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RADIOISOTOPE PRODUCTION AND MATERIALLS DEVELOPNEXT 

KEUTHON PRODUCTS - 08-01-01 

A. Biomedical Radioisotopes 

1. Thulium-171 

Nothing t o  r e p o r t .  

2. Phosphorus-33 

The purpose of t h i s  p r o j e c t  i s  t o  develop methods of p repa r ing  hundred- 
m i l l i c u r i e  q u a n t i t i e s  of c a r r i e r - f r e e  phosphorus-33 coritaining 
phosphorus-32. This  r a d i o i s o t o p e  of phosphorus has  a lower energy b e t a  
and a longe r  h a l f - l i f e  t han  phosphorus-32, which makes it u s e f u l  for 
autoradiography work i n  biochemistry,  a g r i c u l t u r e ,  and meta l lu rgy .  

5 5 %  

Two methods of p repa r ing  phosphorus-33 a r e  being evaluated.  
i s  t h e  i r r a d i a t i o n  of sulfur-33 enriched t o  g r e a t e r  t h a n  92% su l fu r -33  
i n  a fast  neutron flux t o  p repa re  t h e  r a d i o i s o t o p e  by t h e  33S(n,p)33P 
r e a c t i o n .  The o t h e r  method of p r e p a r a t i o n  i s  t h e  fas t  neutron i r r a d i a -  
t i o n  of chlorine-36 to prepa re  phosphorus-33 by t h e  36C1( n , ~ i ) ~ ~ P  
r e a c t i o n .  
content  of t h e  phosphorus-33 produced from e i t h e r  of t h e  t a r g e t s .  

One method 

Highly enriched t a r g e t s  are necessary t o  reduce t h e  phosphorus-32 

a. Fhosphorus-33 P r e p a r a t i o n  from Enriched Sulfur-33 

The enriched 92% sulfur-33 Zarget material (potassium s u l f a t e ,  anhydrous) 
contained chemical i m p u r i t i e s  t h a t  were i n t r o d u c i n g  scandium-46 and 
chromium-51 i n t o  t h e  phosphorus-33 product.  
i n t roduced  du r ing  previous chemical p rocess ing  of t h e  t a r g e t  f o r  recovery 
of phosphorus-33. Work i n  December w a s  devoted t o  purifying t h e  Kz~~SOL+. 
Assay of  t h e  I n a t e r i a J  has not been comple'ied. 

These i m p u r i t i e s  were probably 

The y i e l d  of phosphorus-33 from t h e  t a r g e t  con ta in ing  96 mg su l fu r -33  
(92% e n r i c h e d )  has been approximately 230 t o  250 m C i  of phosphorus-33 
p e r  i r r a d i a t i o n .  
s u l f a t e  t o  i n c r e a s e  t h e  y i e l d  of' phosphorus-33 p e r  ba t ch  t o  2 3 0 0  m C i .  

Add i t iona l  92% sulfur-33 i s  being prepared as p o t a s s i u n  

b. Phosphorus-33 P r e p a r a t i o n  f r o m  Er r i ched  Chlorine 

The purpose of t h i s  work i s  t o  p r e p w e  h igh ly  enriched chlorine-36 f o r  
t a r g e t  material for f u t u r e  phosphorus-33 product ion by t h e  3 6 C l ( n , ~ )  33P 
method and t o  supplement c u r r e n t  phosphorus-33 needs now normally supp l i ed  
by t h e  33S(n ,p )33P  method. 

A 4.7-g t a r g e t  of  K3% w a s  removed from t h e  IlFIR t o  recover  t h e  
phosphorus-33 a c t i v i t i e s  and determine t h e  s p e c i f i c  a c t i v i t y  o f  t h e  
chlor ine-36.  There were 1580 m C i  of phosphorus-33 and 63 mCi of  
phosphorus-32 recovered from t h e  t a r g e t ;  t h e  phosphorus-33 w i l l  be used 
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t o  f i l l  c u r r e n t  needs.  The t a r g e t  m a t e r i a l  i s  being p u r i f i e d  a t  p re sen t  
and a s says  are not complete on t h e  i s o t o p e  abundance of t h e  chlorine-36. 
Future  p l a n s  a r e  t o  pu t  t h e  K 3 % l  t a r g e t  back i n  the HE’TR f o r  f u r t h e r  
enrichment of t h e  chlorine-36. 

3. ~ o t a s s i u m - 4 3  

The o b j e c t i v e s  of t h i s  p r o j e c t  a r e :  
43Ca(n,p)43K r e a c t i o n ,  u s 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 bio.l.ogical experiments4 t o  d e f i n e  
a method f o r  s e p a r a t i n g  potassium-43 from tine 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  medical use;  and t o  e s t a b l i s h  cooperat ive programs w i t h  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  e v a l u a t i n g  i t s  use fu lness .  

t o  p repa re  potassium-43 by t h e  

Potassium-)l-2 has  been used, p r i m a r i l y  i n  animals,  to l o c a t e  tumors, 
t o  t a g  red blood c e l l s ,  and t o  study blood flow, b u t  has very l i m i t e d  
use  i n  humans because of i t s  high-energy (1.52 MeV) gamma-ray emission 
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  (1.2.4 hr). Potassium-43, w i t h  a 
h a l f - l i f e  of 22.4 hr and p r i n c i p a l  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 .  The 
I.ower dose ra te  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  i.mmune r e j e c t i o n  of t r a n s p l a n t e d  
organs.  

A 6 m C i  potassium-43 p r e p a r a t i o n  w a s  shipped t o  Johns Hopkins f o r  evalua- 
t i o n  under our  cooperat ive program. 
t h e  calcium-43 t a r g e t  material (63.6% enrichment) by s o r p t i o n  on a Bio- 
Rad AG 50w-X8 r e s i n  and step-wise e l u t i o n  wi th  0 .2  and 0.5 - M H C l .  
s e p a r a t i o n  from sodium-24 contamination w a s  a lso achieved. 

The potassium-43 w a s  s epa ra t ed  from 

Complete 

The f i r s t  100 n i l ,  which w a s  e l u t e d  wi th  0.2 E H C 1 ,  w a s  analyzed and 
found t o  con ta in  0.48 m C i  of iridium-192. Based on the i r r a d i a t i o n  pa- 
rameters  f o r  t h e  t a r g e t ,  t h i s  q u a n t i t y  o f  iridium-192 impl i e s  t h a t  
approximately 380 mg of n a t u r a l  i r i d ium w a s  p re sen t  i n i t i a l l y .  Work is  
s t i l l  i n  progress  t o  d e f i n e  t h e  o r i g i n  of t h e  iridium-192 contamination. 
The platinum c r u c i b l e  used t o  c a l c i n e  t h e  recovered calcium t a r g e t  i s  
suspec t ,  al though a c t i v a t i o n  a n a l y s i s  of a p i e c e  o f  the  c r u c i b l e  y i e l d e d  
a va lue  of only 28 ppm i r id ium.  
c r u c i b l e  and a.nalyzed f o r  i r i d i u m  by a c t i v a t i o n  a n a l y s i s  a long wi th  
an uncalcined sample. The sample heated i n  t h e  c r u c i b l e  contained 33 
ppm of i r i d ium and no platinum compared wi th  0.4 ppm o f  i r i d i u m  f o r  t h e  
unheated sample of C a C O  , i n d i c a t i n g  t h a t  i r i d ium i s  s e l e c t i v e l y  leached 
from t h e  c r u c i b l e .  If t h i s  i s  t h e  case  l each ing  of i r i d ium from a 
c r u c i b l e  should decrease w i t h  use.  

A sample of CaC03 w a s  ca l c ined  i n  t h e  

Another i n t e r e s t i n g  a spec t  t o  t h e  problem of long-l ived contaminants i s  
a s tudy made on t h e  r e s i d u e  of a potassium p r e p a r a t i o n  shipped t o  VJT’ 
i n  June and r e tu rned  f o r  a n a l y s i s .  The r e c e n t  a n a l y s i s  showed chromium- 
51 as t h e  p r i n c i p a l  contaminant w i t h  l esser  q u a n t i t i e s  of iridium-172 
and cesium-134. Other minor gamma a c t i v i t j e s  i d e n t j f i e d  were antimony- 
124, cesium-l 37, scandium-46, rubidium-86, and cobalt-60. The t a r g e t  
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used f o r  t h i s  product had no t  been recovered i n  a plat inum c r u c i b l e ,  u n l e s s  
t h i s  w a s  done o r i g i n a l l y  i n  r ecove r ing  t h e  enriched s t a b l e  i s o t o p e .  The 
t r a c e  of antimony a c t i v i t y ,  which has been observed i n  decayed samples of 
r e c e n t  p roduc t s ,  i s  de r ived  from t h e  q u a r t z  i r r a d i a t i o n  ampules. 

Measurements of t h e  b e t a  spectrum a r e  i n  p rogres s  t o  e l u c i d a t e  t h e  decay 
scheme of potassiwn-43. 
e f f i c i e n c y  of t h e  d e t e c t o r  for t h e  assignment of r e l a t i v e  i n t e n s i t i e s  
t o  t h e  gamma rays  r e p o r t e d  l as t  month. 
43 w a s  s t u d i e d  for approximately t e n  h a l f - l i v e s  amd t h e  va lue  of' t h e  h a l f -  
l i f e  ob ta ined  from fo l lowing  t h e  decay of t h e  two prominent g a m a  t r a n s i t i c n s ,  
373 and 617 keV, i s  22.44 and 22.46 h r ,  r e s p e c t i v e l y .  
w i l l  be done t o  d e f i n e  t h e  s t anda rd  e r r o r .  

Work i s  s t i l l  i n  p rogres s  t o  determine t h e  r e l a t i v e  

The decay of iz sample of potassium- 

Add i t iona l  work 

4. Rubidium-84 

The 0.5l-MeV a n n i h i l a t i o n  r a d i a t i o n s  of rubidium-84 are used i n  d i a g n o s t i c  
s t u d i e s  of h e a r t  muscle. The o b j e c t i v e s  of t h i s  work a r e  t o  p repa re  
rubidium-84 by fas t  neutron i r r a d i a t i o n  of en r i ched  strontium-84 [ 84Sr ( n , p )  
84Rb r e a c t i o n ]  and t o  c h a r a c t e r i z e  t h e  rubidium-84 product .  
which has gamma ene rg ie s  near 0.51 MeV, i s  an undes i r ab le  r a d i o n u c l i d e  
impuri ty  i n  rubidium-84 p roduc t s .  

Rubidim-83, 

A 190-mg SrO t a r g e t  (75% i s o t o p i c  enrichment of strontium-84) w a s  i r r a d i a t e d  
f o r  46 days a t  a f a s t  neutron f l u x  of 2.6 x n/cm2.sec. 

The rubidium a c t i v i t i e s  were sepa ra t ed  from t h e  enriched strontiuni-84 t a r g e t  
by p r e c i p i t a t i o n  of t h e  s t ron t ium w i t h  fuming n i t r i c  a c i d  and p u r i f i e d  by 
i o n  exchange. 
r u b i d i m - 8 4 ,  and rubidium-86 wi th  a G e ( L i )  d e t e c t o r  and a 4096 channel gamma 
spectrometer .  
count ing on a c a l i b r a t e d  WaI (T1)  c r y s t a l  and 400 channel gamma spectrometer .  
The y i e l d s  of rubidium a c t i v i t i e s  from t h e  strontium-84 t a r g e t  were 0.45 m C i  
of rubidium-83, 1.81 m C i  of rubidium-84, and 8.3 m C i  of rubidium-86. 
r a d i o i s o t o p e  p r e p a r a t i o n  was u n s u i t a b l e  f o r  u se  i n  h e a r t  muscle s t u d i e s  be- 
cause of t h e  h igh  rubidium-83 c o n t e n t .  

The p u r i f i e d  rubidium f r a c t i o n  w a s  assayed f o r  rubidium-63, 

The y i e l d s  of rubidium-84 and rubidium-86 w e r e  confirmed by 

Th i s  

The y i e l d  of ru'oidium-84 w a s  much lower t h a n  t h e  a n t i c i p a t e d l  approximately 
14 m C i .  
(based on s h o r t  i r r a d i a t i o n s  a t  lower neutron f l u x e s )  has  not been explained.  

The disagreement between t h e  rubidium-84 found and t h a t  expected 

The rubidiurn-83 r e s u l t s  from t h e  8 4 S ~ ( n , 2 n j 8 3 S r  -f 83Rb r e a c t i o n .  
be done t o  improve t h e  83Rb/84Rb r a t i o ,  s i n c e  both are produced by f a s t  
neutron r e a c t i o n s .  

L i t t l e  can 

The rubidium-86 content  r e s u l t s  from two success ive  neutron cap tu res  by t h e  
strontium-84 t a r g e t  m a t e r i a l :  
The y i e l d  of mbidium-86 from t h e  t a r g e t  i s  i n  f a i r  agreement w i t h  t h e  computed 
y i e l d  us ing  known c ross  s e c t i o n s  f o r  t h e s e  r e a c t i o n s .  

8 4 S r ( n , a ) 8 5  ,85mSr -+ 85Rb and 85Rb(n,a)86Fbb. 

Add i t iona l  i r r a d i a t i o n s  w i l l  be made t o  exp la in  t h e  anomalous r e s u l t s  found 
between t h i s  experiment and previous work. 

1 I i .  B. Hupf and H. A. O'Brien,  J r . ,  The l ieactor Product ion of 84Rb from 
Stront ium, I n t e r n .  J .  Appl. Rad ia t ion  I s o t o p e s  18 : 417-20 (1967 ) . 
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B. Research Radioisotopes 
____-I 

Nothing t o  r e p o r t .  

C .  I s o t o p i c  Power 

1. Thulium-17 0 

The o b j e c t i v e s  of t h i s  r e sea rch  a r e  t o  provi.de s u f f i c i e n t  d a t a  on thulium- 
'which has  been proposed as an isotopic-power source for sho r t -du ra t ion  
mi ssi.ons , t o  permit reasonab1.e assessment of .its p o t e n t i a l  appL?.catinn 
and t o  permit p re l imina ry  engineer ing design of power sou rces .  The 

0.32 MeV) from n a t u r a l  thulium-1-69 a r e  favorab1.e and t h e  sesqurioxide 
offers a promising f i e 1  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/cn3- 
s-Ludy w i l l  i nc lude  measurements of thermal conduc t iv i ty  and thermal d i f -  
f u s i v i t y ,  l e a c h  r a t e s  f o r  s a f e t y  a n a l y s i s ,  high-temperature c o m p a t i b i l i t y  
with suitable containment metals  , vapor p r e s s u r e ,  and fuel-form 
d e n s i f i c a t i o n .  

economics f o r  r e a c t o r  protluct;ion of thulium-l'l0 (128.5 days; E ~- 
-av 

The 

The thermal c o n d u c t i v i t i e s  were measured f o r  vacuum hot-pressed specimens 
of Tm203,  Yb203, and a mole-rat io  mixture of 0.46 Yb203-0. 54 Tm203. The 
mixed-oxide p e l l e t  w a s  prepared by c a l c i n i n g  a n  o x a l a t e  precipi-Late  pre- 
pared by hoiiiogeneous p r e c i p i t a t i o n  Yrom aqueous sol.ution. The purpose of 
making measurements on y t t e r b i a ,  t h e  decay product of 170Tm203, i s  t o  
show t h a t  t h e  thermal conduc t iv i ty  of t1iul.i a - y t t e r b i a  mixtures  Is a 
l?.neLar func t ion  of t h e  concen t r a t ions .  The phys ica l  c h a r a c t e r i s t i c s  of 
t h e  specimens are given i n  Table 1. 

Table  1. Physical Charactfristics of 1311203, Yb203, and I'ole-Ratio Mixture 

Height ,  Diameter, Weight ,  D e n s i t y ,  5 T h e o r e t i c a l  
Dens i ty  

_. .. g/cm3 .._..._. ~ 

i n .  i n .  E _....._.._I_I ._._.._.___.I.. 

Trn203 0.503 I. 000 56.32 8.71 9 e . 0  

ibi0- j  0.460 0.995 51.43 e.76 95.5 

0.46  Ybi@3-0.5b Trn2@j 0.520 0.998 55 .b?  8.30 92.0  

The thermal c o n d u c t i v i t i e s  (A) were measured i n  t h e  range kOO-900°C wi th  
2 thermal comparator u s ing  Pyroceraa 9606 as a thermal conduc t iv i ty  s t an -  
dard.  The prelim-inary measu:t*ements, corrected.  t o  t h e o r e t i c a l  d e n s i t y  by 
rrea,ns o.f t h e  Maxwell equat ion 

where P i s  t h e  p o r o s i t y  of t h e  p e l l e t ,  are shown i n  Table 2. 
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Table 2 .  Thermal C o n d u c t i v i t i e s  of Tni704, YbpO 1 ,  and Mole-Ratio Mixture 

f i . 2 0 3  Yb203 0.46 Yb203-0.54 m203 
Temperature, A, Temperature, X , Temperature, A ,  

OC W/cm . O C  OC W/cm.°C OC Wlcm. O c  

422 0.0373 4bl 0.0330 441 0.0353 

539 0.0349 549 0.0310 548 0.0331 

647 0.0328 679 0.0295 650 0.0317 

721 0.0316 741 0.0276 743 0.0294 

813 0.0289 887 0.0256 868 0.0274 

These p re l imina ry  d a t a  are measurements on uninstrumented p e l l e t s  and are 
s u b j e c t  t o  sys t ema t i c  e r r o r s  of c a l i b r a t i o n .  
devoted t o  making measurements w i th  an instrumented,  1-in.-high y t t e r b i a  
p e l l e t  t o  v e r i f y  t h e  c a l i b r a t i o n .  

Work i n  January w i l l  be 

The seawater l e a c h - r a t e  experiment was terniiriated when t h e  Naval Radio- 
l o g i c a l  Defense Laboratory was c losed .  I). Kubosi, who i s  now l o c a t e d  a t  
t h e  Naval Ordnance Laboratory,  s t a t e d  that t h e  data were a v a i l a b l e ,  but  
t h e r e  has been no response from t h e  Space E l e c t r i c  Power O f f i c e  t o  a 
r eques t  f o r  funding of a f i n a l  r e p o r t .  

The t h u l i a  wafer specimens f o r  f 'uture c o m p a t i b i l i t y  experiments w i l l  be 
under i r r a d i a t i o n  du r ing  January.  

D .  Miscellaneous 

I. HFIR Target Tes t ing  

During t h e  calendar  yea r  1969 a t o t a l  of e i g h t  s t r i n g e r s  f o r  long-term 
i r r a d i a t i o n s  in t h e  beryllium r e f l e c t o r  and 144 r a b b i t s  f o r  short- term 
i r r a d i a t i o n s  i n  t h e  hydrau l i c  t ube  f a c i l i t y  of t h e  HFIR were ].e& t e s t e d  
p r i o r  t a  i r r a d i a t i o n  t o  i n s u r e  t h e  s a f e t y  and success of t h e  experiment.  

O f  t h e s e  154 t a r g e t s  t e s t e d ,  a total of 23 were r e j e c t e d ,  g iv ing  a 
r e j e c t i o n  r a t e  of 14.9%. 
was 19.5%. 
1969 were d e t e c t e d  by the v i s u a l  ethylene-glycol t e s t  and only 30% by t h e  
p r e s s u r e  tes t .  
ures w e r e  found by t h e  ethylene-glycol  t e s t  arid 35% by i h e  p r e s s u r e  
t e s t .  
t a r g e t s  are g ross  and e a s i l y  d e t e c t a b l e  by visual- means and t h a t  on ly  a 
f e w  'are s m a l l  enough t o  pass  t h e  v i s u a l  t e s t  and be de tec t ed  by t h e  
p r e s s u r e  t e s t .  

During calendar  year  1968 t h e  rejection ra te  
It i s  i n t e r e s t i n g  t o  no te  t h a t  70% of t h e  f a i l u r e s  du r ing  

R similar d i s t r i b u t i o n  w a s  rioted i n  1968, when 65% of fail- 

These data would seem t o  i n d i c a t e  t h a t  most f a u l t s  i n  p repa r ing  

2.  Terbium-157 

Nothing t o  r e p o r t .  
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E. Supporting Technology 

1. Radioisotope C h a r a c t e r i z a t i o n  

The con t inu ing  program of keeping aware of p r o p e r t i e s  of r a d i o i s o t o p e s  
( h a l f - l i v e s ,  decay schemes, product ion c ros s  s e c t i o n s )  has r e s u l t e d  i n  
u s e f U  ou tpu t s  t o  t h e  s c i e n t i f i c  and t e c h n o l o g i c a l  community. American 
Nuclear Soc ie ty  personnel  used our data on p r o p e r t i e s  of r a d i o i s o t o p e s  
and l i c e n s i n g  requirements i n  t h e  Radioisotope Di rec to ry  (Nuclear News,  
December 1969), which i s  intended t o  supersede t h e  I so tope  Index. ASTM 
Committee E-10 requested a copy of t h e  I so tope  User's Guide f o r  each of 
i t s  approximately 120 members t o  be used as a source of s t anda rd ized  data. 

2. Radioisotope S p e c i a l  Analysis and Q u a l i t y  Control  

No unusual problems i n  a s say  of r a d i o i s o t o p e  products  have been encountered 
r e c e n t l y .  I n  connection wi th  t h e  survey on s t a t u s  and needs f o r  s t anda rd  
r a d i o a c t i v e  materials, supported by t h e  Nat ional  Academy of Sc iences ,  
d i s c u s s i o n s  took p l a c e  he re  and i n  C inc inna t i  w i th  members of ASTM and 
wi th  h o s p i t a l  and p u b l i c  h e a l t h  personnel .  
r a d i o i s o t o p e s  and r a d i a t i o n  e f f e c t s  agreed t o  p o l l  i t s  members on 
whether or not  t h e  Na t iona l  Bureau of Standards should expand i t s  program 
i n  r a d i o a c t i v i t y  s t anda rds .  
t i o n n a i r e  i s  l a r g e l y  completed, and a pane l  of s p e c i a l i s t s  i n  va r ious  
f i e l d s  i s  being formed t o  recommend f u r t h e r  i n v e s t i g a t i o n  and t o  draw 
conclusions and make recommendations. P ro fes so r  L. R ,  Z u m w a l t  of North 
Caro l ina  S t a t e  Un ive r s i ty  w i l l  s e rve  as chairman of t h e  pane l ,  and o t h e r  
members inc lude  D r .  G .  F r i ed lande r  of Brookhaven Nat ional  Laboratory,  
D r .  3.  H .  Harley of t h e  A E C  Health and S a f e t y  Laboratory,  and D r .  E.  
Saenger o f  C inc inna t i  General Hosp i t a l  and t h e  Un ive r s i ty  of C inc inna t i .  
Arrangements f o r  two a d d i t i o n a l  members are pending. 
t h e  s t a t u s  of s t anda rds ,  it had seemed reasonable  t o  t h i n k  t h a t  few 
i n a c c u r a t e  c a l i b r a t i o n s  a r e  p r e s e n t l y  being made, bu t  responses  from 
competent workers show t h a t  groups of s t anda rds  from two w e l l  known 
commercial s u p p l i e r s  have r e c e n t l y  been s e r i o u s l y  i n  e r r o r .  

A problem r e l a t e d  t o  assay ( i . e .  , d i s i n t e g r a t i o n - r a t e  measurement) i s  
t h e  measurement of e x t e r n a l  r a d i a t i o n  fYom a source.  A f e w  months ago 
t h e  c a l i b r a t i o n  of devices  f o r  gamma r a d i a t i o n  from americium-241 w a s  
desc r ibed ;  s t anda rds  of t h a t  nuc l ide  were ob ta ined  from IAEA. A new 
problem i s  q u a n t i t a t i o n  of bremsstrahlung from t i t a n i u m  t r i t i d e  sources;  
no comparable s tandard f o r  such a low-energy continuous spectrum is 
a v a i l a b l e .  A s  i n  t h e  case  of americiwn-2h1, t h e  usua l  survey instruments  
are not  c a l i b r a t e d  f o r  t h e  energy range,  ~ O K  are they  s u f f i c i e n t l y  
s e n s i t i v e .  It w a s  recormended t h a t  a source of vanadium-49, which 
emits approximately 20% 4,.5-keV X Fays, be used as a s t anda rd .  'The 
s p e c i f i c  gamma-ray constant  i s  approximately 0.86 mR/hr a t  1 meter 
from a 1-mCi  p o i n t  source.  If a second s t anda rd  i s  needed, iran-55 
would he a p p r o p r i a t e  and has t h e  v i r t u e  of d i r e c t  t r a c e a b i l i t y  t o  NBS 
and IAEA primary s t anda rds .  

ASTM Committee E-IQ on 

Gathering of information by u s e  of a ques- 

With r e s p e c t  t o  
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A s i g n i f i c a n t  q u a l i t y - c o n t r o l  s tudy  w a s  i n i t i a t e d  i n  an at tempt  t o  
e x p l a i n  t h e  deformations of cesium-137 sources r e p o r t e d  las t  month. 
The u s u a l  ana lyses  were performed: cesium-13'1 a s say ,  c h l o r i d e ,  sulfate, 
carbon, rubidium, and spec t rog raph ic  examination, Because 1\JEi4C16is  
isomorphous wi th  CsC1, and presumably would vapor i ze  on h e a t i n g ,  pos- 
s i b l y  causing s w e l l i n g  of CsCl sources ,  ammonium de te rmina t ions  were 
m a d e .  Microscopic examinations and determinat ions of water- insoluble  
s o l i d s  were also done. Carbon de te rmina t ions  were done on t h e  s o l i d s ,  
O n l y  t h e  t o t &  carbon va lue  was anomalous; a t t empt s  t o  determine t h e  
form of t h e  carbon were not  s u c c e s s f u l .  Therefore  t h e  a n a l y t i c a l  
program did no t  furnish an exp lana t ion  of t h e  deformations,  which were 
avoided by changes i n  o p e r a t i n g  procedures .  

CYCLOTRON PRODUCTS - 08-01-02 

A. Biomedical Radioisotopes 

1. Rubidium-83 

The c h i e f  o b j e c t i v e s  of t h i s  work are t o  supply rubidium-83 €or medical 
and r e s e a r c h  a p p l i c a t i o n s  under cooperat ive programs and t o  develop t h e  
technology f o r  p repa r ing  a high-puri ty  product accep tab le  f o r  human use. 
Rubidium-83 i s  prepared by cyc lo t ron  bombardment of strontium-84 by t h e  
fol lowing r e a c t i o n s  : 

8 4 ~ ~ ( ~ , 2 ~ ) 8 3 y  EC, 6' ,83sr EC, 6' , 8 3 ~ b  , 

84Sr(p,pn)83Sy- '+ >83Rb , 

Rubidium-83 has a h a l f - l i f e  of 83 days and p r i n c i p a l  gamma emissions of 
0.521 (loo%), 0.530 (6'6%), and 0.553 (36%) MeV. 

A r e q u e s t  was r ece ived  from our  coope ra t ive  p a r t i c i p a n t  a t  t h e  Un ive r s i ty  
of Utah f o r  rubidium-83 t o  be used i n  muscular dystrophy s t u d i e s .  A 1.33-mg 
sample of 75.6% i s o t o p i c a l l y  enr iched 84SrC03 w a s  %:,radiated i l l  t h e  OWL 
86-Inch Cyclotron and has been se t  a s i d e  t o  a l low decay of t h e  strontium-83 
t o  rubidium-83 b e f o r e  p rocess ing .  

A new c a t i o n  exchange procedure f o r  t h e  s e p a r a t i o n  of rubidium ( I )  €ram 
s t r o n t i u m  (11) us ing  Bio-Rad AG 5 G - X 8  r e s i n  has  been i n v e s t i g a t e d  and 
found s a t i s f a c t o r y  for t h i s  product .  This  new procedure w a s  s e l e c t e u  
because it o f f e r s  t h e  advantage cf using d i l u t e  HC1 ( 0 . 5  M) r a t h e r  t h a n  
an aqueous N H q C l  s o l u t i o n  as t h e  e l u t i n g  agent f o r  rubidium ( I ) ,  the reby  
f r e e i n g  t h e  f i n a l  rubidium-83 product from excess ive  amounts of cumoniuni 
salts which a r e  d i f f i c u l t  t o  remove completely.  The a c t u a l  processirLg 
and a n a l y s i s  of t h i s  product run w i l l  be performed dur ing  January.  
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The o b j e c t i v e s  of t h i s  program are twofold: t o  determine the  optiinaJ 
target conTigurat ion for gal 1 ium-67 (78 h r )  product ion i n  accep tab le  
p u r i t y  arid quan t i ty  and to provide gzllium-6-( 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  arid development. I n t e r e s t  ~ I I  t h i s  i s o t o p e  has  been spurred  by 
evidence,  obtained by tiie Medical Divisiori  of O a k  Ridge Associated 
U n i v e r s i t i e s  ( O M U ) ,  o f  a high uptake of c a r r i e r - f r e e  gall ium-67 by 
lymphoid tumors i n  both animals  and humans. This i n t e r e s t i n g  d iscovery  
w a s  made dur ing  t h e  eva lua t ion  of  gallium-67, produced i n  t h e  OKNL 86-Inch 
Cyclotron by t h e  68Zn(p,2n)67Ga r e a c t i o n ,  as a bone-scanning agent  f o r  a 
p a t i e n t  wi th  Hodgkin’s d i s e a s e .  

‘i’wo g a i 1 i ~ - 6 7  product ion iuns  w e r e  processed and shipped dur ing  
December. 
i s  given i n  Table 3. 

The t o t a l  gallium-67 product ion f o r  t h e  last  q u a r t e r  of 1.969 

Tab le  3. Experimental  Gallium-67 P r e p a r a t i o n s  Made 
DurinK October-December 1969 

Number of Number of Gal l im-678Shipped ,  
m C i  -___ Process  Huns Shipments 

October  ? 2 308 
November 2 5 212 
December - 2 I 5 2 2  
Tota l  6 1 2  745 

?lata c a l c u l a t e d  as of 8:OO AM on t h e  day fo l lowing  sh ip-  
ment t o  be c o n s i s t e n t  w i t h  t h e  ORNL decay al lowance p o l i c y .  

Work has been continued on cyc lo t ron  t a r g e t  development. A t a r g e t  of 
n a t u r a l l y  abundant z inc  e l ec t rodepos i t ed  on copper was t e s t e d  as a 
pre lude  f o r  t i ie f a b r i c a t i o n  and t e s t i n g  o f  an i so topi .ca l ly  enr iched  
zinc-68-on-copper t a r g e t .  The t a r g e t ,  which was bombarded wi th  an 
average beam c u r r e n t  of 230 l iA, showed s igns  of  mel t ing  i n  t h e  c e n t e r .  
I+eliminas,y data  obta ined  t o  d a t e  i n d i c a t e  t h a t  a t axge t  f a b r i c a t e d  
from 99.3% enriched zinc-68 may o f f e r  an  improvement i n  y i e l d  ( i n  mCi/hr) 
of approximately 2- l /2  t i m e s  t h a t  ob ta ined  w i t h  t h e  n a t u r a l  z inc  ‘cubi.ng 
t a r g e t  c u r r e n t l y  being used. 

3. Indium-111. 

The o b j e c t i v e s  of t h i s  program we twofold:  t o  e l u c i d a t e ,  d e f i n e ,  and 
op.i;imize pertir ieli t  product ion parameters  ( e .g .  , cycl.otron t a r g e t  m a t e -  
r i a l ,  cycloti-on bean energy and c u r r e n t  cond i t ions ,  adverse s i d e  r e a c t i o n s  
lead ing  t o  undes i r ab le  i s o t o p i c  impur t t i e s  , t a r g e t  process ing  and product  
p u r i f i c a t i o n  procedures ,  and t axge t  recovery,  i f  necessary)  and t o  make 
s u f f i c i e n t  material a v a i l a b l e  t o  coopera t ive  p a r t i c i p a n t s  f o r  t h e i r  
eva lua t ion  of indiu-m-111 as a d i agnos t i c  r ad ionuc l ide  i n  medicine.  Such 
a p p l i c a t i o n s  would inc lude  sp ina l - ce reb ra l  c i s te rnography , a e r o s o l  I.u.ng 
s t u d i e s ,  delayed b r a i n  scanning,  v i s u a l i z a t i o n  of t h e  lymphatic system, 
me’iabo1.i~ s t u d i e s  of indium-labeled macroaggregates arid c o l l o i d s ,  and 
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p o s s i b l e  a p p l i c a t i o n s  f o r  tumor l o c a l i z a t i o n s .  Indium-111 has  both a 
f avorab le  decay scheme [ g a m a  emissions of 173 keV (89%) and 247 keV (945)] 
i d e a l l y  s u i t e d  for e x t e r n a l  d e t e c t i o n  and an opt imal  h a l f - l i f e  (2 .81 days )  
for l a b e l i n g  and d i s t r i b u t i o n  s t u d i e s  which must be c a r r i e d  out over 
24 h r  or longe r .  
impossible  w i t h  t h e  indium-113m (1.73 h r )  i s o t o p e  now i n  g e n e r a l  u s e .  

The u s e  of t h i s  product  i n  humans makes product c h a r a c t e r i z a t i o n  and 
q u a l i t y  c o n t r o l  ve ry  important and necessa ry  items. 
completely c h a r a c t e r i z e  t h e  chemical composition of t h e  i n i t i a l  indium-111 
products  being produced by t h e  HBr-isopropyl e t h e r  e x t r a c t i o n  procedure 
c u r r e n t l y  being i n v e s t i g a t e d ,  an a l i q u o t  of t h e  p u r i f i e d  product  w a s  
analyzed by spark-source mass spectrometry.  
t h e  f i r s t  indimn-111 product  s epa ra t ed  by t h e  HBr-isopropyl e t h e r  ex t r ac -  
t i o n s  i s  now being computer processed.  

The use  of indium i n  such l e n g t h y  s t u d i e s  i s  c u r r e n t l y  

I n  an at tempt  t o  

The a n a l y t i c a l  d a t a  from 

The r a d i o n u c l i d i c  p u r i t y  of t h i s  product was determined by gamma-ray 
spectrometry u s i n g  a G e ( L i )  d e t e c t o r  and a 4096 channel p u l s e  he igh t  ana lyze r .  
S p e c t r a  t aken  approximately 2 days and 35 days a f te r  irra t i o n  showed 
on ly  t h e  r a d i o a c t i v e  i s o t o p i c  i m p u r i t i e s ,  indium-1l0m (4 .9  ' n  t h e  f i r s t  

of t h e  ind ium- l l l  product  w a s  e s t ima ted  t o  b e  0.02% of t h e  indium-111 one 
h a l f - l i f e  (2.81. days )  a f t e r  end of bombardment. 
p a r t i c i p a n t s  e s t ima tes  t h a t  t h i s  mount  of indium-114111-114 impuri ty  w i l l  
r e s u l t  i n  approximately 8% a d d i t i o n a l  dose t o  t h e  p a t i e n t .  
experience,  t hey  b e l i e v e  t h a t  t h e  " r a d i o n u c l i d i c  i m p u r i t i e s  pose n e g l i g i b l e  
a d d i t i o n a l  risk t o  p a t i e n t s  ." 

sample and indj.um-ll4m (50 days) i n  t h e  second. The indium-llkm-114 Y content  

One of our coope ra t ive  

Based on p r e s e n t  

Recovery of t h e  enriched cadmiwn-111 t a r g e t  r m t e r i a l  used f o r  indium-111 
product ion by t h e  l l l C d ( p , n ) l l l I n  r e a c t i o n  has been i n v e s t i g a t e d .  The 
procedure c o n s i s t s  b a s i c a l l y  of p r e c i p i t a t i o n  of 111Cd(01i)2 wi th  NaOH, 
followed by r epea ted  aqueous washes t o  remove excess base ,  and f i n a l l y  
c a l c i n a t i o n  a t  425OC t o  t h e  oxide.  
t h a t  293% of t h e  o r i g i n a l  t a r g e t  material  can be e a s i l y  and economically 
recovered.  

I n i t i a l  recovery r e s u l t s  i n d i c a t e  

This  va lue  inc ludes  both processing and a s say  sample losses .  

Another development run f o r  indium-111 has been scheduled f o r  e a r l y  January 
t o  ga in  a d d i t i o n a l  o p e r a t i n g  experience f o r  t h e  HBr-isopropyl e t h e r  
e x t r a c t i o n  p rocess  and t o  check t h e  r e p r o d u c i b i l i t y  of t h e  p e r t i n e n t  
product ion parameters ( e - g . ,  chemical y i e l d ,  product ion r a t e  and y i e l d ,  
chemical and r a d i o n u c l i d i c  p u r i t y  of t h e  product  and t a r g e t  r ecove ry ) .  
P re l imina ry  c o n s i d e r a t i o n  w i l l  also be given d i f f e r e n t  types of cyclo- 
t r o n  t a r g e t s  f o r  indium-111 product ion by t h e  12Cd(p,2n)1111n r e a c t i o n .  
S ince  t h e  c r o s s  s e c t i o n s  f o r  t h e  (p ,2n )  r e a c t i o n  on cadmiurn-112 i s  
approximately tw ice  t h a t  €or t h e  ( p , n )  r e a c t i o n  on cadmium-111, it makes 
t h i s  a l t e r n a t i v e  look promising for higher  product ion r a t e s  i f  t h e  
target f a b r i c a t i o n  problems can be overcome. 

4 .  Neodymium-lbO 

The purpose of t h i s  work i s  t o  develop t h e  technology f o r  p repa r ing  
neodymium-140 arid t o  supply experimental  products  through medical 
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cooperat ives  f o r  e v a l u a t i o n  as d i a g n o s t i c  scanning agen t s .  
(3 .3  days )  decays by e l e c t r o n  cap tu re  t o  praseodymium-140 (3.39 min) 
which subsequently decays by p o s i t r o n  emission t o  s t a b l e  cerium-140. 
p r i n c i p a l  photons u s e f u l  f o r  scanning s t u d i e s  are t h e  praseodymium and 
neodymium X r a y s  and t h e  a n n i h i l a t i o n  photons o f  t h e  p o s i t r o n .  
o b j e c t i v e s  a r e  t o  determine t h e  y i e l d  of a c t i v i t y  t h a t  can be produced 
from t h e  
necessary t o  i s o l a t e  c a r r i e r - f r e e  neodymium-140 from t h e  approximately 
200-mg praseodymium t a r g e t ,  and t o  c h a r a c t e r i z e  t h e  neodymium-140 
product .  

Neodymium-140 

The 

The 

141  P r ( p , 2 n )  l4ONd r e a c t i o n ,  t o  develop t h e  s e p a r a t i o n  procedures 

Two cyc lo t ron  i r r a d i a t i o n s  have been made. 
from t h e  2-hr i r r a d i a t i o n  of t h e  200-mg praseodymium-141 t a r g e t s  were 
30.0 and 37.0 m C i  from t o t a l  beam c u r r e n t s  of 172.3 and 175.5 LA, 
r e s p e c t i v e l y .  

The y i e l d s  G f  neodymium-140 

The chemical s e p a r a t i o n  of c a r r i e r - f r e e  neodymium-l)-kO and t h e  200-mg 
praseodymium t a r g e t  w a s  completed i n  3 h r  by use  of high-pressure i o n  
exchange. 
20- t o  35-p.n Dowex 50 t y p e  r e s i n .  Sepa ra t ion  was achieved by e l u t i o n  
a t  1000 p s i  and 7 O o C  wl.th 0.3 
w a s  no d e t e c t a b l e  praseodymium i n  t h e  neodymium-140 product ( l i m i t  of 
d e t e c t i o n  = 1 3  p g / m l ) .  

The r a r e  e a r t h s  were sorbed on a 50-cm by 6-mm column of 

a-hydroxyisobutyric a c i d  (pH 4 . 4 ) .  There 

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

Information feedback from t h e  Cooperatives i n d i c a t e s  neodymium-140 has 
e x c e l l e n t  p o s s i b i l i t i e s  as a gene ra l  scanning agen t .  By proper chemi- 
c a l  t reatment  it can be made t o  go t o  t h e  bone, b r a i n ,  o r  kidneys of 
experimental  animals .  These a p p l i c a t i o n s  f o r  l o c a l i z a t i o n  of tumors 
i n  organs by p o s i t r o n  scanning may be extended t o  human p a t i e n t s  soon. 

Future work w i l l  i nc lude  supplying experimental  products  t o  t h e  coopera- 
t i v e s  and making t h e  r a d i o i s o t o p e  a v a i l a b l e  t o  more medical i n v e s t i g a t o r s .  
Some experimental  work will be d i r e c t e d  toward i n c r e a s i n g  t h e  neodymium- 
I40 y i e l d  by t a r g e t  r edes ign .  

FISSION PRODUC'I'S - 08-01-03 

A. Krypton-85 Enrichment 

Low l e v e l  u n i t s  AB, 13, C ,  and D (see Fig.  1) and t h e  in t e rmed ia t e  l e v e l  
u n i t  CD had run through a normal o p e r a t i n g  cyc le  and had reached e s s e n t i a l  
equ i l ib r ium t h i s  month. On December 1 5  t h e  dep le t ed  gas from t h e  ends of 
a l l  u n i t s  was removed and s t o r e d ,  and t h e  product material from u n i t s  AB, 
B, and C ( a  t o t a l  of 3.3 l i t e r s  or 432 C i )  w a s  t r a n s f e r r e d  i n t o  u n i t  CD 
f o r  a high-level  run. Normal f i s s ion -p roduc t  krypton wi th  approximately 
3.4% mass 85 content  was used. t o  r e p l a c e  t h e  enriched product and dep le t ed  
m a t e r i a l  removed from t h e  u n i t s ,  b r ing ing  t h e  gas p re s su res  i n  a l l  u n i t s  
up t o  approximately 3 p s i g .  

A l l  s i x  u n i t s  should now o p e r a t e  through a normal 60-day c y c l e .  
'the completion of t h e  cyc le ,  gas t r a n s f e r s  w i l l  again be made t o  keep 

A t  
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Fig .  1. Schematic Arrangement of Krypton-85 Columns. 

t h e  h igh - l eve l  uqits r i s i n g  i n  product concen t r a t ions  and t h e  low-level 
u n i t s  ope ra t ing  to prov ide  pre-enriched m a t e r i a l  f o r  feed t o  t h e  high- 
l e v e l  o p e r a t i o n .  

The t o t a l  c u r i e  a c t i v i t y  contained i n  each u n i t ,  t h e  e lapsed ope ra t ing  
t i m e  on t h e  c u r r e n t  run ,  and t h e  count r a t e  a t  each end of t h e  c e n t e r  
product s e c t i o n  a r e  shown below. The  count r a t e  i n d i c a t e s  t h e  l e v e l  of 
enrichment. 

A c t  ivi. t y 
i n  U n i t ,  

Unit  C i  
I_ 

A 515 
AB 107 1. 
B 843 
c 1044 

CD 1906 
D 1150 

Time Since  
Last Prodiic t 
Removal, days 

36 
6 
6 
G 

GO 
36 

Count Rate i n  
Product S e c t i o n ,  

count s / m i  n 

3,500 
12,000 
ll., 300 
n.o,500 
15,500 
13,000 

I n  a d d i t i o n  t o  t h e  m a t e r i a l  i n  t h e  ope ra t ing  u n i t s  t h e r e  are 605 C i  of 
normal (3 .14%) f e e d  m a t e r i a l  i n  a 4 0 - l i t e r  sh i e lded  t ransfer .  t ank  and 
518 C i  of dep le t ed  (<I$) m a t e r i d  i n  t h e  s t o r a g e  c e l l ,  making a t o t a l  
of 7652 c i  of krypton-85 s t o r e d  or i n  p rocess .  
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H. Cesium-13'T Process  and. Product J'echnology 

1. Fission-Product  Process  Study 

The purpose of t h i s  p r o j e c t  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 conversion of f i s s i o n  prodiicts 
(cesium-137 i n  particulFtl ') obtained from r e a c t o r  fuel reprocess ing  
o p e r a t i o n s .  The c u r r e n t  o b j e c t i v e s  are t o  p repa re  t h e  conceptua l  flow 
diagrams f o r  t h e  t h r e e  cesium-137 rwover j r  p rocesses  proposed, t o  estimate 
t h e  number o f  p rocess  func t iona l  u n i t s ,  and t o  i n i t i a t e  s t u d i e s  on t h e  
equi l ibr ium phase behavior  of t h e  C s C l - K C 1  system. 

Pre l iminary  f l o v  diagrams have been prepared f'or Lhree processes  out-  
l i n e d  in t h e  October-November r e p o r t .  Each process  uses  a d i f f e r e n t  
e l u a n t  t o  reniove t h e  cesium compound loaded on t h e  inorganic  ion  
exchanger. Process  1 uses hydrochlor ic  ac id  as the e l u a n t ,  process  2 
uses  n i t r i c  a c i d ,  and process  3 uses  a mixture  of (NH4)2C03 and NH,OH. 

An at tcmpt  has been made t o  estimate t h e  number of func t iona l  u n i t s  
(N i n  t h e  equat ion  pi-escnted i n  IDC Newsletter --- f o r  J u l y  1969, ORNL CF- 
69-8-13) from t h e  pre l iminary  flow diagram f o r  each o f  t h e  t h r e e  
processes .  A f u n c t i o n a l  u n i t  may be def ined  as a group of equipment 
and accesso r i e s  t h a t  axe requi red  t o  perform one s i g n i f i c a n t  process  
f i n e t i o n .  Based on t h i s  d e f i n i t i o n ,  the  e s t i m a t e d  number of func t iona l  
u n i t s  i s  given i n  Table  4. 

T a b l e  4. F u n c t i o n a l  U n i t s  f o r  Three Processes ..._.- 
Equipment w i t h  Ac c p s s o r y  Number of F u n c t i o n a l  U n i t s  

Process 1 ( H C 1  as Eluant )_  

S h i e l d e d  T r a n s f e r  Tank and Feed S t o r a g e  
Evapora t ing  C r y s t a l l i z e r  
Cent I' i fuge 
Dryer o r  C a l c i n e r  

1 
1 
1 
1 
I 

T o t a l  4 

P r o c e s s  2 (e03 as E l u a n t )  

S h i e l d e d  T r a n s f e r  T m k  and Feed S t o r a g e  
Evapora tor  
C r y s t a l l i z e r  
C e n t r i f u g e  
C h l o r i n a t o r  
Dryer o r  C a l c i n e r  

1 
1 
1 

1 
1 - 

T o t a l  6 

P r o c e s s  3 [ ( N H q ) 7 C O ? - N H k O X  as JZl?a~d 

S h i e l d e d  T r a n s f e r  Tank and Feed S t o r a g e  
Primary Evapora tor  
C h l o r i n a t o r  
Evapora t ing  Crys t a l l  i z c r  
C e n t r i f u g ?  
C d c  i ric'r 

1 

I 
1 



It should b e  noted t h a t  both processes  2 and 3 have s i x  f u n c t i o n a l  u n i t s .  
The number o f  f u n c t i o n a l  u n i t s  a lone  i s  i n s u f f i c i e n t  for t h e  economic 
eva lua t ion  of d i f f e r e n t  p rocesses .  However , t h e  f a c t  tha t  t h e  (ITH4 )2C03-  
NH40H s o l u t i o n  would be less c o r r o s i v e  than  KNO3 and t h a t  t h e  former i s  
a more e f f i c i e n t  e l u a n t  t han  t h e  l a t t e r  ( s e e  Table 2 ,  page 5 of IDC Newslet ter  
f o r  May 1969, ORNL CF-69-6-14) may imply t h a t  process  3 i s  economically 
more a t t r a c t i v e  than  process  2.  

A s tudy on t h e  equ i l ib r ium phase behavior  of t h e  C s C 1 - K C l  system has 
been i n i t i a t e d  t o  i n v e s t i g a t e  t h e  p e c u l i a r  behavior  o f  t h e  C s C 1 - K C 1  system 
repor t ed .2  
t r a n s i t i o n  of C s C l  con ta in ing  a small m o u n t  of KC1. The t r a n s i t i o n  teni- 
p e r a t u r e  of pure CsCl i s  1+69Oc. 
t o  sea rch  f o r  any pub l i shed  d a t a  f o r  t h e  system. The only data of some 
s i g n i f i c a n c e  found t hus  far a r e  t h o s e  r e p o r t e d  i n  two t e c h n i c a l  p a p e r s W 3 y 4  
The f i r s t  one d e a l s  w i th  t h e  c r y s t a l l i z a t i o n  s u r f a c e  ( temperatures  of ap- 
pearance of t h e  first c r y s t a l s )  f o r  t h e  C s ,  K ,  N a  I I C l  system, wh i l e  t h e  
t h e  second one p r e s e n t s  t h e  phase diagram f o r  t h e  C s C l - K C 1  system wi th  
some i n d i c a t i o n  of t h e  presence of more t h a n  one s o l i d  phase.  

Th i s  behavior  refers t o  t h e  p o s s i b l e  absence of t h e  s o l i d  phase 

A brief l i t e r a t u r e  survey has been conducted 

I n  January t h e  major emphasis w i l l  be devoted t o  s t u d i e s  on t h e  e q u i l i b -  
r i u m  phase behavior  of t h e  C s C 1 - K C 1  system. 
a g e n e r a l i z e d  semiempirical  method for e v a l u a t i n g  v a r i o u s  conceptual  
designs w i l l  be  continued. 

The work on development of 

2. Cesium Chloride Slab Sources 

A method w a s  developed f o r  r e p a i r i n g  s t a i n l e s s  s tee l  C s C l  powder s t o r a g e  
cans t h a t  had been punctured f o r  gas sanp le  a n a l y s i s .  

A test  powder can f i l l e d  wi th  NaCL w a s  punctured fou r  t imes us ing  t h e  
gas  sampling puncture  equipment. These holes were plugged w i t h  s t a i n -  
less s t e e l  w i r e  l e a v i n g  approximately 3/16 i n .  of excess wi re  p r o t r u a i n g .  
The w i r e  w a s  fused wi th  t h e  powder can by u s i n g  two s e p a r a t e  p u l s e s  from 
a H e l i a r c  welding t o r c h .  The r e p a i r e d  t e s t  powder cans t h a t  were leak 
t e s t e d  under vacuum while  immersed i n  e thy lene  g l y c o l  were t i g h t .  The 
t e s t  can w a s  s ec t ioned  through t h e  welds and weld p e n e t r a t i o n  w a s  equa l  
o r  g r e a t e r  t h a n  t h e  o r i g i n a l  can w a l l  t h i c k n e s s  of 0.065 i n .  
t h e  powder can i s  being examined by t h e  Source S a f e t y  Tes t ing  group t o  
determine i f  it meets t h e  USA DOT requirements f o r  a " s p e c i a l  form" 
c o n t a i n e r .  

A t  p r e s e n t  

'H. H. Van Tuy l  et  a l . ,  I n t e r i m  Report on Low-Cost Cesium Rad ia t ion  
Sources from Hanford Waste Management Program, Battel le  Northwest 
Laboratory,  BNWL-CC-2245 ( J u l y  1969) , p .  5.  
31. I. I l ' y a s o v  and A. G. Bergman, Melting P o i n t s  i n  t h e  C s ,  IC, N a I l C 1  
Ternary System, Russian J. of Inorg.  Chem. 7 ( 3 )  : 355-6 (1962) 
4S. iemciuiny and F. Rambach, Schmelzen d e r  A l k a l i c h l o r i d e ,  Z .  Anorg. - Chem. 65: 418-20 (1910) .  
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RADIATION SOURCE DEVELOl?MEZJE - 08-OL-04 
A. Strontium-90 S i L i a a t e  Sources 

1. Matrix S tud ie s  

Nothing t o  r e p o r t .  

2. Encapsulat ion 

Nothing t o  r e p o r t .  

3. C h a r a c t e r i z a t i o n  

Tes t  s o l u t i o n s  and two pounds of i n a c t i v e  s t ron t ium s i l i c a t e  minibeads have 
been prepared f o r  t h e  c h a r a c t e r i z a t i o n  s t u d i e s .  

B. F a b r i c a t i o n  of Carbon-L4 and,Techneti.um-gg.Hadioa~aphic Sources 

A technique t o  produce c u r i e  q u a n t i t i e s  of elemental  carbon-14 w a s  
needed t o  s a t i f y  two requirements : 
as MoC, i s  needed for t h e  development of carbon-14 sources  and f o r  elemental 
carbon-14. A l i b r a r y  search r evea led  two techniques t h a t  appeared t o  be 
a p p l i c a b l e .  Rutherford' has produced elemental  carbon-13 from CO u s i n g  
hydrogen r educ t ion  on an i r o n  c a t a l y s t  at  a r e a c t i o n  temperature  of 600OC. 
Yields of greater than  90% were obtained wi th  impuri ty  l e v e l s  of less t h a n  
1%. 
carbonate-l4C i n  t h e  presence of va r ious  metals ( N a ,  K ,  Mg? L i ,  Mn) i n  a 
s e a l e d  q u a r t z  t ube .  Ru the r fo rd ' s  technique had t h r e e  disadvantages:  
t h e  i r o n  c a t a l y s t  w a s  d i f f i c u l t  t o  p repa re ,  t h e  hydrogen r e d u c t i o n  coupled 
wi th  c u r i e  q u a n t i t i e s  of carbon-14 w a s  considered t o  be p o t e n t i a l l y  hazard- 
ous if a n  explosion occurred,  and i r o n  c a t a l y s t  contamination of t h e  ele- 
mental carbon could i n t e r f e r e  with t h e  use  of t h e  f i n a l  product .  Rudeman's 
d i r e c t  conversion technique appeared t o  be more a p p l i c a b l e  t o  our p a r t i c u l a r  
problem; however, t h e i r  s tudy  w a s  exp lo ra to ry  i n  n a t u r e  and t h e  h ighes t  
y i e l d  they  obtained w a s  60%. Since n e i t h e r  technique f h l f i l l e d  our r equ i r e -  
ments, a technique which u t i l i z e s  concepts from bo th  procedures w a s  developed, 
I n  t h e  new procedure magnesium metal is used t o  reduce 14C02 obtained by 
a c i d  decomposition of Ba14C03. The 14C02 gas i s  c i r c u l a t e d  through a q u a r t z  
t ube  con ta in ing  a boa t  of magnesium metal heated t o  ' ISO°C i n  an  e l e c t r i c  
t ube  f i r n a c e .  The f i r s t  run of high s p e c i f i c  a c t i v i t y  ( 8 5 % )  14C-barium 
carbonate  t h a t  w a s  processed t o  e lemental  carbon had i2 g r e a t e r  t han  90% 
y i e l d .  

a s t a b l e  carbon-14 compound, such 

Xuderman and Wu6 have produced elemental  carbon-14 by h e a t i n g  barium 

C .  Alpha Source F a b r i c a t i o n  Development 

Nothing t o  r e p o r t .  

% i l l i a m  M.  Rutherford,  P r e p a r a t i o n  of Elemental Carbon-13 i n  High Yie ld  
From 13C02, J .  Am. Chem. SOC. 88: 179 (1966) .  
61. W. Ruderman and C .  S. Wu, P r e p a r a t i o n  of Carbon-14 from Ba14C03-14C,  
AXCD-2412 (1948) .  



D. Sources f o r  Medical A-pplicat i on  

1. Blood Flow P a t t e r n s  Using Radioact ive Minibeads 

A s tudy of blood flow p a t t e r n s  i n  animals a t  t h e  C a r d i o v a s w l a r  Research 
I n s t i t u t e  i n  C a l i f o r n i a  r e q u i r e s  r a d i o a c t i v e  minibeads i n  t h e  10- t o  20-urn- 
d i a  s i z e  range. 
q u a n t i t i e s  of r a d i o a c t i v i t y  i n  t h e  form of s m a l l  spheres  i n t o  t h e  animal 's  
blood stream and t h e n  fol lowing t h e  p a t h  of t h e  spheres  wi th  a p p r o p r i a t e  
r a d i a t i o n  d e t e c t i o n  equipment. The spheres  d e p o s i t  i n  t h e  a r t e r i o l e s  as 
a Punction of blood flow ra te  t o  t h e  v a r i o u s  p a r t s  of t h e  body and 
d e v i a t i o n  from normal blood flow can be observed by scanning.  Strontium-90 
s i l i c a t e  w i l l  not n e c e s s a r i l y  be used; b u t  normal s t ron t ium s i l i c a t e  i s  
being used as a c a r r i e r  f o r  o t h e r  r a d i o n u c l i d e s ,  s i n c e  t h e  f a b r i c a t i o n  
techniques f o r  t h i s  material have been developed. 

The experimental  procedure c o n s i s t s  of i n j e c t i n g  small 

The procedure c o n s i s t e d  of i n j e c t i n g  s t ron t ium s i l i c a t e  f i n e s  (screened 
through a 325-mesh s c r e e n )  i n t o  an a i r  stream ( 2  l i t e r / m i n )  produced by 
applying a vacuum t o  t h e  bottom of t h e  sphere-forming f'urnace. The mini- 
beads were c o l l e c t e d  on g l a s s  wool p l aced  i n  t h e  lower end of t h e  t u b e ;  
e s s e n t i a l l y  a l l  of t h e  Seed was converted to spheres  wi th  an o v e r a l l  
recovery of 95%. 

2.  Sources f o r  Low-Level Beta I r r a d i a t i o n  of Animal Sk ins  

A proposal  f o r  t h e  f a b r i c a t i o n  of fou r  low-level sources  (two sources 
I. t o  2 r a d s / h r  and two sources  10  t o  1 5  r a d s / h r )  was submit ted i n  answer 
t o  an i n q u i r y  f o r  sources t o  be used f o r  low-level b e t a  i r r a d i t i o n  of 
t h e  s k i n  of animals i n  an experimental  program conducted by t h e  Nat ional  
Aeronautics and Space A d n i n i s t r a t i o n .  Two des igns  were submit ted:  a 
square sou rce  capsu le  ( 8  by 8 cm) wi th  a 0.005-in.-thick s t a i n l e s s  s t ee l  
window and an a c t i v e  p l a t e  made  of strontium-90 s i l i c a t e  minibeads en- 
capsu la t ed  i n  an aluminum matr ix  and a f l e x i b l e  source t h a t  could be used 
t o  fo l low t h e  contour of t h e  body of t h e  animal. 

The design of a high-pressure gamma process i r r a d i a t o r  i s  approximately 
80% complete. 

RADIOISOTOPE SOURCE SAFETY TESTTIJG - 08-01-04 

A. S p e c i a l  Form Pro to type  T e s t i n g  

Nothing t o  r e p o r t .  

B. T e s t i n g  Sources w i t h  Manufactured Leaks 

no th ing  t o  r e p o r t .  
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C. S u r v e i l l a n c e  of Regulations and Cask Eva lua t ions  

Up-to-date information on r a d i o i s o t o p e  r e g u l a t i o n s  i s  maintained by 
review of t h e  Fede ra l  Reg i s t e r .  Comments were forwarded t o  A K - O R O  
r ega rd ing  USA DO'P Fede ra l  Highway Admin i s t r a t ion ' s  Notice N o .  69-17, 
Sa fe  Loading of Motor Vehicles .  It was po in ted  ou t  t h a t  while  t h e  
proposed changes t o  r e g i i h t i o n s  p e r t a i n i n g  t o  t h e  secu r ing  of cargoes 
being t r a n s p o r t e d  by motor vehicl-es w i l l  not  p r e s e n t  major problems 
t o  ' the t r a n s p o r t  of large r a d i o a c t i v e  material c o n t a i n e r s ,  minor word 
changes iii t h e  proposed r e g u l a t i o n s  would s i m p l i f y  t h e i r  u t i l i t y  as 
app l i ed  t o  r a d i o a c t i v e  material packaging. It w a s  suggested t h a t  l a r g e  
q u a n t i t y  r a d i o a c t i v e  matertal and f i s s i l e  packaging be included i n  t h e  
l i s t  of exempted a r t i c l e s ,  s i n c e  t h e  s a f e t y  s t anda rds  a l r e a d y  i n  e f f e c t  
for t h e s e  packagings axe much more s t r i n g e n t  t h a n  t h e  proposed r e g u l a t i o n s .  

Large q u a n t i t y  r a d i o a c t i v e  m a t e r i a l  packages are  evaluated pr ior  t o  
a p p l i c a t i o n  f o r  AEC c e r t i f i c a t i o n  and p e t i t i o n s  foy USA DOT approval .  
The SN-XP-7D Thermoelectric Generator arid t h e  W A  F i s s i l e  Package 
GB:0504A/GB:TCC5 were evaluated t o  determine compliance wi th  t h e  s a f e t y  
s tandards of PLFlC Manual Chapter 0529. 
strontium-90 powered the rmoe lec t r i c  gene ra to r  t h e  U. S. Navy used t o  
power a f l o a t i n g  meteorological  s t a t i o n  i.n t h e  Gu1.f of Mexico. This  
gene ra to r  i s  scheduled t o  be r e tu rned  t o  ORNL f o r  i n s p e c t i o n  and s t o r a g e .  
The UKAEA F i s s i l e  Package i s  a B r i t i s h  Type B ,  Cl.ass I fi .ssi le sh ippe r  
s i m i l a r  t o  t h e  design l i s t e d  i n  1AE.A t r a n s p o r t  r e g u l a t i o n s .  This  pack- 
age w i l l  be  used t o  t r a n s p o r t  kilogram q u a n t i t i e s  of 233U02(N03)2 solu- 
t i o n  from ORNL t o  a Euratom s i t e .  

The SNAP-7D dev ice  is  a 224,000-Ci 

A c e r t i f i c a t i o n  t h a t  t i le SNAP-7E Thermoelectric Generator meets t h e  
requirements of AECM-0529 w a s  r ece ived  from AEC-ORO. A p e t i t i o n  f o r  
a s p e c i a l  permi-t w a s  prepared i n  t h e  format of and inc lud ing  t h e  in- 
formation r e q u i r e d  by 49 CFR 170. 
Hazardous Mate r i a l s  Regulat ions Board of t h e  Department of T r a n s p o r t a t i o n ,  

This p e t i t i o n  has been s e n t  t o  t h e  

The s t r u c t u r a l  and thermal  a n a l y s i s  of the l ight-weight  drum package 
f o r  transuranium rad ionuc l ides  i s  cont inuing.  

New designs of shipping con ta ine r s  are t e s t e d  to  determine t h e i r  e€- 
f e c t t v e n e s s  during t r a n s p o r t .  Tes t ing  of s h i e l d i n g  e f€ec t iveness  and 
thermal d i s s i p a t i o n  has been delayed, s i n c e  t h e  6000 lb oP l i t h i u m  
hydroxide monohydrate t o  be used i n  t h e  s h i e l d i n g  test, has not  been 
r ece ived .  

D. Source Leak T e s t  Guide 

A guide fo r  l e &  t e s t i n g  encapsulated r a d i o a c t i v e  souxce's is being 
e d i t e d  f o r  p u b l i c a t i o n .  

E. Sealed Source Tes t ing  

Nothing t o  r e p o r t ,  



F. Unsealed Source T e s t i n g  

T e s t i n g  of comnercial  tritium f o i l s  w a s  continued. 
t e s t i n g  d i d  no t  cover t h e  temperature  span between 25 and 100°C, addi- 
t i o n a l  tests were made a t  44OC. The f o i l s  were c u t  i n t o  e i g h t  equal  
a r e a  s e c t i o n s  and one o€ t h e s e  s e c t i o n s  w a s  t e s t e d  a t  t h e  s t a t e d  t e m -  
p e r a t u r e .  
Ing t o  minimize d i f f e r e n c e s  due t o  humidity. 
of f o i l  w a s  p l aced  i n  a quar t z  t ube  which had been p rehea ted  t o  t h e  
d e s i r e d  temperature;  a dry  a i r  purge T w a s  provided t o  sweep t h e  r e l e a s e d  
tritium i n t o  t h e  recovery t r a i n  t o  o b t a i n  a 2-hr sample. 
l o s s e s  from t h e  1-, 4-, 8-, and 15-Cilin.’  f o i l s  were 0.000126, 
0.0000126, 0.0000088, and 0.0000099%, r e s p e c t i v e l y .  Most of t h e  Losses 
were i n  t h e  form of  tritium o x i d e ,  

S ince  previous 

The f o i l s  were purged w i t h  dry a i r  f o r  16 h r  p r i o r  t o  tes t -  
I n  each tes t  a s e c t i o n  

The  tritium 

G. Examination of Commercial Sources 

A 600-mCi krypton-85 source which had l eaked  i n  use  has been examined 
t o  determine t h e  l o c a t i o n  and n a t u r e  of t h e  l e a k  ho le .  This  source 
had been used i n  a gaging o p e r a t i o n  f o r  approximately 1 . 5  y e a r s .  The 
r a d i o a c t i v e  gas w a s  s i n g l y  encapsulated i n  a monel c y l i n d e r  having a 
O.O02-in.-thick window a t  one end. The s e a l s  were made us ing  a s i l v e r  
s o l d e r .  The source w a s  l o c a t e d  i n  a holder  an6 w a s  he ld  i n  p l a c e  by a 
c o i l  s p r i n g .  
s i l v e r  s o l d e r  seal holding t h e  window t o  t h e  source capsu le .  A visual 
i n s p e c t i o n  at a magn i f i ca t ion  of 30X d i d  not r e v e a l  t h e  reason €or t h e  
f a i l u r e  of t h e  s e a l ,  b u t  it was probably due t o  a weak spo t  i n  t h e  
b r a z e  a r e a .  

The l e a k  was found t o  b e  a 3/8-in. s e p a r a t i o n  of t h e  

Thermal c y c l i n g  might be a problem f o r  t h i s  t ype  of source des ign ,  s i n c e  
it w a s  noted t h a t  each t i m e  t h e  microscope l i g h t  w a s  t u r n e d  on, t h e  
window expanded and made a p ing ing  n o i s e .  This  same no i se  occurred wher. 
t h e  window w a s  allowed t o  c o o l .  Repeated f l e x i n g  of t h e  window i n  t h e r -  
mal cyc l ing  might cause f a t i g u e  f a i l u r e  of t he  seal. 

Small patches of a brown-colored f o r e i g n  material  were v i s i b l e  on t h e  
window of  t h e  sou rce .  I n  some cases t h e  brown material w a s  e a s i l y  
removed, r e v e a l i n g  c l ean  me ta l  beneath,  i n  o t h e r s  p i t  ho le s  were found. 
None of t h e s e  p i t  ho le s  were observed t o  extend through t h e  window. 

TECHNOLOGY UTILIZATION - 08-01-05 
A. Information Center 

The number of  accessioned i tems a v a i l a b l e  f o r  s ea rch ing  by keyvords 
has now reached 16  thousand, and t h e r e  i s  v i r t u a l l y  no indexing baek- 
log .  New a c q u i s i t j o n s  a r e  being indexed and aceessioned as soon a’s 
r ece ived  . 



During December, 89 r eques t s  for inforniakion were received plus r e q u e s t s  
for more t h a n  300 IIC r e p o r t s  and r e p r i n t s .  A l i s t  of reviews i n  
progress i s  given below: 

T i t l e  
m- 

Cement-Po1ymP.r Combinations 

D I D  Research and Developnents - 1969 

Flow bknourement 

Indiu1n-113m: P r e p a r a t i o n  and lises 

Iodine-125 

I s o t o p i c  Methods of E x m i n a t j o n  and 
A u t h e n t i c a t i o n  i n  Art and Archaeology 

L i s t  of A!3C Radioisotope Custon:ers i i i t h  Sum- 
mary ,of Radioisotope Shipinents 

Oceanographya 

P a t e n t  Review - Process  Rad ia t fon  
Develoyment 

P o t a t o  Sprout  I n h i b i t i o n  by Rad ia t ion  

Rad ia t ion  vs Glass 

Radiuisotopes i n  A u t m a t i c  Control  Systems 

Rad io i so topes  i n  t h e  Pharmaceut ical  Indus t ry  

R d i o i s o t o g e s  i n  t h e  S t e e l  I n d u s t r y  

Radioisotopes i n  t h e  T e x t i l e  I n d u s t r y  

Rad io i so topes  i n  X-Ray F luorescence  Ana lys i s  

S e l e c t e d  A h s t r a c t s  of World L i t e r a t u r e  on 
P roduc t ion  and I n d u s t r i a l  IJses of  
Rad io i so topes ,  4 t h  Quar t e r  1969 

Se l f -Di f fus ion  i n  Liquids  

Snow G s g i n g  and Water , V K n y e w n t  

Sti-ont iwi-90 

b 

Technetiim-99m: P r e p a r a t i o n  and Uses 

Use of Radioisotopes i n  Sedimentology 

Wheat D i s i n f e s t a t i o n  - A Worldwide Review 

Wood P l a s t i c s  

Y t t r i m - 3 0  

,"Draft completed; be ing  h e l d  at D I D .  
I._._.- ____ 

Author ( s )  

Martha Ger ra rd ,  P.  S .  Baker,  
R .  E. Greene 

I so topes  I n f o m a t j m  Center  S t a f f  

R.  H .  L a f f e r t y ,  Jr. 

Martha Gerra-d 

P.  S .  Baker,  Martha Ger ra rd  

F. J .  Miller, E .  V .  Say re ,  
B. Keisch 

Ruth C u r l ,  compiler  

I so topes  In fo rma t ion  Center  S t a f f  

R.  E .  Greene. P .  S .  Bsker ,  
Helen Warren 

F. E .  McKinney 

D. N .  Hess 

R .  H .  L a f f e r t y ,  J r .  

P. S. Baker,  Martha Ger ra rd  

Republ ic  S t e e l  Corpora t ion  

F. J. M i l l e r  

R.  H. L a f f e r t y ,  Jr. 

Martha Gerrard.  P.  S .  Baker 

F. J. Miller 

James L.' Smith 

Rober ta  S h o r ,  R .  H .  L a f f e r t y ,  J r . ,  
P.  S .  Baker 

I l e r tha  Ger ra rd ,  P .  S. Baker 
V .  Romanovsky ( t r a n s l a t e d  and 
e d i t e d  bji Martha G e r r a r d )  

F. E .  McKinney 

R .  E. Greene 

Martha Gerrard 

S t a t u s ,  -_ Z complete  
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" W i l l  be i n  s e c t i o n s ;  f i r s t  s e c t i o n  now i n  hand. 

H. I s o t o j e s  and Radiat ion Technology -- 

Galley proof f o r  Isotopes and Radiat ion Technology 7(3) was 
re tu rned  t o  the pub l i she r  (DT'IE) , and maauscript  f o r  7(4) was cornpl-eted. 

checked and 

I n  o rde r  to acquaint hear?; s p e c i a l i s t s  wi-th t h e  c u r r e n t  work being 
sponsored by the A E C  and N H I  on nuc3.enr-powered h e a r t - a s s i s t  d e v i c e s ,  
a s p e c i a l  "Heart" i s s u e  of I so topes  and Radiat ion T e c h n o l o a  'i'( 2) was 
mail.ed t o  2500 members ol" t h e  American Heart Associat ion and t h e  
American College of Cardiology. The e n t i r e  issue i s  devoted t o  a 
coilsliderat j.on of t h e s e  devices  and inc ludes  d e s c r i p t i o n s  of  several. 
isotope-powered h e a r t  c i r c u l a t o r y  devi.ces , d i scuss  ions  of t h e  prepara- 
t i o n  of candidake power f l i d s ,  a b r i e f  mention of t h e  ca rd iac  pacemaker, 
and a report, on in-phantom dosimetry measurements ~ 



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

P. S. Baker, Robert H .  L a f f e r t y ,  J r . ,  Martha Cerrard, R .  E .  Greene, 
F. E. McKinney, F. J. M i l l e r ,  a d  D. N .  Eiess ( E d s . )  and A. F. Rupp 
(Adv i se r ) ,  I so topes  and Radiat ion Technology T ( 2 )  (Winter i 9 6 9 ) .  

P. S.  Baker, "Nuclear Data," pp. 3-63 i n  Handbook of Radioact ive 
Nuclides,  P a r t  I ,  ed. by Yen Wang, The Chemical Rubber Company, 
Cleveland, Ohio, 1969. 

P. S. Baker, "Radionuclides f o r  I n d u s t r i a l  App i i ca t ions  ," pp. 503-ri0 
i n  Handbook of Radioact ive Nuclides,  P a r t  V I I ,  ed. by Yen Wang, T'he 
Chemical Rubber Company , Cleveland, Ohio 1969. 

Martha Gerrard,  Milk P r e s e r v a t i o n  by I o n i z i n g  Rad ia t ion :  L i t e r a t u r e  
Review, ORNL-IIC-26 (November 1969). 

Martha Gerrard and P .  S. Baker, S e l e c t e d  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  TJses of Radioisotopes,  ORNL-IIC-22 ( P a r t  3 )  
(December 1969 ) . 

RA-DIOISOTOFE WPLICATlONS CEVELOPMKNT 

BASIC TECHNOLOGY DEVE1,OPbZNT - 08-03-01 

A. Liquid S c i n t i l l a t i o n  Development 

1. Alpha Rad ia t ion  Damage i n  Phosphors 

Nothing t o  r e p o r t .  

2. Cerenkov Counting 

Nothing t o  r e p o r t .  

SYSTEbE ENCINEERIBG Wl'LICR'LONS - 03-03-02 

A. Oceanographic Systems Study 

P repa ra t ions  f o r  t h e  Oceanside, C a l i f o r n i a ,  experiment i n  February a r e  
cont inuing.  
l a b o r a t o r y  and w i l l  be ready f o r  t h e  f i e l d  t e s t  a t  Oceanside. 

The new core  i n j e c t i o n  dev lce  has  been t e s t e d  i.n t h e  

A s t a t i o n a r y  d e t e c t o r  has been assembled and preliminary- t e s t i n g  has 
heen accomplished. 
a core  i n j e c t i o n .  
electromechanical c a b l e .  P repa ra t ions  for c a l i b r a t i n g  this de1,ecto-r 
with a gold-198 tagged sand core are n e a r l y  complete and t h e  c a l i b r a -  
t i o n  s r i l l  be accorzplished by the end of Jmuary .  

T h i s  detecLor will be used t o  continuously monitor. 
The d e t e c t o r  i s  being ope ra t ed  with 3000 f t  of 
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Severa l  i n t e r p o l a t i o n  techniques  can be  app l i ed  t o  t h e  r a w  d a t a  obta ined  
dur ing  p a s t  survcys.  S ince  t h e  a c t u a l  surveyed weas r e p r e s e n t  on ly  1% of 
t h e  t o t a l  s tudy  a sea ,  i t  i s  assumed t h a t  an i n t e r p o l a t i o n  technique  i s  rc- 
qui  red t o  a c c u r a t e l y  dcsci i b e  t h e  t r a n s p o r t  system. Sirice t h e  r equ i r ed  degree 
of' i n t e r p o l a t i o n  i s  n o t  known, seve ra l  t h e o r i e s  are be ing  t e s t e d .  The r a t e  
of movement of t h e  per imcter  d e f i n i n g  t h e  area coritairiing t h e  r a d i o a c t j v e  
tagged sand can now be c a l c u l a t e d  d i r p c t l y  from t h e  raw datt,a, l i n e a r  i n t e r -  
p o l a t i o n  i n  t h e  x and y d i r e c t i o n ,  l i n e a r  in te r -pola t ion  i n  t h e  x o r  y d i r e c -  
t i o n ,  cubic  s p l i n e 7  i n t e r p o l a t i o l i  i n  the x and y d i r e c t i o n ,  and cubic  s p l i n e  
i n t e r p o l a t i o n  i n  t h e  x or  y d i r e c t i o n .  Hy applying t h e s e  techniques  t o  t h e  
same d a t a ,  t h e  most sui t a b l e  tcchnique  can bp determined. This  in format ion  
can be  f a c t o r e d  i n t o  t h e  data acquj s i t :  on techniques which may u l t j i na t e ly  
s impl i fy  d a t a  a c q u i s i t i o n  and data t r ea tmen t .  i n t e rpo l  a t i o n  i s  also a 
riecwsary s t e p  i n  provid ing  q u a n t i t a t i v e  d a t a  and a r a d i a t i o n  material  
balance.  The inmediate  g o d  i s  t o  process  all of t h e  prev ious ly  c o l l e c t e d  
data and t o  p re sen t  t h e  r e s u l t s  i n  t o p i c a l  r e p o r t s .  S tud ie s  f o r  s imp3i f i -  
c a t i o n  of t h e  survey system c o n t r o l s  are cont inuing .  

B. Nat iona l  S e c u r i t y  

Nothing t o  r e p o r t .  

RADIATION PROCESSING APPLICATIONS DEVELOPMENT 

ORGANIC SYMTHhSIS WITH ISOTOPIC SOURCES - 08-04-01 
A .  Woolen M i l l  E f f luen t  
lll_ 

The r e s u l t s  from t h e  d i e l d r i n  a n a l y s i s  has been rece ived  from Southeas t  Water 
Laboratory.  They a re  shown i n  Table  5. 

Table  5. Resul t s  from Die ldr in  Acalysis  of 
I r r a d i a t e d  Woolen K i l l  Ef f luent  Samples 

___.. ..I- 
Volume, Oxygen T i m e  I r r a d i a t e d ,  Tota l  Percent  Light D i e l d r i n ,  

Kll Pressure. usi m i n  Dose. R Transnjss ion  DU:, 

Yellow-Gold Dye VaJ..Solution ...._ .- 
Control  8.2a 350 

53 
12  

11 
11 

100 1600 
100 Atmospheric 12 
100 1600 6 6.8 x i o 5  98 41 
100 1600 12 
100 1400 12 

1.36 x lo6 

1.36 x lo6 Not measured 
1.36 x l o 6  Not measured 

Bright  Orange Dye Vat SO~~~LI~~ 

Control  5.1b 850 
100 1600 5 5  lb 96 
100 Atmospheric 12 1.36 x l o 6  90; 61 

33 7 100 1600 10 1 . 1 3  x I O 6  
97 100 1600 12 
97 100 1600 12 

1.36 x l o 6  Not measured 
1.36 x l o 6  Not n r n s w c d  

Tota l  Woolen M i l l  Waste 
--_I_ 

Control 22' 450 
100 2000 18' 60 
100 Atmnspheric 71 8 x l o 6  29c 10 

2'L 
- 3  

100 2000 71 8 x l o 6  36' 
38' 100 2000 71 8 x 1 0 6  

cI__I_ I_ ........ ~ ..._ 
412 mu m a x i m u m .  b ~ t  410 mu maximum. ' A t  400 mu mririnmn. 

-- 
7 J .  L .  Walsh, J .  H .  Ahlberg,  and. E. N .  Ni lson,  Best Approximation P r o p e r t i e s  
of t h e  Sp l ine  F i t  , J .  of MzLhcmatics and -Mechanics 11 ( 2 )  : 225-31+ (1962) . -___I_.__ 
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B. R a d i o l y t i c  Hydrolysis of Glycidol  t o  Glycerin 

S y n t h e t i c  g l y c e r i n  i s  being produced a t  a ra te  of 250 m i l l i o n  l b  per  y e a r .  
I n  1968 FMC s t a r t e d  s y n t h e t i c  g l y c e r i n  product ion by a p e r a c e t i c  acid-  
g l y c i d o l  process  at i ts  new Bayport ,  Texas,  p l a n t  which i s  a 40 m i l l i o n  
lb per  yea r  u n i t .  

S ince  t h e  epoxide f u n c t i o n  of g l y c i d o l  can be hydrolyzed it w a s  f e l t  
that gamma r a d i o l y s i s  could be u t i l i z e d  i n  such a process .  
of g l y c i d o l  i n  d i f f e r e n t  so lven t  systems w a s  i n v e s t i g a t e d  and a 50% 
water-50$ a c e t i c  a c i d  mixture w a s  t h e  most e f f i c i e n t .  This  r e s u l t  w a s  
probably due t o  t h e  inc reased  s o l u b i l i t y  of oxygen i n  a c e t i c  a c i d  which 
could be used t o  form the  hydroxyl r a d i c a l s  t h a t  are e s s e n t i a l  f o r  t h e  
conversion ( h y d r o l y s i s )  of g l y c i d o l  t o  g l y c e r i n .  
probably an a c i d  o r  an e s t e r ,  w a s  also produced i n  sma l l e r  amounts. Mass 
spec t romet r i c  a n a l y s i s  is  being conducted on t h e  unknown product .  The 
i n i t i a l  concen t r a t ion  of g l y c e r i n  immediately a f t e r  i r r a d i a t i o n  (1.12 
x l o 7  R )  showed a dependence on t h e  volume of so lven t  used. 

I r r a d i a t i o n  

An uriknown p roduc t ,  

A s tudy  was made t o  compare t h e  rate of conversion between ident ical .  
s o l u t i o n s  of g l y c i d o l  i n  50% water-50% a c e t i c  ac id .  I n  one case  t h e  
s o l u t i o n  w a s  maintained a t  room temperature  for  50 h r  without  exposure 
t o  r a d i a t i o n .  In t h e  o t h e r  t h e  s o l u t i o n  w a s  i r r a d i a t e d  f o r  1 h r  a t  
1 .12  x l o 7  R/hr and t h e n  maintained at  room temperature  f o r  50 hr. 
The experiment was r epea ted  wi th  both samples under 1500 ps ig  of oxygen. 
The r e s u l t s  axe shown i n  Table 6 .  

Table 6. Rate of Conversion t o  Glycerin of Ident ica la  Irradiated and 
Nonirradiated Solut ions of Glycidol and 50% Water-50% Acetic Acid 

T i m e ,  Nonirradiated Sample Irradiated Sampleb 
hr Glycerin, Unknown. % Clvcerin. % Unknown. % 

2 
3 
4 
5 
6 
7 

24 
50 

1 
2 
4 
5 
6 
7 

24 
48 

8.9 
12.0 
14.3 
15.8 
21.7 

62.7 
22.9 

77.2 

No Fressure 

7.6 
8.1 
8.1 
8.9 
9.5 
11.1 
1 5 - 7  
20.1 

14.3 11.3 
21.2 12.8 
23.0 12.5 
25.7 13.7 
30.2 1 4 . 1  
30.9 14.2 
68.9 19.1 
77.8 20.9 

1500 psig of Oxygen 

30.7 
12.1 9.2 32.6 
14.3 9.2 36.2 

21.1 10.3 43.1 
26.8 11.3 C 

18.3 9.8 kO.g 

60.8 17.2 C 
77.4 19 .8 C 

12.3 
12.7 
13.3 
13.7 
14.8 

c 
C 
C 

a 

bDose - 1.12 x l o 7  R/hr for  1 hr .  
'No measurements made due t o  weekend. 

5 ml of g lyc idol  and 10 ml of 50% xater-50% a c e t i c  acid. 
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'I'liere w a s  not much d i f f e re i i cc  j r i  t h c  raLe of conversion when 2 .  ( 3  x lo6 
I?/l i i* fo r  1 h r  WRS used nnd t h e r e  was no advantag? i n  i nc reas ing  t h e  
t o t a l  dose.  No a d d i t i o n a l  stud i P:; w e  p l a n n e d .  

']'he e f f o r t s  i n  January w i l l  be concent ra ted  on a l l y l  alcohol. and i t s  
conversion to  g l y c e r i n  and perhaps on l o n z  cha in  hydrocarbon conversion 
t o  f a t t y  a c i d s .  

RADIOISOTOPE SALES .._I__̂  -__.- 

Requests f o r  quota t ions  w e r e  rece ived  from Sanders NucleLlr Corporat ion 
for an approximately 30,000-Ci strontium-90 hea t  source  and from 
Lovclace Foundation f o r  5- t o  I O - C i  q u a n t i t i e s  of strontjum-89 and 
yttrium-91. An o rde r  w a s  rece ived  from Japan (Mi i sub i sh i )  f o r  5001 C i  
of- prorriethiuni as f.'rn203. 

Shipments made dur ing  December included 6,100 C i  of cesiurn-13'-( t o  
Lockheed-Georgia Nuclear Laboratory- (material i n  t h e  form of sources ; 
the  a c t i v i t y  was b i l l e d  i n  previous f i s c a l  y e a r s ) ,  12 C i  of molybdenun-99 
io Aus t ra l i an  Atomic Energy Comniission, 105,882 Ci of strontium-90 t o  
Isotopes, Inc .  ( m a l ; e r i . a l  i n  t h e  form of sources ;  t h e  ac t fv i . ty  was b i l l . ed  
in previous f i s c a l  y e a r s ) ,  15,000 C i  of tritiiim t o  Great B r i t a i n  (Radio- 
cherni-cal C e n t r e ) ,  and 30,900 C i  of strontium-90 t o  Aero je t  General  
Corporat ion.  

A l i s t  of outs tanding  l a r g e  orders i s  shown below: 

I s o t o p e  

Cesium-137 
Cesium-137 
Cesium-137 
Cesium-137 
Cesium-137 
C esium-137 
Cesium-137 
Cesium-137 
Cesium-137 
C e s  iim- 137 
C es ium-3.37 
C es i urn-137 
C es ium-1.3 -f 

S t r o n t  ium-30 
S t r o n t  ium-90 
Strontium-90 
Strontium-90 
Strontium-90 
S t r o n t  ilxu-90 

~romethium-14'1 
Prov~eihiurn-147 

Amount, C i  

360,000 

-180,000 
-8,000 

~ 207,000 
205,000 

1,180,000 
-194,000 

200,001 
40,000 
20,000 

200,001 
200,001 

-5,000 

300,000 - 532,000 
-105,000 

-41,000 
4,951 

-2,000 

5,100 
5,000 

Customer 
____I- 

Brookhaven Na t iona l  Labora torya  a 
Lockheed-Georgia Nuclear  Labora to ry  

American Nuclear Corpora t iona  a 
U .  S .  Army. Na t i ck  Laborat ,or ies  
I n d u s t r i a l  Reac to r  L a b o r a t o r i e s ,  InC . 
R a d i a t i o n  Machinery Corpora t ion  
Atomic Energy of Canada Limi ted  
Cenerp-L Nuc lea r ,  I n c  . 
R a d i a t i o n  Resources ,  Inc. 
Radiochemj cal C e n t r e  
CEA,  France  
R a d i a t i o n  Resources ,  Inc .  
Misce l laneous  o r d e r s  

C U ,  France  
I s o t o p e s ,  I n c .  
I s o t o p e s ,  I n c  ~ a 
Brookhaven Na t iona l  Labora tory  
R a d i a t i o n  Machinery Corpora t ion  
Kiscellaneous o r d e r s  

Reactor Centrum Nederland 
M i t s u b i s h i  Corpora t ion  ( J a p a n )  

Cerbon-lb 1 ,445  i n C i  C a t h o l i c  U n i v e r s i t y  

a A c t i v i t y  has been b i l l e d  i n  p rev ious  f i s c a l  y e a r s .  Material i s  now 
be ing  f a b r i c a t e d  i n t o  sou rces  or has  a l r e a d y  been f a b r i c a t e d  i n t o  
sou rces  and i s  s t o r e d  for future r e q u e s t s  f o r  sh ipments .  
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Tables 7 and 8 give t h e  ORNL and non-ORBL cyc lo t ron  customers and runs 
for December 1969. 

Table 7 .  ORNL Cyclotron Customers and Runs for December 1969 

Time, hr :min 'I'otQl Customer Product Target 
Beam Misc T o t a l  Charges 

I so topes  Nedymium-140 Fraseodymixm-141 2 : O O  1:05 3 : 0 5  $ j02.92 
Rubidium-83 St ront i~m-84 ?:DO 1:15 3 : i 5  308 . 'I 5 
Gallium-67 Zinc 2:OO :30  2:30 2'55.04 

Physics  Cobalt-61 Nickel-64 1:15 1:15 2:30 247.50 
Cobalt-61 Nickel-64 1:15 1:15 5 : j o  247.50 

ORAU ~ a l i i l ~ m - 6 7  Zinc 
Gallium-67 Zinc 

2 : 2 5  1:15 3:40 343.85 
l :oo :30 1:30 160.04 

11:55 7 : 0 5  l9:OO $1865.60 T o t a l  

Table 8 .  

Customer Product 

Non-ORNL Cyclotron Customers and Runs f o r  December 1969 
T o t a l  Time, hr:min 

Target Beam Misc T o t a l  Charues 

Idaho Nuclear Corporation 

N e w  EnglandaNuclear 
Corporation 

Huntington Hospi ta l  

I n t e r n a t i o n a l  Chemical & 
Nuc 1 ear Corpor a t  iona 

Stocb 

T o t a l s  

Rhenium-183, 
Rhenium-184 

Yttrium-87 
Rubidium-8h 
Y t t r  ium-87 
Gold-195 

Rubidium-84 

Cold-195 

Rubidium-84 

Tungsten 

Strontium-87 
Krypton 
Strontium-87 
Platinum 

Krypton 

Platinum 

Krypton 

4:OO 1:15 5:15 

3 : 3 0  1:15 4:45 
1:30 :25 1 :55  

l4:OO 1:15 15:15 

8 : O O  :50 8:50 

5 : O O  1:15 6 : 1 5  

3 : 3 0  1:15 4:45 

2:oo 2: 00 

41:30 7:30 4 9 : O O  

- - -  

.. ~ 

$ 820.10 

750.10 

750. iob 
27 06 .77 

341.67 

1.383.32 

1446.77b 

$8198.83 

'Cobalt-57 runs t o  I n t e r n a t i o n a l  Chemical & Nuclear Corporation and New England Nuclear 
bCorporation f r o m  last  month have been shipped for  8 t o t a l  of $17,461.78. 

Purchased b u t  not  shipped. 

The radioisotope sales proceeds and shipments f o r  t h e  f i r s t  five months 
of f i s c a l  years 1969 and 1970 are given in Table 9. 

Table 9.  Radioisotope Sa les  and Shipments 

I t a  7-1-68 t h r u  '(-1-69 t t i ru  
11-30-68 1 1 -30-69 

Inventory items $213,539 $279,248 
Major products 43, $30 b8,773 
Radioisotope s e r v i c e s  03,916 71,951 

Miscellaneous process  ea mat Pr i d s  28,403 37,096 
Packing and shipping 33,902 30,42> 

Tota l  Radioisotope Sa les  $467,696 $l+63,OJr? 

Cyclotron i r r a d i a t i o n s  64,606 't5.549 

Tota l  Radioisotope Shipments 1,163 1,011 
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HALIOISOTOPE PRODUCTION 

No cesium-lj7 process ing  was done t h i s  month. 
of cesium-137, i n  l h 5  u n i t s ,  w a s  t r a n s f e r r e d  f o r  source  f a b r i c a t i o n .  

One shipment of 58,000 c i  

STRONTIUM-90 PROCESSlNG 

'itro 3 0 r  I 1  L 2 r l i 0 3  p repa ra t ions  were made us ing  our  new potassium carbonate  
p r e c i p i t a t i o n  procedure.  
t w o  runs  a r e  shown below: 

Material balances and process  de t a i  Is foi- the 

Feed Ana lys i s ,  C i  
Based on feed s to rage  ana lys i s  
Based on i nd iv idua l  batch a n a l y s i s  

Ti02 Addit ion,  g 

pH Adjustment, l i t e r s  
3 fl KHCO? 
5 fl KzCO3 

Product - 90SrTiC13 
Weight, g 
A c t i v i t y  concen t r a t ion  (by 

c d o r i m e t r y ) ,  C i lg  
llncalcined p roduc t ,  C i  
'Total a c t i v i t y ,  C i  

Waste 
Volume, l i t e r s  
Strontiwc-90 P m t e n t ,  C i  

Tot81 Stronti,.~m-90 A c t i v i t y  Balance, Ci 
Feed 
Product 
Waste 
Pe rcen t  accounted for  

Combinea Mater ia l  Balance, Ci 
Feed 
Accounted for 
Percen t  accounted f o r  

Liatch No. 
10s- 

69,900 
58,900 

949 

0.5 
5.0 

1,696 

28.3 
7,500 
55,600 

78 
<lo 

56,90C 
55,600 
0 
94.4 

1 0 1  ,bo0 
102,500 
101 

Batch No. 
11~~-69 

46,200 
b2,500 

663 

0 .9  
5.0 

1,477 

31.7 
0 
L6,800 

68 
L 00 

42,500 
46,800 
100 
110.3 

The apparent  d i sc repanc ie s  i n  t h e  t w o  runs  probably r e s u l t e d  from a 
holdup of product  i n  t he  system dur ing  t h e  f i r s t  ba tch .  The gene ra l  
handl ing a spec t s  of the new process  are d e f i n i t e l y  superior t o  t hose  
of t h e  ammonium carbonate  process  and product  q u a l i t y  is  comparable. 

Decontarni n a t i o n  of t h r e e  manipulator  c e l l s  used for cesium-13'7 process ing  
and genera l  ope ra t ions  i s  underway. A l l  w a s t e  and d i sposab le  equipment 
ha5 been removed from t h e s e  c e l l s  and remote decontamination w a s  s t a r t e d .  

The t o p  s h i e l d  from a sh ie lded  s e r v i c e  area. w a s  removed i n  p r e p a r a t i o n  
f o r  t h e  i n s t a l l a t i o n  of a f i l t e r / ? e b u m i d i f i e r  i n  the off-gas system. 
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The p ip ing  i n  t h e  unloading s t a t i o n  f o r  f eed  shipping casks i s  being 
r e v i s e d  for use w i t h  t h e  new IIAPO-type cesium-137 cask; t h i s  work i s  
approximately 70% complete.  A dummy cask head has been f a b r i c a t e d  and 
w i l l  be  used t o  check ou t  t h i s  r e v i s e d  p i p i n g  as w e l l  as t o  f a m i l i a r i z e  
o p e r a t i n g  pe r sonne l  w i th  t h e  new cask connection procedures .  

One of t h e  two large-volume chemical makeup systems w a s  removed except  
f o r  t h e  s o l u t i o n  a d d i t i o n  l i n e s  t o  p rocess  v e s s e l s .  Two g love  boxes 
w i l l  be  i n s t a l l e d  i n  t h e  a r e a  formerly occupied by t h e s e  makeup t a n k s .  
The glove box system w i l l  be  used f o r  p r e p a r a t i o n  of encapsu la t ion  mate- 
r ials,  i n s p e c t i o n s ,  and s i m i l a r  work. 

An e x i s t i n g  large-volume gas s t o r a g e  system w a s  t e s t e d  and r ep iped  to 
prov ide  an argon supply system f o r  several uses  i n  FPDL. This  r e v i s i o n  
w i l l  e l i m i n a t e  t h e  hand l ing  of l a r g e  numbers of gas  c y l i n d e r s .  The n i t r i c  
a c i d  s t o r a g e  system w a s  a l so  reworked s o  t h a t  t h e  main s t o r a g e  t ank  can 
be f i l l e d  from a t ank  t r u c k  by g r a v i t y  flow. This r e v i s i o n  provides  t h e  
a b i l i t y  t o  r e c e i v e  t h e  less-expensive bulk a c i d  and e l i m i n a t e s  t h e  problems 
a s s o c i a t e d  wi th  s t o r a g e ,  handl ing,  and pumping of n i t r i c  a c i d  i n  s m a l l  
c o n t a i n e r s .  

There were n i n e  manipulator pu l l s  during t h e  month; fou r  were f o r  
mechanical r e p a i r s  and f i v e  f o r  boot replacement.  Two l oads  of con- 
taminated waste were d e l i v e r e d  t o  t h e  S o l i d  Waste Di sposa l  Area. 
posa l  of s o l i d  waste i s  now on a c u r r e n t  b a s i s .  A large-volume sh ie lded  
waste con ta ine r  has been f a b r i c a t e d  and i s  undergoing t e s t s .  This  con- 
t a i n e r  has  less s h i e l d i n g  than  t h e  p r e s e n t l y  used waste c o n t a i n e r s  bu t  
w i l l  accept  a 55-gal drum (vs approximately 15 g a l  t o t a l  volume f o r  t h e  
h e a v i l y  s h i e l d e d  c o n t a i n e r s ) .  With proper  s eg rega t ion  and p rec l ean ing  
of contaminated waste, t h e  number of waste t r a n s f e r s  should be reduced 
s i g n i f i c a n t l y  by t h e  use  of t h i s  new con ta ine r .  

D i s -  

SOURCS FAbXCk'I IO;< 

A. Cesium-13'T 

F a b r i c a t i o n  of BNL-strip 137CsC1 sources  continued on a r o u t i n e  basis. 
Twenty-six of t h e s e  u n i t s  were f a b r i c a t e d  and t e s t e d ;  t h e s e  w e  now on 
s h e l f - t e s t  p r e p a r a t o r y  t o  shipment. This c y c l e  included 11 f u l l y  loaded 
sources  and 15 p a t t e r n e d  sources ( f i v e  d i f f e r e n t  t y p e s ) .  Only one r e j e c t ,  
a l e a k i n g  o u t e r  capsu le ,  w a s  experienced during t h i s  c y c l e .  To d a t e  59 
r e c t a n g u l a r  sources  have been f a b r i c a t e d  and t e s t e d  by t h e  new procedures.  

Welding of a b a t c h  of c y l i n d r i c a l  400-Ci 137CsC1 f u e l e d  sources  w a s  
s tarted.  
are  on s h e l f - t e s t  f o r  Rad ia t ion  Machinery Corporat ion.  

This o r d e r  i s  f o r  210 units of which 84 have been completed and 

Three short-form BNL-strip sources con ta in ing  2,000 C i  each were shipped 
t o  Lockheed-Georgia Company. 
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E3. Strontium-90 

One ,720-T.r "SrTi03 source (106,000 C i )  w a s  1oa.ded i n t o  a generator  and 
shipped t o  I s o t o p e s ,  Inc.  The SNAP-23 source (166,000 C i )  was loaded 
into a n  experimental  generator  and shipped t o  Westinghouse. 

SHORT-LIVED FISSlON PRODUCT OPERATIONS 

Nothing t o  r e p o r t .  

SPECIU FORM MATERIALS 

Four hot-pressed gOSrTi03 p e l l e t s  were canned j n  i n d i v i d u a l  custonier- 
suppl ied s t a i n l e s s  s t e e l  con ta ine r s  which were welded, t e s l e d ,  and 
loaded i n t o  two casks for shipment. Ca lo r ime t r i c  assay of t h e  completed 
u n i t s  showed t h a t  a11 were i d e n t i c a l  i n  hea t  output - 52.5  W each. These 
p e l l e t s  were made from 90SrTi03 prepared by t he  potassium carbonate  
procedure.  No 
s i g n i f i c a n t  d i f f e r e n c e s  i n  pe l le t ,  c h a r a c t e r i s t i c s  were observed i n  t h e s e  
p e l l e t s  as compared t o  s i m i l a r  p e l l e t s  made from qOSrTiO, prepaced by the 
,mmonium carbonate  p rocess .  

The average power d e n s i t y  of t h e  p e l l e t s  was 0.93 W/cm3. 

OPERATlIONAL SUPMABY 

Cesium-137 

HAP0 s h i p e n t s  rece ived  
Picduct. ba tches  prepared 
Sources f a b r i c a t e d  
S p e c i a l  f o r a  c o n t a i n e r s  

S t ron t imn-90 

HAP0 s h i p e n t s  r e c e i v e d  
Product ba t -hes  prepared 
Sources f a b r  i c a t e a  
S p e c i a l  form c o n t a i c e r s  

0 0 
0 0 
26 112,000 
0 0 

0 0 
2 102,50c 
0 3 
L 30,9013 

1969 T o t a l s  
N,mbar Amount, C i  __ 

0 0 
20 231,000 

0 0 
322 047,000 

0 0 
11 409,500 
0 0 
9 32,900 

PROCESS STATUS 
_111 

P h y s i c a l  Inventory  

I t  em 

In-process mater ia ls  
Product powder 
Soiirces i n  f a b r i c a t i o n  
Cor.pleted sources  

Cesium-137,' Stron+,ium-90,b 
C i  C i  

244,500 1,693.6CC 
433,800 933,000 

60,roo ??2,90C 

401,600 - 4-' 

Total 1 ,14 0.1 30 3,260.9C0 

:Includes @35,000 C i  of b i l l e d  rna?erial. 
- Inc ludes  '+20,000 C i  o f  b i l l e d  material. 
LInc ludes  s t o r e d  sources  (SNAPS,  Sent i r .e l ,  e t c .  ) .  



MISCELLAXEOUS RADIOISOTOPE PROCESSING 

Short-Lived Fission Products  Processed Units  Se rv ice  Irradiations 
No. of 

Type I r r e d i a t i o n s  ~ Radioisotope i",t,",s Rdioisotope No. of h u n t ,  

Xenon-133 2 1,200 Indim-114 1 
Batches Ci 

Iodine-131 2 160 copper-67 2 28 ORA monitor 1 
Rutheniurc-103 1 22 calcium-47 1 12 Platinium-196 3 

1 

(e l emen ta l )  Gold 1 
1 

20: %:,, 1 
Bwium-131 1 
Iodine-131 1 

- - - - S i 0 2  - 
T o t a l  5 1,382 6 1.534 9 

A recovery run of cerium-144 i s  i n  progress  at the Short-Lived F i s s i o n  
Product c e l l s .  The feed material f o r  t h i s  run c o n s i s t s  of r e t a i n e d  
f iss ion-product  c u t s  f r o m  t h e  recovery of other i s o t o p e s .  A sample of 
t h i s  f e e d  material i n d i c a t e s  that approximately 40 C i  of ceriun-1144 
is  p r e s e n t .  This  product w i l l  be  p u r i f i e d  for s m a l l  q u a n t i t y  shipments 
t o  customers r e q u i r i n g  processed m a t e r i a l .  
t h a n  50-Ci q u a n t i t i e s  of aged cerium-144 cannot be m e t  w i th  thL 1 s  method 
of p rocess ing .  

Requirements f o r  g r e a t e r  

ADMINISTKAT'IVE SECT I O N  

T rave l  by I D C  personnel  and v i s i t o r s  t o  t h e  I D C  a r e  given i n  Tables  1 0  
and 11, r e s p e c t i v e l y .  

Table 10. Travel  by IDC Personnel 

S i t e  Vis i ted  Purpose of V i s i t  

m u x v i l l e ,  Tennessee 

Oak Ridge, Tennessee 

Attend t r a i n i n g  sess ion  on use of MT/ST 

Attend ORAU Medical Divis ion symposium 

T a b l e  11. V i s i t o r s  t o  IDC 

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

A t l a n t i c  Richf ie ld  Hanford 
Corporation equipment 

National Bureau of Standards Discuss r e a c t o r  and i so topes  problems 

Accelerator  and Radiat ion Inspect  cyc lo t ron  f a c i l i t i e s  
Source Review Committee 

Discuss manipulator c e l l  design and 
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