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QUARTERLY PROGRESS REPORT 

LWR FUEL RECYCLE PROGRAM 

OCTOBER - DECEMBER 1976 

INTRODUCTION 

T h i s  i s  t h e  t h i r d  i n  a  s e r i e s  o f  Q u a r t e r l y  Progress Reports on resea rch  

and development s t u d i e s  f o r  t h e  LWR Fuel Recyc le  be ing  performed 

by B a t t e l  le-Nor thwest  a t  t h e  ERDA-Pacific Nor thwest  Labora to ry  (PNL) . The 

LWR Fuel Recycle Program i s  designed t o  a s s i s t  i n  t h e  commerc ia l i za t i on  o f  

t h e  LWR f u e l  cyc le .  I n c l u d e d  i n  t h i s  program a r e  b o t h  a c t i v i t i e s  i n  sup- 

p o r t  o f  s p e c i f i c  des ign  s t u d i e s  and o t h e r  a c t i v i t i e s  o f  more genera l  a p p l i -  

c a b i l i t y  t o  f u e l  r e c y c l e  technology.  The o v e r a l l  program, which i s  managed 

by Savannah R i v e r  Operat ions and Savannah R i v e r  Labora to ry  (SRO-SRL) , ( a )  

i s  d i v i d e d  i n t o  t h e  11 c a t e g o r i e s  l i s t e d  i n  Tab le  1.  PNL p r e s e n t l y  has 

research  i n  e i g h t  o f  these  ca tego r i es  as i n d i c a t e d  by a s t e r i s k s  i n  t h e  

t a b l e  below. 

TABLE 1. LWR Fuel Recycle Program Categor ies  

1 - L i a i s o n  and Program Coord ina t i on  *7 - F i n i s h i n g  Processes 

*2 - Economic and Env i ronmenta l  8 - Waste Management 
Documentat ion 

*9 - Env i ronmenta l  E f f e c t s  
*3 - Spent Fue l  Rece ip t  and Storage 

*4 - Head End Processes 10 - Safeguards 

*5 - Off-Gas T rea t~nen t  * I 1  - General  Support  

*6 - Purex Process 
(So l ven t  E x t r a c t i o n )  

* Ca tego r i es  where PNL i s  conduc t i ng  research.  

T h i s  r e p o r t  summarizes PNL a c t i v i t i e s  d u r i n g  t h e  r e p o r t i n g  p e r i o d  o f  

October th rough  December. The p rev ious  r e p o r t s  i n  t h i s  s e r i e s  a r e  BNWL-2052, 

BNWL-2080-1, and BNWL-2080-2 

( a )  Sponsored by t h e  Energy Research and Development A d m i n i s t r a t i o n  (ERDA) 
D i v i s i o n  o f  Nuc lear  Fuel Cyc le  and Produc t ion .  

1  



CATEGORY 2 - ECONOMIC AND ENVIRONMENTAL DOCUMENTATION 

(F-RL-14-007) 

PROJECT TITLE: Economic Stud ies  - P l  u t o n i  urn S t ra tegy  A n a l y s i s  

PROJECT MANAGER: R. M. Fleischman, Nuclear  Systems Ana lys i s  Sect ion ,  
Energy Systems Department 

PRINCIPAL INVESTIGATOR: D.  F. Newman, Nuclear  Systems A n a l y s i s  Sect ion ,  
Energy Systems Department 

OBJECTIVES 

Prov ide  a  comprehensive e v a l u a t i o n  of p lu ton ium u t i l i z a t i o n  s t r a t e g i e s  

d u r i n g  t h e  t r a n s i t i o n  from a  l i g h t  water  r e a c t o r  (LWR) economy t o  a  l i q u i d  

meta l  f a s t  breeder (LMFBR) economy. Charac te r i ze  bo th  t h e  LMFBR and LWR 

fue l  cyc les  i n  d e t a i l  so t h a t  t h e  e f fec ts  o f  t h e  minor  i so topes  o f  p lu ton ium 

on t h e  fue l  performance i n  each system a r e  taken i n t o  account.  Determine 

t h e  va lue  of p lu ton ium i n  e i t h e r  system and eva lua te  t h e  b e n e f i t s  o f  va r i ous  

p lu ton ium u t i l i z a t i o n  s t r a t e g i e s  i n  t h e  nuc lea r  f u e l  cyc le .  I d e n t i f y  dec i -  

s i o n  p o i n t s  i n  t h e  va r ious  p lu ton ium u t i l i z a t i o n  s t r a t e g i e s ,  necessary f o r  

t h e  implementat ion o f  t h e  chosen s t r a t e g y  and/or t o  a v o i d  l o g i s t i c a l  inade-  

quacies i n  t h e  nuc lea r  f u e l  c y c l e  f o r  t h a t  s t r a t e g y .  

SUMMARY 

D e t a i l e d  i n f o r m a t i o n  f o r  bo th  t h e  LWR and I-IYFBR f u e l  cyc les  was ob ta ined  

f o r  use i n  e v a l u a t i n g  p lu ton ium u t i l i z a t i o n  s t r a t e g i e s .  The e f f e c t s  o f  t h e  

minor  i so topes  o f  p lu ton ium on t h e  f u e l  perfor~i lance i n  each system were taken 

i n t o  account i n  c a l c u l a t i n g  t h e  annual p lu ton ium requi rements.  

TRIPS AND VISITORS 

None 
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TECHNICAL PROGRESS 

ECONOMIC STUDIES - PLUTONIUM STRATEGY ANALYSIS 

(D. F. Newman and R. M. F le ischman)  

H i s t o r i c a l l y ,  t h e  e v a l u a t i o n  o f  p l u ton ium r e c y c l e  i n  LWRs has been 

separated f r om t h e  LMFBR. Whereas t h i s  approach has i t s  programmatic 

r a t i o n a l e ,  one never  observes: 1  ) a  t r u e  i n d i c a t i o n  of p l u ton ium l o g i s t i c s  

and use s t r a t e g i e s  d u r i n g  t h e  t r a n s i t i o n ,  2 )  t h e  LWR r e c y c l e  i n d u s t r y  

requ i rements  as a  f u n c t i o n  of b reeder  i n t r o d u c t i o n  da tes ,  o r  3 )  an a n a l y s i s  

o f  t h e  LMFBR rep rocess ing  c a p a c i t y  requ i rements  t o  a v o i d  s h o r t f a l l  i n  t h e  

LMFBR f u e l  supply .  

P rev ious  s t u d i e s  have shown t h a t  p l u t o n i u m  r e c y c l e  i n  LWRs i s  t e c h n i c a l l y  

f e a s i b l e  and c o n t r i b u t e s  s i g n i f i c a n t l y  t o  uran ium resou rce  u t i l i z a t i o n .  About 

22% l e s s  uran ium m in i ng  i s  r e q u i r e d  when spen t  LWR f u e l  i s  reprocessed and t h e  

recovered  u r a n i u ~ i i  and p l u t o n i u m  i s  r ecyc l ed .  However, t h e  economic i n c e n t i v e s  

t o  r e c y c l e  p l u ton ium i n  LWRs have changed d r a m a t i c a l l y  ove r  t h e  l a s t  few years  

due t o  inc reases  i n  t h e  f a b r i c a t i o n  p e n a l t y  f o r  mixed-ox ide f u e l s  and t h e  p ro -  

j e c t e d  c o s t  o f  r ep rocess ing  spen t  f u e l .  C u r r e n t l y ,  t h e  concensus w i t h i n  t h e  

n u c l e a r  i n d u s t r y  i s  t h a t  t h e  v a l u e  o f  t h e  reprocessed uran ium and t h e  p l u t o -  

nium may be e s s e n t i a l l y  equal  t o  t h e  r ep rocess ing  cos ts .  However, t h e  charges 

f o r  t h e  d i sposa l  o f  f u e l  i n  a  throw-away c y c l e  a r e  es t ima ted  t o  be abou t  t w i c e  

t h e  waste d i sposa l  c o s t  f o r  reprocessed f u e l .  I n  t h i s  c o n t e x t  cumu la t i ve  f u e l  

c y c l e  c o s t  sav ings  o f  6 t o  7% a r e  c u r r e n t l y  p r o j e c t e d  f r om success ive  r e c y c l i n g  

of t h e  se l f - gene ra ted  p l u t o n i u m  and t h e  recovered  uran ium i n  spen t  LWR f u e l .  

From t h e  s t a n d p o i n t  o f  uran ium consumption and l i m i t a t i o n s  i n  supp ly ,  

p l u t on ium r e c y c l e  i n  LWRs i s  d e s i r a b l e  because i t  o f f e r s  moderate sav ings  i n  

energy p r o d u c t i o n  c o s t s  and extends t h e  LWR f u e l  supp l y  u n t i l  t h e  b reeder  o r  

o t h e r  energy source  can f i l l  i nc reased  demands. Even i n  l i g h t  o f  marg ina l  

c o s t  sav ings ,  arguments can be advanced f o r  some p l u t o n i u m  r e c y c l e  i n  LWRs t o  



CATEGORY 2 (contd)  

demonstrate t h a t  t he  techn ica l ,  sa fe ty ,  and safeguards issues r e l a t e d  t o  the  

p lutonium f u e l  c y c l e  have been reso lved t o  t h e  s a t i s f a c t i o n  o f  t he  pub l i c ,  thus 

paving the  way f o r  an LMFBR-pl utonium energy economy. Mu1 t i p 1  e  r e c y c l  i n g  o f  

p lutonium i n  LWRs w i l l  reduce the  t o t a l  amount of p lutonium a v a i l a b l e  i n  the  

t r a n s i t i o n  t ime before  the  LMFBR can sus ta in  i t s  own growth. On the  o t h e r  

hand, the  bu i l dup  o f  n o n f i s s i l e  p lutonium isotopes, 2 4 0 ~ u  and 2 4 2 ~ u ,  w i l l  be 

b e n e f i c i a l  t o  the  LMFBR s ince  the  f a s t  f i s s i o n  cross sec t ions  o f  these iso topes 

w i l l  reduce the  t o t a l  amount o f  f i s s i l e  p lutonium r e q u i r e d  t o  i n i t i a l l y  l o a d  

an LMFBR. 

Core design parameters f o r  t h ree  ox ide- fue led 2500 MWth (800 MWe) LMFBRs 

which may be t y p i c a l  o f  LMFBR designs dur ing  the  t r a n s i t i o n  pe r iod  from an LWR 

economy t o  an LMFBR-plutonium energy economy were obta ined from t h e  Hanford 

Engineering Development Laboratory (HEDL). The annual f i s s i  l e  p l  utonium mass 

flows f o r  the  th ree  LMFBR designs a r e  l i s t e d  i n  Table 2 ,  assuming a  p lu ton ium 

i s o t o p i c  composit ion t y p i c a l  o f  LMFBR equi 1  i b r i u m  discharge. The p lutonium 

feed requirements f o r  these LMFBR designs a re  being reca lcu la ted  f o r  cases 

assuming t h a t  t he  p lutonium discharged from LWRs i s  used as the  feed m a t e r i a l .  

Plutonium i s o t o p i c  compositions c a l c u l a t e d  a t  discharge f o r  var ious f u e l  

cyc les  a r e  1  i s t e d  i n  Table 3. The discharged PWR and BWR f u e l  composit ions 

were ca l cu la ted  us ing  the  ORIGEIV computer code which has been p r e v i o u s l y  nor- 

mal i zed t o  p r e d i c t  observed i s o t o p i c  discharges f o r  se lec ted LWR fue l  s. 

TASKS I N  PROGRESS AND PLANS 

The replacement equivalent ,  i n  terms o f  p lutonium discharged from var ious  

LWR cyc les  f o r  a  p lutonium composit ion t y p i c a l  o f  LMFBR e q u i l  i b r i um discharge, 

w i  11 be determined which s a t i s f i e s  LMFBR feed requirements. Economic and 

l o g i s t i c  fuel c y c l e  requirements w i l l  be c a l c u l a t e d  f o r  se lec ted energy genera- 

t i o n  schedules and a  v a r i e t y  o f  p lutonium u t i l i z a t i o n s  s t r a t e g i e s .  



Year 

1 
2 
3 
4 
5 

1 i, 
17 

cn 
18 
19 
20 
2 1 
2 2 
2 3 
24 
25 
2 6 
2 7 
28 
2 9 
30 

TABLE -2. F i s s i l e  P lu ton ium Mass Flow f o r  HEDL Small Pin, Large P i n  
and Advanced Large P i n  Oxide LHFBR Design (kg)  

0.230 Inch  P i n  0.300 I n c h  P i n  Advanced Large P in  
Capac i ty  Core Discharge Core D i  scharge Core Discharge 

F a c t o r  Feed Core B lanke t  Feed Core B lanke t  Feed Core B lanke t  



TABLE 3. P l  u t o n i  um I s o t o p i c  Compositions 

1 s t  U02 PWR Discharge 

2nd U02 PWR Discharge 

Equi 1 i b r i  um U02 PWR Discharge 

1 s t  Pu Recycle PWR Discharge 

2nd Pu Recycle PWR Discharge 

3rd Pu Recycle PWR Discharge 

1 s t  UOp BWR Discharge 

2nd U02 BWR discharge 

3rd  U02 BWR Discharge 

E q u i l i b r i u m  U02 BWR Discharge 

1 s t  Pu Recycle BWR Discharge 

2nd Pu Recycle BWR Discharge 

3rd Pu Recycle BWR Discharge 

LMFBR Equi 1 i b r i  um Discharge 



CATEGORY 2 - ECONOMIC AND ENVIRONMENTAL DOCUMENTATION 

(F-RL-14-007) 

PROJECT TITLE: Economic and Environmental  S tud ies  i n  Support  o f  
LWR Fuel Cyc le 

PROJECT MANAGER: W. A. Reardon, Economic Ana l ys i s  Sec t ion ,  Energy 
Systems Department 

PRINCIPAL INVESTIGATORS: Task 1 - W. A. Reardon, Economic Ana l ys i s  Sec t ion ,  
Energy Systems Department 

Task 2 - L. E. Addison, Computers and In fo rmat ion  
Systems Sect ion,  Engineer ing Physics Department 

OBJECTIVES 

Conduct economic a n a l y s i s  o f  s p e c i f i c  components o f  t h e  LWR f u e l  c y c l e  

as r e q u i r e d  t o  suppor t  t h e  SRL LWR Fuel Recycle Program. The i n i t i a l  tasks  

a r e  t o  p rov ide  updated es t imates  o f  U308 cos ts ,  and d e s c r i p t i o n  and use o f  

"NUCOST" computer code. 

A new es t ima te  o f  t h e  average U308 p r i c e  f o r  t h e  15-year per iod ,  ending 

1990, were obta ined.  

TRIPS AND VISITORS 

October 11-14, 1976 - W. A. Reardon a t tended t h e  F i r s t  P a c i f i c  Basin 

Conference on Nuclear  Development and t h e  Fuel 

Cycle,  Honolu lu ,  H I .  

October 19-20, 1976 - W .  A. Reardon a t tended t h e  Annual Uranium Seminar, 

ERDA, Grand Junc t i on ,  CO. 
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TASK 1 - ECONOMIC AND ENVIRONMENTAL SI'UDIES I N  SUPPORT OF LWR FUEL CYCLE 

(W. A. Reardon) 

Uranium P r i c e  Es t ima t ion  f o r  New Mines 

A t  t he  Annual Uranium Seminar, October 19-20, 1976 M r .  John Klemenic 

o f  the  ERDA, Grand Junct ion ,  Colorado Of f ice presented a l i n e a r  program 

s o l u t i o n  t o  t h e  a d d i t i o n  of new capac i t y  t o  produce U308. As usua l ,  t he  

s o l u t i o n  i s  a uranium cost-based s o l u t i o n  w i t h  t h e  $15 fo rward  c o s t  

" reserves"  and "probable" resources. I n  t h e  pub1 i shed paper" ) t he  spending 

schedule f o r  t h e  var ious  components of c o s t  i s  g iven f o r  some 27 new mines 

and m i l l s  which a re  considered t o  be the  most l i k e l y  p r o p e r t i e s  t o  be 

developed. The spending schedule associated w i t h  eachcomponentof c o s t  i s  

a l s o  g iven.  With t h i s  i n fo rma t ion  t h e  expected " p r i c e "  o f  U308 can be c a l -  

c u l a t e d  f o r  a g iven r a t e  of r e t u r n  f o r  t h e  average mine. (Work i s  cont inu-  

i n g  on t h e  e x t r a c t i o n  o f  s t i l l  f u r t h e r  d e t a i l  . )  The r e s u l t s  a r e  g iven i n  

Table 4 f o r  t h e  average mine and an assumed 20% r a t e  of r e t u r n .  Table 5 

.. shows t h e  r e s u l t s  o f  t he  same methods app l i ed  t o  t h e  i n  s i t u - l e a c h i n g  pro-  

cess o f  recovery which i s  ga in ing  acceptance as an economical method o f  

record ing  uranium f rom some low-grade ores. As one can see, t he re  i s  a 

very  s i g n i f i c a n t  c o s t  d i f f e r e n c e .  

C a l c u l a t i o n a l  Methods and Assumptions 

For  t a x  purposes, i t  i s  u s u a l l y  assumed t h a t  d r i l l i n g  cos ts  a re  charged 

off du r ing  t h e  year  of expendi ture,  b u t  f o r  t h i s  study, we amort ize t h e  

d r i l l i n g  cos ts  over the  l i f e  of t h e  mine. The r a t i o n a l e  f o r  t h i s  procedure 

i s  t h a t  i n  a s tand a lone m ine /m i l l  complex the  Gxpenditures i n  t h e  f i r s t  

6 years represent  an investment which must be recovered from t h a t  f a c i l i t y .  

Therefore, t h e  d r i l l i n g  i s  t r e a t e d  as any o t h e r  c a p i t a l  investment.  

Exp lo ra t i on  

~1 emenic(' ) est imates t h e  t o t a l  expend i tu re  f o r  e x p l o r a t i o n  t o  be 

$778 m i l l i o n .  Th is  w i l l  e s t a b l i s h  27 new mines ( o r  p roduct ion  centers  i n  

h i s  nomenclature) o r  $28.82 m i  11 ion lmine.  For  each mine, t h i s  i s  spent 
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TABLE 4. Cost  F a c t o r s  f o r  Fu tu r e  Conventional U308 Produc t ion  
a t  20% Rate  of Return on Cap i t a l  

(Cos t s  a r e  i n  1975 d o l l a r s / l b  U308) 

Cost Fac to rs  

C a p i t a l  Cost 

M i l l  

Mine P l a n t  and Equipment 

Pr imary  Development 

E x p l o r a t i o n  

Operat ing  Cost 

Mine 

M i l l  

TOTAL 

TABLE 5. Cost  F a c t o r s  f o r  Fu tu r e  " In  S i t u  Leaching" U308 Produc t ion  
a t  20% Rate  of Return on Cap i t a l  

(A1 1 c o s t s  a r e  i n  1975 do1 l a r s / l  b  U308) 

Cost Factors  

C a p i t a l i z e d  Charged 

Land A c q u i s i t i o n  

Sur face Expl o r a t i o n  

Development D r i l l i n g  

Pr imary  Development 

M i  11 Cons t ruc t i on  

Operat ing  Costs 

Mine Opera t i ng  

M i l  1 Opera t i ng  

Pumping Costs 

Mine Equipment Costs (Annual ) 

TOTAL 

over  a  pe r i od  of  5 y e a r s  between y e a r s  -8 -and -3  ( z e r o  being t h e  s t a r t  of 

p r o d u c t i o n ) .  Thus,  t h e  f i r s t  expend i t u r e  w i l l  be amor t ized  ove r  an 18-year  

pe r i od .  I t  i s  assumed t h a t  t h e  t ime p a t t e r n  i s :  5  y e a r s  f o r  e x p l o r a t i o n ,  
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3 years to build the mine/mill complex and a 10cyear production period. The 

second year ' s  expenditures would be amortizied over 17 years and so on. To 

be more accurate one should probably use mid-year values as averaged which 

will be done in the extension. The expenditures per year per mine f o r  

exploration are thus (788/27)1/5 mi 11 ionslyear or 5.763 mi 11 ions. - 

The factor  for  capital  recovery are computed by 

where 

R = End of year payment in a uniform series  continuing for  the coming 

n periods, the ent i re  ser ies  equivalent to  P a t  in teres t  ra te  i .  

P = Present sum of money. 

The ra te  of return was taken t o  be 20%/year. We therefore, have: 

yr % 
5.763 a t  20% for  18 = 21.56 

or total  of $96.59 return/mine. For 27 mines th i s  amounts to  $2607.93. 

The 27 mines wi 11 produce 258,000 tons of U308; thus the exploration cost 

i s :  

The other quantit ies in Tables 4 and 5 were obtained the same way. 

TASK 2 - DESCRIPTION AND USE OF NUCOST CODE (L.  E. Addison) 

A new version of NUCOST has been written and verified. This version 

i s  modular in design which will make NUCOST easier to  maintain and more 
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e a s i l y  t r a n s f e r r e d  between computers. Severa l  c a p a b i l i t i e s  have a l s o  been 

added t o  NUCOST i n c l u d i n g :  

The t a i l s  compos i t ion  f o r  enr ichment  can be s p e c i f i e d  on a  y e a r l y  

bas i s .  

An e s c a l a t i o n  f a c t o r  can be s p e c i f i e d  f o r  each o f  t h e  u n i t  cos t s .  

The d iscoun ted  c o s t  t a b l e  can be s h i f t e d  i n  t ime.  

The l e v e l  i z e d  cos t s  a r e  now c a l c u l a t e d  on 5-year  spans. They a r e  

a l s o  i n d i v i d u a l l y  t ime  s h i f t e d  t o  produce cos t s  t h a t  a re  more con- 

s i s t e n t  w i t h  t h e  method used by u t i l i t i e s .  

A more d e t a i l e d  v e r s i o n  o f  t h e  NUCOST u s e r ' s  manual i s  be ing  w r i t t e n .  

Th i s  manual con ta ins  d e t a i l e d  d e s c r i p t i o n s  o f  i n p u t  requi rements,  model 

c a l c u l a t i o n s ,  d e f a u l t  program values,  and i n t e r p r e t a t i o n  o f  r e s u l t s .  I t  

w i l l  a l s o  c o n t a i n  i n f o r m a t i o n  about  t h e  program i t s e l f  such as commons, 

program modules, program o r g a n i z a t i o n ,  and program l o g i c .  Th i s  i n fo rma t i on  

w i l l  make i t  p o s s i b l e  f o r  people t o  m a i n t a i n  t h e i r  own NUCOST ve rs i ons .  

TASKS I N  PROGRESS AND PLANS 

Task 1  - I n  t h e  coming q u a r t e r  we p l a n  t o  p u t  t h e  program on t h e  com- 

p u t e r  t o  t r y  t o  es t ima te  annual d e t a i l .  New da ta  w i l l  be ob ta i ned  s i n c e  

John Klemenic o f  ERDA, Grand Junc t i on ,  p lans  t o  i n c l u d e  t h e  $30 / lb  fo rward  

c o s t  reserves  and p robab le  p o t e n t i a l  resources i n  t h e  program t o  f i l l  i n  a  

gap between supp ly  and demand which appears around 1989 i n  h i s  c u r r e n t  

s o l u t i o n .  

Task 2 - The NUCOST users  document i s  expected t o  be completed i n  t h e  

n e x t  q u a r t e r .  A lso,  we p l a n  t o  c r e a t e  a  v e r s i o n  o f  NUCOST on a  computer 

medium t h a t  w i l l  be a v a i l a b l e  f o r  p o s s i b l e  d i s t r i b u t i o n .  



CATEGORY 2 - ECONOMIC AND ENVIRONMENTAL DOCUMENTATION 

PROJECT TITLE: Technical  Assis tance t o  Savannah R i v e r  Laboratory 

PROJECT MANAGER: I. C. Nel son, Environmental Techno1 ogy Eva1 u a t i o n  
P o r t i o n  o f  t he  Generic Environmental Impact 
Statement f o r  Commercial Waste Management 

PRINCIPAL INVESTIGATOR: I .  C. Nelson 

OBJECTIVE 

Review and comment on Environmental Impact Statement (EIS) d r a f t s  p re-  

pared by SRL. 

SUMMARY 

D r a f t  EIS m a t e r i a l  was reviewed and commented on. 

TRIPS AND VISITORS 

None 

TECHNICAL PROGRESS 

D r a f t  EIS m a t e r i a l  was reviewed and commented on. 

TASKS IN PROGRESS AND PLANS 

EIS m a t e r i a l  w i l l  be reviewed and commented on as needed. 



CATEGORY 3 - SPENT FUEL RECEIPT AND STORAGE 

(F-RL-15-001) 

PROJECT TITLE: Survey Cu r ren t  Technology o f  Fuel Handl ing 
Techniques 

PROJECT MANAGER: R. S. Kerriper, Ma te r i  a1 s Development Sec t ion ,  
M a t e r i a l  s Department 

PRINCIPAL INVESTIGATORS: J .  F. N e s b i t t ,  Eng ineer ing  Physics Department, 
G. S. A l l i s o n ,  M a t e r i a l s  Develop~nent Sec t ion ,  
M a t e r i a l s  Department 

OBJECTIVES 

I d e n t i f y  and assess p o t e n t i a l  improvements f o r  spen t  f u e l  handl i n g  i n  p re -  

d i s s o l v e r  equipment. Th i s  w i l l  be done by e v a l u a t i n g  t h e  spen t  f u e l  handl i n g  

process and t h e  conceptual  des ign  development, and by eva l  u a t i  ng t h e  p r o t o t y p e  

equipment demonstrat ion and ope ra t i on .  A l t e r n a t e  processes w i l l  be developed 

where s i g n i f i c a n t  improvements a r e  i d e n t i f i e d  i n  e i t h e r  p l a n t  e f f i c i e n c y  o r  

waste management. 

SIIPIMARY 

E v a l u a t i o n  of e x i s t i n g  and planned process equipment and concepts was 

con t inued  th rough d i s c u s s i o n  w i t h  i n d u s t r y  personnel  and v i s i t s .  A r e p o r t  

cove r i ng  t h e  e v a l u a t i o n  o f  t h e  processes and t h e  o p e r a t i o n  o f  spent  f u e l  

hand l ing  and p r e d i s s o l v e r  equipment has been f i n a l i z e d .  P r e l i m i n a r y  p l ans  

and eva lua t i ons  f o r  on-going research  programs have been made. 

TRIPS AND VISITORS 

October 7, 1976 - J .  F. N e s b i t t  v i s i t e d  C. Fong o f  Lockheed-Cal i f o r n i a  

a t  Burbank, CA. 
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October 12, 1976 - M r .  G. F. Merz and F r a n k l i n  King o f  SRL v i s i t e d  PNL 

a t  Rich land,  WA. 

October 14, 1976 - D r .  E. E. Vo i l and  o f  General E l e c t r i c  v i s i t e d  PNL 

a t  Rich land,  WA. 

October 26, 1976 - J.  F. N e s b i t t  v i s i t e d  M r .  R. Lucas and W. Smit  o f  

L i q u i d  A i r  Inc. ,  i n  Kennewick, WA. 

November 10, 1976 - J.  F. N e s b i t t  v i s i t e d  J .  P. Duckworth a t  NFS i n  

West Va l l ey ,  NY. 

November 11, 1976 - J.  F. N e s b i t t  v i s i t e d  C. E. J e n n r i c h  of Cen t ra l  

Research Labo ra to r y  i n  Red Wing, MN. 

November 14, 1976 - G. S. A1 1  i s o n  v i s i t e d  RETECH i n  San Rafael  , CA. 

December 14, 1976 - J. F. N e s b i t t ,  W. S. K e l l y ,  G. S. A l l i s o n ,  and 

R.  S. Kemper v i s i t e d  M r .  G. F. Merz a t  SRL. 

TECHNICAL PROGRESS 

Lockheed-Ca l i fo rn ia  Company was v i s i t e d  t o  o b t a i n  i n f o r m a t i o n  and da ta  

on t h e i r  R&D program and t e s t s  us ing  so l  i d  ca rbon-d iox ide  ( d r y - i c e )  p e l l e t s  

f o r  t h e  c l e a n i n g  and p r e p a r a t i o n  o f  su r faces .  To date,  t h i s  b l a s t  process 

has n o t  been used f o r  s u r f a c e  decontaminat ion.  However, w i t h  p r o v i s i o n s  t o  

keep t h e  contaminants  e n t r a i n e d  i n  an exhaust f l ow ,  t h e  process would appear 

t o  o f f e r  seve ra l  advantages t o  c e r t a i n  decontaminat ion problems such as 

sh ipp ing  casks. 

A d d i t i o n a l  con tac t s  have been made w i t h  Lockheed-Ca l i fo rn ia  and equipment 

s u p p l i e r s  t o  o b t a i n  i n f o r m a t i o n  on t h e  r e q u i r e d  equipment and s e r v i c e s  needed, 

and t o  determine approximate c o s t s  and d e l i v e r y  schedules. 

Savannah R i v e r  Labo ra to r y  personnel v i s i t e d  PNL t o  d i scuss  and rev iew  t h e  

s t a t u s  o f  t h e  Spent Fuel  Rece iv ing  Task o f  t h e  LWR Fuel Recyc le  Program. The 
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p r e l i m i n a r y  d r a f t  o f  a  r e p o r t  c o v e r i n g  t h e  e v a l u a t i o n  o f  e x i s t i n g  and p lanned  

spen t  f u e l  h a n d l i n g  and d isassembly  f a c i l i t i e s  was rev i ewed  and approaches f o r  

s p e c i f i c  R&D programs were o u t l i n e d .  P r e s e n t a t i o n s  on s p e c i a l i z e d  i n s t r u m e n t  

developments were a l s o  made. SRL p resen ted ,  f o r  r e v i e w  and s u b m i t t a l  o f  

i n f o r m a l  comments, a  d r a f t  o f  a  concep tua l  scope d e s i g n  document f o r  t h e  

head end of a  r e p r o c e s s i n g  p l a n t .  Con-~ments have been made and subm i t t ed .  

D r a f t i n g  and d e s i g n  e f f o r t s  were i n i t i a t e d  on concep tua l  d raw ings  f o r  t h e  

p lanned  R&D programs. These d raw ings  have been completed.  

A  f o l  low-up v i s i t  was made t o  Nuc lea r  Fuel  S e r v i c e s  (NFS) P l a n t  a t  

West V a l l e y ,  New York, t o  examine t h e  systems u t i l i z e d  t o  l i m i t  cask con- 

t a m i n a t i o n  and t o  decon tamina te  casks.  Wh i le  i n  f u l l  o p e r a t i o n s ,  NFS found  

t h a t  t h e  average t i m e  t o  t u r n  a  cask around was 18 hours  and t h e i r  a n a l y s i s  

o f  t h i s  process i n d i c a t e d  cask c o n t a m i n a t i o n  was t h e  ma jo r  f a c t o r .  A f t e r  

i n s t a l l a t i o n  o f  t h e  cask washdown shed, a  cask p r o t e c t i v e  bucke t  i n  t h e  

u n l o a d i n g  p o o l ,  and improvements i n  t h e  pool  w a t e r  t r e a t m e n t  system, t h e  

t u rna round  t i m e  was reduced t o  an average o f  4 hours .  

It took  app rox ima te l y  1  y e a r  t o  des ign ,  f a b r i c a t e ,  and i n s t a l l  t h i s  equ ip -  

ment a t  an e s t i m a t e d  c o s t  o f  ove r  $1 75,000. As i n d i c a t e d ,  i t s  use reduced t h e  

cask t u rna round  t i m e  c o n s i d e r a b l y  as w e l l  as a f f o r d i n g  a  r e d u c t i o n  i n  r e q u i r e d  

crew s i z e  and personnel  exposure.  

D i scuss ions  on f u e l  d i sassembly  were a1 so h e l d  w i t h  NFS pe rsonne l .  Based 

on t h e i r  expe r i ence  w i t h  d i f f e r e n t  f u e l  e lements  and processes,  t h e  f o l l o w i n g  

o p i n i o n s  were expressed:  

It i s  i m p o r t a n t  t o  keep mechanica l  o p e r a t i o n s  t o  a  minimum. 

End f i t t i n g s  need t o  be removed b e f o r e  s h e a r i n g  t o  reduce  h i g h - l e v e l  

waste and t o  p r o v i d e  a  b e t t e r  r e l a t i o n s h i p  o f  l a r g e  p i eces  t o  f i n e  

i n  t h e  d i s s o l v i n g  p rocess .  
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I t  was v e r y  d i f f i c u l t  and expensive,and p r a c t i c a l l y  i m p o s s i b l e  t o  

p rocess  f u e l  i n  l e a k e r  cans. 

I t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  m e c h a n i c a l l y  d is-assemble bund les  by 

u n b o l t i n g  and p u l l i n g  tubes because tubes  w i l l  b reak  i n t o  s h o r t  s e c t i o n s .  

(Some d is -assembly  was done by push ing  i n d i v i d u a l  tubes  w i t h  mas te r -  

s l a v e  man ipu la to r s .  However, t h i s  was v e r y  s low and t e d i o u s  work. )  

C e n t r a l  Research Labo ra to r y  has been manu fac tu r i ng ,  i n s t a l  1  i n g ,  and 
. , 

s e r v i c i n g  a  con.~plete l i n e  of m a n i p u l a t o r s  f o r  a  number of y e a r s .  Some 

of t h e  more r e c e n t  irr~provements o r  developments t h a t  have been made 

i n  t h e  mas te r - s l  ave m a n i p u l a t o r s  i n c l u d e :  

B e t t e r  and h i g h e r  f o r c e  g r i p  p r o v i s i o n s ,  

B e t t e r  sea led  remote u n i t s  w i t h  two s e a l s  t h a t  have o i l  o r  gas p ressu re  

i n  between t h e  sea ls ,  

S lave  arms r e m o t e l y  removable and /o r  i n t e r changeab le  i n  t h e  c e l l ,  

Deve lop ing  remote o r  e l e c t r i c  mas te r  s l a v e  u n i t s  w i t h  f o r c e  feedback, 

and 

O f f s e t  o r  i n d e x i n g  p r o v i s i o n s  t h a t  p e r m i t  b e t t e r  v i s i b i l i t y  o f  t h e  

work 1  o c a t i o n .  

As w i t h  o t h e r  equipment s u p p l i e r s ,  C e n t r a l  Research L a b o r a t o r y  has 

found  t h a t  t h e i r  equipment,  when i n s t a l l e d  f o r  remote o p e r a t i o n ,  has been 

exposed and used i n  c o n d i t i o n s  f o r  which i t  was never  i n tended .  They a l s o  

s t r e s s e d  t h a t  p r o v i s i o n s  f o r  remote maintenance shou ld  be c o n s i d e r e d  e a r l y  

i n  any i n s t a l l a t i o n .  

A p r e l i m i n a r y  t e s t  o f  t h e  a r c  saw i n  removing end f i t t i n g s  from spen t  

f ue l  bundles was conducted a t  RETECH I n c . ,  i n  San Ra fae l ,  C a l i f o r n i a .  Two 

dummy bund les  were used f o r  t h e  c u t t i n g  t r i a l s ,  each c o m p r i s i n g  64, 0 .440- in . -  

d i a  Z i r c a l o y  tubes  w i t h  welded end p lugs  h e l d  t o g e t h e r  i n  a  5 .5 - in .  square.  

a r r a y  by t h r e e  d r i l l e d ,  0 . 5 - i n . - t h i c k  s t a i n l e s s  s t e e l  p l a t e s .  The bund les  

were p l aced  i n  t h e  saw t a n k  underwater  f o r  a l l  c u t s .  Two c u t s  t h r o u g h  t h e  
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empty tube  p o r t i o n ,  and f o u r  c u t s  th rough  t h e  end cap p o r t i o n  o f  t h e  bundles 

were made a t  v a r i o u s  feeds and c u r r e n t s .  The saw b lade,  40 i n .  i n  d iameter  

and 0.100 i n .  t h i c k ,  r o t a t e d  a t  1000 rplii and was f e d  i n t o  t h e  bundle i n  a  

chopping mode. The r e s i d u e  f rom t h e  sawing o p e r a t i o n  was c o l l e c t e d  f o r  

a n a l y s i s .  

Ana l ys i s  o f  t h e  da ta  i n d i c a t e s  t h e  f o l l o w i n g :  

The r e s i d u e  f rom t h e  c u t t i n g  o p e r a t i o n  i s  a  s ludge  o f  v a r i o u s - s i z e  

p a r t i c l e s  o f  Z i r c a l o y  which has been mol ten.  The metal  c o n t e n t  o f  t h e  

p a r t i c l e s  i s  about 75% by we igh t .  A l l  p a r t i c l e s  a r e  coated w i t h  a  

t h i c k  l a y e r  o f  ox i de .  The p y r o - p h o r i c i t y  o f  t he  as-formed s ludge has 

n o t  been es t a  b l  i shed . 

Cuts th rough t h e  bundle r e q u i r e  l e s s  than  10 sec. 

Blade wear as measured i n d i c a t e s  a l o s s  o f  about  0.005 i n .  on t h e  

d iameter  per  cu t ,  b u t  r e q u i r e s  much more t e s t i n g  t o  e s t a b l i s h  a 

r e 1  i a b l  e  wear f i g u r e .  

The t e s t  i n d i c a t e s  a g r e a t  p o t e n t i a l  f o r  t he  arc-saw i n  removing t h e  

end f i t t i n g s .  

The p o s s i b i l i t y  o f  p r o c u r r i n g  an arc-saw j o i n t l y  w i t h  t h e  A t l a n t i c  

R i  c h f i e l  d  Hanford Company (ARHCO) i s  be ing  explored.  ARHCO i s  c o n s i d e r i n g  

t h e  arc-saw f o r  r educ ing  t h e  volume o f  decommissioned contaminated equipment, 

and t h e  two ope ra t i ons  should mesh w e l l  i n  t h e  development stages. 

TASKS I N  PROGRESS AND PLANS 

Program p lans  f o r  a  research  and development program f o r  improved cask 

decontaminat ion systems o r  procedures, end f i t t i n g  removal , f u e l  bundl e  d i  s- 

assembly, and f u e l  element des ign  c a t a l o g  a r e  be ing  f i n a l i z e d .  



CATEGORY 4 - HEAD-END PROCESSES 

(F-RL-14-002) 

PROJECT TITLE: A1 t e r n a t i v e s  t o  V o l o x i d a t i o n  

PROJECT MANAGER: H. H. Van T u y l ,  App l i ed  Chemist ry  Sec t ion ,  
Chemical Tec hnol  ogy Department 

PRINCIPAL INVESTIGATOR: L. L. Burger,  App l i ed  Chemist ry  Sec t ion ,  
Chemical Techno1 ogy Department 

OBJECTIVES 

Review and eva lua te  a l t e r n a t e  approaches t o  v o l o x i d a t i o n  f o r  t h e  

removal o f  t r i t i u m  and o t h e r  v o l a t i l e  f i s s i o n  p roduc t s  f rom i r r a d i a t e d  

f u e l  p r i o r  t o  aqueous feed  p r e p a r a t i o n .  

A genera l  o u t l i n e  o f  a l t e r n a t i v e  rep rocess ing  s teps i s  p resen ted  

which emphasizes t h e  head-end t r ea tmen ts  a v a i l a b l e .  Simp1 i f i  ed wate r  

r e c y c l e  schemes a r e  presented which i n d i c a t e  t h a t  a wide range o f  o p e r a t i n g  

c o n d i t i o n s  e x i s t .  

TRIPS AND VISITORS 

December 9, 1976 - 0. Robertson (SRO) v i s i t e d  PNL f o r  d i s c u s s i o n  of 

programs. 

December 14, 1976 - 3. Kel l e y  (SRL) v i s i t e d  PIVL. 

TECHNICAL PROGRESS 

F i g u r e  1 shows t h e  a1 t e r n a t i v e s  f o r  fue l  reprocess ing .  Route "a"  

leads  t o  conven t iona l  Purex- type p rocess ing  w h i l e  r o u t e  "b "  would i n v o l v e  
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such methods as f l u o r i d e  v o l a t i l i t y ,  c h l o r i d e  v o l a t i l i t y ,  s a l t  c yc l e ,  mo l ten  

m e t a l - s a l t  combinat ions,  e t c .  The convent iona l  wisdom has suggested t h a t  

t h e  l a t t e r  methods may have p a r t i c u l a r  m e r i t  f o r  spec ia l  r e a c t o r  types,  

i n c l u d i n g  t hose  u t i l i z i n g  c l o s e  coupled process ing,  b u t  n o t  f o r  LWRs. Con- 

t i n u a l l y  changing r u l e s  f o r  t h e  n u c l e a r  i n d u s t r y  may r e q u i r e  some reeva lua -  

t i o n  of t h a t  p o s i t i o n .  

However, t h e  p resen t  program i s  concerned o n l y  w i t h  r o u t e  "a"  and more 

s p e c i f i c a l l y  w i t h  paths "c "  and "d".  

- 
I E 

NO RECYCLE 

r0 
STORE 

F 

SEPARATE I SOTOPES 
STORE CONCENTRATE 

NO HEAD-END RECYCLE 
TREATMENT H2° A 

STORE 
c 

B 
SEPARATE l SOTOPES 
STORE CONCEIVTRATE 

I I 
AQUEOU S HEAD-END 

PROCESS l NG TREATMENT 

SPENT ~4 
NON AOUEOU S 

1 RECYCLE TAILS 

SEPARATE I SOTOPES ALTERNATIVE HEAD-END H-p- STORE CONCENTRATE 1 
P R O C E ~ ~ ~ N G  

PYROCHEM I CAL, 
PYROMETALLURG ICAL, "DRY" 
SEPARATION AND PUR l F l CATION PROCESSES 

1 CLOSED COUPLED, PARTIAL SEPARATION 
AND DECONTAMINATION PROCESSES 

FIGURE 1  . Reprocessing A1 t e r n a t i v e s  
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RECYCLE (L. L. Burger) 

The general concept o f  water r e c y c l e  i n  Purex reprocessing was o u t l i n e d  

i n  t h e  July-September r e p o r t  and references were c i t e d  there .  A p r e l i m i n a r y  

re ference p l a n t  i s  de f i ned  as: 

5  MTU dm' 

5  3  1.5 x  10 m a i r  f l o w  e q u a l l y  d i v i d e d  between shear, d i s s o l v e r ,  
and vessel r e n t s .  

5  10 e H20 t o t a l  p l a n t  f l o w .  

2.5 x  104 a H20 - 1 s t  e x t r a c t i o n  cyc le .  

5  3  1.0 x  10 m a i r  f l o w  - D isso l ve r  and 1 s t  e x t r a c t i o n  cyc le .  

150 C i  T  re leased a t  s tack  as HTO. 

The f i r s t  cons idera t ions  a r e  based on A and B i n  F igu re  1. A l t e r n a t i v e s  E 

and F  serve as f u r t h e r  re fe rence p o i n t s .  An a d d i t i o n a l  m o d i f i c a t i o n  n o t  

shown i n  t h e  f i g u r e  i s  i s o l a t i o n  o f  aqueous streams w i t h i n  t h e  p l a n t  i n  an 

at tempt t o  p revent  i n i t i a l  d i l u t i o n  o f  HTO f rom t h e ' d i s s o l v e r  sec t i on .  The 

obvious d i v i s i o n  p o i n t  i s  a f t e r  t h e  f i r s t  e x t r a c t i o n  cyc le .  F i g u r e  2  shows 

a  s i m p l i f i e d  ve rs ion  o f  t h i s  concept. I f  t r i t i u m - f r e e  scrub i s  used i n  t h e  

f i r s t  e x t r a c t i o n  cyc le ,  then t h e  separa t ion  can be made. N i t r i c  a c i d  

balance may r e q u i r e  convers ion o f  some a c i d  t o  t h e  anhydr ide f o r  reuse. 

Thus, a l t e r n a t i v e s  A and B i n  F igu re  1  can be f u r t h e r  m o d i f i e d  by t r i t i u m  

r e c y c l e  i n  t h e  f i r s t  e x t r a c t i o n  cyc le .  The d i r e c t  r e s u l t  o f  t h i s  would be 

t o  c u t  t h e  volume o f  water i nvo l ved  by a  f a c t o r  o f  ~4 and r a i s e  t h e  concen- 

t r a t i o n  o f  t h e  aqueous waste be fo re  r e c y c l e  f rom 0.03 t o  0.12 Ci /a.  

The 150 C i / d  d ischarge i s  based on 95% recovery o f  t h e  t r i t i u m .  It 

a l s o  represents t h e  approximate amount t h a t  can be re leased keeping t h e  

s i t e  boundary concen t ra t i on  below 0.1% o f  t h a t  suggested by 10 CFR 2D, 
7 assuming a  s i t e  d i l u t i o n  o f  10 sec m-3. 
/ 



CATEGORY 4 ( con td )  

PRODUCT 

RECYCLE 
D l  SCHARGE OR 
STORAGE 

RECYCLE 
STORAGE OR 
CONVERSI OW TO 

N2°5 

FIGURE 2. Study Flows hee t  Showing P o t e n t i a l  I n t e r c y c l  e  T r i  ti urn Paths 

Tab1 e  6 shows t h e  amount of wa te r  t h a t  may be evaporated and r e 1  eased 

per  day f o r  severa l  T  concen t ra t i ons .  A t  2 C i l a ,  f o r  example, i t  would be 

necessary t o  r e f r i g e r a t e  t h e  o f fqases  t o  w e l l  below 0°C if t h e  a i r  f l o w  o f  - 
5  3 -1 1 .5  x 10 m  d  were used. A  combinat ion o f  d r y i n g  o f  d i scha rge  a i r  and 

an improvement i n  a i r  seal  s  t o  p e r m i t  lower  f l o w  r a t e s  w i l l  be r e q u i r e d .  

Some a i r  can be recyc led .  Cont ro l  of  hum id i t y  and a i r  f low i n  i n d i v i d u a l  

process c e l l s  w i l l  p robab l y  be t h e  b e s t  approach. 

Con t ro l  o f  a i r  f l o w  and h u m i d i t y  appears t o  be o f  ma jo r  concern i n  

t h e  r e c y c l e  concept.  The t o t a l  a i r  f l o w  assumed above i s  o p t i m i s t i c a l l y  

low and does n o t  i n c l u d e  a i r  f l o w  f rom t h e  p l a n t  c o n t r o l  zone. The l a t t e r  

cou ld ,  of course, be d r i e d  on an emergency bas i s .  
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TABLE 6. Permi t ted  Water Evaporat ion and A i r  Flow a t  S a t u r a t i o n  
f o r  D i f f e r e n t  HTO Concentrat ions (Release = 150 C i l d )  

HTO 
Concentration, Hz0 f o r  3 A i r  Flow a t  Saturat ion,  m d 

C i l a  150 C i  , g 30°C 0°C -30°C -40°C 

Examples o f  severa l  o f  t h e  a l t e r n a t i v e  r e c y c l e  schemes a r e  shown i n  

t h e  f o l l o w i n g  s i m p l i f i e d  schemes: 

(a )  Combine a l l  water  and r e c y c l e  t o  2 C i l a  ( concen t ra t i on  f a c t o r  o f  60) .  
3  5 5 1.5 x  10 a ld ,  4.5 x  10 alyr t o  s torage.  8.55 x 10 C i  t o  s torage,  
4 4.5 x 10 C i  re leased.  

( b )  I s o l a t e  f i r s t  e x t r a c t i o n  c y c l e  from remainder o f  p l a n t .  Recycle t o  

2 C i / a  ( concen t ra t i on  f a c t o r  o f  16.7) .  1.5 x  l o 3  %Id ,  4.5 x  l o 5  a / y r  
5  4 t o  s torage.  8.55 x 10 C i  t o  s torage,  4.5 x  10 C i  re leased (4.5 x  

? 

10' C i  v i a  2nd c y c l e  leakage) .  

( c )  Combine a l l  water  and r e c y c l e  t o  2 C i l a .  Bleed o f f  1575 a l d  and 

r o u t e  t o  i s o t o p e  separa t ion  p l a n t .  

Separat ion P l a n t :  Feed 1575 a, 2 C i l a .  

Product 75 a, 40 C i l a .  

Waste 1500 a, 0.1 C i l a .  

4  Product t o  Storage 75 a ld ,  2.25 x 10 a l y r .  

Recycle waste t o  p l a n t  f i r s t  c y c l e .  

To determine t h e  s to rage concen t ra t i ons  t h e  decay must be inc luded.  
5 

Thus, s t o r i n g  2850 C i l day  w i l l  accumulate 8.32 x 10 C i  i n .  1  year ,  
6  7 6.84 x 10 i n  10 years,  and 1.39 x 10 C i  i n  30 years.  
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PYROCHEMICAL HEAD-END TREATMENT (R. D. Scheel e )  

Poss ib l e  pyrochemica l  head-end t r ea tmen ts  as an a l t e r n a t i v e  t o  v o l o x i -  

d a t i o n  were d iscussed  i n  two e a r l i e r  r e p o r t s .  ( 2 y 3 )  The two bas i c  techniques 

i n v o l v e  r e a c t i o n  of t h e  spen t  U02 w i t h  e i t h e r  a  m o l t e n  reduc ing  meta l  o r  a  

mo l t en  o x i d i z i n g  s a l t .  I n f o r m a t i o n  on t h e  l a t t e r  approach i s  l e s s  complete, 

b u t  i t  i s  l i k e l y  t h a t  o x i d i z i n g  t echn ique  may r e q u i r e  fewer  m o d i f i c a t i o n s .  

Several  s cou t i ng - t ype  1  a b o r a t o r y  s t u d i e s  were i n i t i a t e d .  

Sodium n i t r a t e  was r e a c t e d  w i t h  U02 powder o r  p e l l e t s  i n  a  5:1 s a l t  t o  

o x i d e  we igh t  r a t i o .  Reac t ion  temperatures and t imes  v a r y i n g  f rom 450 t o  

600°C and f rom 1  t o  4  h r  were used. The r e a c t i o n  i s  2U02 + 4NaN03 -+ Na2U20, 

+ 2NaN02 + 2N02 + 1I2O2. ( 4 )  An orange t o  red-brown s o l i d  was formed each 

t ime .  The s o l i d s  have n o t  been analyzed,but based on we igh t  g a i n  a f t e r  

e x t r a c t i n g  t h e  sodium s a l t s  w i t h  wa te r ,  a  g r e a t e r  t han  99% conve rs i on  t o  

Na2U20, was ach ieved.  No a g i t a t i o n  has been used up t o  t h i s  p o i n t .  

The r e a c t i o n  was v i go rous  and caused t h e  p e l l e t s  t o  break up i n t o  a  

f i n e  powder f o l l o w e d  by t he  subsequent suspens ion o f  t h e  s o l i d s  i n  t h e  

f used  s a l t .  I t  was hoped t h a t  a  s o l u t i o n ,  as desc r i bed  by Yamagishi, (5) 

would be prepared t o  i n s u r e  complete  breakdown o f  t h e  f u e l  ox i de ,  and t hus  

e f f e c t  complete  r e l e a s e  o f  t r i t i u m  and o t h e r  gaseous f i s s i o n  p roduc t s .  To 

de te rmine  whether t h e  e x i s t i n g  d i s a g g r e g a t i o n  i s  s u f f i c i e n t  f o r  t h i s  pu r -  

pose, s t u d i e s  u s i n g  i r r a d i a t e d  f u e l  a r e  necessary.  

L i t e r a t u r e  r ev i ews  on v a r i o u s  o x i d a t i o n  and r e d u c t i o n  techn iques  f o r  

t r e a t i n g  U02-Pu02 a r e  c o n t i n u i n g .  

TASKS I N  PROGRESS AND PLANS 

Recyc le  s t u d i e s  w i l l  c o n s i d e r  t h e  r ep rocess ing  f l owshee t  i n  more d e t a i l  

t o  de te rmine  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  f a c t o r s  such as i m p u r i t y  bu i l dup ,  

a i r  f l o w  and wate r  evapo ra t i on ,  s e a l s ,  n i t r i c  a c i d  u t i l i z a t i o n ,  maintenance 

hazards, e t c .  

L i t e r a t u r e  r esea rch  wi 11 con t i nue .  F u r t h e r  simp1 e  e v a l u a t i o n  t e s t s  

of t h e  r e a c t i o n  o f  fue l  p e l l e t s  w i t h  o x i d i z i n g  s a l t s  w i l l  be c a r r i e d  o u t .  



CATEGORY 5 - OFF-GAS TREATMENT 

(F  -RL-14-003) 

PROJECT TITLE: I n v e s t i g a t i o n  o f  A i r  C leaning Processes f o r  
Removing T r i  b u t y l  Phosphate (TBP) f r om O f f  -Gas 
Streams 

PROJECT MANAGER: L. C. Schwendiman, P a r t i c u l a t e  and Gaseous 
Waste Research, Atmospheric Sciences Department 

PRINCIPAL INVESTIGATOR: G. B. Pa,rker, P a r t i c u l a t e  and Gaseous Waste 
Research, Atmospheric Sciences Department 

OBJECTIVE 

Prov ide  a  s u i t a b l e  a i r  c l e a n i n g  process f o r  removing l o w  c o n c e n t r a t i o n s  

o f  t r i b u t y l  phosphate vapors f r om n u c l e a r  f u e l  r ep rocess ing  o f f - g a s  streams. 

I n i t i a l  sc reen ing  s t u d i e s  on smal l  cand ida te  i n o r g a n i c  sorben ts  f o r  

TBP gave p rom is i ng  r e s u l t s ,  s i n c e  seve ra l  absorbers gave e f f i c i e n c i e s  

above 90% f o r  a  2- in.-deep bed. Face v e l o c i t i e s  d i c t a t e d  by t h e  necessary 

i n t e g r a t e d  sampl ing f l o w  l i m i t a t i o n s  were much lower  than  a n t i c i p a t e d  f o r  

t h e  i n - p l a n t  systems f o r  i o d i n e  removal.  

B e t t e r  methods o f  gene ra t i ng  and measuring v e r y  low concen t ra t i ons  o f  

TBP i n  a i r  streams were achieved, a l t hough  some ques t i ons  r e g a r d i n g  rep ro -  

d u c i b i l i t y  s t i l l  remain t o  be reso l ved .  

Near t h e  end o f  t h e  q u a r t e r  an o n - l i n e  i n s t r u m e n t  f o r  e s s e n t i a l l y  con- 

t i n u o u s  a i r  a n a l y s i s  f o r  TBP was r e c e i v e d  and w i l l  be c a l i b r a t e d  and a p p l i e d  

i n  f u t u r e  measurements . 
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TRIPS AND VISITORS 

November 16, 1976 - G. B. Parker  and L. C. Schwendiman v i s i t e d  SRL and 

t a l k e d  w i t h  John Stone (SRL), M.  L. Hyder (SRL) 

and J. A.  Harper (SRP), about  s p e c i f i c  program 

tasks .  Discussed work w i t h  0. C. Robertson, 

ERDA-SRO. 

November 17, 1976 - G. B. Parker  v i s i t e d  Meloy Labo ra to r i es ,  I nc . ,  

S p r i n g f i e l d ,  VA, t o  observe o p e r a t i o n  and capa- 

b i l i t i e s  o f  a  phosphorus de tec to r / ana l yze r .  

December 7, 1976 - 0. C .  Robertson (ERDA-SRO) v i s i t e d  PNL. 

TECHNICAL PROGRESS 

Labora to ry  development work on a  s e n s i t i v e  q u a n t i t a t i v e  a n a l y s i s  t ech -  

n i que  f o r  measuring ve ry  low concen t ra t i ons  o f  TBP vapor concen t ra ted  on 

t h e  NIOSH s tandard  method f o r  a n a l y s i s  o f  organophosphates. T h i s  method 

i n v o l v e s  c o l l e c t i n g  t h e  a i r b o r n e  TBP sample i n  e thy lene  g l y c o l .  The TBP 

i s  e x t r a c t e d  f rom t h e  e thy lene  g l y c o l  i n t o  hexane and concent ra ted .  The 

l i q u i d  concen t ra te  i s  analyzed by a  gas chromatograph equipped w i t h  a  f lame 

i o n i z a t i o n  phosphorus d e t e c t o r .  The d e t e c t i o n  l i m i t  o f  t h i s  method i s  

0.005 p a  TBP. Labo ra to r y  exper iments were conducted t o  t e s t  t h e  a b i l i t y  

t o  generate,  manipu la te,  and measure v e r y  l ow  concen t ra t i ons  o f  TBP vapor 

i n  an a i r  stream us ing  t h e  NIOSH method. TBP was i n t r oduced  i n t o  t h e  a i r  

streams by bubb l i ng  d r y  n i t r o g e n  th rough l i q u i d  TBP i n  a  wash b o t t l e  h e l d  

a t  a  cons tan t  temperature.  TBP concen t ra t i ons  cou ld  be ma in ta ined  reason- 

a b l y  cons tan t ,  b u t  were shown t o  be o n l y  about  10% o f  t h e  s a t u r a t i o n  con- 

c e n t r a t i o n s .  Experiments were conducted i n  which a  much l a r g e r  sur face 

area was employed i n  t h e  bubb le r .  T h i s  change y i e l d e d  s i g n i f i c a n t l y  h i ghe r  

concen t ra t i ons ,  b u t  s t i  11 below s a t u r a t i o n .  

The r e p r o d u c i b i l i t y  o f  t h e  o v e r a l l  method o f  genera t ion ,  sampling, and 

measurement was eva lua ted  as p a r t  o f  t h e  i n v e s t i g a t i o n  o f  t h e  e f f i c i e n c y  o f  

severa l  cand ida te  sorben ts  t o  remove TBP. Sorbents f o r  TBP removal were 
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packed i n t o  a 2- in .  (5 cm) deep by 1 - i n .  (2.5 cm) d iameter  bed. The feed 

stream t o  t h e  column cons is ted  o f  TBP vapor i n  d r y  n i t rogen ,  f l o w i n g  a t  

172 me/min. The feed stream f low was t h e  sum o f  a s i d e  stream o f  N2 

(100 me/min) p l u s  t h e  sparged stream con ta in ing  TBP i n  N2 (72 ma/min). 

Bed temperature was mainta ined a t  100°C i n  a l l  t e s t  runs.  Measured TBP 

concent ra t ions  du r ing  t h e  r u n  va r ied  from 4 x t o  1 x  g/e. Sam- 

p les  were taken o f  t h e  i n l e t  feed stream t o  the  t e s t  column by sparging 

t h e  t o t a l  stream through e thy lene g l y c o l ,  p r i o r  t o  t h e  exper imenta l  run ,  

t o  e s t a b l i s h  i n 1  e t  TBP concent ra t ion .  The TBP i n  e thy lene g l y c o l  was 

ex t rac ted  w i t h  hexane and measured on a gas chromatograph. 

Dur ing t h e  t e s t  run, t h e  e f f l u e n t  from t h e  bed was passed through t h e  

e thy lene g l y c o l .  Samples were taken i n  1-hr  increments cont inuous ly  f o r  a 

t o t a l  of 3 h r .  I n  several  t e s t  runs, a sample was a l s o  taken of t h e  c a r r i e r  

gas (N2) a lone which was passed through t h e  bed m a t e r i a l  f o r  1 h r  a t  t h e  

end o f  t h e  t e s t  run  t o  measure any TBP e l u t i n g  fro111 the  bed. Each e thy lene  

g l y c o l  sample was analyzed f o r  TBP. E f f i c i e n c y  o f  t he  m a t e r i a l  t o  remove 

TBP was determined by c a l c u l a t i n g  t h e  r e t a i n e d  percentage o f  t h e  t o t a l  TBP 

metered t o  t h e  bed. Table 7 i s  a summary o f  t h e  r e s u l t s .  

I n  a l l  m a t e r i a l s  tes ted ,  except M a t e r i a l  G, r e t e n t i o n  e f f i c i e n c y  

appeared t o  improve a f t e r  t h e  f i r s t  hour o f  run  t ime. The amount o f  TBP 

i n  t h e  samples f o r  t h e  second and t h i r d  hours decreased o r  remained t h e  

same. This  apparent anomaly i s  c o n s i s t e n t  alllong t h e  m a t e r i a l s .  One theo ry  

proposed i s  t h a t  t h e  bed ma te r ia l  needs t o  be cond i t i oned  w i t h  TBP f o r  a 

pe r iod  o f  t in ie  be fo re  becoming an e f f i c i e n t  t r a p .  Fur ther  experimental  

work w i l l  be needed t o  e s t a b l i s h  how long t h i s  t r e n d  would cont inue u n t i l  

t h e  TBP begins t o  break through t h e  bed. The second r u n  us ing  M a t e r i a l  A 

shows some evidence o f  TBP breakthrough. 

From Table 7, i t  can be concluded t h a t  t he  most e f f i c i e n t  m a t e r i a l s  

t e s t e d  were M a t e r i a l s  A ( f i r s t  t e s t ) ,  D, and H. None o f  t h e  m a t e r i a l s  

except M a t e r i a l  G r e t a i n e d  l e s s  than ~ 9 0 %  o f  t h e  metered TBP. M a t e r i a l  H, 

however, cannot be considered a v i a b l e  m a t e r i a l  s i nce  i t  conta ins  charcoal 

p l u s  o t h e r  unknown chemical species. 
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TABLE 7. T r i b u t y l  Phosphate Removal by Sorbers (Summary Resu l ts  
o f  Runs a t  172 cm3/min i n  5-cm-deep by 2.5-cm-dia Bed) 

O u t l e t  TBP TBP i n  N2 
I n l e t  TBP, 1 s t  h r ,  2nd h r ,  3rd h r ,  Tota l ,  f o r  1 h r  Flush 

Mate r ia l  mg mg mg mg mg Fol lowingRun,mg 

charcoal ( a )  1.8 0.119 0.031 0.005 0.155 0.008 

A 1.8 ~ 0 . 0 0 5  <0.005 ~ 0 . 0 0 5  :0.015 <O. 005 

B 2.6 -- -- -- 0.22(')) - - 
1.9 0.14 0.008 0.808 0.156 0.008 

C 1.4 0.071 ( c )  0.008 -- 0.008 

% TBP 
Retent ion 

91.4 

>99 

91.5 
91.8 

( a )  Coconut base 
( b )  Tota l  o f  4.5 h r  run  t ime 
( c )  Sample l o s t  

The i n d i c a t e d  i n l e t  c o n c e n t r a t i o n  o f  TBP i n  t h i s  s e r i e s  of exper iments  

ex tend ing  over  a  p e r i o d  o f  abou t  4  months had a  s tandard d e v i a t i o n  o f  26%. 

The r e p r o d u c i b i l i t y  i s  l a r g e l y  determined by t he  e r r o r s  i n  t h e  e x t r a c t i o n  

s tep  and t he  gas chromatographic analyses.  Furthermore, each sc reen ing  

t e s t  was performed over  a  r e l a t i v e l y  s h o r t  t ime  p e r i o d  d u r i n g  which more 

n e a r l y  cons tan t  c o n d i t i o n s  c o u l d  be ma in ta ined .  Thus, t h e  bed removal 

e f f i c i e n c i e s  a re  more accu ra te  t han  represen ted  by t h e  s tandard  d e v i a t i o n  

determined over  t h e  f u l l  range o f  these  exper iments .  

A Meloy Labo ra to r i es ,  I nc .  ( S p r i n g f i e l d ,  VA) PA 460 phosphorus de tec -  

t o r / a n a l y z e r  was rece i ved  i n  l a t e  November. Ana l ys i s  i s  by a  pa ten ted  

f lame pho tomet r i c  d e t e c t o r  des igned s p e c i f i c a l l y  f o r  phosphorus. Opera t ing  

manuals were s t u d i e d  and exper iments  designed t o  u t i l i z e  t h i s  r e a l  t i m e  

ins t rument  i n  f u r t h e r  s t u d i e s .  
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TASKS IN PROGRESS AND PLANS 

Laboratory work will be carried out to  achieve a viable method t o  

ca l ibra te  the Meloy phosphorus Analyzer using TBP vapor in an airstream. 

The NIOSH standard method will be used as a backup for  determination of 
the TBP concentrations generated. Materials tha t  showed promise for  
retaining TBP (as determined by the i n i t i a l  screening studies)  w i l l  be 

investigated under varying bed conditions t o  select  the best TBP sorbents 
for study in laboratory-simulated process streams. 

Feasibi l i ty  of studying Purex off-gas streanis a t  SRP to determine 

TBP concentrations wi 11 be explored. 



CATEGORY 6 - PUREX PROCESS (SOLVENT EXTRACTION) PART 1  

(F-RL-14-004) 

PROJECT TITLE: Study o f  I o d i n e  Chemis t ry  i n  Process S o l u t i o n s  

PROJECT MANAGER: J .  H. J a r r e t t ,  Chemical Development S e c t i o n ,  
Chemical Technol ogy Department 

PRINCIPAL INVESTIGATOR: J .  L. Swanson, Chemical Development S e c t i o n ,  
Chemical Technol ogy Department 

OBJECTIVE 

Study t h e  chemica l  s p e c i e s  and b e h a v i o r  o f  t h e  i o d i n e  wh ich  i s  n o t  v o l a -  

t i l i z e d  f r o m  t h e  d i s s o l v e r  s o l u t i o n  and deve lop  means o f  managing i o d i n e  i n  

t h e  v a r i o u s  p l a n t  s t reams i n  o r d e r  t o  m i n i m i z e  i t s  r e l e a s e  t o  t h e  env i ronment .  

SUIYMARY 

L a b o r a t o r y  t e s t i n g  o f  c o m m e r c i a l l y  a v a i l a b l e  m a c r o r e t i c u l a r  p o l y m e r i c  

adsorbents  f o r  removal o f  i o d i n e  f r o m  s in iu l  a t e d  f u e l  r e p r o c e s s i n g  p l a n t  con- 

c e n t r a t o r  condensates c o n t i n u e s  t o  g i v e  p r o m i s i n g  r e s u l t s .  P r e l i m i n a r y  t e s t s  

w i t h  a n o t h e r  t y p e  o f  adsorben t ,  manganese d i o x i d e - i m p r e g n a t e d  m a t e r i a l  s  , a1 so 

gave somewhat encourag ing  r e s u l t s .  An i o d i d e - s p e c i f i c  i o n  e l e c t r o d e  i s  b e i n g  

used t o  i n v e s t i g a t e  v a r i o u s  r e a c t i o n s  o f  impor tance  i n  f e e d  t r e a t m e n t  and i n  

e f f l u e n t  spec ies  i d e n t i f i c a t i o n .  

TRIPS AND VISITORS 

December 7, 1976 - 0.  C.  Rober tson o f  SRO v i s i t e d  PNL f o r  d i s c u s s i o n  

o f  programs. 
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TECHNICAL PROGRESS (J .  L. Swanson, J .  A. P a r t r i d g e ,  J .  L. Cox) 

Our s t u d i e s  c o n t i n u e  t o  emphasize removal o f  i o d i n e  spec ies  f r om  s i m u l a t e d  

f u e l  r e p r o c e s s i n g  p l  a n t  1  ow-1 eve1 aqueous e f f l  uen t  streams by  a d s o r p t i o n  p ro -  

cesses, e s p e c i a l l y  w i t h  commerc ia l l y  a v a i l a b l e  m a c r o r e t i c u l a r  po lyn ie r i c  adsor-  

bents .  Such streams would l i k e l y  c o n t a i n  t h e  b u l k  o f  t h e  i o d i n e  wh ich  i s  n o t  

v o l a t i l i z e d  f r om t h e  d i s s o l v e r  s o l u t i o n ,  and t h e  r e l e a s e  o f  i o d i n e  i n  such 

streams c o u l d  be t h e  r e l e a s e  which 1  i m i  t s  t h e  o v e r a l l  p l a n t  r e t e n t i o n  f a c t o r .  

The 1  ong-term column t e s t s  w i t h  t h e  m a c r o r e t i c u l a r  po l ymer i c  adsorben ts  

desc r i bed  i n  t h e  l a s t  q u a r t e r l y  r e p o r t  were t e rm ina ted  e a r l y  t h i s  q u a r t e r .  

The a d d i t i o n a l  i n f o r m a t i o n  ob ta i ned  f r om these  t e s t s  i n c l u d e d :  

Poorer  DF ( i o d i n e  c o n t e n t  i n  f e e d l i o d i n e  c o n t e n t  i n  e f f l u e n t )  behav io r  

was o b t a i n e d  when s t a r t i n g  up aga in  a f t e r  t h e  columns were s h u t  down 

f o r  seve ra l  days.  

The c o l o r  due t o  t h e  adsorbed i o d i n e  faded  w i t h  t i m e  d u r i n g  shutdown 

pe r i ods .  

Washing t h e  loaded  columns w i t h  wa te r  r e s u l t e d  i n  t h e  renioval o f  a  

b u r s t  o f  i o d i n e  f r om t h e  XAD-7 and XAD-8 adsorbents ,but  n o t  f r om  t h e  

XAD-2 and XAD-4 adsorbents .  

E l u t i o n  o f  t h e  sorbed i o d i n e  by  washing s e q u e n t i a l l y  w i t h  0.1b-l Na2S203 i n  

0.1M - NaOH and 0.1M - Na2S03 i n  0.05M - HN03 was o n l y  p a r t i a l l y  s u c c e s s f u l .  

I n  t h e  most success fu l  t e s t  (XAD-2 adsorben t ) ,  abou t  80% o f  t h e  sorbed 

i o d i n e  was e l u t e d  by  t h e  f i r s t  two column volumes o f  t h e  b a s i c  t h i o s u l -  

f a t e  s o l u t i o n ,  b u t  con t i nued  washing w i t h  t h i s  s o l u t i o n  f o l l o w e d  by  t h e  

a c i d i c  s u l f i t e  s o l u t i o n  removed o n l y  abou t  5% more o f  t h e  sorbed i o d i n e .  

Washing t h e  XAD-4 po l ymer i c  adsorben t  w i t h  o r g a n i c  s o l v e n t s  p r i o r  t o  use 

f o r  i o d i n e  removal may l e a d  t o  improved i o d i n e  DF behav io r .  I n  one comparison, 



CATEGORY 6  ( con td )  

m a t e r i a l  which has been washed c o n s e c u t i v e l y  w i t h  methanol, acetone, benzene, 

and methanol aga in  appeared t o  g i v e  a  s l i g h t l y  b e t t e r  i o d i n e  DF than  d i d  o n l y  

water-washed m a t e r i a l  (about  200 as opposed t o  about  100) i n  column runs  o f  

about 200 column volume d u r a t i o n  a t  f l o w  r a t e s  o f  about  f i v e  column volumes 

per  hour w i t h  feeds prepared by adding 0.3M - H202 t o  1  x 1 0 " ~  - K I  i n  0.05M - HN03. 

Most of our  t e s t s  have employed 0.3M - H202 i n  t h e  f eed  t o  o x i d i z e  any 

i o d i d e  i o n  t o  mo lecu la r  i od ine ,  which i s  sorbed s t r o n g l y  by t h e  po lyn ie r i c  adsor-  

bents .  Batch c o n t a c t  da ta  ob ta i ned  w i t h  XAD-4 adsorbent  i n d i c a t e d  t h a t  0.01M - 

H202 was s u f f i c i e n t  t o  g i v e  good s o r p t i o n  o f  i o d i n e  f rom s o l u t i o n ;  column runs 

u s i n g  such feed (0.01M - H202 added t o  1  x  I O - ~ M  - K I  i n  0.05M - HN03), however, 

gave an i o d i n e  DF o f  o n l y  about  two. The reason f o r  t h i s  d isc repancy  i s  n o t  

known, b u t  i t  i s  thought  t h a t  i t  may i n v o l v e  a  r e a c t i o n  w i t h  an i m p u r i t y  p res -  

e n t  i n  t h e  as - rece ived  adsorbent,  a  r e a c t i o n  which shows up much more impor- 

t a n t l y  i n  t h e  ba tch  con tac t s  than  i n  t h e  column runs .  

The use o f  Amber lys t  A-26 m a c r o r e t i c u l a r  an ion  exchange r e s i n  f o r  t h e  

removal o f  i o d i d e  i o n  f rom O.05M - HW03 s o l u t i o n  does n o t  appear e s p e c i a l l y  

p romis iqg  because o f  r e1  a t i v e l y  low breakthrough c a p a c i t y .  Wi th  feeds con- 

t a i n i n g  o r  I O - ~ M  - i o d i d e  i o n  i n  O.05M - HN03, i o d i n e  breakthrough occur red  

a f t e r  o n l y  about  100 column volumes. 

The p o s s i b i l i t y  o f  removing i o d i d e  i o n  f rom d i l u t e  HN03 s o l u t i o n  by pas- 

sage th rough an e lementa l  i od ine - l oaded  po lymer ic  adsorbent  was t e s t e d .  Some 

removal was ob ta ined  b u t  t h e  apparent  c a p a c i t y  was q u i t e  low; t h e  DF was i n i -  

t i a l l y  ve ry  h i g h  b u t  dropped t o  about  100 a f t e r  about  e i g h t  column volumes and 

t o  about  25 a f t e r  o n l y  about  13 column volumes, w i t h  a  feed  s o l u t i o n  c o n t a i n i n g  

1  x 1  O - ~ M  - K I  i n  0.05M - HN03 and a  feed  f l o w  r a t e  o f  about  1.7 column volumes/ 

hour (based on t h e  t o t a l  column volume). The column was prepared by l o a d i n g  t h e  
3  3  t o p  1  cm o f  a  12-cm column o f  XAD-4 w i t h  about  0.3 m i l  l i ~ n o l e s  o f  e lementa l  

i o d i n e  by s o r p t i o n  f rom 1  x I O - ~ M  - I2 i n  0.05M - HN03 Whi le  these  r e s u l t s  a r e  

n o t  ou ts tand ing ,  t h i s  approach may wa r ran t  a d d i t i o n a l  e f f o r t .  
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The use o f  manganese dioxide-impregnated porous m a t e r i a l s  as sorbents t o  

remove i o d i n e  species from d i l u t e  HN03 has been the  sub jec t  o f  some p r e l i m i n a r y  

t e s t s .  The r e s u l t s  were somewhat promis ing and appear t o  war ran t  cont inued 

e f f o r t  i n  t h i s  area, even though h igh  i o d i n e  DF's have so f a r  been obta ined 

o n l y  a t  low f l o w  r a t e s  (DF's have approached 100 o n l y  a t  f lows below one column 

volume/hour w i t h  the  columns t e s t e d  t o  da te ) .  One encouraging f e a t u r e  o f  these 

m a t e r i a l s  i s  t h a t  t he  i o d i n e  DF'appears t o  be t h e  same w i t h  a  feed s o l u t i o n  

con ta in ing  l a r g e l y  i o d i d e  i o n  as i t  i s  w i t h  a  feed s o l u t i o n  c o n t a i n i n g  l a r g e l y  

elemental i od ine ;  thus i n d i c a t i n g  t h a t  no feed t rea tment  would be r e q u i r e d  t o  

achieve removal o f  a  v a r i e t y  o f  i o d i n e  species by Mn02-impregnated sorbents.  

The sorbents were prepared by c a l c i n a t i o n  i n  a i r  a t  250°C o f  manganous n i t r a t e -  

impregnated u n f i r e d  Vycor g lass  (30 t o  100 mesh) o r  Zeolon 900 molecular  s ieve  

(20 t o  50 mesh); i t  i s  l i k e l y  t h a t  more s u i t a b l e  subs t ra te  m a t e r i a l s  can be 

found. 

An i o d i d e - s p e c i f i c  i o n  e lec t rode  i s  being used t o  i n v e s t i g a t e  var ious  

reac t i ons  o f  importance i n  feed t rea tment  and i n  e f f l u e n t  species i d e n t i f i c a -  

t i o n .  The o x i d a t i o n  o f  i o d i d e  i o n  by hydrogen peroxide appears t o  be f i r s t  

o rder  i n  i o d i d e  concent ra t ion ,  and i s  much more r a p i d  i n  0.05M- HN03 than i t  

i s  i n  n e u t r a l  s o l u t i o n ;  t h e  r a t e  a l s o  increases w i t h  i n c r e a s i n g  peroxide con- 

c e n t r a t i o n .  The r e d u c t i o n  by hydroxyl amine n i t r a t e  o f  elemental i o d i n e  t o  

i o d i d e  i o n  proceeds much more r a p i d l y  than does the  reduc t i on  o f  i o d a t e  i o n  

t o  i o d i d e  i on ,  thus p r o v i d i n g  a  means o f  de termin ing  the  r e l a t i v e  amounts o f  

i od ide ,  i od ine ,  and i o d a t e  present  i n  a  s o l u t i o n .  With 0.002M - hydroxylamine 

n i t r a t e  i n  0.025M - HN03 + 1M - NaN03 a t  room temperature, t he  r e d u c t i o n  of e l e -  

mental i o d i n e  fo l l owed  f i r s t  o rde r  k i n e t i c s  w i th .  a  h a l f - t i m e  o f  about 2.4 min 

w h i l e  the  reduc t i on  o f  i o d a t e  i o n  e x h i b i t e d  an apparent f i r s t  o rde r  h a l f - t i m e  

of about 165 min. 

Gas chromatography w i t h  an e l e c t r o n  capture de tec to r  has been examined 

fo r  u t i l i t y  i n  the  i d e n t i f i c a t i o n  and ana lys i s  o f  v o l a t i l e  i o d i n e  compounds. 
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Because o f  i n t e r f e r e n c e  by wate r ,  t h e  compounds were e x t r a c t e d  i n t o  benzene 

f o r  ana l ys i s .  Methyl  i o d i d e  was e a s i l y  measured a t  a  c o n c e n t r a t i o n  o f  

4 x  I O - ~ M ;  - a  lower  l i m i t  o f  lo- '  t o  1 0 - 1 0 ~  - may be p o s s i b l e  w i t h  c a r e f u l  a t t e n -  

t i o n  t o  i ns t rumen t  performance. S i m i l a r  r e s u l t s  w i l l  presumably be ob ta i ned  

w i t h  o t h e r  o rgan i c  i o d i d e s .  At tempts a t  d e t e c t i n g  e lementa l  i o d i n e  were unsuc- 

c e s s f u l ,  appa ren t l y  because o f  i r r e v e r s i b l e  a d s o r p t i o n  on t h e  colunin packings. 

A  v a r i e t y  o f  d i f f e r e n t  c o l  urnn and i nstrumenta l  c o n d i t i o n s  were t es ted ,  i n c l  ud ing  

severa l  suggested by o f f s i t e  chromatography s p e c i a l i s t s .  

TASKS I N  PROGRESS AND PLANS 

E f f o r t s  w i l l  be con t i nued  i n  t h e  area o f  i o d i n e  removal f rom s imu la ted  

f u e l  r ep rocess ing  p l  a n t  1  ow-1 eve1 aqueous e f f l u e n t  streams by a d s o r p t i o n  

processes. 

Equipment has been prepared f o r  s t u d i e s  o f  ways o f  m in im iz i ng  t h e  v o l a -  

t i 1  i z a t i o n  o f  i o d i n e  d u r i n g  v a p o r i z a t i o n  o f  water;  t e s t s  should commence 

soon. 

Development o f  techniques f o r  t h e  a n a l y s i s  o f  v a r i o u s  chemical spec ies 

of i o d i n e  w i l l  be cont-inued, w i t h  emphasis be ing  p l aced  on gas chromatography 

and t h e  i od ide -spec i  f i c  i o n  e l e c t r o d e .  
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PUREX PROCESS (SOLVENT EXTRACTION CONTACTORS) PART 2 

(F-RL-14-004) 

PROJECT TITLE: Eva lua t ion  o f  So lvent  E x t r a c t i o n  Equipment 

PROJECT MANAGER: J. H. J a r r e t t ,  Chemical Development Sect ion,  
Chemical Technol ogy Department 

PRINCIPAL INVESTIGATOR: D. H. Les ter ,  Chemical Development Sect ion,  
Chemical Technol ogy Department 

OBJECTIVE 

Perform an i n t e g r a t e d  study o f  so l ven t  e x t r a c t i o n  equipment types. Such 

in fo rmat ion  w i l l  p rov ide  i n fo rma t ion  needed i n  o p t i m i z i n g  reprocessing p l a n t  

designs. Where vo ids  i n  e x i s t i n g  understanding are  i d e n t i f i e d ,  a d d i t i o n a l  

R&D w i  11 be proposed. 

SUMMARY 

The 1  i t e r a t u r e  rev iew document, workshop proceedings , and summary docu- 

ments were e d i t e d  and prepared f o r  p u b l i c a t i o n .  Clearance procedures and 

p u b l i c a t i o n  should be completed e a r l y  nex t  qua r te r .  A research proposal cover-  

i n g  t h e  R&D needs discussed a t  t he  workshop (adapta t ion  o f  new ins t rumen ta t i on  

t o  radiocheni ical  use and improvement o f  pu lse  column c a p a c i t y )  was submitted, 

b u t  no d e f i n i t e  response has y e t  been received.  

TRIPS AND VISITORS 

December 7, 1976 - 0. C. Robertson o f  SRO v i s i t e d  PNL t o  rev iew program 

progress and plans. 
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TECHNICAL PROGRESS 

The documents r e s u l t i n g  f rom t h e  l i t e r a t u r e  rev iew and workshop completed 

l a s t  q u a r t e r  were reviewed, ed i t ed ,  and prepared f o r  p u b l i c a t i o n .  A summary 

document was w r i t t e n  t h a t  can be used w i t h o u t  t h e  l i t e r a t u r e  rev iew  and work- 

shop proceedings i f  documentat ion i s  n o t  needed. A l l  t h r e e  documents shou ld  

be c l e a r e d  and pub l i shed  e a r l y  nex t  q u a r t e r .  

One o f  t he  r e s u l t s  o f  t h e  workshop was t h e  i d e n t i f i c a t i o n  o f  R&D needs. 

Two o f  these needs o f  p a r t i c u l a r  i n t e r e s t  t o  PNL are :  1 )  t h e  adap ta t i on  o f  

i n s t r u ~ i i e n t a t i o n  t h a t  has been developed i n  t h e  l a s t  few years  t o  use i n  

rad iochemica l  p l a n t s ,  and 2)  t h e  development o f  a  pu l se  column c a r t r i d g e  t h a t  

would improve c a p a c i t y  w i t h o u t  i n c r e a s i n g  t h e  column d iameter  beyond c r i t i c a l l y  

s a f e  dimensions. PNL has prepared a  189 research  proposal  cove r i ng  these 

areas, b u t  no d e f i n i t e  answer has y e t  been rece ived .  F i n a l  rev iew o f  t h e  p ro -  

posal  i s  expected by t h e  end o f  t h i s  q u a r t e r .  



CATEGORY 7 - FINISHING PROCESSES 

PROJECT TITLE: Mixed-Oxide Studies 

PROJECT MANAGERS: Tasks 1 and 5 - S. Go1 dsmi t h ,  Fuels Design 
and Development Sect ion, M a t e r i a l s  Department 

Task 3 - W. S. K e l l y ,  App l ied  Engineer ing 
and Development Sect ion, Engineer ing Physics 
Department 

PRINCIPAL INVESTIGATORS: Task 1 - R. 0. Lokken, S. R. Wagoner, and 
W. J .  Ba i l ey ,  Fuels Design and Development 
Sect ion, M a t e r i a l s  Department 

Task 3 - D. E. Blahnik,  App l ied  Engineer ing 
and Development Sect ion, Engineer ing Physics 
Department 

Task 5 - W. J. Coleman, Physical  Measurements 
and E lec t ro -Op t i c  Systems Sect ion, Engineer ing 
Physics Department 

OBJECTIVES 

The o b j e c t i v e s  o f  t h e  th ree  tasks are  t o :  e s t a b l i s h  the  data base 

requ i red  t o  fo rmula te  product  s p e c i f i c a t i o n s  f o r  mixed-oxide f u e l s  (Task 1 ); 
evaluate and determine mixed-oxide fue l  f a b r i c a t i o n  processing and m a t e r i a l s  

hand1 i ng equipment development needs (Task 3 )  ; develop a conceptual auto-  

mat ic  fuel p e l l e t  i nspec t i on  process (Task 5 ) .  

SUMMARY 

A d r a f t  o f  t h e  da ta  base r e p o r t  on mixed-oxide (U02-Pu02) f u e l  was, com- 

p leted.  Because o f  t h e  FY-1977 budget l i m i t a t i o n s ,  t h e  depth o f  t h i s  mixed- 

ox ide f u e l  s tudy had t o  be decreased. 
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W r i t i n g  has been i n i t i a t e d  on an i n f o r m a l  r e p o r t  which summarizes t h e  

mixed-oxide f u e l  f a b r i c a t i o n  process and m a t e r i a l s  h a n d l i n g  equipment develop-  

ment needs. A t a s k  t o  eva lua te  e x i s t i n g  f u e l  p e l l e t  i n s p e c t i o n  techniques and 

equipment f o r  appl  i c a t i o n  t o  qua1 i t y  assurance/qual  i t y  c o n t r o l  (QAIQC) o f  LWR 

mixed-ox ide f u e l  i n s p e c t i o n  has been s t a r t e d .  A l i t e r a t u r e  search has been 

s e t  up and some o f  t h e  c r i t i c a l  i n s p e c t i o n  parameters i d e n t i f i e d .  

TRIPS AND VISITORS 

None 

TECHNICAL PROGRESS 

TASK 1.  ESTABLISH DATA BASE REQUIRED TO FORMULATE PRODUCT SPECIFICATIONS 
FOR MIXED-OXIDE FUELS (R. 0.  Lokken, S. R. Wagoner, and W .  J .  B a i l e y )  

E f f o r t  on t he  a c t i v i t i e s  i n  t h i s  t a s k  was con t i nued  d u r i n g  t h e  r e p o r t i n g  

p e r i o d  and a d r a f t  o f  t h e  da ta  base r e p o r t  on mixed-oxide (U02-Pu02) fue l  was 

completed. However, t h e  genera l  depth o f  t h e  s tudy  had t o  be reduced. The 

r e d u c t i o n  was a r e s u l t  o f  t h e  1 i m i t a t i o n  on a v a i l a b l e  funds f o r  Tasks 1-5 i n  

FY-1977. PlVL rev iewed t h e  budget l i m i t a t i o n  and recommended t h a t  t h e  a v a i l -  

a b l e  funds be concent ra ted ,  i n  decreas ing  o rde r ,  on Tasks 5, 3, and 1. 

TASK 2. EVALUATE AND DETERMINE MIXED-OXIDE FUEL FABRICATION PROCESSING AND 
MATERIALS HANDLING EQUIPMENT DEVELOPMENT NEEDS (D. E. B l a h n i k )  

The " s t a t e - o f - t h e - a r t "  equipment survey o f  f o r e i g n  and domest ic f u e l  

f a b r i c a t o r s  i s  n e a r i n g  complet ion.  Resu l t s  f rom t h e  survey and an e x t e n s i v e  

l i t e r a t u r e  search a r e  b e i n g  i n c o r p o r a t e d  i n  an i n f o r m a l  r e p o r t  which i s  i n  

process o f  be ing  w r i t t e n  f o r  t h e  SRL. 
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TASK 5. DEVELOP A CONCEPTUAL AUTOMATIC FUEL PELLET IILSPECTION PROCESS 
(W. J. Coleman) 

The e v a l u a t i o n  o f  e x i s t i n g  f u e l  p e l l e t  i n s p e c t i o n  techn iques  and equ ip -  

ment f o r  a p p l i c a t i o n  t o  QA/QC o f  LWR mixed-ox ide f u e l  i n s p e c t i o n  has been 

i n i t i a t e d .  A l i t e r a t u r e  search has been s e t  up and some o f  t h e  c r i t i c a l  i nspec-  

t i o n  parameters i d e n t i f i e d .  Th is  parameter i d e n t i f i c a t i o n  e f f o r t  i s  u t i l i z i n g  - 

t h e  p r e l i m i n a r y  r e s u l t s  o f  Task 2, Fo rmu la t i on  o f  Reference QA/QC Requirements 

f o r  Mixed-Oxide Fuel F a b r i c a t i o n  as w e l l  as t h e  requi rements o f  o t h e r  commer- 

c i a l  and government power r e a c t o r  systems. 

Homogeneity i s  one o f  t h e  parameters t h a t  was i d e n t i f i e d  as v i t a l  t o  QA/QC 

o f  LWR f u e l  p e l l e t s .  Work t o  i d e n t i f y  p o t e n t i a l  homogeneity i n s p e c t i o n  tech-  

n iques has been i n i t i a t e d .  

TASKS IN PROGRESS AND PLANS 

TASK 1 

I f  funds a r e  a v a i l a b l e ,  suggested changes o r  a d d i t i o n s  w i l l  be i n c o r p o r a t e d  

i n t o  t h e  d r a f t  o f  t h e  da ta  base r e p o r t  on mixed-ox ide f u e l .  

TASK 3 

The i n f o r m a l  r e p o r t  w i  11 be completed. F u r t h e r  p lans  w i l l  be made a f t e r  

t h e  r e p o r t  i s  reviewed. 

TASK 5 

E v a l u a t i o n  o f  f u e l  p e l l e t  i n s p e c t i o n  techniques and parameters w i l l  con- 

t i n u e .  P r e l  i m i n a r y  homogeneity parameters and p o t e n t i a l  i n s p e c t i o n  techn iques  

w i l l  be i d e n t i f i e d .  
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(F-RL-14-00 ) 

PROJECT TITLE: E l e c t r o p o l i s h i n g  t o  Decontaminate LWR Fuel 
Recycl e Meta l  1 i c Waste 

PROJECT MANAGER: R. D. Nelson, M e t a l l u r g y  Research Sect ion,  
M a t e r i a l  s Department 

PRINCIPAL INVESTIGATORS: R. P. A1 1 en, H. W. Arrowsmi t h y  Metal  1 u rgy  
Research Sec t ion ,  M a t e r i a l s  Department 

OBJECTIVE 

Develop and p rov ide  t h e  concepts,  i n f o r m a t i o n  and eng inee r i vg  da ta  needed 

by t h e  LWR f u e l  Recycle Program f o r  t h e  des ign  and o p e r a t i o n  o f  an e l e c t r o -  

p o l i s h i n g  f a c i l i t y  f o r  t h e  decontaminat ion o f  sur face-contaminated s o l i d  meta l -  

l i c  waste. Major  program tasks  inc lude :  1) t h e  t r a n s f e r  o f  compat ib le  tech-  

no logy f rom t h e  commercial e l e c t r o p o l i s h i n g  i n d u s t r y ,  2 )  t h e  development o f  

s o l u t i o n  t r ea tmen t  procedures t o  extend e l e c t r o l y t e  l i f e  and min im ize  secon- 

dary  waste volume, and 3 )  t h e  development o f  removal techniques f o r  e n t r a i n e d  

con tamina t ion .  

SUMMARY 

S i g n i f i c a n t  progress was made on each o f  t h e  program tasks  d u r i n g  t h i s  

3-month r e p o r t i n g  per iod .  I n d u s t r y  expe r t s  were consu l t ed  and v i s i t s  were 

made t o  commercial e l e c t r o p o l i s h i n g  f a c i l i t i e s  t o  i d e n t i f y  e l e c t r o p o l i s h i n g  

technology areas t h a t  can be adapted f o r  decontaminat ion a p p l i c a t i o n s .  Sev- 

e r a l  p o s s i b l e  s o l u t i o n  t r ea tmen t  approaches a1 so were i d e n t i f i e d ,  and s t u d i e s  

were i n i t i a t e d  t o  e x p l o r e  t h e  use o f  precipitation/filtration techniques t o  

remove metal  s a l  t s  f rom t h e  e l e c t r o l y t e .  Meta l  1 ograph ic  s t u d i e s  o f  specimens 

prepared us ing  a r c  saw, plasma t o r c h ,  and e x p l o s i v e  c u t t i n g  techniques were 

conducted t o  determine t h e  amount o f  metal  d i s s o l u t i o n  r e q u i r e d  t o  remove 

e n t r a i n e d  con tamina t ion .  
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TRIPS AND VISITORS 

October  26-29, 1976 - R.  P .  A1 l e n  and H. W. Arrowsmi t h  (PNL) v i s i t e d  

L. S. Win te r  a t  t h e  H y d r i t e  Chemical Company, 

Milwaukee, W I  t o  d iscuss  e l e c t r o p o l i s h i n g  

technology.  

November 16, 1976 - W .  J. Brumley (SRO), A. S. Mess ick (SRP), P. H. Permar 

(SRL), C.  D. Spender (E. I. duPont Eng ineer ing  

Department) ,  and L. S. Win te r  ( H y d r i t e  Chemical Co. ) 

v i s i t e d  PNL t o  d i scuss  e l e c t r o p o l i s h i n g  and i t s  use 

as a decontaminat ion technique.  

TECHNICAL PROGRESS 

TASK 1. TECHNOLOGY TRANSFER 

E l e c t r o p o l i s h i n g  i s  a  w e l l  e s t a b l i s h e d  i n d u s t r i a l  process used t o  c lean ,  

debur r ,  and s u r f a c e  f i n i s h  a v a r i e t y  o f  meta ls  and a l l o y s .  Much o f  t h e  e x i s t -  

i n g  e l e c t r o p o l i s h - i n g  techno logy  can be adapted f o r  use i n  decon tamina t ion  

a p p l i c a t i o n s ,  and every  e f f o r t  w i l l  be made as p a r t  o f  t h i s  program t o  s o l i c i t  

i n d u s t r y  p a r t i c i p a t i o n  and e x p e r t i s e  f o r  those  areas t h a t  a r e  compat ib le .  To 

i n i t i a t e  t h i s  techno1 ogy t r a n s f e r ,  a  consul  t i n g  agreement was e s t a b l  i shed  w i t h  

t h e  H y d r i t e  Chemical Company, Milwaukee, W I ,  one o f  t h e  l eade rs  i n  t h e  e l e c t r o -  

p o l i s h i n g  f i e l d .  Ex tens i ve  d i scuss ions  were h e l d  w i t h  M r .  L. S. Winter ,  Sen io r  

V ice  P r e s i d e n t  of H y d r i t e ,  t o  i d e n t i f y  those  commercial e l e c t r o p o l i s h i n g  t ech -  

no logy  areas t h a t  can be u t i l i z e d  e i t h e r  d i r e c t l y  o r  w i t h  some m o d i f i c a t i o n  

f o r  decon tamina t ion  a p p l i c a t i o n s  and t o  o b t a i n  background i n f o r m a t i o n  f o r  t h e  

areas t h a t  w i l l  r e q u i r e  spec ia l  development. Topics t h a t  were cons idered  

i nc l uded  t h e  des ign  of  e l e c t r o p o l i s h i q g  f a c i l i t i e s  and systems, au tomat ion  

concepts,  equipment and s u p p l i e r s ,  e l e c t r o l y t e s  and o p e r a t i n g  parameters,  

e l e c t r o d e  m a t e r i a l s  and r a c k i n g  technology,  a g i t a t i o n  techniques,  r i n s i n g  

technology,  s o l u t i o n  t r ea tmen t  procedures, removal o f  e n t r a i n e d  con tamina t ion ,  

and i n  s i t u  e l e c t r o p o l i s h i n g  techniques.  



CATEGORY 8 ( con td )  

V i s i t s  a l s o  were made w i t h  M r .  W in te r  and assoc ia tes  t o  l a r g e  i n d u s t r i a l  

e l e c t r o p o l i s h i n g  f a c i l i t i e s  opera ted  by t h e  P o l a r  Ware and V o l l r a t h  Companies 

a t  Shelboygan, W I ,  t h e  Lad i sh  Company a t  Kenosha, W I ,  and t h e  Adolph Coors 

Company a t  Golden, CO. The Lad i sh  Company uses a  l a r g e ,  m u l t i t a n k  e l e c t r o -  

p o l i s h i n g  system w i t h  a  programmed h o i s t  t o  process hundreds of f i t t i n g s ,  

va lves ,  and pump components p e r  day w i t h  o n l y  a  s i n g l e  o p e r a t o r  t o  r a c k  and 

un load  t h e  p a r t s .  The Coors Company uses e l e c t r o p o l i s h i n g  t o  smooth t h e  s u r -  

face of s t a i n l e s s  s t e e l  components p r i o r  t o  assembly t o  enhance subsequent 

c l e a n i n g  o p e r a t i o n s  and p r e v e n t  t h e  bu i l .dup of d e p o s i t s  on t h e  i n t e r i o r  of 

p i pes  and tanks.  T h e i r  e l e c t r o p o l  i s h i n g  f a c i  1  i t y  i n c l  udes a  15,000-a t ank  

(1.2-m wide x  5 . 5 4  l o n g  x  2 . 3 4  deep) t h a t  can e l e c t r o p o l  i s h  1.5 x  3.7-m 

sheets ,  3.5-m-dia t ank  l i d s ,  and tanks  0.9-m d i a  x  1.1-m h igh .  A separa te  

0.8 x  0.8-m x  8.5-m l o n g  t a n k  i s  used t o  p o l i s h  t h e  i n t e r i o r  and e x t e r i o r  of 

13- t o  20-cm d i a  x  7.3-m l o n g  p ipes .  Spec ia l  r o t a t i n g  end f i x t u r e s  p e r m i t  

p o l i s h i n g  t h e  i n t e r i o r  su r f aces  o f  t h r e e  p i pes  a t  a  t ime .  These and o t h e r  

s i m i l a r  observa t ions  show t h a t  t h e  t y p e  of l a r g e ,  automated e l e c t r o p o l i s h i n g  

f a c i l i t y  env i s i oned  f o r  t h e  decon tamina t ion  o f  su r face-con tamina ted  m e t a l l i c  

waste i s  w e l l  w i t h i n  t h e  range of e x i s t i n g  i n d u s t r i a l  e lec t ropo l i sh ing techno logy  

W.  J. Brumley (SRO), A.  S. Messick (SRP), P. H. Perniar (SRL), C. D. Spencer 

(E. I. duPont Eng ineer ing  Depar tment) ,  and L. S. W in te r  ( H y d r i t e  Chemical 

Company) v i s i t e d  PNL t o  d i scuss  e l e c t r o p o l i s h i n g  and i t s  use as a  decontamina- 

t i o n  techn ique .  F a c i l i t i e s  v i s i t e d  and s p e c i f i c  a p p l i c a t i o n s  d iscussed  

i n c l  uded t h e  Hanford 231 -2 B u i l d i n g  (1  500-a demons t ra t ion  system f o r  p l u ton ium-  

contaminated m a t e r i a l  ) ,  T -p l  a n t  ( ~ / y  decon tamina t i  on f o r  c o n t a c t  maintenance 

on f a i l e d  equipment) ,  B -P lan t  (decon tamina t ion  of s t r o n t i u m  f l u o r i d e  and cesium 

c h l o r i d e  fi s s i o n  p r o d u c t  s t o rage  capsu les ) ,  and N-Reactor (decon tamina t ion  of 

process tube components f o r  exposure r e d u c t i o n ) .  

TASK 2. SOLUTION TREATMENT STUDIES 

The amount o f  secondary waste generated by t h e  decon tamina t ion  process i s  

a  d i r e c t  f u n c t i o n  o f  t h e  e f f e c t i v e  l i f e  o f  t h e  e l e c t r o l y t e  and r i n s e  s o l u t i o n s .  
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Th i s  i n  t u r n  i s  governed by t h e  b u i l d u p  o f  d i s s o l v e d  meta l  and t h e  contamina-  

t i o n  r e l e a s e d  i n t o  t h e  e l e c t r o l y t e  by t h e  e l e c t r o p o l i s h i n g  process and c a r r i e d  

i n t o  t h e  r i n s e  s o l u t i o n s  by d ragou t .  One of  t h e  ma jo r  program o b j e c t i v e s  i s  t o  

ex tend  e l e c t r o l y t e  l i f e  and m in im i ze  secondary waste volume by deve lop ing  e f f e c -  

t i v e  s o l u t i o n  t r e a t m e n t  procedures f o r  removing t h e  contam- inat ion and d i s s o l v e d  

meta l  from t h e  e l e c t r o l y t e  and f o r  r e c y c l i n g  t h e  r i n s e  s o l u t i o n .  

More t han  t e n  p o s s i b l e  s o l u t i o n  t r e a t m e n t  approaches have been i d e n t i f i e d .  

Some o f  these,  such as s o l v e n t  e x t r a c t i o n ,  have been e x p l o r e d  p r e v i o u s l y  by 

i n d u s t r y  as a  means o f  ex tend ing  t h e  l i f e  o f  commercial e l e c t r o p o l i s h i n g  and 

e l e c t r o p l a t i n g  s o l  u t i o n s .  A1 though t e c h n i c a l l y  p romis ing ,  t h e y  were never  p u r -  

sued f o r  economic reasons. The i n i t i a l  s t u d i e s  f o r  t h i s  program have focused  

on precipitation/filtration techn iques  t h a t  have t h e  p o t e n t i a l  o f  removing b o t h  

t h e  d i s s o l v e d  meta l  and t h e  con tam ina t i on  by c o p r e c i p i t a t i o n .  These s t u d i e s  

have shown t h a t  d i l u t i o n w i t h  methy l  a l c o h o l  i s  e f f e c t i v e  i n  p r e c i p i t a t i n g  

meta l  s a l t s  f r om  spen t  phosphor i c  a c i d  e l e c t r o l y t e s .  For  example, t h e  d i s -  

so l ved  meta l  c o n t e n t  o f  a  55% phosphor i c  a c i d  e l e c t r o l y t e  used t o  e l e c t r o p o l i s h  

304 s t a i n l e s s  s t e e l  was reduced f r om 5 t o  2% by a  6 t o  1  d i l u t i o n  w i t h  methy l  

a l c o h o l .  The i r o n ,  n i c k e l  and chrornium con ten t s  decreased by 76, 35 and 4.1%, 

r e s p e c t i v e l y .  Low tempera tu re  d i s t i  11 a t i o n  techn iques  can be used a f t e r  f i  1  - 
t r a t i o n  t o  remove and r e c l a i m  t h e  a l c o h o l  f o r  reuse  and t o  r e s t o r e  t h e  e l e c t r o -  

l y t e  t o  i t s  o r i g i n a l  c o n c e n t r a t i o n .  

TASK 3. ENTRAINED CONTAIYII\IATION STUDIES 

E l e c t r o p o l i s h i n g  i s  o n l y  e f f e c t i v e  i n  removing s u r f a c e  con tam ina t i on .  

Complete d i s s o l u t i o n  o f  t h e  d i s t u r b e d  meta l  l a y e r  w i l l  be r e q u i r e d  t o  remove 

con tam ina t i on  e n t r a i n e d  i n  c u t  su r f aces  by t h e  d isassembly ,  s e c t i o n i n g ,  and 

shredd ing  procedures used t o  p repare  m e t a l l i c  waste f o r  subsequent decontamina- 

t i o n  o p e r a t i o n s .  O p t i c a l  and SEM m e t a l l o g r a p h i c  s t u d i e s  were conducted on 

specimens p rov i ded  by P. H. Permar of SRL t o  de te rmine  t h e  t h i c k n e s s  and charac -  

t e r i s t i c s  o f  t h e  d i s t u r b e d  meta l  l a y e r  produced by r e p r e s e n t a t i v e  a r c  saw, 

plasma t o r c h  and, e x p l o s i v e  c u t t i n g  techn iques .  The r e s u l t s  o f  these  s t u d i e s  

a r e  il l u s t r a t e d  i n  F i gu res  3 t h rough  6. 
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The arc-saw-cut m a t e r i a l  was 1.9-cm t h i c k  304 s t a i n l e s s  s t e e l  p l a t e  c u t  

a t  a  r a t e  o f  approx imate ly  1.7-cm/min. The t h i ckness  o f  t h e  d i s t u r b e d  meta l  

l a y e r  was 300 pm a t  t h e  s t a r t  of t he  c u t  and v a r i e d  from 150 pm t o  l e s s  than  

25 pm f o r  cons tan t  saw ope ra t i on .  The h i g h  c o o l i n g  r a t e s  f o r  t h i s  process 

r e s u l t e d  i n  a  sharp, w e l l  d e f i n e d  i n t e r f a c e  between t h e  und i s tu rbed  base meta l  

and t h e  mo l ten  su r f ace  l a y e r  ( F i g u r e  3 ) .  The p lasma-torch-cut  m a t e r i a l  was 

0.6-cm t h i c k  s t a i n l e s s  s t e e l  p l a t e .  The d i s t u r b e d  l a y e r  ranged i n  t h i ckness  

from 10 pm t o  60 pm w i t h  a  175-.pni t h i c k  bead a t  t h e  bot tom o f  t h e  c u t .  The 

i n t e r f a c e  was very  i r r e g u l a r ,  however, w i t h  apparent  i n t e r g r a n u l a r  p e n e t r a t i o n  

of t h e  me1 t t o  a  depth o f  a t  1  e a s t  ano ther  50 pm ( F i g u r e  4 ) .  

The m a t e r i a l  c u t  us i ng  a  shaped e x p l o s i v e  charge was 0.8-cm t h i c k  s t a i n -  

l e s s  s t e e l  p i pe  ( c u t  f rom the  i n s i d e )  and 0.6-cm t h i c k  m i l d  s t e e l  p i p e  ( c u t  

from the  o u t s i d e ) .  The c u t  surfaces were seve re l y  deformed and e x h i b i t e d  

ex tens i ve  c r a c k i n g  ( F i g u r e  5 ) .  Many o f  these c racks  had l eng th - t o -d i ame te r  

r a t i o s  g r e a t e r  than  10 t o  1, making p e n e t r a t i o n  by t h e  e l e c t r o l y t e  and 

decontaminat ion o f  t h e  i n t e r i o r  su r faces  improbable.  Moreover, copper f r om 

t h e  charge h o l d e r  was p l a t e d  on to  t h e  su r f ace  o f  t h e  c u t  and even i n s i d e  t h e  

cracks.  F i g u r e  6 ,  f o r  example, i s  a  scanning e l e c t r o n  micrograph (backscat -  

t e r e d  image) o f  a  su r f ace  r e g i o n  o f  t h e  m i l d  s t e e l  specimen and a  copper 

X-ray map o f  t he ,  same area i l l u s t r a t i n g  t h e  copper c o a t i n g  on t h e  c u t  s u r f a c e  

and showing t h a t  i t  does extend even i n s i d e  a  sea led  crack.  

These m e t a l l o g r a p h i c  s t u d i e s  i n d i c a t e  t h a t  t h e  d i s s o l u t i o n  o f  a t  l e a s t  

-1000pm o f  su r f ace  metal  would be r e q u i r e d  t o  i n s u r e  removal o f  a1 1  p o s s i b l e  

e n t r a i n e d  con tan i ina t ion  f o r  t h e  e x p l o s i v e l y  c u t  m a t e r i a l  as compared w i t h  

l e s s  than 300 pm f o r  most o f  t h e  a r c  saw and plasma t o r c h  c u t  su r faces .  For  

comparison, t h e  removal o f  nonent ra ined  su r f ace  con tam ina t i on  by e l e c t r o -  

p o l i s h i n g  no rma l l y  r e q u i r e s  t h e  d i s s o l u t i o n  o f  l e s s  than  50 pm o f  su r f ace  

m a t e r i a l .  
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TASKS I N  PROGRESS AND PLANS 

Technology t r a n s f e r  s t u d i e s  a r e  c o n t i n u i n g  w i t h  c u r r e n t  emphasis on an 

i n v e s t i g a t i o n  o f  t i t a n i u m  as an anode h o l d e r  and e l e c t r i c a l  c o n t a c t  m a t e r i a l  

f o r  decon tamina t ion  a p p l i c a t i o n s  based on i t s  use as a  r a c k  m a t e r i a l  i n  t h e  

commercial e l e c t r o p o l i s h i n g  and e l e c t r o p l a t i n g  i n d u s t r i e s .  The s o l u t i o n  

t rea tment  s t u d i e s  w i l l  be expanded t o  i n c l u d e  work w i t h  r e p r e s e n t a t i v e  p l u t o -  

nium and B/y-contaminated e l e c t r o l y t e s  as soon as i n s t a l l a t i o n  o f  a  low back- 

ground c o u n t i n g  chamber i s  completed. The n e x t  s t e p  i n  t h e  e n t r a i n e d  

con tamina t ion  s t u d i e s  i s  t o  determine i f  t h e  no rma l l y  h i g h e r  meta l  d i s s o l u t i o n  

r a t e  a t  edges (edge e f f e c t )  i s  s u f f i c i e n t  t o  remove t h e  d i s t u r b e d  l a y e r  o r  i f  

t h e  development o f  s p e c i a l  f i  x t u r i  ng w-i 11 be r e q u i r e d  t o  enhance t h e  d i s s o l  u -  

t i o n  r a t e  a t  t h e  c u t  su r faces .  



CATEGORY 9 - ENVIRONMENTAL EFFECTS 

(F-RL-14-008) 

PROJECT TITLE: U.S. Sca le  Transpor t ,  D ispers ion ,  and Removal 
Model Comparisons 

PROJECT MANAGER: C. L.  Simpson, Manager 
Atmospheric Sciences Department 

PRINCIPAL INVESTIGATOR: L. L. Wendell,  Manager 
Atmospheric Chemistry & Phys ics Sec t ion ,  
Atmospheric Sciences Department 

OBJECTIVE 

The p r imary  o b j e c t i v e  t h i s  q u a r t e r  was t o  e s t a b l i s h  a  s u i t e  o f  computer 

codes which would c o n v e r t  t h e  a r ch i ved  h o u r l y  p r e c i p i t a t i o n  da ta  f o r  t h e  con- 

t i guous  48 s t a t e s  i n t o  a  f o rma t  o f  h o u r l y  g r i dded  maps s u i t a b l e  f o r  i n p u t  t o  

a tmospher ic  t r a n s p o r t ,  d i f f u s i o n ,  and d e p o s i t i o n  models. A second o b j e c t i v e  

was t o  i n c o r p o r a t e  d i f f u s i o n  and d e p o s i t i o n  approx imat ions i n t o  an i s e n t r o p i c  

m u l t i - l a y e r e d  v e r s i o n  o f  t h e  t r a n s p o r t  model. The purpose o f  t h i s  model, 

which es t imates  d i a b a t i c  e f f e c t s  i n  f r o n t a l  storms, w i l l  be t o  t e s t  t h e  ade- 

quacy o f  t h e  performance of t h e  s i n g l e  l a y e r  model i n  f r o n t a l  storms. 

SUMMARY 

Prev ious model comparisons have demonstrated t h e  impor tance o f  us i ng  t ime  

changing f i e 1  d  o f  p r e c i p i t a t i o n  r a t h e r  than c l  i m a t o l  o g i c a l  l y -averaged p r e c i  p i -  

t a t i o n  da ta  i n  r e g i o n a l  t r a n s p o r t  and removal models. A procedure i s  be ing  

developed t o  prepare l a r g e  amounts o f  h o u r l y  p r e c i p i t a t i o n  da ta  needed f o r  

i n p u t  t o  r e g i o n a l  atniospheric t r a n s p o r t  and removal model s. The o r i g i n a l  da ta  

a r e  con ta ined  on magnet ic  tapes i n  yea r - l ong  t ime  s e r i e s  o f  h o u r l y  p r e c i p i t a -  

t i o n  f o r  each o f  approx imate ly  3000 U.S. s t a t i o n s .  These da ta  a r e  conver ted,  
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th rough  a  s e r i e s  of  s o r t i n g ,  recombining, and s p a t i a l  averag ing  s teps,  t o  

a r r a y s  of  g r i dded  h o u r l y  p r e c i p i t a t i o n  f o r  use i n  t h e  t r a n s p o r t  models. 

Work has a l s o  con t inued  on t h e  m o d i f i c a t i o n  o f  an i s e n t r o p i c  model t o  

i n c l u d e  d i a b a t i c  e f f e c t s  i n  f r o n t a l  storms. 

TECHNICAL PROGRESS 

PREPARATION OF GRIDDED HOURLY PRECIPITATION MAPS 

A  system under development f o r  t h e  MAP3S program o f  ERDA's D i v i s i o n  o f  

B i o l o g i c a l  and Environmental  Research f o r  t h e  s o r t i n g  and merg ing o f  h o u r l y  

p r e c i p i t a t i o n  reco rds  f rom s t a t i o n s  i n  t h e  NE U n i t e d  S ta tes  has been expanded 

f o r  t h e  LWR program t o  i n c l u d e  up t o  abou t  3000 s t a t i o n s  c o v e r i n g  t h e  c o n t i g u -  

ous 48 s t a t e s  (see F i g u r e  7 ) .  The procedure used i s  as fo l lows. :  

There a r e  t h r e e  s teps  i n v o l v e d  i n  t h e  p r e p a r a t i o n  o f  t h i s  data.  F i r s t ,  

t h e  coded i n f o r m a t i o n  f o r  s p e c i f i e d  s t a t e s  i s  e x t r a c t e d  f rom t h e  source tapes,  

and w r i t t e n  i n  b i n a r y  form t o  i n t e r m e d i a t e  tapes o r  permanent f i l e s .  Second, 

a  SORT r o u t i n e  u s i n g  s tandard  CDC SORT/MERGE so f twa re  i s  employed t o  group 

t oge the r  t h e  h o u r l y  p r e c i p i t a t i o n  r e p o r t s  f rom a l l  o f  t h e  s t a t i o n s  f o r  each 

day. The da ta  w i t h i n  these groups a r e  a r ranged acco rd ing  t o  s t a t i o n  number. 

The d a i l y  groups themselves a r e  then  ar ranged c h r o n o l o g i c a l l y .  These da ta  

a r e  then w r i t t e n  t o  a  second i n t e r m e d i a t e  tape  o r  d i s k  f i l e .  

The f i n a l  s t e p  employs t h e  random-to-gr id  process desc r i bed  i n  Refe r -  

ence 3  i n  a  program combining t h e  prepared d a i l y  p r e c i p i t a t i o n  da ta  w i t h  

s t a t i o n  l o c a t i o n  and t ime  zone i n f o r m a t i o n  f rom t h e  c a r d  i n p u t ,  t o  produce 

sequent ia l  a r r a y s  o f  hou r l y -g r i dded  s p a t i a l  l y  averaged pr-eci p i  t a t i o n  f o r  use 

i n  t h e  t r a n s p o r t  models. 



CATEGORY 9 ( con td )  

FIGURE 7. An Example o f  Hour ly  Repo r t i ng  P r e c i p i t a t i o n  
S t a t i o n s  f o r  t h e  U n i t e d  S ta tes  

A u x i l i a r y  programs i n c l u d e  one which w i l l  c o ~ ~ ~ b i n e  f i l e s  o f  da ta  f rom 

d i f f e r e n t  groups o f  s t a t e s ,  which has a l r e a d y  been s o r t e d  and grouped by day. 

Use o f  t h i s  program reduces t h e  huge amounts o f  d i s k  and co re  space r e q u i r e d  

by t h e  SORT/MERGE so f twa re  t o  e x t r a c t  each d a y ' s  p r e c i p i t a t i o n  f rom t h e  yea r -  

l ong  da ta  s t r i n g s .  

Another  program produces a  compacted s e t  o f  t h e  l o c a t i o n  and t ime  zone 

c a r d  i n p u t  d a t a  f o r  a  s p e c i f i e d  r e g i o n ,  which i s  used by t h e  g r i d d i n g  program. 

These da ta  a r e  e x t r a c t e d  f r om a  base s e t  of  t h i s  i n f o r m a t i o n  which has been 

prepared f o r  t h e  e n t i r e  U.S. 
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ISENTROPIC MODEL 

An i s e n t r o p i c  t r a n s p o r t  niodel has been m o d i f i e d  t o  c a l c u l a t e  ground l e v e l  

a i r  c o n c e n t r a t i o n s  and wet  and d r y  d e p o s i t i o n  as w e l l  as t o  i n c l u d e  d i a b a t i c  

e f f e c t s  i n  f r o n t a l  storms. The model a t  p resen t  uses p o t e n t i a l  temperature 

as a  b a s i s  f o r  v e r t i c a l  movement o f  plume segments. The v e r t i c a l  s t eps  i n  t h e  

f r o n t a l  zones a r e  determined th rough t h e  use o f  conse rva t i on  o f  e q u i v a l e n t  

p o t e n t i a l  temperatures which i n c l u d e  d i a b a t i c  e f f ec t s  due t o  t h e  r e l e a s e  o f  

l a t e n t  heat .  A t  p resen t  t h e  h o r i z o n t a l  t r a n s p o r t  i s  be ing  determined th rough 

t h e  use o f  u, v  corr~ponents i n  e i g h t  v e r t i c a l  l a y e r s :  100-300, 300-500, 

500-700, 700-1000, 1000-1500, 1500-2000, 2000-2500, and 2500-3000 m. 

Atniospheric contaminants  a r e  i n t r o d u c e d  f rom a  con t inuous  o r  i n t e r m i t t e n t  

p o i n t  source i n t o  t h e  l a y e r  c o n t a i n i n g  t h e  r e l e a s e  p o i n t .  A  plume segment i s  

h o r i z o n t a l l y  t r a n s p o r t e d  by t h e  average wind i n  t h e  l a y e r  c o n t a i n i n g  i t s  c e n t e r  

o f  mass. The h e i g h t  o f  t h e  c e n t e r  o f  mass o f  a  plume seg~i ient i s  v a r i e d  i n  two 

ways. F i r s t ,  as t h e  plume segment d i f f u s e s  v e r t i c a l l y  t h e  c e n t e r  o f  mass i s  

r a i s e d  a c c o r d i n g l y .  Second, i n  a  g i ven  l a y e r ,  as t h e  moving plume segment 

encounters  a  p o t e n t i a l  temperature d i f f e r i n g  f rom i t s  own by a  s p e c i f i e d  

amount, a  col.l.~parison i s  made w i t h  t h e  p o t e n t i a l  temperatures i n  t h e  l a y e r  above 

and t h e  l a y e r  below. I f  a  c l o s e  match i s  found i n  e i t h e r  o f  these l a y e r s ,  t h e  

plume segment i s  moved v e r t i c a l l y  t o  t h a t  l a y e r .  A d d i t i o n a l  work i s  needed i n  

t h e  model e s p e c i a l l y  i n  t h e  d i f f u s i o n  s e c t i o n  before t e s t s  can be made i n  

f r o n t a l  zones. 

TASKS I N  PROGRESS 

1  ) Qua1 i ty  assurance t e s t - i  ng o f  t h e  h o u r l y  p r e c i p i t a t i o n  program. 

2 )  Conversion o f  t h e  s i n g l e  l a y e r  t r a n s p o r t  and d i f f u s i o n  model and i t s  

da ta  base t o  t h e  use o f  a  1ati;ude l o n g i t u d e  g r i d  i s  i n  progress.  

Cont inued hand checks as w e l l  as comparison o f  t h e  model r e s u l t s  w i t h  

p a s t  r e s u l t s  u s i n g  t h e  NMC g r i d  w i l l  be made. 
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3 )  T e s t i n g  i s  be ing  c a r r i e d  on o f  a  d i f f u s i o n  model f o r  use i n  f r o n t a l  

s  torms . 
4 )  P repa ra t i ons  f o r  an assessment e x e r c i s e  w i t h  t h e  s i n g l e  l a y e r  model 

t o  produce Ch i /Q maps f o r  t h e  s p e c i f i e d  LWR reg ions .  



CATEGORY 11 - GENERAL SUPPORT 

(F-RL-14-006) 

PROJECT TITLE: C r i t i c a l  i t y  S a f e t y  and S h i e l d i n g  

PROJECT MANAGERS: Tasks 1  and 2 - C. L.  Brown, Nuc lear  C r i t i c a l i t y  
Sec t ion ,  Energy Systems Department 

Task 3 - E. D. C lay ton ,  Nuc lear  C r i t i c a l i t y  
Sec t ion ,  Energy Systems Department 

PRINCIPAL INVESTIGATORS: Tasks 1  and 2 - D. R. Oden and M. G. Zimmerman, 
Nuc lear  C r i  t i c a l  i t y  Sec t ion ,  Energy Systems 
Departnien t 

Task 3 - R. C. L loyd ,  Nuc lea r  C r i t i c a l i t y  Sec t i on ,  
Energy Systems Department 

OBJECTIVE . 

P rov ide  suppo r t  s t u d i e s  f o r  c r i t i c a l i t y  p r e v e n t i o n  and process s h i e l d -  

i ng .  Review new f a c i l i t i e s  des igned by SRL f o r  f u e l  reprocess ing ,  p l u t o n i u m  

and uranium convers ion ,  p l u ton ium f u e l  f a b r i c a t i o n ,  and p l u t o n i u m  s to rage .  

P rov ide  con f i rma to ry  c r i t i c a l i t y  da ta  i n  suppor t  o f  t h e  LWR Fuel  Recyc le  as 

needed i n  code v a l i d a t i o n ,  s a f e t y  assessments, and l i c e n s i n g ,  t o  c l o s e  t h e  

f u e l  c y c l e  s a f e l y  and economica l l y  w i t h  assurances. 

Pursuant  t o  t h e  LWR Fuel Cyc le ,  i t  must be emphasized t h a t :  

1  ) Opera t ions  can be s i g n i f i c a n t l y  a f f e c t e d  th rough c r i t i c a l i t y  concerns; 

i . e . ,  by t h e  l i m i t s  o r  r e s t r i c t i o n s  t h a t  must be a p p l i e d  t o  i n s u r e  

c r i t i c a l  i ty p reven t i on .  

2 )  P r i o r  t o  t h e  g r a n t i n g  o f  a  l i c e n s e ,  t he  l i censees  must p r o v i d e  assur -  

ances t h a t  adequate margins o f  s a f e t y  have been i n c l u d e d  i n  equipment 

des igns and on process c o n t r o l s  t o  account  f o r  u n c e r t a i n t i e s  i n  

c r i t i c a l i t y  d a t a  and u n l i k e l y ,  b u t  c r e d i b l e ,  o p e r a t i n g  e r r o r s .  
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Funding was n o t  a l l o c a t e d  i n  t h e  ERDA FY-1977 budget  f o r  c o n t i n u a t i o n  

o f  Task 1, C r i t i c a l i t y  S a f e t y  Suppor t ,  n o r  Task 2, S h i e l d i n g  A n a l y s i s  Suppor t .  

Consequent ly these  t asks  were d i scon t i nued .  Funding was r e c e i v e d  f o r  Task 3, 

C r i t i c a l i t y  Exper iments,  and t h i s  work w i l l  c o n t i n u e  as planned. 

Under Task 3 p l a n n i n g  con t i nued  f o r  t h e  performance of benchmark c r i t i -  

c a l  exper iments  wh ich  a r e  t o  be per formed w i t h  U02 f u e l  rods immersed i n  

U 0 2 ( N 0 3 ) 2 , c ~ n t a i n i n g  s o l u b l e  neu t ron  po isons .  The neu t ron  po isons  t o  be 

eva lua ted  a r e  gado l i n i um  and cadmium. 

TRIPS AND VISITORS 

None 

TECHNICAL PROGRESS 

TASK 1. CRITICALITY SAFETY ANALYSIS 

Task la .  Develop Resource Book on Exper ience i n  Design of LWR Fue l  Recyc le  

Fac i  1  i t i e s  from C r i t i c a l  i t y  S a f e t y  V iewpo in t  (D. R. Oden) 

The i n f o r m a t i o n  ob ta i ned  t o  da te  on P a r t  1  (Fuel  Reprocessing) was sum- 

mar ized  and p l aced  i n  s t o rage  i n  t h e  even t  t h a t  t h i s  t a s k  i s  r e s t a r t e d  a t  a  

l a t e r  date.  

Task l b .  I n v e s t i g a t e  A p p l i c a t i o n  of Event  T ree  A n a l y s i s  t o  C r i t i c a l i t y  

Safety  i n  Fuel  Reprocessing P l a n t s  (D. A. K o t t w i t z )  

No work per formed d u r i n g  t h e  q u a r t e r .  

TASK 2. SHIELDING ANALYSIS (M. G. Zimmerman) 

T rans fe r  o f  t h e  PNL s h i e l d i n g  c a l c u l a t i o n a l  system t o  SRL was completed. 

Tape 00111 was s e n t  t o  SRL. ( a )  

( a )  L e t t e r  t o  John Church, Savannah R i v e r  Labo ra to r y ,  from M. G. Zimmerman, 
PNL, November 4, 1976. 
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Work t o  p repare  s tandard  p l u ton ium source te rm i n f o r m a t i o n  f o r  use i n  

s h i e l d i n g  c a l c u l a t i o n s  was completed. I t  i s  planned t o  f i n i s h  and p u b l i s h  

t h i s  document i n  t he  n e x t  q u a r t e r .  

TASK 3. CRITICALITY EXPERIMENTS (R. C. L l o y d )  

Task 3a. P lan  S o l u b l e  Neutron Absorber Benchmark Experiments 

The exper iments  be ing  p lanned w i l l  p r o v i d e  benchmark da ta  f o r  v a l i d a t i n g  

c a l c u l a t i o n s  p e r t a i n i n g  t o  c r i t i c a l i t y  c o n t r o l  l i m i t s  on t h e  use o f  s o l u b l e  

neu t ron  absorbers (po i sons ) .  Low en r i ched  UOp f u e l  rods o f  4.3 w t% 235,, 

have been p rocu red  f o r  use i n  t h e  exper iments .  The rods  a r e  made up f rom 

1.199 cm d iameter  p e l l e t s  con ta ined  i n  s t a i n l e s s  s t e e l  f u e l  tubes;  t h e  f u e l  

tube OD i s  1.440 cm, w i t h  a  c l a d  t h i ckness  o f  0.117 cm. 

C r i t i c a l  exper iments  w i l l  be per formed w i t h  those  f u e l  rods  immersed i n  

u rany l  n i t r a t e  s o l u t i o n s  c o n t a i n i n g  s o l u b l e  po isons o f  Gd(N03)3 and Cd(N03)2 

t o  p r o v i d e  d a t a  a p p l i c a b l e  t o  t h e  use o f  s o l u b l e  po isons f o r  c r i t i c a l  i ty  

c o n t r o l  d u r i n g  p e l  l e t  d i s s o l u t i o n .  

I n  connec t ion  w i t h  t h e  pre-exper iment  p l ann ing  and des ign,  a  s e r i e s  o f  

c a l c u l a t i o n s  a r e  i n  p rogress  t o  d e f i n e  t h e  l i m i t s  o f  v a r i a b l e s  t o  be covered 

i n  t h e  exper iments .  S ince  r o d  geometry and f u e l  enr ichment  have been de f i ned ,  

t h e  parameters t h a t  remain v a r i a b l e  a r e  r o d  p i t c h  and c o n c e n t r a t i o n  o f  uran ium 

i n  t h e  u r a n y l  n i t r a t e  s o l u t i o n .  The r e s u l t s  o f  t h e  c a l c u l a t i o n s  completed t o  

da te  a r e  summarized i n  t h e  f o l l o w i n g  t a b l e .  The c a l c u l a t i o n s  a r e  f o r  ze ro  

mo la r  excess m e t r i c  a c i d  s o l u t i o n s ;  these  da ta  were completed u s i n g  t h e  

Eggn i t  code w i t h  ENDFB-4 c ross  s e c t i o n s .  



TABLE 8. Summary o f  I n i t i a l  C a l c u l a t i o n s  
f o r  C r i  t i c a l  Experiment P lann ing  

U(4.3)o2 Rods i n  

Hexagonal 
P i  t c h  

(cm_> 'm2 (cm-') 
k 
m 

U(4.3)O2 Rods i n  Uranyl  N i t r a t e  Sol u t i o n  (a > 
Sol u t i o n  Hexaaonal 

Concen t ra t i on  p i  t i h  2 
( q / ~  u )  (cm) 'm (cme2) k 03 

( a )  C ladd ing  i s  304-L s t a i n l e s s  S t e e l ,  0.117 cm t h i c k .  
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