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RADIOISOTOPE PROGRAM (8000) PROGRESS REPORT 
FOR OCTOBER 1970 

A, F. Rupp 

RAD I 0 I S OTO P E P RO DU CT I ON AN D MAT E R I AL S DE V E LOPFIENT 

REACTOR-PRODUCED ISOTOPES - 08-01-01 

A. Biomedical  Radioisotopes 

1. Phosphorus-33 

The purpose of t h i s  p r o j e c t  i s  t o  develop methods of pre- 
pa r ing  hundred-mil l icur ie  q u a n t i t i e s  of c a r r i e r - f r e e  
phosphorus-33 conta in ing  5 5 %  phosphorus-32. Phosphorus-33 
(25 .2  days; 0.248-MeV &,,) has  bo th  a longer  h a l f - l i f e  and 
a lower energy b e t a  than  phosphorus-32 ( 1 4 . 3  days; 1.709- 
MeV B m a ) ,  which makes it advantageous for autoradiography,  
long-term eco log ica l  and a g r i c u l t u r a l  s t u d i e s ,  s y n t h e s i s  of 
tagged complex organophosphorus compounds, and double 
l a b e l i n g  experiments.  

- 

Two methods of producing phosphorus-33 a r e  be ing  eva lua ted .  
Both methods are based on t h e  i r r a d i a t i o n  of h igh ly  enr iched  
t a r g e t s ,  e i t h e r  su l fur -33  ( > 9 2  a t .  % )  or chlor ine-36 (approxi-  
mately 63 a t .  % ) ,  i n  a fast  neutron f lux t o  produce 
phosphorus-33 by e i t h e r  t h e  33S( n,p)  33P or 36Cl (n , a )  33P 
r e a c t i o n ,  r e s p e c t i v e l y .  Highly enr iched  t a r g e t s  a r e  r equ i r ed  
i n  o rde r  t o  reduce t h e  phosphorus-32 conten t  of t h e  product 
and t o  meet t h e  product  s p e c i f i c a t i o n  of 5 5 %  phosphorus-32. 

I n  t h e  September r e p o r t '  it w a s  r epor t ed  t h a t  t h e  product H333P04 con- 
t a i n e d  only 175 m C i ,  whereas a y i e l d  of  approximately 1 C i  had been 
expected. The qua r t z  ampule w a s  leached wi th  6 
found t o  con ta in  a l a r g e  q u a n t i t y  of soft b e t a  a c t i v i t y .  
s o l u t i o n  was processed by t h e  normal procedure,  
hydroxide p r e c i p i t a t i o n  t h e  s o l u t i o n  w a s  checked f o r  gamma a c t i v i t i e s  
because t h e  qua r t z  w a s  known t o  con ta in  t h e  fol lowing a c t i v i t i e s :  

and t r a c e s  of 141Cey 233Pa,  and lo3Ru. These a c t i v i t i e s  may a r i s e  as 
f i s s i o n  products  o r  by a c t i v a t i o n  of ca sua l  contaminants perhaps from 
low-level uranium i m p u r i t i e s  i n  t h e  qua r t z  ampule. Table 1 shows t h e  
gamma a c t i v i t y  a f te r  t h e  f o u r t h  Fe( O H )  3 p r e c i p i t a t i o n  (mid-process) 
co r rec t ed  t o  an equiva len t  volume b a s i s  wi th  t h e  f i n a l  product .  
Bio-Rad AG 50W-X8 c a t i o n  column w a s  used f i n a l l y  t o  remove t h e  i r o n  and 
o the r  c a t i o n i c  spec ie s ,  and t h e  f i n a l  product gamma a c t i v i t y  and mid- 
process  gamma a c t i v i t y  are compared i n  Table 1. 

H C 1  and t h e  l each  was 
This  l each  

Af te r  t h e  f o u r t h  i r o n  

l 8 l H f ,  '24533, 9 5 Z r ,  95Nb, 65Zn, 46Sc, 1 3 L t y 1 3 6 C s ,  1 5 4 ~ 1 5 6 E , ,  59Fe, 6oCo, 

A 

'A. F. Rupp, Radioisotope Program (8000) Progress  Report f o r  September - 1970, ORNL-TM-3183, Oak Ridge Nat iona l  Laboratory.  
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Table  1. Gamma A c t i v i t y  a t  Mid-Process and i n  F i n a l  Product 

Radioisotope A c t i v i t y  (pCf/ml) 
M i  d-Pro c es s F i n a l  Product 

cerium-141 
Hafnium-181 
Chromium-51 
Ant imony-12 4 
Europium-156 
Scandium- 4 6 
Cobalt -60 
Niobium-9 5 

0.16 
0.06 
2.72 
0 .15  
1 . 0  
1 .03  
0 . 1  
- 

- 
2 . 1  
0.20 
- 
- 
- 

-0 .03 

The cleanup column d i d  not  remove chromium-51, antimony-124, and niobium-95 
which are probably p re sen t  i n  an ionic  complexes. If chromium-51 i s  p resen t  
as t h e  Cr0Q2- i o n ,  it can be  removed by reducing it t o  chromium(II1) wi th  
i r o n ( I 1 )  be fo re  t h e  f i n a l  ca t ion  column. This  method w i l l  b e  t r i e d  i f  t h i s  
spec ies  appears i n  f u t u r e  products .  

The product  H333P04 w a s  w e l l  w i t h i n  our s p e c i f i c a t i o n s  and contained 17 .5  
m C i / m l  phosphorus-33 and 0.28 m C i / m l  phosphorus-32. 
phosphorus-33 which, when combined wi th  t h e  175 m C i  p r ev ious ly  recovered ,  
g ives  t h e  expected t o t a l  y i e l d  of 1 .05 C i .  A l l  ou ts tanding  o rde r s  f o r  
phosphorus-33 have now been f i l l e d .  Work i s  cont inuing  on process ing  t h e  
remaining t a r g e t s  and recover ing  t h e  K3 'C l  t a r g e t  material. 

The y i e l d  w a s  875 m C i  

A t y p i c a l  phosphorus-33 product  w a s  analyzed by both  t h e  Cerenkov-liquid 
s c i n t i l l a t i o n  a n a l y t i c a l  method c u r r e n t l y  be ing  developed2 s 3  and by t h e  
end-window counter - l iqu id  s c i n t i l l a t i o n  a n a l y t i c a l  method c u r r e n t l y  be ing  
used for product assay .  T h e  r e s u l t s  agreed exceedingly w e l l  - t h e  
phosphorus-32 values  were i d e n t i c a l ,  and t h e  phosphorus-33 va lues  were 
wi th in  6%; t h i s  i l l u s t r a t e s  t h e  way t h e s e  independent methods complement 
each o the r .  

A gene ra l  program w a s  developed f o r  a Wang Model 700A programmable e lec-  
t r o n i c  c a l c u l a t o r  t o  c a l c u l a t e  bo th  s i n g l e  and double neutron cap tu re  
y i e l d s .  This  program w i l l  be  u t i l i z e d  t o  estimate t h e  amount of low enrich-  
ment chlor ine-36 t h a t  can be  added t o  t h e  p re sen t  chlor ine-36 t a r g e t  mate- 
r i a l  and s t i l l  y i e l d  a product w i t h i n  t h e  5 5 %  phosphorus-32 s p e c i f i e d  
f o r  t h i s  product .  The p resen t  product  prepared from t h e  cu r ren t  t a r g e t  
material conta ins  51.3% phosphorus-32 a t  t i m e  of shipment. The a d d i t i o n  
of lower enrichment chlor ine-36,  and consequent i n c r e a s e  i n  phosphorus-32 
content  of t h e  product ,  i s  deemed necessary t o  provide  a d d i t i o n a l  t a r g e t  
material and t o  compensate for r e a c t o r  burnup and process ing  l o s s e s .  

2A. F. Rupp, Radioisotope Program (8000) Progress  Report f o r  August 1970, 
ORNL-TM-3133, Oak Ridge Nat iona l  Laboratory,  p .  1. 
3A. F. Rupp, ORNL-TM-3183, p.  1. 
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2. Potassium-43 

The o b j e c t i v e s  of t h i s  p r o j e c t  are: t o  prepare  potassium-43 
by t h e  43Ca(n,p)43K r e a c t i o n ,  us ing  i s o t o p i c a l l y  enr iched 
43Ca0 t a r g e t s ,  i n  q u a n t i t i e s  s u f f i c i e n t  f o r  medical and b io-  
l o g i c a l  experiments;  t o  d e f i n e  a method f o r  s epa ra t ing  
potassium-43 from t h e  t a r g e t  i n  a p u r i t y  s u i t a b l e  f o r  medi- 
c a l  use ;  and t o  e s t a b l i s h  coopera t ive  programs wi th  medical 
i n s t i t u t i o n s  i n t e r e s t e d  i n  eva lua t ing  i t s  use fu lness .  

Potassium-42 has  been used,  p r imar i ly  i n  animals ,  t o  l o c a t e  
tumors,  t o  t a g  r e d  blood c e l l s ,  and t o  s tudy  blood f low,  bu t  
it has very l i m i t e d  use i n  humans because of i t s  high b e t a  
energy (3.53 MeV), i t s  high-energy (1 .52  MeV) gamma r a y ,  
and i t s  r e l a t i v e l y  s h o r t  h a l f - l i f e  (12 .4  h r )  . 
wi th  a h a l f - l i f e  of 22.4 h r  and gamma-ray emissions of 
0.373 and 0.617 MeV, i s  more s u i t a b l e  f o r  metabol ic  and 
c l i n i c a l  s t u d i e s  because t h e  lower dose r a t e  would permit  
m u l t i p l e  doses .  It has been suggested as a p o s s i b l e  t o o l  
f o r  s tudying blood flow through t h e  h e a r t  and f o r  diagnosing 
myocardial  i n f a r c t i o n s  o r  immune r e j e c t i o n  of t r a n s p l a n t e d  
organs.  It has a l s o  proved capable  of d i f f u s i n g  through a 
kidney wi th  g r e a t l y  reduced r e n a l  func t ion ,  provid ing  a 
good image of t h i s  organ. 

Potassium-43 , 

Two t a r g e t s  of 43Ca0 were i r r a d i a t e d  65 h r  and processed on October 1 2 ,  
1970. 
t a i n e d  90 .1  mg of new 61.6% 43Ca0. 
s e p a r a t e l y  and t h e  s o l u t i o n s  were assayed. 
t o t a l  t a r g e t  a c t i v i t i e s  co r rec t ed  t o  d ischarge .  

One t a r g e t  contained 90.2 mg of recovered 43Ca0 and t h e  o the r  con- 

Table  2 compares t h e  observed 
The two t a r g e t s  were d i s so lved  

Table 2. Analyses of Samples of  Dissolved 43Ca0 Targe ts  

A c t i v i t y  a t  Discharge ( m C i )  
Recovered Target  New Target  

Nuclide H a l f - L i f e  

Pot ass ium-43 
~o ta s s ium-42  
Sodium- 2 4 
Manganese-56 
~tront ium-87m 
c d c ium-4 7 
Scandium-46 
S can dium- 47 
Lan t h anum-1 40 
Samarium-153 
Europium-152m 
Bromine-82 
Tungs t en-187 

22.4 h 
12 .4  h 
15.0 h 

2.58 h 
2.83 h 
4 .53  d 

83.8 d 
3.40 d 

40.2 h 
46.8 h 
9.3 h 

35.4 h 
23.9 h 

14 .3  
3.42 
0.94 
7.64 

0.217 
1 . 5 5  
0 .21  
0.25 
0.54 
1 . 3  
0.054 

18.5 

- 

13 .2  
3.09 

0.42 

0.13 

0 ,03  

0.10 

0.85 

25.2 

- 

- 

I 

0.22 
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The product  y i e l d  w a s  80% of t h e  potassium-43 i n  t h e  t a r g e t .  
t h a t  t h e  potassium-43 e l u t i o n  w a s  not as sha rp  as previous ones ,  perhaps 
due t o  t h e  f a c t  t h e  column w a s  not e q u i l i b r a t e d  as long as usua l .  

It w a s  noted 

Shipments were made under our  medical coopera t ive  programs t o  Johns Hopkins, 
Univers i ty  Hospi ta l s  of Cleveland, I l n ive r s i ty  of Miss i s s ipp i  Medical Center ,  
and P e t e r  Bent Brigham Hospi ta l .  

B. Exploratory Development o f  Products and Techniques 

1 .  Silicon-32 

The formation pa ths  f o r  r e a c t o r  product ion of s i l i con -32  
depend upon t h e  product ion of and subsequent neutron r e a c t i o n  
of an in t e rmed ia t e .  Si l icon-32 e x h i b i t s  many d e s i r a b l e  physi-  
c a l  decay c h a r a c t e r i s t i c s  t h a t  m a k e  it an i n t e r e s t i n g  and 
a t t r a c t i v e  r ad ionuc l ide  f o r  a v a r i e t y  of u ses :  (1) t h e  only  
long-l ived r ad ionuc l ide  of s i l i c o n  f o r  use  i n  a g r i c u l t u r e ,  

eology,  s o l i d - s t a t e  phys i c s ,  e t c . ,  ( 2 )  as a pa ren t  f o r  a 
f2Si-32P gene ra to r  system which would o f f e r  a cons tan t  supply 
of phosphorus-32 f o r  medical and s c i e n t i f i c  a p p l i c a t i o n ,  and 
( 3 )  as a long-l ived Cerenkov count ing s tandard  f o r  phosphorus-32 
de termina t ions .  

The t h r e e  neutron cap tu re  r e a c t i o n  pa ths  f o r  t h e  product ion of s i l i con -32  
are shown i n  F ig .  1. The f i r s t  r e a c t i o n  pa th  r e q u i r e s  only  thermal  neu- 
t r o n s  , whereas t h e  o t h e r  two r e q u i r e  fas t  neutrons f o r  t h e  ( n , p )  and 
(n,cl) r e a c t i o n s .  The product ion r a t e ,  A 3 2 ,  f o r  each of t h e s e  pa ths  w i l l  
be  d i r e c t l y  p ropor t iona l  t o  t h e  number of  atoms of t h e  in t e rmed ia t e  formed 
and t o  t h e  magnitudes of bo th  t h e  neutron f l u x e s  and c ross  s e c t i o n s  r equ i r ed  
f o r  neutron cap tu re  by t h e  in t e rmed ia t e  t o  produce s i l i con -32 ,  i . e . ,  
( approximately ) 

where 

A 3 2  = product ion r a t e  of s i l i con-32  p e r  gram-atom of t a r g e t  
i s o t o p e  ( a )  i n  t h e  same f l u x  f o r  a l l  t h r e e  r e a c t i m  p a t h s ,  

a = t h e  t a r g e t  i s o t o p e ,  

b = t h e  r a d i o a c t i v e  in t e rmed ia t e ,  and 

c = t h e  f i n a l  p roduct ,  s i l i con-32 .  

S u b s t i t u t i n g  t h e  d a t a  shown i n  Fig.  1 i n t o  Eq .  (I), an estimate f o r  t h e  
var ious  product ion rates can be obta ined:  

A32 (1) ( 0 . 1  b H 2 . 6 2  h ) ( l . l  b ) ( Q t h )  , 
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Reaction P a t h  ( 1 )  

R e a c t i o n  P a t h  ( 2 )  

R e a c t i o n  P a t h  ( 3 )  

> 32Si  
30si 0.10 b a r n  >31si 1 . 1  b a r n  

>3*si = ?  > 3 2 p  
0 n , p  31p 0.19 b a r n  

tar e t  i n t e r m e d i a t e  p r o d u c t  
( a 7  ( b )  ( 4  

F ig .  1. Sil icon-32 Product ion Pa ths .  

where r e p r e s e n t s  t h e  f a s t  t o  thermal  neutron f l u x  r a t i o  f o r  t h e  
r e a c t o r  of i n t e r e s t  [ ( @  /@ ) 2 0 . 3 3  ( r e f .  4) f o r  t h e  removable bery l l ium 
p o s i t i o n s  i n  t h e  HFIR] .f Fhrhther, t h e  r e l a t i v e  product ion rates f o r  t h e  
t h r e e  pa ths  may be expressed as:  

A 3 2 ( 1 ) : A 3 2 ( 2 ) : A 3 2 ( 3 )  = 0.012:0.90 x a ( i n  b a r n s ) : 6 . 3  x a 
n ¶ P  n,a  

( i n  b a r n s ) .  

The magnitude of t h e  32P(n ,p)32Si  and 35S(n ,a )32Si  c ros s  s e c t i o n s  must be  
est imated t o  determine t h e  r e l a t i v e  m e r i t  of t h e  r e a c t i o n s  of i n t e r e s t .  
To do t h i s  t h e  empir ica l  approach of Roy and Hawton5 w a s  employed and 
y i e lded  estimates f o r  t h e  ( n , p )  r e a c t i o n  of 65-460 mb, and f o r  t h e  (n,cl) 
r e a c t i o n  of approximately 6 mb. These es t imated  va lues  were rounded o f f  

* 0.006 ba rn )  t o  permit e s t ima tes  of t h e  r e l a t i v e  X 0 . 1  b a r n ,  u 
prod ic t ion  ( an rates : n,a  

A 3 2 ( 1 )  : A 3 2 (  2 )  :A32( 3) = 0.012: -0.09 : “0 .Ob . 
A s  can be  r e a d i l y  seen ,  pa ths  ( 2 )  and ( 3 )  would seem t o  o f f e r  l a r g e r  pro- 
duc t ion  rates than  d i r e c t  i r r a d i a t i o n  of s i l i con-30 .  The f a c t  t h a t  both 
pa ths  ( 2 )  and ( 3 )  would produce c a r r i e r - f r e e  s i l i con -32  a l s o  make them 
more a t t r a c t i v e  than  p a t h  (1). Even though t h e  an and a c ros s  s e c t i o n s  
may be v a s t l y  misest imated , an explora tory  experim6gt seerng’8arranted. 

4R.  E .  L e w i s ,  J .  K .  Poggenburg, and H .  B .  Hupf, Neutron Flux Monitoring 
of I r r a d i a t i o n  F a c i l i t i e s  i n  t h e  High Flux I so tope  Reactor (HFIR) ( t o  be  
m b l i s h e d ) .  ... 
5J. C .  Roy and J .  J .  Hawton, Table of Estimated Cross Sec t ions  f o r  ( n , p j ,  
( n , a )  , and ( n , 2 n )  Reactions i n  a F i s s i o n  neut ron  Spectrum, Rpt.  CRC-1003 
(December 1960) .  



Path ( 2 )  has  been s e l e c t e d ,  s i n c e  it seems t o  o f f e r  t h e  l a r g e s t  product ion 
ra te  and t h e  t a r g e t  material i s  n a t u r a l l y  occurr ing  and r e a d i l y  a v a i l a b l e .  
Assuming t h e  sma l l e r  u es t ima te  (65 m b )  ob ta ined  us ing  Roy and Hawton's 
method, a s i l i con -32  pFd8uction of approximately 0.7 pCi/g of phosphorus-31 
has been es t imated  f o r  s i x  cycles  i n  a removable bery l l ium p o s i t i o n  i n  t h e  
HFIR by us ing  t h e  program descr ibed  i n  t h e  phosphorus-33 s e c t i o n  of t h i s  
r e p o r t .  
t a r g e t  f o r  mul t i cyc le  i r r a d i a t i o n  i n  t h e  HFIR. 

Work w i l l  begin next month on s e l e c t i o n  of a s u i t a b l e  phosphorus 

2. Gad01 i n i  urn- 1 53 

Gadolinium-153 ( 2 4 1  days)  i s  an important  r ad ionuc l ide  
because it decays by e l e c t r o n  cap tu re  y i e l d i n g  predomi- 
n a n t l y  100-keV photons.  This  energy range  i s  useful i n  
b a c k s c a t t e r  and t ransmiss ion  gaging,  as w e l l  as having 
a p p l i c a t i o n s  i n  f luo rescen t  X-ray product ion;  medical 
a p p l i c a t i o n s  f o r  bone-density gages and narrow-beam 
t r ansmiss ion  f o r  body scanning t o  supplement s t e t h o -  
s cop ic  f ind ings  appear t o  be of importance a l s o .  An 
e s p e c i a l l y  important  p a r t  of our work i s  p repa ra t ion  
of h i g h l y  enr iched  gadolinium-152 s y n t h e t i c a l l y  by ex- 
t r a c t i n g  it chemically from exhausted europium c o n t r o l  
p l a t e s  from HFIR. The g r e a t e r  t han  90% enr iched  
gadolinium-152 i s  not  a v a i l a b l e  from c a l u t r o n  s e p a r a t i o n s ,  
and i n  any case ,  it would b e  p r o h i b i t i v e l y  expensive i f  
it could not  be  obta ined  as a by-product. 

T o t a l l y  enclosed equipment t o  process  HFIR c o n t r o l  p l a t e s  f o r  recovery 
of gadolinium-152/153 has  been f a b r i c a t e d  and p laced  i n  c e l l  f o r  opera- 
t i o n .  The enclosed recovery system i s  necessary because t h e  e l e c t r o l y t i c  
c e l l  used t o  s e p a r a t e  gadolinium and europium produces an a e r o s o l  of 
e l e c t r o l y t e  s o l u t i o n  causing a cons iderable  contamination problem i n  t h e  
ho t  cell. 

One s e c t i o n  of t h e  c o n t r o l  p l a t e s  has been d i s so lved  t o  s e p a r a t e  t h e  alumi- 
num matrix from t h e  europium oxide.  The r a r e - e a r t h  r e s i d u e  from t h i s  sepa- 
ra t i -on has  been prepared as feed  f o r  t h e  e l e c t r o l y t i c  s e p a r a t i o n  s t e p .  
Approximately 10  g of europium and 1 t o  2 g of  gadolinium a r e  involved i n  
t h i s  s e p a r a t i o n .  A second ba tch  conta in ing  a s i m i l a r  quan t i ty  of 
europium/gadolinium i s  a l s o  i n  process .  

I n t e r e s t  i n  gadolinium-153 cont inues t o  grow and we now have need f o r  10 
t o  25 C i  t o  meet e x i s t i n g  o r d e r s ,  p lus  an a d d i t i o n a l  200 C i  t o  complete 
our  commitment t o  NASA. 

O f  s p e c i a l  cu r ren t  i n t e r e s t  i s  t h e  program a t  Vanderbi l t  Medical Center 
t o  use  gadolinium-153 as a source of photons t o  l o c a t e  s t a b l e  ga l l ium i n  
b r a i n  t i s s u e  by means of t h e  secondary X r ay .  This  involves  a h igh ly  
co l l imated  beam of  100-keV gamma rays  from a gadolinium-153 source  wi th  
a d e t e c t o r  i n  a f i x e d  p o s i t i o n  r e l a t i v e  t o  t h e  source .  By r o t a t i n g  t h e  
gadolinium-153 source  it may be  p o s s i b l e  t o  p r e c i s e l y  l o c a t e  reg ions  of  
h igh  ga l l ium uptake.  These reg ions  would i n d i c a t e  tumors.  
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C. I s o t o p i c  Power 

1. T h u l  i um-170 

The ob jec t ives  of t h i s  research  a r e  t o  provide s u f f i c i e n t  
d a t a  on thulium-170, which has  been proposed as an i s o t o p i c  
power source  f o r  shor t -dura t ion  miss ions ,  t o  permit reason- 
a b l e  assessment of i t s  p o t e n t i a l  a p p l i c a t i o n ,  and t o  permit 
pre l iminary  engineer ing design of power sources .  The economics 
f o r  r e a c t o r  product ion of thulium-li/O (128.5 day; EB& - 
0.32 MeV) from n a t u r a l  thulium-169 are favorable  and t h e  
sesquioxide o f f e r s  a promising f u e l  compound, having a 
p r a c t i c a l  s p e c i f i c  power of approximately 2 W/g and a power 
d e n s i t y  of approximately 16 W/cm3. The s tudy  w i l l  inc lude  
measurements of thermal  conduct iv i ty  and thermal  d i f f u s i v i t y ,  
l each  rates f o r  s a f e t y  a n a l y s i s ,  high-temperature compati- 
b i l i t y  wi th  s u i t a b l e  containment metals, vapor p r e s s u r e ,  
and me1 form d e n s i f i c a t i o n ,  

- 

Loading of 18 170Tm203 p e l l e t s  t o g e t h e r  w i th  t h e  t e s t  meta l  d i sks  i n t o  
t h e  inne r  capsules  has been completed, and welding (electron-beam) of  t h e  
i n n e r  capsules  i s  i n  progress .  Photomicrographs of one f r a c t u r e d  
17'Tm203 p e l l e t  show some h a i r l i n e  cracks mainly i n  t h e  r a d i a l  d i r e c t i o n  
along t h e  g r a i n  boundaries .  This observa t ion  and t h e  f a c t  t h a t  one of t h e  
compa t ib i l i t y  p e l l e t s  suddenly f r a c t u r e d  s e v e r a l  minutes a f te r  it w a s  placed 
on a cold (room temperature)  po rce l a in  p l a t e  i n d i c a t e  t h a t  t h e  thermal  
shock w a s  probably t h e  major cause of f r a c t u r e .  

D. Reactor Products  P i l o t  Product ion (Product ion  and Inventory Accounts) 

Processed Units  Se rv ice  I r r a d i a t i o n s  
Radioisotope T o t a l  ( m C i )  Type Number 

c d c ium- 4 7 16 Go1 d 1 
15 Y t t r i u m  Oxide 2 copper-67 - 

Chromium 1 
1 Platinum - 

T o t a l  31 T o t a l  5 

E. Source Fabr i ca t ion  

A 20-Ci ytterbium-169 source w a s  prepared.  

F .  Pliscel 1 aneous 

1 .  H F I R  Targe t  Tes t ing  

One removable bery l l ium s t r i n g e r  w a s  t e s t e d  and found t o  meet s p e c i f i c a -  
t i o n s .  
t e s t s ;  seven of t h e  r a b b i t s  contained s t a b l e  m a t e r i a l  and t h i r t e e n  con- 
t a i n e d  r a d i o a c t i v e  material. 
s p e c i f i c a t i o n s .  

Twenty hydrau l i c  tube r a b b i t s  were sub jec t ed  t o  l e a k  and p res su re  

Two zinc-67 t a r g e t s  d i d  not meet 
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2. Krypton-85 L i  gh  t Sources 

Two qua r t z  ampules were cons t ruc ted  and w i l l  b e  coated wi th  a phosphor and 
f i l l e d  w i t h  krypton-85 t o  be  used as l i g h t  sources .  
c e n t r a l  source w i l l  be  conveyed by f i b e r  o p t i c  l i g h t  p ipes  t o  o t h e r  loca-  
t i o n s  t o  eva lua te  t h e  p r a c t i c a l i t y  of t h i s  system f o r  provid ing  instrument  
l i g h t s .  Four f i b e r  o p t i c  l i g h t  conductors i n  va r ious  diameters  and l eng ths  
have been obta ined  f o r  t h i s  p r o j e c t .  

The l i g h t  from each 

Two 1 - in . -d im qua r t z  bulbs  were coa ted  i n t e r n a l l y  wi th  phosphors,  one 
wi th  phosphor only  and one wi th  a mixture  of phosphor and s i l i c a  g e l ,  t o  
see i f  t h e  l i g h t  i n t e n s i t y  from t h e  source  can be  inc reased  by adding an 
absorber  f o r  krypton which may i n c r e a s e  t h e  amount of  krypton i n  con tac t  
w i th  t h e  phosphor. 
l i g h t  output  w i l l  be  measured. 

These bulbs  w i l l  be  f i l l e d  wi th  krypton-85 and t h e  

ACCELERATOR-PRODUCED ISOTOPES - 08-01-02 

A. Biomedical  Radioisotopes 

1. Gal 1 i um-67 

The ob jec t ives  of t h i s  program are t o  determine t h e  opt imal  
t a r g e t  conf igu ra t ion  f o r  gallium-67 (78 h r )  product ion  i n  
acceptab le  p u r i t y  and quan t i ty  and t o  provide gallium-67 
f o r  c l i n i c a l  a p p l i c a t i o n s  r e sea rch  and development. I n t e r e s t  
i n  t h i s  i so tope  has  been spurred  by evidence, ob ta ined  by t h e  
Medical Div is ion  of O a k  Ridge Associated U n i v e r s i t i e s  ( O F U U ) ,  
of  a high uptake of c a r r i e r - f r e e  gallium-67 by lymphoid 
tumors i n  both  animals and humans. 

Gallium-67 decays by e l e c t r o n  cap tu re  w i t h  the  emission of 
fou r  main gamma rays  of 93, 184, 296, and 388 keV wi th  in ten-  
s i t i es  of 40, 23, 20, and 8%, r e s p e c t i v e l y .  Ca r r i e r - f r ee  
gallium-67 i s  produced by t h e  68Zn(p,2n)67Ga r e a c t i o n  by 
bombarding n a t u r a l ,  h igh p u r i t y  z inc  tub ing  t a r g e t s  (0 ,375-in.  
OD by 0.020-in. w a l l  t h i c k n e s s )  w i th  22-MeV pro tons  i n  t h e  
ORNL 86-Inch Cyclotron. 
produces apprec i ab le  amounts of gallium-66 ( 9 . 5  h r )  t h a t  must 
be  allowed t o  decay be fo re  human use. 

I r r a d i a t i o n  of n a t u r a l  z inc  a l s o  

One gallium-67 p repa ra t ion  w a s  shipped t o  O M U  dur ing  t h i s  pe r iod ,  and 
e i g h t  smaller o r d e r s  were f i l l e d  f o r  c l i n i c i a n s  i n t e r e s t e d  i n  t h e  appl i -  
ca t ions  of t h i s  r ad ionuc l ide .  The ope ra t ing  performance ( i . e . ,  high 
cu r ren t  beam r e s i s t a n c e )  of a new ba tch  of h igh  p u r i t y  z inc  t a r g e t  extru-  
s ions  w a s  t e s t e d  during t h i s  i r r a d i a t i o n  and found t o  b e  comparable t o  
t h e  prev ious  ba t ch .  A random sample of  t h i s  t a r g e t  material w a s  i r r a d i -  
a t e d  at a beam cur ren t  of approximately 300 pA ( a c t u a l  average beam cur ren t  
= 294 UA) u n t i l  f a i l u r e ,  which occurred a f te r  4.12 h r  under t h e s e  condi- 
t i o n s  ( a c t u a l  i n t e g r a t e d  cu r ren t  = 1.212 mA-hr). These ope ra t ing  l i m i t s  
and previous product ion  experience i n d i c a t e  t h a t  a maximum product ion  
l i m i t  of  approximately 550 m C i  pe r  i r r a d i a t i o n  i s  c h a r a c t e r i s t i c  of  t h e  
present  t a r g e t  conf igura t ion .  



9 

B. Exploratory Development o f  Products and Technioues 

1 . R u t i  d i  um-84 

The ob jec t ives  of t h i s  program are t o  improve t h e  technology 
f o r  t h e  product ion of h igher  p u r i t y  rubidium-84. Rubidium-84 
i s  r e g u l a r l y  produced by t h e  ORNL I so topes  Div is ion  by pro ton  
bombardment of n a t u r a l  krypton t a r g e t s ,  bu t  t h i s  product i s  
unsu i t ab le  f o r  p o s i t r o n  camera scanning due t o  apprec iab le  
amounts of rubidium-83 produced s imultaneously.  The a c t i v i t y  
of t h e  rubidium product ob ta ined  from pro ton  bombardment of 
n a t u r a l  krypton i n  t h e  ORNL 86-Inch Cyclotron i s  comprised of 
9.7% rubidium-83 (83  d a y s ) ,  68% rubidium-84 (33 d a y s ) ,  and 
22% rubidium-86 (18.7 days) a t  end of bombardment. 
h a l f - l i f e  of rubidium-83 reduces t h e  84Rb/83Rb r a t i o  even 
f u r t h e r  w i th  t ime.  Appreciable amounts of rubidium-83 are 
undes i rab le  f o r  p o s i t r o n  sc in t ig raphy ,  because i t s  p r i n c i p a l  
gamma emissions [521 keV ( 4 6 % ) ,  530 keV ( 3 1 % ) ,  and 553 keV 
( 1 6 % ) ]  a r e  similar enough i n  energy t o  t h e  511-keV ann ih i l a -  
t i o n  r a d i a t i o n  of rubidium-84 ( i n t e n s i t y  = 42%) t o  prevent  
energy r e s o l u t i o n  by t h e  p o s i t r o n  camera, thereby  l ead ing  t o  
increased  background and l o s s  of s p a t i a l  r e s o l u t i o n .  I n t e r e s t  
i n  us ing  rubidium-84 f o r  myocardial  scanning wi th  a p o s i t r o n  
camera has  inc reased  t h e  demand f o r  a h ighe r  p u r i t y  product ,  
which i s  be ing  made from an enr iched  krypton-84 t a r g e t .  

The longer  

One rubidium-84 product ion run wi th  an enr iched  krypton-84 t a r g e t  ( 4 . 2  a t .  % 
krypton-83, 88.6 a t .  % krypton-84, and 6.9 a t .  % krypton-86) w a s  performed 
during t h i s  pe r iod  and t h e  product  w a s  suppl ied  t o  customers.  This product 
i s  shipped as an unprocessed product without  f u r t h e r  p u r i f i c a t i o n .  An 
unexpected cyc lo t ron  t a r g e t  ho lder  f a i l u r e  r e s u l t e d  i n  t h e  loss  of a por- 
t i o n  (approximately 25%) of t h e  enr iched  krypton-84 t a r g e t .  The f e a s i b i l i t y  
of a complete gas t a r g e t  ho lder  assembly redes ign  w i l l  be  undertaken i n  
t h e  next  q u a r t e r  i n  order  t o  determine i f  t h e  occurrence of similar f u t u r e  
l o s s e s  can be  avoided. 

C. A c c e l e r a t o r  P i l o t  Production (Product ion and Inventory Accounts) 

Table 3 g ives  t h e  October 1970 a c c e l e r a t o r  i r r a d i a t i o n s  and runs f o r  ORNL 
and non-ORNL customers.  

Table 3. Cyclotron I r r a d i a t i o n s  and Runs for October 1970 

Product No. of T i m e  (hr :min)  T o t a l  
Runs Beam Mise. T o t a l  Charges 

ORNL Programs 

Cobalt - 5 6 1 4:OO 1 : 1 5  5:15 $ 631.46" 

Iodine-123 1 i:io 1 : 1 5  2 : 2 5  383.43 

T o t a l  12:27 4 :45  17:12 $ 1,873.00 

G a l l i u m -  6 7 2 7:17 2 : l 5  9:32 858.11 
--- 
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Table 3. continued 

No. of Time (h r :min )  T o t a l  
Runs Beam Misc. T o t a l  Charges Product 

Silver-10 5 
Cobalt -57 
Molybdenum-99 
Radia t ion  Damage 
Rubidium-84 
Technetium-95m 
Technetium-g9m 
Y t t r ium- 87 

T o t a l  

Non-ORNL Programs 

LOO 1 : 1 5  
50:oo 1 : 1 5  
0:20 1 :06  

33:45 7:45 

0:12 1:15 
8:oo 1 : 1 5  

0:1% 2:oo 
8:45 3:45 

2:15 
51:15 
1 :26  

4 1  : 30 
9 :15 
1 :27  
2:12 

1 2  : 30 

1 2 1  : 50 

$ 333.45 

200.66 
6,180.00 

208.00 
308.00 

8 , 388.64" 

1,794.99 

1,970.30 

$19 , 384.04 
~~ 

%urchased but not shipped. 
bAn extra 1 5  min inc luded  due t o  h igh  p r e s s u r e .  

FISSION PRODUCTS - 08-01 -03 

A. Krypton-85 Enrichment 

No gas t r a n s f e r s  were made i n  any of t h e  f i v e  units (see F ig .  2 )  
en r i ch ing  krypton-85. 
The count rates i n d i c a t e  t h e  r e l a t i v e  levels  of enrichment. 

The p r e s e n t  s t a t u s  of a l l  u n i t s  i s  shown below. 

Unit 

A 
AB 
B 
C 
CD 
D 

- 
A c t i v i t y  
i n  Unit  

( C i )  

- 
1537 
1406 
1566 
2281 
1360 

T ime  S ince  
L a s t  Product 

Removal ( days ) 

164 
40 
40 
40 

213 
40 

Count Rate i n  Product 
S e c t i o n  (counts/min) 

Sept 1970 Oct 1970 

- - 
10,000 8 , 500 

7,850 6,800 
6 , 400 

14,100 
7 , 600 
9,650 
5,900 5 , 400 
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r UNIT 0 
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UNIT C J W l F O W  

UNIT C O  

Fig. 2. Schematic Arrangement of Krypton-85 Columns. 

€I. Cesium-137 Gamma Source Development 

1. Cesium Source Form Development 

r 

Cesium-137 chloride has been the compound of choice for radia- 
tion sources in applications of moderate temperature conditions. 
In many respects cesium chloride is the ideal compound; the 
cesium weight per unit volume is high, the radiation resistance 
of the CsCl is excellent, the compatibility with stainless steel 
at ambient temperatures is excellent, and its preparation is 
straightforward. However, the projected conditions of use of 
cesium-137 gamma sources are increasingly severe with respect 
to temperature, and some applications indicate the need for a 
cesium source material which has l o w  solubility. In view of 
these projected conditions of use, the testing of 137CsC1 at 
elevated temperatures is being done and the development of a 
low solubility, temperature-resistant source form of cesium 
is being studied. 
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a .  Cesium Niobate 

A f e w  experimental  runs have been made t o  produce cesium n ioba te  us ing  
Method 1 ( CsOH melt-Nb205 r e a c t i o n )  desc r ibed  p rev ious ly .6  
between CsOH and Nb205 was found- to  be  very  slow i n  t h e  low temperature  
range (270-5OO0C). 
t e r n s  and chemical a n a l y s i s  of t h e  product  which c o n s i s t s  mainly of Cs20 
and Nb2O5.  Upon d i s s o l u t i o n  of t h e  product  i n  wa te r ,  a very f i n e  p rec ip i -  
t a t e  (probably hydrous niobium pentoxides)  formed, most of which went 
through t h e  f i l t e r  paper and remained i n  suspension f o r  a number of hours .  
The major r e a c t i o n  i n  t h e  low temperature  range i s  presumably dehydrat ion 
of C s O H  according t o :  

The r e a c t i o n  

This  i n fe rence  i s  based on t h e  X-ray d i f f r a c t i o n  pat-  

2CsOH(melt) -+ Cs20(s)  + H20(g)+ 

When t h e  r e a c t i o n  temperature  w a s  increased  t o  approximately 1000°C, a 
product having f ib rous  c r y s t a l l i n e  s t r u c t u r e  wi th  bluish-white  co lo r  
formed. The major l o s s e s  (approximately 10%) of  material occurred dur ing  
t h e  r e a c t i o n  up t o  approximately 5 O O 0 C ,  p a r t  of which i s  a t t r i b u t a b l e  t o  
evolu t ion  of water produced i n  t h e  r e a c t i o n .  I n  t h e  500-1000°C range t h e  
l o s s e s  were s l i g h t  ( less  than  2 % ) .  

To s tudy s t a b i l i t y  of t h e  material i n  aqueous s o l u t i o n s ,  samples were 
p laced  i n  t h e  s o l u t i o n s  of HNO3 ( concen t r a t ed  and 3 E), H C 1  ( c o n c e n t r a t e d ) ,  
and NaOH ( 3  2) and t h e  s o l u t i o n s  were hea ted  t o  approximately 100°C under 
r e f l u x  f o r  approximately 2 h r .  The amounts of t h e  material d i s so lved  i n  
var ious  so lven t s  are shown below: 

Solvent  Concentrated HN02 3 HNO3 Concentrated H C 1  3 2 NaOH 
W t  % of mate- 50 :6 52.3 42.7 4 4 . 1  
r i a l  d i s so lved  

According t o  t h e  X-ray d i f f r a c t i o n  data, t h e  material  i s  a compound o r  
mixture  of compounds of cesium and niobium and conta ins  very l i t t l e  of 
t h e  r e a c t a n t s  ( C s O H  and N b 2 O 5 ) .  

2 .  Cesi um-1 37 Source Form Characterization 

The purpose of t h i s  t a s k  i s  t o  c h a r a c t e r i z e  cesium-137 source 
forms f o r  o p e r a t i o n a l  and s a f e t y  requirements .  The o b j e c t i v e  
of t h e  cu r ren t  s tudy i s  t o  f i n d  a means of e l i m i n a t i n g  t h e  
s o l i d - s o l i d  phase t r a n s i t i o n  which occurs  a t  469'C w i t h  an 
accompanying volume inc rease .  

I n s t a l l a t i o n  of t h e  hea t ing  s t a g e  i n  t h e  X-ray u n i t  and alignment of t h e  
apparatus  have been completed. Fabr i ca t ion  of a s p e c i a l  sample ho lde r  
( t an ta lum)  f o r  t h e  h e a t i n g  s t a g e  w i l l  be  f i n i s h e d  s h o r t l y .  Adjustment 
and c a l i b r a t i o n  of t h e  d i l a tome te r  have been c a r r i e d  out  u s ing  t h e  fused  
qua r t z  and tungs t en  s t anda rds .  Both apparatuses  are t o  b e  used i n  cor- 
r e l a t i n g  t h e  s t r u c t u r a l  t ransformat ion  wi th  t h e  volumetr ic  expansion 

6A. F. Rupp, ORNL-TM-3183. 
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f o r  s e l e c t e d  C s C 1 - K C 1  mix tures .  The s tudy  of t h e  r e l a t i o n  between t h e  
s t r u c t u r a l  t ransformat ion  and t h e  volumetr ic  expansion of s e l e c t e d  C s C 1 -  
K C 1  mixtures  w i l l  be  continued. 

C. Cesium-137 Process and Product  Study 

1. Cesium-137 Process Study 

The purpose of t h i s  t a s k  i s  t h e  s tudy  and development of 
economical processes  f o r  recovery,  p u r i f i c a t i o n ,  and con- 
ve r s ion  of cesium-137. 

To conduct an economic a n a l y s i s  of t h e  t h r e e  modified processes  under 
cons ide ra t ion  f o r  p o s s i b l e  use  i n  t h e  FPDL ope ra t ion ,  t h e  f i x e d  c a p i t a l  
c o s t s  ( F )  f o r  i n d i v i d u a l  processes  (Processes  1, 2, and 3) were calcu- 
l a t e d  based on t h e  gene ra l i zed  semiempir ical  equat ion d iscussed  ear l ie r .  
The r e s u l t s  summarized i n  Table 4 a l s o  l i s t  
(Processes  4 and 5 )  p rev ious ly  considered.  The d a t a  used i n  t h e  equat ion 
have been es t imated  from t h e  conceptual  process  f lowsheets  as w e l l  as t h e  
assumed process ing  cond i t ions .  

t h e  d a t a  f o r  t h e  two processes  

Table 4. Comparison of Fixed C a p i t a l  Costs a f o r  Various Conceptual 1 3 7 ~ ~ ~ 1  Processes  

Fb 
r 

Process Eluant  N f f t  f a. 

1 N H 4 C l  IC 0.2 0.07 3.73 14 .9  K 

3 ( N H 4 )  -7so1+ 8 0.25 0.07 4.17 33.4 K 

4 H C 1  4 0 .4  0.07 5.92 23.7 K 

5 HNO 3 6 0 . 3  0 .11  5.14 30.9 K 

2 ( N H L + ) ~ C O ~ - N H L + O H  6 0.27 0.07 4.37 26.2 K 

?N = number of f u n c t i o n a l  u n i t s ,  f a  = process  a l l o y  f a c t o r ,  
f t  = process  temperature  f a c t o r ,  f c  = complexity f a c t o r .  

bK = CPn(I/?)  , where C i s  a cons tan t  , P i s  t h e  product ion 
capac i ty  ( C i / y e a r ) ,  n i s  a f a c t o r  der ived  from a s t a t i s t i c a l  
c o r r e l a t i o n  between F and P ,  and I and 7 a r e  cons t ruc t ion  
cos t  i n d i c e s .  K i s  assumed t o  be  common t o  a l l  t h e  processes .  

According t o  Table 4, Process  1 ( N H , C l  e l u a n t )  seems t o  be economically 
t h e  most a t t r a c t i v e  from t h e  s tandpoin t  of t h e  f i x e d  c a p i t a l  c o s t .  A l -  
though t h e  f i x e d  c a p i t a l  cos t  f o r  Process  4 ( H C 1  e l u a n t )  i s  t h e  second 
lowes t ,  t h e  pre l iminary  experimental  r e s u l t s  i n d i c a t e  t h a t  t h e  e l u t i o n  
e f f i c i e n c y  of t h e  acid-type e luan t  i s  cons iderably  lower than  t h a t  of t h e  
ammonium-salt t ype .  A similar s ta tement  i s  app l i cab le  t o  Process  5 ( H N O 3  
e l u a n t ) .  For t h e s e  reasons ,  Processes  1, 2 ,  and 3 a r e  p r e f e r a b l e  t o  
Processes  4 and 5. 

7A. F.  Rupp, Radioisotope Program (8000) Progress  Report f o r  March 1970, 
ORNL-TM-2695 , Oak Ridge Nat iona l  Laboratory.  
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D. Cesium-137 Pilot Production (Production and Inventory Accounts) 

1 .  Processing and Process Sta tus  

- I t e m  cesium-137 ( C i )  

In-process m a t e r i a l  173,000 
Cesium-137 c h l o r i d e  products  103,000 
Sources i n  f a b r i c a t i o n  0 
Completed sources  awai t ing  shipment 47,000 

2. Operational Summary 

Cesium-137 

HAP0 shipments received 
Product batches prepared 
Sources fabricated 
Special form cans loaded 
Sources shipped t o  custmers 
Special form cans shipped t o  custamers 

October 1970 
Number Amount ( C i l  

0 0 
0 0 
0 0 
0 0 
0 0 
1 25 

One powder shipment conta in ing  25 C i  of cesium-137 
Nuclear. 

FY 1971 
Number Amount ( C i )  

0 0 
0 0 

39 9 ,100 
7 77,000 

260 129,000 
8 77,000 

w a s  made t o  General 

3.  Current Orders 

A l i s t  of c u r r e n t  o rde r s  f o r  cesium-137 as sources  
shown below: 

Customer 

Brookhaven Nat iona l  Laboratory 
Atomic Energy of Canada L t d .  
Radiochemical Centre,  England 
C.E.A. ,  France 
Minnesota Mining & Mfg. Company 
Technica l  Opera t ions ,  Inc .  
American Hoechst Corporation 

T o t a l  

Amount 
( C i )  

-203,000 
24,200 
20,000 
200,001 

500 
100 

5 

447,806 

o r  bulk powder i s  

Est imated 
Shipping Date 

March 1971 
December 1970 
December 1970 
A p r i l  1971 
November 1970 
December 1970 
A p r i l  1971 

Orders on hand f o r  bu lk  powder o r  sources  t o  be scheduled when r e l e a s e d  
by t h e  customer inc lude  Atomic Energy of Canada, approximately 155,800 C i ,  
and Radia t ion  Resources, I n c . ,  200,001 C i .  Cesium sources  conta in ing  
40,000 C i  a r e  on hand awai t ing  r e c e i p t  of sh ipping  i n s t r u c t i o n s  and pay- 
ment i n  advance. 



E ,  Strontium-90 P i  l o t  Production (Product ion and Inventory Accounts) 

1 .  Process ing  and Process S t a t u s  

A ba tch  of 42,000 C i  of "SrC03 which had been i n  s t o r a g e  f o r  s e v e r a l  
months w a s  d i sso lved  and r e p r e c i p i t a t e d  t o  provide f r e s h  f u e l  f o r  a "SrO 
p e l l e t .  
t h e  r e s u l t i n g  "SrO assayed 50.3 Ci/g.  
w a s  used t o  prepare  a p e l l e t ;  t h e  remainder w a s  reserved .  Decanning, 
b lending ,  and assay of  s t o r e d  "SrTi03 products  rece ived  from Quehanna 
opera t ions  cont inued t o  t h e  p o i n t  of opening t h e  SNAP-7F sources .  On 
opening t h e  f i r s t  two of t h e s e  u n i t s  ( o u t  of a t o t a l  of 17 conta in ing  
240,000 C i ) ,  it w a s  found t h a t  t h e  p e l l e t s  were contained i n  an inne r  s l eeve  
(presumably s t a i n l e s s  s t e e l )  and t h a t  t h e  p e l l e t s  were very t i g h t l y  f i t t e d  
i n s i d e  t h e  s l eeve .  Metal d i s k  spacers  between p e l l e t s  were a l s o  t i g h t l y  
f i t t e d .  The only method f o r  recovery of t h e  "SrTi03 from t h e s e  sources  
w i l l  be t o  s p l i t  t h e  l i n e r s  lengthwise.  S ince  equipment f o r  t h i s  opera- 
t i o n  w a s  not immediately a v a i l a b l e ,  t h e  campaign w a s  stopped a t  t h i s  p o i n t .  
The a d d i t i o n a l  90SrTi03 needed t o  f i l l  cu r ren t  o r d e r s ,  above t h a t  a l r eady  
recovered from Quehanna powder cans,  w i l l  be  taken  from FPDL-produced 
material. 

The d r i e d  "SrC03 w a s  ca l c ined  i n  t h e  res i s tance-hea ted  hot  p r e s s ;  
A f r a c t i o n  of t h i s  f u e l  (31,000 C i )  

One 210-W "SrO p e l l e t  w a s  p ressed  on t h e  res i s tance-hea ted  hot  p r e s s .  
This  p e l l e t  w a s  made i n  t h e  same fash ion  as a r e  goSrTi03 p e l l e t s  except 
t h a t  t h e  f u e l  w a s  enclosed i n  a t h i n  plat inum shea th .  The power d e n s i t y  
of t h i s  7.9-cm-dim p e l l e t  w a s  1 .47 W/cm3 inc lud ing  t h e  platinum. 
p e l l e t  w a s  loaded i n t o  a s t a i n l e s s  s t e e l  can f o r  welding and shipment 
t o  t h e  customer, Sanders Nuclear Corporation. A 6 7 - ~ ,  5.1-cm-dim p e l l e t  
o f  90SrTi03 w a s  prepared f o r  encapsula t ion  as a source f o r  Mi tsubish i .  
Two s m a l l  tamped-powder units (117 C i  each)  of 90SrTi03 were a l s o  loaded.  

The 

Seve ra l  problems were encountered i n  t h e  ope ra t ion  of t h e  r e s i s t a n c e -  
hea ted  hot  p r e s s .  These can be  gene ra l ly  considered as two types  - d i e  
f a i l u r e s  and hydrau l i c  system f a i l u r e s  - although each of t h e s e  can con- 
t r i b u t e  t o  t h e  o the r .  One of t h e  causes of d i e  breakage i s  degradat ion 
of t h e  g r a p h i t e  d i e  bodies  due t o  ox ida t ion .  This  furnace  i s  not  a sea l ed  
u n i t ,  and p r o t e c t i o n  from ox ida t ion  depends on a flow of argon t o  t h e  
cav i ty .  During h e a t i n g ,  t h e  furnace  expands s u f f i c i e n t l y  t o  c r e a t e  an 
opening at t h e  p o i n t  a t  which t h e  two ha lves  of t h e  clamshel l  meet. This  
allows c e l l  atmosphere t o  be in t roduced  i n t o  t h e  cav i ty .  Although t h e  
c e l l  i s  i n  t u r n  b lanketed  wi th  flowing argon, t h e r e  i s  s t i l l  enough a i r  
leakage t o  cause oxida t ion  at  t h e  high temperatures  (up  t o  13OOOC) a t  
which t h e  furnace  i s  operated.  The d i e  assembly used i n  t h e  p a s t  f o r  
p e l l e t s  above 5-cm diameter  has been an o u t e r  j a c k e t  of high s t r e n g t h  spun 
g r a p h i t e  around a t h i n  g r a p h i t e  d i e  s l eeve .  
j acke t  i s  d i c t a t e d  by t h e  need f o r  s t r e n g t h  a t  t h e  pressures  needed for 
good compaction; below 5-cm diameter ,  s o l i d  g r a p h i t e  d i e s  can be used. 
S ince  t h e  spun g r a h i t e  j a c k e t s  are expensive and r e q u i r e  long-term de- 
l i v e r y ,  t h e  ox ida t ion  degradat ion i s  a s e r i o u s  problem. One a l t e r n a t i v e  
i s  t o  use a ceramic ou te r  j a c k e t ,  and t h i s  i s  p r e s e n t l y  be ing  t e s t e d .  A 
drawback t o  t h i s  method i s  t h a t  t h e  ceramic material i s  sub jec t  t o  thermal  
shock. Another p o s s i b i l i t y  i s  t o  use  s o l i d  g raph i t e  d i e s  at lower p re s su re ,  

The use of t h e  spun g r a p h i t e  
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thus s a c r i f i c i n g  some power d e n s i t y ,  
cases  where high dens i ty  i s  not requi red .  It may a l s o  be p o s s i b l e  t o  use  
a s u i t a b l y  p ro tec t ed  r e f r a c t o r y  metal  d i e ;  t h i s  w i l l  be  t e s t e d  i n  t h e  near  
f h t u r e .  Hydraulic system f a i l u r e s  have occurred on both rams and hydrau- 
l i c  hoses .  Most of t h i s  i s  caused by so f t en ing  of t h e  s e a l s  under t h e  
high temperatures  i n  t h e  system, and new equipment which i s  more hea t  
r e s i s t a n t  i s  being obtained.  

This  method may be  usab le  i n  some 

The cu r ren t  strontium-90 process  s t a t u s  i s  as fo l lows:  

- I t e m  strontium-90 ( C i )  

In-process m a t e r i a l  1,390,000 
goSrTiOg products  495,000 
Sources i n  f a b r i c a t i o n  450,O0Oa 
Completed sources  awai t ing shipment 123,000 
Returned SNAP sources  325,000 

T o t a l  2,783,000 

"Includes 19,700 C i  i n  s p e c i a l  form con ta ine r s .  

2 .  Operational Summary 

St ront ium-90 

HAP0 s h i p e n t s  received 
Product batches prepared 
Sources completed 
Special form containers loaded 
Shipments to customers 

October 1970 FY 1971 
Number Amount ( C i )  Number Amount (Ci) 

0 0 0 0 
0 0 0 0 
6 143,300 6 143,300 
4 50,700 4 50,700 
5 146,100 6 146,200 

3.  Current Orders 

A l i s t i n g  of cu r ren t  orders f o r  strontium-90 as sources  or bulk  powder 
i s  shown below: 

Customer 
Amount Estimated 

( C i  ) Shipping Date 

U. S. Navy 557,000 November 1970 
U. S. Navy 208,000 February 1971 
C.E.A. , France 300 November 1970 
Buchler and Company, Germany -1,000 November 1970 
Radiochemical Centre , England 225 November 1970 

Orders on hand f o r  bulk powders or sources  t o  be scheduled and shipped as 
r e l eased  by t h e  customer inc lude  approximately l O 5 , O O O  C i  and approximately 
20,000 C i  for I so topes ,  Inc .  
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4. Source Fabr i ca t ion  

S i x  2.82-in.-diam 90SrTi03 p e l l e t s  prepared i n  September were loaded i n t o  
l i n e r s  and encapsulated i n  t h r e e  Sent ine l -8  capsules  f o r  I so topes ,  Inc .  
The p repa ra t ion  of t h e s e  u n i t s  o f f e r e d  an oppor tuni ty  f o r  comparing t h e  
c a l c u l a t e d  thermal  ou tpu t s ,  which are based on c a l o r i m e t r i c  assay  of 
a l i q u o t s  of fuel ,  t o  a c t u a l  measurements of t h e  thermal  outputs  of t h e  
completed u n i t s .  I n  most cases  , t h e  appropr i a t e ly  s i z e d  ca lor imeter  has 
not been a v a i l a b l e  f o r  measurements on completed sources ,  and source 
outputs  have been quoted on t h e  c a l c u l a t e d  b a s i s .  
assays and t h e  c a l c u l a t e d  values  are shown below. 

The r e s u l t s  of t h e s e  

Source Source Calorimetry (w) 

Sn-202 302 k 1 

Sn-204 302 k 1 
Sn-203 302 5 1 

Calculated Output (W) 

303 

304 
308 

This good agreement, i n  all cases  w e l l  w i t h i n  t h e  quoted f.5% t o l e r a n c e ,  
provides  support  f o r  t h e  r e l i a b i l i t y  of t h e  incrementa l  f u e l  assay  method 
of determining thermal  outputs  of l a r g e  sources .  Test weld i n s p e c t i o n  
revea led  weld p e n e t r a t i o n s  ranging from 0.075 t o  0.110 i n .  w i th  an aver- 
age of 0.0912 i n .  Calorimetry of t h e  completed sources  ind ica t ed  t h a t  
each source contained 302 f. 1 W ( t h e r m a l ) .  
s en t ine l -8  gene ra to r s ,  each source  was l e a k  t e s t e d  us ing  krypton-85. 
A l l  sources  had l e a k  rates of less  than  5 x 
t h e  genera tors  a t  ORNL w a s  performed by t h e  customer r e p r e s e n t a t i v e s  
wi th  t h e  a s s i s t a n c e  of IDC personnel .  

P r i o r  t o  loading  i n t o  

cm3/sec. Tes t ing  of 

Strontium-90 sources  and s p e c i a l  form con ta ine r s  produced dur ing  October 
are shown below: 

Customer No. of Sources Amount ( C i )  

I so topes  , Inc .  3 
Mitsubishi  I n t e r n a t i o n a l  1 

Sanders Assoc ia tes  1 
Corporation 

AEC (Kilowatt  Program) 2 
30,000 

214 

T o t a l  175,034 

F. Short-Li ved F i s s ion  Products P i  1 o t  Product ion 
(Product ion  and Inventory Accounts) 

I s o t  op e Number of Batches Amount ( C i )  

~ e l l u r i u m - 1 3 2  1 2 
Xenon-133 2 -700 

13 Ruthenium-103 1 - 
T o t a l  715 
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G. S t r o n t i  um-90 S i  1 i c a t e  Beta Sources 

1 .  Matrix S t u d i e s  

Laboratory t e s t s  a r e  being conducted t o  determine t h e  f e a s i b i l i t y  of us ing  
g r a p h i t i c  carbon as a mat r ix  f o r  SrSi03 beads i n  t h e  p repa ra t ion  of 
strontium-90 beta sources .  Severa l  mock-up source  samples were prepared 
t o  s tudy t h e  minibead loading  and t h e  s t r e n g t h  a f t e r  baking. 
were prepared by ex t ruding  a mixture  of minibeads , g r a p h i t e  f l o u r ,  and 
8251 Varcum conta in ing  maleic  anhydride as t h e  hardening agent .  
measurements i n d i c a t e  t h a t  e s s e n t i a l l y  t h e o r e t i c a l  loading  can b e  achieved,  
A sample d e n s i t y  of 2 .8  g/cm3 r e s u l t e d  from t h e  ex t rus ion  of a mixture  con- 
t a i n i n g  83% by weight minibeads and 17% g r a p h i t e .  The s t r e n g t h  of t h e  sam- 
p l e  a f t e r  baking f o r  1 h r  a t  2OO0C w a s  adequate  f o r  ord inary  handl ing  
purposes .  Addi t iona l  s t r e n g t h  i f  r e q u i r e d  can be  achieved by prolonged 
baking at  h ighe r  temperatures;  however, a temperature  l i m i t a t i o n  of ap- 
proximately 900°C because of c r y s t a l  s t r u c t u r e  changes i n  t h e  SrSi03 beads 
precludes a t ta inment  of t h e  temperature  ( approximately 20OO0C) needed f o r  
g r a p h i t i z a t i o n  of t h e  b inde r .  
s t r e n g t h  versus  composition and baking temperatures  w i l l  be  made t o  com- 
p l e t e l y  determine t h e  b e s t  procedure for f i n a l  source f a b r i c a t i o n .  

The samples 

Densi ty  

Measurements of  compression and t e n s i l e  

An eva lua t ion  i s  be ing  made of t h e  r e s u l t s  of t es t s  designed t o  determine 
t h e  compa t ib i l i t y  of t h e  aluminum matr ix  and s t ron t ium s i l i c a t e  minibeads 
a t  600, 700, 800, and 900°C. 
bu t  tes ts  involv ing  prolonged source exposure a t  lower temperatures  are 
planned. 

No a d d i t i o n a l  l a b o r a t o r y  work has  been done, 

An a l t e r n a t i v e  method f o r  making t h e  f i n a l  c losu re  i n  t h e  source tube  i s  
be ing  i n v e s t i g a t e d .  
less s t ee l  bead i n  t h e  f i l l  ho le  by a heavy d i r e c t  cu r ren t  su rge .  Pre- 
l imina ry  tes ts  performed on empty source capsules  by t h e  welding machine 
manufacturer i n d i c a t e d  cons iderable  promise,  b u t  t h i s  work i s  be ing  d i s -  
cont inued because of l a c k  of funds.  

This  method c o n s i s t s  of f u s i n g  a 1/16-in.-diam s t a i n -  

Beta source output  measurements a r e  planned on t h e  completion of t h e  e lec-  
t r o n i c  equipment r equ i r ed  f o r  ope ra t ion  of an e x t r a p o l a t i o n  i o n i z a t i o n  
chamber. 

H.. Source F a b r i c a t i o n  

A 20-Ci promethium-147 source w a s  prepared f o r  Lawrence Radia t ion  Laboratory.  

APPLICATIOIiS AriD TECHNOLOGY SUPPORT - 08-01 -04 

A .  Radioisotope C h a r a c t e r i z a t i o n ,  Q u a l i t y  C o n t r o l ,  and Standards  

1 .  Radioisotope Spec ia l  Analysis  and Q u a l i t y  Control 

Work w a s  continued on s tandards  fu rn i shed  by va r ious  s u p p l i e r s .  By means 
of independent ly  c a l i b r a t e d  gamma i o n i z a t i o n  cham3ers i n  t h r e e  l a b o r a t o r i e s ,  
measurements were made of an iron-59 p repa ra t ion  by t h e  Nat iona l  Bureau of  
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Standards (NBS). 
averaging -0.4%. 
commercial s u p p l i e r s .  
of two of t h e  companies, and t h e  t h i r d  p repa ra t ion  w a s  found t o  con ta in  
predominantly 127-year silver-108mY subsequent ly  acknowledged by t h e  
company. An abso lu te  c a l i b r a t i o n  w i l l  be made of t h e  s tandard  f o r  which 
our r e s u l t  i s  c l o s e s t  t o  t h a t  of t h e  manufacturer.  

Resul t s  v a r i e d  from -1.3% t o  +1.2% wi th  r e s p e c t  t o  NBS, 
Three s tandards  of s i l ve r - l l 0m have been rece ived  from 

Our pre l iminary  va lues  were 4% and 1 4 %  below t h o s e  

A survey w a s  made of techniques f o r  measurement of t r a c e s  of krypton-85 
i n  i n a c t i v e  gases .  
spec t romet r ic  de te rmina t ion  of t h e  0.51-MeV gamma r a d i a t i o n  (0.42%) 
from a sample of approximately 5 m l .  
equiva len t  concent ra t ion ,  i s  4 p C i / l i t e r *  If a 3-in.-diam by 2-in.-high 
c y l i n d r i c a l  conta iner  were used, t h e  s e n s i t i v i t y  would be 0 .2  iJ.Ci/liter. 
Beta count ing of a 10-cm3 thin-window capsule  would l e a d  t o  a s e n s i t i v i t y  
of 0.05 iJ.Ci/liter, whi le  i n t e r n a l  b e t a  techniques ,  l i q u i d  s c i n t i l l a t i o n ,  
and gas p ropor t iona l  count ing would have even b e t t e r  s e n s i t i v i t i e s .  To 
avoid t h e  n e c e s s i t y  of developing s p e c i a l  methods and equipment, it w a s  
decided t o  cont inue t o  use  t h e  p re sen t  technique,  un less  new requirements  
n e c e s s i t a t e  a more s e n s i t i v e  one. 

The p resen t  r o u t i n e  method c o n s i s t s  of gamma- 

The s e n s i t i v i t y ,  as background- 

B. Radioisotope Safety 

1 .  Surveillance o f  Regulations and Cask Evaluations 

Two papers  e n t i t l e d  "Containers f o r  Shipment of Radioact ive Material" and 
"Accident R e s i s t a n t  Shipping Containers f o r  Radioact ive Materials" were 
de l ive red  a t  t h e  Second Annual Conference on Transpor ta t ion  of Radioact ive 
Material, Univers i ty  of V i rg in i a ,  C h a r l o t t e s v i l l e ,  V i rg in i a ,  October 25- 
27, 1970. 

a .  Review of Regulations 

Comments were submit ted t o  t h e  O a k  Ridge Operations Of f i ce  on t h e  Proposed 
Revisions t o  t h e  IAEA Regulat ions f o r  t h e  Safe  Transport  of Radioact ive 
Materials. 
r e v i s i o n s  is t h e  requirement of a sh ipper  t o  demonstrate a l a r g e  number 
of package l e a k  ra tes .  These rates depend on t h e  nuc l ide  be ing  shipped 
and on whether it i s  be ing  shipped as a s o l i d ,  l i q u i d ,  or gas .  Some of  
t h e  l e a k  rates are beyond p resen t  day c a p a b i l i t y  of  measurement. 

A major problem area t h a t  may develop w i t h  t h e s e  proposed 

b .  Cask Testing 

The outdoor t e s t  of t h e  hea t  d i s s i p a t i o n  and neutron s h i e l d i n g  c a p a b i l i t i e s  
of t h e  Lithium Hydroxide Shie lded  C u r i u m  Cask i s  cont inuing.  
a 10g-n/sec curium-244 source  ( thermal  output  of 287 W) , it has now been 
subjec ted  t o  ambient temperatures  ranging  from 40 t o  95'F i n  va r ious  types  
of summer and autumn weather and no adverse t e s t  data were found. 

Loaded w i t h  

A s t a i n l e s s  s t e e l  r i g h t  c y l i n d r i c a l  package 36 i n .  i n  diameter and 
35.5 i n .  i n  h e i g h t ,  w i th  an annular  space f o r  a k-l/h-in.-thick l a y e r  of 
l i t h i u m  hydroxide monohydrate as f i r e  s h i e l d i n g  , has been f a b r i c a t e d .  
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The i n n e r  c a v i t y  i s  27 i n .  i n  diameter  and 26 i n .  i n  h e i g h t ;  t h e  t o t a l  
weight i s  1350 l b .  
Cask F i r e  and Impact S h i e l d ,  o f f e r i n g  a h e a t  d i s s i p a t i o n  c a p a b i l i t y  of 
500 W .  This  s h i e l d  w i l l  be  used as an o u t e r  con ta ine r  f o r  any USA-DOT 
S p e c i f i c a t i o n  55 package, or equ iva len t ,  weighing 2500 l b  o r  l e s s .  A 
30-min f i r e  tes t  w i l l  be c a r r i e d  out  a f t e r  t h e  s h i e l d  c a v i t y  has been 
loaded wi th  l i t h i u m  hydroxide. 

This  package i s  designed t o  r e p l a c e  t h e  ORNL Sugarman 

2. Tests o f  Promethium-147 Luminous L i g h t  Sources 

The r a d i a t i o n  output  of e i g h t  unshielded commercial promethium-147 l i g h t  
sources  i s  be ing  measured us ing  a number of r a d i a t i o n  survey ins t ruments .  
The response of an ORNL cu t i e -p i e  d e t e c t o r  and t h a t  of a commercial 3.5- 
in.-diam a i r  i o n i z a t i o n  chamber having a 1-mg/cm2 Wla r  window i s  given 
i n  Table 4. 
promethium-147 source  i s  a l s o  given. 

The response of t h e s e  ins t ruments  t o  a 10.1-pCi ORNL s t anda rd  

Table 4. Response of Detectors to Radiation from Light Sources 

Detector Reading (mFt/hr 
Distance From 0.25-in.-diam Source From 0.50-in.-diam Source 100 uCi 2 mCi 10.1 VCi 

inn uCi 2 mCi 5 mCi 100 uCi 2 mCi 5 mCi Watch Dial ComDass Dial Sourcea 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
15 
20 
25 

700 
500 
3 40 
220 
140 
90 
60 
41 
30 
21 
15 
4 
2 
0 

> 300 
> 300 
245 
180 
130 
95 
69 
50 
36.5 
23.5 
17.5 
3.8 
0.7 
0.2 

>10,000 .10,000 
9,100 >10,000 
6,200 ~10,000 
4,100 7,000 
2,700 4,700 
1,800 3,100 
1,200 2,100 
790 1,500 
550 1,000 
390 690 
280 490 
54 94 
13 22 
4 5 

>300 >300 : 
>3oo >300 
>3oo >300 
>300 '300 
>300 >300 
>300 >300 
>300 >300 
>300 >300 
>300 >300 
>300 >300 
>300 >300 
87 150 
18 36 
3.7 6 

540 
390 
260 
170 
110 
65 
44 
29 
21 
14 
10 
3 
1 
0 

Cut i e-Pi e 

7,700 
5,500 
3,800 
2,500 
1,600 
1,100 
700 
480 
330 
240 
170 
32 
8 
2 

>10,000 
>lo ,000 
8,100 
5 , 500 
3,700 
2,500 
1,700 
1,200 
750 
530 
3 80 
72 
17 
4 

Ionization Chamber 

240 
160 
95 
60 
39 
26 
18 
12 
9 
7 
5 .  
2 
1 
0 

,300 
250 
19 5 
140 
102 
74 
51.5 
37.5 
24.5 
18.0 
13.0 
1.8 
0.5 
0.1 

> 300 
> 300 
>300 
>300 
>300 
> 300 
> 300 
> 300 
>300 
29 5 
220 
54 
9.3 
1.3 

> 300 155 
>300 120 
> 300 89 
>300 64 
> 300 46.5 
> 300 31.5 

>300 14.5 
>300 10.5 
>300 6.9 
>300 5.1 
110 1.8 
23 0.2 
4.4 0.1 

> 300 19.5 

6,400 
4,500 
3,000 
2,000 
1,300 
780 
530 
370 
260 
190 
130 
26 

7 
2 

>300 
>300 
>300 
> 300 
> 300 
>300 
>300 
>300 
300 
235 
175 
41.5 
7.9 
1.1 

- 
290 
170 
100 
48 
32 
21 
15 
11 

6 
2 
1 
<1 

a 

265 
190 
125 
82 
56 
39 
26 
l a  
12.1 
7.9 
6.0 
1.1 
0.3 
0.1 

%omethium-147 standard source - not light source. 
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TECHNOLOGY UTILIZATION - 08-01-05 
A.  I n fo rma t ion  Center 

The Isotopes Information Center has passed another  milestone,  wi th  20,000 
documents indexed and r e t r i e v a b l e  on t h e  Termatrex system, t h e  most r ecen t  
11,000 of which can a l s o  be r e t r i e v e d  by computer. 
were f i l l e d  f o r  69 documents prepared by t h e  Center ,  for 56 prepared e l se -  
where, and f o r  64 s p e c i f i c  searches on t h e  I I C  system. 
were t r a n s l a t e d .  A l i s t  of reviews i n  progress i s  shown below. 

I n  October, r eques t s  

Ten s a l e s  l e t t e r s  

T i t l e  - 
D I D  Research and Developments - 1970 
Indium-11%: Preparation and Uses 
Flow Measurement 
Iodine-125 
Isotopic Methods of Examination and 
Authentication i n  A r t  and Archaeology 
L i s t  of AEC Radioisotope Customers with Summary 
of Radioisotope Shipments, FY 1970 

Oceanography 
Patent Review - Process Radiation 
Dcvelopent 
Potato Sprout Inhibi t ion by Radiation 

b Radiation vs G l a s s  
Radioisotopes i n  t h e  Pharmaceutical Industry 
Radioisotopes i n  the  S t e e l  Industry 
Radioisotopes i n  X-Ray Fluorescence Analysis 
Selected Abstracts of World Li terature  on 
Production and Indus t r ia l  Uses of Radioisotopes 
(ORNL-IIC-30, Part 3) 
Self-Diffusion i n  Liquids 
Strontium-90 

Technetium-9%: Preparation end Uses 
Radioisotopes i n  the  Text i le  Industry 
U s e  of Radioisotopes i n  Sedimentology 

Grain Disinfestation - A Worldwide Review 
wood Plas t ics  
Yttrium-90 
Permuted Isotopes and Radiation 
Technolom Indexes 
Presowing I r rad ia t ion  of Seeds 

Design and Application of X - R m i s s i o n  
Analyzers Using Radioisotopic X- or Gamma- 
Ray Sources 

%aft  completed; being held a t  DID. 
bIndefinite. 

Author ( s ) 
Status ,  

$ complete 

Isotopes Information Center s t a f f  5 
Martha Gerrard 10 

R .  H. Lafferty, Jr. 92 
P. S. Baker and Martha Gerrard 25 
F. J. Miller, E. V. Sayre, 
and B. Keisch 

Ruth C u r l ,  compiler 25 

In  reproduction 

Isotopes Information Center Staff  

R .  E. Greene, P. S. Baker 
and Helen Warren 
F. E. McKinney 

D. N. Hess 
P. S. Baker and Martha Gerrard 
Republic S tee l  Corporation 
R. H. Lafferty, Jr. 
Martha Gerrard and P. S. Baker 

a 
99 

40 
20 

5 
20 

5 
30 

F. J.  Miller 75 
Roberta Shor, R. H .  Lafferty, Jr., 90 
and P. S. Baker' 
Martha Gerrard and P. S. Baker 40 

F. J. Miller 90 
V. Ramanovsky, t ranslated and edited 10  
by Martha Gerrard 
F. E.  McKinney 20 

R. E. Greene 99 
Martha Gerrard 10 

Helen Raaen 90 

Machine t ranslat ion of Russian 1st draft 
book, edited by Martha Gerrard complete 
and P. S. Baker 

and R.  E.  Greene. eds.) 
J. R. Rhodes (Martha Gerrard 90 
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B. Isotopes and R a d i a t i o n  Technology 

Galley proof ing  of I so topes  and Radia t ion  Technology 8 ( 3 )  w a s  s t a r t e d  and 
work on 8 ( 4 )  manuscript  w a s  continued. 

C. P u b l i c a t i o n  

Martha Gerrard and P. S. Baker, Se l ec t ed  Abs t r ac t s  of World L i t e r a t u r e  on 
Product ion and I n d u s t r i a l  Uses of Radioisotopes (From NSA April-June 1970) 
ORNL IIC-30 ( P t .  2 )  (October 1970) .  

RAD1 0 I SOTOPE APPL I CAT I ONS DEVELOPMENT 

BASIC TECHNOLOGY DEVELOPMENT - 08-03-01 

A. A n a l y t i c a l  A p p l i c a t i o n  o f  Cerenkov R a d i a t i o n  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  develop and e v a l u a t e  new 
a p p l i c a t i o n s  of Cerenkov r a d i a t i o n .  
drawn from problems i n  f i ss ion-product  a n a l y s i s ,  environmental  
r a d i o a c t i v i t y ,  biomedical  a s say ,  and s p e c i a l  Cerenkov count ing 
systems. 

Areas of  s tudy w i l l  b e  

When two o r  more be ta -emi t t ing  nuc l ides  a r e  p re sen t  i n  a Cerenkov count ing 
sample, t h e  observed pulse-height  d i s t r i b u t i o n  r e t a i n s  t h e  energy features 
of t h e  i n d i v i d u a l  nuc l ides .  We have shown p rev ious ly  t h a t  mixtures  of 
nuc l ide  i n  t h e  sample can be  reso lved  e a s i l y  wi th  a mult ichannel  ana lyzer  
(MCA).  However, f o r  environmental  monitor ing systems, t h e  use  of an MCA 
i s  probably not j u s t i f i e d .  
r e s o l u t i o n  i n  Cerenkov systems wi th  s imple monitor ing equipment. The pur- 
pose of t h i s  s tudy  i s  t o  determine not on ly  t h e  gross  a c t i v i t y  i n  a sample 
bu t  t o  a s s ign  s o m e  value t o  the  energy d i s t r i b u t i o n s  of  the  nuc l ides  p re sen t  

We are s tudy ing  t h e  p o s s i b i l i t y  of i s o t o p e  

Our pre l iminary  work wi th  chlor ine-36,  yttr ium-91, and phosphorus-32 i s  
encouraging. 
been determined wi th  e r r o r s  ranging from 0.5 t o  5 % .  
phosphorus-32 have y i e l d e d  s i m i l a r  r e s u l t s .  
t h e  r a t i o  of end-point energ ies  of chlorine-36 and yt t r ium-91 i s  only  2.2. 
It i s  known t h a t  t h e  r e s o l u t i o n  of nuc l ides  t h i s  c l o s e  i s  d i f f i c u l t  o r  
impossible  i n  s imple ,  homogeneous d e t e c t i o n  systems. However, t h e  Cerenkov 
th re sho ld  a t  263 keV e f f e c t i v e l y  changes t h e  r a t i o  t o  about 3.5 t hus  making 
t h e  r e s o l u t i o n  of t h e s e  nuc l ides  somewhat easier. (The carbon-1h: t r i t ium 
r a t i o  i s  8 .6 . )  

Mixtures of chlorine-36 and yt t r ium-91 i n  aqueous media have 
Other mixtures  wi th  

It i s  i n t e r e s t i n g  t o  no te  t h a t  

SYSTEMS ENGINEERING APPLICATIONS - 08-03-02 

A. Oceanographic Systems Study 

Radionuclides appear t o  be  u s e f u l  t o o l s  t o  s tudy  sand 
t r a n s p o r t  phenomena and, although many experiments have 
been conducted t o  demonstrate t h e i r  e f f e c t i v e n e s s  as 
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t r a c e r s ,  l i t t l e  i s  known concerning whether o r  not  t h e  
dynamic systems i n  which they  are used can be tagged we l l  
enough t o  achieve q u a n t i t a t i v e  data l ead ing  t o  an under- 
s t and ing  of b a s i c  mechanisms. 
Tracing (RIST) s tudy  has progressed through equipment 
development t o  t h e  p o i n t  where important system tagging  
parameters can be  s tud ied .  

The Radioisotope Sand 

Prepara t ions  f o r  t h e  November experiments at Po in t  Mugu have been completed. 
The PDP-8/1 computer and a s soc ia t ed  hardware have been checked and w i l l  be 
used during t h e  November experiment t o  p l o t  d a t a  on-s i te  a t  Po in t  Mugu. 
It w i l l  not  be mounted on board t h e  tow v e s s e l ,  s i n c e  it i s  necessary  t o  
modify and remove some equipment from t h e  instrument  s h e l t e r .  These 
modi f ica t ions  w i l l  be completed be fo re  t h e  next  experiment which is  
scheduled t o  be on t h e  East coas t .  

The design of t h e  Poin t  Mugu experiment has  been completed and c e n t e r s  
on two major e f f o r t s :  
t h e  completed g ro in ,  and ( 2 )  volume measurements seaward of t h e  b reake r  
zone. 

(1) determinat ion of  sand t r a n s p o r t  p a t t e r n s  around 

An at tempt  t o  c o r r e l a t e  sand t r a n s p o r t  measurements from plug  i n j e c t i o n  
w i t h  l i n e a r  t r a n s p o r t  rates from a l i n e  s u r f a c e  i n j e c t i o n  w i l l  be made. 
If a d i r e c t  c o r r e l a t i o n  does e x i s t ,  it w i l l  g r e a t l y  s impl i fy  t h e  problem 
of determining volume t r a n s p o r t .  A complete d e s c r i p t i o n  of t h e  i n d i v i d u a l  
experiments and accomplishments w i l l  b e  r epor t ed  i n  t h e  December Newsletter. 

RADIOISOTOPE SALES 

Requests f o r  quota t ions  were r ece ived  from Donald W. Douglas Laboratory f o r  
800,000 C i  of promethium-147 and f o r  tritium i n  q u a n t i t i e s  g r e a t e r  t han  
25,000 C i .  A n  orde r  w a s  rece ived  from Aerojet  Nuclear Systems Company t o  
cover t h e  t e c h n i c a l  s e r v i c e  charges f o r  encapsula t ion  of 208,000 C i  of 
strontium-90 ordered by t h e  U. S .  Navy i n t o  s t a i n l e s s  s t e e l  l i n e r s .  

A l i s t i n g  of cu r ren t  o rde r s  f o r  promethium-147 as sources  o r  bu lk  powder 
i s  shown below: 

Cus tome r 
Amount 

( C i )  

McDonnell Douglas Ast ronaut ics  Co. 100,000 

Minnesota Mining & Mfg. Co. 1 ,000  
C.E.A. ,  France 10,000 

Estimated 
Shipping Date 

November 1970 2nd 

November 19 70 
December 1970 

February 1971 

%o b e  shipped from Richland, Washington. 

Shipments made dur ing  October inc lude  216 C i  of xenon-133, 15,772 C i  of 
t r i t i u m ,  320 C i  of krypton-85, 100 C i  of t r i t ium-hel ium mixture  con ta in ing  
10 volumes of tritium and 40 volumes of helium-4, and 40 C i  of 22.8% en- 
r i c h e d  krypton-85. 



24 

The r ad io i so tope  sales proceeds and shipments f o r  t h e  f i r s t  t h r e e  months 
of FY 1970 and FY 1971 are given i n  Table  5 .  It  w i l l  b e  noted t h a t  sales 
have dropped approximately 30% compared t o  t h e  same pe r iod  l a s t  y e a r .  

Table 5 .  Radioisotope Sa le s  and Shipments 

J u l y  t h r u  J u l y  t h r u  
September 1969 September 1970 I t e m  

Inventory i t e m s  $136,943 $ 79,585 
Major products  32,068 31,170 
Radioisotope s e r v i c e s  53,787 44,177 
Cyclotron i r r a d i a t i o n s  35,806 27,376 
Miscellaneous processed m a t e r i a l s  25,489 11,665 
Packing and sh ipping  18,885 20,735 

T o t a l  Radioisotope Sa le s  $302 , 978 $214,708 

T o t a l  Radioisotope Shipments 627 79 4 

ADMI NI STRATI VE 

Travel  of I D C  personnel  and v i s i t o r s  t o  t h e  I D C  a r e  g iven  i n  Tables  6 
and 7 ,  r e s p e c t i v e l y .  

Table 6 .  Trave l  of I D C  Personnel  

S i t e  V i s i t e d  Purpose of V i s i t  

Salzburg,  A u s t r i a  Present  paper  a t  IAEA symposium 

Ph i l ade lph ia ,  Pennsylvania Attend American Soc ie ty  f o r  Informa- 
t i o n  Sciences meeting 

C inc inna t i ,  Ohio Attend Southeas te rn  Chapter of  t h e  
Soc ie ty  of  Nuclear Medicine 

New York, New York Attend ANSI Committee meeting 

Houston, Texas 

Gat l inburg , Tennessee 

Decatur , Alabama 

Attend 1970 E lec t ron  Microscopy 
Soc ie ty  of  America meeting 

Attend t h e  Ana ly t i ca l  Chemistry Divi- 
s i o n  Conference i n  Nuclear Technology 

Or ien ta t ion  on b o i l i n g  water power 
r e a c t o r s  and d i scuss ion  of r e a c t o r  
ope ra t ing  problems 
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Table 6. cont inued 

S i t e  V i s i t ed  Purpose of V i s i t  

Aiken, South Caro l ina  Attend Research Mater ia l s  Conference 
a t  Savannah River  Laboratory 

Washington, D. C .  P a r t i c i p a t e  i n  conference sponsored by 
American Chemical Soc ie ty  t o  d i scuss  
p l ans  r ega rd ing  p u b l i c a t i o n  of "Annual 
Reviews i n  Chemical Engineering" 

Washington, D.  C .  Consult w i th  AEC-DID and Nat iona l  
Heart and Lung I n s t i t u t e  

Louis iana S t a t e  Univers i ty  
Baton Rouge, Louis iana program wi th  LSU 

Give l e c t u r e  and d i s c u s s  coopera t ive  

Un ive r s i ty  of V i r g i n i a  Del iver  two papers  a t  Second Confer- 
C h a r l o t t e s v i l l e ,  V i r g i n i a  ence on Transpor t a t ion  of Radioac t ive  

Materials 

Table  7.  V i s i t o r s  t o  I D C  

V i s i t o r  ( a f f i l i a t i o n )  Purpose of V i s i t  

Sanders Nuclear Corporation Review of thulium-170 program 

Lockheed Nuclear Discuss cesium-137 source f a b r i c a t i o n  

Vanderbi l t  Un ive r s i ty  Medical 
Center ,  Nashvi l le  

Discuss gadolinium-153 and 
amer i c ium-2 41 sources  

Consul tant ,  Los Angeles Discuss r ad io i so tope  a p p l i c a t i o n s  

Tour Information Center AEC-MIIE, Oak Ridge 

Library  of Congress, 
Washington, D. C .  

Tour Information Center 

Tour Information Center Adminis t ra t ive Systems and Data 
Process ing ,  Pr ince ton ,  N.  J. 

American Soc ie ty  f o r  Information 
Science,  Washington, D. C.  

Tour Information Center 

Nat iona l  Technica l  Information 
Se rv ice ,  S p r i n g f i e l d ,  V i rg in i a  

Tour Information Center 

Human Rela t ions  Area F i l e s  , Inc .  
New Haven , Connecticut 

Tour Information Center 
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Table 7 .  continued 
~ ~~ 

V i s i t o r  ( a f f i l i a t i o n )  Purpose of V i s i t  

Idaho AEC D i  s cuss i s  o t ope appl  i c a t  i ons 

Grenoble , France Tour Information Center 

Fontenay-aux-Roses , France Tour Information Center 

Chemical Abs t rac ts  Se rv ice ,  Tour Information Center 
Columbus , Ohio 

PUBLICATIONS 

REPORTS 

A .  F .  Rupp, Radioisotope Program (8000) Progress  Report f o r  September 1970, 
ORNL-TM-3183, O a k  Ridge Nat ional  Laboratory.  

E.  Lamb, I s o t o p i c  Power Fuels Monthly S t a t u s  Report f o r  September 1970, 
ORNL-CF-70-10-21, O a k  Ridge Nat ional  Laboratory.  
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October 15-17, 1970 

F. N .  Case, D. L. Kau, D. E. Smiley, and A. W .  Gar r i son ,  Radiation-Induced 
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t h e  Use of Nuclear Techniques i n  t h e  Measurement and Control  of Environmental 
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R .  D.  Seagren, Containers f o r  Shipment of Radioact ive Mate r i a l ,  p resented  
a t  Second Conference on Transpor ta t ion  of Radioact ive Mate r i a l s ,  Univers i ty  
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