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INTRODUCTION 

T h i s  r e p o r t ,  BNWL-1308-6, i s  t h e  1 8 t h  r e p o r t  o f  a  s e r i e s  

i n i t i a t e d  i n  1966 t o  p r o v i d e  d e t a i l e d  and t i m e l y  i n f o r m a t i o n  

on t h e  r e s u l t s  o f  t h e  i s o t o p i c  f u e l s  program and r e l a t e d  

r e s e a r c h  b e i n g  conducted  a t  t h e  P a c i f i c  Northwest  Labora to ry  

by B a t t e l l e - N o r t h w e s t  f o r  t h e  U.S. Atomic Energy Commission. 

The p r e v i o u s  r e p o r t s  o f  t h e  s e r i e s  a r e  BNWL-385, 466, 570, 680, 

681, 781, 877, 924, 1010,  1085,  1177,  1256,  and 1308-1  t h r o u g h  

1308-5 .  

T h i s  r e p o r t  c o v e r s  t h e  th ree -month  p e r i o d ,  February  th rough  

A p r i l  1971.  



SUMMARY 

E N C A P S U L A T E D  WASTE M A N A G E M E N T  C E S I U M  A N D  S T R O N T I U M  A S  P R O C E S S  

R A D I A T I O N  S O U R C E S  

The r e c e n t l y  announced c l o s u r e  of t h e  Hanford KE Reactor 

should  have no app rec i ab l e  e f f e c t  on t h e  Hanford Waste Manage- 

ment Program (HWMP). ARHCO has  begun c o n s t r u c t i o n  on t h e  

encapsu l a t i on  p o r t i o n  of t h e  Waste Management P l a n t .  Product ion 

of f i s s i o n  product  SrF2 may r e s u l t  i n  complex mixtures  c o n t a i n -  

ing  minor f r a c t i o n s  of NaF, CaF2, BaF2, and perhaps KF and NaC1. 

Eva lua t ion  of t h e s e  mixtures  i s  proceeding t o  determine t h e i r  

p o s s i b l e  e f f e c t  on t h e  mel t ing  p o i n t  and c o m p a t i b i l i t y  of  t h e  

Hanford Waste Management p roduc ts .  

U T I L I Z A T I O N  OF F I S S I O N  P R O D U C T  R H O D I U M ,  P A L L A D I U M ,  R U T H E N I U M  

A N D  T E C H N E T I U M  

Determinat ion of t h e  h a l f - l i f e  of 1 0 2 m 1 ~ 1  has been completed. 

The dose r a t e s  from f i s s i o n  product  pal ladium a r e  being d e t e r -  

mined by t h e  use  of a  pal ladium f o i l  r e p r e s e n t i n g  an i n f i n i t e l y  

t h i c k  s l a b .  I n v e s t i g a t i o n  of f u t u r e  supply  and demand f o r  t h e  

pla t inum meta l s  i s  con t inu ing .  The e f f e c t s  of r a d i o l o g i c a l  

hazards  on t h e  m a r k e t a b i l i t y  of r e a c t o r  produced pla t inum meta l s  

i s  being i n v e s t i g a t e d .  Ca l cu l a t i ons  w i th  r e s p e c t  t o  t h e  po ten-  

t i a l  hazards  from lo7pd  i n d i c a t e s  t h a t  t h e  r a d i o l o g i c a l  hazard  

may n o t  be b i o l o g i c a l l y  s i g n i f i c a n t ,  n e i t h e r .  i n  terms of popu- 

l a t i o n  dose nor  i n d i v i d u a l  dose .  

E V A L U A T I O N  O F  L A R G E  S C A L E  U S E S  FOR P U R I F I E D  F I S S I O N  P R O D U C T  

XENON 

The s t o c k  of p u r i f i e d  f i s s i o n  product  xenon a t  ORNL i s  

being f u r t h e r  p rocessed  t o  remove major i m p u r i t i e s ,  i nc lud ing  



mois tu re ,  oxygen, and carbon d iox ide .  Add i t i ona l  express ions  

of i n t e r e s t  on t h e  a v a i l a b i l i t y  of t h e  xenon have been ob ta ined .  

ISOTOPE P R O D U C T I O N  E V A L U A T I O N S  

A s e r i e s  of pa rame t r i c  market evo lu t ion  cases  i s  being 

prepared  t o  s imu la t e  va r ious  p o s s i b l e  ways t h a t  1 3 7 ~ s  and ' O S ~  

markets  might develop.  A s e r i e s  of computer programs has been 

developed t o  c a r r y  ou t  t h e s e  c a l c u l a t i o n s .  F i n a l  r e s u l t s  a r e  

being developed i n  terms of p r i c e  requirements  f o r  p r o f i t a b l e  

recovery of cesium and s t ron t ium from s p e n t  power r e a c t o r  f u e l s .  

A r e v i s e d  v e r s i o n  of t h e  NUCLIDE TABLES i s  being prepared .  

PROMETHIUM-146 B U R N O U T  

I r r a d i a t i o n  cond i t i ons  and t a r g e t  ma t r ix  requirements  t o  

produce promethium con ta in ing  l e s s  than  0 . 1  ppm have been 

i n v e s t i g a t e d . ,  I n  a d d i t i o n  t o  d e t a i l e d  examination of l i t e r a t u r e  

r e l a t e d  t o  y ,n and n,2n r e a c t i o n s  i n  neptunium and promethium, 

a  major b a s i s  f o r  determining t h e  i r r a d i a t i o n  cond i t i ons  and 

t a r g e t  m a t r i x  requirements  has been ob t a ined  from Savannah 

River and Hanford i r r a d i a t i o n s  of  2 3 7 ~ p  t o  produce 2 3 8 ~ u  - - 

con ta in ing  low l e v e l s  of 2 3 6 ~ u .  Computations have been s t a r t e d  

t o  determine t h e  maximum high energy gamma and/or neu t ron  f l u x  

t h a t  can be allowed t o  achieve a  d e s i r e d  1 4 6 ~ m  burnout of about 

80%. Condi t ions  necessary  t o  achieve 80% 1 4 6 ~ m  burnout ,  o r  a  

1 4 6 ~ m  l e v e l  of 0.05 ppm a r e  r epo r t ed .  

N E U T R O N  RADIOGRAPHY USING 2 5 2 ~ ~  

Development of a  p r o p o r t i o n a l  counte r  f o r  imaging of 

thermal neu t rons  has p rogressed  t o  t h e  e v a l u a t i o n  s t a g e .  Other 

techniques  f o r  neu t ron  imaging wi th  counte rs  have been i n v e s t i -  

ga t ed ,  i nc lud ing  o t h e r  types  of p o s i t i o n - s e n s i t i v e  p r o p o r t i o n a l  

coun te r s ,  s o l i d  s t a t e  d e t e c t o r s ,  and channe l t ron  dev i ce s .  



Advanced concepts  f o r  a  p o r t a b l e  s h i e l d  have been developed and 

a  s imple  f a c i l i t y  has been cons t ruc t ed  f o r  t e s t i n g  s h i e l d i n g  

m a t e r i a l s  i n  beam e x t r a c t i o n  geomet r ies .  

A D V A N C E D  SOURCE D E V E L O P M E N T  

Four of t h e  t e n  alpha-photon r a d i a t i o n  sources  p repared  i n  

t h e  p rev ious  q u a r t e r  were t e s t e d  a t  ORNL.  The t e s t  r e s u l t s  a r e  

y e t  t o  be fo rmal ly  r e p o r t e d  b u t  p r e l imina ry  r e s u l t s  a r e  encourag- 

i ng .  I n  most t e s t s  t he  sources  performed b e t t e r  than prev ious  

PNL alpha-photon sou rces .  Some a r e a s  f o r  improvement a r e  s t i l l  

i n d i c a t e d .  Tes t  r e s u l t s  w i l l  be used t o  improve t h e  nex t  gen- 

e r a t i o n  of  alpha-photon sou rces .  A new tuning network was p ro -  

cured f o r  t h e  glovebox s p u t t e r i n g  system. I t  w i l l  be i n s t a l l e d  

i n  May, and should  r e s u l t  i n  a  s i g n i f i c a n t  i n c r e a s e  i n  e x p e r i -  

mental  e f f i c i e n c y .  

C I R C U L A T O R Y  S U P P O R T  S Y S T E M S  

Measurements of t h e  neu t ron  dose r a t e s  i n  a  l a r g e  t i s s u e  - 
f l u i d  phantom were completed us ing  " ' ~ f  a s  a  s u b s t i t u t e  f o r  

2 3 8 ~ ~ 0 i 6  i n  a Rankine power source  p ro to type .  S i m i l a r  measure- 

ments a r e  nea r  completion f o r  a  Remab phantom. 

Neutron and photon dose r a t e s  were c a l c u l a t e d  f o r  a  30-W 

2 3 8 ~ u 0 i 6  source  p l aced  i n  t h e  Rankine dev ice .  When adjus tment  

i s  made f o r  s i m i l a r  t i s s u e  t h i cknes s  and emiss ion r a t e s ,  t h e  

c a l c u l a t i o n s  agree  w e l l  -with those  p rev ious ly  made f o r  LASL-1, 

a  30-W, 2 3 8 ~ ~  meta l  source .  

Engineer ing s t u d i e s  t o  develop r a d i o i s o t o p i c  blood h e a t e r s  

i n  suppor t  of PNL1s "B io log i ca l  E f f e c t s  of I n t r a c o r p o r e a l  Radio- 

i s o t o p e  Heat Source" s tudy  were i n i t i a t e d .  



N U C L E A R  T E C H N I Q U E S  FOR SEABED M I N E R A L  E X P L O R A T I O N  

Var i a t i ons  i n  d e t e c t i o n  e f f i c i e n c y  f o r  elements i n  sub- 

s t r a t e s  of va r ious  d e n s i t i e s ,  c r o s s  s e c t i o n s ,  and over burdens 

a r e  being i n v e s t i g a t e d .  A s u b c r i t i c a l  m u l t i p l i e r  f o r  2 5 2 ~ f  neu- 

t r o n s  was eva lua t ed  f o r  seabed minera l  a n a l y s i s ,  An e v a l u a t i o n  

of t h e  primary gamma rays  from molybdenum o re s  i n  seabed was 

completed. The p ro to type  des igns  of  t he  n u c l e a r  probe under-  

wate r  assembly and t h e  e l e c t r o n i c s  packages f o r  d a t a  accumula- 

t i o n  and a n a l y s i s  have been f i n a l i z e d .  



E N C A P S U L A T E D  WASTE MANAGEMENT C E S I U M  A N D  S T R O N T I U M  

A S  P R O C E S S  R A D I A T I O N  SOURCES 

H .  H .  V a n  Tuyl a n d  W. E .  K e d e r  

The o b j e c t i v e  o f  t h i s  program i s  t o  prov ide  
t e c h n o l o g y  f o r  t h e  p r o d u c t i o n  o f  i n e x p e n s i v e  c e s i u m  
and s t r o n t i u m  s o u r c e s  by u s i n g  t h e  p u r i f i e d  compounds 
genera ted  i n  t h e  Hanford Waste Management Program 
( H W M P ) .  Large s c a l e  use  o f  t h e s e  r a d i o i s o t o p e s  w i l l  
r e q u i r e  an a s s e s s m e n t  o f  t h e  c a p a b i l i t i e s  o f  H W M P  
f o r  producing s u i t a b l e  r a d i a t i o n  and h e a t  s o u r c e s ,  
accep tance  o f  t h e  H W M P  product  by t h e  cus tomer ,  
l i c e n s i n g  o f  t h e  s o u r c e s ,  and marke t  deve lopment  
a c t i v i t i e s .  

The goa l  i n  F Y - 1 9 7 1  i s  t o  d e v e l o p  equipment  f o r  
f a b r i c a t i n g  s m a l l e r  d iame ter  s o u r c e s  i n  t h e  H W M P  
f a c i  l i t y  . The i n c r e m e n t a l  c o s t  o f  producing smaZZer 
s o u r c e s  w i l l  be e v a l u a t e d .  P r o t o t y p e  s o u r c e s  w i l l  
be  f a b r i c a t e d  w i t h  n o n r a d i o a c t i v e  f e e d s ,  i n c l u d i n g  
l o a d i n g  c a p s u l e s ,  w e l d i n g ,  and NDT. The s o u r c e s  
w i l l  be t e s t e d  t o  de t e rmine  mechanical  i n t e g r i t y .  
P o t e n t i a l  cus tomers  w i l l  be c o n t a c t e d  t o  s t i m u l a t e  
i n t e r e s t  i n  t h e  HWMP s o u r c e s .  

The r e c e n t l y  announced c l o s u r e  of t h e  Hanford KE Reactor 

should  have no app rec i ab l e  e f f e c t  on t h e  Hanford Waste Manage- 

ment Program (HWMP). Accumulation of cesium w i l l  con t inue  as 
a  p a r t i a l l y  p u r i f i e d  crude.  Ion exchange p u r i f i c a t i o n  equipment 
f o r  cesium i s  being i n s t a l l e d  i n  B-Plan t ,  and f i n a l  p u r i f i c a t i o n  

of cesium i s  expected t o  s t a r t  i n  F Y - 1 9 7 2 .  A l l  of t h e  r equ i r ed  

s t ron t ium p u r i f i c a t i o n  i s  being done c u r r e n t l y ,  b u t  f lowshee ts  

a r e  s t i l l  be ing  changed occas iona l ly  t o  o b t a i n  h ighe r  p u r i t i e s ,  

b e t t e r  recovery ,  o r  lower ope ra t i ng  c o s t .  Good product  p u r i t y  

can be achieved even wi th  e x i s t i n g  technology.  One of t h e  

s t ron t ium produc t  tanks  con ta in s  about 1 2  M C i  of s t ron t ium of 

95% chemical p u r i t y .  The ' O S ~  con t en t  i s  53.7 w t %  based on 

t o t a l  c a t i o n  con ten t .  This m a t e r i a l  i s  b e t t e r  than  any s o l v e n t  

e x t r a c t i o n  m a t e r i a l  p r ev ious ly  shipped t o  ORNL. 



C o n s t r u c t i o n  h a s  been s t a r t e d  by ARHCO on t h e  e n c a p s u l a t i o n  

p o r t i o n  o f  t h e  Waste Management p l a n t .  The f a c i l i t y  i s  expec ted  

t o  be r eady  f o r  c o l d  t e s t i n g  i n  CY-1973, and f o r  f u l l  h o t  o p e r a -  

t i o n  i n  J a n u a r y  1974. A t  t h e  p r e s e n t  p r o c e s s i n g  r a t e ,  t h e  was te  

s t o r a g e  t a n k s  w i l l  have been comple te ly  p r o c e s s e d  i n  abou t  1976. 

A few a d d i t i o n a l  y e a r s  w i l l  p robab ly  be  r e q u i r e d  f o r  c o n v e r s i o n  

t o  s o l i d s  and e n c a p s u l a t i o n .  

P r o d u c t i o n  of f i s s i o n  p r o d u c t  S rF2  may r e s u l t  i n  complex 

m i x t u r e s  c o n t a i n i n g  minor f r a c t i o n s  of  NaF, CaF2, BaF2, and 

pe rhaps  KF and NaC1. Decay of t h e  s t r o n t i u m  i s o t o p e s  w i l l  i n t r o -  

duce s i g n i f i c a n t  q u a n t i t i e s  o f  z i rconium i n t o  t h e  m i x t u r e .  The 

b e h a v i o r  of  t h e  s o l i d  m a t e r i a l  w i l l  depend upon s o l i d  s o l u t i o n  

f o r m a t i o n  which t e n d s  t o  lower  f r e e z i n g  p o i n t  a  r e a s o n a b l e  

amount; e u t e c t i c  f o r m a t i o n ,  which u s u a l l y  r e s u l t s  i n  a  much 

g r e a t e r  f r e e z i n g  p o i n t  d e p r e s s i o n ;  and compound f o r m a t i o n .  I n  

a d d i t i o n ,  a c t u a l  chemica l  r e a c t i o n  may be i m p o r t a n t  i n  t h e  

m i x t u r e .  

BaFZ forms s o l i d  s o l u t i o n s  w i t h  b o t h  CaFZ and S r F Z ,  which 

have b r o a d ,  s h a l l o w - f r e e z i n g  p o i n t  minima a t  equ imola r  concen- 

t r a t i o n s  (Reference  1, Vol.  I ,  p .  128 ,  1 3 4 ) .  One would e s t i m a t e  

t h a t  CaF2 and SrF2 would form s o l i d  s o l u t i o n s  t o g e t h e r  and t h a t  

pe rhaps  t h e  f r e e z i n g  p o i n t  would be  s l i g h t l y  l e s s  t h a n  f o r  p u r e  

S rF2 .  On t h e  o t h e r  hand,  S rF  -SrC12 form two e u t e c t i c s :  1 4  and 2 
58% SrF2 which f r e e z e  a t  763 and 944 O C ,  r e s p e c t i v e l y ,  w i t h  a 

maximum of  960 O C  between t h e s e  composi t ions  a t  50% S r F 2 .  

NaF-SrF2 form a e u t e c t i c  m i x t u r e  a l s o ,  a t  50 mole % SrF2 ,  which 

m e l t s  a t  856 O C .  That  i s  t o  s a y ,  i n t r o d u c t i o n  o f  a  s m a l l  amount 

o f  NaF i n t o  a  S rF2  sample w i l l  lower t h e  f r e e z i n g  p o i n t  about  

550 from 1400 O C .  A s  a  S rF2  r i c h  SrF2-NaF m e l t  c o o l s ,  p u r e  

SrF2 s h o u l d  c r y s t a l l i z e  o u t  u n t i l  a t  856 O C  t h e  equ imola r  

e u t e c t i c  s o l i d i f i e s  a s  a  s e p a r a t e  phase .  T h i s  shou ld  be  t h e  

c a s e  no m a t t e r  what t h e  p r o p o r t i o n  of  t h e  o r i g i n a l  m i x t u r e .  

For example a t  1000 O C  t h e  m e l t  shou ld  have a  r a t i o  2SrF2 t o  

1NaF. 



I n  i t s  s i m p l e s t  form t h e  e n c a p s u l a t e d  SrF2 would c o n s i s t  

o f  s t r o n t i u m  f l u o r i d e ,  z i rconium d a u g h t e r ,  and a  c e r t a i n  amount 

of i m p u r i t y  sodium f l u o r i d e .  The i n t r o d u c t i o n  o f  d a u g h t e r  z i r c o -  

nium i n t o  t h e  S rF2  sys tem produces  s i g n i f i c a n t  complex i ty .  The 

r e s u l t i n g  z i rconium compound of  c o u r s e  has  t h e  s t o i c h i o m e t r y  

Z r F 2  One would e x p e c t  t h e  p r e s e n c e  o f  Z r F 2  i n  S rF2  t o  produce  

phase  b e h a v i o r  s i m i l a r  t o  m i x t u r e s  o f  o t h e r  d i v a l e n t  f l u o r i d e s .  

I f  a  s e r i e s  of s o l i d  s o l u t i o n s  i s  formed,  t h i s  would p r o b a b l y  

mean a  maximum f r e e z i n g  p o i n t  d e p r e s s i o n  of  o n l y  a  few hundred 

d e g r e e s .  I n  t h e  absence  of S rF2-ZrF2  s o l i d  s o l u t i o n s ,  a  e u t e c -  

t i c  w i t h  a  much lower  f r e e z i n g  p o i n t  might  be o b t a i n e d .  

ZrFZ h a s  been r e p o r t e d  and i t s  p r o p e r t i e s  a r e  s a i d  t o  be 

t h o s e  of  group IV-A d i f l u o r i d e s .  I t  a p p e a r s  t o  d i s p r o p o r -  

t i o n a t e  however.  The i n d i c a t i o n  h e r e  i s  t h a t  one c o u l d  e x p e c t  

a  change of  b e h a v i o r  w l ~ c i l  sample o f  o l d  e n c a p s u l a t e d  SrF2 was 

b rough t  t o  800 O C  f o r  t h e  f i r s t  t ime .  Probably  t h i s  would mean 

a  d e c r e a s e  i n  m e l t i n g  p o i n t  a s  t h e  Z r F 4  i s  formed and makes 

e u t e c t i c  m i x t u r e s  w i t h  o t h e r  f l u o r i d e s .  Note t o o  t h a t  ZrF2 w i l l  

o x i d i z e  e a s i l y  i f  t h e r e  i s  any o x i d i z i n g  a g e n t  p r e s e n t .  

The c h e m i s t r y  of t h e  f l u o r i d e s  o f  z i rconium i s  of i n t e r e s t  

i n  t h e  e f f o r t  t o  e s t i m a t e  t h e  Zr s p e c i e s  which w i l l  c o n t r o l  

t h e  phase  b e h a v i o r  of  aged S r F 2 .  Z r X 2  and Z r X 3  compounds have 

been r e p o r t e d  f o r  a l l  t h e  h a l i d e s ,  b u t  t h e  f l u o r i d e s  a r e  l e s s  

w e l l  d e s c r i b e d  t h a n  t h e  o t h e r s .  Zirconium m e t a l  w i l l  r educe  

Z r C 1 4  t o  Z r C 1 3  a t  450 O C  and t o  Z r C 1 2  a t  675 O C .  ZrF3 i s  

r e p o r t e d  t o  e x i s t ,  and Z r F 4  h a s  been reduced a t  350 O C  by 

a tomic  hydrogen t o  ZrtZ. The l a t t e r  conipound d i s p r o p o r t i o n a t e s  

a t  800 O C .  T h i s  would i n d i c a t e  t h a t  d a u g h t e r  z i rconium would 

e x i s t  a s  ZrF2 i n  t h e  beg inn ing  and a s  a  m i x t u r e  of  m e t a l  and 

ZrF4 i f  t h e  m a t e r i a l  i n  t h e  c a p s u l e s  g o t  h o t  enough. 

The phase  b e h a v i o r  might  change s i g n i f i c a n t l y  above a  

t e m p e r a t u r e  a t  which d i s p r o p o r t i o n a t i o n  o f  Z r F Z  t a k e s  p l a c e .  

ZrF4 i t s e l f  m e l t s  a t  abou t  920 O C ,  which i s  s i g n i f i c a n t l y  lower  



than  what one would e s t i m a t e  f o r  Z r F 2 .  I t  forms a  s e r i e s  of 

compounds wi th  a l k a l i  (3) and (presumably) a l k a l i n e  e a r t h  f  luo-  

r i d e s ,  which form e u t e c t i c s  wi th  each o t h e r ,  some mel t ing  a s  

low as  500 O C .  The phase diagrams of Z r F 4  wi th  t h e  a l k a l i  

h a l i d e s  would i n d i c a t e ,  however, t h a t  a t  lower Z r F 4  concen t ra -  

t i o n s  t h e  lowest  mel t ing  p o i n t  mixture  would probably  be a  

e u t e c t i c  wi th  t h e  compound M3ZrF7 o r  a  compound con ta in ing  what- - 
eve r  c a t i o n s  a r e  a v a i l a b l e  (perhaps s r t L ) .  Such a  e u t e c t i c  

could  me l t  below 700 O C ,  and i f  t h e r e  were s e v e r a l  d i f f e r e n t  

c a t i o n s ,  maybe w e l l  beyond t h a t .  

A c a r e f u l  ana lyse s  f o r  a l k a l i  h a l i d e s  should  be made and 

t h e  e f f e c t  of ZrF2 should  be worked ou t .  The r e a c t i v i t y  of 

t h i s  m a t e r i a l  w i th  t h e  c o n t a i n e r s  i s  a l s o  worth checking,  and 

t h e  behavior  ( s o l u b i l i t y )  of zirconium meta l  i t s e l f  would be 

worth knowing. The presence of a l k a l i  f l u o r i d e s  i s  t h e  most 

s e r i o u s  problem i n  t h e  e f f o r t  t o  ho ld  t h e  mel t ing  p o i n t  up,  

however, 
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U T I L I Z A T I O N  O F  F I S S I O N  PRODUCT R H O D I U M ,  

P A L L A D I U M .  R U T H E N I U M .  AND T E C H N E T I U M  

The t r a d i t i o n a l  v i ew  o f  f i s s i o n  produc t s  a s  
was te  m a t e r i a l s  has been  s u p p l a n t e d  by t h e i r  r o l e  
a s  a  n a t i o n a l  r e s o u r c e .  Pursuant  t o  t h i s  r e v i s e d  
s t a t u s ,  a  r e s o u r c e  s t r a t e g y  i s  now b e i n g  formu- 
l a t e d  t o  d i r e c t  optimum t e c h n o l o g i c a l  and economic 
a p p l i c a t i o n  o f  t h e  f i s s i o n  produc t s  Rh, Pd, Ru, 
and Tc c r e a t e d  i n  o p e r a t i o n  o f  n u c l e a r  power r e a c -  
t o r s .  The program s e e k s  t o  e v a l u a t e  t h e  p o t e n t i a l  
o f  t h e s e  a r t i f a c t s  as  supp lemen t s  t o  t h e  n a t u r a l  
r e s e r v e  o f  p r e c i o u s  m e t a l s ,  and emphas i ze s  t h e  
p r a c t i c a l  a s p e c t s  o f  t h e i r  s a f e  u s e .  The program 
compr i ses  t h e  f o l l o w i n g  t a s k s :  

I .  E v a l u a t i o n  o f  rhodium and paZladium produced 
i n  power r e a c t o r s .  

2 .  Technology  f o r  r e c o v e r y  o f  Rh, Pd, T c ,  and Ru. 
3 .  Market a n a l y s i s  o f  Rh, Pd, T c ,  and Ru. 
4 .  Economic a n a l y s i s  o f  Rh, Pd, T c ,  and Ru pro- 

d u c t i o n  from n u c l e a r  w a s t e s .  
5 .  F a b r i c a t i o n  process  deve lopment  f o r  n u c l e a r  

source  (Rh,  Pd, T c ,  and Ru)  p r o d u c t s .  

1 0 2 m ~ h  H A L F - L I F E  

F .  P .  R o b e r t s  

The de t e rmina t i on  of t h e  h a l f - l i f e  of l o Z m ~ h  has  been com- 

p l e t e d ,  and a  f i n a l  r e p o r t  i s  be ing  p repared .  

R A D I A T I O N  C H A R A C T E R I S T I C S  

F .  P .  R o b e r t s  

Dose Rates  from F i s s i o n  Product  Pal ladium 

The l o 7 p d  i n  f i s s i o n  p roduc t  pa l l ad ium decays w i t h  t h e  

emiss ion  of a  0.035 MeV b e t a  and no gamma. Because of t h e  very  

low energy o f  t h e  b e t a  on ly  t hose  atoms decaying a t  o r  n e a r  t h e  

s u r f a c e  c o n t r i b u t e  t o  t h e  dose r a t e .  Because only  a  l i m i t e d  

amount of f i s s i o n  p roduc t  pa l l ad ium i s  a v a i l a b l e  t h e  a c t u a l  mea- 

surement of t h e  dose r a t e  i s  be ing c a r r i e d  ou t  u s ing  a  f o i l  



prepared  by e l e c t r o d e p o s i t i n g  0 . 5  grams of h igh ly  p u r i f i e d  f i s -  

s i o n  product  pal ladium on a  3 inch by 3 inch  s h e e t  of n i c k e l .  
'I 

This  amount of pal ladium r e s u l t s  i n  a  t h i cknes s  of  8.4 mg/cmL 

which g r e a t l y  exceeds t h e  range of t h e  l o 7 p d  b e t a ,  and the  f o i l  

can t h e r e f o r e  be t r e a t e d  a s  i f  i t  were an i n f i n i t e l y  t h i c k  s l a b  

of  pal ladium f o r  t h e  dose r a t e  measurement. The dose r a t e  w i l l  

be determined i n  an e x t r a p o l a t i o n  chamber both  wi th  and wi thou t  

a  7 mg/cm2 window. The window i s  t h e  same th i cknes s  a s  t h e  

average t h i cknes s  of t h e  human s k i n .  Both t h e  t o t a l  dose and 

t h e  dose through t h e  s k i n  can be a s c e r t a i n e d  i n  t h i s  way. 

MARKET ANALYSIS FOR Rh, Pd, Tc and Ru 

3 .  C .  S h e p p a r d  

S u m l v  of Plat inum Metals  

Examination of t h e  c u r r e n t  l i t e r a t u r e  i n d i c a t e s  t h a t  t he  

major sources  of t he  pla t inum meta l s  a r e  w e l l  de f ined .  Study 

of t h e  llEconomic Geology of t h e  Plat inum Metals1'  by Mer t i c  i n d i -  

c a t e s  t h a t  t he  p rospec t s  of a  major ,  h igh grade pla t inum metal  

f i n d ,  comparable t o  t h e  Mirensky Reef i n  South A f r i c a ,  a r e  

u n l i k e l y .  In  t h i s  connec t ion ,  i t  i s  i n t e r e s t i n g  t o  no t e  t h a t  

a  r e c e n t  d i scovery  i n  t h e  Rudal l  River a r e a  of West A u s t r a l i a  

by t h e  North West O i l  and Mineral  Company amounts t o  l e s s  than  

t e n  p e r c e n t  of t h e  wor ld ' s  known pla t inum meta l s  r e s e r v e s .  

Future  d i s c o v e r i e s  must approach t h e  p r e s e n t l y  known r e s e r v e s  

t o  be t r u l y  s i g n i f i c a n t .  

Ana lys i s  o f  t h e  demand f o r  p la t inum metals  us ing  t h e  Lotka- 

V o l t e r r a  l o g i s t i c  growth curve i n d i c a t e s  t h a t  t h e r e  may be a  

world sho r t age  of  p la t inum meta l s  i n  t h e  p e r i o d  beyond 1980. 

Fur ther  a n a l y s i s  sugges t s  a  sho r t age  of  pal ladium,  b u t  t he  

s i t u a t i o n  wi th  r e s p e c t  t o  rhodium and ruthenium r e q u i r e s  more 

s tudy .  Examination of "Mineral FActs and Problems, 1969" i n d i -  

c a t e s  g e n e r a l  agreement w i th  t h e  above a n a l y s i s .  



The amount of pa l l ad ium,  rhodium, and ruthenium t h a t  w i l l  

be a v a i l a b l e  through p roduc t i on  i n  power r e a c t o r s  w i l l  depend 

g r e a t l y  on t h e  t iming  and numbers of  L iqu id  Metal  F a s t  Breeder 

Reac to r ,  because l i g h t  wa t e r  moderated r e a c t o r s  produce an 

o rde r  of  magnitude l e s s  p la t inum me ta l s  than  a  r e a c t o r  u s i n g  

plutonium a s  t h e  f u e l .  

The on ly  new l a r g e  u se  of p la t inum me ta l s  might be t h e  use  

o f  p la t inum i n  c a t a l y t i c  a i r  p o l l u t i o n  c o n t r o l  dev i ce s .  Both 

t h e  major p roducers  of  p la t inum me ta l s  (Johnson-Mathey and 

Engelhard I n d u s t r i e s )  expec t  t h a t  p la t inum (and p o s s i b l y  t h e  

o t h e r  p la t inum m e t a l s )  w i l l  f i g u r e  prominent ly  i n  t h e  s o l u t i o n  

of  t h e  a i r  p o l l u t i o n  problem. I n  t h e  ca se  o f  pa l l ad ium,  chang- 

i ng  e l e c t r i c a l  sw i t ch  technology due t o  t h e  i n c r e a s i n g  u se  o f  

e l e c t r o n i c  sw i t ches  may s i g n i f i c a n t l y  a l t e r  t h e  f u t u r e  demand 

f o r  t h i s  m e t a l .  The demand f o r  rhodium i s  expected  t o  i n c r e a s e  

due t o  i t s  u s e  a s  an a l l o y i n g  agen t  i n  v a r i o u s  c a t a l y s t s  i n  t h e  

p roduc t i on  of n i t r i c  a c i d  and i n  pet ro leum re forming .  The 

s i t u a t i o n  w i t h  r e s p e c t  t o  ruthenium r e q u i r e s  more s t u d y .  

D i spe r s ion  and Rad io log i ca l  Hazards 

The m a r k e t a b i l i t y  of  r e ac to r -p roduced  p la t inum me ta l s  w i l l  

be e f f e c t e d  by t h e  hazards  a s s o c i a t e d  w i th  t h e  s m a l l  amounts of  

r a d i o a c t i v i t i e s  which a r e  p r e s e n t .  P a r t  of  t h i s  s t u d y  i s  t h e  

e v a l u a t i o n  of t h e s e  hazards  bo th  from t h e  s t a n d p o i n t  of t h e  

u s e r  and t h e  p o t e n t i a l  f o r  d i s p e r s i o n  of unsa fe  amounts of t h e  

r a d i o a c t i v i t i e s  i n t o  t h e  environment.  

C a l c u l a t i o n s  w i t h  r e s p e c t  t o  t h e  p o t e n t i a l  haza rd  from 

lo7pd  (7 x l o 6  y e a r  h a l f - l i f e  and 0.035 MeV b e t a )  i n d i c a t e s  

t h a t  t h e  r a d i o l o g i c a l  hazard  may n o t  be b i o l o g i c a l l y  s i g n i f i c a n t ,  

bo th  i n  terms o f  popu l a t i on  dose and i n d i v i d u a l  dose .  Th i s  i s  

because of  t h e  chemical  i n e r t n e s s  of  pa l l ad ium meta l  and t h e  

ve ry  low b e t a  energy which l e a d s  t o  c o n s i d e r a b l e  s e l f - s h i e l d i n g  



and abso rp t ion  i n  b i o l o g i c a l l y  i n s i g n i f i c a n t  r eg ions  such a s  

t h e  s k i n .  Tes t s  by Engelhard Minerals  and Chemical Corporat ion 

( b r i e f l y  r epo r t ed  i n  t h e  "Minerals Year Book of  1969") a r e  i n  

accord wi th  t h i s  conc lus ion .  I t  i s  i n  d isagreement ,  however, 

w i t h  t h a t  of Newman and Smith of Johnson Mathey who c la im pos- 

s i b l e  s k i n  damage from abso rp t ion  of t h e  0 . 0 3 5  MeV b e t a  of 

l o7pd .  More s tudy  i s  r e q u i r e d  he re  a l s o .  The s i t u a t i o n  wi th  

r e s p e c t  t o  r e a c t o r  produced rhodium and ruthenium a r e  being 

s t u d i e d  a t  t h i s  time and no conc lus ions  have been made. 



E V A L U A T I O N  O F  L A R G E  S C A L E  U S E S  FOR P U R I F I E D  

F I S S I O N  P R O D U C T  XENON 

C. A .  R o h r m a n n  

O f  a l l  t h e  f i s s i o n  p r o d u c t s ,  xenon has t h e  
h i g h e s t  f i s s i o n  y i e l d .  Al though many o f  t h e  xenon 
i s o t o p e s  a r e  r a d i o a c t i v e ,  t h e y  a l l  have such  s h o r t  
h a l f - l i v e s  t h a t  t h e i r  a c t i v i t y  would be i n s i g n i f i -  
c a n t  a f t e r  a l l o w i n g  t i m e  for  normal f u e l  
r e p r o c e s s i n g .  

I n  t h e  p a s t ,  t h e  ex treme r a r i t y  o f  xenon i n  
n a t u r e  has c l e a r l y  i n h i b i t e d  i t s  c o n s i d e r a t i o n  for  
s p e c i f i c  Zarge s c a l e  u s e s  e v e n  where i t s  p r o p e r t i e s  
g i v e  it d e f i n i t e  and unique  advan tages .  But now, 
xenon cou ld  be made a v a i l a b l e  i n  s u r p r i s i n g l y  Zarge 
q u a n t i t i e s .  Perhaps t h e  most i m p o r t a n t  and bene-  
f i c i a l  u se  o f  xenon would be f o r  human s u r g i c a l  
a n e s t h e s i a .  Another o f  t h e  p o t e n t i a l  u s e s  i s  a s  a  
f i l l e r  gas i n  i n c a n d e s c e n t  l i g h t  b u l b s  w i t h  s i g n i f i -  
c a n t  i n c r e a s e  i n  b o t h  b r i g h t n e s s  and e f f i c i e n c y .  

The scope  o f  t h e  PNL program i s  t o :  (1) e s t a b -  
l i s h  t h e  q u a l i t y  o f  xenon which  can be accep ted  o r  
g e n e r a l l y  l i c e n s e d  for  consumer u s e s ,  ( 2 1  de termine  
what i n d u s t r i e s  would be i n t e r e s t e d  i n  e v a l u a t i n g  
f i s s i o n  produc t  xenon for  Zarge s c a l e  a p p l i c a t i o n s ,  
(3 )  d i s t r i b u t e  spec imens  t o  p a r t i c i p a t i n g  e v a l u a -  
t o r s ,  ( 4 )  compiZe e v a l u a t i o n  r e s u l t s ,  and ( 5 )  pre-  
pare a  f i n a l  r e p o r t  on t h e  r e s u l t s  o f  t h i s  t o t a l  
e f f o r t .  

Fur the r  c l e a n  up of t h e  s t o c k  of  p u r i f i e d  f i s s i o n  produc t  

xenon a t  ORNL has  been au tho r i zed .  Although t h e  8 5 ~ r  c o n t e n t  

i s  r e p o r t e d  t o  be l e s s  t han  one microcur ie  p e r  l i t e r  of  xenon 

(STP) ,  t h e  o t h e r  major i m p u r i t i e s  which a r e  t o  be reduced 

inc lude  oxygen, carbon d i o x i d e ,  and mois tu re .  The f u r t h e r  p u r i -  

f i c a t i o n  a l s o  i nc ludes  a n a l y s i s  of t h e  g a s .  

The r e p o r t  on f i s s i o n  product  xenon, i t s  p r o p e r t i e s ,  a p p l i -  

c a t i o n s ,  and p o t e n t i a l  a v a i l a b i l i t y  appeared a s  t h e  l e a d  

a r t i c l e  i n  t h e  Vol. 8 ,  No. 3 ,  1971, i s s u e  of  I so topes  and 

Radia t ion  Technology. 



Contacts  on t h i s  p r o j e c t  cont inue t o  gene ra t e  responses  

of i n t e r e s t .  I n  t h i s  p e r i o d , r e p r e s e n t a t i v e s  of a  major producer 

of a tmospher ic  xenon v i s i t e d  and expressed g r e a t  i n t e r e s t  i n  

t h e  p r o j e c t  and sugges ted  c o n s i d e r a t i o n  of t h e i r  f a c i l i t i e s  f o r  

a d d i t i o n a l  p u r i f i c a t i o n ,  i f  r e q u i r e d ,  f o r  s p e c i f i c  u se s .  I n t e r -  

e s t  by NASA personne l  has a l s o  developed i n  view of t h e i r  r a t h e r  

impress ive  requirements  i n  t h e  space power Brayton cyc l e  system. 

I n t e r e s t  f o r  medical  and e l e c t r o n i c  a p p l i c a t i o n s  has a l s o  con- 

t i nued  v i a  i n q u i r i e s  dur ing t h i s  pe r iod .  



I S O T O P E  P R O D U C T I O N  E V A L U A T I O N S  

R .  W .  McKee, B .  M .  C o l e ,  R.  G .  Rau  and W .  W .  Waddel 

T h i s  program i s  des igned  t o  e v a l u a t e  major 
a s p e c t s  o f  i s o t o p e  produc t ion .  U n t i l  r e c e n t l y ,  
t h e  p r i n c i p a l  source  o f  i s o t o p e s  has been  t h e  
AEC p r o d u c t i o n  r e a c t o r s .  Now, however,  power 
r e a c t o r s  a r e  r a p i d l y  becoming i m p o r t a n t  sources  
o f  i s o t o p e s .  Power r e a c t o r s  a l s o  o f f e r  a t t r a c -  
t i v e  p r o s p e c t s  f o r  t a r g e t  i r r a d i a t i o n s .  The 
f u t u r e  a v a i l a b i l i t y  and c o s t  o f  t h e s e  unique  
i s o t o p e s  depend on f u l l  and e f f i c i e n t  u t i l i z a -  
t i o n  o f  t h e  produc t ion  p o t e n t i a l  o f  power r e a c t o r s ,  
and t h e  i n h e r e n t  v a l u e  o f  t h e s e  m a t e r i a l s  can have 
a  s i g n i f i c a n t  impact  on nuc Zear power c o s t s .  

The scope o f  t h i s  program i n c l u d e s  a n a l y s i s  
o f  f a s t  and thermal  r e a c t o r  f u e l  cycZes w i t h i n  
t h e  framework o f  an expanding n u c l e a r  power 
i n d u s t r y  t o  i d e n t i f y  t h e  s o u r c e s ,  q u a n t i t i e s ,  
t i m i n g  and c o s t  o f  p roduc t ion  o f  i s o t o p e s  o f  
p o t e n t i a l  impor tance .  

A new t a s k  t o  deve lop  an I s o t o p e  Data Sys t em 
was i n i t i a t e d  i n  F Y - 1 9 7 1 .  The o b j e c t i v e  i s  a  com- 
p u t e r i z e d ,  q u i c k - r e s p o n s e  s y s t e m  for  answering 
q u e r i e s  on i s o t o p e  p r o p e r t i e s ,  a v a i  l a b i l i t y ,  a p p l i -  
c a t i o n s ,  s h i e  Zding r e q u i r e m e n t s ,  decay c o m p o s i t i o n s ,  
t o x i c i t y ,  and o t h e r  f a c t o r s .  

F I S S I O N  P R O D U C T  P R O F I T A B I L I T Y  S T U D I E S  

A s e r i e s  o f  pa rame t r i c  market evo lu t ion  ca se s  a r e  being 

prepared t o  s imu la t e  v a r i o u s  p o s s i b l e  'ways t h a t  1 3 7 ~ s  and 

markets  might develop.  The markets  might be supp l i ed  e i t h e r  

through s a l e s  of  f i s s i o n  produc ts  recovered i n  t h e  Hanford waste  

management program o r  through s a l e s  of f i s s i o n  produc ts  recov-  

e r e d  from p roces s ing  of spen t  power r e a c t o r  f u e l s  i n  a  p r i v a t e  

f a c i l i t y .  

A s e r i e s  of computer programs have been developed t o  c a r r y  

o u t  t h e s e  c a l c u l a t i o n s .  One code c a l l e d  RASOR, computes a  

replenishment  schedule  f o r  e i t h e r  a  one- o r  two-component r a d i a -  
4 

t i o n  source  m a t e r i a l .  C e r t a i n  c o n s t r a i n t s  can be s p e c i f i e d .  



The o t h e r  code, c a l l e d  RAMARK, combines t h e  r e s u l t s  from RASOR 

wi th  one of s e v e r a l  o p t i o n a l  market p r o j e c t i o n  equa t ions .  For 

a  base market de f ined  i n  terms of any g iven  r a d i a t i o n  sou rce ,  

t h e  code appor t ions  t h e  market among up t o  t h r e e  source  mate- 

r i a l s  and i d e n t i f i e s  t h e  s e p a r a t e  market requirements f o r  each 

one. These programs a r e  combined wi th  t h e  CAESR program 

(descr ibed  i n  a  p rev ious  q u a r t e r l y )  s o  t h a t  t he  economics of 

va r ious  market s i t u a t i o n s  can be examined. 

The f i n a l  r e s u l t s  a r e  being developed i n  terms of p r i c e  

requirements  f o r  p r o f i t a b l e  recovery of 1 3 7 ~ s  and 'OSr from 

spen t  power r e a c t o r  f u e l s .  The o b j e c t i v e  i s  t o  i d e n t i f y  t h e  

time and circumstance when 1 3 7 ~ s  and can be recovered i n  

p r i v a t e  f a c i l i t i e s  and marketed a t  a  p r i c e  t h a t  would be com- 

p e t i t i v e  wi th  o t h e r  a l t e r n a t i v e s .  

N U C L I D E  T A B L E S  

The Nuclide Data F i l e  has been completely r e v i s e d  and 

updated and work i s  p rog re s s ing  towards p u b l i c a t i o n  of a  

r e v i s e d  v e r s i o n  of t h e  "Nuclide Tables".  This work has 

involved p r e p a r a t i o n  of approximately 15,000 punched ca rds  t o  

accommodate t he  r e v i s i o n s .  Among the  more important  a d d i t i o n s  

t o  t h e  f i l e  a r e :  exper imental  gamma photon d a t a  i n  a d d i t i o n  

t o  t he  decay scheme t r a n s i t i o n s ,  i d e n t i f i c a t i o n  of daughter  

nuc l ide s  f o r  a l l  r a d i o a c t i v e  decays,  and r e f e r ences  f o r  t h e  

sources  of  d a t a .  



PROMETHIUM-146 B U R N O U T  

J .  C. S h e p p a r d  

The o b j e c t i v e  o f  t h e  1 4 6 ~ m  burnou t  program i s  
t o  e s t i m a t e  by computa t ion  t h e  e x t e n t  and t e c h n i c a l  
f e a s i b i l i t y  o f  s i g n i f i c a n t  Zy r educ ing  t h e  1 4 6 ~ m  con- 
t e n t  i n  promethium h e a t  source  m a t e r i a l  by n e u t r o n  
i r r a d i a t i o n .  The goa l  w i l l  be t o  e s t a b l i s h  i r r a d i a -  
t i o n  c o n d i t i o n s  and t a r g e t  m a t r i x  n e c e s s a r y  t o  produce 
promethium c o n t a i n i n g  l e s s  t h a n  0 . 1  p p m .  

Much of t h i s  q u a r t e r ' s  e f f o r t  was devoted t o  t h e  exan ina-  

t i o n  of l i t e r a t u r e  r e l a t e d  t o  y , n  and n,2n r e a c t i o n s  i n  nep- 

tunium and promethium. Data f o r  n ,2n r e a c t i o n  i n  t h e  r a r e  

e a r t h  r eg ion  i n d i c a t e  t h a t  147~m(n ,2n)  1 4 6 ~ m  r e a c t i o n  has  a  

c ros s  s e c t i o n  of about  5 mb f o r  neu t rons  g r e a t e r  than  7 . 7  MeV. 

This c r o s s  s e c t i o n  i s  t oo  crude t o  make an e s t i m a t e  of  t h e  

f i s s i o n  spectrum weighted c r o s s  s e c t i o n .  However, i t  i s  com- 

pa rab l e  t o  t h e  15 mb va lue  observed f o r  t h e  236 2 3 6 ~ p ( n , 2 n )  Np 

r e a c t i o n s .  

In format ion  on t h e  147~m(y  ,n)  1 4 6 ~ m  i s  s l i g h t l y  b e t t e r .  I n  

t h e  r a r e  e a r t h  r eg ion  t h e  g i a n t  resonance f o r  y , n  r e a c t i o n  

occurs  n e a r  1 4  MeV, has a  width a t  h a l f  maximum of about  5 MeV, 

and a maximum c r o s s  s e c t i o n  o f  4 0 0  mb. From t h e s e  d a t a  t h e  

147~m(y ,n )146~m c r o s s  s e c t i o n  i s  e s t ima ted  t o  be about  5 mb f o r  

gammas g r e a t e r  than 7 . 7  MeV. The u n c e r t a i n t y  i n  t h i s  e s t i m a t e  

i s  how r a p i d l y  t h e  c r o s s  s e c t i o n  changes w i th  i n c r e a s i n g  gamma 

energy.  

These e s t i m a t e s  of t h e  c r o s s  s e c t i o n s  p rov ide  p a r t  of t h e  

d a t a  r e q u i r e d  t o  e s t i m a t e  t h e  e x t e n t  of 1 4 6 ~ m  burnout  i n  t h e  

presence of 1 4 7 ~ m ,  Computer computat ions us ing  t h e s e  c r o s s  

s e c t i o n s  t o  e s t i m a t e  optimum i r r a d i a t i o n  cond i t i ons  a r e  i n  t h e  

computat ional  s e c t i o n  of t h i s  r e p o r t .  



Cons iderab le  d a t a  from Savannah River  and Hanford i r r a d i a -  

t i o n s  of 2 3 7 ~ p  t o  produce 2 3 8 ~ u  c o n t a i n i n g  low l e v e l s  of  2 3 6 ~ u  

a r e  a v a i l a b l e .  Both Hanford and Savannah River  have produced 

2 3 8 ~ u  c o n t a i n i n g  0.15 ppm 2 3 6 ~ u .  Th i s  r e d u c t i o n  of t h e  2 3 6 ~ u  

l e v e l  by a  f a c t o r  of seven o r  e i g h t  was achieved l a r g e l y  by 

t h e  p rope r  cho ice  of  t a r g e t  m a t r i x  ( g r a p h i t e  o r  zirconium) t o  

minimize t h e  h igh  energy gamma f l u x  w i t h i n  t h e  t a r g e t  and by 

l o c a t i o n  of t h e  t a r g e t  i n  a  r e a c t o r  p o s i t i o n  t h a t  reduced con- 

t r i b u t i o n s  from f a s t  neu t rons  and h igh  energy gammas t o  a  

minimum. 

The approach above i s  d i r e c t l y  a p p l i c a b l e  t o  t h e  1 4 6 ~ m  

burnout  exper iments  because t h e  147~m(y ,n )146~m and . .  . 

1 4 7 ~ m ( n ,  2n) 1 4 6 ~ m  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  p roduc t i on  of  

1 4 6 ~ m .  F u r t h e r  examinat ion of Hanford and Savannah 2 3 8 ~ ~  d a t a  

r e v e a l e d  t h e  fo l l owing :  

1 )  S t r u c t u r a l  p a r t s  (wa l l s )  of t h e  Savannah River  r e a c t o r s  

make l a r g e  c o n t r i b u t i o n s  t o  t h e  p roduc t i on  of 2 3 6 ~ u  v i a  

t h e  237 Np (y ,n)  2 3 6 ~ p  r e a c t i o n .  These h i g h  energy gammas 

(>8  MeV) a r e  produced by n ,y  r e a c t i o n s  on i r o n ,  chromium 

and n i c k e l .  Th i s  gamma f l u x  dec r ea se s  l i n e a r l y  w i t h  d i s -  

t ance  from t h e  r e a c t o r  w a l l .  Th i s  s u g g e s t s  t h e  obvious 

approach of performing i r r a d i a t i o n s  a s  f a r  from t h e  w a l l s  

a s  p o s s i b l e .  Savannah River  has  done t h i s !  

2 )  A s  mentioned above, i t  i s  ve ry  impor tan t  t o  use  a  t a r g e t  

m a t r i x  t h a t  d o e s n ' t  produce h i g h  energy gammas. Savannah 

River  has  shown t h a t ,  i n  a d d i t i o n  t o  zirconium and ca rbon ,  

magnesium shou ld  be a  good t a r g e t  m a t r i x .  Savannah River  

has  a l s o  shown t h a t  when aluminum must be used t h e  amount 

shou ld  be kep t  t o  a  minimum. Savannah River  showed t h a t  

c o n t r i b u t i o n  of 2 3 6 ~ u  from t h e  aluminum m a t r i x  was a lmost  

p r o p o r t i o n a l  t o  t h e  amount of aluminum p r e s e n t  - a  38% 

r e d u c t i o n  i n  t h e  amount of aluminum p r e s e n t  r e s u l t e d  i n  

a  33% r e d u c t i o n  i n  t h e  2 3 6 ~ u  l e v e l .  These d a t a  e x p l a i n  



i n  p a r t  t h e  f a i l u r e  t o  s i g n i f i c a n t l y  reduce t h e  1 4 6 ~ m  

l e v e l  i n  t h e  Hanford and Savannah and Hanford 1 4 6 ~ m  burn- 

ou t  experiments - t h e  cap tu re  gammas (7.72 MeV) from 

aluminum c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  1 4 7 ~ m ( y  ,n)  1 4 7 ~ m  
r e a c t i o n  and could have been reduced by a  r e d u c t i o n  i n  t h e  

amount of aluminum p r e s e n t .  

3) Savannah River d a t a  i n d i c a t e  t h a t  t h e  y , n  r e a c t i o n  c o n t r i b -  

u t e s  90% of t h e  2 3 6 ~ u  under optimum i r r a d i a t i o n  c o n d i t i o n s .  

This i s  probably  t h e  ca se  f o r  t h e  1 4 6 ~ m  a l s o .  

4) I r o n ,  n i c k e l ,  and chromium i m p u r i t i e s  i n  aluminum c ladd ing  

can i n c r e a s e  t h e  1 4 6 ~ m  and 2 3 6 ~ u  l e v e l s  by about  t e n  

p e r c e n t .  

5) Savannah River has  cons idered  bismuth a s  t a r g e t  s h i e l d i n g  

m a t e r i a l .  Use of 1 inch  of bismuth (and presumably l e a d )  

would reduce t h e  p roduc t ion  of 2 3 6 ~ u  (and 146~m)  from 

e x t e r n a l  (wa l l ,  e t c . )  sources  by one f o u r t h .  

There i s  a  d i r e c t  correspondence between t h e  above observa-  

t i o n s  and t h e  1 4 6 ~ m  burnout experiments because t h e  contaminants 

come from y ,n  and n,2n r e a c t i o n s  which d i f f e r  only i n  t h e  r e a c -  

t i o n  t h r e s h o l d s  and c r o s s  ' s e c t i o n s .  Rough c a l c u l a t i o n s  i n d i c a t e  

t h a t  i r r a d i a t i o n  cond i t i ons  t h a t  produce one ppm 2 3 6 ~ ~  i n  2 3 8 ~ u  

should  produce promethium con ta in ing  <0 .5  ppm 1 4 6 ~ m  on a  weight  

b a s i s  ( ~ 0 . 2 5  ppm on a  d i s i n t e g r a t i o n  b a s i s ) .  Since  Savannah 

River has  developed ex t ens ive  d a t a  on optimum 2 3 8 ~ ~  i r r a d i a -  

t i o n s ,  t h e  promethium d a t a  were normalized t o  t h e  1 ppm 2 3 8 ~ u  

d a t a  t o  demonstra te  t h e  importance of t h e  va r ious  c o n t r i b u t i o n s  

( d i s t a n c e ,  t a r g e t  m a t r i x ,  n ,2n ;  y , n ,  e t c ) .  The r e s u l t s  of t h i s  

no rma l i za t i on  a r e  shown i n  Table 1 and Figure 1. 

Computations have been s t a r t e d  t o  determine t h e  maximum 

high  energy gamma and/or neu t ron  f l u x  t h a t  can be al lowed t o  

achieve a  d e s i r e d  1 4 6 ~ m  burnout of about 80%. 



TABLE 1A. ppm 1 4 6 ~ m  i n  P r o m e t h i u m -  
Aluminum Matrix 

( n o r m a l i z e d  t o  S a v a n n a h  R i v e r  D a t a )  

Distance f r o m  
R e a c t o r  C e n t e r ,  c m  

1 4 7 ~ m ( y  , n )  1 4 6 ~ m  ex te rna l  0 . 0 2  0 . 0 3  0 . 0 5  

1 4 7 ~ m ( y  , n )  1 4 6 ~ m  i n t e r n a l  0 . 0 7  0 . 0 7  0 . 0 7  

TOTAL 0 . 1 2  0 . 1 1  0 . 1 3  0 . 2 5  

TABLE 1B. ppm 1 4 6 ~ m  i n  P r o m e t h i u m -  
Graphite (o r  Z i r c o n i u m ,  o r  
M a g n e s i u m )  Matr ix  

Distance f r o m  
R e a c t o r  Center,  c m  

1 4 7 ~ m ( y  , n )  1 4 6 ~ m  ex te rna l  0 . 0 2  0 . 0 3  0 . 0 5  

1 4 7 ~ m ( y  , n )  1 4 6 ~ m  i n t e r n a l  

TOTAL 0 . 0 6  0 . 0 5  0 . 0 7  0 . 1 9  



Neg 711878-2 DISTANCE FROM REACTOR A X I S ,  cm 

FIGURE 1. T a r g e t  D i s t a n c e  from R e a c t o r  A x i s  
Versus  1 4 6 ~ m  Conten t  



Calculations were made as a function of an assumed back- 

reaction rate, the 146~m neutron cross section, and time. It 

was also assumed for simplicity that only the y,n reaction 

contributed to the back reaction. Since Savannah River has 

shown that the y,n reaction dominates for conditions necessary 

to achieve low levels of 2 3 6 ~ u  contamination in 2 3 8 ~ u  (and 

presumably also for promethium containing low levels of 146~m), 

this assumption is considered valid. These calculations were 

made for an initial 146~m level of 0.25 ppm. Table 2 reports 

the conditions necessary to achieve 80% 146~m burnout or a 

146~m level of 0.05 ppm. 

TABLE 2 .  Limit ing High-Energy Gamma Flux ( ~ y  > 7.7 M ~ V )  
f o r  t h e  Product ion of 0 .05  ppm 1 4 6 ~ m  

Neutron f l u x ,  $, Cross S e c t i o n , ( a )  Gamma f l u x ,  8 y 3  (b )  Pe rcep t  1 4 7 ~ m  Burnout 
n/sec/cm2 barns y  /sec/cm $Y L C )  $Y=O . o l $ i d )  

a .  Measured vaZues  o f  t h e  1 4 6 ~ m  n , y  c r o s s  s e c t i o n  have a  range o f  3500 t o  
8400 b a r n s .  

b .  The L i m i t i n g  gamma fZux for  c o n d i t i o n s  n e c e s s a r  t o  a c h i e v e  g r e a t e r  
t h a n  e i g h t y  p e r c e n t  146pm b u r n o u t  w i t h  a  g i v e n  y46Pm n,y  c r o s s  s e c t i o n  
and a  5  mb y,n c r o s s  s e c t i o n  f o r  147pm. 

c .  The maximum 147pm b u r n o u t  e x p e c t e d  f o r  c o n d i t i o n s  s t a t e d  i n  I b l .  
d. The maximum 147pm b u r n o u t  e x p e c t e d  f o r  c o n d i t i o n s  where $ y ( E y  > 7 . 7  MeV) 

i s  Zess t h a n  0 .016 .  



C a r e f u l  s e l e c t i o n  o f  t a r g e t  m a t r i x  and r e a c t o r  p o s i t i o n  a r e  

e x p e c t e d  t o  r e s u l t  i n  c o n d i t i o n s  where @y(Ey > 7 . 7  MeV) w i l l  

be  l e s s  t h a n  0 . 0 1 @ .  The Savannah Rive r  and Hanford 2 3 8 ~ u  e x p e r i -  

ments have demons t ra t ed  t h a t  t h i s  i s  p o s s i b l e .  Examinat ion of  

t h e  t a b l e  above shows t h a t  t h e  l i m i t i n g  gamma f l u x  i s  g r e a t e r  

t h a n  e x p e r i m e n t a l l y  a t t a i n a b l e  c o n d i t i o n s ,  even f o r  t h e  

2000 b a r n  c o n d i t i o n ,  i n d i c a t i n g  t h a t  i t  i s  q u i t e  f e a s i b l e  t o  

produce  promethium c o n t a i n i n g  l e s s  t h a n  0 . 1  ppm 1 4 6 ~ m .  Under 

optimum c o n d i t i o n s  t h e s e  d a t a  a l s o  i n d i c a t e  t h a t  10 t o  20% of  

t h e  i n i t i a l  promethium w i l l  be d e s t r o y e d  by n e u t r o n  c a p t u r e  

and decay.  



N E U T R O N  R A D I O G R A P H Y  U S I N G  2 5 2 ~ f  

K.  L .  S w i n t h  

The o b j e c t i v e  o f  t h i s  program i s  t o  deveZop 
and i n v e s t i g a t e  Zow-f lux n e u t r o n  rad iography  t e c h -  
n i q u e s  and app Z i c a t i o n s  u s i n g  2 5 2 ~ f .  Prev ious  
e f f o r t s  have Zed t o  t h e  deve lopment  o f  a  p o r t a b l e  
s h i e l d  and exposure  f a c i l i t y  f o r  252cf  t hermal  
n e u t r o n  r a d i o g r a p h y .  E v a z u a t i o n  o f  t h i s  f a c i  Z i t y  
i s  underway and w i Z Z  Zead t o  recommendations f o r  
f u t u r e  d e s i g n s .  AppZica t ions  o f  252cf n e u t r o n  
radiography  w i Z Z  be i d e n t i f i e d  and e f f o r t s  w i Z Z  
be e x t e n d e d  t o  f a s t  n e u t r o n  rad iography .  

The major e f f o r t  i n  t h e  program i s  deve lop -  
ment o f  t e c h n i q u e s  f o r  Zow-fZux imag ing .  A 
p o s i t i o n - s e n s i t i v e  propor t ionaZ c o u n t e r  i s  under  
deve Zopment t h a t  p r o v i d e s  f o r  i n s t a n t a n e o u s  read-  
o u t  o f  d a t a  r e p r e s e n t i n g  t h e  imaged o b j e c t .  
Var ious  c o n v e r t e r  f o i l s ,  such  as  Eu and 6 ~ i ~  
thermoZuminescent  f o i Z s ,  a r e  under  i n v e s t i g a t i o n ,  
as  a  means o f  radiographicaZZy r e c o r d i n g  t h e  
images .  

I M A G I N G  T E C H N I Q U E S  

Development of a  p r o p o r t i o n a l  counte r  f o r  imaging thermal 

neu t rons  has p rogressed  t o  t h e  e v a l u a t i o n  s t a g e .  A v a i l a b i l i t y  

and c o s t  of conve r t e r  and c o l l i m a t i o n  m a t e r i a l s  n e c e s s i t a t e d  

some compromises i n  t h e  des ign ;  however, t h e  counte r  w i l l  s e r v e  

i t s  purpose of e v a l u a t i n g  t h e  technique of counte r  imaging. 

Figure  2 i l l u s t r a t e s  t h e  o p e r a t i o n  of t h e  counte r .  A conve r t e r  

f o i l  conver t s  t h e  thermal  neu t rons  t o  a lpha  p a r t i c l e s  which a r e  

co l l ima ted  and then  d e t e c t e d  i n  a  p o s i t i o n - s e n s i t i v e  propor-  

t i o n a l  coun te r .  Figure  3 i s  a  photograph showing t h e  i n t e r i o r  

of t h e  counte r  which i s  encased i n  a  s e a l e d  chamber dur ing  

o p e r a t i o n .  Gas p r e s s u r e ,  degree of c o l l i m a t i o n ,  conve r t e r  

f o i l s ,  and anode-cathode spac ing  can be v a r i e d  i n  t h i s  counte r  

t o  determine t h e  optimum counte r  c o n f i g u r a t i o n .  A f t e r  
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FIGURE 2. Sketch Illustrating the Operation of the 
Two-Dimensional Neutron Imaging Counter 





o p t i m i z a t i o n  o f  c o u n t e r  p a r a m e t e r s ,  a  much s i m p l e r  c o u n t e r  

c o u l d  be b u i l t  u s i n g  c i r c u i t  boa rd  f a b r i c a t i o n  t e c h n i q u e s .  

While t h e  l a r g e  imaging c o u n t e r  was b e i n g  comple ted  a  

s m a l l  one -d imens iona l  c o u n t e r  was f a b r i c a t e d  f o r  t e s t i n g  o f  

e l e c t r o n i c s .  F i g u r e  4  shows t h e  s p a t i a l  d i s t r i b u t i o n  o f  a l p h a  

i n t e r a c t i o n s  from a  c o l l i m a t e d  2 4 1 ~ m  s o u r c e  w i t h  t h i s  c o u n t e r .  

The measured r e s o l u t i o n  was 4 mm f u l l  w i d t h  a t  half-maximum 

(FWHM) which a g r e e d  w i t h  t h e  r e s u l t s  p r e d i c t e d  from g e o m e t r i c a l  

c o n s i d e r a t i o n  of  t h e  c o l l i m a t o r  and c o u n t e r  geometry .  L a t e r  

t e s t s  w i t h  a  s m a l l e r  h o l e  c o l l i m a t o r  y i e l d e d  a  r e s o l u t i o n  of 

2 .6  mm FWHM. T h i s  i s  a  f u r t h e r  i n d i c a t i o n  t h a t  t h e  p r e s e n t  

r e s o l u t i o n  i s  l i m i t e d  by t h e  t e s t  s o u r c e  and n o t  by t h e  e l e c -  

t r o n i c s .  T e s t s  w i t h  t h i s  c o u n t e r  have r e a f f i r m e d  t h e  p r e d i c -  

t i o n  t h a t  t h e  u s e  of  a  gado l in ium c o n v e r t e r  w i l l  n o t  work. 

The g a s  g a i n  necclccl t o  t I l 5 t r . l  t I l ' c  7 0  l\cV e l e c t r o n s  from gado- 

l i n i u m  makes t h e  c o u n t e r  h i g h l y  s e n s i t i v e  t o  gamma r a d i a t i o n  

and r e s u l t s  i n  background i n t e r f e r e n c e .  

F i g u r e  5 shows a  p r e l i m i n a r y  t e s t  w i t h  t h e  two-dimens ional  

c o u n t e r  u s i n g  a  c o l l i m a t e d  a l p h a  s o u r c e .  R e s o l u t i o n  measure-  

ments u s i n g  t h i s  c o u n t e r  a r e  p r e s e n t l y  i n  p r o g r e s s .  

P r e v i o u s  e f f o r t s  have shown t h a t  europium f o i l s  o f f e r  an 

e x c e l l e n t  medium f o r  t r a n s f e r  imaging w i t h  low i n t e n s i t y  s o u r c e s ;  

however,  t h e  d i f f i c u l t y  of h a n d l i n g  such  f o i l s ,  makes t h e  t e c h -  

n i q u e  e x p e n s i v e .  To c i r cumven t  t h e  r a p i d  d e t e r i o r a t i o n  o f  

t h e s e  f o i l s ,  a  s i m p l e  d ry  box i s  be ing  c o n s t r u c t e d .  Europium 

w i l l  a l s o  be  a  good c a n d i d a t e  f o r  e p i t h e r m a l  n e u t r o n  r a d i o g -  

raphy b e c a u s e  of  i t s  h i g h  e p i t h e r m a l  c r o s s  s e c t i o n .  

O t h e r  t e c h n i q u e s  f o r  n e u t r o n  imaging w i t h  c o u n t e r s  have  

been i n v e s t i g a t e d  i n c l u d i n g  o t h e r  t y p e s  of p o s i t i o n - s e n s i t i v e  

p r o p o r t i o n a l  c o u n t e r s ,  s o l i d - s t a t e  d e t e c t o r s  and c h a n n e l t r o n  

d e v i c e s .  A t  p r e s e n t  t h e  p o s i t i o n - s e n s i t i v e  p r o p o r t i o n a l  c o u n t e r  

i s  t h e  most  p romis ing  t e c h n i q u e  due t o  t h e  l i m i t e d  a r e a s  a v a i l -  

a b l e  w i t h  o t h e r  c o u n t e r s .  





S O U R C E  H O L D E R  D E V E L O P M E N T  

E v a l u a t i o n  o f  t h e  p r e s e n t  s o u r c e  h o l d e r  has  i n c l u d e d  

comparison o f  m o d e r a t o r s  and gamma f i l t e r s .  Replacement of  

t h e  Zr H 2  modera to r  w i t h  T i  H 2  r e s u l t s  i n  a  lower n e u t r o n  f l u x  

and a  h i g h e r  gamma t o  n e u t r o n  r a t i o .  P a r a f f i n  w i t h  l e a d  f i l t e r s  

compares f a v o r a b l y  t o  t h e  Zr H z  w i t h  l e a d  gamma f i l t e r s .  

Advanced c o n c e p t s  f o r  a  p o r t a b l e  s h i e l d  have been  deve loped  

and a  s i m p l e  f a c i l i t y  has  been  c o n s t r u c t e d  f o r  t e s t i n g  s h i e l d -  

i n g  m a t e r i a l s  and beam e x t r a c t i o n  g e o m e t r i e s .  F i g u r e  6 shows 

a  s k e t c h  o f  t h i s  f a c i l i t y  which c o n s i s t s  e s s e n t i a l l y  o f  a  w a t e r  

t a n k  i n t o  which t h e  s o u r c e  can  be  lowered  o r  r a i s e d  r e m o t e l v .  

The f a c i l i t y  was d e s i g n e d  t o  h a n d l e  t h e  2 mgm 2 5 2 ~ f  s o u r c e  

e x p e c t e d  i n  t h e  f u t u r e .  

The c o n c e p t  p r e s e n t l y  l lnder  c o n s i d e r a t i o n  f o r  a  p o r t a b l e  

s h i e l d  c o n s i s t s  of  a  f i b e r g l a s s  s h e l l  t h a t  can  b e  f i l l e d  w i t h  

w a t e r  f o r  s h i e l d i n g  and n e u t r o n  modera t ion .  T h i s  w i l l  a l l o w  

e a s y  p o s i t i o n i n g  o f  t h e  empty s h e l l  a f t e r  which a  s o u r c e  can  

be l o a d e d  r e m o t e l y  from a  s t o r a g e  c a s k .  T h i s  o f f e r s  a  s i m p l e  

and l i g h t  s h i e l d  t h a t  can  s t o r e  s m a l l  s o u r c e s  ( ~ 2 5 0  pgm) and  

u t i l i z e  much l a r g e r  s o u r c e s  s t o r e d  i n  a  s e p a r a t e  c a s k .  I t  i s  

e x p e c t e d  t h a t  t h i s  new s h i e l d  can  be  k e p t  below 100 l b  f o r  hand-  

l i n g  a s  opposed t o  t h e  350  l b  of  t h e  p r e s e n t  s h i e l d .  
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FIGURE 6 .  Sketch of S h i e l d  f o r  Tes t ing  Neutron Sh ie ld ing  
Conf igura t ions  and B e a m  E x t r a c t i o n  Geometries 



ADVANCED SOURCE D E V E L O P M E N T  

J .  H .  J a r r e t t  

The o b j e c t i v e  o f  t h i s  program i s  t o  e v a l u a t e  
p r e s e n t  and f u t u r e  h e a t  and r a d i a t i o n  source  a p p t i -  
c a t i o n  r e q u i r e m e n t s  and t o  r e l a t e  them t o  p r e s e n t  
and f u t u r e  e n c a p s u l a t i o n  t e c h n o  logy . 

The goal  o f  t h e  c u r r e n t  work i s  concerned p r i -  
m a r i l y  w i t h  t h e  development  o f  t h i n - f i l m  encapsu la -  
t i o n  and e v a l u a t i o n  t e c h n i q u e s  f o r  a lpha photon 
s o u r c e s .  Emphasis w i l l  be d i r e c t e d  toward t h e  t e c h -  
n i q u e  o f  s p u t t e r i n g  as a  means t o  o b t a i n  t h i n  f i l m s  
o f  r a d i o i s o t o p e  and conta inment  m a t e r i a l s .  

The p r e p a r a t i o n  of t e n  a lpha  photon r a d i a t i o n  sources  i n  

a  s i n g l e  run  u s ing  r f  s p u t t e r i n g  techniques  was completed i n  

l a t e  1970. Source p r e p a r a t i o n  d e t a i l  may be found i n  t h e  p r e -  

v ious  r e p o r t  i n  t h i s  s e r i e s ,  BNWL-1308-5, d i s t r i b u t e d  i n  March, 

1971. In  e a r l y  1971 f o u r  o f  t he se  sources  were s e n t  t o  ORNL 

f o r  t e s t i n g  and e v a l u a t i o n  i n  t h e  AEC-DID sponsored Source 

S a f e t y  Tes t i ng  Program. The t e s t i n g  has been completed and as 

wi th  p r e v i o u s l y  t e s t e d  PNL s o u r c e s ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  

r e s u l t s  w i l l  be d i s cus sed  i n  d e t a i l  i n  ORNL r e p o r t s  t o  D I D .  

I n d i c a t i o n s  a r e  t h a t  i n  most t e s t s  t h e  sources  performed a s  

w e l l  o r  b e t t e r  t han  p rev ious ly  t e s t e d  PNL p repared  a lpha  photon 

sou rces .  Some a r e a s  f o r  source  improvement a r e  s t i l l  i n d i c a t e d .  

S i g n i f i c a n t  contaminat ion was r e l e a s e d  i n  t h e  s imula ted  f i r e  

t e s t  where,  i n  one hour ,  t h e  source  i s  hea t ed  t o  over  900 "C 

i n  an a i r  atmosphere. Our p re l imina ry  e v a l u a t i o n  of t h e s e  

r e s u l t s  i s  t h a t  t h e  use of copper (which ox id i ze s  f a i r l y  

r e a d i l y ,  and can form a  poor ly  adher ing oxide l a y e r )  i n  t h e  

Z 4 1 ~ m 0 2 - ~ u  a c t i v e  l a y e r  should be d i s con t inued ,  and t h a t  i t  

should  be r ep l aced  by a  m a t e r i a l  more r e s i s t a n t  t o  o x i d a t i o n  

such a s  Incone l  600. A complete a n a l y s i s  of t h e  t e s t  r e s u l t s  

w i l l  be made when the  ORNL d i s c u s s i o n  becomes a v a i l a b l e .  



One of t he  t e n  a lpha photon sources  p repared  i n  l a t e  1970 

was p laced  i n  b o i l i n g  water  a t  PNL f o r  about e i g h t  weeks. A t  

t h e  end of t h i s  pe r iod  t he  smearable contaminat ion on t h e  source  

s u r f a c e  was measured a t  500 d i s /min .  The t o t a l  amount of con- 

t amina t ion  r e l e a s e d  t o  t he  wate r  was only about 2 2 , 0 0 0  d is /min 

o r  1 x m C i .  The source  s u r f a c e  d i s co lo red  (darkened) 

dur ing t h e  t e s t  b u t  contaminat ion r e l e a s e  was minimal. 

A new tuning network was procured f o r  t he  glovebox s p u t t e r -  

ing  system. I n s t a l l a t i o n  of t h e  network i n  t h e  glovebox i s  

a n t i c i p a t e d  i n  May. The new network i s  much improved over t h e  

one i n  p r e s e n t  u se .  The r e s u l t  should  be g r e a t e r  exper imental  

e f f i c i e n c y  and improved c o n t r o l  of ope ra t i ng  v a r i a b l e s .  



C I R C U L A T O R Y  SUPPORT SYSTEMS 

F .  T .  C r o s s ,  J. C .  S h e p p a r d  a n d  B .  D .  B i n g h a m  

The main o b j e c t i v e  o f  t h i s  program i s  t o  d e t e r -  
mine t h e  dose from r a d i o i s o t o p i c  h e a t  sources  s u i t -  
a b l e  for  c i r c u l a t o r y  suppor t  s y s t e m s .  T h i s  i s  
accompl ished  by measuring t h e  dose r a t e s  w i t h i n  and 
surrounding  v a r i o u s  t i s s u e  e q u i v a l e n t  phantoms. 

Par t  o f  t h e  program concerns  t h e  p r e d i c t i o n  
o f  t h e  measured dose r a t e s  by t h e  development  o f  
computa t iona l  codes .  The computer codes a r e  a l s o  
used  i n  paramet r i c  s t u d i e s  and f o r  t h e  p r e d i c t i o n  
o f  t h e  in-phantom dose r a t e s  from sources  n o t  a v a i l -  
a b l e  for  measurement.  

Another  par t  o f  t h e  program concerns  t h e  deve lop-  
ment o f  r a d i o i s o t o p i c  b lood  h e a t e r s  for  use  i n  an 
animal  s t u d y  aimed a t  a s s e s s i n g  t h e  combined e f f e c t s  
o f  h e a t  and r a d i a t i o n  i n  Hanford m i n i a t u r e  swine 
i m p l a n t e d  w i t h  50-W p lu tonium h e a t  s o u r c e s .  

D O S I M E T R Y  S T U D I E S  

Measurements of t h e  neu t ron  dose r a t e s  from t h e  Rankine 

dosimetry model (a  p ro to type  c i r c u l a t o r y  suppor t  h e a t  source  

subsystem, s e e  Figure  7) p laced  i n  a  l a r g e  phantom f i l l e d  w i t h  

t i s s u e - f l u i d  were completed. S i m i l a r  measurements w i t h  a  

Remab phantom a r e  nea r  completion.  Californium-252 i s  being 

used a s  a  s u b s t i t u t e  f o r  t h e  2 3 8 ~ u ~ i 6  source  t h a t  w i l l  even- 

t u a l l y  be p l aced  i n  t h e  Rankine dev ice .  The measurements w i l l  

be inc luded  i n  subsequent r e p o r t s  when t h e  d a t a  a r e  analyzed 

and a  2 5 2 ~ f  t o  2 3 8 ~ u  normal iza t ion  f a c t o r  i s  e s t a b l i s h e d .  

Photon dose r a t e s  were c a l c u l a t e d  f o r  a  30-W 238pu016 
2 

source  p l aced  i n  t h e  Rankine dosimetry model which, i n  t u r n ,  

i s  p laced  i n  a  l a r g e  t i s s u e  f l u i d  phantom. The dosimetry  dev ice  

m a t e r i a l  t h i cknes se s  and composit ions were t aken  from Hittman 

Assoc i a t e s  drawings 3017D196 and 3017D200. The encapsu l a t ed  

source  dimensions ,  d e n s i t y  and composit ions were ob ta ined  from 

LASL1s January  15 ,  1971 Progress  Report ,  CMB-1797 and by 

communication wi th  LASL. 
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FIGURE 7.  Rank ine  D o s i m e t r y  Model 

The r i g h t  c y l i n d r i c a l  dosimetry device  was desc r ibed  by 

2 2  p l a n e s ,  normal t o  t h e  " Z "  o r  a x i a l  a x i s ,  i n t e r s e c t i n g  13 

c o n c e n t r i c  c y l i n d r i c a l  s u r f a c e s .  The " Z "  a x i s  was t h e  c e n t e r  

a x i s  of t h e  c y l i n d e r .  Ten elements (Pu, Ta, Z r ,  Fe, T i ,  C 1 ,  

F ,  0 ,  L i  and H) d e s c r i b e  t h e  16 composit ions used i n  t h e  c a l -  

c u l a t i o n s .  Photon dose r a t e s  were c a l c u l a t e d  f o r  bo th  t h e  

s o l i d  and l i q u i d  s t a t e s  of  t h e  con ta ined  L i F / L i C l  e u t e c t i c .  

The bu i ldup  f a c t o r s  of l e a d  were used and t h e  o r i g i n  was taken 

a t  t he  source  c e n t e r .  Resu l t s  of t h e  c a l c u l a t i o n s  a r e  

p r e sen t ed  i n  Table 3 .  



TABLE 3 .  2 3 8 ~ ~  Photon Dose Ra tes  i n  T i s s u e  
from Rankine Dosimetry Model 

L i F / L i C l  E u t e c t i c  
Cold Hot.  mol ten  

D i s t a n c e ,  cm 

" Z "  a x i s  

3.8634 ( t o p )  

5.0000 

10.0000 

15.0000 

20 . o o o o  
-3.5181 (bottom) 

-5 . o o o o  
- 1 0  . o o o o  
-15 . O O O O  

- 2 0  . o o o o  
X ,  a x i s  

5.0445 ( s i d e )  

10.0000 

15.0000 

20.0000 

X ,  Z ax is  (10 c m  45') 

7.0711, 7.0711 ( towards top)  

7 . 0 7 1 1 ,  7.0711 ( towards bottom) 

( D o s e  rate,- 

A s  e x p e c t e d ,  t h e  dose  r a t e s  o u t  t h e  bottom do n o t  change 

when t h e  e u t e c t i c  m e l t s  s i n c e  t h e  photons  do n o t  t r a v e r s e  t h e  

e u t e c t i c .  The i n c r e a s e  of  t h e  dose  r a t e s  o u t  t h e  s i d e  r e f l e c t s  

t h e  24 p e r c e n t  r e d u c t i o n  i n  t h e  d e n s i t y  of  t h e  L i F / L i C l  e u t e c t i c  

when i t  m e l t s .  The r e d u c t i o n  of  t h e  dose  r a t e s  o u t  t h e  t o p  can  

be a t t r i b u t e d  t o  a n  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  t h e  L i F / L i C l  

e u t e c t i c  and a  r e d u c t i o n  of  t h e  v o i d  t h i c k n e s s  above t h e  

e u t e c t i c  when i t  m e l t s .  This  i s  c o n t r a s t e d  t o  a  c o n s t a n t  



L i F / L i C l  t h i cknes s  b u t  reduced d e n s i t y  f o r  t h e  s i d e .  Although 

t h e  photon dose r a t e s  from t h e  p rev ious ly  c a l c u l a t e d  LASL-1 

source  a r e  n o t  s t r i c t l y  comparable, they a r e  i n  good agreement 

w i t h  t h e s e  c a l c u l a t i o n s  when adjustment i s  made f o r  s i m i l a r  

t i s s u e  t h i c k n e s s e s .  

S imi l a r  c a l c u l a t i o n s  were made of t h e  neu t ron  dose r a t e s  

and t h e  photon dose r a t e s  from 2 3 6 ~ ~  assuming 0.25 ppm f o r  t h i s  

impur i ty .  The coo rd ina t e s ,  composit ions and l e a d  bu i ldup  were 

i d e n t i c a l  t o  t he  2 3 8 ~ u  c a l c u l a t i o n s .  The 0.25 ppm 2 3 6 ~ u  and - 
a  neu t ron  emission r a t e  of 2 x 10' n / s ec  were used t o  conform 

wi th  t h e  LASL determined va lues  f o r  t h e  30-W 2 3 8 ~ u 0 i 6  source  

LASL 30 C6. These c a l c u l a t i o n s  show s i m i l a r  f e a t u r e s  t o  t h e  

2 3 8 ~ ~  c a l c u l a t i o n s  - s l i g h t  changes due t o  t h e  t h i cknes s  and 

d e n s i t y  o f  mate r i . a l  t r a v e r s e d  by t h e  photons and neu t rons .  

Also t h e  neu t ron  dose r a t e s  agree  w e l l  w i th  c a l c u l a t i o n s  us ing  

t h e  s i m p l i f i e d  equa t ion  r e p o r t e d  i n  BNWL-1489. This equa t ion  

was gene ra t ed  f o r  p r e d i c t i n g  t h e  measurements of a  30-W meta l  

source  and assumes a  c o n s t a n t  t i s s u e  a t t e n u a t i o n  of about 

1 1 . 4 %  p e r  cm i n  a d d i t i o n  t o  an i nve r se  square  f a l l  o f f  of t h e  

dose.  Resu l t s  of t h e  c a l c u l a t i o n s  a r e  p r e sen t ed  i n  Table 4 .  

R A D I O L O G I C A L  E N G I N E E R I N G  S T U D I E S  

Engineering s t u d i e s  t o  develop r a d i o i s o t o p i c  blood h e a t e r s  

i n  suppor t  of  P N L 1 s  "Bio log ica l  E f f e c t  of I n t r a c o r p o r e a l  Radio- 

i so tope  Heat Source" s tudy  were i n i t i a t e d  t h i s  p a s t  q u a r t e r .  

Heater  geometry, m a t e r i a l s ,  and temperature  changes i n  t h e  bu lk  

s t ream and boundary l a y e r  of t h e  blood were i n v e s t i g a t e d .  The 

conceptual  des ign  of a  t e l eme t ry  system f o r  moni tor ing blood 

temperature  changes i n  t h e  hos t  animals was completed. I n  

a d d i t i o n ,  two s u r g i c a l  shams were f a b r i c a t e d  f o r  imp lan t a t i on  

i n  min i a tu re  swine. A t h i r d  sham wi th  end p i e c e s  i nco rpo ra t i ng  

hyd rau l i c  screw coupl ings  t o  s i m p l i f y  su rge ry  i s  being f a b r i c a t e d  



BNWL- 1308 -6  

TABLE 4 .  Neutron and 2 3 6 ~ ~  Photon Dose Rates i n  T issue  
from Rankine Dosimetry Model (mrad/hr) 

0 .25  ppm 2 3 6 ~ u  P h o t o n  
D i s t a n c e s ,  c m  N e u t r o n  Dose R a t e  Dose R a t e ,  1 0  y r  Avg 

Top Cold  Hot  Co ld  Hot 

Bot tom 

-3 .5181  14 .12  

-5 .0000  6 . 0 5  

S i d e  

5 .0445  5 .93  6 .18  1 2 . 0 8  12 .74  * 

1 0  . O O O O  0 .92  0 .97  2 .56  2 .65 

15 .0000  0 . 2 3  0 .24  0 .94  0 .97  

20 . O O O O  0 .064 0 .069  0 .44  0 . 4 5  

45" - 
10.0000 (Top) 0 .94  0 .89  2 .16 2 .08  

10 .0000  (Bot tom) 0 . 9 3  0 .94  2 . 1 3  . 2.15 

f o r  i m p l a n t a t i o r i  i n  t h e  n e a r  f u t u r e .  The f i n a l  t h o r a c i c  h e a t e r  

d e s i g n  a n d  s h o p  d r a w i n g s  w e r e  c o m p l e t e d  and  f a b r i c a t i o n  of  a 
b e n c h  mode l  d e v i c e  f o r  t e s t  w i l l  b e  i n i t i a t e d  upon  r e c e i p t  o f  

m a t e r i a l s .  

An analysis o f  t h e  p l u t o n i u m  h e a t  s o u r c e  c e n t e r l i n e  t e m p e r a -  

t u r e  i n  a f a t a l i t y  ( d e a t h )  s i t u a t i o n  was c o m p l e t e d .  The mode l  

u s e d  f o r  a n a l y s i s  was a c o m p o s i t e  t i s s u e  c y l i n d e r  o f  s i z e  



equivalent to a Hanford miniature swine containing a 50-W 

238~u0i6 capsule. An account was made of the heat losses both 

radially and axially. The temperatures determined at various 

locations are shown in the accompanying diagram (Figure 8). 

Briefly, the predictions are for a centerline temperature of 

972 OF assuming an ambient temperature of 75 OF. It is 

recommended, therefore, that a Pt-20 Rh corrosion-resistant 

liner be employed as the source compatability container. 





N U C L E A R  T E C H N I Q U E S  FOR S E A B E D  M I N E R A L  E X P L O R A T I O N  

R .  W .  P e r k i n s  a n d  N .  A .  Wogman 

I n  r e c e n t  PNL s t u d i e s  o f  t h e  c o m p o s i t i o n  o f  
deep ocean s e d i m e n t s ,  i t  has been  demons t ra ted  t h a t  
v a r i o u s  m i n e r a l  d e p o s i t s  and commercia 2-grade o r e s  
can r e a d i l y  be  i d e n t i f i e d  by n e u t r o n  a c t i v a t i o n  and 
i n s t r u m e n t a l  a n a l y s i s .  From p r e l i m i n a r y  a n a l y s i s ,  
it i s  e v i d e n t  t h a t  t h e  e l e m e n t a l  c o m p o s i t i o n  o f  mos t  
m i n e r a l  d e p o s i t s  can be e a s i l y  i d e n t i f i e d  a t  concen-  
t ~ a t i o n s  w e l l  below t h o s e  o  economic impor tance .  
I n - p l a c e  e x p e r i e n c e  w i t h  2 5 J C f  a s  a  n e u t r o n  source  
has con f i rmed  t h e s e  c o n c l u s i o n s .  Two methods fo r  
i n - p l a c e  seabed m i n e r a l  e x p l o r a t i o n  are  b e i n g  
i n v e s t i g a t e d .  The f i r s t  i n v o l v e s  p l a c i n g  a  n e u t r o n  
source  and d e t e c t o r  s y s t e m  on t h e  ocean f l o o r .  The 
second method i n v o l v e s  b r i n g i n g  t h e  samples  on-board 
s h i p  and employs a  sh ipboard  252Cf i r r a d i a t o r  and 
a  Ge ( L i )  s p e c t r o m e t e r .  The former t e c h n i q u e  has 
t h e  advantage o f  v e r y  r a p i d  a n a t y s e s ,  and t h e  l a t t e r  
t e c h n i q u e  has t h e  advantage t h a t  m i n e r a l  dep th -  
p r o f i l e s  can be d e f i n e d  from core  sampl ing .  

During the  p a s t  q u a r t e r  s t u d i e s  have inc luded  t h e  v a r i a -  

t i o n s  i n  d e t e c t i o n  e f f i c i e n c y  f o r  elements i n  s u b s t r a t e s  of 

va r ious  d e n s i t i e s ,  c ro s s  s e c t i o n s ,  and overburdens.  The d e t e c -  

t i o n  of gamma r a y s  i n  t h e  range a f  0 .1  t o  2 . 7  MeV have been 

cons idered  i n  t h e  m a t r i c e s .  A l l  measurements u t i l i z e  t h e  

mockup f a c i l i t y  con ta in ing  a  1 .8  mg " ' ~ f  source  and s imu la t e  

t h e  a c t u a l  seabed i r r a d i a t i o n  and count ing cond i t i ons .  The 

v a r i a t i o n s  were measured i n  200 l b  specimens us ing  mix tures  

of i r o n  powder and d u n i t e  t o  produce ma t r ix  d e n s i t i e s  vary ing  
3 from 1 . 7  t o  4.0 grams p e r  cm . The elements of i n t e r e s t  which 

on neu t ron  cap tu re  emit  gamma r ays  i n  energy ranges from 0 .1  t o  

2 . 7  MeV were homogeneously mixed i n t o  t h e s e  s u b s t r a t e s ,  i r r a -  

d i a t e d  i n  a  s imula ted  s e a  f l o o r  cond i t i on  and analyzed f o r  

t h e i r  s p e c i f i c  element.  The measurement e f f i c i e n c y  which i s  a 

func t ion  of sample d e n s i t y ,  c r o s s  s e c t i o n ,  hydrogen con ten t ,  

and t h e  energy of  t h e  emi t t ed  gamma r a y ,  i s  reduced only  25% 



f o r  1 . 8  MeV gamma rays  a s  t h e  ma t r ix  d e n s i t y  r i s e s  from 1 . 7  t o  

4.0. Elements e m i t t i n g  gamma r ays  n e a r  1 0 0  keV have t h e i r  mea- 

surement e f f i c i e n c i e s  decreased about  1 . 5  f o l d  a s  t h e  sediment 

d e n s i t y  i n c r e a s e s  from 1 . 7  t o  4 .0 .  I f  t h e s e  elements a r e  

beneath  1 inch  of sediment w i th  a  d e n s i t y  of  1 . 7  and con ta in ing  

1% cadmium, t h e i r  d e t e c t i o n  s e n s i t i v i t y  i s  reduced 4.6 f o l d .  

The 1 inch  of sediment a lone  decreases  t h e  d e t e c t i o n  l i m i t  f o u r -  

f o l d ,  t h u s  t h e  h igh  cap tu re  c r o s s  s e c t i o n  produced by t h e  1% 

cadmium i n  t h i s  s u r f a c e  l a y e r  has r e l a t i v e l y  l i t t l e  e f f e c t  on 

t he  o v e r a l l  d e t e c t i o n  l i m i t .  S t u d i e s  of t h e  d e t e c t i o n  e f f i -  

c iency  ve r sus  v a r i a t i o n s  i n  t h e  d i s t a n c e  and hydrogen con ten t  

a r e  con t inu ing  and w i l l  a l low t h e  maximum e f f e c t  of  non-uniform 

s e a f l o o r  c o n d i t i o n s  t o  be determined.  

I n  work r e l a t e d  t o  t h i s  program, a  s u b c r i t i c a l  m u l t i p l i e r  

f o r  2 5 2 ~ f  neu t rons  was eva lua t ed  f o r  seabed minera l  a n a l y s i s .  

A mockup composed of a  homogenous mixture  of Pu02 i n  po lys ty rene  

r e f l e c t e d  w i t h  P l e x i g l a s  was employed. The hydrogen t o  plutonium 

r a t i o  was 15 .  The e f f e c t i v e  m u l t i p l i c a t i o n  c o n s t a n t  was about  

0.975 and was ob ta ined  from t h e  cuboida l  core  assembly which 

was 9 x 9 x 7 i nches .  Simulated ocean f l o o r  minera l  samples 

were i r r a d i a t e d  w i t h  30 t o  40 f o l d  f l u x  i n c r e a s e  over t h a t  

a v a i l a b l e  w i thou t  m u l t i p l i c a t i o n .  The i n v e s t i g a t i o n  demonstra ted 

t h a t  a  s u b c r i t i c a l  assembly could be used t o  enhance t h e  thermal 

f l u x  from a  2 5 2 ~ f  neu t ron  source  i n  t h e  des igned seabed probe.  

An e v a l u a t i o n  of t h e  primary gamma rays  from molybdenum 

o r e s  and those  most s e n s i t i v e  f o r  i t s  measurement i n  t h e  seabed 

was completed. Some 150 gamma rays  a r e  emi t t ed  fo l lowing  t h e  

i r r a d i a t i o n  of n a t u r a l  molybdenum o re .  

The p ro to type  des igns  of t h e  n u c l e a r  probe underwater  

assembly and t h e  e l e c t r o n i c s  packages f o r  d a t a  accumulation and 

a n a l y s i s  have been f i n a l i z e d .  Bids f o r  t h e  e l e c t r o n i c  packages 

have been r ece ived  and t h e  purchase  o rde r  w i l l  be i s sued  dur ing  

May. T 
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4 Douglas United Nuclear 

J. W. Riches 
R. G. Geier 
D. W. Peacock 
w. K. Woods 

45 Battelle-Northwest 

E. M. Alpen 
J. W. Bartlett 
J. M. Batch 
D. W. Brite 
T. D. Chikalla 
F. T. Cross 
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G .  M .  Dalen 
G .  J .  Dau/J. B.  Vetrano 
R .  L .  D i l l o n  
D .  C .  Deonigi 
K .  Drumheller 
J .  W .  Finnigan/R. S .  Kemper 
J .  C .  Fox 
H. T .  Fullam 
V. L .  Hammond 
J .  E .  Hansen (3) 
J .  H .  J a r r e t t  ( 3 )  
R. W .  McKee/E. T.  M e r r i l l  
J .  E .  Minor 
L .  K .  Mudge 
J .  M .  Nielsen/A. J .  Have r f i e ld  
R.  E .  Nigh t inga le  
R.  W .  Pe rk ins  
A.  M.  P l a t t  
F. P. Roberts  
C .  A .  Rohrmann 
J .  C .  Sheppard 
K .  J .  Schneider  
R. W.  S t ewar t  
K .  L .  Swinth 
H. H .  Van Tuyl 
E .  E .  Voiland 
E .  J .  Wheelwright 
N .  A. Wogman 
Technica l  In format ion  F i l e s  (5 )  
Technica l  P u b l i c a t i o n s  ( 2 )  




