 = 44 ,L min 

For a surface area of 100 cm2/cm3 fo r  the foam a s  generated: 

Similarly at  20 min, r / c  = 5.6 x cm. The surfactant concentrations 
f o r  run 12 are greater than the c r i t i c a l  micelle concentration reported i n  
laboratory studies. Therefore, the surface excess would be controlled by 
the saturation of surface leaving the column and T' could be calculated as 

- (0.040) (1250) = 48 ,L moles 
rnin 

The collapse of bubbles throughout the column resul t s  i n  a change i n  
surface area from 100 cm2/cm3 foam near ' the fom-liquid interface t o  as  
low as 50 cm2/cm3 foam o r  l e s s  fo r  the foam leaving the column. For !-ow 
l iquid surfactant concentrations, the surface i n  equilibrium with the l iquid 
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Fig. 1 .1 . Surfactant analyses - Runs 1 1 and 12. 
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i s  only par t ly  covered with surfactant .  Then a disappearance o f  surface 
only r e s u l t s  i n  an increased saturat ion of  t he  remaining surface. For 
surfactant concentrations i n  t he  l i qu id  above the  c r i t i c a l  micelle concen- 
t r a t i o n ,  the  surface has a constant concentration and disappearance o f  
surface r e s u l t s  i n  recycle of surfactant  t o  the  l iqu id .  Based on these 
e f f ec t s ,  the  surface areas  used f o r  calculat ions  f o r  the  surfactant  were 
100 cm2/cm3 f o r r  /c fo r  run 11 and 50 cm2/cm3 f o r  r f o r  run 12. 

Values of r /c f o r  Sr  may be ca.- .ulated from the  f3 analyses shown i n  
Finire 1 . 2  i f  it i s  assumed that the:re i s  no ref lux of Sr   a able 1.1) . 

Table 1.1. Calculated Values of  r /c f o r  Sr-run 11 

Sr  Conc. Sr  Rate i n  Excess Sr r /ca 
i n  Liquid Cond. Foam i n  Foam -3 &les/cm2 

Time I-I equiv (1 equiv II equiv lo moles cm3 
min l i t e r  min min o r  cm 

a ~ r  an area of 3 x lo5 cm2/min 
b 

For run 12 

Sonic Foam Breaker. A TEKNIKA Sonic A i r j e t  Defoamer was t e s t ed ,  
ins ta l led ,  and used as a foam breaker fo r  runs 11, 12, and 13. This m i - t  
is  ra ted  t o  produce high in tens i ty  d i rec t iona l  sound a t  12,000 cycles/sec 
when supplied with 1 5  SCF of air a t  30-40 ps i .  When t e s t ed  i n  t he  6 - i n . - 1 ~  
column about 24-in. above t h e  liquid-foam in te r face ,  it e a s i l y  kept the  
foam 6 in .  o r  more below the  defoamer f o r  foam r a t e s  up t o  4000 cc/min (%he 
~naximum t e s t ed ) .  The un i t  w a s  i n s t a l l ed  within a foam breaker chambey vented 
to the  c e l l  off-gas.  It ea s i l y  breaks high r a t e s  of wet foam, but t he  djry 
fo8.m which r e s u l t s  a t  low r a t e s  is  sometimes d i f f i c u l t  t o  break. D i s t i l l e d  
va t e r  o r  d i l u t e  HC1 introduced throui~h a cap i l l a ry  feed l i n e  i n s t a l l e d  below 
t.he defoamer helps foam condensation f o r  dry foam and d i l u t e s  t he  condensed 
foam t o  avoid prec ip i ta t ion  of  so l ids .  When t h e  sonic defoamer was operated 
.#ith 10 cc/min of  l i qu id  and no foam, l i qu id  collected a t  a 6.2 cc/min r a t e  
ind 5cating 3.8 cc/min o f  evaporation. 

In comparison with t h e  previously used cyclone foam breaker, the  sonic 
defoamer i s  more convenient f o r  t he  :present r e l a t i ve ly  s m a l l  system. The 
vacuum used t o  operate t h e  cyclone required both a pump f o r  condensed foam 
: r e ~ c v a l  and a "hot" vacuum pump becailseof the ~ r - 8 9  t r ace r .  Condensation o f  
inore complete f o r  t he  sonic defoamer. The 0.4-in.-dia cyclone appears t o  
:lave a much l a rge r  capacity (> 20 l i t e r /min ) ,  does not generate t h e  la rge  
volume of off-gas, and would probably be preferred f o r  l a rge r  columns. 



Column Alterations. Gold-platinum al loy spinerettes l i k e  those used 
by the rayon industry had generated very uniform bubbles i n  small scale 
foam separation studies.  A 2-in. -dia spinerette with approximately 1800 
5 0 ~  d ia  holes was ins ta l led  and t r i e d  i n  the 6-in. -dia column. Three 
extra  coarse f r i t t e d  glass gas dispersion tubes were also ins ta l led  and 
t r i e d  i n  the same column end plate.  These gave much f iner  and l e s s  uniform 
bubbles than the spinerettes.  Use of these two types of dispersors separately 
and together w i l l  permit study of bu3ble s ize  and s i ze  dis tr ibut ion as a 
parameter. 



2.0 GCR COOLANT PTJFCCFICATION STUDIES 

J. C. Suddath 

Contamination of coolant gases l3y chemical impurit ies and re lease  of 
f i s s ion  products from fue l  elements a r e  major problems i n  gas-cooled reac tors  
and in -p i le  experimental loops. Investigations a r e  being made t o  determine 
the  best  methods t o  reduce the  impurit ies,  both radioactive and non-radio- 
ac t ive ,  with emphasis on the  k ine t ics  of  the  oxidation of hydrogen, carbon 
m o x i d e ,  and methane by oxygen i n  t he  proposed EGCR ca t a ly t i c  oxidizer .  

The ca ta lys t  t o  be used i n  the  EGCR helium pur i f ica t ion  system i s  
M i - C r  metal ribbon with act ivated Pd on i t s  surface. This ca t a ly s t  i s  
manufactured by the  American Metals Products Co. A shor t  experimental 
investigation of t h e  effectiveness o f  t h i s  ca t a ly s t  f o r  t he  oxidation of 
32, CO, and CH4 by O2 was made over the  range of  ant ic ipated operating 
conditions expected i n  the  EGCR. Correlations of  the  e f f e c t s  o f  the  var:":ous 
naraneters have been made. It was found t h a t  the  present design of t he  
EGCR ca t a ly t i c  oxidizer  i s  inadequate over a portion of the  s t a t ed  proposed 
operating conditions unless oxygen contamination i n  the  coolant i s  accepted. 

2 .1  Specifications and Proper t ies  of  EGCR Catalyt ic  Oxidizer - C. D. Scott  

The ca t a ly t i c  oxidizer furnished by American Metals Products Co. i s  a 
vessel  8-in.  - I D  by 7.5-in. -deep f i l l e d  with t h e i r  nickel-chromium-palladium 
ribbon ca ta lys t .  

Froperties of Catalyst .  The ca ta lys t  i s  i n  the  form of  nickel-chrorniurn 
metal ribbon coated with act ivated palladium. A t yp i ca l  chemical compos:'.tion 
of the  three  components i n  the  ca ta lys t  is:  

Nickel - 58.3$ 
Chromiiun - 31.3$ 
Palladium - 1.1% 

The ribbon i s  metal l ic  i n  form and has the  following dimensions: 

Length - variable  
Width - 0.036-0.037 inches 
Depth - 0.005-0.006 inches 

The packed density of  t he  ribbon ca t a ly s t  i n  a small ca t a ly t i c  un i t  obtained 
from the  company w a s  0.384 g/cc. Specific surface a rea  was approximatel2r 
equal t o  the  ex te r io r  surface of the  ribbon. 

Catalyt ic  Unit ~ ~ e c i f i c a t i o n s . ~ ' ~  The design specif icat ions  f o r  the  
EGCR ca t a ly t i c  un i t  a r e  as  follows: 



In le t  gas (300 psia and 2 6 0 ' ~  t o  700 '~)  

Component Vol 5 

He 
co 
H2 
con 
N 2  
H20 

Hydro carbons 
Fission products 

95.0 
2.3 max 
2.3 max 
0.2 
0.1 
t race  
t race 
t race 

Effluent gas (based on 650 '~  i n l e t  and 300 psia)  

Maximum Content 
Component ppm by vol 

Gas feed ra t e  to  oxidizer: 

2.2 Emerimental Work 

Reagents. The gases used i n  the t e s t s  were of the following grades: 

Helium Navy Grade A, purity -100% 
Hydrogen 99 - 5% purity 
Carbon Monoxide 99.5% purity 
Me thane 99.0% purity 
Oxygen 99.5% purity 

Experimental Faci l i ty .  All t e s t s  we e made in  the Gas-Cooled Reactor E Helium Coolant Purification Test Fac i l i ty  (Figure 2.1). This f a c i l i t y  i s  
capable of synthesizing contaminated helium with hydrogen, carbon monoxide, 
and methane, and oxygen addition t o  the contaminated gas i s  possible. 

The 2-in.-dia oxidizers which are components of the system were used 
in  t h i s  study. Oxidizers were fabricated from 2-in.-dia schedule 80 stain-  
l e s s  s t ee l  pipe with high-pressure (600 ps i )  flanges a t  e i the r  end (Figure 
2.2). Catalyst bed depths of 1 t o  4 in. were used i n  the oxidizers with 
thermocouple probes every 2 in.  within the vessels. Each oxidizer was 
internal ly insulated a t  the top and bottom and externally heated and 
insulated by a tube furnace. In some t e s t s  a 1-in.-ID inser t  w a s  used i n  
the oxidizer t o  allow higher gas mass veloci t ies .  Helium contaminated 
with 0-2% hydrogen, 0-2% carbon monoxide, 0-1% methane, and 0-25 oxygen a t  
0-325 psig, 30-60o0C, and gas flow ra tes  of 0-120 slpm can be delivered t o  
the oxidizer. 
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Experimental Procedure. A l l  t e s t s  were made by the  following procedure: 

1. The oxidizer was charged with the  proper amount of ca t a ly s t  and 
heated t o  the  specified operating temperature. 

2. A preheated stream of pure helium was then introduced t o  t he  
oxidizer and the  ca ta lys t  bed was allowed t o  reach thermal 
equilibrium. 

3. A predetermined, constant riate o f  contaminant (hydrogen, carbon 
monoxide, o r  methane) was introduced t o  the  gas stream. 

4. Oxygen was introduced t o  the  gas mixture Jus t  p r io r  t o  i t s  entry  
t o  the  2-in. oxidizer o r  t o  a point  jus t  below the  ca t a ly s t  bed 
a t  an i n i t i a l ,  constant r a t e  l e s s  than t h a t  required t o  give a 
stoichiometric anount . 

5. The oxygen flow r a t e  was increased a s  a s t ep  function per iodical ly  
u n t i l  there  was no contaminant (&, CO,  o r  C H ~ )  i n  the  reactor  o f f -  
gas o r  u n t i l  the  oxygen addit ion r a t e  was greater  than necesi;ar:r 
t o  give a stoichiometric a m c ~ u n t .  

6 .  The oxidizer off-gas was sampled per iodical ly  by a gas adsorption 
chromatograph using comparative thermal conductivity measurements, 
and check samples were taken fo r  analysis  by mass spectromet:ry. 
The lower l i m i t  o f  detect ion of  hydrogen by the chromatograpli was 
-10 ppm and f o r  the oxygen, carbon monoxide, and methane was -5 
PPmg 

Experimental Data. From the  experimental da ta  taken, it was possib:Le 
t o  determine the  oxygen and contaminant concentration i n  the  helium gas 
stream pr ior  t o  i t s  entry  t o  the  oxidizer and i n  the  oxidizer off-gas .  Thus, 
it was possible t o  determine the  effectiveness of  a spec i f ic  amount o:P 
ca ta lys t  under the  various experimen.ta1 conditions. 

Catalyt ic  Oxidation of  wdrogen. Fourteen t e s t s   a able 2 . l a )  were 
nade a t  400-600'~ and 300 ps ia  with za ta lys t  bed depths of  1 t o  4 i n .  i n  
s. 1- in .  - I D  and 2-in. - I D  vessel  f o r  t:he catalyzed reaction,  & + 112 O2 = 
H20. Gas mass flow r a t e s  of 0.083 t o  1 .0  g mole/cm2-min were used; and 
i n i t i a l  hydrogen concentrations were 0.51 t o  1.96 vol $. 

Cata ly t ic  Oxidation of  Carbon Manoxide. Twelve t e s t s   a able 2. lb) 
.were made a t  bed temperatures of  400-600'~ and a t o t a l  pressure o f  300 pisia 
f o r  the  catalyzed reaction,  CO + 112 02 = C02. Gas mass flow r a t e s  of 
0.083 t o  1 .0  g mole/cm2-min were used and i n i t i a l  carbon monoxide concen- 
t r a t i o n  ranged from 0.44 t o  2.47 vol $. 

Catalyt ic  Oxidation of Methane. Eight t e s t s   a able 2 . 1 ~ )  were made 
a t  bed temperatures o f  400-600"~ and a pressure of 300 ps ia  for  the  catalyzed 
react ion,  CH4 + 2 O2 = C02 + 2 &0. Gas mass flow r a t e s  of 0.083 t o  1 .0  
g mole/cm2-min were used and the  i n i t i a l  methane concentration ranged from 
3.11 t o  0.67 vol %. 



Table 2.1. Experimental Data from the Kinetic Study of the  Oxidation 

of Hydrogen, Carbon Monoxide, and Methane by Oxygen i n  a Fixed Bed 

of American Metals Products Ni-Cr-Pd Ribbon Catalyst 

Total 
Gas 

Flow 
Bed Bed Bed Rate, Contaminant Concentration, 

Run Temp., D i a ,  Vol, gmoles  mole f rac t ion  -- 
No. "C + 10°C cm - cc min I n i t i a l  Final 

-- - - - -- - - - -- -- - 

a. Reaction H2 + 112 O2 = H20 & 02* a2 02 

loo 3.28 0.0101oo 0.003807 0.0025oo 0. ooooo7 
loo 1.59 o.005100 0.002476 o.000200 o.oooo66 
loo 1.59 o.005100 0.001860 0.0014oo 0 . 1 3 ~ ~ 1 3  
100 4.72 0.012500 0.004503 0.003500 0.000002 
100 4.72 0.012500 0.005572 0.001400 0.000022 

loo 3.28 0.019600 0.008911 0.0018oo o.oooo11 
100 3.28 0.018200 0.009146 o.oo0400 0.000246 
100 1.59 0.008000 0.003733 0.000600 0.000033 
100 1 9 0.00&00 0.004243 0.000100 0.000293 
loo 3.28 o.010700 0.004552 0.0016oo o.000002 

loo 4.72 0.012800 0.006380 o.oo0400 o.oo0180 
56.6 4.72 0.014600 0.006642 o.001400 0.000042 
28.3 4.20 o.oo8100 0.003561 o.oo1600 0.~00311 
28.3 4.20 0.0081oo 0.002469 0.0033oo 0.000169 
28.3 4.20 o.007900 0.004810 o.oo0800 0.001:360 

b. Reaction CO + 112 02 = C02 

5.0 100 3.28 
5.0 loo 3.28 
5.0 loo 1.59 
5.0 100 4.20 
5.0 loo 3.28 

5 -0 100 3.28 
5.0 loo 3.28 
5.0 loo 3.28 
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Table 2.1. (continued) 

Total  
Gas 

Flow 
Bed Bed Bed Rate, Cor;taminar~t Concentration, 

Pa Temp., D i a ,  Vol, g m4oles m ~ 1 . e  fra;-tiaa - 
9 .  O c  + 10°C cm - cc min Inf t ial .  Final  

b. Reaction CO + 112 02 = COe CO 02*' C 0 02 

5.0 loo 3'.28 
2.5 56.6 4.20 
2.5 28.3 ~ 5 9  
2.5 28.3 1.59 
2.5 28.3 4.72 

1 
I 500 5.0 100 3.28 
2 5.9 5gc 

5.0 
1cc 1.53 

3 500 loo 4.20 
4 500 5.0 lo0 3.28 
5 500 5.0 100 3-28  

5 400 5.0 100 3.20 
7 600 5.0 loo 3.28 
8 500 2 .5  56.6 4.28 

*Determined f r o m  stoichiometry. 



Simultaneous Catalsrbic Oxidation of Hvdroaen . Carbon Monoxide. and " - ,  
Methane. Three t e s t s  were made i n  which hydrogen, carbon monoxide, tia 
methane were co-oxidized i n  two d i f f e r en t  ca ta lys t  bed s i ze s  at 500°C 
 a able 2 .2) .  In these t e s t s  a t o t a l  pressure of  300 ps i a  w a s  uskd with 
mass flow r a t e s  of  0.171 and 0.220 g mole/cm2-min. I n i t i a l  contaminant 
concentrations varied from 0.44 t o  1.40 vol $. 

2 . 3  Correlation of  Data 

Since t he  purpose o f  t h i s  experimental study was t o  obtain  experimental 
k ine t ic  da ta  and usable reactor  design equations i n  a shor t  time, no attempt 
was made t o  design the  experimental program toward obtaining enough da ta  
with su f f i c i en t  accuracy t o  permit determination of the  mechanism of  reaction 
r a t e  control .  This type of approach, a s  presented by smith5 and others ,  
requires  invest igat ion of a considerable number of  process var iables  and 
a l a rge  e f f o r t  d i rected toward calculat ion and analysis  of  experimental 
r e su l t s .  

The approach taken was t o  empirically cor e l a t e  the  experimental data  
i n  a. manner s i m i l a r  t o  t h a t  out l ined by Waller and used i n  an e a r l i e r  repor t  
by the  author.? 

Apparent Reaction Rate. It was found t h a t  the  apparent react ion r a t e  
fo r  the  oxidation of  hydrogen, carbon monoxide, and methane a t  a constant 
mass flow r a t e  and pressure could be expressed by 

wnere 

r = apparent react ion r a t e ,  g moles of  contaminant reacted per cubic 
centimeter of  ca ta lys t  bed per minute 

K = apparent reaction r a t e  constant a t  constant flow r a t e s ,  g-moles,/ 
cc -min 

yc, yo = mole f rac t ion  o f  contaminant and oxygen i n  t he  gas stream a t  any 
point  i n  t he  reac tor  

The mater ia l  balance around a d i f fe ren  ial volume i n  the  reac tor  
r e s u l t s  i n  the  flow reactor  design equation f 

where 

V = volume of ca ta lys t  i n  reactor ,  cc 



Table 2.2. Experimental Results of  Simultaneous Catalytic Oxidation of Hydrogen, 

Carbod Monoxide, and Methane a t  500 + 12OC i n  a Flowing Stream of Helium' 

Bed Bed Total Gas Irii-tial Contaminant Concentration, Ffnal Contamfnwt Concentration, 
Run Df a, Volume, Flow Rate, mole f ract  ion mole f rac t ion  
No. cm cc g-moles/min H2 C 0 CH4 02% H 2  C 0 C H 4  02 

* Dztermined from stoichiometry. 



F = gas feed ra te ,  cc/min 

Yo, Yf = mole fract ion of contaminant i n i t i a l l y  and f ina l ly  

Incorporation of eq. (1)  individually into the flow reactor design 
equation with the correct stoichiometry, a f t e r  integration, r e su l t s  i n  the 
following equations for  determining the  apparent reaction r a t e  constm~t:  

For hydrogen , 

For carbon monoxide, 

For methane, 

where 

YH 9 YC 9 YCH 9 Yo = i n i t i a l  mole fract ion of Hz, CO, CH4, and 02 
0 0 0 0 

= f i n a l  mole fract ion of HZ, CO, CH4) and 02 
Y ~ , '  'c,' y ~ ~ , '  '0, 

A l l  three reaction r a t e  constants were found t o  be temperature and 
mass -flow-rate dependent    able 2.3). 

The apparent reaction r a t e  constant a t  constant mass flow r a t e  cnn be 
incorporated in to  an expression for  a r a t e  constant fo r  any flow r a t e  whtch 
i s  dependent only on temperature: 

log K = log k + @log G (7)  

where 

k = r a t e  constant f o r  any mass flow ra te  dependent only on temperature 



Table 2.3. Effect of Temperature and Mass Flow Rate 

on the Reaction Rate Constants 

Average Reaction Rate Constant, K x 
Temperature, Mass flow ra te ,  g-mole/cm2-min 

contaminant OC 0.083 3.17 0.24 0.33 0.88 1.00 

G = mass flow ra te ,  g moles/cm2-min 

Q = exponent of G necessary for  correlation 

A plot, of log K vs log G should have = ictercegt of k a d  a s1o:pe 
of 0 for  each component a t  each temperature. Fmm these plots  (Figures 2.3, 
2.4, and 2.5) the following average values for  Q were determined. 

The average values of the reaction ra t e  constant k, determined a t  400, 
500, and 600 '~  for  each contaminant from eq. (6)  are plotted i n  an 
Arrhenius-type plot t o  obtain the temperature dependence of k ( ~ i g u r e  2.6).  
Ass-ming tha t  k can be expressed w i t h  an Arrhenius-type expression, 

Determination of the intercept and slope from these plots  allow determina- 
tion of the following expressions for  the reaction rate  constants, k, 

For hydrogen, 
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GAS MASS FLOWRATE, G, 9 moleslcm2 -m i "  

Fig. 2.3. Log reaction rate constant for catylzed reaction, H2 + 1/2 O2 = 
H20,  vs log mass flowrate. 
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GAS MASS FLOWRATE,G, CJ moles/cm2 -mi" 

Fig. 2.4. Log reaction rate constant for catalyzed reaction, C O  + 1/2 O2 = 
C O  , vs log mass flowrate. 2 
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MASS FLOWRATE, G , g moles/cm2 -mi" 

Fig. 2.5. Log reaction rate constant vs log mass flowrate for catalyzed reac- 

tion, CH4 + 2 O 2  = C 0 2  + 2H20. 
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Fig. 2.6. Arrhenius plots o f  the rate constants for the catalyzed reactions of 
CO, and CH wi th 0 i n  a f lowing stream of helium at 300 psia. 

4 2 



For carbon mnoxide, 

6 -2400/RT 
k = 1.73 x 10 e 

For methane, 

5 - 3 9 5 0 1 ~ ~  k = 4.08 x 10 e 

Putting the  values fo r  8 and the  expressions f o r  k i n  eqs. (1) and (6)  
glves expressions f o r  the  apparent reaction r a t e s ,  

For hydrogen, 

6 -2200/RTG0.37 r = 1.95 x 10 e 
H YHYo (12) 

For carbon monoxide, 

For methane, 

Simultaneous Oxidation of Hydrogen, Carbon knoxide,  and Methane. The 
three s e r i e s  of t e s t s  made with simultaneous oxidation of the  th ree  con- 
taminants showed t h a t  the  preference of  oxidation i n  the  ca t a ly t i c  bed 
was hydrogen f i r s t ,  carbon monoxide second, and methane last. That i s ,  
the  major portion of  t h e  hydrogen was oxidized p r io r  t o  s ign i f ican t  carbon 
monoxide o r  methane oxidation and the major portion of  the  carbon monoxide 
was oxidized pr ior  t o  s ignif icant  methane oxidation. Although these 
e f f ec t s  were not quant i ta t ive ,  f o r  a conservative reactor design it should 
be assumed t h a t  the  f i r s t  portion o r  zone of  the  ca t a ly t i c  bed w i l l  be 
u t i l i z e d  f o r  hydrogen oxidation by the  t o t a l  amunt  of  oxygen avai lable .  
The second zone f o r  carbon monoxide ~ x i d a t i o n  by t h e  t o t a l  remaining 
oxygen, and the  f i n a l  portion o f  the  oxidizer w i l l  oxidize the  methane 
with the  oxygen remaining a f t e r  both hydrogen and carbon monoxide oxida- 
t ion .  

Reactor Desigi Equations. One of the  main purposes of  t h i s  work was 
t o  es tab l i sh  necessary design equations f o r  evaluation of t he  EGCR ca t a ly t i c  
oxidizer.  The design equations can be developed by rearranging eqs. (3 ) ,  
( 4 ) ,  and (5)  and incorporating eqs. (9) ,  ( l o ) ,  and (11) f o r  t he  apparent 
r a t e  constants. The resu l t ing  design equations a r e :  

For hydrogen, 



For carbon monoxide, 

For methane, 

To evaluate an ex i s t ing  ox id ize r ,  eqs ,  (15) and (16) can be used t o  
e s t ab l i sh  t h e  necessary oxidizer  vol-ume f o r  t h e  H2 and CO oxidat ion ~ n d  
t he  remaining volume w i l l  be used t o  oxidize  t he  CH4. Equation (17) can 
be rearranged t o  give a value o f  t he  CH4 concentration when t h e  ca t a ly s t  
volume t o  be used w i l l  be t h e  remaining e f f ec t i ve  volume (vCH = t o t a l  
volume - VH - Vc) : 

where 

V = volume of  c a t a ly s t  remaining f o r  t he  methane oxidation,  cc 

It should be noted t h a t  when simultaneous oxidation o f  two o r  more 
contaminants i s  contemplated, necessary reac to r  volumes a re  addi t ive  f o r  
each contaminant and t he  oxygen mole f rac t ion  t o  be used i s  t h e  t o t a l  un- 
used oxygen i n  t h e  gas stream. 

Reaction-rate-controiling Mezhe.nism. Although t he  t e s t s  made i n  t h i s  
study were not  exhaustive enough t o  e s t a b l i s h  the ra te -con t ro l l ing  mechanism, 
t he r e  was d e f i n i t e  indicat ion t h a t  nlass t r a n s f e r  o f  both t h e  contaminant 
and oxygen t o  the  reac t ion  s i t e  from t h e  b d k  gas stream contributed t o  t he  
reac t ion  r a t e  control .  

This i s  indicated by t he  depend.ence o f  react ion r a t e  on t h e  mass flow 
r a t e  and by t he  low ac t iva t ion  energies o f  t he  react ion r a t e  constant .  

EGCR Application of Oxidizer, The design c r i t e r i a  es tab l i shed  f o r  
t h e  EGCR oxid ize r l -3  p lus  addi t ion of some capacity f o r  methane oxidation 
would give t h e  following gas Impurity l e v e l s  f o r  t he  EGCR oxidizer :  



Gas, vol $I 
Contaminant Impure Purified 

&(ref 1 ,2)  2.3 < 0.1 

co ( re f  1 ,2)  
2.3 < 0.1 

 h here a re  no requirements fo r  methane oxidation i n  EGCR design specifica- 
t ion ,  but it i s  f e l t  t h a t  a r e a l i s t i c  design should include provisions f o r  
t h i s  contaminant. There are no requirements f o r  O2 contamination from the  
oxidizer, but it should be maintained a s  low a s  possible.)  

With these c r i t e r i a  and the  reactor design equations and assuming 
t h a t  the mass flow r a t e  w i l l  be 0.82 g mole/cm2-min, and the  temperature 
650°c, f o r  & and CO oxidation only, it was determined t h a t  the  oxygen 
concentration i n  the  oxidizer eff luent  would have t o  be somewhat higher 
than 10 ppm but l e s s  than 100 ppm. If s ignif icant  methane oxidation i s  
needed, the e f f luent  oxygen concentration would have t o  be greater  than 
100 ppm. 

I f  the  design specifications fo r  contaminant content a r e  r e a l i s t i c ,  
then the available ca ta ly t ic  oxidizer i s  not suf f ic ien t  t o  oxidize a l l  
contamination, including methane, without s ignif icant  oxygen contamination 
of the coolant. 

It i s  recommended t h a t  the  following points be considered: 

1. The oxidizer should be operated a t  a s  high a temperature as 
possible. 

2. The design specifications f o r  contamination leve ls  should be 
re-investigated. 

3. If it i s  necessary t o  maintain low 02 content i n  the oxidizer 
e f f luent  ( l e s s  than 10 ppm), with the  contamination leve ls  
specified,  i f  capacity f o r  methane oxidation i s  necessary, o r  
i f  a lower operating temperature must be used (< 650°c), then 
a l a rge r  oxidizer should be procured with design based on the 
design equations given i n  t h i s  report .  

4. If contamination leve ls ,  including 02 contamination, must be 
maintained s ignif icant ly  lower than the  above specifications,  
oxidation by f ixed-bed CuO should be considered. 879 
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3.0 WvJER REACTOR i.':,!EL PI3OCESSING 

9 . 1  Sherr  a d  T,each - 3. C .  Finney 

A shear  and leach progran t o  determine t h e  economic axd technologica l  
f e a s i b i l i t y  o f  continuously leaching t h e  core m z t e r i ~ ~ l  o r  302-'l?h0,-) 
from r e l z t i v e l y  shor t  sec t ions  (1-in.  long) of  f u e l  elements produced. by 
shearing i s  continuing. This processing method enjoys t h e  zpparent ad-vmtage 
05' recovering f i s s i l e  a d .  f e r t i l e  mater id .  from spent power. r eac to r  f u e l  
elements v i thou t  d i s s o l u t i o n  of the  i n e r t  jacket ing  and. end adaptors .  These 
unTuelec! co r t ions  a r e  s tored  d i r e c t l y  i n  a  minim-m voluqe 2s a s o l i d  waste. 
A "cold shear  and leach complex ccnsi.sting of  a  shear ,  conveyor-feeder, 
znd leacher  i s  being evaluated -prior t o  ho t '  runs.  

Shear. i? method of  feed.ing and holding a Yuel assembly during shearing 
appears t o  be acceptable from i n i t i a l  f i e l d  t e s t s .  Spring loading t h e  inner 
gag hydreulic  cyl inder  (Figure 3.1) of  t h e  shear  t o  reduce t h e  rorce r e -  
quired t o  move t h e  gag a t  zero hydraulic  pressure from -800 l b s  t o  -100 
l b s  measured a t  the  face  of the  gag permitted t h e  successful  shearing of  
a Mark I porcela in  f i l l e d  prototype f u e l  assembly t o  within 1-112 i n .  of  
t h e  end (:Figure 3 .2)  . The l eng th  of  t h e  te rminal  cut  i s  determined by t h e  
th ickness  o f  t h e  inner  gag because the  feed mechanism pusher arm head 
cannot move ins ide  t h e  inner  gag. ':?he f u e l  assembly w a s  successful ly  
moved forward a f t e r  each cu t  by r e t r a c t i n g  t h e  o u t e r  gag, reducing t h e  
inner  gag iiyd.reulic pressure t o  zero, and using t h e  feed mechanism hydraulic  
pressure  (-65 p s i g  water)  t o  move t h e  f u e l  assembly through t h e  inner  gag 
aga ins t  a s top  which s e t s  t h e  cut  a t  1 i n .  

Preliminary t e s t s  made using a stepped moving blade t o  shear  i n t o  t h e  
f l a t  s i d e  of  a  Mark I prototype f u e l  assembly i n d i c a t e  t h a t  d i s c r e t e  pieces 
a r e  proiluced; however, t h e  sheared Tace o f  t h e  bundle i s  not  a s  compact as 
when shearing across  t h e  diagonal ,  and drag back of  tube occurs when t h e  
movable blzde i s  r e t r a c t e d  ( ~ i g u r e  3.3). Scouting t e s t s  w i l l  be made 
shearing i n t o  t h e  f l a t  s i d e  07 t h e  bundle using a f l a t  blade r a t h e r  than 
t h e  stepped blade. 

The fo rce  required t o  shear  a highly embri t t led  carburized (-1.7-2.7% 
C )  po rce la in - f i l l ed  Mark I prototype f u e l  assemblies ( ~ i g u r e  3 .4)  i s  -25 
tons  compared t o  -50 tons  ?or the  d u c t i l e  cladding. The condit ions f o r  
carbur iza t ion  a r e  : 

Gas Flow Pate, c fh  Time , h r  Furnace Temp. - 

1. He 20 -2.5 Room t o  1100 "C 
2 .  H 2  40 2.75 1100 "C 

cx4 -35 
3. He 20 1 . 0  1100 "C 
4 He 20 Unt i l  cool (overnight )  
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Fig. 3.1. 250-ton prototype shear inner gag hydraulic (oil) mechanism showing position of spring to reduce force 
required to open gag. 
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Fig. 3.2. End pieces of porcelain f i l led ORNL Mark I fuel assembly sheared with stepped movable blade using 
spring loaded inner gag to hold assembly. 
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Fig. 3.3. Shape of bundle force when shearing into the f la t  side and across the diagonal at  a double row of  
ferrules of a porcelain f i l l ed  ORNL Mark I prototype fuel assembly using a stepped blade. 
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Fig. 3.4. Section of carburized (1 .79-2.62% C) porcelain f i l led ORNL Mark I fuel assembly. 



The cladding sha t t e red  badly during shear ing  exposing more o f  t h e  
porce la in  than  when shear ing  d u c t i l e  cladding ( ~ i g u r e  3.5 and Table 3.1). 
Soth t h e  carburized cladding and porce la in  a r e  very b r i t t l e  and consequently 
some a t t r i t i o n  i s  encountered during s i z ing .  

Four p ieces  o f  t h e  carburized cladding weighing 1 6 . 8  g l o s t  2 .3  g 
when placed i n  b o i l i n g  8 M HPi03 f o r  4 h r s .  Af ter  exposure t o  a c i d  t h e  
p ieces  were coated with a-thin b r i g h t  l a y e r  which e a s i l y  f laked o f f .  

Leacher. Further  t e s t i n g  of  t h e  l eache r  r o t a r y  drum i n d i c a t e s  t h a t  
a 2.25 l i t e r  bulk  volume of  sheared f u e l  assembly sec t ions ,  equivalent  
t o  6.5 kg o f  U02 i n  a Mark I ,  i s  t h e  maximurn batch s i z e  t h a t  can be ade- 
quate ly  covered with t h e  leachant  ac id .  '?he l eache r  operated s a t i s f a c t o r i l y  
conveying sheared sec t ions  o f  a porce la in  f i l l e d  f u e l  assembly aga ins t  
counterI"1owing water used t o  s imulate ac id .  A . b a f f l e  was welded i n  t h e  
discharge end o f  t h e  leacher  t o  insu re  t h e  proper discharge o f  a complete 
ba tch  o f  f u e l  assembly sec t ions  each revolu t ion .  The manual and automatic 
con t ro l s  opera ted  s a t i s f a c t o r i l y  . 
3.2 SRE Dejacketing Studies  - G.  J,. T~!est 

Demonstration o f  t h e  nechanical  de jacket ing  o f  ;;a,[< bonded s t a i n l e s s  
s t ee l - j acke ted  SRE Core I f u e l  burned t o  -675 mwd/ton and cooled about 
2 year s  i s  complete. A l l  f u e l  received was successfu l ly  dejacketed by 
one of' t h r e e  methods. A t o t a l  o f  1786.65 kg o f  uranium cons i s t ing  o f  
2,163 s lugs ,  0.75-in.  -OD x 6-in.  -long (12 s lugs  per  f u e l  r o d ) ,  were de- 
Jacketed; 16% of  which were h y d r m l i c a l l y  f lushed from t h e  tubu la r  jackets ,  
73 5 ~ c  ,, />ere - force2  ou t  vrith a jackscrew and 10.5'6 were cu t  a t  t h e  s lug  
junctures,  t n e  jacket  s l i t  and p r i ed  from t h e  s lug .  

ryhe ?:"  rid experimental production r a t e ,  not  inc luding down time f o r  

r e p a i r e ,  r:ar: j. 1 kg ~ / h r ,  a t t a i n i n g  a maximum of 9.2 kg 3/hr  (Figure  3 . 6 ) .  
The ave??aGe precessing r a t e  was 2 kg ~ / h r  ~;rhen including t o t a l  t ime 
(opera t ing ,  mziin.tenance, and equipment changes) . iipproximately 218 hr 
:re.re rec:ui.:rec? t o  r ebu i ld  and maintain t h e  system f o r  d i sposa l  o f  NaEC which 
accounts f o r  ,. j:,')'ji 02 t h e  t o t a l  d o ~ m  time. 

'. t o t a l  o f  t e n  SRE s t a i n l e s s  s t e e l  f u e l  jackets  were d issolved i n  
aqua r eg in .  ?%itch d i s so lu t ions  o f  one jacket  each were made i n  2 !< HC1- 
5 - ?.I 9;i03 m d  3 M H C ~ - 4  icl ; G O 3 .  The i r radia ted .  s t a i n l e s s  s t e e l  , jackets 
were conpletelyilissol-ved. i n  3 o u t  o f  5 batch d i s so lu t ions  prod.ucing a 
product l o d i n g  o f  50 g s t a i n l e s s  s t e e l l l i t e r  where t h e  molar r a t i o  o f  
C 1 -  t o  s t a i n l e s s  s t e e l  w a s  3.5 t o  1 ( 3  M 1-1~1-4 If H7K13). The c l a s s i c a l  
2 I4 H C 1 - 5  14 HN03 so lu t ions  a t  a 2.35 t o 1  C 1 -  to s t a i n l e s s  s t e e l  r a t i o  d.id 
n o t  comple~e ly  d i s so lve  t h e  jackets  and a cleanup run w a s  always r equ i red .  
Anzlysis of  t h e  product so lu t ions  show a neg l ig ib le  uranium l o s s  from t h e  
mechmical  de jacket ing  opera t ion   a able 3 . 2 ) .  IDW concent ra t ions  o f  uranium, 
0.0001 t o  0.0041 mg/ml  o r  0 . 1  t o  4 .6  rng  mole of  s t a i n l e s s  s t e e l ,  and Pu 
~t 108 t o  1.1 x 103 counts/min/ml were measured.. Carbon, o f  up t o  0.2$, 
was founci i n  7 of  t h e  10  product so lu t ions .  F! gmma spectrometr ic  scan of  
t h e  d issolved jacket  showed only  t re .ce q u a n t i t i e s  o f  f i s s i o n  products  
o r i g i n a t i n g  from t h e  core f u e l .  j n e l y s i s  of  a powdery depos i t  scraped 





Table 3.1. Pa r t i c l e  Size Dis t r ibut ion of Cut Made on Carburized 

and Ductile Mark I Fuel Assemblies 

Pa r t i c l e  Carburized Ductile 
Size, Porcelain Sta inless  S tee l  Porcelain S ta in less  S t ee l  

microns W t ,  g w t ,  g W t ,  g I d t ,  g 

487.8 31.4 ( f e r ru l e s )  
(porc. + SS) 
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Table 3.2. Batch Dissolution o f  I r r ad ia ted  SRE Core I Fuel Jackets 

Jackets:  304 SS, 10 m i l  w a l l ,  280 g/batcb 
Conditions: ( 1 )  Boiling aqua reg ia ,  6 l i t e r  volumes 

( 2 )  Runs 1 through 4, 2 M HC1-5 m 0 3  
Run 5, 2 .5  M HC1-5 M HN03 
Runs 6 through 10, 5 M HC1-5 M HN03 

Run No. 
1 2 3 4 5 6 7 8 9 10 

U ( g / l i t e r )  0.0015 
Pu (c/m/ml) 248 
C r  (%) 17. 5 
c ($) 0.05 
Product, H+ (N) 3.75 
Product, C 1 -  (N) 1.59 
Gross* y, (c/m/ml) 6.6 x lo7 
~ o ~ ~ - ~ ~ ,  y (c/m/ml) 6 x lo7 
~ ~ e a - s o  , Y (c/m/ml) 7.7 x lo4 
~ s ~ ~ ~ ,  y (c/m/ml) < 3 x lo4 
RU'O', p (c/m/ml) 2.2 x lo3 
zrg5, y (c/m/ml) < 1 x 103 

* FP ana lys i s  a t  5 lo$. 



from the exter ior  surface of the jackets showed only s ta in less  s t e e l  
constituents and no carbon o r  other products t h a t  would contribute t o  the 
embrittled condition of the irradiated Jackets. Samples of Jackets are  
undergoing further metallurgical examinations. 

Equipment removal and decontamination of the segmenting c e l l  i s  -90% 
complete. Personnel exposures during the decontamination phase has 
averaged only 57 mrlweek. The highest background readings were 10 radslhr, 
measured i n  the v ic in i ty  of the abrasive disc cut-"off saw. 

3.3 U-C Fuel Processing - B. A. Hannaford 

Recovery of uranium and thorium from graphite fuels  by a "semiconti~iuous" 
method appears t o  o f fe r  advantages over batch processing for  fuels  amen&sle 
t o  the n i t r i c  acid flowsheets: 90$ mO3 and grind-leach. To help define a 
semicontinuous 90$ HNO3 flowsheet gross measurements were made of (1) the 
ra te  a t  which uranium is solubilized in  a batch contact, and (2 )  the ra te  
a t  which dissolved uranium is  washed from the graphite by water. In 
another experiment the degree of preliminary mechanical crushing was shown 
t o  af fec t  uranium loss  t o  the graphite residue. 

Undissolved Uranium vs Acid Contact Time. Small samples of 2.6$ U- 
graphite fuel  digested i n  90s HN03 at 6 0 ' ~  showed a very slow decrease i n  
undissolved U concentrations for  times longer than 30 min. Analysis of leach 
s o l ~ t i o n s  and thoroughly washed residues are  shown i n  Table 3.3. 

Washing Dissolved Uranium from Acid-leached Fuel. In order t o  deter- 
mine the degree t o  which the ra te  of uranium removal by wash water i s  
dependent on residue par t ic le  s ize,  acid-leached fue l  was separated into 
two s ize  fractions and washed i n  water for  varying lengths of time. Results 
are summarized i n  Table 3.4. Because of the very considerable sca t te r  of 
the data it was not possible t o  calculate the concentration of dissolved 
uranium remaining i n  the washed residue. However, the resul t s  indicate 
tha t  elution of uranium is  very rapid during the  washing process, since 
the t o t a l  residual uranium concentration did not change s ignif icant ly 
beyond the shortest  wash times employed - 0.5 and 1.0 min. 

Uranium Loss vs Degree of Mechanical Crushing. Since previous semi- 
continuous leaching experiments had indicated the poss ib i l i ty  t h a t  uranium 
recovery was actually decreased by excessive mechanical crushing prior  t o  
leaching (uni t  Operations monthly report, October 1961), a run was made i n  
which the fue l  was jaw-crushed t o  yield -2 mesh feed with a minimum of 
f ines.  The resul t ing uranium loss  was not only lower (by a factor  of 4) 
than sustained for  the more f inely divided fuel ,  but the sieved residue 
fractions also exhibited an inverse relationship between par t ic le  s ize  and 
residual uranium  a able 3.5). 



Table 3.3. Undissolved Uranium vs Acid Contact Time 

Weight of  graphite f u e l  samples : 4.6-0.8 g. 
~ c i d / ~ u e l  r a t i o  : 13-17 mlIg 

Digestion Time, h r  (H') I n i t i a l ,  - M (H') Final ,  M - U i n  Residue, ppm 

Table 3.4. Residual Uranium Concentration vs Pa r t i c l e  Size, Wash Time 

2.6% graphite f u e l  digested i n  90% HNO3 a t  6 0 ' ~  f o r  6 hrs.  Size 
separation by sedimentation i n  mother l iquor .  Wash water a t  room 
temperature. 

Tot a1 Total  
Stoke ' s Wash Re s idua l  Stoke s Wash Residual 

D i a  , Time, ( u > ,  D i a  , Time, ( u > ,  
P min PPm P min PPm 

Table 3.5. Results of Semicontinuous Leach Run 108 

Fuel s ize ,  a s  charged : 100% < 2 mesh, 27% < 12 mesh. Leaching conditions 
same a s  fo r  mn 105: Batch leach i n  90% HN03 a t  6 0 ' ~  f o r  2 h rs ,  continuous 
flow of  acid  a t  r a t e  of 0.81 bed volumes/hr f o r  4 hrs ,  f i n a l  water wash 
t o  c lear  eff luent .  Fuel composition: 2.6% u 

- -- - - 

Run 105 
~ u n  108 (from October mn th ly )  
Uranium conc., ppm Uranium conc., ppm 

Composite residue 98 + 8 = 0.37% los s  417 - + 43 
4/12 mesh residue 119-+ 3 
25/50 mesh residue 111 T 1 
1401325 mesh residue 301 T 14 
1 . 5  cm "lump" 107 T 1 5  
'If ines" from top o f  bed 167 7 - 2 



4.0 mACTOR EVALUATION STUDIES 

J. C . Suddath 

Heat Transfer from Spent Fuel Elements during Shipping - Watson 

Experimental measurements and attempted predictions of temperatures 
within mock spent reactor  f u e l  elements i n  a simulated c a r r i e r  have been 
continued. The most notable development has been i n  obtaining b e t t e r  
pred.ictions of t he  observed temperatures. The analysis of t he  heat t rans fe r  
within t he  f u e l  and cask has thus f a r  been l imited t o  radiat ion.  This i s  
apparently a major method of heat t r ans fe r  i n  a i r  f i l l e d  casks with 
r e l a t i ve ly  high heat generation r a t e s .  The e f f e c t s  of convection could 
best  be deduced i f  t he  thermal f luxes due t o  rad ia t ion  were accurately 
evaluated. 

The previous work has a l l  been based upon d i f fuse  rad ia t ion  and 
re f lec t ion .  The configuration fac tors  f o r  d i f fuse  radiat ion between the  
tubes were calculated numerically and the  radiat ion fac tors  (including 
t h e  e f f ec t s  of emissivity) were estimated i n  an apparently conservative 
manner. The w a l l  of  t he  cask was simulated i n  t he  calculat ions  by assuming 
t h a t  t he  bundle was surrounded by two ex t ra  rows of tubes maintained a t  
the  wall temperature. Calculations of the  expected temperature d i s t r ibu t ion  
i n  t he  bundle were made assuming t h a t  a l l  heat t r ans fe r  was by radiat ion.  
The calculated r e s u l t s  gave a very good approximation of  t he  center  tube 
temperatures, but t h e  t em~era tu re s  predicted near t he  outs ide  of  t h e  
bundle were very of ten considerably below those measured experimentally. 
A2parently the  simulated w a l l  gave much too opt imis t ic  r e su l t s  and pre- 
d ic ted  r ad i a l  f luxes  notably higher than the  t o t a l  f lux  due t o  rad ia t ion  
and connection. The fac tors  f o r  radia t ion from tube t o  tube were conser-va- 
t i v e  o r  at  l e a s t  they predicted t h a t  the  radiant  f luxes  f o r  a given tempera- 
t u r e  d i s t r i bu t ion  within t he  bundle were l e s s  than the  t o t a l  thermal f lux.  
The opt imis t ic  simulation of  the  cask w a l l  and t he  conservative radiat ion 
f ac to r s  within t he  bundle apparently tended t o  cancel i n  cases of most 
b t e r e s t  ( l a rge  bundles with high heat  generation r a t e s )  and t h e  predicted 
center tube temperatures were very close t o  those measured experimentally 
(within 15°C). This was .fortunate and may prove t o  be a simple but 
reasonably accurate method of predict ing center  tube temperatures, but 
it can not be considered much b e t t e r  than an empirical f i t  t o  t he  da t a  
since t he  temperature d i s t r i bu t ion  i n  t he  bundle i s  notably d i f f e r en t  
from t h a t  predicted. 

Attempts t o  cor rec t  t he  calculat ions  both at the  w a l l  and within the  
bundle have been made. Within the  bundle, it w a s  considered l i k e l y  t h a t  
spec t ra l  r a the r  than d i f fuse  radiat ion and r e f l ec t i on  might be a b e t t e r  
a?proximation t o  t h e  problem. Most materials  rad ia te  and r e f l e c t  i n  a 
manner intermediate between t h a t  described as d i f fuse  o r  spec t ra l .  It 
appeared l i ke ly ,  however, t h a t  t he  r e l a t i ve ly  smooth metal surfaces o f  
i n t e r e s t  give more nearly spec t ra l  than d i f fuse  properties.  Analytical 
o r  even numerical methods of obtaining spec t r a l  radia t ion fac tors  fo r  a 
s;rstem as complicated as the  tube bundle of i n t e r e s t  was considered much 
too i n ~ ~ o l v e d ,  a ' ~ d  it a??eared more prec t lca l  t o  obtain the  f ac to r s  graphically.  



The cross sections of the tubes in  the bundle were drawn t o  scale with 
the proper spacing. Radial l ines  were drawn from a specific in ter ior  tube 
t o  represent emerging beams of heat. These were then "reflected" off each 
tube such tha t  the angles of ref lect ion and incidence were equal. A t  each 
reflection, the surface absorbed a fraction E of the incoming radiation 
and reflected a fraction 1 - E. For an emissivity of 0.55, eight ref lect ions 
were adequate t o  reduce the beam t o  an insignificant intensi ty.  Because of 
the symmetry of the geometry, it was only necessary t o  consider radiation 
from a 45' sector of the emitting tube. The emitted beams were drawn every 
2-1/2' giving a t o t a l  of 19 beams t o  follow. Although all tubes may be 
expected to  receive some fraction of the radiation from the emitted tube, 
the great bulk went t o  the adjacent tubes, diagonal tubes, and other tubes 
adjacent t o  the diagonal. For the spacing ( ~ / r  = 2) and emissivity (0.55) 
used, these three radiation coefficients were 0.1348, 0.0842, and 0.0074, 
respectively. These values are s l ight ly  more optimistic than the approximate 
diffuse values used previously. 

To predict the temperature dis tr ibut ion within the fue l  bundles, these 
values were used for  radiation between all tubes within the bundle. However, 
radiation from the outer r o w  of tubes t o  the wall was not simulated with 
two rows of tubes maintained at  the w a l l  temperature. When radia l  emission 
l ines  are drawn from the outer row of tubes t o  the wall, they may be noted 
t o  almost always be reflected back to another tube i n  the outer row. 
This suggested that the factors  for  radiation t o  the wall might be 
approximated reasonably well by considering emission continual ref lect ion 
between the wall and the outer half of these tubes. Then Fiw would be 
approximated by 

The corner tubes have more surface exposed t o  the w a l l ,  and the factor  was 
approximated by 

These values were used. The method of calculation (except for  previously 
mentioned factors)  was the same a s  described i n  the June 1961 Unit Operations 
Monthly Report. Although new data have been obtained, the same data were 
used so tha t  the resul t s  could be compared (Figures 4.1-4.4). The newer 
resul t s  give worse predictions of the center tube temperatures, but they 
probably give a much more accurate picture of the effects  of radiation i n  
the cask. One would expect the temperatures predicted on the basis  of only 
radiant t ransfer  t o  be higher than those observed experimentally since some 
convection and conduction is bound t o  take place. The newer resul t s  give a 
very good estimate of the temperatures i n  the outer rows, and are always 
higher than the measured resul ts .  



UNCLASSIFIED 
ORNL-LR-DWG 65546 

Heat Generation Rate, 0.021 58  WattslTube-cm 

Average Wall Temperature, 53.0°C. 

MEASURED TEMPERATURE, OC. 
REV1 SED CALCULATI O N  
PREVIOUS CALCULATION 

Fig. 4.1 . Temperature distribution in a 64 tube vertical bundle at  the mid- 
point. 



LINCLASSIFIED 
ORNL-LR-DWG 65547 

Heat Generation Rate, 0.0337 WattdTube-cm 

Average Wa l l  Temperature, 64.6OC. 

MEASURED 'TEMPERATURE, OC 
REVISED CALCULATION 
PREVIOUS CALCULATION 

Fig. 4.2. Temperature distribution in a 64 tube vert ical  bundle at the mid- 
point. 



UNCLASSIFIED 
ORNL-LR-DWG 65548 

Heat Generation Rate, 0.04852 Watts/Tube-cm 

Average Wa l l  Temperature, 79.4OC. 

MEASURED TEMPERATURE, OC. 
REVISED CALCULATION 

PREVIOUS CALCULATION 

Fig. 4.3. Temperature distribution in a 64 tube vertical bundle at the mid- 
point. 
























