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QUARTERLY PROGRESS REPORT 

LWR FUEL RECYCLE PROGRAM 

APRIL - JUNE 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 r e s e a r c h  

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  l e -Nor thwes t  a t  t h e  ERDA-Paci f i c  Northwest L a b o r a t o r y  (PIVL) . The 

LWR Fuel  Recycle Program i s  designed t o  a s s i s t  i n  t h e  comn ie rc ia l i za t ion  o f  

t h e  LWR f u e l  c y c l e .  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  Opera t ions  and Savannah R i v e r  L a b o r a t o r y  (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  c a t e g o r i e s  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  Recyc le  Program Categor ies  

1 - L i a i s o n  and Program C o o r d i n a t i o n  *7 - F i n i s h i n g  Processes 
*2 - Econol l~ ic al:d Env i ronmenta l  8 - Waste Management 

Docun~enta t i  on 
*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 Treatment  *11 - General  Suppor t  

*6 - Purcx Process 
( S o l v e n t  E x t r a c t i o n )  

--- 
* Catego r i es  where PNL i s  conduc t i ng  research.  

( 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 lea r  Fuel  Cyc le  and Produc t ion .  



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  

A p r i l  t h rough  June. The p r e v i o u s  r e p o r t s  i n  t h i s  s e r i e s  a r e  BNWL-2052 and 

BNWL-2080-1. 



CATEGORY 2 - ECONOMIC AlVD EIVVIROIVMENTAL DOCUMENTATION 

(F-RL-14-007) 

PROJECT TITLE: Economic and Environmental Stud ies i n  Support o f  
LWR Fuel Cycle 

PROJECT MANAGER: R. M. Fleischman, Nuclear  Systems Ana lys is  Sect ion,  
Nucl ear Technol ogy Department 

PRINCIPAL INVESTIGATORS: Task 1  - W. E. Reardon, Economic Ana lys is  Sect ion,  
Systems Department 

Task 2 - L. E. Addison, I n fo rma t i on  Systems Tech- 
no1 ogy , Sys tems Department 

Task 3 - 0. F. Newman, E. T. M e r r i l l  and 
R. M. Fleischman, Nuclear  Systems Ana lys is  Sect ion,  
Nuclear  Technol ogy Department 

OBJECTIVES 

Conduct economic ana l ys i s  o f  s p e c i f i c  components of 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 he  SRL LWR Fuel Recycle Program. The i n i t i a l  tasks 

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

t i o n s  f o r  t he  use of t h e  "NUCOST" computer code, and an ana l ys i s  of economic 

i n c e n t i v e s  f o r  reprocess ing us ing  PNL ana l ys i s  methods. 

SUMMARY 

Various uranium p r i c e  models were reviewed d u r i n g  t h i s  qua r te r .  Th i s  

rev iew and an analyses o f  impacts o f  reprocess ing delays a re  inc luded  i n  

t h i s  q u a r t e r l y  r e p o r t .  The NUCOST document i s  i n  d r a f t  form. 

TRIPS AND VISITORS 

J u l y  19, 1976 -. Donald deHalas, Consul tant ,  v i s i t e d  PNL. 

August 18, 1976 - W .  A. Reardon, R. M. Fleischman and D. F. Newrnan 
at tended a  t ask  f o r c e  meet ing a t  SRL. 
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TECHNICAL PROGRESS 

TASK 1. ESTIMATING U3% SUPPLY/DEMAND/PRICES ( W .  A. Reardon) 

Severa l  approaches t o  f o r e c a s t i n g  u r a n i  um p r i c e s  were rev iewed  t h i s  

q u a r t e r  and some o f  o u r  own f o r e c a s t s  were r e f i n e d .  The r e s u l t s  o f  t h e s e  

rev iews ,  wh ich  were p resen ted  a t  a  mee t ing  of t h e  t a s k  f o r c e s  a t  SRL, a r e  

d e t a i l e d  below. 

C o n s u l t a n t s  

Jack  Mgmmsen and Dona ld  deHalas p r e s e n t e d  f o r e c a s t s  of u ran ium p r i c e s  

a t  t h e  SRL mee t ing .  Fo rmer l y  of NUEXCO, Jack  Mommsen i s  now a  p r i v a t e  con- 

s u l t a n t .  He p resen ted  t h e  fo rmat  o f  t h e  NUEXCO p r i c e  f o r e c a s t s  wh ich  essen- 

t i a l l y  i n v o l v e s  a  conference o f  knowledgeable personne l  who i n t e r a c t  and 

produce a  consensus i n  t h e  form of p r o b a b i l i t y - v e r s u s - p r i c e  f o r e c a s t .  T h i s  

i s  shown i n  T a b l e  2 .  The numbers i n  parentheses a r e  t h e  f o r e c a s t e d  p r i c e s  

d i s c o u n t e d  a t  6 .5%/y r  t o  e s t a b l i s h  c o n s t a n t  d o l l a r  va lues.  Note  t h a t  t h e  

c o n s t a n t  d o l l a r  p r i c e  i s  f o recas ted  t o  d e c l i n e  as t i m e  goes on. T h i s  w i l l  

be l a r g e l y  due t o  c a p a c i t y  b u i l d u p  and t h e  d isappearance of t h e  c u r r e n t  

s e l l e r s  marke t .  

TABLE 2. 1975 NUEXCO P r i c e  Fo recas t  

Chance Tha t  The "P" 
Ac tua l  P r i c e  W i l l  A P o s s i b l e  P r i c e  i n  t h e  Year 
Be Less Than "P" - 197b 1980 1985 1990 

Donald deHalas,  f o r m e r l y  of Babcock and Wi l cox ,  i s  now a  p r i v a t e  con- 

s u l t a n t .  H i s  approach t o  p r i c e  f o r e c a s t i n g  i s  e s s e n t i a l l y  a  c o s t  p l u s  p r o f i t  

method wh ich  uses t h e  ERDA, Grand J u n c t i o n  d a t a  [GJ0(100)] ,  t o  e s t i m a t e  t h e  

a v a i l a b i l i t y  and c o s t s  r e q u i r e d  t o  mine t h e  uranium. A r a t e  of r e t u r n  i s  



CATEGORY 2 (con td )  

then  assigned and a  " p r i c e "  i s  es tab l i shed .  T h i s  p r i c e  w i l l  depend upon 

t he  use r a t e  o f  uranium. That i s ,  as t h e  h i ghe r  grade ores a r e  mined ou t ,  

t h e  h i ghe r  cost / lower-grade ores w i l l  be mined. Therefore,  t h e  use r a t e  

a f f e c t s  t he  r a t e  o f  min ing.  Th i s  method i s  ve ry  d e t a i l e d  and may soon be 

pub l i shed  by t h e  E l e c t r i c  Power Research I n s t i t u t e .  The r e s u l t s  o f  t he  

a n a l y s i s  a r e  shown i n  F i gu re  1  f o r  two d i f f e r e n t  use r a t e s .  

1 

# 
/ 20% DCF 

/ 

(ERDA, LOW -GROWIH 
SCENAR l OI 

- 

I I I 1 

18% DCF - 

(ERDA, MED I UMCROWTH 
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- 

I I 

FIGURE 1. Uranium P r i c e  Forecast  (deHalas) 

The r a t i o n a l e  f o r  t he  seeming constancy, o r  l i m i t e d  p r i c e  r i s e  i s  

t h a t  as t h e  o r e  grade dec l i nes  and t he  mines g e t  deeper, i t  takes a  l a r g e r  

o re  body t o  be economica l ly  f e a s i b l e .  The economies o f  sca le  f o r  t h e  mine- 

m i l l  combinat ion a re  such t h a t  they  pern i i t  t h e  p r i c e s  t o  r i s e  o n l y  s l o w l y  

o r  be e s s e n t i a l l y  l i m i t e d .  
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O t h e r  Approaches 

K a r l  Peuchl , p r i v a t e  c o n s u l t a n t ,  i n t e r v i e w e d  a  number o f  p roducers  

and buyers  abou t  uran ium p r i c e s  as a  p a r t  o f  t h e  GESMO e f f o r t . .  H i s  e n t i r e  

r e p o r t  i s  Appendix F, Chapter X I  o f  GESMO. ) The r e l e v a n t  c o n c l u s i o n  

w i t h  some o f  t h e  cavea ts  a r e  quoted below. 

"A p r i c e  o f  l e s s  t h a n  $ 5 0 / l b  U308 ( b u t  n o t  l e s s  t h a n  $ 2 5 / l b )  shou ld  

p r o v i d e  adequate inducement f o r  t h e  necessary e x p l o r a t i o n  and r e q u i r e d  

p r o d u c t i o n .  T h i s  i s  n o t  t o  say t h a t  t h e  p r i c e  w i l l  go no h i g h e r ;  i t  

m i g h t  i f  u n c e r t a i n t y  c o n t i n u e s  t o  e x i s t  r e l a t i v e  t o  adequacy o f  supp ly  

o r  i f  t h e r e  i s  economic coup1 i n g  t o  f o s s i  1  f u e l  p r i c e s .  The uncer -  

t a i n t y  r e l a t i v e  t o  supp ly  can be a l l e v i a t e d  o n l y  by s t a b i l i z a t i o n  o f  

t h e  e n t i r e  n u c l e a r  i n d u s t r y  so t h a t  demand can be f o r e c a s t  w i t h  s u f f i -  

c i e n t  r e 1  i a b i l  i ty  t o  a t t r a c t  t h e  necessary  c a p i t a l .  Because o f  t h e  

c u r r e n t  u n c e r t a i n t y ,  supp ly  w i l l  be t i g h t  (and t h e  p r i c e  w i l l  be a t  a  

premium) i n  t h e  near - term.  T h i s  s i t u a t i o n  w i l l  be e i t h e r  f u r t h e r  

aggravated o r  a l l e v i a t e d  i n  t h e  m id -1980 's  depending upon o v e r a l l  

i n d u s t r y  developments."  

PNL's Approach 

One o f  o u r  c u r r e n t  approaches i s  p a t t e r n e d  a f t e r  t h a t  used i n  Chapter  X I  

(Appendix A) o f  GESMO. ) I n  t h i s  approach we assumed t h a t  t h e  ERDA d e f i n e d  

" r e s e r v e s "  w i l l  be mined f i r s t  i n  s h o r t - t e r m ,  f o l l o w e d  by t h e  "p robab le  

resources" .  The r e s t r i c t i o n  t h a t  no more t h a n  1 /15 o f  any c a t e g o r y  c o u l d  

be mined i n  a  g i v e n  y e a r  p r o v i d e s  a p p r o x i m a t i o n  t o  t h e  " l o - y e a r  fo rward 

r e s e r v e "  concept .  We a l s o  assumed t h a t  t h e  p r i c e  w i l l  be s e t  by  t h e  

h i g h e s t  p r i c e d  r e s o u r c e  be ing  mined ( s i n c e  more t h a n  one w i  11 , i n  genera l  , 
be mined i n  a  g i v e n  y e a r ) .  The r e s u l t s  o f  t h i s  t y p e  o f  a n a l y s i s  as shown 

i n  F i g u r e  2 were f o r  a  low-growth s c e n a r i o .  The e a r l y  y e a r s  a r e  a  m i x t u r e  

o f  c u r r e n t  c o n t r a c t  p r i c e s  and t h e  new mines.  The s teep  r i s e  i n  t h e  e a r l y  

1980s i s  i n d i c a t i v e  o f  t h e  m i n i n g  b e g i n n i n g  i n  t h e  second r e s e r v e  c a t e g o r y .  

The average p r i c e  i s  below t h e  i n d i c a t e d  r e s e r v e  p r i c e  because o f  t h e  l o w  

c u r r e n t  c o n t r a c t  n r i c e s .  A l s o  n o t e  t h a t  t h e  p r i c e  remains above t h a t  o f  
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FIGllRE 2. Uranium P r i c e  Forecast  (1977 do1 l a r s )  

t h e  f i r s t  "probable"  category .  Cur ren t  concensus seems t o  be t h a t  i t  i s  

j u s t  as expensive t o  mine known lower-grade depos i t s  as i t  i s  t o  pay t h e  

e x t r a  e x p l o r a t i o n  and development cos t s  assoc ia ted  w i t h  t h e  p robab le  ca te -  

gory.  A t  1990 m in i ng  w i l l  have begun i n  t h e  t h i r d  reserve  category  and t h e  

p r i c e  i s  shown t o  inc rease  cor respond ing ly .  The c a l c u l a t i o n s  c o n t a i n  c o r -  

r e c t i o n s  f o r  impor ts  and i n v e n t o r i e s .  

A  second PNL approach i s  t o  use t h e  RAND Corp. energy model t o  p r o v i d e  

f o r  p r i c e  s e n s i t i v i t y  i n  t h e  demand f o r  power, and thus  t h e  p r i c e  o f  

uranium. Th i s  work w i l l  be r epo r t ed  n e x t  q u a r t e r .  

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

A  r e p o r t  d e s c r i b i n g  NUCOST i s  c u r r e n t l y  i n  d r a f t  form and w i l l  be 

pub1 i shed  soon. 
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TASK 3. ECOIVOMIC IMPLICATIONS OF DELAYS I N  REPROCESSING LWR SPENT FUEL 

(D. F. Newman, R .  M.  Fleischman and E .  T. M e r r i l l )  

The process f l o w  r a t e s  and p r o j e c t e d  cos t s  f o r  m a t e r i a l s '  and se rv i ces  

were s t u d i e d  f o r  va r i ous  p o s t u l a t e d  spent  f ue l  rep rocess ing  schedules.  The 

o b j e c t i v e  of t h i s  s tudy  was t o  eva lua te  t he  n a t i o n a l  b e n e f i t s  t o  be d e r i v e d  

from the  r e c y c l e  o f  uranium and p lu ton ium i n  spent  LWR f u e l ,  i n  r e l a t i o n  t o  

t h e  spent f u e l  d i sposa l  o p t i o n ,  f o r  va r i ous  assumed de lays  i n  t h e  a v a i l -  

a b i l i t y  o f  rep rocess ing  capac i t y .  I n  a d d i t i o n ,  t he  r e s u l t s  of t h i s  s tudy,  

us i ng  t h e  NUFLIEL l o g i s t i c s  computer model, can be compared d i r e c t l y  w i t h  

s i m i l a r  r e s u l t s  f rom o t h e r  ERDA s tud ies  us i ng  t h e  same re fe rence  growth 

schedule f o r  LWRs and t h e  same p r o j e c t e d  u n i t  c o s t  f a c t o r s .  

A  comparison o f  t h e  va r i ous  schedules f o r  rep rocess ing  capac i t y  and 

t h e  ac tua l  rep rocess ing  l oad  used i n  t h i s  s tudy  i s  l i s t e d  i n  Tab le  3. The 

o r i g i n  of these  schedules war ran ts  some d iscuss ion .  The PNL Const ra ined 

Schedule represen ts  our  es t ima te  o f  rep rocess ing  growth assuming each p l a n t  

w i l l  have a  minimum back log o f  l - y e a r ' s  throughput  a t  t h e  beg inn ing  o f  

ope ra t i on .  The "Reference Schedule" i s  t h e  reprocess ing  schedule developed 

i n  o t h e r  ERDA s t u d i e s  u s i n g  appa ren t l y  d i f f e r e n t  l o g i s t i c s  assumptions than 

a re  used i n  NUFUEL s i n c e  t h e  capac i t y  exceeds demand i n  1993 t o  2000. The 

de lay  schedules r e f l e c t  2-, 5-, and 10-year de lays  of t h e  r e fe rence  schedules. 

The AGNS ( A l l i e d  General Nuc lear  Serv ices )  s t a r t u p  i n  1981 and 8-year Delay 

o f  Reference Schedule was designed t o  i n v e s t i g a t e  t h e  impact  o f  de l ay i ng  

t h e  i n t r o d u c t i o n  o f  new reprocess ing  b u t  assuming t he  AGNS p l a n t  operates 

as c u r r e n t l y  planned. 

The b e n e f i t s  accrued through t h e  yea r  2000 f rom r e c y c l i n g  t h e  uranium 

and p l ~ ~ t o n i u m  con ta ined  i n  spent LWR f u e l  a r e  l i s t e d  i n  Table  4 f o r  t h e  

va r i ous  assumed reprocess ing  schedules. The t o t a l  b e n e f i t  i n  1977 d o l l a r s  

i s  $13.0 b i l l i o n  f o r  t h e  r e fe rence  reprocess ing  schedule s t a r t i n g  i n  1981 

and decreas ing t o  $8.5 b i l l  i o n  when t h e  s t a r t  o f  t h e  reprocess ing  schedule 

i s  delayed 10 years .  The t o t a l  b e n e f i t s  f rom Table  4 a r e  p l o t t e d  i n  F i g u r e  3  

as a  f u n c t i o n  o f  t he  number o f  years  de lay  i n  t h e  s t a r t u p  of t h e  re ference 

reprocess ing  schedule.  The b e n e f i t s  a t t r i b u t a b l e  t o  t h e  1981 s t a r t u p  and 
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TABLE 3. Compari son of Schedul es f o r  Reprocessing Capaci t y  
and NUFUEL Reprocessing Load 

AGNS S t a r t u p  i n  
1981 and 8 - y r  

PNL C o n s t r a i n e d  Reference 2 - y r  De lay  5 - y r  De lay  10-y r  De lay  De lay  o f  Re fe rence  
ScCIedule ( M H M / d  Schedule (MTHMIyr) ( M H M j y r )  (I.TTHM/yr) -. -- - .- ( M H M l y r )  S~h.ed~uJu_!UH:llyy) 

Ye2r C a p a c i t y  Reprocess C a p a c i t y  Reprocess C a p a c i t y  Reprocess Caeaci  ty Reprocess C a p a c i t y  Reprocess C g a c i  t y  ltc.>rores; 

TABLE 4. ~ e n e f i t ' ~ )  f rom Recycle o f  Uranium and P lu ton ium 
R e l a t i v e  t o  Spent Fuel D isposa l  

~ i s c o u n t e d ' ~ )  
Fue l  C y c l e  Costs 

( m i l l s / k W - h r )  

6.27 

6.10 

T o t a l  B e n e f i t  
D iscoun ted(b )  

( B i l l i o n s  o f  $ )  

T o t a l  B e n e f i t  Averaqe 
t o  t h e  Year 2000 

heproc t "s i rw  Zchedul e D e s c r i p t i o n  (B i  11 i o n s  o f  $1 - 2 

Fuel  c y c l e  c o s t s  
(mi1 l s /kW-hr )  

Spen: F ~ c l  D i s p o s a l  

R e f t r c r c e  Re7rocess ing  Schedule 13.040 
( s t a r t i n g  i n  1W: )  

P!::. i on ;  tr.. I rlcd Sct,eauit. 
( ; t .a r in~ j  i r ~  1081) 

Re fe rence  S ~ t ~ e d ~ ~ l e  Delayed 2 y e a r s  12.423 
( s t a r t i n g  i n  1523) 

Pefer?nce Schedule De iayed  5 y e a r s  10.093 
( s t d r t  l r ~ g  i r i  1,~;;Lj 

Ifr.fr.r(:r~cc :ctt.:,I~rl t ,  Uc la  frd 10 year: R .  486 
( S t a r t i n g  i n  1991) 

Re fe recce  S c h ~ 3 u l e  Delayed 8 y e a r s  9.193 
( w i t h  kiNS P ? m t  S t a r t i n g  i n  1981) 

.- 
( a )  1977 d o l l a r s  
(3) b i s c o u n t  r a t e  o f  1 0 k l y r  
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AGNS STARTUP IN 1981 

- BENEFIT = $280 M I  LLI ON 

I I I I I I 

0 2 4 6 8 10 12 

DELAY Cr REFERENCE REPROCESS I IdG SCHEDIJLE, yr 

FIGURE 3. B e n e f i t  o f  R e c y c l i n g  Uranium and P lu ton ium as a  F u n c t i o n  o f  t h e  
Number of  Years Delay  i n  t h e  S t a r t u p  of  t h e  Reference Reprocess- 
i ng Schedule 

o p e r a t i o n  of t h e  AGNS p l a n t  f o r  8  y e a r s  amounts t o  $280 m i l  1  i o n ,  as can be 

seen i n  F i g u r e  3. However, as can be seen i n  F i g u r e  4, t h e  d i scoun ted  

b e n e f i t  o f  t h e  AGNS p l a n t  o p e r a t i o n  i s  v e r y  sma l l  when a  lO%/year  d i s c o u n t  

i s  assumed. F i n a l l y ,  b o t h  t h e  average and d i s c o u n t e d  f u e l  c y c l e  c c s t s  i n  
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DELAY OF REFERENCE REPROCESSING SCHEDULE, yr 

A . 7  

- 

1.0 - 
AGNS STARTUP I N  !981 

- 

0.8 - 
AGNS BENEFIT D l  SCOUNTED - 

AT 10% I S  VERY SMALL 

0.6 - 

FIGURE 4. Discounted B e n e f i t s  o f  Recyc l ing  Uranium and Plu ton ium as a 
Func t ion  o f  Number o f  Years Delay i n  t h e  S t a r t u p  o f  t h e  Reference 
Reprocessing Schedule 

I I I I I I 

1977 d o l l a r s  a r e  a l s o  l i s t e d  i n  Table  4. These values p rov i de  t h e  pe r -  

s p e c t i v e  o f  t h e  l a r g e  change i n  t o t a l  b e n e f i t s  t h a t  accrue from r a t h e r  

smal l  (%0.1 t o  0.4 m i l l / kW-h r )  d i f f e r e n c e s  i n  t h e  f u e l  c y c l e  cos ts .  

I 

TASKS I N  PROGRESS AND PLANS 

The NUCOST program w i l l  be f u r t h e r  improved t o  show t h e  d i f f e r e n c e  

between BWRs and PWRs. Documentation w i  11 be completed. 

0 2 4 6 8 10 12 14 

A model o f  t h e  U308 i n d u s t r y  has been s t a r t e d  t o  assess t h e  supply /  

p r i c e  ques t i on  o f  t h e  f u t u r e .  



CATEGORY 2 - ECONOMIC AND ENVIRONMENTAL DOCUMENTATION 

(F-RL-14-007) 

PROJECT TITLE: Techn ica l  A s s i s t a n c e t o  Savannah R i v e r  L a b o r a t o r y  

PROJECT MANAGER: I. C. Nelson, Env i ronmenta l  Technology E v a l u a t i o n  
P o r t i o n  o f  t h e  Gener i c  Env i ronmenta l  Impact  
Statement f o r  Commercial Waste Management 

PRINCIPAL INVESTIGATOR: I. C. Nelson 

OBJECTIVE 

Review and comment on Env i  ronmental  Impact  Statement (E IS)  d r a f t s  

prepared by  SRL. 

SUMMARY 

D r a f t  EIS m a t e r i a l  was rev iewed and comnents have been made. 

TRIPS AND VISITORS 

None 

TECHNICAL PROGRESS 

D r a f t  EIS m a t e r i a l  was rev iewed and comments have been made. 

TASKS I N  PROGRESS AND PLANS 

None 



CATEGORY 3 - SPENT FUEL RECEIPT AND STORAGE 

(F-RL-15-001) 

PROJECT TITLE: Survey C u r r e n t  Technology o f  Fuel  Hand l ing  
Techniques 

PROJECT MANAGER: R. S. Keniper, I Y a t e r i a l s  Development S e c t i o n ,  
M a t e r i a l s  Department 

PRINCIPAL INVESTIGATORS: J .  F. N e s b i t t ,  Eng ineer ing  Technology Department, 
G. S .  A l l i s o n ,  M a t e r i a l s  Development Sec t ion ,  
M a t e r i  a1 s Departnient 

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  h a n d l i n g  i n  

p r e d i s s o l v e r  equipment. T h i s  w i l l  be done by e v a l u a t i n g  t h e  spent  f u e l  

h a n d l i n g  process,  p r o v i d i n g  i n p u t  t o  t h e  concep tua l  des ign  development, 

and by d e s i g n i n g  and demons t ra t i ng  t h e  p r o t o t y p e  equipment. A1 t e r n a t e  

processes w i  11 be developed where s i g n i f i c a n t  needs a r e  i d e n t i f i e d .  

SUMMARY 

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

was c o n t i n u e d  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 p l a n t  v i s i t s  

and by r e v i e w i n g  process documents. A d r a f t  r e p o r t  has been completed,  

c o v e r i n g  process e v a l u a t i o n ,  spen t  f u e l  h a n d l i n g ,  and p r e d i s s o l v e r  equ ip -  

ment o p e r a t i o n .  

TRIPS AND VISITORS 

August  2, 1976 - J .  F. N e s b i t t  v i s i t e d  Dr.  E. V o i l a n d  a t  General 

E l e c t r i c  Company i n  M o r r i s ,  I L  
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August 4, 1976 - J .  F. N e s b i t t  v i s i t e d  R. W. Wiesner a t  Programmed 

and Remote Systems C o r p o r a t i o n  i n  S t .  Paul ,  MN 

August 31, 1976 - G.  S. A l l i s o n  v i s i t e d  Car l  K ing  a t  General E l e c t r i c  

Company i n  San Jose, CA 

August 31, 1976 - G. S. A l l i s o n  v i s i t e d  Max S c h l e i n g e r  a t  RETECH i n  

San Rafael , CA 

TECHNICAL PROGRESS 

The o p e r a t i o n  of and t h e  exper ience  w i t h  t h e  head-end mechanical  

h a n d l i n g  t a s k s  and equipment i n  General E l e c t r i c ' s  Midwest Fuel  Recovery 

P l a n t  and t h e  Nuc lea r  Fuel  Serv i ces  P l a n t  (IVFS) were rev iewed w i t h  v a r i o u s  

p l a n t  personnel .  These in fo rma l  d i s c u s s i o n s  i n d i c a t e d  t h a t  o p e r a t i o n s  

would be made e a s i e r  (assuming e x p e n d i t u r e  of more c a p i t a l  and o p e r a t i n g  

d o l l a r s )  w i t h  more space, f a c i l i t i e s ,  and s t a f f  t o  s e r v i c e  and m a i n t a i n  

process equipment, and t o  p r o v i d e  inc reased  genera l  suppor t  a c t i v i t i e s .  

The NFS p l a n t  has a  s i n g l e  cask r e c e i v i n g  area f o r  b o t h  t r u c k s  and 

r a i l r o a d  c a r s  which l i m i t s  t h e  r a t e  a t  which m a t e r i a l  can be r e c e i v e d  and 

handled.  T h i s  b u i l t - i n  t i m e  l i m i t a t i o n  and t h e  t i m e  r e q u i r e d  t o  r e c e i v e ,  

m o n i t o r ,  un load,  decontaminate and t u r n  a  cask around i s  a  f a c t o r  i n  p l a n t  

o p e r a t i n g  c o s t .  

NFS has changed t h e i r  f u e l  r e c e i p t  and s t o r a g e  area. Some of t h e  ma jo r  

changes were: 

add ing t o  t h e  v e n t i l a t i o n  and h u m i d i t y  c o n t r o l  system, 

e adding a  ma jo r  cask decon tamina t ion  f a c i l i t y ,  and 

making p r o v i s i o n t s  t o  reduce e x t e r n a l  cask con tamina t ion  w h i l e  

u n l o a d i n g  f u e l  e lements.  

The o p e r a t i o n  of t h e  cranes, t o o l s ,  c a n i s t e r s ,  g rapne ls ,  e t c . ,  i n  t h e  

f u e l  r e c e i p t  and s t o r a g e  o p e r a t i o n  a t  NFS has been v e r y  s a t i s f a c t o r y .  Radia- 

t i o n  and con tamina t ion  a r e  n o t  ma jo r  problems and, a f t e r  10 y e a r s  of opera- 

t i o n ,  a l l  aspects  of t h e i r  b a s i n  water  and s t o r a g e  pool  appear t o  be v e r y  

s a t i s f a c t o r y .  



CATEGORY 3  (con td )  

As w i t h  t h e  NFS des ign,  t h e  General E l e c t r i c  compact p l a n t  concept 

used a t  M o r r i s ,  I l l i n o i s  c o u l d  b e n e f i t  if a d d i t i o n a l  space were a v a i l a b l e  

f o r  t h e  ongoing o p e r a t i o n s .  Changes have been made t o  t h e  f u e l  r e c e i p t  

and s t o r a g e  area i n  t h e  General E l e c t r i c  P l a n t .  Some of  t h e  m a j o r  changes 

were : 

e n c l o s i n g  t h e  t r u c k  and r a i l r o a d  c a r  r e c e i v i n g  area,  

i n c r e a s i n g  t h e  s t o r a g e  c a p a c i t y  by changing t h e  c a n i s t e r  and c a n i s t e r  

r a c k  design,  

u s i n g  t o r q u e  wrenches i n  p l a c e  of impact  wrenches f o r  cask o p e r a t i o n s ,  

and 

b u i l d i n g  a  new cask and c a r r i e r  s e r v i c e  f a c i l i t y  a d j a c e n t  t o  t h e  

o r i g i n a l  p l a n t .  

O ther  than  t h e  r e l a t i v e l y  l o n g  t i m e  needed t o  un load casks,  t h e  opera-  

t i o n  of  t h e  fue l  r e c e i p t  and s t o r a g e  f a c i l i t y  has proven t o  be workable.  

One un load ing  a rea  f o r  b o t h  r a i l  and c a r  shipments i s  a  b o t t l e n e c k  as i s  

t h e  s e r v i c i n g  and decontaminat ion of  t h e  v a r i o u s  casks. 

There have been no problems w i t h  l e a k i n g  f u e l  e lements o r  o f f  gases. 

S i m i l a r l y ,  c o n t r o l  of t h e  temperature ,  p u r i t y  and a c t i v i t y  l e v e l s  of  t h e  

water  have a1 1  been p o s s i b l e  w i t h i n  d e s i r e d  1  i m i  t s .  Personnel exposure 

has been low and c o n t a ~ i i i n a t i o n  c o n t r o l  has n o t  been a  problem. The opera- 

t i o n  o f  t h e  v a r i o u s  cranes,  c r a d l e s ,  g rapne ls  and t o o l s  has been 

s a t i s f a c t o r y .  

Dr.  V o i l a n d  ar ranged f o r  us t o  w i tness  t h e  u n l o a d i n g  and h a n d l i n g  

o f  a  cask a t  t h e  General E l e c t r i c  F a c i l i t y  as w e l l  as p o r t i o n s  of  t h e  cask 

l o a d i n g  a t  a  r e a c t o r  s i t e .  T h i s  o p e r a t i o n  t o o k  a  t o t a l  e lapsed t i m e  of  

43 hours t o  per form.  Approx imate ly  9 hours were r e q u i r e d  t o  m o n i t o r  and 

check o u t  t h e  cask, and prepare i t  f o r  t h e  underwater  o p e r a t i o n s .  A  t o t a l  

o f  12 hours were r e q u i r e d  t o  un load t h e  18 BWR f u e l  e lements and s t o r e  

them, w h i l e  18 hours  elapsed t i m e  was taken  t o  i n s t a l  1  t h e  l i d ,  decontami- 

n a t e  t h e  e x t e r n a l  cask surfaces,  and t o  f l u s h  and m o n i t o r  t h e  i n t e r i o r .  

Another 4  hours were r e q u i r e d  t o  l o a d  t h e  cask on t h e  r a i l r o a d  c a r ,  and 

t o  p repare  t h e  c a r  and cask f o r  shipment. 
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T h i s t o t a l  t ime  i s  t y p i c a l  o f  t h a t  r e q u i r e d  a t  M o r r i s  f o r  t h e  :IF-300 

casks. T h i s  p a r t i c u l a r  o p e r a t i o n  i nc l uded  severa l  de lays such as temporary 

r i g g i n g  o f  l i g h t s  and sca f f o l d i ng  and t h e  m a l f u n c t i o n  of an underwater gate.  

Most o f  t h e  ope ra t i ons  were p r o f i c i e n t  i n  per fo rming  t h e  va r i ous  remote 

opera t ions ,  b u t  t h e  p r o v i s i o n  o f  b e t t e r  arrangements and se rv i ces  cou ld  be 

a p p l i e d  t o  reduce t h e  r e q u i r e d  ope ra t i ng  t ime.  

The s ~ i i a l l  NAC-1 cask was tu rned  around i n  12 hours elapsed t ime.  Th i s  

was r e l a t i v e l y  f a s t  s i nce  t h e  average t ime t o  handle t h i s  cask has been 

18.1 hours on t h e  more recen t  d e l i v e r i e s .  

Programmed and Remote Systems Corpora t ion  (PAR), who designs and manu- 

f a c t u r e s  t h e  spec ia l  - and product -1  i ne remote ly  operated equipment and 

systems f o r  t h e  nuc lea r  i n d u s t r y  was a l s o  v i s i t e d .  D iscuss ions w i t h  PAR 

i n d i c a t e d  they  agreed t h a t  improvements cou ld  be made i n  t h e  ope ra t i on  o f  

remote p rocess ing  equipment by 1  ) i n c r e a s i n g  i n i t i a l  p l a n t  des ign work, 

2) des ign ing  t h e  b u i l d i n g  t o  f i t  t h e  process equipment r a t h e r  than v i c e -  

versa, 3 )  us i ng  t h e  process equipment o n l y  i n  t he  manner i t  was o r i g i n a l l y  

in tended,  and 4) p r o v i d i n g  increased suppor t  se r v i ces .  They s t r essed  t h e  

need f o r  inc reased  conceptual  des ign work on any equipment operated o r  

ma in ta ined  remote ly ,  f o r  redundancy and s e r v i c e  p r o v i s i o n s ;  and f o r  use o f  

mockup and c o l d  checkouts be fo re  go ing  i n t o  h o t  o r  remote opera t ions .  

A t  bo th  reprocess ing  p l a n t s  t h e  problems assoc ia ted  w i t h  t h e  p r e d i s s o l -  

ve r  equipment i n  t i l e  mechanical c e l l  c o u l d  have been min imized by more 

p ro to t ype  ope ra t i on  and development work. I n  bo th  cases t h e  ope ra t i ons  

would have been more t r o u b l e - f r e e  had f u l l y  developed p r o v i s i o n s  been made 

t o  remove t he  end f i t t i n g s  and spacers so t h a t  t h e  remainder o f  t h e  process- 

i n g  (chopping and d i s s o l v i n g )  handled o n l y  t h e  rods. Th i s ,  p l u s  t h e  obv ious 

i n c e n t i v e s  f o r  removing t h e  hardware (end f i t t i n g s  and spacers) f rom t h e  

d i s s o l v e r  and TRU-contaminated h u l l  streams, prompted t he  concep t ion  o f  a  

method t o  disassemble t he  spent  f u e l  bundles p r i o r  t o  chopping. Th i s  con- 

cep t  would employ a  means o f  c u t t i n g  t he  end f i t t i n g s  f rom t h e  bundle and 

s t r i p p i n g  t he  spacers f rom the  rods  o r  v i ce -versa .  I t  i s  d e s i r a b l e  t o  d i s -  

assemble t h e  bundle  under water  t o  more e a s i l y  c o n t r o l  t h e  6 0 ~ o  and o t h e r  

r a d i o a c t i v e  c o n s t i t u e n t s  o f  t h e  crud b u i l d u p  on the f u e l  rods.  
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One o f  t h e  most p r o m i s i n g  methods of  c u t t i n g  t h e  end f i t t i n g s  from t h e  

f u e l  bund le  i s  a  r e c e n t l y  developed arc-saw. I t  was demonstrated t h a t  t h i s  

saw i s  capab le  o f  c u t t i n g  end f i t t i n g s  f r o m  a  bund le  o f  rods  w i t h  t h e  f o l l o w -  

i n g  c h a r a c t e r i s t i c s :  

f a s t  (about  1  n i inu te  th rough  a  BWR bund le ) ,  

nar row k e r f  w i t h  no s t i c k i n g  o r  w e l d i n g  of  a d j a c e n t  p a r t s ,  

e s s e n t i a l l y  no b u r r ,  

pe r fo rms  w e l l  under water ,  and 

no p y r o p h o r i c  r e s i d u e .  

I t  i s  b e i n g  proposed t h a t  t h i s  saw p l u s  some h y d r a u l i c  spacer s t r i p p i n g  

equipment be des igned i n t o  a  p r o t o t y p e  f a c i l i t y  f o r  d e v e l o p i n g  t h e  

requ i redd isassemblyprocedures .  

Progress toward c a t a l o g i n g  t h e  f u e l  bund le  d e s i g n  parameters which 

a f f e c t  f u e l  d isassembly  has been l i m i t e d  by r e l u c t a n c e  of  f u e l  manufacturers  

t o  f u r n i s h  what i s  cons ide red  p r o p r i e t a r y  i n f o r m a t i o n .  E f f o r t s  a r e  c u r r e n t l y  

underway t o  des ign  a  q u e s t i o n n a i r e  which, i f  f i l l e d  o u t ,  would f u r n i s h  t h e  

r e q u i r e d  d e t a i l s  w i t h o u t  d i v u l g i n g  t h e  p r o p r i e t a r y  i n f o r m a t i o n .  There a r e  

i n d i c a t i o n s  t h a t  t h i  s  approach t o  i n d u s t r y  may p rove  successfu l .  

TASKS I N  PROGRESS AND PLANS 

A  r e p o r t  c o v e r i n g  t h e  f i r s t  o r  e v a l u a t i o n  phase of  t h e  program has 

been d r a f t e d  and i s  b e i n g  rev iewed  i n t e r n a l l y .  T h i s  r e p o r t  covers  d e t a i l s  

on s i t e  v i s i t s  and d i s c u s s i o n s  w i t h  v a r i o u s  i n d u s t r i a l  o r g a n i z a t i o n s .  

P r e s e n t l y ,  v a r i o u s  c l e a n i n g  means and methods a r e  b e i n g  searched and 

e v a l u a t e d  f o r  t h e i r  use on t h e  decon tamina t ion  o f  l a r g e  casks. I f  t h i s  

decon tamina t ion  t i m e  can be reduced, i t  w i l l  r e s u l t  i n  a  c o s t  r e d u c t i o n  

i n  b o t h  cask r e n t a l  charges and i n  o p e r a t i n g  c o s t s .  A l s o ,  development i n  

b l a s t  c l e a n i n g  methods have t h e  p o t e n t i a l  f o r  r e d u c i n g  t h e  volume of  

contaminated wastes. 
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OBJECTIVES 

Review and e v a l u a t e  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  products  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 .  

SUMMARY 

Three pyrochemical  methods f o r  head-end r e l e a s e  of  t r i t i u m  a r e  d i s r  

cussed and some of t h e  problems assoc ia ted  w i t h  each method a r e  i d e n t i f i e d .  

Severa l  m o d i f i c a t i o n s  of  t h e  genera l  concept o f  wa te r  r e c y c l e  i n  a reprocess-  

i n g  p l a n t  a r e  a l s o  desc r ibed .  A combinat ion of r e c y c l e  and s t o r a g e  w i t h  t h e  

p o s s i b l e  a d d i t i o n  of i s o t o p e  s e p a r a t i o n  appears t o  be a p r o m i s i n g  method. 
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TECHIVICAL PROGRESS (R .  D. Scheele and L .  L .  Burger )  

The pathways o f  t r i t i u m  and a l t e r n a t i v e s  f o r  t r i t i u m  c o n t r o l  d u r i n g  

r e p r o c e s s i n g  were d i scussed  i n  a  r e c e n t  r e v i e w .  As d i scussed  i n  t h i s  

rev iew,  pyrochemica l  methods o f f e r  one p o s s i b l e  r o u t e  f o r  t r i t i u n i  removal 

p r i o r  t o  s o l v e n t  e x t r a c t i o n .  

To u t i  1  i ze pyrochemi c a l  r e d u c t i o n / o x i d a t i o n  processes,  t h e  o x i d e  f u e l  

must be adequa te l y  exposed t o  t h e  r e d u c i n g  o r  o x i d i z i n g  c o n d i t i o n s  necessary 

t o  d i s i n t e g r a t e  t h e  f u e l  and r e l e a s e  t h e  v o l a t i l e  f i s s i o n  p roduc ts .  The 

methods s t u d i e d  i n c l u d e :  1  ) chopping t h e  f u e l  i n t o  smal l  p i e c e s ,  ( 3 )  

2 )  dec ladd ing  t h e  f u e l  by a  m e l t - p o u r  techn ique , (4 )  and 3 )  a l l o y i n g  t h e  

c l a d d i n g  w i t h  a n o t h e r  m e t a l .  ( 5 9 6 )  The f i r s t  method, chopping,  i s  a  t e s t e d  

procedure,  w h i l e  t h e  l a s t  two have been s t u d i e d  p r i m a r i l y  f o r  s t a i n l e s s  

s t e e l - c l a d  mixed-ox ide f u e l s .  The m e l t  d e c l a d d i n g  techn ique  wh ich  has been 

s t u d i e d  f o r  s t a i n l e s s  s t e e l  ( m e l t i n g  p o i n t  o f  1450°C) p robab ly  has l i t t l e  

a p p l i c a t i o n  t o  z i r c o n i u m - c l a d  f u e l  due t o  t h e  h i g h e r  m e l t i n g  p o i n t  o f  z i r -  

conium (1800°C). Z i r c o n i u m  can be a1 l o y e d  w i t h  v a r i o u s  meta ls ;  t h e r e f o r e ,  

t h e  a1 l o y i n g  t e c h n i q u e  c o u l d  be f e a s i b l e .  

F o l l o w i n g  t h e  chopp ing /dec ladd ing  s tep ,  t h e  o x i d e  f u e l  can be o x i d i z e d  

o r  reduced. I n  p r i n c i p l e ,  t h i s  s h o u l d  a l l o w  easy escape o f  t h e  v o l a t i l e  

f i s s i o n  p r o d u c t s  f r o m  t h e  o x i d e  f u e l .  We cons ide red  t h r e e  "head-end" 

processes v i a b l e  a l t e r n a t i v e s  t o  v o l o x i d a t i o n .  Two processes use m o l t e n  

meta ls  t o  reduce t h e  o x i d e  f u e l  t o  t h e  meta l ,  and t h e  t h i r d  uses m o l t e n  

s a l t s  t o  o x i d i z e  t h e  f u e l  t o  t h e  u r a n a t e  ( p l u t o n a t e ) .  A  b r i e f  d e s c r i p t i o n  

of each was g i v e n  i n  t h e  p r e v i o u s  q u a r t e r l y  r e p o r t .  ( 7 )  

The f i r s t  a l t e r n a t i v e  was p resen ted  by Wade and Wol f .  (8 )  T h i s  method 

uses a  two-phase system (Ca-CaC12) t o  o b t a i n  p l u t o n i u m  meta l  from Pu02. 

The p r i n c i p a l  r e a c t i o n  i s  2Ca + Pu02 + 2Ca0 + Pu. The CaC12 d i s s o l v e s  

t h e  CaO wh ich  forms on t h e  s u r f a c e  o f  t h e  p l u t o n i a  and p r e v e n t s  f u r t h e r  

r e a c t i o n  w i t h  t h e  ca lc ium.  Thus, i t  i s  necessary  t o  a g i t a t e  t h e  m i x t u r e  t o  

i n s u r e  c o n t a c t  o f  a l l  phases. T h i s  system which has massive meta l  y i e l d  

e f f i c i e n c i e s  i n  excess o f  99.96% i s  a l s o  a p p l i c a b l e  t o  U02 u s i n g  t h e  

exo the rm ic  chemica l  r e a c t i o n  2Ca + U02 -. 2Ca0 + U. 
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The behav io r  o f  americ ium was a l s o  s t u d i e d  and was found by Wade and 

Wolf  t o  behave much t he  same as p lu ton ium i n  t h i s  system. Th i s  behav io r  can 

be e x t r a p o l a t e d  t o  t h e  o the r  a c t i n i d e s .  Thus, t h e  Ca-CaC12 waste stream 

should be r e l a t i v e l y  f r ee  o f  a c t i n i d e s .  

Uranium and p l u ton ium a r e  i n s o l u b l e  i n  Ca and CaC12. Th i s  i n s o l u b i l i t y  

combined w i t h  d i f f e r e n c e s  i n  dens i t y ,cou ld  be used t o  separate  t h e  p roduc t  

meta ls  f rom t h e  r e a c t i o n  m i x tu re .  C r i t i c a l i t y  c o n t r o l  i s  a  necessary con- 

s i d e r a t i o n  if f i l t r a t i o n  i s  used t o  separate  t h e  p roduc t  meta ls .  

Besides d i f f i c u l t i e s  i n  sepa ra t i ng  t h e  p roduc t ,  adequate c o n t a c t  o f  

t he  ox i de  f u e l  w i t h  bo th  r e a c t a n t  phases must be insured .  Wade and Wolf  ( 8 )  

used a g i t a t i o n  t o  p rov i de  t h e  necessary i n t e r a c t i o n ;  t h e i r  f i n a l  apparatus 

was a  p r o t o t y p e  t o  be used a t  semiproduct ion l e v e l .  

A  second a l t e r n a t i v e  i s  t h e  "head-end" process developed a t  Argonne 

Na t i ona l  Labo ra to r i es  (ANL) which i n v o l v e s  r e d u c t i o n  and d i s s o l u t i o n  o f  t h e  

ox i de  fue l  i n  a  Zn-Ca-Mg mol ten a l l o y .  I n  t h i s  process ca l c i um  i s  used as 

t h e  reduc tan t ,  and composi t ion ad justment  i s  performed t o  i n s u r e  complete 

d i s s o l u t i o n  o f  t h e  p roduc t  uranium. The d i sso l ved  p roduc t  meta ls  a r e  

separated from t h e  a l l o y  by evapora t ion  o f  t he  Zn-Mg o r  by p r e c i p i t a t i o n  

o f  t h e  i n s o l u b l e  n i t r i d e s .  However, d i f f i c u l t i e s  were encountered f o r  bo th  

methods. The l a t t e r  proved t o  be i n e f f i c i e n t  and t h e  former  had a  l i m i t e d  

maximum r a t e ;  exceeding t h i s  maximum evapora t ion  r a t e  caused en t ra inment  

o f  t h e  p roduc t  meta ls .  

Most o f  t h e  s teps o f  t h i s  process except  f o r  t h e  sepa ra t i on  s tep  have 

been demonstrated. V o l a t i l i t y  o f  some o f  t he  heav ie r  f i s s i o n  p roduc ts  may 

a l s o  occur.  However, ru thenium should n o t  v o l a t i l i z e  under t h e  reduc ing  

c o n d i t i o n s  used. The v o l a t i l i z a t i o n  o f  i o d i n e ,  xenon, and k r yp ton  have 

been demonstrated. The l a r g e  volume o f  waste meta ls  and s a l t s  contami - 
nated w i t h  a c t i n i d e s  i s  a  p o t e n t i a l  problem. The l a c k  o f  i n d u s t r i a l  e x p e r i -  

ence i n  work ing w i t h  c o r r o s i v e  m a t e r i a l s  a t  h i g h  temperatures may a l s o  

h i nde r  t h e  development. 
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The t h i r d  a l t e r n a t i v e  uses o x i d i z i n g  s a l t s  t o  e f f e c t  t h e  r e l ease  o f  

v o l a t i l e  f i s s i o n  products .  N i t r a t e  s a l t s  have been s t u d i e d  t he  most and 

would appear t o  be t h e  most l o g i c a l  f o r  use i n  a  "head-end" s t ep  f o r  t h e  

Purex process. The compound formed i s  t h e  meta l  u rana te  ( p l u t o n a t e )  which 

i s  i n s o l u b l e  i n  t h e  mol ten s a l t .  The meta l  uranate,  f o l l o w i n g  separa t ion ,  

would become t h e  feed t o  t h e  Purex process. T h i s  would i n t r o d u c e  l a r g e  

q u a n t i t i e s  o f  i n e r t  metal  which would become p a r t  of t h e  h i g h - l e v e l  waste 

(HLW). Large amounts o f  a l k a l i  meta ls  would pose a  problem f o r  g l ass  f i x a -  

t i o n  of HLW. 

An a l t e r n a t i v e  t o  a  head-end t r i t i u m  c o n t r o l  s tep  would be aqueous 

stream recyc l e .  I n  t h e  conven t iona l  purex p l a n t  some r e c y c l e  i s  i nvo l ved .  

Condensate water  i s  used f o r  makeup of n i t r i c  ac i d ,  and n i t r i c  a c i d  from 

concen t ra to r s  i s  reused. Var ious waste streams a re  r ecyc l ed  t o  reduce 

uranium and p lu ton ium losses,  e t c .  Thus, one concept f o r  t r i t i u m  c o n t r o l  

i s  t o  i nc rease  t h e  water  r e c y c l e ,  l e t t i n g  t h e  t r i t i u m  concen t ra t i on  b u i l d  

up so t h a t  a  much sma l l e r  volume of t r i t i a t e d  water  i s  t o  be disposed. 

Many d i f f e r e n t  approaches t o  aqueous r e c y c l e  can be used. S i m i l a r l y ,  

t h e r e  a r e  many p o t e n t i a l  l i m i t a t i o n s ,  b u t  t h e  c o n t r o l l i n g  ones cannot y e t  
5  be i d e n t i f i e d .  About 10 l i t e r s  ( a )  of water  are used p e r  day f o r  a  t y p i c a l  

5 tonnelday reprocess ing  p l a n t .  Wi th  no spec ia l  f l owshee t  m o d i f i c a t i o n  t h i s  

would be t h e  amount d ischarged,  and t h e  t r i t i u m  concen t ra t i on  would be about 

3  x  l o m 3  Ci/a.  The most s imp le  concept i s  p robab ly  t o t a l  r e c y c l e  of t h e  

water.  For  example, if t h e  r e c y c l e  water  stream cou ld  be brought  up t o  
7 

2 C i l a ,  then t h e  d ischarge r a t e  would be reduced f rom 3  x  10 t o  4.5 x  
4 10 a l y r ;  t h e  l a t t e r  i s  n o t  an i nconce i vab le  q u a n t i t y  f o r  s to rage .  

A  m o d i f i c a t i o n  of t h i s  concept i s  t o  cons ider  t h e  s to red  wate r  as p l a n t  

i n v e n t o r y  water.  As no ted  by Cooley and Richardson, ( l o )  t h e  volume ma in ta ined  

would be l a r g e  enough t h a t  t h e  decay r a t e  (about 5 .6%/yr )  would equal t h e  
6  i n p u t  r a t e  (about  10 C i l y r ) .  Th i s  would r e q u i r e  a  p l a n t  i n v e n t o r y  of 

6  9 x  1.0 a a t  t h e  2 C i / a  concen t ra t i on .  Assuming t h a t  about 10% of t h e  

t r i t i u m  cou ld  be re leased  ( c a l c u l a t e d  f o r  a  s i t e  boundary concen t ra t i on  o f  

0.2 mpc), t hey  c a l c u l a t e d  t h a t  f o r  a  t y p i c a l  p l a n t  t h e  ven t  a i r  would have 
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t o  be r e f r i g e r a t e d  t o  about  -18°C i f  t h e  t r i t i u m  c o n c e n t r a t i o n  i n  t h e  

process w a t e r  was 1.7 Gila. R e f e r r i n g  t o  t h e  l i m i t a t i o n s  l i s t e d  above, 

wa te r  l eakage  i s  c l e a r l y  an i m p o r t a n t  f a c t o r .  

The maximum t r i t i u m  c o n c e n t r a t i o n  l e v e l  wh ich  i s  p e r m i t t e d  i n  t h e  p l a n t  

w i l l  depend on: 1  ) s e v e r i t y  o f  p l a n t  d e s i g n  changes r e q u i r e d  t o  p r e v e n t  

t r i t i u m  r a d i a t i o n  exposure  t o  p l a n t  personne l  and t o  c o n t r o l  t h e  h u m i d i t y  

i n  t h e  v e n t  gas systems, 2 )  d i f f i c u l t y  f r o m  o t h e r  r e c y c l e d  m a t e r i a l s  such 

as f i s s i o n  p r o d u c t s  and d e t r i m e n t a l  chemica l  spec ies ,  3 )  c o m p a t i b i l i t y  w i t h  

t h e  p l a n t  needs f o r  recove red  n i t r i c  a c i d ,  and 4 )  t h e  u l t i m a t e  f a t e  o f  t h e  

tri t i a t e d  waste.  

An a t t r a c t i v e  aspec t  o f  w a t e r  r e c y c l e  i s  t h a t  i s o t o p i c  s e p a r a t i o n  may 

be usab le .  I s o t o p i c  s e p a r a t i o n  o f  t r i t i u m  t o  produce a  waste  w a t e r  l ow  

enough i n  t r i t i u m  t o  be d i s c h a r g e d  i s  v e r y  c o s t l y  because o f  t h e  l a r g e  

amount o f  s e p a r a t i v e  work t h a t  must  be done t o  reduce t h e  l a r g e  volume o f  

w a t e r  t o  mpc ( 3  x  C i / u ) .  However, i f  t h e  s e p a r a t i o n  i s  a p p l i e d  t o  a  

r e c y c l e  s t ream,  t h e  prob lem i s  much :ess f o r m i d a b l e .  A  "waste" s t ream o f  

s t i l l  m o d e r a t e l y  h i g h  t r i t i u m  c o n c e n t r a t i o n  can be r e c y c l e d  t o  t h e  p l a n t  

and t h e  more c o n c e n t r a t e d  streamcan be removed f o r  s t o r a g e .  The i s o t o p i c  

s e p a r a t i o n  package does n o t  have t o  be p a r t  o f  t h e  o r i g i n a l  r e c y c l e  scheme, 

b u t  can be added a t  a  l a t e r  d a t e .  Thus, w a t e r  s t o r a g e ,  w a t e r  r e c y c l e ,  and 

hydrogen i s o t o p e  s e p a r a t i o n  appear t o  f i t  t o g e t h e r  i n  t h e  genera l  r e c y c l e  

p i c t u r e .  

O f  t h e  t r i t i u m  t h a t  s t a y s  i n  t h e  d i s s o l v e r ,  99% o r  more i s  r e t a i n e d  

by  t h e  f i r s t  c y c l e  aqueous waste  st ream. I s o l a t i o n  o f  t h e  f i r s t  c y c l e  

wou ld  produce an aqueous system c o n t a i n i n g  e s s e n t i a l l y  a l l  o f  t h e  p rocess  

t r i t i u m  i n  about  20 t o  25% o f  t h e  t o t a l  p l a n t  wa te r .  A l t h o u g h  t h e  i d e a  

has m e r i t ,  a  b r i e f  c o n s i d e r a t i o n  o f  t h e  complex f l o w  p a t t e r n  o f  w a t e r  and 

n i t r i c  a c i d  i n d i c a t e s  t h a t  t h e  a p p l i c a t i o n  i s  n o t  easy.  

The genera l  concep t  o f  w a t e r  r e c y c l e  has been b r i e f l y  d i s c u s s e d  by  

s e v e r a l  a u t h o r s  (11-13) w h i l e  one s t u d y  ( I 4 )  has c o n s i d e r e d  t h e  f l owshee t  i n  

more d e t a i  1 .  
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TASKS I N  PROGRESS AND PLANS 

Cont inued e v a l u a t i o n  o f  t h e  pyrochemical  methods i s  p lanned i n c l u d i n g  

l a b o r a t o r y  exper iments.  Water r e c y c l e  s t u d i e s  w i l l  f ocus  on s p e c i f i c  

approaches i n  an a t tempt  t o  i d e n t i f y  t h e  process o r  processes t h a t  have 

t h e  most m e r i t  when adapted t o  t h e  Purex f lowsheet .  
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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 low concen t ra -  

t i o n s  o f  t r i b u t y l  phosphate vapors f rom n u c l e a r  f u e l  rep rocess ing  o f f r g a s  

streams. 

SUMMARY 

Two methods o f  c o l l e c t i n g  and d e t e r m i n i n g  TBP vapor have been 

i n v e s t i g a t e d :  

An imp inger  system w i t h  e t h y l e n e  g l y c o l  t o  c o l l e c t  TBP vapor was 

s t u d i e d .  I n  t h i s  system t h e  TBP i s  e x t r a c t e d  f rom e t h y l e n e  g l y c o l  

i n t o  hexane and concen t ra ted .  The c o n c e n t r a t e  i s  then  ana lyzed u s i n g  

a gas chromatograph. A n a l y s i s  o f  s tandards proved t h i s  method t o  be 

p romis ing .  

The use o f  charcoa l  f i l t e r s  t o  c a p t u r e  low c o n c e n t r a t i o n s  of TBP vapor  

and t h e  subsequent a n a l y s i s  o f  t h e  f i l t e r s  f o r  phosphorus u s i n g  X-ray 

f l u o r e s c e n c e  was i n v e s t i g a t e d .  A lower  d e t e c t i o n  l i m i t  of about 0.1 mg 

phosphorus per  f i l t e r  sample was e s t a b l i s h e d .  T h i s  method a l s o  shows 

promise,  b u t  f u r t h e r  development work i s  needed. 

Purchase o f  a r e a l - t i m e  phosphorus d e t e c t o r l a n a l y z e r  was i n i t i a t e d .  
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TRIPS AND VISITORS 

September 8, 1976 - J. A. K e l l y  and W.  J. Brunlley o f  SRL v i s i t e d  PNL. 

TECHNICAL PROGRESS 

A s e r i e s  of standards of known mass of ,TBP ( l i q u i d  TBP, 99% pure )  

rang ing  from 4.9 x  t o  9.8 x  lo- '  g  TBP was prepared i n  e thy lene  g l y c o l  

s o l u t i o n  and e x t r a c t e d  w i t h  hexane. The e x t r a c t  was concent ra ted and 

analyzed us i ng  a gas chromatograph w i t h  flame i o n i z a t i o n  phosphorus d e t e c t o r .  

The e x t r a c t i o n  e f f i c i e n c y  o f  hexane was approx imate ly  80% (based on e i g h t  

e x t r a c t i o n s )  i n  t h e  range 2 x  t o  2  x  1 0 ' ~  g  of TBP. I n i t i a l  a n a l y s i s  

showed good r e p r o d u c i b i l i t y  ( < l o % )  f o r  TBP d e t e c t i o n  between 0.005 t o  10 mg. 

Two s e r i e s  o f  standards o f  known mass of 99% pure TBP were made by 

d e l i v e r i n g  known a l i q u o t s  t o  charcoal  f i l t e r s .  These f i l t e r s  were analyzed 

by X-ray- f luorescence. Phosphorus i n  these standards ranged from 2.3 x  10- 5  

The f i r s t  s e t  e s t a b l i s h e d  t h e  lower  d e t e c t i o n  l i m i t  o f  about 0.1 mg 

phosphorus p e r  f i l t e r  sample. The f i r s t  standards showed e r r a t i c  r e s u l t s ,  

t h e  f r o n t  and back read ings  n o t  un i form,  and con tamina t ion  was suspected. 

A second s e r i e s  cons i s t ed  o f  two samples each 0.565, 2.26, and 5.65 mg 

phosphorus p e r  f i l t e r  b lank ,  and reagent  b lank.  The reagent  b lank  was 

acetone, s i nce  t h e  TBP was d i sso l ved  i n  acetone f o r  p repa r i ng  t h e  standards.  

One s e t  was analyzed by d i r e c t  X-ray f luorescence;  t h e  o t h e r  was macerated, 

then  pressed and analyzed. 

The second s e t  showed more promis ing r e s u l t s .  The f r o n t  and back 

counts showed reasonable agreement. The 0.565 mg phosphorus / f i  1  t e r  sample 

counted about f i v e  t imes more than t h e  b lank.  There was no d i f f e r e n c e  i n  

counts between t h e  b lank  un t rea ted  and acetone t r e a t e d  f i l t e r s .  The 

macerated and homogenized f i l t e r s  showed h i g h e r  counts  than  t h e  d i r e c t l y  

measured f i l t e r ,  i n d i c a t i n g  t h e  macerat ion i s  necessary t o  d i s t r i b u t e  t h e  

phosphorus u n i f o r m l y  i n  t h e  sample as analyzed. 
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Arrangements have been made t o  purchase a  r e a l - t i m e  cont inuous gas 

ana lyzer  w i t h  t h e  c a p a b i l i t y  t o  d e t e c t  phosphorus near 0.001 ppm. The 

a n a l y s i s  i s  based on a  pa ten ted  f lame pho tomet r i c  d e t e c t o r .  

TASKS IN  PROGRESS AND PLANS 

Ino rgan i c  so rben t  m a t e r i a l s  f rom severa l  manufacturers  have been 

rece i ved  and w i l l  be t e s t e d  i n  a  column f o r  TBP removal e f f i c i e n c y .  Samples 

of TBP i n  a i r  upstream and downstream o f  t h e  m a t e r i a l  w i l l  be passed through 

e thy lene  g l y c o l  t r a p s  u s i n g  an impinger  system t o  c o l l e c t  t h e  TBP. The re ten -  

t i o n  of TBP w i l l  be c a l c u l a t e d  f rom t h e  d i f f e r e n c e .  F u r t h e r  work w i l l  be 

done t o  determine t he  accuracy o f  t he  impinger  system ana l ys i s .  



CATEGORY 6 - PUREX PROCESS (IODINE CHEMISTRY) PART 1  

(F-RL-14-004) 

PROJECT TITLE: Study o f  I o d i n e  Chemist 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 Devel-opment Sec t ion ,  
Chemical Technology Department 

PRINCIPAL INVESTIGATOR: J .  L. Swanson, Chemical Development Sec t ion ,  
Chemical Technology Department 

OBJECTIVE - 

Study t he  chemical spec ies and behav io r  of t h e  i o d i n e  which . i s  n o t  

v o l a t i l i z e d  f rom t h e  d i s s o l v e r  s o l u t i o n ,  and develop means of  managing 

i o d i n e  i n  t he  va r i ous  p l a n t  streams t o  m in im ize  i t s  r e l e a s e  t o  t h e  

environment . 

SUMMARY 

Labora to ry  t e s t s  have been conducted w i t h  commerc ia l ly  a v a i l a b l e  

m a c r o r e t i c u l a r  po lymer ic  adsorbents.  The adsorbents con t i nue  t o  p rov i de  

good i o d i n e  removal f rom s o l u t i o n s  s i m u l a t i n g  f ue l  rep rocess ing  p l a n t  con- 

c e n t r a t o r  condensates a f t e r  hydrogen perox ide  has been added t o  s t a b i l i z e  

mo lecu la r  i o d i n e .  Tes t  r e s u l t s  w i t h  a  m a c r o r e t i c u l a r  an ion  exchange r e s i n  

were i n f e r i o r  t o  those ob ta ined  w i t h  t h e  po lymer ic  adsorbents.  Exper imental  

t e s t i n g  was begun on some of the  a n a l y t i c a l  methods i d e n t i f i e d  i n  t h e  l i t e r a -  

t u r e  search as be ing  p romis ing  methods t o  i d e n t i f y  and q u a n t i f y  i o d i n e  

spec ies p resen t  i n  f u e l  rep rocess ing  p l a n t  streams. 
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TRIPS AND VISITORS 

September 8, 1976 - W. J. Brumley, SRO and J. A. K e l l y ,  SRL, v i s i t e d  

PNL t o  rev iew program progress and p lans.  

TECHNICAL PROGRESS 

SORPTION OF IODINE FROM SIMULATED PROCESS STREAMS (J. A. P a r t r i d g e )  

The i o d i n e  which i s  n o t  v o l a t i l i z e d  from the  d i s s o l v e r  s o l u t i o n  p r i o r  

t o  so l ven t  e x t r a c t i o n  recovery o f  t he  uranium and p lu ton ium w i l l  l i k e l y  be 

d i s t r i b u t e d  among a  v a r i e t y  o f  p l a n t  streams. The m a j o r i t y  o f  such i o d i n e  

cou ld  u l t i m a t e l y  end up i n  t h e  l ow- l eve l  aqueous e f f l u e n t  f rom the  p l a n t .  

The re l ease  of  i o d i n e  i n  t h i s  e f f l u e n t  cou ld  be t h e  re l ease  which l i m i t s  

t he  o v e r a l l  p l a n t  r e t e n t i o n  f ac to r .  Our i n i t i a l  s t ud ies  a re  emphasizing 

t he  removal of i o d i n e  from such streams (e.g., condensed concent ra to r  over-  

heads) by conimercial l y  ava i  1  ab le  adsorbents. Column runs a r e  be ing performed 

w i t h  f o u r  po lymer ic  adsorbents and one an ion  exchange r e s i n .  

Tests  a re  con t i nu ing  on the  performance of t he  po lymer ic  adsorbents 

when hydrogen perox ide  i s  added t o  t he  feed con ta in i ng  a  m i x t u r e  o f  i o d i d e  

i o n  and mo lecu la r  i od ine .  The perox ide i s  added t o  conve r t  i o d i d e  i o n  t o  

molecular  i o d i n e  which i s  sorbed by t h e  po lymer ic  m a t e r i a l ;  see Table 5 

f o r  r e s u l t s  of these t e s t s .  

Encouraging r e s u l t s  a r e  be ing obta ined w i t h  each of t he  four  adsorbents.  

The adsorbents XAD-2 and XAD-4 con t inue  t o  g i v e  a  b e t t e r  i o d i n e  D.F. than 

do XAD-7 and XAD-8. I n  a d d i t i o n ,  based on t he  l e n g t h  of t h e  co lo red  band 

i n  each of t he  columns, i t  appears t h a t  t he  i o d i n e  l oad ing  c a p a c i t y  on 

XAD-2 and XAD-4 i s  cons ide rab l y  g rea te r  than on XAD-7 and XAD-8. For  

example the  co lo red  band on t he  XAD-4 columns l i s t e d  i n  Table 5 a r e  approx i -  

mate ly  1  cm, whereas t h e  co lo red  band on t h e  XAD-8 column has advanced u n t i l  

i t  i s  approx imate ly  10 t o  11 cm long, and t he  band on XAD-7 i s  c u r r e n t l y  

about 5 t o  6  cm long. Data f o r  a  q u a n t i t a t i v e  de te rmina t ion  of t he  i o d i n e  

l oad ing  capac i t y  o f  t he  adsorbents have n o t  been obtained. 
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TABLE 5. I o d i n e  Removal f rom Aqueous S o l u t i o n  

Sorbent Ma te r j a l  ( a )  - 

A-26 Resin 

Column 
Vol.  Length 
(ml)(cm) 

14.1 22.6 

Feed Composition 
(Make-up m o l a r i t i e s )  Flow Rate To ta l  Flow 

I HNO H 0 ( C O T .  ~ 0 1 ~ l h r )  JCOI. V O I S ~  1- 2 -  -3 -2-2 

Nominal 
I n s t a n t a a e w s  

D T ( ~ , C )  

XAD-2 Adsorbeat 

XAO-4 Adsorbent 

XAE-1 ~ldsdrb:,~L 

XAO-7 Adsorbent 

XAD-8 Adsorbent 

A-26 Resin 

~ 1 0  ( I o d i n e  
Breakthrough) 

( a )  A l l  a re  p roduc t so f  Rohm and Haas. 

( b )  DF = ( I o d i n e  content  i n  Feed) i ( I o d i n e  content  4n E f f l u e n t )  

( c )  Instantaneous DF = Nominal DF + 0.5 (Nominal DF) 

The i o d i n e  D.F.'s measured w i t h  t h e  po lyn ier ic  adsorbents have g e n e r a l l y  

remained q u i t e  cons tan t  a t  t he  va lues i n d i c a t e d  i n  Table 5 .  Dur ing one 

p e r i o d  o f  t ime, however, an abnormal behavior  was observed i n  t he  perform- 

ance o f  f i v e  of t he  columns. The i o d i n e  concen t ra t i on  i n  the  e f f l u e n t  

from each increased s l o w l y  t o  about 6 t o  8% o f  t h e  feed concen t ra t i on  (D.F. I s  

o f  approx imate ly  15) a f t e r  120 t o  270 column volumes of s o l u t i o n  had passed 

through them. Since t h i s  behav io r  occurred s imu l taneous ly  i n  each o f  these 

columns and t h e  i o d i n e  concen t ra t i on  i n  t he  e f f l u e n t  subsequent ly decreased, 

we suspect t h a t  i t  was caused by abno rma l i t i es  i n  t h e  feed  make-up d u r i n g  

t h a t  per iod .  A d d i t i o n a l  runs w i l l  be made t o  t e s t  t h i s .  

As i n d i c a t e d  by t h e  r e l a t i v e  constancy o f  t h e  D.F. va lues d u r i n g  a  run, 

t he  behav io r  observed here w i t h  t h e  po lymer ic  adsorbents i s  n o t  t y p i c a l  o f  

normal i o n  exchange opera t ions .  Here, we have a  r e l a t i v e l y  constant  " leak-  

through"  o f  i od ine ,  b u t  t h e r e  i s  no i n d i c a t i o n  o f  breakthrough capac i t y  
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hav ing beer, reached ( o r  even c l o s e l y  approached) on these c o l  umns based on 

t h e  i o d i n e  concen t ra t i on  i n  t he  e f f l u e n t ,  t he  l eng ths  o f  t he  co lo red  i o d i n e  

bands i n  t he  adsorbents' beds, and gainma readings down t h e  columns as measured 

by a  Ge iger -Mue l le r  c ~ u n t e r .  !-lowever, t h e  run  w i t h  A-26 an ion  exchange 

r e s i n ,  which appears as t he  l a s t  s e t  o f  e n t r i e s  i n  Table 5, has reached 

i o d i n e  breakthrough. Th i s  i n d i c a t e s  a  much lower  i o d i n e  breakthrough 

c a p a c i t y  on t h i s  r e s i n  than on t h e  po lymer ic  adsorbents w i t h  t h e  feed com- 

p o s i t i o n  be ing t es ted .  

I o d i n e  s o r p t i o n  t e s t s  i n  which n i t r i t e  i o n  was added t o  iod ide-mo lecu la r  

i o d i n e  feed s o l u t i o n s  i n  p l a c e  o f  hydrogen perox ide  showed t h a t  n i t r i t e  

was n o t  e f f e c t i v e  i n  enhancing i o d i n e  adso rp t i on  under t h e  c o n d i t i o n s  t e s t e d  

( f e e d  make-up r n o l a r i t i e s :  1.6 x  M - I-, 2 x  10-'M - 12, 0.01 - M HN03, 

0.001 - M NaN02). 

A n a l y t i c a l  Methods - (J.  L.  Cox) 

The o b j e c t i v e  o f  t h i s  subtask i s  t o  rev iew,  eva lua te ,  and dev ise  

s u i t a b l e  techniques t o  i d e n t i f y  and q u a n t i f y  i o d i n e  compounds p resen t  i n  

l i q u i d  f ue l - r ep rocess ing  streams. The a b i l i t y  t o  r o u t i n e l y ,  q u a n t i t a t i v e l y  

determine t he  types o f  i o d i n e  compounds p resen t  be fo re  and a f t e r  process 

stream t rea tment  t o  remove i o d i n e  i s  o f  fundamental importance t o  t h e  

development and m o n i t o r i n g  o f  e f f e c t i v e  methods f o r  i t s  removal. 

Dur ing  t h i s  q u a r t e r  l a b o r a t o r y  work has been i n i t i a t e d  on some of t h e  

a n a l y t i c a l  methods i d e n t i f i e d  i n  t h e  l i t e r a t u r e  survey conducted d u r i n g  

t h e  p rev ious  qua r te r .  For t he  most p a r t  these s t u d i e s  have been d i r e c t e d  

a t  measuring i o d i d e  i o n  concen t ra t i on  w i t h  an i o d i d e - s p e c i f i c  i o n  e l ec t rode .  

The response o f  t h e  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  (Or ion  94-53-00), 

coupled w i t h  an O r i o n  90-01-00 re fe rence  e l e c t r o d e  i n  a  n e u t r a l  aqueous 

system, i s  Ne rns t i an  over  t h e  i o d i d e  concen t ra t i on  range of 1  x  t o  

about 3 x  molar .  Below 3 x  1 0 ' ~  molar  i o d i d e  concen t ra t i on  t h e  e l e c -  

t r o d e  response dev ia tes  f rom IVernstian behav io r  r ende r i ng  i t  l e s s  e f f e c t i v e  

as an a n l y t i c a l  t o o l  a t  these low concent ra t ions .  



CATEGORY 6 (con td )  

So lu t i ons  c o n t a i n i n g  mo lecu la r  i o d i n e  as w e l l  as i o d i d e  i o n  were prepared 

and t e s t e d  w i t h  t h e  i o d i d e - s p e c i f i c  i o n  e l ec t r ode .  The read ings  c o n s i s t e n t l y  

i n d i c a t e d  t h e  i o d i d e  i o n  concen t ra t i on  t o  be g r e a t e r  than  t h e  amount added. 

S ince t h e  exper iments were performed i n  n e u t r a l  s o l u t i o n ,  i t  i s  l i k e l y  t h a t  

t h e  h y d r o l y s i s  r e a c t i o n  

I2 + OH- = HOI + I- 

c o n t r i b u t e d  t o  t h e  observed r e s u l t .  

A  s o l u t i o n  prepared t o  c o n t a i n  1.4 - M HN03 and 3 x  1 0 ' ~  - M i o d i d e  i o n  was 

t e s t e d  w i t h  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  and was found t o  c o n t a i n  l e s s  

than  3  x 1 0 ~ ~  - M i od ide .  Th i s  r e s u l t  i n d i c a t e s  t h a t  o x i d a t i o n  t o  i o d i n e  and/ 

o r  i o d a t e  occurred under these c o n d i t i o n s .  

The 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  appears t o  be a  usefu l  t o o l  t o  be 

used i n  o u r  e f f o r t s  t o  i d e n t i f y  and q u a n t i f y  t h e  i o d i n e  spec ies  p resen t  i n  

f u e l  rep rocess ing  streams. . 

TASKS IN  PROGRESS AND PLANS 

Column runs a r e  i n  progress comparing t h e  po lymer ic  adsorbents f o r  

i o d i n e  c a p a c i t y  and decontaminat ion f a c t o r s .  Plans c a l l  f o r  expanded 

e f f o r t s  t o  s tudy  t h e  e f f e c t s  o f  v a r i a t i o n s  i n  t h e  concen t ra t i ons  of t o t a l  

i od i ne ,  hydrogen perox ide,  and n i t r i c  ac i d .  At tempts  w i l l  be made t o  iden-  

t i f y  t h e  i o d i n e  spec ies which i s  " leak ing- th rough"  t he  adsorbent columns. 

Scout ing exper iments w i l l  a l s o  be i n i t i a t e d  w i t h  o t h e r  p o t e n t i a l  i o d i n e  sorbents .  

I n  t h e  a n a l y t i c a l  area, developmental e f f o r t s  us i ng  t h e  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  w i l l  be cont inued.  Exper imental  e v a l u a t i o n  o f  t h e  a p p l i c a b i l i t y  

of o t h e r  se l ec ted  approaches w i l l  be i n i t i a t e d ;  i nc l uded  here a re  techniques 

such as gas chromatography (us i ng  an e l e c t r o n  cap tu re  d e t e c t o r ) ,  spec t ro -  

pho tomet r i c  a n a l y s i s  ( us i ng  compl e x a t i o n  t o  fo rm more h i g h l y  c o l o r e d  spec ies )  , 
and t h e  i o d i n e  ca ta l yzed  r e a c t i o n  between Ce(1V) and A s ( I I 1 ) .  

Work w i l l  be i n i t i a t e d  on m in im i z 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  waste wa te r  streams. 
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PUREX PRQCtSS (SOLVENT EXTRACTION CONTACTORS) PART 2 

(F-RL-14-004) 

PROJECT TITLE: E v a l u a t i o n  of  S o l v e n t  E x t r a c t i o n  Equipment 

PROJECT MANAGER: J. H. J a r r e t t ,  Chenii c a l  Development S e c t i o n ,  
Chemical Technology Department 

PRINCIPAL INVESTIGATOR: D. H.  L e s t e r ,  Chemical Development S e c t i o n ,  
Chemical Techno1 ogy Departnient 

OBJECTIVE 

P r o v i d e  an i n t e g r a t e d  s t u d y  of  s o l v e n t  e x t r a c t i o n  equipment t ypes .  

Such i n f o r m a t i o n  w i l l  p r o v i d e  i n f o r n i a t i o n  needed i n  o p t i m i z i n g  rep rocess -  

i n g  p l a n t  des ign .  Where v o i d s  i n  e x i s t i n g  unders tand ing  a r e  i d e n t i f i e d ,  

a d d i t i o n a l  R&D w i l l  be proposed. 

SUMMARY 

The l i t e r a t u r e  search  was completed.  A d r a f t  l i t e r a t u r e  r e v i e w  docu- 

ment was comple ted and i s  b e i n g  e d i t e d  and typed.  A workshop was h e l d  on 

August 5 and 6 w i t h  18 p a r t i c i p a n t s  f rom l a b o r a t o r i e s  i n v o l v e d  i n  s o l v e n t  

e x t r a c t i o n  equipment development. The p r o c e e d i ~ g s  o f  t h e  workshop have been 

p repared  i n  d r a f t  fo rm,  and t h e  d r a f t  i s  now undergo ing r e v i e w  and r e v i s i o n s .  

A . d r a f t  o f  an anno ta ted  b i b l i o g r a p h y  has been completed and a summary o f  

t h e  r e s u l t s  o f  t h e  workshop proceedings and t h e  l i t e r a t u r e  r e v i e w  i s  i n  

p rog ress .  Key a reas  f o r  R&D work have been i d e n t i f i e d  and p l a n s  t o  p r o -  

pose some areas f o r  f u r t h e r  work a r e  under way. 

TRIPS AND VISITORS 

August  5 and 6, 1976 - Program personnel  t r a v e l e d  t o  B a t t e l l e  S e a t t l e  

Research Center  f o r  p a r t i c i p a t i o n  i n  t h e  S o l v e n t  

E x t r a c t i o n  Equipment Workshop 
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September 8, 1976 - W .  J.  Brumley, SRO and J. A. K e l l e y ,  S R L , v i s i t e d  

PNL t o  r e v i e w  program progress  and p l a n s .  

TECHNICAL PROGRESS 

An e x t e n s i v e  l i t e r a t u r e  search b o t h  f r o m  computer d a t a  bases and hand 

searches o f  a b s t r a c t s  t u r n e d  up a p p l i c a b l e  c i t a t i o n s  i n  excess o f  1,000. 

These c i t a t i o n s  were s o r t e d  f o r  d i r e c t  appl  i c a b i l  i ty  t o  o p e r a t i o n  and 

des ign  o f  s o l v e n t  e x t r a c t i o n  equipment, and then  f u r t h e r  r e f i n e d  t o  a  

l i s t  o f  130 l i t e r a t u r e  c i t a t i o n s  which were d i r e c t l y  a p p l i c a b l e  t o  t h e  

purposes o f  t h i s  program. 

The condensed l i s t  o f  130 r e f e r e n c e s  formed t h e  b a s i s  f o r  a  l i t e r a -  

t u r e  r e v i e w  which was completed i n  d r a f t  fo rm d u r i n g  t h e  q u a r t e r .  The 

130 r e f e r e n c e s  were read  and reviewed, and t h e  a p p l i c a b l e  i n f o r m a t i o n  was 

summarized i n  a  r e v i e w  document. T h i s  document w i l l  be i ssued  as a  p a r t  

o f  a  l a r g e r  r e p o r t .  I n  a d d i t i o n ,  an anno ta ted  b i b l i o g r a p h y  was developed 

f o r  t h e  130 r e f e r e n c e s .  The anno ta ted  b i b l i o g r a p h y  c o n s i s t  o f  f o u r  and 

f i v e  l i n e  c i t a t i o n s  f o r  each l i t e r a t u r e  source d e s c r i b i n g  t h e  c o n t e n t  and 

r e p r e s e n t s  a  b r i e f  a b s t r a c t  o f  t h e  m a t e r i a l  i n  t h e  f o r m  o f  an extended 

t i t l e .  

The workshop was h e l d  a t  t h e  B a t t e l l e  S e a t t l e  Research Center  on 

August 5 and 6, 1976. E igh teen  people  p a r t i c i p a t e d  i n  t h e  workshop r e p r e -  

s e n t i  ng P a c i f i c  Nor thwest  Labora to ry ,  Hanford Eng ineer ing  Development 

Labora to ry ,  Argonne N a t i o n a l  Labora to ry ,  Oak Ridge N a t i o n a l  Labora to ry ,  

and Savannah R i v e r  Labora to ry .  The o b j e c t  o f  t h e  workshop was t o  b r i u g  

o u t  i n f o r m a t i o n  which was e i t h e r  unpub l i shed  o r  p u b l i s h e d  i n  obscure 

sources concern ing  o p e r a t i o n  and d e s i g n  exper ience  w i t h  v a r i o u s  ma jo r  types 

o f  s o l v e n t  e x t r a c t i o n  equipment. A  proceedings o f  t h a t  workshop has been 

prepared i n  d r a f t  fo rm and i s  c u r r e n t l y  undergo ing r e v i e w  and comnent f rom 

t h e  p a r t i c i p a n t s .  Subsequent ly t h i s  d r a f t  w i l l  be developed i n t o  a  f i n a l  

proceedings which w i l l  a l s o  form a  p a r t  o f  a  l a r g e r  document. 
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TASKS Ill PROGRESS AND PLANS 

C u r r e n t l y  i n  p r o g r e s s  i s  a  summary document ( o f  a p p r o x i m a t e l y  20 t o  

30 pages) w h i c h  w i l l  summarize t h e  f i n d i n g s  o f  a  l i t e r a t u r e  r e v i e w  and t h e  

workshop d i s c u s s i o n s .  T h i s  w i l l  f o r m  a  summary p a r t  o f  a  l a r g e  document 

wh ich  w i l l  c o n t a i n  t h e  l i t e r a t u r e  r e v i e w ,  t h e  workshop proceed'ngs,  and t h e  

anno ta ted  b i b l i o g r a p h y .  

FY-1977 p lanned  work i n c l u d e s  c o m p l e t i o n  o f  t h e  document and proposed 

work i n  some o f  t h e  i d e n t i f i e d  R&D areas.  



CATEGORY 7 - FINISHING PROCESSES 

(F-RL-14-005) 

PROJECT TITLE: Mixed-Oxide Stud ies 

PROJECT MANAGERS: Tasks 1, 2 and 4 - S. Goldsmith, 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 
Development Sect ion,  Engineer ing Technology 
Department 

PRINCIPAL INVESTIGATORS: Task 1 - W .  J .  Ba i l ey ,  Fuels  Design and Development 
Sect ion,  Engi n e e r i  ng Technol ogy Department 

Task 2 - D. W .  B r i t e ,  Fuels  Design and Development 
Sec t ion ,  Engineer ing Technology Department 

Task 3 - D.  E. B lahn ik ,  App l i ed  Engineer ing and 
Development Sect ion,  Engineer ing Technol ogy 
Department 

Task 4 - M. D. F resh ley  and D. W.  B r i t e ,  Fuels  
Design and Development Sect ion,  M a t e r i a l s  Department 

The o b j e c t i v e s  o f  t h e  f o u r  tasks  a r e  t o :  1) e s t a b l i s h  t he  da ta  base 

r e q u i r e d  t o  f o rmu la te  p roduc t  s p e c i f i c a t i o n s  f o r  mixed-oxide f u e l s ,  2 )  formu- 

l a t e  re fe rence  qua1 i ty assurance/qual i t y  c o n t r o l  (QAIQC) requirements f o r  

mixed-ox ide f u e l  f a b r i c a t i o n ,  3) eva lua te  mixed-ox ide f ue l  f a b r i c a t i o n  p l a n t  

equipment and m a t e r i a l  hand1 i ng ,  and 4) i n v e s t i g a t e  th-e e f f ec t  o f  m ic ro -  

s t r u c t u r a l  parameters on f u e l  performance 1 i m i  t s .  

Progress on t h i s  t ask  and t h e  proposed m o d i f i c a t i o n s  t o  m i les tones  

were discussed a t  t h e  recen t  SRL-PNL meet ing. (a)  E f f o r t s  t o  develop a 

( a )  The meet ing was h e l d  a t  PNL on September 1, 1976, and t h e  at tendees were: 
SRL - R. T. Huntoon; PNL - S. Goldsmith,  M. D. Freshley,  D. E. B lahn ik ,  
and W .  J .  Ba i l ey .  
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da ta  base r e p o r t  on mixed f u e l  a r e  c o n t i n u i n g ;  i t  i s  p r e s e n t l y  p lanned t o  

have a  d r a f t  of t h e  r e p o r t  completed i n  CY-1976. The r e v i e w  o f  a v a i l a b l e  

l i t e r a t u r e  i n  Task 3 was completed d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  A  su rvey  

has been i n i t i a t e d  t o  o b t a i n  i n f o r m a t i o n  from o t h e r  l a b o r a t o r i e s  and 

corn~nercia l  f u e l  supp l  i ers .  

TRIPS AND VISITORS 

September 1, 1976 - R .  T. Huntoon (SRL) v i s i t e d  PNL. 

TECHNICAL PROGRESS 

TASK 1  - E s t a b l i s h  Data Base Requi red t o  Fo rmu la te  P roduc t  S p e c i f i c a t i o n s  -- 
f o r  Mixed-Oxide Fue ls  (W. J. B a i l e y )  

We a r e  c o n t i n u i n g  t o  comp i le  and e v a l u a t e  t h e  a v a i l a b l e  i n f o r m a t i o n  

t o  f a c i l i t a t e  t h e  development o f  a  d a t a  base r e p o r t  on m ixed-ox ide  f u e l .  

C u r r e n t l y ,  t h e  s t u d i e s  on n i ixed-ox ide f u e l  i n c l u d e  t h e  f o l l o w i n g  areas:  

f u e l  d e n s i t y ,  t he rma l  expansion,  m e l t i n g  temperature ,  f u e l  c reep,  chemica l  

i n t e r a c t i o n  (e .  g. , f u e l  - Z i r c a l o y )  , f u e l  s w e l l  i n g  and r e l o c a t i o n ,  d e n s i f i c a -  

t i o n ,  f i s s i o n  gas r e l e a s e ,  m o i s t u r e  c o n t e n t ,  sorbed gas c o n t e n t ,  and t h e  

e f f e c t  o f  oxygen lmeta l  r a t i o .  Dur ing  t h e  r e c e n t  SRL-PNL mee t ing  we d i s -  

cussed p rog ress  on t h i s  t a s k ,  manpower problems ( o t h e r  programs t h a t  were 

expected t o  d i m i n i s h  i n  magni tude a c t u a l l y  i nc reased ;  hence, t h e  a n t i c i p a t e d  

manpower f o r  t h i s  t a s k  was n o t  r e a d i l y  a v a i l a b l e ) ,  and proposed m o d i f i c a t i o n s  

t o  t h e  m i l e s t o n e s .  The d r a f t  d a t a  base r e p o r t  on mixed-ox ide f u e l  i s  expected 

t o  be comple ted i n  CY-1976 and t h e  f i n a l  v e r s i o n  of t h e  r e p o r t  i s  t o  be com- 

p l e t e d  by March 1, 1977. 

TASK -- 2 - F o r m u l a t i o n  of  Reference QAIQC Requirements f o r  Mixed-Oxide Fue l  
F a b r i c a t i o n  (D. W. B r i t e )  

As a  r e s u l t  o f  d i s c u s s i o n s  w i t h  R i c h a r d  T. Huntoon d u r i n g  h i s  v i s i t  o f  

September 1, 1976, t h e  QA/QC requ i rements  and procedures b e i n g  fo rmu la ted  i n  
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I t h i s  task  a c t i v i t y  a r e  be ing  r e l a t e d  t o  t h e  r e fe rence  LWR mixed-oxide f u e l  

f a b r i c a t i o n  process be ing  prepared by West i nghouse Hanford (HEDL) . These 

a c t i v i t i e s  a re  p a r t  o f  t he  same SRL-ERDA LWR Fuel Cyc le  Support  Program. 

Completion o f  a d e t a i l e d  o u t l i n e  o f  QA/QC requi rements ,  o r i g i n a l l y  scheduled 

f o r  t h i s  r e p o r t i n g  per iod ,  w i l l  be de layed u n t i l  FY-1977. i n  o r d e r  t o  i n c o r -  

po ra te  s i g n i f i c a n t  d e t a i l s  o f  t h e  HEDL re fe rence  process i n  t he  o u t l i n e .  

TASK 3 - Evaluate and Determine Mixed-Oxide Fuel  F a b r i c a t i o n  Process and 
M a t e r i a l s  Hand1 i n g  Equipment Development Needs (D. E. B lahn i  k )  

A l i t e r a t u r e  search and a rev iew o f  t h e  l i t e r a t u r e  was completed. COITI- 

me rc i a l  f ue l  vendors and o t h e r  l a b o r a t o r i e s  ( f o r e i g n  and domest ic)  a re  

be ing con tac ted  f o r  a d d i t i o n a l  i n fo rmat ion .  

TASK 4 - I n v e s t i g a t i o n  o f  E f f e c t  o f  M i c r o s t r u c t u r a l  Parameters on Fuel  
Performance L i m i t s  (M. D. F resh ley  and D. W .  B r i t e )  

Work on t h i s  task  i s  t o  be i n i t i a t e d  i n  FY-1977. 

TASKS IN PROGRESS AND PLANS 

TASK 1 

Compi la t ion  and e v a l u a t i o n  o f  a v a i l a b l e  da ta  on mixed-oxide f ue l  f o r  

t h e  da ta  base r e p o r t  a r e  t o  be cont inued.  A d r a f t  o f  t h e  data base r e p o r t  

i s  t o  be completed by December 31, 1976. A f i n a l  v e r s i o n  o f  t h e  da ta  base 

r e p o r t  i s  t o  be completed by March 1, 1977. 

TASK 2 

The re fe rence  s e t  o f  QA/QC requi rements  w i l l  be completed i n  FY-1977. 
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TASK 3 -- 

The survey w i l l  be completed and an i n f o rma l  r e p o r t  w i l l  be w r i t t e n  

which i d e n t i f i e s  t h e  areas i n  which f u r t h e r  equipment development work i s  

needed. 

TASK 4 

I n i t i a t i o n  o f  w r k  on t h i s  t ask  i n  t h e  f i r s t  q u a r t e r  o f  FY-1977 i s  

a n t i c i p a t e d .  



CATEGORY 9 - ENVIRONIYEIjTAL EFFECTS 

(F-RL-14-008) 

PROJECT TITLE: Removal and Re-ent ra i  nment o f  P l  u t o n i  um and 
Other Radionuc l ides 

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

PRINCIPAL INVESTIGATOR: L. L. Wendel 1  , Atmospheric Physics Sect ion,  
Atniospheri c  Sciences Department 

OBJECTIVE 

The p r imary  o b j e c t i v e  d u r i n g  t h i s  q u a r t e r  was t o  compare t he  U.S. sca le  

t r anspo r t ,  d i spe rs i on  and removal models o f  A i r  Resources Laboratory  (ARL) 

and PNL. The purpose of t he  comparison was t o  p rov ide  a  bas i s  f o r  s e l e c t -  

i n g  one o f  t he  models f o r  per forming t he  r e l a t i v e  d i f f u s i o n  c a l c u l a t i o n s  

and depos i t i on  c a l c u l a t i o n s  f rom f i v e  reg iona l  s i t e s .  

SUMMARY 

A common meteoro log ica l  da ta  base f o r  a  1-month p e r i o d  was se lec ted  

f o r  t he  model comparison. T r a j e c t o r i e s  o f  p a r t i c l e s  re leased  a t  6-hr 

i n t e r v a l s  du r i ng  t he  p e r i o d  were c a l c u l a t e d  w i t h  each model a t  each o f  t he  

two l a b o r a t o r i e s .  The t r a j e c t o r y  se t s  were exchanged between t h e  labora-  

t o r i e s  f o r  comparison c a l c u l a t i o n s .  A  s t a t i s t i c a l  comparison o f  t h e  separa- 

t i o n  d is tances  a t  3 -hou r l y  i n t e r v a l s  a long t he  t r a j e c t o r i e s  i n d i c a t e d  t he  

d isc repanc ies  were 5 t o  10%. Th i s  i s  good agreement cons ider ing  t h e  d i f -  

ference i n  t r a j e c t o r y  c o n s t r u c t i o n  techniques. The t ime-averaged a i r  concen- 

t r a t i o n  p a t t e r n s  produced by t h e  models f o r  t h e  30-day pe r i od  w i t h  s i m i l a r  

removal parameters a l s o  compared q u i t e  f avo rab l y ,  d e s p i t e  the  d i f f e r e n c e s  i n  

computat ional  techniques. Model r e s u l t s  a re  a l s o  i n  t he  process of be ing  

checked aga ins t  measured concent ra t ions .  Th i s  t e s t  w i l l  he l p  t o  determine 

how much more phys i ca l  r e a l i t y  should be i nc l uded  i n  t h e  models. 
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TRIPS AND VISITORS 

September 21-22, 1976 - L.  L .  Wendell  ~ a r t i c i p a t e d  i n  an LWR Fue l  Recyc le  

Env i ronmenta l  E f f e c t s  Yeet inc j  h e l d  a t  SRL t o  

d i s c u s s  p r e s e n t  p rog ress  and f u t u r e  p l a n s  o f  

each o f  t h e  p a r t i c i p a t i n g  l a b o r a t o r i e s .  

TECHNICAL PROGRESS 

A  compar ison between t h e  U.S. s c a l e  t r a n s p o r t  d i s p e r s i o n  and rentoval 

models o f  ARL and PNL was c a r r i e d  n e a r l y  t o  c o m p l e t i o n  d u r i n g  t h i s  q u a r t e r .  

Bo th  models u t i l i z e  s t a n d a r d  rad iosonde  d a t a  t o  produce a  l a y e r  average 

w ind  a t  each measurement s i t e ,  b u t  use d i f f e r e n t  t e c h n i q u e s  o f  t r a j e c t o r y  

c o n s t r u c t i o n  and somewhat d i f f e r e n t  t e c h n i q u e s  i n  sampl ing  t h e  r e l e a s e d  

m a t e r i a l  t o  produce average a i r  c o n c e n t r a t i o n s  a t  ground l e v e l .  The d i f -  

fe rences i n  t h e  models have r e s u l t e d  from t h e  f a c t  t h a t  t hese  models have 

d i f f e r e n t  sources.  The ARL model has e v o l v e d  from models des igned t o  hand le  

g l o b a l - s c a l e  t r a n s p o r t ,  whereas t h e  PNL model i s  an a d a p t a t i o n  o f  a  mesoscale 

model. The r e s u l t i n g  m a j o r  d i f f e r e n c e  i s  i n  t h e  t i m e  and space i n t e r p o l a t i o n  

processes.  The ARL model had t o  be s l i g h t l y  r e f i n e d ,  w h i l e  t h e  r e s o l u t i o n  

o f  t h e  PNL model was decreased f r o m  t h a t  r e q u i r e d  by  t h e  mesoscale.  The 

purpose o f  t h e  compar ison b r i e f l y  d e s c r i b e d  below was t o  d e t e r m i n e  i f  

t h e  models were p r o d u c i n g  d i f f e r e n t  r e s u l t s ,  and t o  p r o v i d e  a  b a s i s  f o r  t h e  

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

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

TRAJECTORY COMPARISON 

The PNL model under  normal c i r cums tances  has a  r e l e a s e  r a t e  o f  1  p a r t i c l e  

p e r  hou r  and uses a  1 -hour  a d v e c t i o n  s t e p .  A  copy o f  t h e  model was m o d i f i e d  

t o  produce punched c a r d s  wh ich  c o n t a i n e d  3 - h o u r l y  p o s i t i o n s  a l o n g  t h e  t r a -  

j e c t o r i e s  o f  p a r t i c l e s  r e l e a s e d  e v e r y  6  hours .  T h i s  was done t o  match t h e  

f o r m a t  o f  t h e  c a r d s  r e c e i v e d  f r o m  ARL. The ARL model had been used t o  

produce 6  h o u r l y  t r a j e c t o r i e s  f o r  t h e  month o f  A p r i l  1974. 
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The fundamental d i f f e r e n c e  i n  t r a j e c t o r y  c o n s t r u c t i o n  i n  t h e  two models 

i s  i n  t h e  techn ique  t o  o b t a i n  t h e  wind a t  each p a r t i c l e  p o s i t i o n .  The ARL 

model i n t e r p o l a t e s  d i r e c t l y  f rom t h e  randomly spaced wind measurement l o c a -  

t i o n s  t o  t h e  p a r t i c l e  p o s i t i o n  a t  each t i m e  s tep.  The PNL model i n t e r p o l a t e s  

f rom t h e  randomly spaced s t a t i o n s  t o  p o i n t s  on a  r e g u l a r  r e c t a n g u l a r  g r i d .  

The winds a t  t h e  p a r t i c l e  p o s i t i o n s  a r e  then  o b t a i n e d  th rough  a  b i l i n e a r  

i n t e r p o l a t i o n  i n  space and a  l i n e a r  t i m e  i n t e r p o l a t i o n  between maps. T h i s  

method i s  l e s s  expens ive f o r  cases i n  wh ich  many p a r t i c l e s  a r e  on t h e  g r i d  

a t  one t ime ,  b u t  a  c e r t a i n  amount o f  accuracy i s  s a c r i f i c e d .  

A  s t a t i s t i c a l  comparison o f  t h e  p a r t i c l e  s e p a r a t i o n s  a t  success ive 

t imes a long  t h e  t r a j e c t o r i e s  i s  shown i n  Tab le  6. We may n o t e  from t h e  

q u a n t i t y  "average s e p a r a t i o n / d i  s tance t r a v e l e d "  t h e  d isc repancy  i s  about  

10% f o r  t h e  f i r s t  3 days and then drops t o  about  5%. The i n i t i a l  e r r o r  of 

24% c o u l d  be caused by a  wind s t a t i o n  be ing  l o c a t e d  near t h e  source wh ich  

would be weighted much more h e a v i l y  by t h e  ARL model. S ince these  models 

a r e  be-ivg eva lua ted  f o r  t h e i r  performance on a  r e g i o n a l  U.S. s c a l e ,  t h i s  

near  source d iscrepancy i s  p robab ly  n o t  se r ious .  Cons ide r ing  t h e  u n c e r t a i n t y  

o f  t h e  t r a j e c t o r i e s  due t o  l a y e r  average assumpt ion,  t h e  d i s c r e p a n c i e s  between 

t h e  t r a j e c t o r i e s  produced by t h e  two models would seem t o  be i n s i g n i f i c a n t .  

Examples o f  these  t r a j e c t o r y  comparisons a r e  shown i n  t h e  t r a j e c t o r y  p l o t s  

i n  F i g u r e  5. 

COMPARISON OF AVERAGE CONCENTRATION FIELDS 

The ma jo r  concern i n  t h e  dose c a l c u l a t i o n s  i s  t h e  r e l i a b i l i t y  o f  t h e  

average c o n c e n t r a t i o n  f i e l d s .  The c o n c e n t r a t i o n  c a l c u l a t i o n s  were accomp- 

l i s h e d  w i t h  b o t h  models r u n n i n g  i n  t h e i r  des ign  mode u s i n g  t h e  same mete- 

o r o l o g i c a l  c o n d i t i o n s  , source r a t e ,  d r y  removal r a t e ,  and same average 

r a i n f a l l .  The models use a  d i f f e r e n t  f o r m u l a t i o n  f o r  t h e  d i s p e r s i o n  c o e f -  

f i c i e n t s  and d i f f e r e n t  sampl ing techn iques.  

Time average c o n c e n t r a t i o n  f i e l d s  were produced by each model f o r  t h e  

month of A p r i l  1974. I n  s p i t e  o f  t h e  d i f f e r e n c e s  i n  t h e  models, t h e  r e s u l t -  

i n g  p a t t e r n s  were q u i t e  s i m i l a r  i n  shape and magnitude. 
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TABLE 6 .  Comparison Between ARL and PNL T r a j e c t o r i e s  

Nul~lbcr o f  
C J < C C  o f  ,t\t'r,l I ( ,  Stdr1J~i1.d Avr~ .~ ! le  

T ~ I I I ~  A f t e r  Gt.<,?trr I o  D e v ~ ~ ~ t i o n .  S V ~ A I ~ . ~  t i o n /  
Reledse, Nu~:~her  01 c t ~ f i c  I i . l .~L:C~l l  ti.1~ t i ~ d  1  D i  <t,lnce 

o f  Cases T r d v t > : G d ? ~ )  !' 1:. -- . - -. - . . "I l r s  
~ -...... .. . b l i l e  . T ~ J V ~ S ~  _. 

3 111 69 S.S? 6.34 0.24 

- --. -- - - - 

( a )  T h i s  r.oqpparr2s t o t a l  l t n i j t i . ;  o f  t  dject:srics arld ?he r ~ u n ~ l l c r  i n d i c a t e s  i ~ o w  
many o f  t i t ( ,  i'll? t r a  j e c l o r : ~ :  t h c ~ t  n'?rr, q r c a t c r  i n  to1 : l  d i s t a n c e  t r a v c l e d  
thar; t h r  API. t r , ~ j c c l o r i e s  
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FIGURE 5. Comparison o f  T r a j e c t o r i e s  C a l c u l a t e d  w i t h  Two D i f f e r e n t  Advec t ion  
Techniques. The s o l i d  l i n e s  and symbols were generated w i t h  t h e  
PNL model. The dashed l i n e s  and symbols were generated w i t h  t h e  
ARL model. The syrr~bols a long  each t r a j e c t o r y  a r e  separated by a 
6-hour t i m e  i n t e r v a l .  
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VERIFICATiON AGAINST MEASURED DATA -- - -. 

Measurements o f  12 h o u r l y  average c o n c e n t r a t i  ons o f  8 5 ~ r  a t  

I n d i a n a p o l i s ,  Ind iana ,  and D e t r o i t ,  Mich igan,  were a v a i l a b l e  by ARL d u r i n g  

t h e  month of A p r i l  1975. A l so  3 h o u r l y  averaged va lues o f  t h e  source term 

were a l s o  used t o  t r y  t o  s imu la te  t h e  12 h o u r l y  average concen t ra t i ons  a t  

t h e  measurement l o c a t i o n s .  Because of  t h e  v a r i a b i l i t y  and u n c e r t a i n t y  o f  

t h e  source term as w e l l  as some me teo ro l og i ca l  co r r~p l i ca t i ons  due t o  a  

f r o n t a l  system, i t  would be premature t o  draw f i r m  conc lus ions  w i t h o u t  

f u r t h e r  i n v i s t i g a t i o n  of these cases. 

CONCLUSIONS AND RECOMMENDATIONS 

From t h e  comparison o f  t h e  PNL and ARL models conducted a t  PNL, we 

would conclude t h a t ,  d e s p i t e  some d i f f e r e n c e s  i n  t h e i r  s t r u c t u r e ,  t hey  p ro -  

duce very  s i m i l a r  r e s u l t s  when compared under t h e  same c o n f i g u r a t i o n ;  e.g. ,  

l a y e r  averaged f l o w ,  homogeneous average p r e c i p i t a t i o n  c o n d i t i o n s ,  e t c .  Th i s  

f a c t  may be comfo r t i ng ;  however, i t  d ~ e s  n o t  prove ve ry  much about t h e  accu- 

racy  w i t h  which t h e  r e s u l t s  approximate r e a l i t y .  The comparison w i t h  r e a l  

measurements p rov ides  some hope f o r  progress i n  t h i s  d i r e c t i o n .  

F u r t h e r  e f f o r t  should  be expended on comparing t h e  r e s u l t s  f o r  t h e  A p r i l  

case w i t h  r e s u l t s  f rom a  model i n c o r p o r a t i n g  i s e n t r o p i c  p r i n c i p l e s  as w e l l  

as t h e  a c t u a l  t ime  and space d i s t r i b u t i o n  o f  t h e  p r e c i p i t a t i o n  over  t h e  

pe r i od .  Th is  should  h e l p  r e f i n e  t h e  wet d e p o s i t i o n  es t imates  as w e l l  as 

suggest methods f o r  i n c l u d i n g  p r e c i p i t a t i o n  s t a t i s t i c s  i n t o  t h e  s i rnp ler  

model s. 

TASKS I N  PROGRESS AND PLANS 

Cases w i  11 be more c l o s e l y  examined i n v o l v i n g  a c t u a l  measurements o f  8 5 ~ r  

through t h e  use o f  t h e  f o u r - o r  e i g h t - l a y e r  i s e n t r o p i c  models. T h i s  work should  

p rov i de  a  b a s i s  f o r  e v a l u a t i n g  and improv ing t h e  performance 9 f  t h e  l e s s  expen- 

s i v e  models. The p r e c i p i t a t i o n  da ta  s e t  w i l l  be completed f o r  t h e  sou theas t  

U .S .  f o r  A p r i l  1974, f o r  use i n  t e s t i n g  t h e  wet removal p o r t i o n s  o f  t h e  

t r a n s p o r t  and d i s p e r s i o n  models. 
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(F-RL-14-006) 

PROJECT TITLE: C r i t i c a l i t y  Safety and S h i e l d i n g  

PROJECT MANAGERS: Tasks 1  and 2 - C. L., Brown, C r i t i c a l i t y  Sa fe ty  
and S h i e l d i n g  Ana lys is ,  Nuc lear  Technology 
Department 

Task 3 - E. D. Clayton, C r i t i c a l i t y  Experiments 
and Operat ions Sect ion,  Nuclear  Technology 
Department 

PRINCIPAL INVESTIGATORS: Tasks 1  and 2 - D. R. Oden and M. G. Zimmerman, 
C r i t i c a l i t y  Sa fe ty  and S h i e l d i n g  Ana lys is  Sec t ion ,  
Nuclear Technology Department 

Task 3 - R. C.  L loyd,  C r i t i c a l  Experiments and 
Operat ions Sec t ion ,  Nuclear  Techno1 ogy Department 

OBJECTIVE 

Prov ide suppor t  s t u d i e s  f o r  c r i t i c a l i t y  p reven t i on  and process s h i e l d i n g .  

Review new f a c i l i t i e s  designed by SRL f o r  f u e l  reprocess ing,  p lu ton ium and 

uranium conversion, p lu ton ium f u e l  f a b r i c a t i o n ,  and p lu ton ium storage. Pro- 

v i d e  benchmark c r i t i c a l i t y  exper iments t o  suppor t  c r i t i c a l  i t y  sa fe ty  analyses. 

SUMMARY 

The f u e l  reprocess ing  s e c t i o n  o f  t he  resource book i s  about 40% complete. 

Work on the  Pu02-U02 f u e l  f a b r i c a t i o n  s e c t i o n  was s t a r t e d  i n  o rder  t o  p rov ide  

c r i t i c a l i t y  s a f e t y  guidance t o  Category 7 - F i n i s h i n g  Processes. Work t o  

assess t h e  a p p l i c a t i o n  o f  event  t r e e l f a u l  t t r e e  nietholodology t o  c r i t i c a l i t y  

s a f e t y  a n a l y s i s  i s  about 20% complete. 

The PNL s h i e l d i n g  c a l c u l a t i o n  package has been t r a n s m i t t e d  t o  SRL f o r  

use i n  s h i e l d i n g  design c a l c u l a t i o n s .  The package i nc l udes  t he  PNL m u l t i -  

group Monte Ca r l o  code, a  c ross-sec t ion  man ipu la t ion  code, and c ross -sec t i on  
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data.  P lu ton ium source terms f o r  r ecyc l ed  p lu ton ium have been es t imated  

f o r  use i r ~  s h i e l d i n g  assessment c a l c u l a t i o n s  and w i l l  be sen t  t o  SRL i n  

October.  

C a l c u l a t i o n s  were begun i n  September t o  i d e n t i f y  equipment and f u e l  

c o n f i g u r a t i o n s  t o  be used i n  t h e  s o l u b l e  neu t ron  absorber  exper iments.  

These exper iments a r e  scheduled t o  begin  i n  FY-1977. 

TRIPS AND VISITORS 

None 

TECHNICAL PROGRESS 

TASK 1 - C r i t i c a l i t y  Safety Ana l ys i s  

Task l a  - Develop Resource Book on Exper ience i n  Design o f  LWR Fuel  Recycle 

F a c i l i t i e s  f rom C r i t i c a l i t y  Safety V iewpo in t  (D. R .  Oden) 

A proposed o u t l - i n e  o f  t h e  o v e r a l l  book con ten t  was s u b ~ i i i t t e d  t o  SRL 

f o r  comment. P a r t  1 (Fuel  Reprocessing) o f  t h e  resource book i s  about  40% 

complete and o t h e r  p o r t i o n s  o f  t h i s  p a r t  w i l l  be sen t  t o  SRL i n  d r a f t  fo rm 

as they  a re  completed. Th is  i n f o r m a t i o n  w i l l  be c o r r e l a t e d  d i r e c t l y  w i t h  

SRL t o  supplement t h e  des ign e f f o r t .  P a r t  2 (Pu02-U02 Fuel F a b r i c a t i o n )  

was s t a r t e d  e a r l i e r  than planned i n  o r d e r  t o  p rov i de  needed i n p u t  t o  

Category 7 - F i n i s h i n g  Processes. 

Task 1b - I n v e s t i g a t e  A p p l i c a t i o n o f  Event Tree Ana l ys i s  t o  C r i t i c a l i t y  

Sa fe t y  i n  Fuel  Process ing P lan t s  (D. A. K o t t w i t z )  

Work t o  develop a r i s k  a n a l y s i s  model f o r  use i n  c r i t i c a l i t y  sa fe ty  

a p p r a i s a l s  i s  about 20% complete. The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  

determine i f  t h e  event  t r e e l f a u l t  t r e e  l o g i c  can be s u c c e s s f u l l y  a p p l i e d  

t o  c r i t i c a l i t y  s a f e t y .  The method must i d e n t i f y  c r i t i c a l i t y  s a f e t y  l i m i t s  

and c o n t r o l s  t h a t  b l ock  t h e  va r i ous  paths t o  p o t e n t i a l  c r i t i c a l i t y .  
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The e s s e n t i a l  c r i t i c a l i t y  parameters t o  be used i n  t h e  l o g i c  model have 

been i d e n t i f i e d .  The double  con t ingency  p r i n c i p l e  o f  c r i t i c a l i t y  s a f e t y  

a n a l y s i s  s t a t e s  t h a t  "process des igns should,  i n  genera l  , i n c o r p o r a t e  s u f f i  - 
c i e n t  f a c t o r s  o f  s a f e t y  t o  r e q u i r e  a t  l e a s t  two u n l i k e l y ,  independent,  and 

concur ren t  changes i n  process c o n d i t i o n s  b e f o r e  a  c r i t i c a l  a c c i d e n t  i s  

p o s s i b l e " .  I t  i s  p o s s i b l e  t o  i d e n t i f y  each change, o r  event,  as a  v i o l a t i o n  

o f  some c r i t i c a l i t y  pa ra~ i ie te r  l i m i t .  ~l though t h e r e  i s  a  l a r g e  v a r i e t y  o f  

p o s s i b l e  parameters,  t h e y  can be p u t  i n t o  a  l i m i t e d  number of c a t e g o r i e s  

as f o l l o w s :  

A. M a t e r i a l  q u a n t i t i e s  

1. Mass 

2. Volume 

B. M a t e r i a l  fo rm 

3. Chemical compos i t i on  

4. Phys ica l  s t a t e  

5. Concen t ra t ion  

6. Enr ichment 

C. Geometry 

7. Shape o f  u n i t s  

8. Dimensions o f  u n i t s  

9. Spacing o f  i n t e r a c t i n g  u n i t s  

D. Processes a f f e c t i n g  c r i t i c a l i t y  

10. Moderat ion 

11. R e f l e c t i o n  

12. A b s o r p t i o n  ( b y  po ison)  

By i n c o r p o r a t i n g  these v i o l a t i o n  events  i n t o  f a u l t  t r e e  diagrams, i t  should  

be p o s s i b l e  t o  determine s y s t e m a t i c a l l y  t h e  combinat ions o f  events  t h a t  . c o u l d  produce c r i t i c a l i t y .  The v a l i d i t y  o f  t h e  above c a t e g o r i z a t i o n  has 

been checked by r e v i e w i n g  t h e  documented d e s c r i p t i o n s  o f  a c t u a l  c r i t i c a l i t y  

a c c i d e n t s  i n  n u c l e a r  f a c i l i t i e s .  - 
Development o f  t h e  model i s  now i n  progress.  
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TASK 2  - SHIELDING ANALYSIS (M. G. Zimmerman) 

Task 2a - T r a n s f e r  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 

The PNL s h i e l d i n g  c a l c u l a t i o n a l  system has been s e n t  t o  SRL f o r  con- 

v e r s i o n  t o  t h e  SRL comput ing system. T h i s  c o n s i s t e d  of t h e  BMC-MG ( B a t t e l l e  

Monte C a r l o - M u l t i g r o u p  v e r s i o n  code) and t h e  c r o s s - s e c t i o n  d a t a  and c r o s s -  

s e c t i o n  m a n i p u l a t i o n  codes. As p a r t  of  t h i s  t a s k  work i s  c o n t i n u i n g  on 

cor r~b in ing t h e  O R I G E N  code w i t h  t h e  BMC-MG code and expanding t h e  a1 bedo 

o p t i o n s  i n  t h e  code f o r  SRL. 

The ORIGEN code w i l l  p r o v i d e  source t e r ~ i i s  f o r  t h e  BMC-IYG code based 

on r e a c t o r  c o r e  parameters,and t h e  c o o l i n g  and r e p r o c e s s i n g  h i s t o r y  o f  t h e  

LWR f u e l .  The a lbedo  o p t i o n  expans ion w i l l  p r o v i d e  more f l e x i b i l i t y  and 

reduce computer t i m e  f o r  many s t reaming  problems. 

Task 2b - Prepare P l u t o n i u m  Source Term 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  

The source  terms f o r  r e c y c l e  p l u t o n i u m  have been e s t i m a t e d  and w i l l  be 

s e n t  t o  SRL i n  October .  These source terms i n c l u d e  t h e  a c t u a l  gamma and 

n e u t r o n  source i n t e n s i t y  d a t a  which was updated and i n c l u d e d  i n  t h e  B14C-MG 

code. A l s o  i n c l u d e d  a r e  PlVL e s t i m a t e s  o f  t h e  p l u t o n i u m  i s o t o p i c  composi- 

t i o n s  f o r  t h e  f i r s t ,  second, and t h i r d  LWR f u e l  c y c l e s .  A d d i t i o n a l  c y c l e  

compos i t i ons  w i l l  be added as needed. 

TASK 3  - CRITICALITY EXPERIMENTS (R. C. L l o y d )  

Task 3a - P l a n  S o l u b l e  IVeutron Absorber Benchmark Exper iments  

T h i s  s e r i e s  o f  exper iments  i s  designed t o  p r o c u r e  benchmark d a t a  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  n e u t r o n  absorbers  ( p o i s o n s ) .  To de te rm ine  t h e  e f f e c t s  o f  

s o l u b l e  po isons [Gd (N03)3, and Cd(N03)$ on p e l  l e t  d i s s o l u t i o n ,  a  s e r i e s  

of  exper iments  w i l l  be performed on a  l a t t i c e  o f  l ow-enr i ched  u r a n y 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  these adsorbers .  
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Low enr i ched  U02 f u e l  rods  o f  4.3 w t %  2 3 5 ~  have been procured f o r  use 

i n  these exper iments.  The rods a re  made up from 0.472- in.  d iameter  U02 

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  fue l  tubes; t h e  f u e l  tube OD (304 SS) 

i s  0.567 i n .  w i t h  t h e  c l a d  th ickness  be ing 0.046 i n .  

C r i t i c a l i t y  c a l c u l a t i o n s  were i n i t i a t e d  i n  connec t ion  w i t h  pre-exper iment  

p lann ing  t o  de f ine  t h e  optimum l a t t i c e  con f i gu ra t i ons  and neu t ron  absorber  

concen t ra t ions  t h a t  w i l l  be used d u r i n g  t he  course o f  the  exper iments.  

TASKS IN  PROGRESS 

TASK 1 

Work w i l l  c on t i nue  toward comple t ion  o f  t h e  f u e l  rep rocess ing  s e c t i o n  

o f  t h e  des ign resource book. Development o f  r i s k  a n a l y s i s  methodology as 

a p p l i e d  t o  c r i t i c a l i t y  s a f e t y  a n a l y s i s  w i l l  c on t i nue  t o  o b t a i n  a  work ing  

model f o r  den ionst ra t i  on purposes. 

TASK 2 

A benchmark s h i e l d i n g  problem w i l l  be c a l c u l a t e d  a t  PNL and SRL t o  

demonstrate s a t i s f a c t o r y  ope ra t i on  o f  t h e  c a l c u l a t i o n a l  code systems a t  t h e  

two s i t e s .  Source ternis f o r  r e c y c l e  p lu ton ium w i l l  be documented f o r  use 

by SRL i n  f u t u r e  s h i e l d i n g  c a l c u l a t i o n s .  

TASK 3 

The benchmark c r i t i c a l i t y  exper iments t o  measure t h e  po ison ing  e f f e c t s  

o f  s o l u b l e  GD and Cd po ison i n  a  l a t t i c e  o f  4.3 w t %  2 3 5 ~  enr i ched  U02 f u e l  

rods w i l l  be s t a r t e d .  



REFERENCES 

F i n a l  Gener ic  Environmental  Statement on t h e  Use of  Recycle P lu ton ium 
i n  Mixed-Oxide Fuel  i n  L i g h t  Water Cooled Reactors.  NUREG-0002, ES, 
U.S. Nuc lea r  Regu la to ry  Commission, Washington, D . C . ,  August 1976. 

L. L. Burger ,  "Release o f  T r i t i u m  f r o m  Fuel  and C o l l e c t i o n  f o r  Storage."  
Presented a t  t h e  ANS-AIChE T o p i c a l  Meet ing:  C o n t r o l l i n g  A i r -Borne  
E f f l u e n t s  f r o m  Fuel  Cyc le  P l a n t s .  Sun Valley, I D ,  August 1976. 

J .  H. Goode e t  a l . .  V o l o x i d a t i o n  - Removal o f  V o l a t i l e  F i s s i o n  Products  
f rom Spent LMFBR ~ i e l  s . ORNL-TM-3723, Oak Ridge L a b o r a t o r i  es , 0a k 
Ridge, TN, 1973. 

I ,  0 .  Winsch, T. R. Johnson, R.  D. P i e r c e ,  and W. E. M i l l e r ,  M e l t  
Dec ladd ing o f  F a s t  Reactor  Fue l .  ANL-8142, Argonne N a t i o n a l  
L a b o r a t o r i e s ,  Argonne, :[L, November 1974. 

D. S. Webster e t  a l . ,  Fuel  Cyc le  Technology - F i n a l  Report .  ANL-7994, 
Argonne N a t i o n a l  Labora to ry ,  Argonne, I L  , March 1973. 

J .  G. ~ u r m ,  P. R.  Heylen, R. C. DeBeukalaer, and A. DeConinck, 
Pyrochemical  Head-End Concept ion f o r  F a s t  Breeder Fuel Process ing.  
ELIR 4614e, 1971. 

E. R. I r i s h ,  Q u a r t e r l y  Progress Repor t  - LWR Fuel  Recyc le  Program 
A p r i l  - June 1976. BNWL-2080-1, B a t t e l  l e ,  P a c i f i c  Nor thwest  
L a b o r a t o r i e s ,  R ich land,  WA, 99352, J u l y  1976. 

W.  Z.  Wade and T. Wolf ,  The P r o d u c t i o n  o f  P lu ton ium Meta l  by D i r e c t  
Reduct ion o f  t h e  Oxide. UCRL-50403, February 1968. 

D. S. Webster e t  a l . ,  Fuel  Cyc le  Technology Q u a r t e r l y  Report .  ANL-7902, 
Argonne N a t i o n a l  L a b o r a t o r i e s ,  Argonne, I L  , February  1972. 

C .  R. Cooley and G. L. Richardson, unpub l i shed  work, Hanford Eng ineer ing  
Development Labora to ry ,  Westinghouse Hanford Company, 1972. 

B. C. Musgrave, " T r i t i u m  D i s t r i b u t i o n  i n  t h e  Nuc lea r  I n d u s t r y . "  The 
~ e q u i r e m e n t s  f o r  C o n t r o l  S t r a t e g i e s .  ICP-1041, A1 1 i e d  Chemical Corpora- 
t i o n ,  N a t i o n a l  Reactor  T e s t i n g  S t a t i o n ,  1974. 

S. V .  R i b n i k a r  and J .  D. Dupezin, " P o s s i b i l i t i e s  o f  T r i t i u m  Removal 
f rom Waste Waters o f  P r e s s u r i z e d  Water Reactors  and Fuel  Process ing 
P l a n t s . "  Proceedings o f  t h e  1 3 t h  AEC A i r  C lean ing Conference, 
San F ranc isco  1974. 

H. Schnez, M. Laser ,  and E.  Mars, T r i t i u m  i n  Reprocessing P l a n t s ,  A 
Study o f  t h e  I n v e n t o r y ,  Behav ior ,  and t h e  P o s s i b i l i t i e s  of  S e p a r a t i o n  
o f  T r i t i u m  I s o t o ~ e s .  GERHTR-139. Kernforschunqsanlaae J u l i c h .  1974. 

N. E. H a l l  and G. N.  Ward, T r i t i u m  C o n t r o l  by Water Recycle i n  a 
Nuc lea r  Fuel  Reprocessing P l a n t .  NEDG-11342, General E l e c t r i c  Company, 
San Jose, CA, 1975. 



DISTRIBUTION 

NO. OF 
COP1 ES 

OFFSITE 

1 ERDA Chicago Patent  Group 
9800 S ~ u t h  Cass Avenue 
Argonne, I L  60439 

A. A. Churm 

ERDA Albuquerque Operat ions O f f i c e  
P. 0. Box 5400 
A1 buquerque, NM 871 15 

ERDA Chicago Operat ions O f f i c e  
9800 South Cass Avenue 
Argonne, I L  60439 

ERDA D i v i s i o n  o f  Biomedical and Environmental Research 
Washington, DC 20545 

J. L. Liverman, D i r e c t o r  

ERDA D i v i s i o n  o f  I n t e r n a t i o n a l  A f f a i r s  
Washington, DC 20545 

N. F. Se iver ing ,  A s s i s t a n t  Adm in i s t r a to r  

ERDR Nuclear  Energy 
Washington, DC 20545 

R. W. Roberts, A s s i s t a n t  Adm in i s t r a to r  

ERDA D i v i s i o n  o f  Nuclear Fuel Cycle and Produc t ion  
Washington, DC 20545 

F. P. Baranowski, D i r e c t o r  
G. B rad ley  
P. Hogroian 
C. Kuhlman 
G. P l e a t  
D. Spurgeon 

ERDA D i v i s i o n  o f  Reactor Development Demonstrat ion 
Washington, DC 20545 

W. H. McVey, Chief ,  Fuel Recycle Branch 



No. o f  
Copies 

ERDA D i v i s i o n  o f  Safeguards and S e c u r i t y  
Washington, DC 20545 

H. E. Lyon 

ERDA Idaho Operat ions O f f i c e  
550 2nd S t r e e t  
Idaho F a l l s ,  ID  83401 

ERDA Oak Ridge Operat ions O f f i c e  
P. 0. Box E 
Oak Ridge, TN 37830 

ERDA San Franc isco  Operat ions O f f i c e  
1333 Broadway, Wel ls  Fargo B u i l d i n g  
Oakland, CA 94616 

U n i v e r s i t y  o f  Cal i f o r n i a  
Lawrence L ivermore Labora to ry  
P. 0. Box 808 
Livermore, CA 94550 

ERDA Savannah R i ve r  Operat ions O f f i c e  
P. 0.  Box " A "  
A i  ken, SC 29801 

T. B. Hindman, J r . ,  D i r e c t o r ,  Fuel Cycle P r o j e c t  O f f i c e  
Norman Hook 
N. Stetson,  Manager 

ERDA Technica l  I n f o rma t i on  Center 

Ae ro j e t ,  Energy Conversion Company 
1120 Connec t i cu t  Avenue. N.W. 
S u i t e  1050 
Washington, DC 20036 

L l oyd  D. Tokerud, V ice -Pres iden t  

A1 1 i ed Chemical Corpora t ion  
550 Second S t r e e t  
Idaho F a l l s ,  ID  83401 

F. H. Anderson, General Manager 



No. of 
Copies 

A1 1 ied-General  Nuc lear  Serv ices 
P. 0. Box 847 
Barnwel l  , SC 2981 2 

A. E.  Schubert, P res i den t  
A. K. W i l l i ams  

Argonne Nat iona l  Labora to ry  
9700 S. Cass Avenue 
Argonne, I L  60439 

J .  A. Kyger, Assoc. D i r e c t o r  

B a t t e l  le-Columbus Labo ra to r i es  
505 Kinq Avenue 

J .  M. Batch, D i r e c t o r  

B a t t e l l  e-Human A f f a i r s  Research Centers 
4000 N.E. 41s t  S t r e e t  
S e a t t l e ,  WA 98105 

S. I.1. Nealey 
J.  E. Rasmussen, D i r e c t o r  
C. R. S c h u l l e r  

Babcock and W i  1  cox 
P. 0. Box 1260 
Lynchburg, VA 24505 

R. H. Ihde, Manager, Con t rac ts  and Marke t ing  

Boeing Engineer ing and Cons t ruc t i on  D i v i s i o n  
P. 0. Box 3707 
Sea t t l e ,  WA 98124 

Richard L. Grant,  D i r e c t o r ,  Nuc lear  P r o j e c t s  

Burns and Roe, I n d u s t r i  a1 Serv ices  Corpora t ion  
P. 0. Box 663 
Paramus, NJ 07652 

M. I .  Naparstek, Manager, Proposals 



No. of 
Copies 

1 Combustion Engineering 
Nuclear Power D i v i s i o n  
1000 Prospect H i l l  Road 
Windsor, CT 06095 

C .  K. Anderson 

Commonwealth Edison Company 
P. 0. Box 767 
Chicago, 11- 60690 

G. R .  Corey, V ice Chairman 

Caro l ina  Power and L i g h t  Company 
P.  0. Box 1551 
Raleigh, NC 27602 

L. E.  Smith, Manager, Fuel 

Corning Glass Works 
Corning, NY 14830 

M. G. B r i t t o n ,  Manager, Technical L ia i son  

DBM Corporat ion 
1920 A1 p ine  Avenue 
Vienna, VA 22180 

R.  G. Cross 

Edison E l e c t r i c  
90 Avenue 
New York, NY 10016 

J. Carp, D i r e c t o r ,  Energy P o l i c y  

E. I. duPont de Nemours and Company 
Aiken, SC 29801 

C. H. Ice, D i rec to r ,  SRL 

Exxon Nucl ear Company, I nc .  
777 - 106th Avenue. N.E. - ~ 

Bel levue, WA 98009 

S. J. Beard 
R. L. Dickeman, Pres ident  



No. of 
Copies 

F l o r i d a  Power Corpora t ion  
P. 0.  Box 14042 
St .  Petersburg,  FL 33733 

A. H. Hines, J r . ,  P res iden t  

F l o r i d a  Power and L i g h t  Company 
P. 0. Rox 013100 
Miami , FL 331 01 

D r .  U h r i g  

Genera 1 Atomic Company 
P. 0. Box 81608 
San Diego, CA 921 38 

John She f c i k  

General E l e c t r i c  Company 
175 Cur tner  Avenue 
San Jose, CA 95125 

R. G.  Barnes 
K. Bowlman 

GPU Serv ices  Corpora t ion  
260 Cherrv  H i l l  Road 

B. H. Cherry,  Manager, Fuel Resources 

Kerr-McGee Nuclear Corpora t ion  

Oklahoma City, OK 73102 

M a r t i n  B i  ns tock  

L ivermore Rad ia t i on  Labo ra to r i es  
P. 0. Box 808 

Kenneth S t ree t ,  Assoc. D i r e c t o r  

Los Alamos S c i e n t i f i c  Labora to ry  
P. 0. Box 1663 ~ ~~ 

Los Alamos, NM 87545 

H. M. Agnew, D i r e c t o r  



No. o f  
Copies 

Middle South U t i l i t i e s ,  Inc .  
P. 0. Box 61005 
New Orleans, LA 701 61 

F. W .  Lewis, President  

1 Monsanto Research Corporat ion 
Mound Laboratory 
P.  0. Box 32 
M i  a~n i  s burg, OH 45332 

W .  T. Cave, D i rec to r  

NL Indus t r i es  
P. 0. Box 928 
Barnwell, SC 2981 2 

George Stu kenbroeker 

Niagara Mohawk Power Corporat ion 
300 E r i e  Boulevard, West 
Syracuse, IVY 13202 

G. K. Rhode, VP, Engineering 

NRC Nuclear Ma te r i a l s  Safety and Safeguards 
Washington, DC 20545 

R. Cunningham 

NRC Research 
Washington, DC 20545 

Saul Levine, Deputy D i r e c t o r  

Holmes and Narver, I nc .  
400 E. Orangethorpe Avenue 
Anaheim, CA 92801 

W. A. Kal k, Manager, Nu Power Systems 

A t l a n t i c  R i c h f i e l d  Company 
BOX 2679 - TA 
Los Angeles, CA 90071 

L. M. Richards, Coordinator,  Nuclear Corn. Dev. 

Nucl ear Fuel Services, I nc  . 
6000 Executive Bl vd . 
Rockv i l le ,  MD 20952 

R. W .  Deuster, Pres ident  



No. of 
Copies 

Oak Ridge Gaseous D i f f u s i o n  P lan t  
Oak Ridge, TN 27820 

W. J. Wilcox, Technical  D i r e c t o r  

Oak Ridge Nat iona l  Laboratory  
P. 0. Box X 
Oak Ridge, TN 37830 

Herman Postma, D i r e c t o r  

Westinghouse E l e c t r i c  Corporat ion 
P l  u t o n i  um Rec-ycl e Fuel Proqrams 
P. 0. Box 355- 

- 

P i t t sbu rgh ,  PA 15230 

J. F. Bader, Manager 

Proposal Management, I n c .  
121 N. Orionna S t r e e t  
Ph i lade lph ia ,  PA 19106 

C. A. Hi renda, D i r e c t o r ,  Market ing 

Rockwell I n t e r n a t i o n a l  
Atomics I n t e r n a t i o n a l  D i v i s i o n  

Canoga Park, CA 91304 

R. D. Oldenkamp 

Rockwell I n t e r n a t i o n a l  
Rocky F l a t s  P l a n t  
P. 0. Box 464 
Golden, CO 80401 

R. 0.  Wi l l i ams,  VP 

Science App l i ca t i ons ,  Inc.  
1680 Hanover S t r e e t  
Palo A1 t o ,  CA 94303 



No. of 
Copies 

ONSITE 

2 

NUSAC 
777 Leesburg P ike  
F a l l s  Church, VA 22043 

R. C.  Adkins, Technica l  Representat ive 

Tennessee V a l l e y  A u t h o r i t y  
217 E l e c t r i c  Power Board Bldq. - ~ - 
Chattanooga, TN 37401 

Ray Hoskins 

Thraeger Tech. 
110 S .  E u c l i d  Avenue 
Pasadena, CA 91101 

K. V ickers  

V i r g i n i a  E l e c t r i c  Power Co. 
Nuclear  Fuel Serv ice  Dept. 
512 F r a n k l i n  B u i l d i n g  
P. 0. Box 26666 
Richmond, VA 32361 

Claude Stephens 

The S. M. S t o l l e r  Corp. 
Western Reprocessors 
1250 Broadway 
New York, NY 10001 

S. M. S t o l l e r  

Yankee Atomic E l e c t r i c  Company 
20 Turnpike Road 

Wendell Johnson, VP 

ERDA Rich land Operat ions O f f  i c e  

P .  A. C ra ig  
N. T. Karagianes 

ARHCO 

H. H. Hopkins 
M. J .  S z u l i n s k i  



No. of 
Copies 

Hanford Engineering Development Laboratory 

3 M .  J .  Barr 
R .  E .  Dahl, J r .  
R .  B .  McCord 

Battelle-Northwest 

3 6 T .  W .  Ambrose 
D. E .  Blahnik 
C .  L .  Brown 
L .  L .  Burger 
N .  E. Carter 
D .  B. Cearlock 
E .  D .  Clayton 
J .  W .  Finnigan 
J .  C .  Fox 
S. Goldsmith 
A.  J .  Haverfield 
E .  R .  Irish 
J .  H .  J a r re t t  ( 2 )  
R .  S. Kernper 
W .  S. Kelly 
D .  H .  Lester 
R. C .  Liikala 
R .  P .  Marshall 
J .  M .  Nielsen 
R .  E .  Nightingale 
D .  E. Olesen 
L .  T. Pedersen 
A .  M .  P lat t  
L .  C.  Schwendiman 
J .  L .  Simmons 
C .  L .  Simpson 
J .  L .  Swanson 
C .  M. Unruh 
H .  H .  Van Tuyl 
L .  L .  Wendel 1 
R .  D .  Widrig 
Technical Information ( 3 )  
Technical Publications 




