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FOREWORD 

Eight tasks  under the LWR Fuel Reprocessing and Recycle Program have 

been assigned t o  UCC-ND with major efforts centered a t  the Oak Ridge 

National Laboratory. Because of the close re la t ionship  of  t h e  reprocessing 

a c t i v i t i e s  with the  ongoing 1,MFBR Fuel Reprocessing Program a t  ORKL, those 

tasks w i l l  be managed within a combined LWR/LMFBR Fuel Reprocessing Program 

under the di rec t ion  of W. D. Burch, Program Director.  R. L. Vo~idra, as 

LTdR Program Manager, w i l l  coordinate a11 a c t i v i t i e s  reported here. Respon- 

s i b i l i t y  f o r  the coordination and co l la t ion  o f  repor t s  of a l l  work a t  

Oak Ridge was a s s i s e d  t o  ORNL by SRO/SRL, who i s  designated as  t h e  lead  

organization f o r  the LWR Fuel Recycle Program. 

Projects f o r  which budget and work plans have been establ ished a r e  

a s  follows: 

F-OR-02-001 SRO/I,WR: Assistance i n  Shear Development and Related Problems 

3'-OR-02-002 SRO/LWR : Head-End Studies : Voloxidation and Dissolution 

F-OR-02-OO3 SRO/LWR: Off-Gases Fluorocarbon Absorption Studies 

F-OR-02-004 SRO/LWR: Purex Process Studies (Solvent Extraction) 

F-OR-02-00? SRO/Lm: Finishing Processes - MOX Fuel Fabrication 

F-OR-02-006 SRO/LTnJR: Uranium Hexafluoride Conversion 

F-OE-O2-O07 SKO/LWR: Economic Studies 

F-OR-02-008 SRO/LWP.: Radiological Techniques for Environmental Assess- 

ments of the LWR Fuel Cycle 
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SUMMARY 

This quar te r ly  repor t  i s  the  second i.n a s e r i e s  t o  be issued on the  

LWR Fuel Reprocessing and Recycle Program a t  ORNL a s  p a r t  of the na t iona l  

program administered by Savannah River O,?era-tions - Savannah River 

Laboratory. 

Several more dissolutioris were made using i r radi .a ted f u e l  f ron  t h e  

H. B. Robinson I1 reactor .  Charact,erization or̂  ihe  so l id s  and ?;he 

resultj-rig solut,ioris i s  in progress and will be reported i.n the  next 

quar te r ly  , 

Reauests f o r  b ids  have been issued f o r  the design and fabr ica t ion  

of a model l/2 .ton-per-day voloxidizer.  

Two mixer -se t t le r  u n i t s  have been i n s t a l l e d  i n  the  laboratory,  and 

reference flowsheet s tud ies  using synthet ic  solut ions have been i n i t i a t e d  

The Fluorocarbon Absorption Studies program was expanded during t h i s  

quarter  t o  i-nclude accelerat ion of t he  p i lo t -p lan t  development, the  

i n i t i a t i o n  of p lan t  engineering design c r i t e r i a ,  continuance of a system 

r e l i a b i l i t y  analysis ,  and a study of the chemical e f f e c t s  of impuri t ies  

i n  the  fluorocarbon solvent on the process and equipment. 

Calculations have been made t o  provide mass balance da ta  f o r  a 

three-region PWR t'hrough successive recycle  of self-generated plutonium. 
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1. ASSISTANCE IN SHEAR DEVELOPMENT AND RELATED PEOBLEN,, 

e .  I). Watson (Chemical Technology Division, IIPNL) 

The LWR reprocessing head-end was discussed with commercial ( o r  

p o t e n t i a l  commercial) reprocessors t o  i den t i fy  problem areas  requir ing 

the  development of new o r  advanced technology. 

being reviewed i n  a program scope now i n  rough draft. 

work areas  f e l l  i n t o  the  following categories:  

These problem areas are 

I n  general, t h e  

l icens ing  problems, 

mechanical problems, and safe ty  and hazard problems. 

Licensing problems. The overriding thought i n  a l l  the discussions was 

t h c i t  tke ;hew developrnent and r e l a t e d  prDnle r r , ;  resear..? arid dclielopme,?:; 

program should be conducted i n  such a manner tha t  the r e s u l t i n g  technology 

would provide the  appropriate necessary support f o r  the  l icens ing  of l a t e r  

commercial equipment and attendant f a . c i l i t i e s .  

Mechanical problems. There was basic  agreement t h a t  a new mechanical 

shear system and a materials t ranspor t  system need t o  be developed andl 

t e s t e d  extensively.  

i f  a superior competitive method(s) can be developed. 

A simpler a l t e rna t ive  t o  shearing i s  a l s o  acceptable 

Safety and hazard problems. In te r laced  throughout the  interview 

sessions were a va r i e ty  of "catch-al l"  problems associated with safety 

and hazards considerations.  I n  general, these c o d d  be lumped together 

as  fol lows:  (I) Zircaloy safety,  ( 2 )  c r i t i c a l i t y ,  ( 3 )  f i r e  f ight ing,  

(11) accountabili ty,  ( 5 )  heat diss ipat ion,  (6 )  seismic analysis ,  

(7 )  containment of shear off-gas par t i cu la t e s  and v o l a t i l e  -fission products, 

(8) the  p o s s i b i l i t y  of a thermite-ty-pe reac t ion  between Zirconium and U02, 

and (9) f a c i l i t y  containment. 

The submittal  of a de t a i l ed  program scope i s  scheduled f o r  July 1, 1976. 
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2.  H3AD-ENC STUDIES : VOL'JXIDATION ANT) DISSOLUTlON 

2. I Voloxidation 

D. C. Hampson (Chemical Technology Division, ORNL) 

'file voloxidation process i s  being developed a s  a head-end processinE 

method f o r  removing tritium from the  f u e l  pr ior  t o  aqueous processing. 

Based on experimental work, it appears t h a t  t h i s  objective can be met by 

heating the  oxide f u e l  t o  about lt5O"C i n  flowing oxygen o r  air. 

zation of  tritium and, t o  a l e s s e r  extent,some of t h e  other f i s s i o n  products 

i s  effected as  the U02 becomes restructured during oxidation t o  U 0 

Early removal of tritium from the f u e l  i n t o  a r e l a t i v e l y  small volmie i s  

desirable  t o  avoid extensive d i l u t i o n  of the tritium with water i n  the 

subsequent f u e l  dissolut ion step. 

V o l a t i l i -  

3 8' 

2 . 1 . 1  Experimental engineering s ixdies  

W. S. Groenier and C. H. Brown (Cherical  Technology Division, OrWL) 

The type of equipment being considered f o r  voloxidation i s  a ro ta ry  

k i l n  t o  which the sheared f u e l  i s  fed  continuously and oxidized from solid 

U02 t o  a f r e e l y  flowing U 0 

tion, a la rge  f r a c t i o n  of t h e  tritium should be released t o  a f i l t e r e d  

powder. During t h e  oxidation and pulveriza- 
3 8  

off-gas system. 

Residence t ime--distribution s tudies  were performed i n  a 6.5-in. 

(0.17-m)-diam x 7.5-ft (2.29-m)-long ro ta ry  k i l n  manufactured by t h e  

C. E. B a r t l e t t  and Snow Company. T h i s  experimental apparatus has been 

described previously. 

being run. 

1 
Heat-transfer tests using Ynis k i l n  a r e  current ly  
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Experimental procedure. In order t o  accurately pred ic t  k i l n  perform- 

ance fo r  design purposes and to i n t e r p r e t  hea t - t ransfer  data, it i s  neces- 

sary to know the  residence time d i s t r ibu t ion  of process mater ia l  in the  kiln. 

The k i l n  could be character ized a3 a plug flow system i f  a l l  particle:;  had 

t h e  same residence t i rae .  1x1 actus1 pract ice ,  however, s ign i f i can t  devia- 

t ions  from idea l ized  plug flow occur, 34d the re  is a d i s t r i b u t i o n  or range 

of' p a r t i c l e  residence times. %his residence time d is t r ibu t ior i  can be 

compared t,o axial  dispers ion occurring i n  a t u b a a r  gas- l iquid or l i qu id -  

l i q u i d  reactor .  

The experimental approach used t o  rneacure residence time d i s t r ibu t ions  

2 
i s  s i m i l a r  t o  that described by Levenspiel. While the  k i l n  was operating 

at steady-state  conditions ( i . e . ,  3 steady flow rate of mater ia l  i n  and 

out of the k i l n )  with untagged material ,  t h e  feed was suddenly changed t o  

mater ia l  which had been tagged. The product stream from the k i l n  was 

then monitored and anslyzed for t he  f r a c t i o n  of tagged p a r t i c l e s  as a 

fvxiction of time. 

Ten tests were performed. by using this technique. A sumrrary of t he  

experimental conditions f o r  each of' these t e s t s  is given i n  Table 1. With 

one exception, a l l  o f  the runs were made with a so l id s  flow r a t e  of 

100 g/min (0.00167 kg/sec). R u n  21 was performed with 8 flow r a t e  of 

200 g/min (0.0334 kg/sec). The feed mater ia l  used i n  a l l  of t h e  t e s t s  

was 1,'b-i.n. (0.00635-m)-diarm, l - i n .  (0,002-'5b-m) - long porcelain,  clad- 

with s t a i n l e s s  s t e e l  tubing. The tagged feed material for the stimulus- 

response t e s t s  was prepared by applying severa l  coats oT red  spray 

lacquer. 'Tests were made at, each of' th ree  k i l n  slopes of O..& i n . / f t  

(0.024 m/m), 0.159 in./i ' t  (0.0132 m/ia), and 0.0965 in./ft (0.00804 m/m). 
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Table 1. Experimental conditions f o r  the residence 

Norninal so l ids  flow r a t e  ::: 100 g/min (0.00167 kg/sec) 
time- -d is t r ibu t ion  t e s t s 

Kiln slope Kiln r o t a t i o n a l  speed 
R u n  number in. / f t  m m r Pm rps 

15 

16 

17 

18 

19 

20 

21a 

22 

23 

24 

0.28 

0.28 

0.28 

0.159 

0.159 

0.159 

0.1.59 

0.0965 

0.0965 

0.0965 

0.024 

0.024 

0. 024 

0.0132 

0.0132 

0.0132 

0.0132 

0.0804 

0.00804 

0.00804 

5 

8 

2 

8 

5 

2 

8 

8 

5 

2 

0.083 

0.13 

0.033 

0.13 

0.083 

0.033 

0. J-3 

0.13 

0.083 

0- 033 

a Solids flow r a t e  w a s  700 g/min (0.00334 kg/sec). 
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At each k i l n  slope, e i t h e r  one or t w o  t e s t s  were made at t k e e  d i f f e ren t  

k i l n  r o t a t i o n a l  speeds: 2, 5, and 8 rpm (0.033, 0.083, and 0.13 rps ) .  

After each rm was performed, the  t o t a l  bed mass was determined by 

emptying the  kiln and weighing t h e  contents. 

Experimental r e su l t s .  The residence time d i s t r ibu t ion  data obtained. 

i n  the ten  experimental t e s t s  can be represented concisely i n  a s ing le  

graph by p l o t t i n g  the  mass f r a c t i o n  of red  pieces i n  t h e  product as a 

function of t he  reduced e f f ec t ive  time. L e t  the  mean residence t i m e  of 

mater ia l  i n  the k i l n  be defined as 
T r  

V 
- T  t = - ,  

cl 

where 
I 

t = mean residence time, sec, 

'T I= total bed mass, kg, 

(1 -- col ids  mass flow ra te ,  kg/sec. 

Then the  reduced e f f ec t ive  time i s  given by: 

where 

5, = time s ince t h e  s tep  change i n  feed, see, 

0 = reduced e f f ec t ive  time. 

The data  obtained i n  the  runs are  presented i n  Fig. 1, which i s  a p lo t  

of t he  mass f r a c t i o n  of' red  pieces  i n  the  k i l n  product as a function of 

the reduced e f f e c t i v e  time. These data  show tha t ,  for t h e  parameters 

var ied  i n  these  tests, a given mean residence time results i n  the 
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following range of residence t i m e s  of p a r t i c l e s  i n  the  k i ln :  

0.5 5 S tF .5 1.75 , (3) 

where 

t = residence time of mater ia l  i n  the  k i ln ,  see. 

Conclusions. It can be concluded t h a t  f o r  t he  var iab les  t e s t e d  

R 

( k i l n  slope, k i l n  r o t a t i o n a l  speed, and so l id s  flow r a t e ) ,  t h e  residence 

time d i s t r i b u t i o n  curve f o r  so l id s  i n  the  k i l n  c m  be corppactly represented 

i n  one curve as s h a m  i n  Fie;. 1. The object ives  of this  work are t o  

determine t h e  amount of dispers ion t h a t  occurs i n  a ro ta ry  k i l n  and t o  

a sce r t a in  what s teps  can be taken to illinimize the  dispers ion which takes  

place.  The var iab les  t h a t  w i l l  be t e s t e d  i n  the  fu tu re  a re :  

d i m & c r ,  : L )  kiln lenzth,  ( 3 )  s i z e  d i s t r ibu t ion  of the so l ids ,  and 

( 4 )  mixing f l i g h t  configuration. 

two of these w i l l  not have any e f f ec t  on the  mount  of dispers ion which 

(1) k i l n  

It appears qua l i t a t ive ly  t h a t  t he  f i r s t  

occws i n  t h e  k i ln .  

2.1.2 Component development 

D. C .  Hampson and E. L. Nicholson (Chemical Technology Division, ORNL) 

The requirements f o r  t he  la rger -sca le  experimental r o t a r y  k i l n  

have been discussed with representa t ives  of commercial k i l n  manufacturers. 

A request f o r  bids  for  the  design and fab r i ca t ion  of t h i s  u n i t  has been 

issued. 

w i l l  be nore f l ex ib l e ,  both i n  heating capabi l i ty  and i n  instrumentation, 

than would be required i n  a production-type unit. 

This unit w i l l  be s ized t o  handle 1/2 ton of f h e l  per  day and 
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2.2 Hot-Cell Stililies 

D. 0. Campbell and S. R. Buxton (ChemLca.1 Technology Division, ORNL) 

An experi-mental program centered around hot -ce l l  tes ts  of tho high- 

rad ia t ion- leve l  f u e l  reprocessing operations was i n i t i a t e d  i n  January 1976 

and continued throughout t h i s  quarter.  'This work is supported by "cold" 

t e s t s  with synthet ic  solut ions having cmposi t ions.  Approximately one 

complete hot run  i s  conducted each month, with each experiment incliiding 

most ox a l l  of the following operations:  f u e l  dissolut ion,  r insing,  

uranium and plutonium extract ion,  solut ion c l a r i f i ca t ion ,  r a f f i n a t e  (waste) 

concentration, and waste processing. Problems which receive spec ia l  

a t t en t ion  include the  v o l a t i l i z a t i o n  and d i s t r ibu t ion  of 3€1, 

1291 di?uin& dissolut ion,  t he  character izat ion of insolu'ole mater ia l  i.n 

the  f u e l  and a l so  of p rec ip i t a t e s  which may form subsequently during 

processing, the  e x t r a c t a b i l i t y  of plutonium, and solut ion s t a b i l i t y .  

1 4  c, and 

Four experiments have been completed, but the  progress of t he  work 

i s  present ly  decelerat ing because of l imi ted  personnel assignments. 

Although much of the analy- t ical  da ta  arc not  complete, r e s u l t s  thus f a r  

suggest several  s ign i f icant  but t en ta t ive  conclusions. These conclusions 

a re  discussed i n  the paragraphs t h a t  follow. 

Dissolution of f u l l y  i r r a d i a t e d  f u e l  under conditions approximating 

projected operations a t  Allied-General Nuclear Services (AGNS) i s  

generally sa t i s f ac to ry ;  however, a somewhat longer d isso lu t ion  time w i l l  

be necessary. 

Approximately 0.2 t o  0.3 w t  % of t h e  i r r a d i a t e d  f u e l  i.s insoluble  

during d isso lu t ion  i n  n i t r i c  acid. This residue, which i s  extremely 
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radioact ive due t o  f i s s i o n  product ruthenium, may contain up to a few 

ten ths  percent of t h e  plutonium and the  other  act inides .  

n i t r i c  ac id  reduces the  ac t in ide  content of t he  residue to u few 

thousmdtlis percent, although the  bulk of the residue remains insoluble.  

Leaching with 

I n  f u l l - s c a l e  reprocessing, t h i s  mater ia l  w i l l  require  a t t en t ion  because 

of' i t s  heat generation propert ies .  

The f r a c t i o n  of 1291 remaining i n  the  dissolTer so lu t ion  may be 

reduced t o  l e s s  than 1% of the  amount present.  

during d isso lu t ion  remove about 98% OS t h e  iodine, and a i r  sparging e i t h e r  

during or following d isso lu t ion  w i l l  t r ans fe r  addi t iona l  iodine t o  the 

of f  -gas .  

Nitrogen oxides produced 

Incomplete da ta  for 1 4 C  ind ica te  t h a t  most of the  carbon repor t s  t o  

the  f i r s t  caus t ic  scrubber i n  the off-gas system. There i s  no evidence for 

organic carbon i n  the  off-gas. The t o t a l  amount of C found i s  consis tent  

w i t h  a nitrogen content i n  the  h e 1  of about 1 0  ppm, which i s  reasonable. 

The dissolver  solut ion i s  probably s t ab le  t o  formation of' the  insoluble  

1 4  

zirconium-molybdenum compound for several  dws, provided the  temperatwe i s  

not too high or t h e  a c i d i t y  too low.  

cant f r ac t ion  of the  plutonium i f  it did p r e c i p i t a t e  p r io r  t o  extract ion.  

This compound would car ry  a signifi- 

Sol ids  a re  more r e a d i l y  produced when the  ex t rac t ion  r a f f i n a t e  i s  

aged. Well-crystal l ized so l id s  form slowly from t o  4 M KNO r a f f ina t e ,  

and x-ray d i f f r a c t i o n  shows them t o  have the  same s t ruc tu re  as  the  

zirconium-molybdenun compound prepared previously i n  "cold" work. These 

sol ids ,  which axe highly enriched i n  125Sb, car ry  severa l  percent of the 

- 3  

plutonium present  i n  the  r a f f ina t e .  
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N o  s ign i f icant  problem has been encountered i n  regard t o  plutonium 

ex t r ac t ab i l i t y .  Batch extract ions were ca r r i ed  out a few days a f t e r  

d i sso lu t ion  with no valence adjustment. I n  t e s t s  made t h i s  quarter,  t he  

d i s t r ibu t ion  coef f ic ien t  for  plutonium did not decrease during extract ion 

of a t  l e a s t  99.9% of the plutonium. 

gvaporation of the  extract ion r a f f i n a t e  a t  7 t o  10 M HNO coricentra- 
- 3  

ti.on resu l ted  i n  the appearance of so l ids  a t  a waste concentration of 

about 325 g a l  per metric ton of fuel ,  a s ign i f i can t ly  lower concentration 

than has been achieved with synthet ic  waste. The so l ids  a re  not y e t  

characterized. The concentrated waste supernate solut ion has been s t ab le  

f o r  over 1 month. 

2 . 2 . 1  Hot-cell  d i sso lu t ion  

Two addi t iona l  d i sso lu t ion  ex-periments have been completed with fuel ,  

discharged i n  May 1974 from the  13. B. Robjnson reactor. (Carolina Power and 

Light Company). Clad f u e l  was used i n  Kim 111 t o  study the effect of 

cladding on d isso lu t ion  r a t e ,  so l ids  holdup, zirconiurri content of t he  

dissolver  solution, h u l l  r insing,  and okher fac tors .  I n  R u n  I V Y  no a i r  

sparge was used during the period of ac t ive  dissolut ion,  and a hot C u O  

bed was i-nserted i n  the off-gas system t o  elinfinate the  p o s s i b i l i t y  of 

losses  v ia  v o l a t i l e  organic compounds. 

Clad f u e l  from the  upper 18-in.  sect ion of Rod P-r of Assembly BO5 

was used i n  H u n  III. 

and about 90% of t he  f u e l  remained i n  the cladding. 

about 7400 MWd/m&ric ton a t  t he  upper end to 26,600 MWd/metric ton a t  

the  inner end; ana ly t i ca l  data  ind ica te  t h a t  t he  average was about 

22,000 MMd/metric ton. 

The rod was cut i n t o  nine approximately equal. pieces, 

Burnup var ied Prom 



dissolution removed less than of these actinides, indicating that 

13 

Dissolution progressed smoothly but was somewhat slower than with 

unclad U02 fragments, The sequence included dissolution for 1 hr after 

the last fuel addition, rinsing of the dissolver and hulls twice with 

3 M HNO 

3 M HNO a t  gO"C, rinsing again, and finally a tertiary dissolution for  

4 hr with 7 M HNO 

at cell temperature, secondmy dissolution f o r  150 min with 
- 3  

- 3  
at 90°C (Table 2). The secondary dissolution recovered 

- 3  
approxirriately 0.5% of the uranium, plutonium, americium, and curium, 

showing that the I - h r  dissolution time was inadequate. The tertiary 

dissolution was complete. However, the decrease in concentration with 

successive rinsing was less than expected fo r  simple rinsing, suggesting 

tha t  a very small amount of material was either being dissolved or 

desor'bed from surfaces at these low concentrations. 

A 2-in.-long piece of Zircaloy cladding was dissolved in hydrofluoric 

acid, leaving an appreciable amount of insoluble residue. The residue was 

Leached with hydrochloric ac-id and with nitric acid, an3 finally dissolved 

by fbsion in Na GO Analyses of all these solutions indicate that the 

quantities of actinides associated with the cladding are acceptable low 

2 3' 

(about 2 x lo-'%), and that the gamma activity associated with cladding 

consists of a number of' isotopes including, in decreasing order, 1*5Sb, 

106 Ru-Rh, 14' Ce, 13'Cs, 134,s, 6oCo, 95zr-N0, and 54m. 

The fourth dissolution experiment ( R u n  IV) was completed using a 

larger quantity of UO 

central portion of rod A - 1  of the Robinson reactor. 

fuel fragments (380 g )  from the high-burnup, 2 

Fuel was added in 

three increments, with conditions approximating the AGNS flowsheet except 

that no air sparge was used during dissolution. 
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One purpose of t h i s  experiment was t o  obtain more d e f i n i t i v e  data  

129 14 
for  I: snd C .  The equipment was modified by in se r t ing  a bed of' CuO a t  

750°C i n  t he  off-gas t r a i n  between t h e  two NaOIi scrubbers t o  ensure tha t  

no v o l a t i l e  organic mater ia l  escaped v i a  the  off-gas. Mock-up t e s t s  i n  

the  laboratory i n  the  absence of rad ioac t ive  mater ia ls  showed t h a t  such an 

oxidizing bed not only would oxidize organic mater ia l  t o  CO, and H 0, but 

a l so  would convert organic iodides t o  iodine species which a re  trapped 

I .  2 

i n  t h e  caus t ic  scrubber. 

The d i s so lu t ion  procedure was a l so  modified by eliminating the  a i r  

sparge during dissolut ion.  

about 3 .in. H 0 and a i r  was drawn i n t o  the  off-gas immediately downstream 

from the  condenser t o  sweep evolved gases through the  scrubbers. Approxi- 

The dissolver  was maintained a t  a vacuum of 

2 ,  

mately 50 mrin a f t e r  the  f i n a l  fuel addition, d i sso lu t ion  appeared to be 

complete as  ind ica ted  by a cessat ion of' bubbling i n  t h e  dissolver .  The 

solution was sampled a t  t h i s  time, and an a i r  sparge a t  t he  rate of 

0.4 dlssolver solut ion volume per  minute was i n i t i a t e d .  The solut ion 

was sampled a f t e r  a i r  sparging, f o r  70, 140, and 200 min a t  85 t o  9 O o C ,  

t o  determine the  r a t e  of' 129 L removal. Off-gas l e f t  t he  dissolver  vesse l  

a t  about 60°C; thus was considerable reflux within the dissolver .  

2.2.2 Radioact ivi ty  i n  off-gas 

Analyt ical  r e s u l t s  f o r  "'1 and 3H a re  now avai lab le  for most solut ions 

of i n t e r e s t ;  14C r e s u l t s  are  avai lable  for about ha l f  t he  solut ions.  

data appear reasonable, for  t h e  m o s t  par t ,  and support the  contention t h a t  

ana ly t i ca l  methods w i l l  be adequate f o r  these  determinations. 

The 
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Data fo r  1291 i n  R u n  I11 agree, i n  general, with previously reported 

data  f o r  the f i r s t  two runs, i n  t h a t  about 0.5% of the  iodine found was 

l e f t  i n  the dissolver  solution. However, t he  mater ia l  balance was lower, 

with the  amount of I found being only about ha l f  the  amount calculated 
129. 

f o r  t h i s  fue l .  Since t h i s  was an end piece with a range of bm-nups, t he  

calculated amount of i-odine i s  subject t o  some question, and it  i s  con- 

ceivable t h a t  some iodine migrated away from t h i s  zone 'io a ho t t e r  region. 

R u n  IV was modified t o  y i e l d  more de f in i t i ve  data  f o r  1291, a s  

described i n  the  previous section. The iodine content i n  t h e  dissolver  

solut ion decreased s t ead i ly  with a i r  sparging (Table 3 ) .  It has not yet 

been possible  t o  make a material  balance because iodine analyses f o r  the  

scrubbers will not be avai lable  f o r  some t i m e .  The ca lcu la ted  amount of 

12'1 present i s  about 50 mg; therefore,  t he  r e s u l t s  ind ica te  t h a t  about 

98% was swept out of .the disso lver  solut ion by NOx during d isso lu t ion  and 

t h a t  a i r  sparging reduced the  iodine l e f t  in the  dissolver  t o  values as  

low as  a few tenths  percent. 

s29_. 
Table 3. Effect  of a i r  sparging on I content 

of dissolver  solut ion i n  R u n  I V  

129. a Time of a i r  sparge I remaining i n  solut ion 
(min) (w> 

0 0.87 f 0.0'74 
70 0.245 i 0.050 

140 0.138 i 0.017 
200 0.096 f 0.011 

5. 
Average of diiplicat e determinations & standard deviat  j.on. 



more accurate estimate of burnup will be possible  when more complete 

f i s s i o n  product data  a r e  obtained. 

l l i  
Although some data  have been obtained f o r  C, none are  y e t  ava i lab le  

f o r  t he  d isso lver  solut ion.  An ana ly t i ca l  development program i s  being 

ca r r i ed  out t o  eliminate c e r t a i n  questions about t he  p o s s i b i l i t y  of t h e  

+ The ORICEN code i s  described i n  loPJU,;-~~628. 

1-7 

A l l  data  obtained thus f a r  c l e a r l y  demonstrate t h a t  iodine i s  

eTfect ively evolved i n t o  the  off-gas during dissolut ion under these 

conditions.  The primary remaining uncertainty i s  whether or  not some 

organic mater ia l  or other impurity present i n  recycle solut ions might 

prevent the  v o l a t i l i z a t i o n  of iod3.ne. This would be a funct ion of the 

acid recycle  system ra the r  than of t h e  basic chemistry o f  t he  process. 

Voltitile organic iodide would be found i n  t h i s  case. 

T r i t i u m  analyses have been obtained for ,211 f o u r  runs (Table 4 ) .  

The d i s t r i b u t i o n  of 3 H i s  reasonably eonsistect with water t ranspor t  

through the  system i f  it i s  assumed that  3 H ?ppears i n i t i a l l y  as  water i n  

t h e  d isso lver  solut ion as  t h e  f u e l  dissolves.  

3H i n  the second scrubber i n  Run LV suggests t h a t  about 0.576 of the  3H 

or ig ina ted  as hyeogen gas which was oxidized t o  water i n  t h e  CuO bed 

between the two scrubbers. Such an increase i n  concentration i n  the  

second scrubber, compared with the  f i r s t ,  was not observed f o r  any other 

ac t iv i ty ,  including 14C and I. 

However, the  increase i n  

129 

As i s  usua l ly  the ease with 3€1J t he  mater ia l  balances a re  low 

compared with t h e  theo re t i ca l  value ca lcu la ted  by GXII;EJ!T.* 

for Run I i s  l e s s  cer ta in ,  and t h e  three runs with Robinson reac tor  fuel 

The burnup 

give recoveries  of grea te r  than 5W$ of the  f i s s i o n  product tritium. A 
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exis tence of s t ab le  organic corpowids i n  t h e  dissolver solut ion and t o  

provide t h e  extremely high degree of separation from f i s s i o n  products 

required f o r  C determination. The same approach w i l l  a l so  provide 

more de f in i t i ve  da ta  f o r  3H and 

14 

1:'g 
I i n  the  dissolver  solution. 

Results obtained thus f a  appear reasonable, w i t h  about 95% 02 the  

14C being found i n  t h e  f i r s t  NaOH scrubber. 

corresponds t o  t h a t  projected by ORIGEN ca lcu la t ion  fo r  f u e l  c o n k i n i n g  

about 10  ppm of nitrogen. 

analytica,l data, i f  avai lable ,  for the  ni t rogen content of' t h e  IJO, 

used for t h i s  assembly. 

The t o t a l  amount found 

We have requested Westinghouse t o  provide 

L 

2.2.3 Insoluble  d isso lu t ion  residue 

Approximately 0.2 t o  0.3% of the  weight of f u l l y  i r r a d i a t e d  LWR fue l  

i s  not r ead i ly  soluble i n  I€NO * even l e s s  mater ia l  i s  insoluble  a t  lower 

burnups ( l e s s  than 30,000 MWd/metric ton) .  

acid slowly dissolves p a r t  of' t h e  res idue a t  a decreasing r a t e ,  y ie ld ing  

a rose- o r  red-colored solut ion containing la rge  amounts of ruthenium. 

Part  of the  residue i s  apparently not soluble i n  n i t r i c  ac id  below 8 M 

3' 
Prolonged leaching with n i t r i c  

- 
i n  concentration. 

i s  dependent on t h e  sever i ty  of d isso lu t ion  conditions ( t i m e ,  temperature, 

and ac id  concentrat ion) .  

f r a c t i o n  of the  fue l ,  perhaps about l$, m a y  dissolve s i g n i f i c a n t l y  more 

A s  a r e s u l t ,  the amount o€ residue found i n  p rac t i ce  

There i s  a l s o  some indica t ion  that a l a rge r  

slowly than t h e  bulk of the U02. 

With reasonably complete dissolut ion,  the residue contained from 

a f e w  hundredths t o  about 0.1% of the  plutonium, americium, and curium. 

Leaching with nitric acid under prac t icable  conditions reduced the  
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ac t in ide  content of t he  residue t o  a few thousandths of a percent i n  a l l  

cases, even when most of t he  residue was not di.ssolved. The residue was 

much more soluble i n  concentrated hydrochloric than i n  n i t r i c  ac id  

concentrations below 8 M _- ( a t  higher n i t r i c  acid concentrations, ruthenium 

volat i l . izat ion i s  probably unacceptable), and fusion i n  Na C O  followed 

by dissolut ion of t he  Na CO 

l a s t  remnants f o r  mater ia l  balance purposes. 

2 3' 
i n  n i t r i c  acid, was used t o  dissolve the 

2 3  

Table 5 summarizes the  r e s u l t s  of f i v e  eqer iments :  the  f i r s t  

Sandia run, which was made by the  Isotopes Development Laboratory, and 

the fou r  subsequent drissolutions made as pa r t  of t he  present program. 

Ln a l l  cases, the  Fuel was dissolved i n  n i t r i c  ac id  a t  a f i n a l  temperature 

of about 90°C ( the  temperature was sometimes lower a t  t he  s t a t  of 

dissol-ution) t o  y i e ld  a dissolver  solut ion 2 t o  M i n  HNO and about 

1.4 M i n  UO,(NO ) 

conditions representat ive of those employed a t  AGNS by (1) adding t h e  

acid slowly as  d isso lu t ion  progressed and/or ( 2 )  adding the  f u e l  incre-  

menLal.ly i n  two or  th ree  batches, each followed by the  addition of an 

appropriate amount of HNO, 

- 

3 - 

Attempts were made t o  approach s teady-state  
3 2- - 

3 -  

The quant i ty  of so l ids  recovered a f t e r  the  i n i t i a l  d i sso lu t ion  was 

s ign i f i can t ly  lower i n  Runs I11 and IV. 

d i f f e red  from those normally encoimtieaed i n  t ha t  the burnup was lower 

f o r  Run  111 and the  di.ssolution time was longer f o r  Run iV. 'This sort 

of cor re la t ion  i s  probably general. 

The conditions f o r  these runs 

'The residue cons is t s  of very f i n e l y  divided black sol ids ,  much of 

which i s  l e s s  tham 1 i n  s ize .  The s e t t l i n g  r a t e  of t h e  f i n e s t  sol ids ,  

as  ind.icated. by solut ion c l a r f i c i a t ion ,  was about 1 in. /hr.  The so l id s  
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Table 5. Insoluble residues from irradiated I,WR fuel dissolution 

Initial Pu in 
weight of Total Weight Total Pu leached 

TJ02 solids Leach dissolved in solids residue 
(mg) (% ($1 Run” ( e >  (mg) solution 

T I C  240 673 6 - M mo 3 ;  141 
90”c 

a 
LDL-Sandia Run: Acid was added as dissolution progressed, and the 

concentration may have dropped below the desired value during part of the 
dissolution. 
since nitric acid leaching of the residue dissolved over 1 g of uranium 
and exactly proportionate amounts of soluble fission products such as 
cesium, strontium, etc. 

was added in two increments. 
approximately 1 l?r after the last addition of UOP. 

son reactor fuel w a s  used (3l,:j60 MWd/metric ton). 
maintained at 90°C for 40 min after the second fuel addition and the 
dissolver was allowed to cool for 1 hr. 

Conditions were probably too mild or the time too short, 

Run 1: Dissolution conditions approximated AGNS specifications. Fuel  
The temperature was maintained near 90°C for 

Conditions were similar to those of Run I, except that Robin- Run 11: 
The temperature was 

Run 111: Conditions are described in Sect. 2.2.2. A temperature of 
90°C was maintained for 1 hr after addition of the last U02, and the 
di s solver solution was transferred. 

except that more fuel was used. 
total dissolution time was much longer. 

Nun IV: This dissolution, described in Sect. 2.2.2, resembled Run I1 
It was added in three increments; and the 

bIDL-Sandia Run and Hun I - Westinghouse fuel, cooled 5 to 6 years. 
CRuns 1 1 - I V  - Robirison Reactor Fuel, cooled 2 years. 
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w i l l  eventually s e t t l e ,  or they can he e a s i l y  centrifuged. The gama 

a c t i v i t y  i s  extremely high, t yp ica l ly  grea te r  than 99% 106Ru-Hi and reading 

grea te r  t h a n  10,000 R/hr per gram wikh the  i n - c e l l  monitor. 

composition data  a re  not y e t  avai lable .  

More complete 

Some s i ze  f r ac t iona t ton  normally occurs during the  eqer iment .  Over 

6% of the  so l ids  are usual ly  recovered from the  dissolver  solut ion a f t e r  

i t  has been t ransfer red  out of the  dissolver .  The remainder, containing 

any la rger  p a r t i c l e s  which s e t t l e  more rapidly,  i s  ea s i ly  washed out of 

the  dissolver  vessel. during r insing.  

fue l ,  which contained some l a rge r  p a r t i c l e s  t h a t  were not e a s i l y  washed 

out.) The ac t in ides  associated with the  so l id s  a re  p r e f e r e n t i a l l y  

(795% i n  the f i n e r  p a r t i c l e s  recovered from the  dissolver  soluti.on. 

Thus, tho composition of t he  so l ids  probably var ies  with p a r t i c l e  s ize ,  

with the  smaller p a r t i c l e s  carrying most of t he  ac t in ides  associated 

with sol ids .  

( A n  exception was the  Westinghou.se 

2.2.4 I Plutonium ext rac t ion  i n t o  3% TBP" 

I n  connection wi,th s tudies  t o  inves t iga te  the  nature and behavior of 

" inextractable"  plutonium i n  high-level f u e l  reprocessing and waste streams, 

plutonium ext rac t ion  behavior was evaluated with radioact ive feeds prepared 

from h i -gay  i r r a d i a t e d  U02. In  each experiment, the  U02 d i sso lver  solution, 

which was approximately 3 M i n  IfNO 

of 3% t r i b u t y l  phosphate (TBP)--dodecane. 

s tages  were used. 

was batch contacted with equal volumes 
3' - 

Seven consecutive ex t rac t ion  

* Studies ca r r i ed  out by M. I€. Lloyd as  p a r t  of a program on Waste Stre8.m 
Processing Studies funded by the  Molecular Sciences Branch of the  Division 
of Physlcal Research, ERDA. 
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The i n i t i a l  UO d i sso lver  solut ion was c l a r i f i e d  by cent r i fuga t ion  

and s tored f o r  about two weeks p r i o r  t o  extract ion.  Tests t o  deterrnine 

2 

plutonium valence ind ica te  t h a t  t he  dissolver  solut ion contained o d y  

Pu(1V) and t h a t  t he  plutonium remained quant i ta t ive ly  i n  the  t e t r ava len t  

s t a t e  throughout t he  storage period and ex t rac t ion  cycles. 

With th ree  d i f f e ren t  feed solutions,  more than 99.9% of the  plutonium 

was extracted i n  seven s tages;  i n  one s t r ipp ing  experiment, more than 

79.98 of t h e  plutonium was recovered i n  f i v e  s t r ipp ing  stages.  

separations were r ap id  i n  a l l  cases, and i n t e r f a c i a l  crud formation w 2 s  

minimal. 

which shows t he  plutonium concentration ( i n  counts min 

i n  the  aqueous r a f f i n a t e  a f t e r  each stage. The s t r a i g h t  l i n e  i l l u s t r a t e s  

t h e  ex t rac t ion  behavior t h a t  would be obtained with a constant plutonium 

d i s t r i b u t i o n  coe f f i c i en t  of 14. 

d i s t r i b u t i o n  coe f f i c i en t  was less than 1 as a r e s u l t  of uranium sa tura t ion  

i n  the  organic phase. After  most of t he  uranium had been extracted,  

plutonium ext rac t ion  was normal except f o r  a very small amount of plutonium 

which appeared t o  be inextractahle .  This small plut,onium loss  a lso occurs 

when highly p u r i f i e d  t e t r ava len t  plutonium i n  3 HNO i s  extracted with 

TBP-dodecane. The reason for t h i s  behavior i s  not linuwn; however, it 

appears t o  be some f'unction of t he  ex t rac t ion  process i t s e l f  because the 

" inextractable"  plutonium from both t h e  feed prepared from disso lu t ion  

of high-bw-nup fuel and from pure n i t r i c  ac id  solut ion can be completely 

recovered by anion exchange processing. 

Phase 

P'lutonium ext rac t ion  da ta  fo r  a t yp ica l  run i s  given i n  Fig. ?, 

ml. ) remaining 
-1 -1 

I n  the  f irst  two stages, t h e  plutonium 

3 
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E X T R A C T I O N  STAGE 

Ftg. 2. Plutonium ext rac t ion  behavior from Peed prepared by 
d i s s o l u t i o n  of irradiated U02 f eed  adjusted t o  3 M HPJO 
with equal volumes of 3@ TBP--dodecane. 

was contacted - 3  



2.2 .5  Solution s t a b i l i t y  

Sol ids  appear i n  ex t rac t ion  r a f f i n a t e  solut ions a f t e r  aging a t  an 

elevated temperature. 

on the  solution history,  t h e  ac id  concentration, and temperature during 

storage.  

t he re  i s  a grea te r  tendency for the  so l id s  t o  adhere t o  the  g lass  walls. 

F?ell-Pormed c r y s t a l s  have been observed i n  some cases. 

The r a t e  of formation of such solids i s  dependent 

The formation of so l id s  i s  slower a t  higher ac id i t i e s ,  and 

Figure 3 i s  ,an 

example of c r y s t a l s  which grew on the  g l a s s  w a l l  from a 3.7 M HNO, - s 
r a f f i n a t e  so lu t ion  aged at about 8 0 ° C  fo r  1 month. 

Microprobe results show the  presence of zirconium, molybdenum, and 

a very s m a l l  amount of tellurium. Although the s o l i d  was r a the r  radio- 

act ive,  i t  vas possible  t o  obtain an x-ray d i f f r a c t i o n  pa t t e rn  on a, small 

sample. This c l e a r l y  demonstrated t h a t  t he  c r y s t a l s  have t h e  same s t ruc tu re  

as  the  zirconium-molybdenum compound which has been s tudied for some time 

and i s  r ead i ly  prepared from nonradioactive, synthe t ic  waste solutions.++ 

These c r y s t a l s  are completely d i f f e r e n t  i n  appearance from so l ids  with 

t h e  sane s t ruc tu re  which have been seen previously. 

125, 
The gamma a c t i v i t y  of t h e  so l id  w a s  almost e n t i r e l y  due t o  ob, 

which i s  a very minor contr ibutor  t o  t h e  t o t a l  f i s s i o n  product gamma 

a c t i v i t y  (about 5% of the  137C s, f o r  example). Thus, it i s  c l ea r  t h a t  

antimony se l ec t ive ly  fo l lows  t h e  zirconium-molybdenum compound. Alpha 

analyses ind ica t e  t h a t  t h e  p r e c i p i t a t e  also ca r r i ed  a few percent (less 

than 5$) of t h e  plutonium present i n  t h e  r a f f i n a t e  solut ion;  however, 

l e s s  than of t he  curium (which is present  i n  much grea te r  amounts 

X-ray d i f f r a c t i o n  s tudies  were made by R .  G. Haire, ORNL Chemistry 
D i v i  sion. 
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Fig. 3. Solids which formed in extraction raffinate (HAW) solution 
stored at approximately 80°c for 1 month. 



than plutonium i n  t h i s  so lu t ion)  followed the  sol id .  

reported t h a t  t h i s  same p r e c i p i t a t e  s imi la r ly  c a r r i e s  a few percent of 

the  plutonium from solut ions containing much higher plutonium concentra- 

t i o n s  than the  r a f f i n a t e .  

From t h e  point of view of ac t in ide  losses ,  it i s  e s s e n t i a l  t h a t  

It was previously 

formation of t h e  zirconium-molybdenum compound be avoided until  a f t e r  

adequate plutonium recovery has been accomplished. 

work ind ica te  t h a t  t h i s  should be prac t icable  by judicious choice of 

storage time, temperature, and acid concentration. Fortunately,  t he  

compound apparently forms l e s s  r ead i ly  i n  f r e s h  dissolver  so lu t ion  

than i n  aged rad ioac t ive  solut ions or synthet ic  dissolver  solut ions.  

During operations subsequent t o  extraction, however, it i s  not c e r t a i n  

t h a t  formation of t h i s  compound can be avoided ( i . e . ,  during waste 

storage o r  waste evaporation).  

d i f f i c u l t i e s  i f  not recognized. 

Waste concentration. 

Both "cold" and "hot" 

This problem could cause operat ional  

A por t ion  of t he  ex t rac t ion  r a f f i n a t e  from 

R u n s  I1 and N was concentrated i n  an evaporator, using a procedure 

(developed f o r  synthet ic  waste s tud ies )  which minimized formation of 

zirconium-molybdenum compound, 

f r a c t i o n  of t h e  r a f f i n a t e  t o  y i e l d  an acid concentration of about 8 - M, 

and the  so lu t ion  was then concentrated by boi l ing  i n  an evaporator 

immersed i n  s i l i cone  o i l  a t  130°C so t h a t  no ref luxing could occur. 

Additional r a f f i n a t e  was added as  condensate was col lected.  A s  evapora- 

t i o n  proceeded, t he  a c i d i t y  of t he  s t i l l  pot remained i n  t h e  range 

Concentrated n i t r i c  ac id  was added t o  a 
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8 t o  10 M and t h e  f i s s i o n  product concentration increased. 

of the condensate increased t o  about 3 M near t he  end of t h e  evaporation. 

The ac id i ty  - 

- 

I n  each experiment, a p rec ip i t a t e  appeared i n  the  solut ion a f t e r  

concentration, by a f a c t o r  of 2 t o  2.5, t o  about 300 t o  350 ga l  per metric 

ton of fue l .  

and 96 gal/metric ton f o r  Run I1 and R u n  I V  r a f f i n a t e  respect ively.  

Subs tan t ia l  amounts of prec ip i ta te ,  much of which adhered t o  the  g l a s s  

wal l s  of the  evaporator, were found t o  be present a t  the  end of the  

evaporation step.  The mount of so l id s  recovered from R u n  I V  was 

2.3 g per l i t e r  of r a f f ina t e ,  and addi t iona l  so l id s  were on t h e  g lass  

w a l l s .  

Evaporation was continued t o  f i n a l  concentrations of 140 

Few data  f o r  character izat ion of these so l id s  have been obtained t o  

Microprobe r e s u l t s  ind ica te  t h a t  l ead  i s  t h e  predominant metal date .  

present i n  t h e  sol ids ,  but this has not been confirmed. The source 

of t he  l ead  i s  not known. 

lead  r e s u l t s  i n  p rec ip i t a t ion  of a mixed phase of barium, strontium, and 

lead  n i t r a t e s ;  a l l  of these m e t a l  n i t r a t e s  a re  insoluble  i n  high concen- 

t r a t i o n s  of n i t r i c  acid and have the  same c r y s t a l  s t ruc ture .  

Evaporation of synthet ic  waste containing added 

The supernate from the  concentrated r a f f i n a t e  f r o m  R u n  I1 was a c lear ,  

red  solut ion which appeared t o  be s t ab le  f o r  long per ios  of time (grea te r  

than 1 month) a t  room temperature. 

(9.6 M HNO ) did not change appreciably during storage f o r  1 month. 

However, subsequent a i r  sparging of the solut ion f o r  7 hr reduced the  

a c i d i t y  t o  9.1 M HNO 

on ac id  l o s s  w i l l  'be made with the  R u n  I V  concentrate s ince t h i s  r a t e  of 

ac id  lo s s  could be qui te  important during long periods of waste storage. 

The ac id  concentration of t h e  solut ion 

- 3  

A more ca re fu l  study of t h e  e f f e c t  of a i r  sparging - 3' 



It appears t h a t  r a f f i n a t e  (waste) storage and waste concentration, 

whether f o r  storage o r  as  a preliminary s t ep  in waste sol idif icat i .on,  

include some p o t e n t i a l  problem areas  whi.ch have not been adequately 

recognized. 

2.2.6 Characterization methods 
_II_x -I___ 

The s t a t u s  regarding ana ly t i ca l  data  has changed o i l y  s l i g h t l y .  A s  

more r e s u l t s  a r e  obtained, t h e  l imi t a t ions  of some of the data  become 

more v i s i b l e  and several  areas which requi re  more work are  Ident i f ied .  

L i t t l e  improvement has been achieved t o  date. Certain def ic ienc ies  a re  

discussed here. 

Mass ana lys i s  f o r  plutonium ?or f u l l y  i r r a d i a t e d  Robinson renctor  

f u e l  (R im I V )  has been completed, and there  a r e  s ign i f i can t  discrepancies 

from the ORIGEN ca lcu la t ion  f o r  t h a t  p a r t i c u l a r  i r r a d i a t i o n  h i s to ry  

(Table 6 ) .  Calculated va1.u.e~ f o r  the heavier isotopes appear t o  be low. 

Table 6. Plutonium iso topic  composition of Robinson fue l  

I so tope  
-I-_ 

Composition (FIL %) 
Found Run IV Calculated by ORIGEN Code 

? R p u  1.94 

23 9p,, 55.55 

240m 24.83 

12.23 
241 

242 

244 

P U  

PI 1 

PU. 0 e 0005 

5-45 

1.72 

60.6 

24 .1  

10.1 

3.55 

-- 



Alpha pulse-height analysis  with alpha counting i s  the  simplest method 

for determining many act inides .  Unfortunately, t h i s  method appears t o  have 

inherent e r ro r s  which cause lower-energy alpha peaks t o  be l a rge r  than they 

should. be. 

bute 25% and the 5.48-MeV peak of 238Fu contr ibutes  75% of the t o t a l  

pultonium alpha a c t i v i t y ;  but the mass analysis  corresponds t o  22% and 

78% f o r  the  two peaks. 

For example, the  5.15-MeV peaks of '39, 2LLom typ ica l ly  cont r i -  

Scanning e lec t ron  microscopy (SEM) ard microprobe results a re  being 

obtained r a the r  slowly. The SEM photos a re  spectacular i n  some cases, 

while microprobe r e s u l t s  a re  l e s s  sa t i s fac tory ,  l a rge ly  because of 

problems i n  in te rpre ta t ion .  For example, K x-rays of l i g h t  elements 

common as  impuri t ies  and M x-rays of lead  i n t e r f e r e  with L x-rays of 

important f i s s i o n  products. A s  a r e su l t ,  ambiguities have been noted i n  

much o f  the  x-ray microprobe data. I n  addition, many samples a re  too 

radioact ive t o  permit the  x-ray spectra t o  be measured. There a re  

possible  ways t o  improve the s i tua t ion ,  but l i t t l e  progress has been 

achieved so fa r .  

Only a few s&s of data  have been obtained from spark-source mass 

spectrometry (SSMS) analysis,  and these ind ica te  t h a t  much improvement i s  

necessary. The method has the  advantage of being general  f o r  a l l  elements 

present i.n appreciable amount; however, as  present ly  applied, i t  a l so  

has severe l imi ta t ions .  I n  par t icu lar ,  accuracy appears t o  be i n  the  

range of  4 5 %  f o r  most isotopes, and the  range of concentration which can 

be measured i s  narrower than desired.  



Work will continue on development of procedures which result, in more 

accurate and useful analyt ical  data. I n  addition, effoyts  will be made to 

decrease the time requirerl t o  obtain ana ly t ica l  results, p a r t i c u l a r l y  f o r  

SSMS and SEM x-ray fluorescence measurements. 

2.3 Building 450‘7 H o t - C e 1 . l  Operations 

J. H. Goode, R .  G. Stacy, V. C.  A. Vaughen, E. C.  Hendren and 
0. L. Kirkland (Chemical Tec’mology Division, OKNL) 

The major e f f o r t  continues t o  be cleanout of the hot; c e l l  (Sect ,  2.3.2). 

Fuel procurement and t e s t i n g  and modification of in-cell.  equipment a re  also 

being accomplished. as time permits, 

2.3.1- Development of i n - c e l l  equipment 

Intermediate-scale f u e l  shear t e s t s  have been mad.e on unirrad.ia. ted 

s ta in less -s tee l -c lad  (0.3’C in .  OD; clad thickness, 0.021 in. ) and on 

Zircaloy-clad (0.5 in .  OD) U02 rods. Shear pressures less than TOO ps ig  

were s u f f i c i e n t  t o  chop t h i s  m a t e r i d  i n t o  1-, l-l/?-, and 1-3/4-in.-long 

pieces with minimal deformation ( l e s s  than 25% closure of the ends). The 

e f f e c t  of cu t  length on the  amount of IJO dislodged was measured by 

c o l l e c t i v e l y  weighing and s i z i n g  the loose f i e 1  from each s e r i e s  of cuts.  

2 

The results a r e  shown below. 

Cut length Fuel  dislodged Fuel dislodged 
( in .  ) (g/cut, avg. ) (% of t o t a l  f u e l )  

1 1.04 3.6 

1.5 1.21 ‘7.3 

1.75 0.87 4.4 



The s i ze  d- i s t r ibu t ion  f o r  the  loose f u e l  was: 15 wS, $I < 75 pm; 75 pm 

S 20 w t  % < 150 km; 150 l.~m S 30 w t  $I < 500 pn1; and 30 w t  $ 2500 pm. 

The 100-g-scale voloxidizer, which was received with damaged seals ,  

has been repaired.  

operating conditions for fu r the r  ca l ib ra t ion  and endurance testi-ne.  

Deposition temperature p r o f i l e  measurements i n  t h e  region 400 to 500°C 

are  under way. 

The uni t  has been put i n t o  operation under process 

The s t i r r e d  dissolver  has shown a tendency f o r  the  paddles t o  stall 

when loaded with sheared f u e l  and cladding. 

has been fabr ica ted  t o  replace the  paddles. 

for fu r the r  tes t ing .  

A removable, r o t a t i n g  basket 

The un i t  i s  being assembled 

Progress on the  development of t he  continuous tritium monitor has 

3 been reported elsewhere. 

2.3.2 Decormnissioning the C u r i u m  Recovery F a c i l i t y  

Cel ls  3 and 4 were entered t o  cap open tubing and pipe p r i o r  t o  

sandblasting and t o  confirm t r u e  dimensions needed for  the fabr ica t ion  

of new f l o o r  pans, support s t ructures ,  and working surfaces. The interior 

of the  Equipment Maintenance Box was spray-painted t o  f i x  r e s idua l  loose 

contamination, and the  windows were taped and covered with plywood i n  

preparat ion fo r  removal of t h e  glove box i n  l a t e  June. 

showed l i t t l e  or  no contamination between the  Penthouse f loo r  and the  

bottom of t h e  glove box. 

through the  roof of Cell 1-1- and the  americium t a rge t  chute extending 

through the  roof of Cell  3 were bagged-out and sent t o  S o l i d  Waste 

Storage. 

chutes" f o r  Cel l s  3 and 4 i s  i n  progress. 

A r ad ia t ion  survey 

The process water monitor sleeve extending 

The design of pedestals  for joining shipping casks t o  "slug 
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2.3.3 Miscellaneous 

The modified skid for t he  Garden Carr ie r  N o .  2 (AEC-ilR-USA-6088/BLF) 

was delivered, and the cask was shipped to Battelle-Columbus Laboratories 

to pick up a second shipment of i r r a d i a t e d  H. 3. Robinson reac tor  f u e l  

([TO2 i n  Zircaloy) .  

awaiting f i n a l  paint ing.  

The f i r e  sh ie ld  f o r  the Garden Carr ie r  No.  2 i s  

A work order w a s  issued f o r  fabricatLon of cans for s to r ing  excess 

i r r a d i a t e d  f u e l  samples arid a model concrete shielding plug for t he  Hot 

Garden storage wells.  A work order was also issued t o  f a b r i c a t e  cell 

exhaust f i l t e r  housings, s t r u c t u r a l  supports f o r  a work surface, and a 

fuel  storage a r ray  f o r  Ce l l  3. The completed Ce l l  2-3 i n t e r c e l l  t ransfer  

assembly was del ivered from t h e  Central  Shops. 

The s t a i n l e s s  s tee l  fj-re barri-ers i n  t h e  c e l l  ven t i l a t ion  duct a t  

Building 4556 were replaced, and tine roughing and IIEPA f i l t e r s  were 

bagged-out and replaced; DOP-testing indicated t h a t  the e f f ic iency  o€ the  

new filters was sa t i s f ac to ry .  
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3.  PUREX PROCESS STUDIES (SOLVENT EXTRACTION) 

B. L. Vondra (Chemical Technology Division, ORNL) 

This program involves the integration of laboratory development 

studies, flowsheet tests employing synthetic solutions, and confirmatory 

investigations in a hot-cell system using irradiated LWR fuels. 

3.1 Laboratory Studies 

3.1.1 Solvent cleanup 

0. K. Tallent and Karen Williams (Chemical Technology Division, ORNL) 

The solvent from the Rmex process is presently treated with sodiuni 

carbonate and sodium hydroxide to remove impurities before it is reused. 

However, the lack of complete effectiveness of such caustic wash methods, 

along with attendant reagent recycle problems, has lead us to investigate 

alternative solvent cleanup methods. 

An experiment is currently in progress to study the utility of 

macroreticular resins for removing s m a l l  quantities of plutonium complexed 

with di-n-butyl - phosphate [DBP] from 3@ TBP--7% dodecane solvents. 

Conditions for the portion of this experiment that has been completed thus 

far may be described as follows: Solvent samples were first prepared by 

adding appropriate microliter volumes of a 0.045 or 0.0045 - M DBP stock 

solution to 3% TBT--7% dodecane solvent; in order to obtain solutions 

ranging from 4.2 x 

Pu(iV)--12.3 M HNO 

the samples. The plutonium-bearing organic samples were then equilibrated 

to 26.2 x loe5 - M in DBP. Next, 75 p 1  of 0.153 M - 

stock solution was added to 10-ml volumes of each of 
- 3  

, 
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with th ree  equal volumes of 0.01 M HNO aqueous soluS,ion. The plutonium 

content re ta ined  i n  the  organic phase a f t e r  t he  t h i r d  wash was determined 

f ron  gross alpha pulse-hetght malyses .  

- 3  

The da ta  obtained a re  p l o t t e d  i n  a log-log p l o t  of re ta ined  plutonium 

eoncentration vs o r i g i n a l  DBP concentration i n  Fig. 11. Data reported 

previously by other inves t iga tors  f o r  higher concentrations of DBP i n  

PO‘$ TBP-dodecme as a r e s u l t  of 60Co ga,mma i r r a d i a t i o n  a re  also p lo t t ed  

f o r  comparison. Both sets of data  a r e  described wel l  by the  equation 

11 

-5 In ‘Pu] = 1.00 hi rDBP] + I n  ‘0.54 x 10 1, 

where ‘Fu] denotes molar concentration of re ta ined  Fu(1V) and TIIBP] 

denotes i n i t i a l  DBP concentration. The r e s u l t s  show t h a t  t h e  re ta ined  

plutonium concentration i s  d i r e c t l y  proport ional  t o  t h e  DBP concentration 

and t h a t  plutonium retent i -on i n  t h e  i r r a d i a t e d  solvent can be c lose ly  

duplicated by adding the  same amount of DBP t o  miirradiated solvent as  

that  formed by TBP degradation i n  the  i r r a d i a t e d  solvent. 

The solvent samples from t h i s  elxperiment w i l l  be equi l ibra ted  with 

macroreticular Amberlyst A-29 r e s i n  next quarter .  Solvents containing 

other ca t ions  ‘ Z r  

w i l l  be included i n  r e s i n  t e s t s  (batch and colum) i n  future work. 

2-1- , U02 , e tc .  ] and other solvent d-egradation products 
4+ 

3.1.2 Plutonium valence adjustment 

M. R. Bennett (Chemistry Division, OXNI,) 

I n  solvent ex t rac t ion  and solvent s t r ipp ing  steps,  the  valence of the  

plutonium i s  repeatedly adjusted from 6 t o  ’t, 4 t o  3, and 3 t o  4. The 

ad.justnnerit of t he  plutonium valence t o  4 from e i t h e r  3 or 6 has camonly 

been done by addi t ion of sodium n i t r i t e ;  however, t he  addi t ion of sodium 
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ion  has disadvantages s ince it increases  the waste volume and can adversely 

a f f e c t  waste so l id i f i ca t ion .  A v i r t u a l l y  uncontaminated ni t rogen oxide 

stream from product den i t r a t ion  w i l l  be avai-lable i n  a reprocessing plant,  

and use of t h i s  gas stream for the  plutonium valence adjustment steps 

would avoid introduct ion of an addi t iona l  chemical i n t o  the  p lan t .  The 

composition of t h i s  stream, afLer condensation of water. and n i t r i c  acid, 

can vary from nearly pure NO t o  a mixture of NO and air, depending on 

the  operation of t he  den i t r a t ion  step.  

2 

A system t o  supply t y p i c a l  deni t ra t ion  gas mixtures is present ly  

being in s t a l l ed .  The 6, I+, and 3 valences of plutonium w i l l  be monitored 

v i a  a Cary Model 14  spectrophotometer during eqeriinenta.1 valen.ce adjust-  

ment s teps .  

3 .2  Purex Studies with I r r ad ia t ed  Fuels 

V. C. A. Vaughen (Chemical Technology Division, ORNL) 

3.2"1. l?urex process s tud ies  

H. C .  Savage (Chemical Technology Division, ORNL) 

The Purex process i s  used t o  recover, decontaminate, and separate 

uranium and plutonium from i r r a d i a t e d  ura.nium fue l .  It includes a l l  the  

solvent ex t rac t ion  s teps  between the head-end reprocessing and the product 

f i n i sh ing  operations.  I n  the  reference* Pwrex process flowsheet, 30$ 

TBP coextracts  uranium and. plutonium from 3 M EECJO i n  t he  f i r s t  column, 

the  plutonium i s  se l ec t ive ly  s t r ipped  from the  TBP i n  the  second c o h m  

- 3  

(by a valence change), and the  uraaiwn i s  s t r ipped  i n t o  d i l u t e  HNO 

* The reference W e x  flowsheet i s  shown i n  Fig. 4.1-2, AGNS Plant FSAR. 

i n  t he  
3 



t h i r d  column. While the  Purex solvent ex t rac t ion  process has been success- 

f l i l ly  used f o r  years  with Fuels of low burnup, s i a i i f i c a n t  process changes 

w i l l  be required f o r  f u l l y  i r r a d i a t e d  LWK f u e l s  due t o  the  increased 

inventor ies  of f i s s i o n  products and higher plutonium contents. 

A program was i n i t i a t e d  l a s t  quarter  t o  develop and t e s t  a Purex 

flowsheet t o  process high-burnup LWR f b e l s  on a modest scale.  

construct a small-scale Purex solvent ex t rac t ion  system i n  a hot c e l l  

t o  t e s t  and demonstrate t he  proposed flowsheet and flowsheet modifications 

f o r  improved process performance, and t o  study other problem areas  i n  

processing these  fue ls .  

We w i l l  

The system of f irst  choice cons is t s  of th ree  banks of mixer -se t t le rs  

of t h e  type used i n  t h e  C u r i u m  Recovery F a c i l i t y  (CRF)? These mixer- 

s e t t l e r s  have been proved i n  extensive hot operation and are  physical ly  

l a rge  enough t o  sample individual  s tages  w i t h  manipulators. 

t o  clean out remotely, i f  necessary, because a l l  of t he  s e t t l e r s  face 

one s ide  and are  open t o  the  top. 

of these  units a re  i n s t a l l e d  i n  a hood f o r  cold t e s t i n g  ( see  Sect. 3.4). 

They a re  easy 

Each s tage volume i s  about 60 m l .  Two 

A n  a l t e rna t ive  system would be comprised of mixer-set t lers  of t he  

The SKL SRL type, which have individual  stage volumes of a b u t  16 m l .  

u n i t s  a r e  based on the Knolls Atomic Power Laboratory (KAPL) design. 

These units have been extensively t e s t e d  a t  SRL i n  shielded glove-box 

operations but are  designed so t h a t  s e t t l e r s  from every other  s tage face 

on the  r e a r  side, where d i r e c t  manipulator access i s  not possible.  They 

require  l e s s  solut ion volumes than the  CRF models. 

* These a re  enlarged, modified u n i t s  based on the  Belgonucleaire models. 
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We a re  evaluating the  design parameters of run times and so lu t ion  

volume requirements based on SEPHIS code predict ions ( see  Sect.  3.3.2) 

f o r  t he  reference flowsheet (as  adapted t o  three  banks of 16-stage mixer- 

s e t t l e r s ) .  

times of about 20 t o  30 hr may be necessary t o  a t t a i n  95% of the  steady- 

s t a t e  stream composition f o r  t he  plutoniwi product streani ( IBP)  using 

CRF contactors .  

t h i s  stream would requi re  about 85 hr of operation. 

times t o  steady s t a t e  f o r  the SRL contactors a re  more than twice a s  

long. These projected run tinies a re  subject t o  change as  a l t e r n a t t v e  

modes of operation a re  considered. 

preliminary r e s u l t s  of these  ca lcu la t ions  ind ica te  t h a t  r u n  

However, t o  a t t a i n  99% of the  stead-y-state values f o r  

Estimates of rim 

A t  the  p.resent t i m e ,  the  CRF contactors remain the  f i r s t  choice; 

these contactors  have predicted run times of about 1 t o  2 days ( t o  95% 

conditions above) and fue l  requirements of 2 t o  4 kg per run. 

3.2 .2  Solvent ex t rac t ion  flowsheet development 

R. 11. Rainey (Chemical Technology Division, ORNI,) 

The flowsheet published i n  the  FSAR f o r  the  AGNS plant  i s  an equip- 

ment diagram and spec i f i e s  only the  capaci ty  of 5 tons/day. To provide 

a bas i s  for  t h e  design of t h e  ho t - ce l l  solvent ex t rac t ion  system, a s e t  

of optiniized operat ing conditions was ca lcu la ted  for a reference flowsheet 

using t h e  SEI!KIS code. These values a re  presented below and i n  Fig. 5.  



S C R U B  

VOLUME R A T I O  0.50 

I I 
30 "/O 
7 0 "/O 1 i!!!W R A T I O  3.80 @ 

t.5Mb 
FLOW R A T I O  0 .56 

-I+ R E D U C T A N T  

I I A P  (IN T B P )  

I S T R I P  i 

r 18U ( IN  T B P )  1 

ORNL D W G  76- 1045 

&USED  SOLVENT^ 

JUNE 23,1976 
R H R  

Fig. 5. Lwii flowsheet based or; Barnwell principles but not non- 
proprietary, as of J m e  1, 1976. 
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Stage Entering Relat ive flow 
number stream Stream coznpositi an r a t i o s  

1 

'7 

16 

PO 

30 

37 

1cx 0.01 M HNO 
- 3  

1. I3x 1.5 M f-mo 
- 3  

R educt ant ( e l e  c .t r oc olumn ) 

5.7 

0.56 

- 
M S  3.0 M mo 0.50 

- 3  
LAF l.25 _M U0,(N03)2; 0.013 M - PU(NO~)~.; 1.00 

2.5 M N N O  
- 3  

U X  30 vol  $, TBP--n-dodecane - 3.80 

T h i s  Plowsheet uses  t he  nixnber of t h e o r e t i c a l  s tages  estimated 

t o  be ava i lab le  i n  the  Barnwell p lan t  t o  recover grea te r  than 99.8% of 

the  uranium 2nd plutonium. The s tage numbers a re  l i s t e d  i n  the  t ab le  

and Fig,  5. It should be remenbered t h a t  ac tua l  p lan t  ope ra t im  may 

not a t t a i n  these calculated values. 

While the  above flowsheet w i l l  serve a s  a reference s t a r t i n g  point,  

t he  ac tua l  ho t - ce l l  p i l o t  p lan t  may be based on three baaks of &stage 

mixer -se t t le rs .  This necess i t a t e s  addi t iona l  optimization calculat ions 

using the  SEPHIS program. Operable (but not optimized) operating condi- 

t i o n s  f o r  th ree  banks of mixer -se t t le rs  containing I 6  t h e o r e t i c a l  s tages  

each a re  given below (s tages  are numbered consecutively f o r  t he  three  

banks against  the  d i r ec t ion  of flow of the  organic) and a l so  i n  Fig.  6. 
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Stage Entering Relat ive 
number stream Stream composition flow r a t i o  

1 ICX 0.01 N mo 
- 3  

4.0 

1EX -7.55 g / l i t e r  Pu; 1.5 N HNO 0.4 

32 1BS 3f10 TRP--n.-dodecane I_ 0.3 

- 3  17 

U S  3.0 N I - ~ O  0.4 
- 3  33 

40 1A.F 300 g / l i t e r  U; 3.02 @ i t e r  PU; 1.0 

2.5 _. N HITO, 
J 

48 lAx 3G%--n-dodecane 3.5 

The negative plutonium concentration enter ing s tage 1'7 simulates 

plutonium reductant.  The computer ca lcu la t ions  indicated that  these  

operating conditions would r e s u l t  i n  l e s s  than 0.1% l o s s  of uranium and 

plutonium t o  the  organic and aqueous waste streams and. l e s s  t'nan 0.1% 

of t h e  uranium i n  the  plutonium pmduct and vice-versa. The system 

reached 9d0 of s teady-state  operation i n  48 time ini ts ,  95% i n  81 time 

uni ts ,  and 9% i n  233 time uni t s .  The conversi.on of computer time 

u n i t s  t o  r e a l  operating times and to process solut ion volumes depends 

on the  contactor design and t o t a l  flow ra t e s .  These values have not 

been f ina l ized .  

The optimized flowsheet w i l l  probably use somewhat lower flow r a t e s  

of solvent and s t r i p  solut ions.  The lower flow r a t e s  and a l a rge r  i n t e r n a l  

r e f lux  of' t he  optimized flowsheet w.11 probably requi re  more time u n i t s  t o  

reach s teady-state  operation. 
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3.3 Cold Studies 

W. D. Bond, F. A. Kappelma.nn, and E’. M. Scheit1i.n 
(Chemical Technology Division, OKlvL) 

I n s t a l l a t i o n  of two mixer-set t ler  banks i n  Building 3508 was completed. 

Shakedown t e s t s  were sa t i s f ac to ry  when t h e  ex t rac t ion  of n i t r i c  ac id  by 

3045 TBP--dodecane a t  25 and 45°C was ca r r i ed  out,. A run with a simulated 

feed. solut ion ( f i s s i o n  product content equivalent t o  33,000 MWd(t)/metric 

ton) ,  using the  flowsheet given i n  ORNL-5012, i s  planned f o r  evaluation of 

t he  un i t s  i n  t he  ex t rac t ion  and s t r ipp ing  of uranium. 

Batch extract ions a re  being ca r r i ed  out t o  determine equilibrium 

d i s t r ibu t ion  coef f ic ien t  data  as  a f’unction of uranium sa tura t ion  of 

the  3& TBP--dodecane. 

between 3% TBT--dodecane and n i t r i c  acid were measured (Table 7) .  

values a r e  i n  reasonable agreement within the  range of  the  values reported 

i n  the  l i t e r a t u r e ,  which assures us t h a t  our experimental technique and 

ana ly t i ca l  methods a re  sa t i s fac tory .  Similar measurements were made on 

the  d i s t r i b u t i o n  of uranium, zirconium, ruthenium, and molybdenuni between 

3% TBP and. simulated feed select ions.  However, ana ly t i ca l  r e s u l t s  a r e  

not ava i lab le  a t  t h i s  time. 

The d i s t r ibu t ion  coef f ic ien ts  of u-ranyl n i t r a t e  

Our 
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Table 7. Uranyl n i t r a t e  distribution between 
3% TRP--dodecane and. nitric acid 

a 
Aqueous phase I_- Organic phase Distribution coef f .  

HiYO M) Uranium (M) - mo 14) Uranium (14) - ( organic/aqueous ) 3 (- 3 (- 

2.42 0.00065 0.497 0.0127 17.5 

2.64 0.0006~ 0.474 0.01256 19.3 

2.41 0.013 4 0.330 0.169 12.5 

2* 56 0.01298 0. ?y( 0.1‘165 13.6 

2.40 0.171 0.108 0.412 2.41 

2.26 0.183 0.078 0.3996 2.18 

2- 05 0. SlG 0.122 0.358 3.09 

2.07 0.118 0.100 0.357 3-03 

1.96 0.062 0.162 0.319 5.14 

1.96 0.077 0.132 0.329 4. ?r( 

- 

“100% uranium sat,uratioii  is 0.52 M. ._ 
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4. OFF-GASES - FLUORKARBON ABSORPTION STUDIES* 

W. S. Groenier 
(Chemical Technology Division, ORrvL) 

This program i s  concerned with the  development of t he  Krypton 

Absorption process on an accelerated basis.  

expansion of t h e  p i lo t -p lan t  development, i n i t i a t i o n  of p lan t  engineering 

design c r i t e r i a ,  performance of a proposed system r e l i a b i l i t y  analysis,  

and. a study of t h e  chemical e f f e c t s  of impuri t ies  i n  t h e  fluorocarbon 

solvent on t h e  process and equipment. 

Funding i s  provided f o r  

4.1 Fluorocarbon Absorption FTocess Development 

M. J. Stephenson (OrtGOP) 

4.1.1 Pilot-plant  operation 

14 
The @Kr/ C removal process w i l l  be the  f i n a l  s t ep  i n  an integrated 

chain of processes designed t o  co l l ec t ive ly  decontaminate f u e l  reprocessing 

p lan t  off-gas. It i s  e s s e n t i a l  t o  the  ove ra l l  development of the  fluoro- 

carbon process t o  determine: 

upstream primary removal equipment causing f i s s i o n  products and chemical 

(1) the consequences of t he  f a i l u r e  of 

contaminants t o  'be passed downstream; (2) t he  a b i l i t y  of t h e  fluorocarbon 

process t o  ac t  as a short-term backup system t o  remove t h e  other radio- 

ac t ive  components from the  reprocessing plant  off-gas i n  case of such a 

f a i l u r e ;  and (3 )  the  f e a s i b i l i t y  of t he  fluorocarbon process t o  function 

as  t h e  primary removal f a c i l i t y  f o r  iodine, other f i s s i o n  products 

( includring ruthenium oxides), and chemical contaminants such as  nitrogen 

* J o i n t l y  funded by LNR Recycle and LMFBR Reprocessing programs. 



dioxide. 

these poin ts  by es tab l i sh ing  t h e  general  process behavior of feed gas 

components such a s  carbon dioxide, nitrogen dioxide, iodine, methyl iodide, 

and water, and by def ining the  e f f e c t s  of these  components on t h e  general  

operabi l i ty  and ove ra l l  performance of a process designed for "Kr and 

l ' + C  removal. 

P i lo t -p lan t  work i s  cur ren t ly  being d i rec ted  toward. exploring 

Recent p i lo t -p l an t  t e s t s  continue t o  support hypotheses drawn from 

e a r l i e r  scopiiig t e s t s  and performance calculat ions.  Preliminary r e s u l t s  

a r e  ava i lab le  f o r  experiments completed wi.th ni t rogen dioxide, iodine, and 

methyl iodide.  

i n  Fig. 7, along with t h a t  of refr igerant-12 (R-12). The vapor-liquid 

d i s t r i b u t i o n  coe f f i c i en t s  for xenon and carbon dioxide i n  R-12 are  also 

shoTm- t o  put the component vapor pressures i n t o  perspective.  Those 

cmponents more v o l a t i l e  than R-12 end up i n  e i t h e r  the process vent with 

nitrogen and oxygen or  the krypton product stream, while t he  less v o l a t i l e  

components c o l l e c t  i n  t he  solvent s t i l l  bottoms recei.ver. Water, not 

The vapor pressures  of these  three  components a r e  given 

shown i n  Fig. 

v o l a t i l e  than 

were achieved 

'7 ,  i s  more v o l a t i l e  than iodine but s ign i f i can t ly  l e s s  

CH I. 
3 

previously, 

Because krypton and xenon removals i n  excess of 10  3 

high process removals were projected f o r  the  

even l e s s  v o l a t i l e  feed gas components. These expectations have been 

e s s e n t i a l l y  r ea l i zed  i n  t h a t  quant i ta t ive  removal of iodi-ne, methyl iodide, 

and nitrogen dioxide was achieved i n  t h e  p i l o t  f a c i l i t y .  

The r e s u l t s  of t he  p i lo t -p l an t  tests with iodine a r e  summarized 

i n  Table 8. 

whereas elemental iodine was re luc tan t  t o  move through t h e  feed gas 

c i r c u i t  even though t h e  gas l i n e s  were heated. 

The m e t h y l  iodide t e s t s  were the  eas i e s t  t o  perform, 

Once i n  the  solvent, 
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Fig. 7. Vapor pressures of important reprocessing plant  off-gas 
components and R-12. 



l a  

l b  

IC 

2a 

2b 

3a 

3b 

3c 

I2 

I 2  

CH I 
3 

CH I 
3 

CR I 3 
CH I 

3 
CH I 

3 

Table 8. Summary of iodine removal t e s t s "  

Me a s w  ed 

b factorc  f ac to r  

Absorber feed Mea sur e6 
S t i l l  gas concentration decon t m&mti on dec ont arLnat ion Test Iodine Solverit 

(PPX! mmber form recycle r e f lux  r a t i o  

No -0.001 >10 4 

Yes -0.001 ,103 
Yes -0.001 >10 4 

NO 136 >6 x 10 4 

>2 103 

248 >2 x 10 4 

28 >2 x 10 3 

28 >2 x 10 3 

7 Yes 

Yes 

Yes 

Yes 

d 

0.01 

0.01 

0.34 

0.34 

0.13 

-- 
4 1.5 x 10 

4 J= 5.9 x 10 \D 

4 4.0 x 10 

4 1.0 x 10 

a General t e s t  conCltioKs: Aosorber pressure, 300 pslg; ansoroer Ceqeracwe,  -10°F; soire?; flow, 

1 gpn. 

D 
-3ased on gas stream analyses. 

Based on irLlet gas s t r e a ~  and recycled solvent s t reax  analyses and 3n th.e assmption tha t  absorber 
off-gss is 5-n equilibrium with  the incornizlg solvect .  

Solvent s t i l i  p a r t i a l l y  by-passed. 
d 
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-- became mobile and ul t imately co l lec ted  i n  the  solvent s t i l l  reboi le r .  

Elemental and organic iodine removals i n  excess of 10 

Each of the  three  t e s t s  was conducted with 5 m C i  of 1311, and gamma 

s c i n t i l l a t i o n  ana ly t i ca l  techniques were used t o  evaluate process perform- 

ance. The small amount of a c t i v i t y  r e l a t i v e  t o  the  p lan t  s i ze  and long 

durati.on o f  t he  t e s t s  l a rge ly  l imi ted  t h e  quant i ta t ive  capab i l i t y  of t he  

counting equipment. Process removals were qui te  high, and the  off-gas 

generally contained an imdetectable amount of iodine. I n  some cases, 

the  absorber performance could be calculated from t h e  amount of a c t i v i t y  

i n  .the recycle solvent by assuming t h a t  the  absorber off-gas was i n  

equilibrium with the  incoming solvent. 

l2 
4 

were achieved. 

The t e s t  r e s u l t s  c l ea r ly  show t h a t  t he  e f f ic iency  of the process t o  

remove methyl iodide i s  l imi ted  by  the performance of the  solvent 

pu r i f i ca t ion  s t i l l .  Elemental iodine, on t h e  other hand, was much eas i e r  

t o  remove froni the  recycle  solvent. 

iodine and methyl iodide i s  shown i n  Fig. 8. 

s t i l l  ( i . e . ,  -lO°F), this  vnlue i s  grea te r  than lo5 f o r  I 

CH I. 
3 

( t e s t s  3b and 3c, Table 8)  r e su l t ed  i n  a s ign i f i can t  reduction i n  the  

amount of methyl iodide i n  the  recycle  solvent avld improved the  process 

removal e f f ic iency  by a f ac to r  o f  4. The e f f e c t  of any recycled iodine 

on the process removal e f f ic iency  could not be determined because ,the 

iodine recycle concentrations were below the  l e v e l  of detection. Addi- 

t i o n a l  r ec t i fy ing  s tages  and/or higher r e f lux  r a t i o s  should s ign i f i can t ly  

improve the  recovery capab i l i t y  of t he  process. It i s  important t o  point 

The relatLve v o l a t i l i t y  of R-1’2 t o  

A t  the  conditions of t h e  

and 24 for  2 

Increasing t h e  r e f lux  r a t i o  i n  t h e  solvent s t i l l  from 0.13 t o  0.34 
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TEMPERATURE O F  

Fig. 8. Vapor pressure of R-12 relative t o  several reprocessing 
plant  off-gas components. 
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out t h a t  water and elemental iodine a re  s ign i f i can t ly  l e s s  v o l a t i l e  than 

methyl iodide; consequen.tly, these two comporients a re  much eas i e r  t o  remove 

from the solvent. Therefore, a process designed t o  achieve a methyl 

iodide decontamination f ac to r  of 10 

DFs f o r  elemental iodine and water. 

6 
should be capable of even higher 

The r e s u l t s  of the  NO2 removal experiments a re  summarized i n  Fig. 9. 

More than 2 months of the  current  t e s t  series has been devoted t o  studying 

the process behavior of NO2. 

having the capab i l i t y  of detect ing NO 

used f o r  d i r e c t  in - l ine  concentration determinations f o r  the  more recent 

experiments. 

achieved. 

on the  feed concentration. This i s  contrary t o  previous experience with 

both l e s s - v o l a t i l e  ( I2 and CH I) and more-volatile (krypton and xenon) 

components. 

absorber off-gas remained around 20 ppm, regardless  of the  absorber feed 

gas flow o r  i n l e t  concentration. This, of course, again suegested inade- 

quate removal of high-boiling components from the  recycle  solvent. The 

absorber off-gas concentration did decrease with an increase i n  the  solvent 

s t i l l  ref lux,  but not t o  the extent t h a t  was found for  the'CH 1 t e s t s .  

This was not surpr i s ing  s ince N O  i s  more v o l a t i l e  than CH I and thereby 

more d i f f i c u l t  t o  remove from the  solvent. 

A Du Pont Photometric Model 411 Analyzer 

l e v e l s  as  low as  1 t o  2 ppm was 
2 

Process removal e f f i c i enc ie s  of between 97 and 99.6 were 

The data  suggest t h a t  t h e  removal o f  NO2 i s  s t rongly dependent 

3-  
For one s e r i e s  o f  t e s t s ,  the  concentration of NO2 i n  the 

3 

2 3 

It i s  appropriate t o  point  out t h a t  when the  solvent s t i l l  was 

designed, quant i ta t ive  recoverby of the  feed gas NO was not a design 

objective.  Instead, the  purpose of t he  u n i t  w a s  t o  prevent bulk buildup 

of high-boiling components i n  t h e  recycle  solvent. Consequently, t h i s  

2 
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Fig. 9. Fluorocarbon process removal of NO as a function of feed 
gas composition. 2 
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piece of equipment was built to remove only 90% of the dissolved NO 

the solvent.6 

ing section of the solvent purification column. This option is being con- 

sidered for improving both CH I and NO recovery efficiencies. Solvent 

washing is another option, bu't would require additional equipment. 

from 
2 

Higher NO removals can be obtained by enlarging the enrich- 
2 

3 2 

Preliminary pilot-plant tests have been completed wi.th xenon, and 

other tests are currently being made with CO Carbon dioxide removals 

in excess of 10 are being achieved. More complete data will be available 

for the next progress report. Tests with water have been temporarily 

postponed until necessary analytical equipment is available for measuring 

ultra-low water concentrations. High water removals are anticipated 

because of the vapor pressure of water relative to R-12. 

2 -  
4 

4.1.2 Process aimlieation 

Continued modeling studies have indicated that the overall efficiency 

and economics of the process can be signifi.cantly improved by lowering 

the solvent/feed gas absorption ratio and increasing the height of the 

absorber column. This absorber trade-off will not only reduce the work 

load on the fractionator, but will also help to minimize the size of the 

fractionator gas recycle stream. The pilot-plant fractionator reboiler 

heater control is not responsive enough to process load changes that might 

be encountered in actual plant application, and the tight column control 

required for efficient fractionation would be difficult, if not impossible, 

to maintain. An automatic reboiler control circuit has been desi@ed to 

maintain the necessary fractionation control and will be pilot-plant- 

tested next quarter. 

rectifier) power controller which precisely proportions electrical power 

The heart of the system is an SCR (silicon-controlled 
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-0 the  re'ooiler heater  according t,o a j1-20 mA 

feedback control  s igna l  w i l l  be provided by a 

the f rac t iona tor  column. 

cont ro l le r  s ignal .  Tl ie  

the.rmocouple i n s t a l l e d  on 

4.2 Chemical Studies of Contaminants i n  LWR Off-Gas Processing 

L. M. Toth, D. W. Ful ler ,  and J. Ti. B e l l  
(Chemistry Dri.vj.sion, ORNL) 

A laboratory-scale invest igat ion of various off-gas contaiiiinants 

C H , I ,  H 0 and NO ) i n  chlorofluorocarbon solvents was i n i t i a t e d  
I27 , j  2 2 (e.  g" , 

during April using absorption spectrophotometry. Much of the apparatus 

was already i n  operation because of prevtous work on some of these con- 

tarninants i n  a KALC process study. Several aspects of the physical and 

chemical behavior of I i n  R-12  have been examined i n  a high-pressure 

o p t i c a l  c e l l  and a r e  described below. 

7 

2 

Iodine i n  R-12 has an e lec t ronic  absorption band i n  the v i s i b l e  

2 region of 520 nm ( E  = 832 l i t e r  mole-'cm-l) a r i s i n g  from solvated I 

molecular species. 

of I2 i n  H - 1 2  show no sign of chernical react ion with the  system, namely, 

the 304 s t a i n l e s s  s t e e l  vessel, Teflon seals,  or the  R-12 solvent. The 

s o l u b i l i t y  of I2 has been measured as a function of temperature by 

monitoring i.ts 520-nm band. These data  a re  shown i.n Fig. 10. The data  

have been f i t  t o  a least-squares l ine ,  which i s  given by: 

In  the absence of any added H20, d i l u t e  solutions 

log 10 (I 2 ) = 2.244 - (15bJt)/Ty (1) 

where ( I  ) i s  the  mole f r a c t i o n  and T i s  OK. This expression supersedes 

a s imilar  one which was given previously. 

2 
8 

I n  addi t ion t o  the  I species, we have found.  a small band a t  22.70 nm 
2 

which can be assigned t o  an I species i n  solution. Uncertainties i n  the 4 



ORNL DWG 76-952 

DEGREES CENT I G R A D E 

21 5 -10 -23 -35 -46 
I I I 1 1 1 

Mole Fraction 12 in R-12 
( A )  Saturated Liquid 
( B )  Vapor Over Saturated 

Liquid 

3.2 3.5 4 .O 4.5 
( O  Kelvin I- '  x IO3 

Fig. 10. Mole f r ac t ion  of I2 i n  3-12 ( A )  sa tura ted  l i q u i d  and 
( B )  vapor over sa tura ted  l i qu id .  
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9 reported equilibrium constant for the  reaction, 

molar ex t inc t ion  coef f ic ien t  f o r  I 

the  amount of iodine present i n  solut ion as 14. 

concentration t o  be no more than 1 t o  2 $, of the t o t a l  soluble iodine. 

212 -i’t I],, and i n  the 

prevent an accurate measureixent of 4 
However, we estimate i t s  

Distr ibut ion coef f ic ien ts  f o r  I between l i q u i d  and gaseous R-12  
2 

have been measured from + 2 l  t o  - 4 2 ° C  by monitoring the concentration of 

I i n  the vapor over 9 solut ion which was saturated with I . The mole 
2 2 

f r a c t i o n  of 3: i n  the  vapor as  a function of temperature i s  a l s o  given 

i n  Fig. 1.0 and i s  represented by the  expression: 

2 

l o g  (I,) = 5.706 - (28)-10)/~. 10 2 v 
The difference between Eqs. (1) and (2), 

(D) := -3.462 + (l296)/T, 
1°%0 

i s  simply the  d i s t r i b u t i o n  coef f ic ien t  expression, D = (T2)1/(12)v, 

f o r  a saturated I2 solution. 

of I? i n  IFquid C O  

Based on the r e s u l t s  of an e a r l i e r  stxdy 

t h i s  expression should a l s o  be v a l i d  f o r  d i l u t e  T 2  2’ 

solutions.  Nevertheless, 

the 12- R-12 experiments. 

2 
R - 1 2  solut ions of I 

t h i s  will. be verified before the  conclusion of 

containing 100 ppm or l e s s  of added H 3 corrode 
2 

t h e  304 s t a i n l e s s  steel  c e l l  a t  O°C with the  subsequent formation of an 

insoluble iron-iodide type of product. The l i m i t e d  s o l u b i l i t y  of H 0 i n  
2 

R-1; (25 ppm a t  0 ° C )  presents  a means of obtaining fundamental r a t e s  f o r  

the corrosion reac t ion  which i s  dependent on t h e  concentration of water 

and iodine. For example, 

d (I2) 
d t  : -B(H20) ( i2). (4) 



With a constant concentration of water due t o t h e  saturated solution, 

k(H20) := k', and Eq. ( 4 )  reduces t o :  

A f i r s t - o r d e r  r a t e  process has been measured f o r  T: and i s  being 
2 

checked as a function of added water t o  demonstrate tha t ,  as long as the 

K-12 remains saturated,  the  r a t e  of I2 l o s s  from solution remains f i r s t  

order and independent of the  amount of water. 

4.3 R e l i a b i l i t y  Studies 

W. E.  Unger (Chemical Technology Division, ORNL) and 
D. E .  Woodx (Kaman Sciences Corporation) 

Progress by Iiaman Sciences Corporation (subcontract No. 1lX-8172J-) 

during t h i s  report  period included: 

(1) Estimation of f a i l u r e  data and r e p a i r  times f o r  the  process 

c omponent s . 
Completion o f  the  GO model and of a v a i l a b i l i t y  runs using t h i s  (2) 

model f o r  the  Select ive Absorption P i l o t  Plant. 

Modification of the  GO model t o  include process redundancy and (3) 

bypass suggestions followed by addi t ional  a v a i l a b i l i t y  runs. 

Performance of s e n s i t i v i t y  runs t o  determine highest  impact (4) 

component s . 
Increased r e l i a b i l i t y  and a v a i l a b i l i t y  of process components a re  

sought by examining t h e  components i n  order of increasing a v a i l a b i l i t y .  

Thus, ac t ive  components are considered f i rs t ,  with the  most complex items 

(and highest f a i l u r e  r a t e s )  a t  the top of the  l i s t .  

* Seriior Research Sc ien t i s t ,  Nuclear Scrvi.ce8 Progrsm, Kaman Sei -aces  

The GO analysis  and 

Corporation. 



s e n s i t i v i t y  runs guided by the  above consideration l e d  t o  t h e  following 

suggestions re la . t ive  t o  system improvement : 

The compressor, other r e f r ige ra t ion  components, pumps, and 

f a s t - ac t ing  cont ro l  valves should be redundant. 

Coolers, f i l t e r s ,  slow-acting cont ro l  valves, and the solvent 

s t i l l  sect ion should have bypass capabi l i ty .  

already ex i s t .  ) 

All components (including console modules) should have spares 

r ead i ly  ava i lab le  t o  minimize r epa i r  and replacement times. 

HoweveT, since f a i l u r e s  of tanks and columns w i l l  be ra re ,  t he  

spares could include raw materials  (pipe and head.ers) ins tead  

of complete imits .  

t en t a t ive  conclusions from t h e  model and r e s u l t s  a r e  as  follows: 

Outage surv iva l  t i m e  ( t ime t h a t  t he  system can survive with a 

par t i .cda.r  component or sect ion not i n  se rv ice)  i s  important. 

Repair time i s  important i f  i t  exceeds the  outage survival t i m e .  

Redundancy reduces the  need for  accurate f a i l u r e  data.  

Rela t ive ly  simple system design a l t e r a t i o n s  can reduce the  outage 

time t o  the point  where .the accuracy of failure ( la ta  i s  not 

c r i t i c a l .  

c r i t e r i a  t o  be met.) 

Gas s torage at the  system input i s  not necessary. 

Gas storage a t  the  output i n  any s ingle  container (or any system 

subject  t o  a s ing le  f a i l m e )  should not exceed a n  amount equiva- 

l e n t  t o  t h e  allowable emission per year.  

(Some o f  these  

( A  r e l a t i v e l y  l a rge  e r r o r  s t i l l  allows a v a i l a b i l i t y  
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('7) Redundancy will increase the total amount of repair work while 

reducing system outage time. 

Availability can be high enough to eliminate the need for 

experimental determination of failure and repair data. 

the fuel reprocessing plant may have such requirements since 

even short outages should probably be avoided in certain process 

( 8 )  

Howevex, 

steps. 

Common mode failure is not as important as in high-reliability 

systems since nominal outages can be tolerated. 

(3) 

Completion of the study and the  issue of' a Sinal report are scheduled 

for August 1, 1976. 

4.4 Engineering Design Criteria Studies 

R. W. Glass (Chemical Technology Division, ORNL) 

Engineering design criteria studies for a conceptual krypton removal 

system have been completed with the issuance of a set of check prints 

(CD-SK-550 through CD-SK-559) that include an overall flowsheet and 

equipment for  feed treatment, gas compression, absorption, fractionation, 

stripping, product separation, off-gas treatment, solvent purification, 

refrigeration, and instrumentation. Comments ,are being received and a 

final set of prints will be issued in the near future. Since this study 

applies to both the LMFBR Reprocessing and the LWR Fuel Reprocessing and 

Recycle Programs, the results have been provided to Lew Landon and 

Dr. Vince Van Brunt of the Savannah River Laboratory who will have their 

engineering cost analysis people provide c o s t  estimates for  this system. 
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5. FINISHING PROCESSES - MCM FUEL FABRICATION 

R. B. F i t t s ,  A. R. Olsen, J. D. Sease 
(Metals and Ceramics Division, OnrJI;) 

The object ive of t h i s  program i s  t o  provjde technica l  ass i s tance  t o  

SRL i n  t he  development of an ove ra l l  plan i n  support of INR-MOX f u e l  

fabr ica t ion  processes and f a c i l i t i e s .  

5 .1  MOX Fabrication Bocesses  

Information obtained during s i t e  visits1' regarding t h e  present s t a t u s  

of MOX fabr ica t ion  processes has been added t o  a preliminary summary of 

such technica l  fac tors .  

i den t i f i ed .  When these  a re  sa t i s f i ed ,  t he  l i s t i n g  of technica l  f ac to r s  

w i l l  be published f o r  use i n  def ining needed research and engineering 

development e f f o r t s  and i n  es tab l i sh ing  a basic  flowsheet which can be  

used i n  economic and plant  design analyses. 

Additional information needs a r e  now being 

5.2 MOX Fabricat ion F a c i l i t i e s  

Information has been co l lec ted  and i s  being evaluated i n  preparation 

for the  establishment of d r a f t  design philosophy and design c r i t e r i a  f o r  

a MOX Commercial Demonstration Fabricat ion F a c i l i t y  (CDFF). 

5.2.1 Remote manipulator and viewing development 

The need for remote handling and viewing development has long been 

recognized. Two recent  papers def ining t h e  design and performance require- 

11,12 
ments i n  a generic fashion 3re  available,  together  with a survey of 



commercially av-ailable equipment. 

requirements i s  being delayed pending de f in i t i on  of process and equipment 

f.l.owsheet s. 

The de ta i led  study of the  MOX-CDFF 



6. URANIUM HEXAI?LUOHIDE CONVERSION 

J. H. Pashley, R. P. Milford, and J. Dykstra (ORGDP) 

Collection of information re la t ing  the various conversion processes 

was continued during the quarter. 

next quwter. 

Collation of these data is expected 



7. ECONOMIC STUDIES 

J. M. Morrison (OHGDP) 

T h i s  t ask  which was authorized on March 25, 1976, w i l l  support t he  

fuel cycle development and demonstration programs being conducted by ERDA 

contractor  organizations.  

cycle, i t s  re la t ionship  t o  the  other  nuclear f i s s i o n  cycles, and t h e  i n t e r -  

faces  among the  various ERDA contractors  as  wel l  as  pr iva te  i n d u s t r i a l  

organizations involved. 

Primary emphasis w i l l  be placed on the  LWR f u e l  

7 .1  LTr3 Recycle Data 

E. H. G i f t  (ORGDP) 

Calculations have been made t o  provide mass balance data  for a three- 

The region PWR through successive recycle of self-generated pl.utoniwn. 

PWR model selec'ted was based on the Westinghouse 17x17 l a t t i c e  design 

cur ren t ly  being used, f o r  Elxarnple, i n  the Trojan plant  of Portland General 

E l e c h i c  (DOCKET 50-344). Computations were made using 'the LEOPARD code, 

a spectrum dependent, nonspat ia l  depletion code. 

13 

The three  re fue l ing  regions were assumed t o  be i n i t i a l l y  1oad.ed a t  

2.02, 2.57, and ,3.2 w t  % 235U and were estimated t o  y ie ld  respec t ive  

average burnups of 16,400, 25,5OO, and 32,850 MWd/metric ton (MT). 

successive reloads were required. t o  match the  32,850-1~~d/im' burnup achieved 

by the 3.2 w t  $, 

regions was then assumed t o  be recycled through f i v e  cycles.  

of  each cycle, plutonium from the  mixed oxi.de portion of t h e  reload batch 

was recovered and mixed with t h e  plutonium from t h e  3.2 w t  $, s l i g h t l y  

A l l  

23 5 U region. Plutonium from each of  the three  i n i t i a l  

A t  t h e  end 



enriched 23 5 U por t ion  of t h e  reload batch. This plutonium ( a f t e r  losses  

i n  reprocessing and refabrication and decay of 241Fu) was then mixed with 

na tu ra l  uranium t o  provide t h e  mixed oxide f i e 1  f o r  t h e  succeeding reload 

batch. The r e s u l t s  of these ca lcu la t ions  are shown i n  Tables 7, 10, and 

11 for each of t h e  three  i n i t i a l  regions for f ive  successive recycles  of 

the -plutonium. 

oxide gradually increases  from about 3.2% for t h e  f i r s t  recycle  of plutonium 

t o  about 3.5% f o r  the  f i f t h  recycle, as a r e s u l t  of t h e  buildup of higher 

plutonium isotopes.  

the  f i s s i l e  requirements of a re load batch. 

The f i s s i l e  enrichment (235U -c 239Fu + 241fi) of the mixed 

Mixed oxide i s  seen t o  provide about 30 t o  4001, of 

Continuing work will provide s imilar  daka for a BWR and f o r  a PWR 

i n  cases where the  mixed oxide i s  formulated using recovered spent uraniurn 

r a the r  than f r e sh  na tu ra l  uranium. 



Table 9. PhX f u e l  needs €or  self-generated pluton7iurn 
recyc le  of rel.oad r e g i o n  initially at 2 .02  wt % 235U. 

[kg/1000 kg (U -+ Pu) charaed]  

___ ________ 
1st Recycle of Plutonium 

Charged Discharged 
3.2 w t  % 

1st Cycle Mixed Sl ight ly  Mixed Sl ight ly  
I n i t i a l  Loading 3.2 w t  % 

Isotope Charge Discharge Oxide Enriched Oxide Enriched Total  

U-235 
U-236 
3-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

20.20 7.9468 1.3654 25.64217 0.62741 6.81096 7.43837 
0 2.0683 0 0 0.14859 3.20936 3.35795 

979.80 965.7647 190.6794 775.67553 186.12018 755.47247 941.59265 cn cn 
6.71286 0 4.3964 4.3524 0 2.24928 4.46358 

0 1.4795 1.4647 0 1.26538 1.79303 3.05841 
0 0.7100 0.6400 0 0.99303 1.09813 2.09116 
0 0.1822 0.1804 0 0.52863 0.43455 0.96318 

BurnUpl NWd/MT 0 16 I 427 0 0 32,854 32 I 854 32,854 

0.016828 Frac. F i s s i l e  0.0202 0.0132851 0.03200 0.032 
Total Pu 0 6.7810 6.63750 0 12.82561 

0.686441 Frac. F i s s .  Pu 0 0.754481 0.752151 0 
Total  U 1000 975.7798 192.0448 801.3177 186.89618 765.49279 952.38897 

0.032 0.0033570 0.0388975 0.0078103 E-25 0.0202 O.OO8144 0.00711 
E-26 0.0021196 0.00079504 0.0041925 0.0039395 

- _. 



Table 9 (continued) 

-___- _-  _ _ - ~ - -  - 
2nd Recycle of Plutonium 

Charged Discharged 
3.2 wt % 3.2 w t  % 

Mixed Slightly Mixed Slight 1 y 
Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.28232 21.32754 1.08251 5.66492 6.74744 
2.91376 0 0 0.24442 2.66934 

318.71976 645.15812 311.15828 628.35448 939.51276 
6.64573 0 3.8O762 3 I 71253 7.52015 
3.02783 0 2.24789 1.49133 3.73922 
1.88514 0 1.91005 0.91335 2.82340 
0.95355 0 3 . .  52485 0.36144 1. a8629 

Burnup, MWd/MT 0 0 32 854 32,854 32 854 

Frac. Fissile 0.032422 0.032 
Total Pu 12.51225 0 
Frac. Fiss. Pu 0.681801 0 
Total U 321.00209 666.48566 312.48521 
E-25 0.00711 0.032 0.00346420 
E-26 0.00078218 

0.017708 
15.96906 
0.647724 
949.17396 
0.0071088 
0.00306979 
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Tabie 9 (continued) 

_. _- 
4th Recycle of P lu tonium 

3.2 w t  % 3.2 wt % 
Mixed Slightly Mixed Slightly 

Charged Discharged 

Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.65627 
0 

370.93971 
7.83039 
4.00128 
2.86088 
2.72228 

19.48765 1.32652 
0 0.27623 

589.50154 362.30876 
0 4.76663 
0 2.84271 
0 2.53326 
0 3.16192 

5.17623 6.50275 
2.71529 2.43906 

574.14752 936.45628 
3.39225 8.15888 
1.36267 4.20538 
0.83456 3.36782 
0.33025 3 -49217 

Burnup, MMd/XT 0 0 32,854 32,854 32,854 

Frac. Fissile 0.034136 0.032 363.91151 
T o t a l  Pu 17.41483 0 0.0036452 
Frac. Fiss. Pu 0.613918 0 
Total U 373.59598 608.98919 
E-25 0.00711 0.032 
E-26 0.00075906 

0.0186853 
19.22425 
0.599592 
945.67432 
0.0068763 
0.0028713 

ch 
w 
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Table 1 0 .  PWR f u e l  needs f o r  s e l f - g e n e r a t e d  r d u t o n i m  
recycle of r e l o a d  region i n i t i a l l y  a t  2 .57  wt $ *35U 

__ - ___ - 

1st Recycle of Plutonium 
Charged Discharged 

Initial Loading 3.2 wt % 3.2 wt % 
1st Cycle Mixed s1 ightl y Mixed Slightly 

Isotope Charge Discharge Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Burnup, MWd/MT 

Frac. Fissile 
Total Pu 
Frac. Fiss. Pu 
Total U 
E-25 
E-26 

25.70 
0 

974.30 
0 
0 
0 
0 

0 

0.0257 
0 
0 

1000 
0.0257 

7.6452 
3.0501 

953.6570 
5.0711 
1.9793 
1.1093 
0.3921 

25,516 

0.014211 
8.5518 
0.722702 
964.3523 
0.007928 
0.0031628 

1.6337 
0 

2 2 s .  1436 
5.0204 
1.9595 
1.0000 
0.3882 

0 

0.03214 
8.3681 

0.719446 
229.7834 
0.00711 

24.37915 

737.46934 
0 

0 
0 
0 
0 

0 

0.032 
0 
0 

761.8485 
0.032 

0.76146 
0.17651 

2.71105 
1.56424 
1,26572 
0.80485 

222.7161 

32,854 

6 -47548 
3.05128 

4.24372 
1.70471 
1.04404 
0.41315 

718,2614 

32,854 

223.65407 727.78816 
0.0034046 0.00889748 
0.00078921 0.00419254 

7.23694 
3.22779 

-4 
940,9774 
6.95477 r 
3.20895 
2.30976 
1.21800 

32,854 

0.017098 
13.69148 
0.676664 
951.4421 
0.007606 
0.0033925 



Table 10 ( conticued) 

_. -___ -__ ._____ _.____ _____. ____ -- _ _ ~ _ _ _ _ _  ~ 

2nd Recycle of Plutonium 
Charged Discharged 

3.2 wt % 3.2 wt '"0 
Mixed Slightly Mixed s liglr: t l y  

Isotope Oxide Enriched Oxide Enriched Tota l  

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.38556 20.83611 1.13574 5.53440 6.67014 
2.60783 2.86280 0 0 0.25497 

346.48606 630.29227 325.25509 613.87583 939.13092 
6.88522 0 3.98619 3.62698 7. Si317 
3.17636 0 2.34887 I. 45696 3.30583 
2.08220 0 2.01009 0.89231 2.90240 

0.35311 2.12630 1.20582 0 1.77319 

Burnup, MWd/MT 0 0 32,854 32,854 32 , 854 

Frac. Fissile 0 .  G325416 0.032 
Total PU 13,35010 0 

Frac. Fiss. Pu 0.671712 0 
Total u 335.52152 651.12838 326.64580 
E-25 0.00711 0.032 0.0034769 
E-26 0.00078057 

0.017897 
16.44770 
0.639333 
948.66386 
0.0070311 
0. GO30177 



Table 10 ( c o n t i n u e d  ) 

__.._ ______ _ _  _ _  -_ - __ - ~ _ _ - _ I ~ -  

__ _ _  
3rd Recycle of Plutonium 

3.2 wt % 3.2 w t  % 
Discharged - Charged 

Mixed S1 igh t 1 y Mixed Slight 1 y 
I sot ope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Burnup, 

2.58897 
0 

361.54246 
7.53704 
3.76777 
2.61645 
2.10504 

MWd/MT 0 

19.83495 

600.00732 
0 

0 

0 
0 
0 

0 

1.27140 
0.27197 

353.07815 
4.52288 
2.69559 
2.37075 
2.61403 

32,854 

Frac. Fissile 0.03351848 0.032 
Total Pu 16.02630 0 
Frac. Fiss. Pu 0.633552 0 
Total U 364.13143 619.84227 354.62152 
E-25 0.00711 0.032 0.0035852 
E-26 0.00076693 

5.26847 
2.48253 

584.37967 
3.45271 
1.38696 
0.84943 
0.33614 

32 I 854 

6.53987 
2.75450 

937.45782 
7.97555 
4.08255 
3.22018 
2.95017 

32,854 

0.0183792 
18.22845 
0.614190 
946.75219 
0.0069076 
0.0029094 
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Table 10 (continued) 

~- - __ __ 
----I__ 

- _______ - _______ -__ __ 
5 t h  Recycle  of Plutonium 

3 . 2  w t  '% 3.2 w t  % 
Charged Discharged 

Mixed S l i g h t l y  Mixed S l i g h t l y  
Isotope Oxide Enriched Oxide Enr iched  T o t a l  

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

6.51623 2.66406 19.40250 1.36262 5.15361 
0 0 0,27289 2.42841 2.70130 

372.02780 586.92570 363.44997 571.63877 935 .O8874 
8.09619 0 4.99453 3.37743 8.37196 
4.17483 0 2.96596 1.35672 4.32268 
3.06621 0 2.68044 0.83091 3.51135 
3.64271 0 3.95736 0 - 32881 4.28617 

Burnup, MWd/MT 0 0 32,854 32,854 32,854 

Frac. Fissile 0.0351218 0.032 
Total Pu 18.97994 0 
Frac. F i s s .  Pu 0.5881157 0 
Total u 374.69186 606.32820 365.08548 
E-25 0.00711 0.032 0.0037323 
E-26 0.00074747 

0.0190709 
20.49216 
0.579895 
944.30627 
0.0069006 
0.0028606 



Table 11. PWR fuel needs f o r  s e l f - g e n e r a t e d  plutonium 
recycle of r e l o a d  regiori initially at 3.2 .wt $ 235U. 

[kg/lOO@ kg ( U  + ?-a) cha rged]  

- -_ ____ - _.__ ___ _ _  
1st Recycle  of Plutonium 

Charged Discharged  
I n i t i a l  Loading 3.2 w t  % 3.2 wt % 

1st Cycle Mixed S l i g h t l y  Mixed s1 ightl y 
I so tope  Charge Discharge  Oxide Enr iched  Oxide Enr iched  T o t a l  

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

32.00 

968.00 

Burnup, MWd/MT 0 

F rac .  F i s s i l e  0.032 
Total PE 0 
Frac .  F i s s .  Pu 0 
Total U 1000 
E-25 0.032 
E-25 

8.4997 1.83065 
4.0051 0 

942.7S77 255.64475 
5.5703 5.5146 
2.2376 2.2152 
1.3704 I. 2354 
0.5423 0.5369 

32,854 0 

0.0160O0 0. G3214 
9.7206 9.5021 
0.714020 0.71037 
955.2925 257.4754 
0.008897 0.00711 
0.00419254 

23.45672 

709.56578 
0 

0 
0 
0 

0 

0 

0.032 

733.0225 
0.032 

0.85446 
0.19764 

249.55891 
3.01680 
1.74615 
I. 43269 
0.99689 

32 , 854 

250.61101 
0.0034095 
0.00078863 

6.23047 
2.93583 

691.08460 
4.08316 
1.64021 
1.00453 
0.39752 

32 , 854 

7.08493 
3.13347 

940.64351 
7.10196 
3.38636 
2.43722 
1.39441 

32 , 854 

0.0172238 
14.31995 
0.666146 
950.86191 
0.007451 
0.0032954 



Table 11 (continued) 

-_ .~ _- __ _ _  _ -  __ - __ 
2nd Recycle of Plutonium 

3.2 wt % 3.2 wt % 
Charged Discharged 

Mixed Slightly Mixed s light 1 y 
Isotope Oxide Enriched Oxide Enriched T o t a l  

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

Burnup I 

2.45966 
0 

343.48478 
7.03094 
3.35250 
2.19709 
I. 38047 

MWd/MT 0 

20.48303 

619.61153 
0 

0 
0 
0 

0 

0 

I. 18352 
0.26110 

335.16456 
4.17522 
2.48026 
2.13729 
1.97853 

32,854 

Frac. Fissile 0.032474 0.032 
Total  Pu 13.96100 0 
Frac. Fiss. Pu 0.660986 0 
Total U 345.9444 640.09456 336.60918 
E-25 0.00711 0.032 0.00351601 

0.00074884 E-26 

5.44061 
2.56364 

603.47328 
3.56552 
1.43228 
0.87719 
0.34712 

32,854 

6.62413 
2.82474 

938.63784 
7.74074 
3.91254 
3.01448 
2.32565 

32,854 

0.0180082 
16.99341 
0.6329053 
948.08671 
0.006987 
0.00297941 



Ta.ble  11 (continued) 

Mixed Slightly Mixed Slightly 
Isotope Oxide Enriched Oxide Enriched Total 

U-235 
U-236 
LJ-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.62731 19.64544 1.27716 5.21813 6.49529 
0 0 0. 27838 2.45881 2.73719 

358.15392 578.79611 936.95003 
8.00468 7.66333 0 4.58496 3.41972 

3.87341 0 2.73992 1.37371 4.11363 
2.71749 0 2.42106 0.84132 3.26238 
2.30239 0 2.80654 0.33293 3.13947 

366.89619 594.27444 

32,854 Bmnup, MWd/MT 0 0 32,854 32,854 

0.0336951 0.032 Frac. Fissile 
Tota l  Pu 16.55662 0 
Frac, Fiss. Pu 0.626989 0 
Total LJ 369.52350 613.91988 359.70946 
E-25 0.00711 0.032 0.0035595 
E-26 0.00077390 

0.0183060 
18.52016 
0.6083673 
952.67780 
0.0068179 
0.0028732 



'l'able 11 ( con t inued)  

--______ __- _______ - _-- - __ - _ _  
4th Recycle of Plutonium- 

Charged -_ Discharged 
3.2 wt % 3.2 wt % 

Mixed s1 ight 1 y Mixed S 1 igh t 1 y 

Isotope Oxide Enriched Oxide Enriched Tota l  

U-235 
U-236 
U-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 

2.65010 19.49519 1.31655 5.17823 6.49478 
0.27370 2.44001 2.71371 0 0 

370.07892 589.72962 361.50311 574.36966 935.87277 
7.92463 0 4.85410 3.39356 8.24766 
4.07249 0 2.88994 1.36320 4.25314 
2.94097 0 2.59225 0.83488 3.42713 
3.10808 0 3.48549 0.33038 3.81587 

B urnup, iTdd/MT 0 0 32,854 32,854 32,854 

0.0188320 Frac.  Fissile 0.0345865 0.032 
Total Pu 18.04617 0 19.74380 
Frac. Fiss. Pu 0.6021001 0 0.5913142 
Total U 372.72902 609.22481 363.09336 945.08126 
E-25 0.00711 0.032 
E-26 0.00075380 0.0028714 

-a w 

0.0036259 0.006872 
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8. RADIOLOGICAL TECHNIQUES FOR ENVIRONPENTAL ASSESSimUTS 
OF TIU LW- FtJXL CYCLE 

13. E. Moore and D. C. Kocher (Environmental Sciences Division, ORNL) 

The object ive of t h i s  pro jec t  i s  t o  evaluate the  inf luence of "indoor 

l i v ing"  on the estimated r ad ia t ion  dose t o  human population exposed t o  

atmospheric r e l eases  of' rad ioac t iv i ty .  l4 This f ac to r  i s  thought to be 

s i zn i f i can t  because, i n  developed countries,  man spends most of h i s  time 

ins ide  s t ruc tu res  such as  homes, schools, s tores ,  and office a i d  fac tory  

buildings.  PopuJ-ation doses estimated f o r  indoor exposure w i l l  be less  

than those estimated for outdoor e q c s u r e  because concentrations of radio- 

nuclides ins ide  a s t ruc ture  w i l l  be l e s s  than outside, and because walls 

of t he  s t ruc tu re  a t tenuate  r ad ia t ion  from outs ide sources, 

This pro jec t  w i l l  employ data  and research r e s u l t s  reported i n  the  

l i t e r a t u r e  i n  areas  of surface deposition, r ad ia t ion  shielding, building 

cliarac t e r i s t  i c s ,  bui lding air turnover, p roper t ies  of radionuclides, and 

man's a c t i v i t i e s .  Rased on t h i s  %Type of information, a general  computer- 

implemented model w i l l  be developed t o  estimate indoor-to-outdoor population 

dose r a t i o s .  The model w i l l  consider a l l  s ign i f icant  exposure pathways 

using s i t e - spec i f i c  demographic data.  

The r a t i o  of the  indoor dose to t he  outdoor dose, di/do, can be 

expressed as  follows: 

d . ( i n h )  + di(imm) -t di(sUrf) 

- do(i"h) + d (imm) + d (surf) (1) 
di 1 _ -  ' 

0 0 

where inh, imm, and surf r e f e r  t o  t he  exposure pathways of (1) inhalat ion 

of a i r  containing radionuclides,  ( 2 )  immersion i n  a i r ,  and (3)  exposure 
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t o  surfaces contaminated by deposited radionucles, respect ively.  Equation 

(1) can be wr i t ten  as: 

di f ( inh)do(inl i )  + f ( imi)d ( i m m )  + f(surf)cri (surf) 
0 0 - - -__.- - Y 

where the f values are  dose reduction f ac to r s  for each of t he  three  e,rposure 

pathways. 'To evaluate d./d f o r  atmospheric re leases  from an LWR fue l  cycle 
I O  

f a c i l i t y ,  i t  i s  necessary t o  determine these f values for each of the various 

kinds of man-made s t ruc tures  i L L  ;?le area fo r  each radionuclide releasen. 

The value f o r  f ( i n h )  i s  simply the  r a t i o  of t he  concentration of the 

radionuclide i n  ind-oor a i r  t o  t h a t  i n  outdoor a i r .  An expression was 

derived for f(inh): 

-x t 
X b ( l - e  " )  

' 
a x f( i.nh) = 

where 

v s  
'dfSf 'dwSw de c + x ::: h -k ~ f - + -  r ' 
'h 'h 'h 

a b  

t = time, 

1 = a i r  turnover ra te ,  
b 

X = radioact ive decay constant, 

V = volume of  huil.ding, 

r 

h 

'df' 'dw' 'dc 
: deposit ion ve loc i t i e s  of pa r t i cu la t e s  on f loo r ,  walls, 

and cei l ing,  

s s , s  = surface areas of f loor ,  walls, and ce i l ing .  
fY w c 



33 

Ranges f o r  h 

I-Iandley and Barton. l5 

on p a r t i c u l a t e  deposit ion ve loc i t i e s  a re  being examined f o r  app l i cab i l i t y  

t o  indoor environments. 

for various types of s t ruc tures  can be found i n  a repor t  by 
b 

16 
The theo re t i ca l  and wind tunnel s tud ies  of Sehrnel 

Values for f(imm) may c lose ly  approximate f ( i n h )  values corrected t o  

account f o r  gamma rad ia t ion  emanating from outs ide a i r  and penetrat ing 

the  walls of' the  s t ructure .  

Evaluation of f(surf) requi res  an estimation of exposures from f i n i t e  

planes (walls, f loor ,  and c e i l i n g )  indoors and from an i n f i n i t e  plane on 

ground surfaces  outs ide the  building. A l i t e r a t u r e  survey of shielding 

e f f e c t s  of  s t r u c t u r a l  mater ia ls  was r e c e n u y  completed. Shielding f ac to r s  

f o r  various types of s t ruc tures  w i l l  be used i n  a computer subroutine to 

estimate f(surf) values. 

A computer code i s  being wr i t ten  t o  estimate d /d including all i 0' 

exposure pathways. This code w i l l  be used f o r  a s e n s i t i v i t y  analysis  of 

'basic parameters t o  r e f i n e  the geoeralmodel  t o  evaluate ac tua l  sowce 

terms f o r  LWR f a c i l i t i e s .  
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