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F A D I O I S O T Q P E  PROGRArl (8000) P R O G R E S S  REPORT 
FOR DECEKBER 1971 - 

A ,  F. Rupp 

R A D I O I S O T O P E  PRODUCTION AND !?ATERIALS DEVEL0PI:ENT 

REACTOR-PRODUCED I S O T O P E S  - 08-01-01 

A e E3 i omed i ca 1 Rad i o i s o t o pe s 

1 .  Phosphorus-33 

The purpose of t h i s  p ro jec t  i s  t o  develop methods of 
preparing hundred-millacurie q u a n t i t i e s  of c a r r i e r -  
f r e e  phosphorus-33 containing 5 5% phosphorus- 32. 
The two methods of producing phosphorus-33 being evalu- 
a t ed  are based on the i r r a d i a t i o n  of highly enriched 
t a r g e t s  of sulfur-33 (b92 a t ,  % )  o r  chlorine-35 
(approximately 63 a t ,  % )  i n  a f a s t  neutron f lux .  

Phosphorus-33 (25.2 days; 0.248-!lev BGaXI has both 
a longer h a l f - l i f e  and a lower energy b e t a  than 
phosphorus-32 (14 3 days ; 1.709-PIeV $;tax) which 
makes it advantageous f o r  autoradiography, longer 
ecologica l  and a g r i c u l t u r a l  experiments than with 
phosphorus-32, synthesss  of tagged complex organo- 
phosphorus compounds, and double l abe l ing  experiments. 

A t a r g e t  containing 1-06 g of 69% enriched K J 6 C 1  w a s  processed a f t e r  
i r r a d i a t i o n  f o r  four  cyc les  i n  the  HFIR.  Since previous low y ie lds  were 
suspected to  occur because of formation of polyphosphates i n  neu t r a l  
s o l u t i o n ,  the  i ron  hydroxide p r e c i p i t a t i o n  was made immediately follow- 
ing d i s so lu t ion  of the  KCI. t a r g e t .  The y i e l d  of phosphorus-33 product 
one week a f t e r  discharge w a s  g r e a t e r  than 1 Ci a s  w a s  expected, thus 
supporting the  need f o r  expedi t ious campletion of t h e  f z r s t  Fe (OH) 3 
p r e c i p i t a t i o n .  In  a previous run the  d isso lved  t a r g e t  was allowed t o  
s tand f o r  a few days with a r e s u l t a n t  y i e l d  of: about half t h a t  expected, 
The phosphorus-32 content  which w a s  6.5% a t  processing WLU reach 5% on 
January 2 a t  which t i m e  t he re  w i l l  be 735 m C i  of phosphorus-33. N o  gamma 
a c t i v i t i e s  were de tec ted  i n  the  product.  The phosphorus-3% content  should 
have been a t  the  1% l e v e l ,  but a spark source ana lys i s  of the  t a r g e t  
showed the  presence of na tu ra l  sulfur which would introduce phosphorus-32 
v i a  the  ? 2 S  In ,p j “P r eac t ion  * 

The chlorine-35 abundance has decreased LO a few percenk and a t  t h i s  l e v e l  
t he  chlorine-36 w i l l  be burned out f a s t e r  than it i s  replaced and i t s  
abundance with r e spec t  t o  chlorine-37 w i l l  gradual ly  decrease,  For chis 
reason the target:  w i l l  be extended by blending i n  53% enriched chlorine-36 
t n  r a i s e  the  abundance of chlorine-35 co the  l e v e l  of 5 - L O % ,  
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2 .  Potassi  u1:1-43 

The ob jec t ives  of t h i s  p r o j e c t  are: t o  prepare potassiurn.43 
by t h e  4 3 C a  (n ,p )  43K r eac t ion  , using i s o t o p i c a l l y  enriched 
4 3 C a 0  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 o g i c a l  experiments; t o  de f ine  a method f o r  s epa ra t ing  
potassium-43 from the  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- 
cal  use;  and t o  e s t a b l i s h  cooperative programs with 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  usefulness .. 
Potassium-43, with a h a l f - l i f e  of 22.5 h r  and gamma-ray 
emissions of 0.373 and 0.617 MeV, is  p o t e n t i a l l y  useEul 
fo r  metabolic and c l i n i c a l  s t u d i e s  of blood flow, r e j e c t i o n  
of t ransplan ted  organs I and kidney func t ion  because t h e  
dose r a t e  would permit mul t ip le  doses.  

Three batches of potassium-43 were shipped. Recipients included National 
I n s t i t u t e s  of Health , Johns Hopkins Medical I n s t i t u t e s ,  [Jnivers i ty  Hospi- 
t a l s  of Cleveland, University of Texas Medical Center of Galveston , and 
V.  A.  Center ,  Wood, Wisconsin. D a t a  f o r  t he  runs are s u m a r i z e d  i n  
Tables 1 and 2 .  

Table 1. Yield of Potassium-43 from Calcium-43 Targets 
__ - 

Targets Targets Targets 
410,437 445-6 
___I__ ___--_c___ - 434-5 - I I  ~ _I 

Weight 4 3 C a 0  (mg) 27 3a 2 5 9  261' 

I r r a d i a t i o n  t i m e  ( h r )  65.95 65.5 66.0 

Product de l ive ry  da t e  ll./30/71 12/8/71 12/28/7 1 

Tota l  product a t  8 : O O  AM 
on de l ive ry  d a t e  (mCi) 

1'0 tas sium-4 3 14 .9  14.0 1 9 - 1  
PO t a  ssi urn-4 2 1 . 9  (13.05) 1 . 7  ( 1 2 , l % )  2 .3  ( 1 2 , 2 % )  

49% calcium-43 recovered 10/28/71. a 

b61 e 6% calcium recovered 10/13/71 and 1 1 / 1 1 / 7 1  
c49% calcium-43 recovered 12/15/71 from t a r g e t s  434-5. 

The batches cons i s t ed  of two t a r g e t s  total.i.ny over 250 mg I t3CaO.  
t i v e  of 20  mCi of product per batch w a s  approached i n  t h e  batch conta in ing  
t a r g e t s  445-6. N o  problem of separa t ion  of sodium and potassium was en- 
countered even though t h e  ion-exchanger loading r e s u l t i n g  from processing 
two t a r g e t s  w a s  about 50% o f  the column capac i ty .  Because of t h i s  sa t is-  
f ac to ry  sepa ra t ion ,  a procedure to remove m o s t  of t h e  calcium by meta thes is  
of the oxide t o  the  carbonate and f i l t e r i n g  has been abandoned because of 
poor y i e l d  of potassium-43, Only complete d i s s o l u t i o n  of the t a r g e t  assures 
good potassiuni-43 recovery, and t h e  subsequent a d d i t i o n  of a p r e c i p i t a t i n g  

The oblec- 
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Table 2. Radionuclides Found i n  Dissolver Sample by Gamma Scanning 

a Act ivi ty  a t  Discharge Act ivi ty  Concentration a t  
Radio- (mci) Dischaxge (pCi/mg of target)  
nuclide Targets Targets Targets Targets Targets Targets 

434-5 418,437 445-6 434-5 418,437 445-6 

'K 

42K 

24Na 

'Mn 

B7mSr 

7Ca 

4 6 s c  

7 s c  

6 4 c u  

l40L, 

5 3 ~ m  
69mzl-J 

k r  
'AU 

22.5 h 

12.4 h 

15.0 h 

2.5% h 

2.83 h 

4.53 d 

83.8 d 

3.4 d 

12.7 h 

40.2 h 

46.7 h 

13.8 h 

3.15 d 

27.7 d 

37.5 

9.5 

7.4 

35.5 

18.4 

0.94 

10.4 

1.1 

0.44 
- 
- 
- 
- 

- 

39.3 

9.8 

1.9 

- 
47.4 

0.47 

2.4 

0.56 

3.6 

0.35 

0.35 

0.18 
- 

0.04 

48 

12 

4.6 

44 

30 

1 .o 
3.9 

1.0 

7.4 

0.04 

0.04 

0.4 

1.1 

0.05 

137 

36 

27 

130 

67 

3.4 

38 

4.0 

1.6 
- 
- 
- 
- 
- 

155 

39 

7.5 
- 

187 

1.86 

9.5 

2.2 

14 

1.4 

0.95 

0.71 
- 
0.16 

183 

45 

17 

167 

116 

3.4 

15 

3.9 

28 

0.17 

0.68 

1.5 

4.5 

0.19 

a ~ o t a l  t a rge t .  

agent involves t h e  same anwunt of column loading. 
be dissolved i n  a near s toichiometr ic  amount of  HC1,  thus  e l imina t ing  t h e  
need f o r  b o i l i n g  t o  dryness t o  remove excess HC1. 

The e lu t ion  of the sodium-24 and potassium-43 peaks i s  monitored by a 
shielded in -ce l l  gamma probe. The calcium i s  recovered by s t r i p p i n g  the  
column with 50 m l  of 5 h' H C l .  M o s t  of the scandium impurity is  l e f t  on 
the  column while t he  calcium i s  completely remved.  

The t a r g e t  43Ca0  can 

The presence of neptunium-239 ( 2 . 3 5  d )  w a s  a l s o  de tec ted  i n  t he  column 
s t r ip  s o l u t i o n  following the  50-ml portion containing the calcium. 
Neptunium-239 has been a suspected contaminant i n  o t h e r  samples, bu t  i ts  
presence i s  now confirmed. The o r ig in  i s  bel ieved to be from na tu ra l  
uranium i n  the  l a tes t  batch of Supers i l  quar tz  used f o r  ampuls. I t  had 
been previously observed t h a t  the  broken qua r t z  ampuls exposed t o  a high 
f luence i n  the  H F I R  would y i e ld  f i s s i o n  products when leached with s t rong  
El. The amount of neptunium-239 was only a few microcuries ,  bu t  caut ion 
should be exercised i n  d isso lv ing  t a r g e t s  so as t o  avoid leaching the  
ampul fragments as much as poss ib le .  Careful checks f o r  long-lived con- 
taminants have been made on a l l  batches of potassium-43, and the usual 
l e v e l  of such contaminants is < l O  nCi/ml a t  the  reference t i m e .  Typical 
contaminants have been 59Fe, 6oCo, 47Sc, 51Cr ,  and 84Rb. 
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B ,  Gadolinium-153 

Gadolinium-153 (241 days) i s  an important radionucl ide 
because it decays by e lec t ron  capture  t o  y i e l d  predominantly 
100-keV photons. This energy range is  use fu l  i n  backsca t te r  
and transmission gaging, as well  as having appl ica t ions  i n  
o ther  f i e l d s .  Highly enriched transmutation product 
gadolinium-152 i s  prepared by chemically separa t ing  it from 
neutron burned-out europium cont ro l  p l a t e s  from IiFIR. The 
>90% abundant gadolinium-152 i s  not ava i l ab le  from ca lu t ron  
separa t ions  and can only be obtained a t  reasonable c o s t  a s  
a by-product of the  H F I R  r eac to r  operat ions a t  the  present  
t i m e  

A 3-Ci batch of gadolinium-153 was p u r i f i e d  t o  obsain a product with a 
radionucl ide p u r i t y  l e v e l  of >99.98%. The only i d e n t i f i a b l e  sontaminant 
was 72.4-day terbium-160, which is  produced from gadolinium-158, This 
mater ia l  was encapsulated and shipped t o  a customer w h o  i s  using it t o  
determine t r a c e s  of lead i n  metals.  

A 5-Ci batch i s  cu r ren t ly  being processed t o  f i l l  s eve ra l  o rde r s  for 
gadolinium-153 sources.  

6 .  Tel lur ium-1231~i  

Several sources containing tellurium-123m have been fabricaced f o r  experi-  
ments t o  develop a new method f o r  obtaining infornut ion  concerning the  
e l ec t ron  d i s t r i b u t i o n  i n  mat ter  by Compton s c a t t e r i n g  measurements. The 
isotope decays by isomeric t r a n s i t i o n  with a h a l f - l i f e  of 120  days and 
e m i t s  a 159-keV gamma with an abundance of 84%. Tellurium-123m is produced 
by neutron i r r a d i a t i o n  of enriched telluri-um-122 e 

l ists  the c ros s  sec t ion  of tellurium-122 t o  produce tellurium-123m as 
approximately 1 barn. 

Published l i t e r a t u r e ’  

Four i r r a d i a t i o n s ,  one i n  the HFIR for  3 days and th ree  i n  t he  ORR f o r  
2 1  days, have produced approximately 1 mCi/mg of t a r g e t ,  This yisXd ind ica t e s  
an e f f e c t i v e  burnup cross  sec t ion  f o r  tellurium-123x1 of approximately 
8,000 barns.  To tes t  a method t o  increase the  tellurium-123m y i e l d ,  two 
3-mg samples were placed i n  the ORR,  one sh ie lded  with cadmium and one 
unshielded, and i r r a d i a t e d  f o r  7 days a The cadmium-shielded sa.mple pro- 
duced 0.48 mCi/mg of t a r g e t ,  and the  unshielded sample produced 0,68 
m C i / m g  . .4ddi ti onal cross-sect ion measurements a r e  needed before the  
production parameters can be f u l l y  understood. Any increase  i n  y i e l d  
he lps ,  s ince  the  enriched t a r g e t  is  expensive and in short supply; how- 
ever ,  the  t a r g e t  mater ia l  i s  being recycled t u  make f u l l  use of ava i l ab le  
mater ia l .  

lNkicZeai? Data Sheets , P a r t  5 ,  1959-1965 
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D .  Reactor Products P i l o t  Product ion 
(Product ion and Inventory Accounts) 

Service I r r a d i a t i o n s  
Radibisotope Amount (mCi 'I Type Number 

__lll 

Processed Units 
_lll 

Calcium-47 
Copper -6 7 

4 Te  l l u r i  um- 1 2  2 2 
1 2  Platinum- 196 2 

1 . C o p p e r 4 7  

A review of the  copper-67-zinc separa t ion  procedure rou t ine ly  used f o r  
production o f  c a r r i e r - f r e e  copper-67 (61.6 h )  w a s  made. This procedure,  
based so lvent  ex t r ac t ion  of capper i n t o  0.02 M thenoyl t r i f luoroace tone  
(TTA) i n  benzene from p H  3.5 aqueous so lu t ion  and anion-exchange chromatog- 

raphy to  remove t r a c e s  of z inc not  separated by the so lvent  ex t r ac t ion ,  
was found t o  be unduly lengthy, un re l i ab le  for rou t ine  use, and i n e f f i c i e n t .  
Since the  f i n a l  products from t h i s  earlier procedure had been shown t o  
be phys io logica l ly  s u i t a b l e  €or human use ,  it w a s  decided t o  s t ay  with 
the  bas i c  TTA-benzene ex t r ac t ion  system, but  with g r e a t l y  a l t e r e d  condi t ions 
and procedures,  

A new procedure has been devised,  based on the  data of Poskanzer and 
Foreman,' and Scruggs, K i m ,  and L i , 3  and t e s t e d  by both t r ace r - l eve l  
experiments and a f u l l - s c a l e  production run. The new procedure i s  based 
on the  ex t r ac t ion  of copper i n t o  0 .2  M TTA i n  benzene from 0.01 bl HC1 
so lu t ion ,  followed by extensive washing of the  organic  w i t h  0 .01 M H C 1  
to  remove t r a c e s  of zinc-65 r a t h e r  than the  anion-exchange column used 
previously.  High-resolution gama  pulse  he ight  ana lys i s  of an "aged" 
sample (approximately 10 days o l d )  of the  f i n a l  product from the  f i r s t  
production-scale run using t h i s  new procedure w a s  performed t o  charac- 
terize the  product.  A product p u r i t y  (exclusive of o the r  copper i so topes)  
of 299.80% copper-67 was determined. The major radiocontaminant was 
neptunim-239 (2.35 d )  thought t o  be leached from the qua r t z  i r r a d i a t i o n  
ampul. The only o the r  radiocontaminants de t ec t ed  were scandium-46 
(83.8 d )  and iron-59 (45,O d ) ,  both p re sen t  a t  a level ~f ~0,01%, No 
zinc i so topes  were de tec ted  i n  the  f i n a l  product,  whereas che i n i t i a l  
d i s so lve r  so lu t ion  contained (as of 0800 on the  day of shipment) approxi- 
mately 45  mCi of zinc-65 (243.7 d )  and approximately 640 r n C i  of zinc-69m 
(13.7 h ) ,  A chemical y i e l d  of 490% was achieved for t h i s  f i r s t  production 
run. Additional process development w i l l  be undertaken i n  an at tempt  t o  
reduce the  amount of neptunium-239 contaminant i n  the  f i n a l  product ,  
Future production runs w i l l  be followed t o  determine the  opera t ing  re- 
l i a b i l i t y  of t h i s  new process and to b e t t e r  cha rac t e r i ze  the  t ' i na l  products 
obtained.  

2A, M. Poskanzer and B. 14. Foreman, Jr.,  J .  I n o ~ g .  Iny7UCzo C h m ,  - 16,  323 
(1961) 
3R,  L ,  Scruggs, T.  K i m ,  and N. C. Li, J .  P h y s ,  Cbzem. - 6 7 ,  2194 119631. 
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ACCELERATOR-PRODUCED ISOTOPES - 08-01-02 

A.  Biomedical Radioisotopes 

1 Gal 1 ium-67 

The objec t ives  of t h i s  program a r e  to  determine the  optimal 
t a r g e t  configurat ion f o r  gallium-67 (78 - 2  h r )  production by 
the  68Zn (p,2n) 67Ga reac t ion  in  acceptable  pu r i ty  and quan- 
t i t y  and t o  provide gallium-67 f o r  c l i n i c a l  appl ica t ions  
research and development. I n t e r e s t  i n  this i so tope  has 
been spurred by evidence, obtained by the  Medical Division 
of Oak Ridge Associated Univers i t ies  ! O R W )  , of a high up- 
take of ca r r i e r - f r ee  gallium-67 by lymphoid tumors i n  both 
animals and humans. 

Gallium-67 decays by e l ec t ron  capture  with the emission 
of four  main gamma rays  of 93, 185, 300, and 394 k e V  wlth 
i n t e n s i t i e s  of 4 2 ,  24,  17, and 5 % ,  respec t ive ly .  

Due t o  the  in t e r rup t ion  of the regular  production schedule by the  
Christmas hol idays,  only three  weekly shipments of 100-mC1 batches of 
gallium-67 c i t r a t e  were supplied t o  ORAU during t h i s  per iod as p a r t  of 
the  Cooperative Group t o  Study Local izat ion o f  Radiopharmaceuticals 
(CGSLR) p r o j e c t ,  with minor f r a c t i o n s  of each batch being packaged a s  
the  ch lor ide  and suppl ied t o  o t h e r s ,  

Development work has been continued on an eleetrodeposi  ted  zinc-on- 
copper t a r g e t  design during t h i s  per iod.  I r r a d i a t i o n  of a 10.2-mil- 
thick zinc p l a t e  t a r g e t  under the condi t ions descr ibed e a r l i e r '  y ie lded 
e s s e n t i a l l y  the same production r a t e  f o r  the  *Zn (p ,2n) "Ga r eac t ion  
path as an  8.5-mil-thick p l a t e  t a r g e t .  These da ta  i n d i c a t e  t h a t ,  under 
the  i r r a d i a t i o n  condi t ions and geometry used, an 8.5-mil z inc p l a t e  is 
" i n f i n i t e l y  th i ck"  f o r  the  (p,211) r eac t ion .  The e f f e c t  of t a r g e t  thick-  
ness w i l l  be inves t iga ted  f u r t h e r  i n  order  t o  optimize the  (p,2nS pro- 
duction r a t e  and t a r g e t  cool ingo  Once the optimal t a r g e t  design has been 
determined, the  design w i  IS he i r r a d i a t e d  a t  mcreas ingly  higher proton 
beam cur ren t s  i n  order  t o  determine i t s  f a i l u r e  p o i n t ,  Values for these  
parameters and t h e i r  r e l i a b i l i t y  w i l l  be determined before rou t ine  
production with enriched zinc-68 i s  undertaken. 

Experiments using na tu ra l  z inc  t a r g e t s  i n d i c a t e  t h a t  a maximum 'chick t a r -  
g e t  production r a t e  o€ approximately 1.4 Ci/mA-hr may be expected f o r  a 
98,5% enriched zinc-68 t a r g e t .  Such an enriched t a r g e t  would o f f e r  a 
cyclotron y i e ld  of a t  l e a s t  280 mCi/hr and a product WL~A 5 5 %  gal l~um-66 
a t  end of bombardment, 

~- 
''A 
ORNL-TM-3653, Oak Ridge National Laboratory (December 1971) 

F. Rupp, Radioisotope P%oyram 180001 Progress Rspo~t fcr N~uembr;?~ 1971, 
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2 .  Indium-111 

The ob jec t ives  of t h i s  program have been t o  de f ine  and 
optimize the  p e r t i n e n t  production parameters f o r  the  
economical production of indium-111 of s a t i s f a c t o r y  
q u a l i t y  f o r  radiopharmaceutical  manufacture. The curc  
r e n t  ob jec t ives  are t o  obta in  p r a c t i c a l  opera t ing  
experience of the  procedures developed by p i l o t  production 
and t o  provide t h i s  radionucl ide t o  i n t e r e s t e d  customers 
as a spec ia l  research  material - i n  batch l o t s  - f o r  
t h e i r  evaluat ion.  Indium-111 has been suggested f o r  such 
s t u d i e s  as spinal-cerebral  c is ternography,  aerosol  lung 
s t u d i e s ,  delayed bra in  scanning, v i s u a l i z a t i o n  of the  
lymphatic system, metabolic s tud ie s  of indium-labeled 
macroaggregates and c o l l o i d s ,  and tumor l o c a l i z a t i o n .  
Indium-111 has gamma emissions of 173 keV (89%) and 
247 keV (94%) i d e a l l y  s u i t e d  f o r  ex te rna l  de t ec t ion  
and an optimal h a l f - l i f e  (2.83 days) f o r  l abe l ing  and 
d i s t r i b u t i o n  s tud ie s  which must be c a r r i e d  o u t  over  
24 hr o r  longer.  

Four batches of indium-111 were prepared and por t ions  suppl ied  t o  i n t e r -  
e s t ed  customers as a spec ia l  research ma te r i a l .  The new Friday shipping 
schedule,  with a decay allowance as of 0800 (EST) of the  next  Monday, 
has been e n t h u s i a s t i c a l l y  accepted by use r s  who f e e l  it w i l l  al low them 
g rea t e r  f l e x i b i l i t y  i n  p a t i e n t  scheduling and rad io iso tope  u t i l i z a t i o n .  

B. Accelerator Products Pi lot  Production 
(Production and Inventory Accounts) 

Table 3 g ives  the  December 1971 acce le ra to r  runs f o r  ORNL and non-ORNL 
programs. 

Table 3 .  Accelerator  I r r a d i a t i o n s  and R u n s  f o r  December 1971 

N o .  of Time (hr  :min) Tota l  Product 
R u n s  Beam Misc. To ta l  Charges 

ORNL Proqrams 

Bismuth-206 1 1:30 1:oo 2 : 3 0  $ 245 
Gal 1 ium- 6 7 5 11 : 55 6 : 0 5  18:OO 1,859 
Indium-111 3 13 :45 3 : 0 5  16:50 1,693 

Total $ 3,797 

Non-ORNL Programs 

Cobalt-57 2 100 : 00 2 : 3 0  102:30 $17,433 
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FISSION PRODUCTS - 08-01 -03 

A .  Krypton-85 Enrichment 

A bad motor w a s  replaced on t h e  bellows pump of u n i t  B (see Fig.  1 ) .  
l i t e r  of product w a s  removed from each of u n i t s  C and D and t r a n s f e r r e d  
i n t o  the  highvlevel unit CD,  increas ing  t h e  load by 213 C i  total. 
product loss w a s  replaced i n  u n i t s  C and D by adding 4.7% feed ma te r i a l .  
Units A and B, which had been opera t ing  a t  reduced pressure, were brought 
up to  normal opera t ing  pressure  (1 ps ig )  by adding feed material. 

One 

The 

Unit 

A 
AB 
B 
C 
CD 
D 

A c t  i.vi t y  
i n  Unit 

( C i  1 

264 
Xenon 

264 
1737 
2269 
1615 

T i m e  Since 
L a s t  Product 

Removal (days) 

160 
1 2 0  
160 
15 

120 
15 

UNIT B 

. ... 
‘JA LVE 

Count R a t e  i n  Product 
Sect ion  (counts /mi n ) 
Nov. 1971 D e c .  1971 - - - - ~  

5,100 4,650 

1,600 3,950 
5,800 4,100 

14,600 1 4  I 850 
6,200 4,250 

I - 

ORNL-OWG 70-508A 

UNIT C 

VALVE i MANIFOLO 

UNIT C D  

Fig.  1. Schematic Arrangement of Krypton-85 Columns. 
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B. Cesium-1 37 Gamma Source Development 

Cesium-137 ch lor ide  has been the  compound of choice f o r  
r a d i a t i o n  sources i n  appl ica t ions  of moderate tempera- 
t u r e  condi t ions.  In many r e spec t s  cesium chlor ide  is  
the i d e a l  compound; the cesium weight p e r  u n i t  volume 
i s  high,  the  r a d i a t i o n  r e s i s t a n c e  of t he  CsCl is e x c e l l e n t ,  
the  compat ib i l i ty  with s t a i n l e s s  steel  a t  ambient t e m -  
pera tures  is exce l l en t ,  and i t s  prepara t ion  is s t r a i g h t -  
forward. However, the  pro jec ted  condi t ions  of use of 
cesium-137 gamma sources are increas ingly  severe with 
r e spec t  t o  temperature,  and some appl ica t ions  ind ica t e  
the  need f o r  a cesium source material which has low 
s o l u b i l i t y .  In view of these  pro jec ted  condi t ions of 
use,  the  t e s t i n g  of 137CsC1 a t  elevated temperatures 
i s  being done and the  development of a low s o l u b i l i t y ,  
temperature r e s i s t a n t  source form of cesium is being 
s tudied .  

The exploratory phase of the  work on the  development of a l t e r n a t i v e  
cesium-137 source compounds has been concluded. The progress  made to  
d a t e  is reviewed and the  r e s u l t s  a r e  consol idated t o  assess s i g n i f i c a n t  
accomplishments i n  t h i s  p ro jec t .  Summarized below a r e  h igh l igh t s  of the  
work accomplished t o  da t e .  

1 . Cri t e r i  a and Fundamen t a l  Cons i d e r a t i o n  
o f  P o t e n t i a l  Source Compounds 

A t  the  o u t s e t  of t h i s  p r o j e c t ,  a number of c r i t e r i a  were es t ab l i shed  t o  
provide a guide l ine  i n  the  evaluat ion and s e l e c t i o n  of p o t e n t i a l  cesium-137 
source compounds. O f  t hese ,  the  high degree of s t a b i l i t y  a t  e leva ted  
temperatures and the  low s o l u b i l i t y  i n  commn aqueous so lu t ions  are t h e  
t w o  key f a c t o r s  t h a t  have been used i n  the prel iminary evaluat ion of t h e  
cesium compounds prepared. 

Fundamental considerat ion of the  na ture  of various c r y s t a l l i n e  compounds 
revealed t h a t  compounds with high degree of thermal s t a b i l i t y ,  low solu- 
b i l i t y ,  and good mechanical p rope r t i e s  are genera l ly  charac te r ized  by 
the  combination o f :  (a)  s t rong  ion ic  bond, (bl c r y s t a l  s t r u c t u r e  with 
l a r g e  l a t t i c e  energy, (cl small ion ic  s i zes ,  and (dl l a rge  ion ic  charges ,  
These c h a r a c t e r i s t i c s  were employed as f i r s t  approximations i n  the  search 
f o r  p o t e n t i a l  cesium-137 source compounds. 

2 .  S e l e c t i o n  of Compounds and 
Development o f  Prepara t ion  Methods 

Based on the  above cons idera t ions ,  severa l  complex oxides ,  including cesium 
niobates ,  cesium t a n t a l a t e s ,  cesium vanadates,  and ceramic oxides of the  
type Cs20-Al203-nSf02 and Cs20.PlgO -nSiO2 were s e l e c t e d  as t h e  poss ib l e  
candidate  compounds for the  cesium-137 sources .  The methods of prepara- 
t i o n  previously proposed for  such types of compounds were genera l ly  e i t h e r  



1.0 

impwactical or not economical f o r  a larger- thai-bench sca l e  productLon 
Accordingly, development of simpler and mare e f f i c i e n  1- prepara t ion  methods 
w a s  undertaken The methods out l ined  below appear t o  be ezonomically m o s t  
a t t r a c t i v e  from the  viewpoint of large-scale  production 

a -  Cesium Niobates, Tantalates, a n d  Vanadates 

The preparat ion methods developed a r e  appl icable  to all of these  cmpounds,  
the  major d i f f e rences  being the  temperature and time i n  ehe r eac t ion  and 
cal6inati .01~ s t eps  ~ 

Ill Molten s a l t  r eac t ion :  T h i s  method involves a r eac t ion  
of molten CsOH (mp = 272OCI with N b 2 O 5 ,  Ta20jt or  VzO_;,  for  example: 

A relatively high reac t ion  rate can be nai-ntained a t  e levated temperatures 
( t 5 0 0 3 C \ ,  but the  r a t e  of undesirable s ide  reac t ion  iee.g., decomposition 

of CsOH and losses by vapori za t ion )  also mcreases with the temperature 
Such d i f f  ~ c u l . t y  can be partial 7 y overcome by carrying out  the  r eac t ion  
under r e f l u x  so a s  to  cont ro l  r e l ease  of 1 1 ~ 0  prodiiced i n  r eac t ion  ~ 1 ) ”  

(21  S l u r r y  reac t ion :  The h s i s  for t h i s  meihod is khe 
r eac t ion  between the  aqueous solutnon of e i t h e r  CsOH o r  Cs,CO3 and sus- 
pended particles of N b 2 O 5 ,  Ta2O5, OK V,O,, The reacrion a n  prazeed by, 
for example: 

The products from both methods (1) and ( 2 )  were ca lc ined  a t  temperatures 
ranging fram 7 0 0  t o  1000°C. 

b .  Ceramic Oxides, Cs20~A1203-nSi02 and Cs20.FlgO-nSiO3 

T n e  methods developed €or prepara tmn of k h l s  type ~f zornpound were con- 
s iderably  simpler than those t h a t  have been proposed previously by o thers  
It reyuzres no pressure ves se l  and only a rel ; l t rvnly short time f o r  
r eac t ion  and ca l c ina t ion .  

The method cons is ted  of a two-step r eac t ion  by first forming a water-glass- 
type compound Cs?O>nSiO2 t h a t  is subsequently reacted with A120 ( ,  Al(OH1 3, 
MgO,  oc Mg(0Hj L .  The r e s u l t i n g  prsducts  w@re then calcined at 1100-140O”c. 

3 Assessment o f  Selected Products a s  
P o t e n t i a l  Cesium-137 Gamma Sources 

Tables 4 and 5 summarize c h a r a c t e r i s t i c s  of v a r l a u s  selected products 
from the p e s e n k  study and ind ica t e  t h a t  t a n r a h t e s ,  niohates  and 
alumrnos1.1.1.ca-ces have des i r ab le  proper t ies  that make rhem patenrial ly 
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Table 4. Charac te r i s t ics  of Selected Products of Cesium 
Tantalates ,  Niobates, and Vanadates 

Atomic Estimated Seawater Melting TemperatureC Volumetric 

Ratioa (g/cm3) ( w t  % ) b  Incongruent complete (Ci/cmj)d 
M/C s Density InSOlubleS ( "C)  Sp Activi ty  Sample 

No. 

Cesium Tantalates  

1445 68 M - 1 1  1.28 6.7 
M- 3 1.10 * 6.6 88.3 - 1385 74 
M-13 1.10 6.6 90.0 - 1405 74 
M-15 1.55 6.9 100.0 - 1405 60 

93.7 - 

C e s i u m  Niobates 

JE-6 1.40 5.0 92.0 400 ; 650 880 66 
JE-8 1.49 5.0 90.0 875; 1005 1325 64 

C e s i u m  Vanadates 

J Y - 2  1.19 I 30.7 
J Y - 4  0.88 I 5.5 

<700e 74 
<700e 83 

a 

bPowder samples. 
'Based on observation under the high-temperature microscope. 
dEstimated - assume an i so topic  pu r i ty  of 36.5% cesium-137. 
spec i f i c  a c t i v i t y  of 137csc1 gamma source is approximately 100 ci/cm3. 
eEstimated value. 

M stands for Ta, N b ,  and V for  t an ta l a t e s ,  niobates,  and vanadates, respect ively.  

The volumetric 

Table 5. Charac te r i s t ics  of Selected Cesium 
Aluminosilicate Products C s 2 0 - A l 2 0 3  'nSi02 

A t o m i c  Ratio Estimated D i s t i l l e d  Water Melting Volumetric 

Si/Cs A l / C s  (g,cm3) ( w t  % ) a  ("C) (ci/cm3 1 
Sample Density Inso 1 ubl e s Temperature Sp Act iv i ty  
No. 

oc-2 1.05 1.14 3.2 85.9 1305 59 

K-4 L.02 1 . 1 4  3.2 63.0 1355 60 

CC-10 0.67 1.15 3.2 77.8 1695 62 

CC-11 0.89 1.16 3.2 84.1 1665 60 

a 

bBased on observation under the high-temperature microscope. 
CEstimated -assume an isotopic  pur i ty  of 36.5% cesium-137. The volumetric 
spec i f i c  a c t i v i t y  of 1 3 7 ~ ~ ~ 1  gamma source is approximately 100 ~ i / c m 3 .  

Powder samples. 

usefu l  cesium-137 gamma sources.  
temperatures i n  excess of 13OO0C (1305-1695OC) and are highly inso luble  
i n  d i s t i l l e d  water o r  seawater (85-100% i n so lub le ) .  such r e s u l t s  con- 
f i rm the  pred ic t ion  from fundamental considerat ions of t he  nature  of 
chemical bonding of var ious elements involved i n  the formation of these  
compounds. Their volumetric s p e c i f i c  a c t i v i t i e s  (60-74 Ci/cm3) compare 
favorably with t h a t  of 137CsC1 gamma source (%lo0 Ci/crn3). 

Most of these  products have melting 
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Cesium t a n t a l a t e s  seem t o  have an o v e r a l l  advantage w i t h  respec t  t o  volu- 
met r ic  s p e c i f i c  a c t i v i t y  (up t o  74 ~ i / c m ~ )  I melting temperature (~~14000~) I 

and s o l u b i l i t y  (%go% i n s o l u b l e ) .  Although cesium niobates  a r e  a l s o  charac- 
t e r i zed  by r e l a t i v e l y  high i n s o l u b i l i t y  (%go%) and s p e c i f i c  a c t i v i t y  
(64 Ci/cm3), the  phenomenon of incongruent melting ( e . g . ,  a t  875 and 1005°C] 
i s  an unfavorable condition t h a t  might cause some compatibi l i ty  problem 
with the  source container .  

On the o the r  hand, considerat ion of t he  dens i ty  ind ica t e s  t h a t  the  alumino- 
s i l i c a t e s  (Q3.2 g/cm ) have an advantage i n  t h a t  the mass abso-Ttion co- 
e f f i c i e n t  f o r  the  gama rad ia t ion  would be appreciably smaller  than (:ither 
cesium t a n t a l a t e s  (Q6.6 c3/cm3) o r  niobates (Q5 g/cm3). However, 'che problen 
of r e l a t i v e l y  high mass absorption c o e f f i c i e n t  f o r  cesium niobates  m i g h t  
be p a r t i a l l y  overcome by a proper i r r a d i a t o r  source design.  

3 

Cesium vanadates do not  appear t o  be a des i r ab le  cesium-137 gamma source 
i n  view of t h e i r  high s o l u b i l i t y  and low melting temperature. They do 
not  have any advantage over the 1 3 7 C s C l  gamma source.  

C ,  Cesium-137 P i l o t  Produc t ion  (Produc t ion  and Inventory  Accounts) 

1 .  Processing and Process Status 

The cesium-137 carbonate intermediate  product prepared i n  November w a s  
converted to  cesium-137 ch lo r ide ,  y ie ld ing  an  estimated 118,0c10 Ci. i n  
1 2  batches.  A "cleanup" batch is i n  progress ,  and a f t e r  i t s  completion 
t h e  product preparat ion equipment w i l l  be pu t  i n  standby. Analysis o f  
the  products prepared t h i s  month is not  complete, bu t  prel iminary ana lys i s  
(four batches)  i nd ica t e s  t h a t  the  material is acceptab le ,  

After  considerable  decontamination e f f o r t ,  the  cesiun-137 alum pur i f i ca -  
t i o n  c e l l  was decontaminated s u f f i c i e n t l y  t o  allow replacement of t he  
a g i t a t o r s  i n  both c r y s t a l l i z e r s .  The planned replacement of a f a i l e d  
so l ids -addi t ion  valve i n  one of t he  ves se l s  could not  be done due t o  the  
high r ad ia t ion  f i e l d  i n  i t s  immediate v i c i n i t y .  However, a minor process 
m d i  f ' ication was made t o  permit continued opera t ian  w i  tliout using t h a t  
valve.  C r y s t a l l i z a t i o n  processing w a s  resumed i n  mid-December. The 
i n i t i a l  decontamination so lu t ions  used for tank cleaning had been reserved;  
these were processed f i r s t  t o  recover the  r e l a t i v e l y  low cesium-13'7 i n  
thein. Then the  recycled cesium-137 so lu t ions  from the  previous oxa la t e  
cycle were scavenged and feed processing was begun, A f r a c t i o n  of ap- 
proximately 200,000 C i  of p u r i f i e d  cesium-137 alum was accumulated, The 
current cesium-137 process s t a t u s  is  as follows (estimat.ed va lues ) :  

Item Cesium-137 (Cii. - 
In-process mater ia l  870,000 

7 C s C 1  products 164 e 000 
Sources i n  f ab r i ca t ion  0 

70,900 Completed sources awaiting shipment I 

Total 1,104,90O 
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2.  Operational Summary 
F Y  1972 December 1971 

No. - Curies  No. C u r i e s  

HAP0 shipments received 0 0 1 414,200 
Product batches prepared 12  118,000 18 188,000 
sources f ab r i ca t ed  0 0 32 50,000 
spec ia l  form conta iners  loaded 0 0 13  600 
Sources shipped 0 0 16 18 , 620 
spec ia l  form conta iners  shipped 0 0 13 1,500 

3 .  Current Orders 

Current o rde r s  f o r  cesium-137 as sources o r  bulk powder are shown below: 

Customer 
Amount Estimated 

( C i  1 Shipping Date 

Brookhaven National Laboratory 203,000 FY 1972 
Atomic Energy of Canada, Ltd. 49 ,700a February 1972 
Lockheed-Georgia Company %35,000 b 

Tota l  287,700 

An order  is on hand f o r  an a d d i t i o n a l  Q104,600 C i  as bulk a 

powder to be scheduled and shipped as r e l eased  by customer. 
bsources a r e  i n  s torage  await ing r e c e i p t  of customer's  
conta iners .  

D. Strontium-90 P i lo t  Production (Production and  Inventory Accounts) 

1 .  Processing and Process Status 

A shipment of strontium-90 w a s  received from t h e  A t l a n t i c  Richf ie ld  Hanford 
Company i n  a HAPO-IB cask. The quoted loading on the  cask is  630,000 C i ,  
which would make t h i s  the  l a r g e s t  shipment received to  da te .  The high 
loading was d e f i n i t e l y  ind ica ted  by the f i l t e r  temperature (i .e. ,  i n s ide  
cask)  which w a s  llS°C. The h ighes t  f i l t e r  temperature previously recorded 
w a s  101°C on the l a s t  shipment containing 530,000 C i  of strontiurn-90. A i r  
cool ing (15 cfm a t  60 ps i )  w a s  not s u f f i c i e n t  t o  l o w e r  the f i l t e r  tempera- 
t u r e  enough f o r  d i r e c t  c h i l l e d  w a t e r  cool ing ,  s o  the  cask w a s  cooled wit51 
8OoC water t o  90°C, then with 10°C water t o  35OC a t  which temperature it 
s t a b i l i z e d .  The cask w a s  vented on December 20;  no pressure  w a s  de t ec t ed ,  

Analysis of the  strontium-90 carbonate product from the test  run made i n  
November showed a ra re-ear th  separa t ion  considerably b e t t e r  than t h a t  
achieved i n  the  f i r s t  tes t  run. The rare-earth-to-strontium weight r a t i o  
w a s  reduced by a f a c t o r  of 10. Two add i t iona l  t es t  runs (Nos. 3 and 4) 
of %40,000 C i  each w e r e  made. Run  3 w a s  made i n  the  same manner as the  
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f i r s t  two tes t s ,  f i r s t  separa t ing  the rare e a r t h s  by oxa la te  precxpi ta-  
t i o n ,  then p r e c i p i t a t i n g  the  strontium-90 as carbonate On run 4 the  
oxa la te  separa t ion  w a s  done as i n  the  o t h e r  runs ,  bu t  a ca l cu la t ed  amount 
of T i 0 7  was added durina the  carbonate p r e c i p i t a t i o n  (as is done i n  the  
"standard" s t ront ium t i tana te  procedure) . Afte r  analyses  are completed 
the carbonates from runs 2 and 3 w i l l  be dry-blended with T i 0 2  and the 
blends calcined t o  S r 2 T i O q  product material. Test p e l l e t s  (10-an diameter 
'1.250 W each) w i l l  then be pressed from the  products of runs 2 ,  3,  and 4. 
The r e s u l t s  of t he  t e s t  pressings should p o i n t  up d i f f e rences ,  i f  any, i n  
the  p e l l e t i z a t i o n  c h a r a c t e r i s t i c s  of f u e l s  made by the  two methods The 
dry-blend method i s  thought t o  be the b e t t e r  i n  t he  sense of more repro- 
duc ib le  products ,  bu t  it i s  considerably more tirne-consuming and c o s t l y  
than the s l u r r y  method. 

The high conten t  of i n e r t  rare e a r t h s  i n  one batch of strontium-90 
feed w i l l  make it necessary t o  process  a l l  of this batch by both 
oxa la te  p r e c i p i t a t i o n  and carbonate p r e c i p i t a t i o n ,  The ac tua l  amount: 
of rare e a r t h s  present  i s  no t  known accura te ly ,  b u t  it j.s approximately 
10-15 w t  S. 

Rare-earth ana lys i s  by two methods, emission spectrography ant3 spark 
source ana lys i s ,  gave r e s u l t s  varying by near ly  70% with the  spark 
source ana lys i s  being rou t ine ly  higher .  Since ;1 t w a s  thought t h a t  t he  
high s t ront ium content  i n  the  samples might cause in t e r f e rence  with the  
ra re-ear th  ana lys i s  I some r e l a t i v e l y  l a rge  sam.ples (about one gram of  
s t ront ium each) were separated by c r y s t a l l i z i n g  the  s t ront ium as the  
n i t r a t e  from concentrated HNO3. The r e s u l t i n g  f i l t r a t e s ,  which contained 
e s s e n t i a l l y  a l l  of the  rare e a r t h s  and a l a rge  f r a c t i o n  oC t he  calcium 
p resen t  i n  the  feed ,  were then analyzed by both methods N o  s i g n i f i c a n t  
d i f f e rences  were found between the  ra re-ear th  contents  shmm by d i r e c t  
ana lys i s  of the  feed and by ana lys i s  of t he  separated rare earths. Again 
the r e s u l t s  obtained by the  t w o  a n a l y s i s  methods d i d  no t  agree ,  bu t  f o r  
a given method the r ep roduc ib i l i t y  was good. Since a given inethod w i l l  
g ive  reproducible  r e s u l t s  I separa t ion  e f f i c i ency  can be de te rmned I b u t  
the absolute  values of ra re-ear th  conten ts  i n  f in i shed  products a r e  qurs- 
t ionable .  Inves t iga t ion  of t h i s  discrepancy w i l l  continue 

The cu r ren t  strontium-90 process s t a t u s  is as follows (est imated va lues)  : 

Strontium-90 I ( C i  1 - I t e m  

In-process material 1 ,465,000 
Strontium-90 products 534,000 
Sources i n  f ab r i ca t ion  0 
Returned SNAP sources 34 1,000 
Completed sources await ing shipment 0 

Tota l  2 I 340,000 
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2 .  Operat ional  Summary 

I t e m  - - December 1971 F Y  1972 
N o .  Cur i e s  I_ No, C u r i e s  
v... - 

HAP0 shipments received 1 630,000 1 630,000 
Product batches prepar  eda 2 75,000 3 116 ,000 
Sources f ab r i ca t ed  0 0 1 49,600 

65 Is  000 7 160 I 500 

Shipments to  customers 0 0 1 2  45,900 

a 

Spec ia l  form conta iners  loaded 0 0 0 0 
Sources shipped 2 
Spec ia l  form conta iners  shipped 0 0 1  100 

D o e s  no t  include tes t  batch 4 .  

3 .  Current Orders 

Current o rde r s  f o r  strontium-90 as sources o r  bulk powder are as fol lows:  

Customer 

U, S, Navy (Gulf) 
U.  S, Navy 
U.  S.. Navy 

Amount Estimated 
( C i  1 Shipping D a t e  

31,000 February 19 72 
324,000 a 
208,000 a 

Tota l  563,000 

aFurther work and subsequent shipment pending r e c e i p t  of 
i n s t r u c t i o n s  from customer. 

E ,  Short-Lived Fiss ion  Products P i l o t  Product ion 
(Product ion and Inventory Accounts ) 

Isotope Number  of Batches 

Xenon - 1 3 3 2 
Iodine-131 1 
Ruthenium-10 3 1 

Amount ( C i  1 

Q700 
50 
31 

SOURCE DEVELOPMENT - 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 

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

ASTM Committee E-10 on rad io iso topes  and r a d i a t i o n  effects m e t  Decetrber 6 -7 ,  
Among the  i t e m s  d iscussed w e r e  r a d i o a c t i v i t y  s tandards ,  p a r t i c u l a r l y  
cesium-137, si lver- l lOm, and barium-140, r e l i a b l e  nuclear  d a t a ,  and 
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measurement techniques.  
Lifeblood of the NucZear Sciences a-nil Their LFpZications ( 2 9 7 2 1 ,  and 
r e s u l t i n g  ac t ion  by t h e  National Science Foundation were c a l l e d  t o  the  
a t t e n t i o n  of the  Committee. The American Nuclear Society Groups, ICONS 
and ANS-16, were mentioned as poss ib le  agencies f o r  coordinat ing e f f o r t s  
on methods and s tandards.  Members described the  increas ing  program a t  
the  National Bureau of Standards on neutron c a l i b r a t i o n s  e 

The NRC r e p o r t ,  NucZeaT Data CorrlpiZations -- !The 

A t a b l e  of p rope r t i e s  of 7 3  radionucl ides  of poss ib l e  medical usefulness  
was reviewed t o  assure  correctness  of d a t a ,  and a l imi t ed  survey a €  bio- 
medical appl ica t ions  of s t a b l e  i so topes  w a s  made. An inqui ry  from NASA 
on t h e  c ross  sec t ion  f o r  production of selenium-75 r e s u l  t2d i n  explanation 
of an inconsis tency i n  t h e i r  d a t a .  

2, Radio isotope Specia l  A n a l y s i s  and Q u a l i t y  C o n t r o l  

I t  has been decided t o  proceed a c t i v e l y  t o  rraintain c a l i b r a t i o n  capabl- l i ty  
f o r  a v a r i e t y  of rad ionucl ides ,  e spec ia l ly  with r e spec t  t o  gainma ioniza t ion  
chambers. I n  p a r t i c u l a r ,  t h e  one located i n  Building 4501 w i l l  be designated 
a reference instrument for measurement of appropr ia te  nuc l ides ,  Committee 
N44 of the American National Standards I n s t i t u t e  ( A N S I )  has recoinmended re -  
v i s ion  of NBS Handbook 80, A Manual of Radioaci-ivity Procedures (19613. 
Thus i n  due t i m e  an  exce l l en t  source of information on c a l i b r a t i o n s  and 
measurements w i l l  become ava i l ab le .  For determination of par ts-per-mil l ion 
concentxations oE sodium i n  l i thium-7, neutron a c t i v a t i o n  ana lys i s  was 
recommended. The r a d i o a c t i v i t y  o f  a Health Physics smear sample w a s  
i d e n t i f i e d  a s  promethium-147, i n  co l labora t ion  with merbers of  the Radj-0- 
chemical Analyses Group. Information was given on ana lys i s  f o r  uranium-232 
i n  uranium-234 and f o r  na tu ra l  uranium i n  an o r e  sample, and a standard 
was supplied f o r  the  l a t t e r .  An inqui ry  from the  Environmental Protec- 
t5on Agency on methods f o r  zirconium-95 determination was answered by 
reference t o  a monograph and two manuals. 

B. Dose Rate  Measurements w i t h  E x t r a p o l a t i o n  Chamber 

Source measurement s tud ie s  using the  ex t rapola t ion  chamber- were continued 
with t he  f i r s t  phase completed. Measurements of a l a rge  uniform source 
were made using th ree  d i f f e r e n t  c o l l e c t i n g  e lec t rode  s i z e s  ( 3 ,  10 ,  and 
30 mm) a s  the  source was gradual ly  decreased in s i z e .  A gradual decrease 
i n  ex t rapola t ion  chamber measurements w a s  observed f o r  each e lec t rode  as 
the  source s i z e  was decreased. Comparison measurements were made using 
thermoluminescent dosimeter rods.  Analysis of t h e  d a t a  w i l l  be necessary 
before  the  t r u e  surface dose r a t e  and t h e  co r rec t ion  factors necessary to 
provide p rec i se  dose r a t e  values can be determined. 

C .  Douglas A i r c r a f t  Company Source Rack 

A source rack constructed by the  Douglas A i r c r a f t  Company of Lony Beach, 
Ca l i fo rn ia ,  was loaded with 7 1  strontium-90 b e t a  sources .  This device 
w i l l  be used i n  experiments t o  remove the  s t a t i c  charye on j e t  f u e l  a s  
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it i s  pumped i n t o  a i rcraf t .  
use i n  a b e t a  i r r a d i a t o r ,  and a f t e r  t he  i r r a d i a t o r  was taken o u t  of s e rv i ce  
the  sources were removed and s tored  f o r  approximately 9 months i n  the  
Graphite Reactor s torage  cana l .  
0.415 i n .  wide by 0,105 in .  t h i c k ,  with a 0.010-in. w a l l  of 347 s ta in less  
steel. Each source conta ins  approximately 120 C i  i n  t h e  form of s t ront ium 
s i l i c a t e  microspheres imbedded i n  aluminum. 

These source6 were o r i g i n a l l y  f ab r i ca t ed  f o r  

The  sources are 3-13/16 i n .  long by 

The sources  were scrubbed u n t i l  t he  smears read less than LOO counts/min; 
then the  sources were placed i n  separa te  tubes containing water f o r  96 h r .  
A 1-ml sample of each tes t  tube w a s  monitored. 
100 counts/min were recleaned. The sources w e r e  then smeared j u s t  p r i o r  
t o  loading i n  the rack .  
w a s  scrubbed and smeared. No a c t i v i t y  w a s  de t ec t ed  on these  smears. 

Those showing more than 

Af ter  the  rack w a s  loaded, the e n t i r e  assembly 

D. Radiat ion Processing (Not Supported by 08 Program; WFO Account) 

1 .  Rad io ly t i c  Oxidat ion o f  Dye Waste So lu t ion  

Po l lu t ion  of r i v e r s  by dye waste e f f l u e n t  from 
t e x t i l e  m i l l s  and dye chemical manufacturers is a 
se r ious  problem. P a s t  experimental work has shown 
t h a t  r a d i o l y t i c  oxidat ion of t he  w a s t e  so lu t ions  
may be a p r a c t i c a l  method of destroying c e r t a i n  dyes 
and chemicals. The purpose of t h i s  i nves t iga t ion  i s  
to  study and develop a method of r a d i o l y t i c  oxidat ion.  
The method developed must be economically f e a s i b l e .  
A cobalt-60 gamma rad ia t ion  source is being used to  
i r r a d i a t e  samples under a high pressure  oxygen atmosphere. 
The so lu t ions  include both ind iv idua l  dyes and mixtures 
of dyes. T h i s  work is being supported by the American 
Associat ion of Tex t i l e  Chemists and C o l o r i s t s  (AATCC) 
and the  Environmental Pro tec t ion  Agency. 

The following ma te r i a l s  were processed through t h e  newly i n s t a l l e d  dynamic 
i r r a d i a t o r :  a 55-gal batch of standard dye s o l u t i o n  used i n  e a r l i e r  
s t u d i e s ,  a 40-gal batch of p l a n t  e f f l u e n t  from a s i l k  screen t e x t i l e  p l a n t ,  
and a 55-gal batch from a weaving, dyeing, and f i n i s h i n g  p l a n t .  Each ef- 
f l u e n t  is  t y p i c a l  for s i l k  screen p r i n t i n g  and syn the t i c  f i b e r  weaving, 
dyeing, and f i n i s h i n g  p l a n t s .  Sa tura t ion  of the charcoal  w a s  ca l cu la t ed  
t o  occur a f t e r  20 g a l  of the  s tandard dye passed through the  column, The 
same charcoal  w a s  used f o r  a l l  so lu t ions  processed. The i r r a d i a t i o n  
condi t ions were: 

Flow r a t e  3 g a l f i r  
Column length  30 f t  
Granular charcoal  11 Lb 
Dose r a t e  t o  i r r a d i a t o r  
Void volume i n  i r r a d i a t o r  %1 g a l  
D o s e  to  so lu t ion  [flowing a t  3 ga l /h r ]  
Column opera t ing  pressure  500 p s i  
G a s  feed t o  i r r a d i a t o r  Oxygen 

aDose measurements t o  be v e r i f i e d  by add i t iona l  measurements. 

5 x l o 5  R/hra 

1 . 7  x l o 5  R 



Both of the  au thent ic  e f f l u e n t s  were co l l ec t ed  over a 1-hr per iod from a 
process stream t h a t  feeds the  m i l l  e f f l u e n t  t reatment  p l a n t .  The s i l k  
screen p l a n t  waste contained an emulsion of va r so l ,  r e s i n s ,  and dispersed 
dyes used a s  s i l k  screen p r i n t i n g  pas t e  f o r  po lyes te r  f a b r i c ,  p lus  san i -  
t a ry  sewage and miscellaneous de te rgents  and su r fac t an t s .  The dyeing 
and f in i sh ing  p l a n t  waste cons is ted  of de te rgents ,  t e x t i l e  f i n i sh ing  agents ,  
dye bath a d d i t i v e s ,  and dispersed dyes, p l u s  untreated s a n i t a r y  waste from 
approximately 4,000 employees. This stream was sampled as feed t o  the  
waste treatment p l a n t .  

Both wastes were f i l t e r e d  through a s in t e red  polyethylene f i l t e r  p r i o r  
to  treatment i n  the  i r r a d i a t o r .  This f i l t r a t i o n  removed p a r t i c u l a t e s  bu t  
c o l l o i d a l  mater ia l  passed, y ie ld ing  a feed t h a t  was q u i t e  cloudy going 
i n t o  the  ac t iva t ed  charcoal i r r a d i a t o r .  Analyses have not  been completed; 
however, preliminary information is  shown i n  the t ab le s .  

The s i l k  screen e f f l u e n t  was t r e a t e d  with charcoal  alone and was found 
t o  have poor color  adsorption character is t ics .  Only 51% of the  co lor  was 
removed by a combination of charcoal adsorpt ion and Mil l ipore f i - l t r a t i o n .  
This determination w a s  made by shaking the  e f f l u e n t  with excess granular  
charcoal  €or a per iod of time equivalent  t o  i t s  residence time i n  the 
i r r a d i a t o r  a t  3-gal/hr flow r a t e  (20  min) ; f i l t e r i n g  through 80-um. M i l l i -  
pore f i l t e r  media; and determining l i g h t  absorbance i n  the  350-, 450-, 
and 550-mp wavelengths t o  c a l c u l a t e  a co lo r  f a c t o r .  This color  f a c t o r  
determination (see Table 6 )  was used i n  the  ca l cu la t ion  of color  removal 
(Table 7 )  f o r  a l l  samples measured. 

Table 6.  Color Loss from S i l k  Screen M i l l  E f f luent  
by Charcoal and Mil l ipore F i l t r a t i o n  

Sample Color Factor COD (xng/liter) 
- -- 

Original  sample a f t e r  f i l t r a t i o n  1.555 1065 
through s in t e red  polyethylene 

Original  sample a f t e r  exposure 0,765 
t o  granular  charcoal and u l t r a  
f i l t r a t i o n  

876 

The color  f a c t o r  as determined by adsorbance is s e n s i t i v e  t o  the presence 
of any c o l l o i d a l  s o l i d s  present  i n  the  sample, They a r e  observed t o  be 
white and, while they do not cont r ibu te  t o  co lo r  a s  usual ly  considered 
(color  i n  s o l u t i o n ) ,  t h e i r  cont r ibu t ion  t o  absorbance of i i y h t  i.s 
i l l u s t r a t e d  i n  'Table 8. 
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Table 7. Color and COD Removal from S i lk  Screen Tex t i l e  
Plant Eff luen t  by Gamma Radiation Treatment on Charcoal Bed 

Amount Thru T i m e  From Flow ~ Color 
I r r a d i a t o r  

- 
COD S tar t  R a t e  Sample 

Factor  Removal (mcj/literl (gal 1 (hr 1 (gal/hr 1 No II 

...-. I 1.555 1065 Feeda - 
1 10 5.5 2 0,159 90 
2 18 10.5 2 0 "489 69 
3 2 3  12.5 2 0.300 81 26 2 
4 28 14.5 2 0,174 89 
5 3 3  17.0 2 0 . 3 3 2  79 293b 
6 38 2 0 . 0  2 0,188 88 

a F i l t e r e d  through s in t e red  polyethylene.  
%OD af ter  removal of c o l l o i d s  with c lay  w a s  determined to  be 9 2  mg / l i t e r ,  

Table 8. The Effec t  of  Col loids  on Light 
Absorbance Determination 

Color Factor % Color Color Factor  % Color 
Before Removal Remova 1 Afte r  Colloid Removal 
of Col lo ids  From Or ig ina l  Removal From Or ig ina l  

Sample 
N o .  

Standarda 1.555 
1 0 . 3 0 0  
2 0.174 
3 0 . 3 3 2  
4 0.188 

- 
8 1  
89 
79 
88 

I I 

0.089 95.4 
0.059 99 -6 
0.029 9 9 - 9  
0 . 0 3 2  99,8 

- 
Untreated. a 

It is  apparent from these experiments t h a t  co lo r  present a s  dissolved 
co lor  is  e f f e c t i v e l y  removed by i r r a d i a t i o n  i n  the  presence of charcoal .  
A l s o ,  the  c o l l o i d s  a l t e r e d  during the  i r r a d i a t i o n  process can be e a s i l y  
removed by the  addi t ion  of a f loccu la t ing  agent  producing a marked de- 
c rease  i n  the  light absorbance used as a measure of co lor .  

Charcoal is not  e f f e c t i v e  i n  xemoving the  co l lo ids .  Samples t h a t  had 
been processed through the  i r r a d i a t o r  to  an 82% co lo r  removal (not  cor- 
rec ted  €or c o l l o i d  e f f e c t )  d id  not show a reduced co lor  f a c t o r  when 
exposed t o  a n  excess of new granular  charcoal  f o r  20  hr.. 

The s i l k  screen t e x t i l e  e f f l u e n t  i s  e spec ia l ly  d i f f i c u l t  t o  t r e a t  due to  
the  d ispersed  dyes p re sen t  and the  so lvents  and r e s i n s  p re sen t  i n  the 
p r i n t i n g  inks .  
so lvent  odor - varsol/pine o i l  combination. This odor was completely 
removed i n  the  ac t iva t ed  carbon- i r rad ia t ion  processing. 

The odor of the  e f f l u e n t  as received w a s  a very s t rong  
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Waste from the  dyeing and f i n i s h i n g  p l a n t  w a s  processed i n  t h e  same way 
as the  s i l k  screen p l a n t  e f f l u e n t .  The i r r a d i a t o r  column feed so lu t ion  
w a s  pink and contained much c o l l o i d a l  material. Data from t h i s  run are 
shown i n  T a b l e  9 .  

Table 9 .  Dyeing and Finishing P l a n t  Waste Color and COD 
Removal by G a m m a  Radiation with Granular Charcoal Present  

Amount Thru Time  From Flow % Color 
I r r a d i a t o r  S t a r t  R a t e  Remova 1 

---. --.- 

COD Sample Color 
Factor  (mg/ li t e  r 1 from Oriyiral  

I_ 

(gal/hr 1 -- (hr 1 N o .  
-.-- - (gal  1 

--___-I_ 

- Feed - 2 .255  
1894" 
1710b 

1 3 1 3 0.018 99.5 46 
2 10.5 3 3 0.049 98 .O 116 
3 15.5 6 3 0.145 95.6 123 
4 18.0 8.5 1 0.210 91.0 200 
5 31.5 13 .O 3 0.253 88.8 - 
6 42 .O 16.5 3 0.185 92 " 0  154 
7 54.0 20.5 3 0.575 74.5 160 

a 

bAfter Mi l l ipore  f i l t r a t i o n .  
Before Mi l l ipore  f i l t r a t i o n .  

The problem of c o l l o i d s  i n  the t r e a t e d  so lu t ion  w a s  very severe using dye 
p l a n t  waste; however, t he  c o l l o i d  i n  the  t r e a t e d  so lu t ion  coagulated 
r ap id ly  within 6 h r  a f t e r  removal from the  i r r a d i a t o r  from samples 1 through 
1 4  and l e s s  slowly t h e r e a f t e r  as the run progressed.  This can be seen i n  
the  e f f e c t  on the  co lo r  f a c t o r  shown i n  Table 9 .  A s  w a s  observed with t h e  
s i l k  screen waste, when the  c o l l o i d s  i n  the  i r r a d i a t o r  col.wnn product were 
removed by the  addi t ion  of c l a y ,  the co lo r  repoval (mcasurecl by I-ight 
absorbance) reached 99% (Table 10). 

Table 10. Dycinq and Finishinq Plant Waste. Correct ion of 
Color Absorbance Value by Removal of Col lo id  from Sample 

COD 
Color Factor  % Color Color Factor  % Color 

Refore Removal Removal Af te r  C01.lo.i d Removal 
of Col loids  From Or ig ina l  Removal From Original  

Sampl P 
No. (mg/l i ter)  
__-I- ----------------l-LII--__III.. -____--I__ ---..--- 

I - .- - Feed 1 . 1 2 6  
1 0.253 88.8 0.077 99.7 77 
2 0.365 84 .O 0.017 99.9 
3 0.488 78 -6 0.018 99.9 
4 0.550 76 0.031 99.8 

77 
a 

58 

a Not determined. 
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The best color removal obtained by l i m e  t reatment  and charcoal  combination 
using polyethylene f i l t e r e d  dye plant waste wi thout  p r i o r  t reatment  by 
i r r a d i a t i o n  w a s  83%; by l i m e  without charcoal ,  75%. 

The dyeing and f in i sh ing  p l a n t  waste w a s  examined f o r  col i form b a c t e r i a ,  
The r e s u l t s  are shown i n  T a b l e  11. 

T a b l e  11. Reduction i n  Bacter ia  Count 
by I r r a d i a t i o n  Processes 

Sample F l o w  Rate Colonies Coliform Bacter ia  
No. (gal /hr  1 p e r  100-ml Sample 

Feed 

1 

2 

- 
3 

2 

1,000 

90 
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TECHNOLOGY UTILIZATION - 08-01-05 

A .  In format ion Center 

In  December, 77 requests f o r  information were f i l l e d  by dispatching 144 
items. Seven r epor t s  and a r t i c l e s ,  as w e l l  a s  f i v e  sales l e t t e r s ,  w e r e  
t r ans l a t ed .  Pe r t inen t  a b s t r a c t s  were se l ec t ed  from NSA and d i s t r i b u t e d  
t o  AEC's Division of Applied Technology and to  Isotopes Division person- 
n e l  f o r  cu r ren t  awareness. Copy of: the  600-word P ro jec t  Summaries w a s  
s e n t  to  Reproduction, and work continued on the  industry b r i e f ings  a 

Accessioned documents in the Center now t o t a l  23,420. A l i s t  of reviews 
i s  shown on page 22.  

B ,  Isotopes and Radiat ion Technology 

Manuscript f o r  Isotopes and Radiation TechxoZogy 9 ( 4 )  w a s  90% completed, 

C .  Trans lat ions 

The following reports on work done a t  khe All-Union S c i e n t i f i c  Research 
I n s t i t u t e  of Radiation Technology, Atomizdat , Moscow, published i n  
Radiation Technology , V o l .  6 ,  1971, were t r a n s l a t e d  by Martha Gerrard: 

I ,  N .  Ivanov, N .  Yu. Markun, and A. S .  Shtan ' ,  Neutron 
Activation Analysis of O r e s  f o r  F l u o r i t e  on a Conveyor, 
ORNL-tr  -2 556 

Yu. N .  Kazachenkov and A. S. Shtan ' ,  Use of I so top ic  Neutron 
Sources i n  Resonance-Spectrum Analysis f o r  Elements, ORNL-tr-2557 
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Minerals 
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Stone, Clay, and Glass 

Textiles 

Author (s ) 

Radioisotope BriefinKs f o r  Industry 

Helen P. Raaen 

F. E. McKinney 

R .  H. Laffer ty  

F. E. McKinney 

R.  H. Laffer ty  

R .  E. Greene 

H. P. Raaen 

R .  E. Greene 

Martha k r r a r d  

R .  H. Laffer ty  

Martha Gerrard 

State-of-the-Art Reviews - 
Iodine-125 Martha Gerrard and P. S. mer  
Technetium-99m: Preparat ion and Uses Martha Gerrard and P. S. Baker 

Radioisotopes i n  t h e  Tex t i l e  Industry F. J .  Miller and P. S. Baker 

Self-Diffusion i n  Liquids F. J .  Miller 

Grain Di s in fe s t a t ion  F. E. McKinney 

Snow Caging and Water Management U. S. Department of Agricul ture  

Radioelectrochemistry Helen P. Raaen 

The Environment and Isotopes Helen P. Raaen 

Semic onduc t o r s  Helen ?. Raaen 

Patent  L i t e ra tu re  on Process Radiation and R. E. Greene, Helen S. Warren 
I r r a d i a t o r  Design, Part  2. B r i t i s h  and and P. S. Baker 
Canadian Pa ten t s ,  1950 through 1970 

State-of-the-Art Reviews f o r  Isotopes and Radiation Technology 

Radioisotopes i n  the  S t e e l  Industry,  Pa r t  3 Republic S t e e l  

Potato Sprout Inh ib i t i on  by Radiation, Par t  2 F. E. McKinney 

Other Reports 

Selected Abstracts  of World Literature on Martha Psrrard and P. S. Baker 
Production and Indus t r i a l  Uses of  
Radioisotopes,  Part  3 of 1971 

Use of Isotopes in  Monitoring and Control of  W .  E .  Mott and Yartha Gerrard 
Environmental Pol lut ion 

F r u i t  and Vegetable Bibliography ( r e v i s i o n )  F.  E .  McKinney 

spec i a l  a u r c  e s  (supplement ) F. E.  McKinney 

Bibliography of D I D  Contractor Publ icat ions P .  S. M e r  
Isotope Education Experiments (Elementary) Roberta Shor, R. H .  Laffer ty ,  

Isotope Education Experiments (Advanced) Roberta Shor, R .  H. Laf fe r ty ,  

L i s t  o f  AEC Radioisotope Customers, FY 1971 Ruth Curl (compiler)  

and ?. S. Baker 

and P. S. Baker 

Translat ions 

Effect  of G m a  Radiation on Nonalcoholic Martha Gerrard and P. S. k k e r  
Drinks and Wine-Brandy Products (Russian book) 

Resowing I r r a d i a t i o n  of Seed (Russian book) 

Russ ian  Food-Irradiation Conference MarthR k r r a r d  and P. S. M e r  
Martha Gerrard 
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A ,  Y a .  Malyshev, A .  I. Ragozinskii ,  N .  P .  Korotksv, A, 2 ,  Dmietriev, 
and B, P .  Sapelkin,  Corre la t ion  of Output Parameters of Radio- 
i s o t o p i c  Thermoelectric Generators (IZOTEGS) with Load, ORNL-tr-2558 

N, P ,  Korotkov, A. I. Dmietriev, A ,  Y a ,  MaLyshev, and B. P. 
Sapelkin,  Dependability of Radioisotopic Thermoelectric Generatars,  
ORNL-tr -2 5 5 9 

v. N .  Chubukov,. N .  F. Miroshin, and T. I, Ermakova, Modificatmn 
of Polyurethane Compounds Based on Castor  O i l  and Diisocyana’tes 
for  U s e  i n  High-Voltage Terminals i n  Radiation TechnoEsgy I ORNL- t r -  
2560 

V, N. Antonov, V. I .  Gorgonovp R.  V. Dzhagatspanyan, N, G .  Konxkov, 
0 -  N. Krutetskaya, Yu. G -  Lyaskin, V. B. Osipwv, and Yu. A .  P a n i n ,  
I n i t i a t i o n  of Chemical Xeactions with Accelerator  Elec t rons ,  
OmTL-tr-2561 

R, Constant,  Development of Iodine-131 Production Techniques, B e l g i a n  
Rpt, BbG-442, May 1970, t r a n s l a t e d  from French by Martha Gerrard,  
ORNL-tr-2430. 

RADIOISOTOPE SALES 

A reques t  f o r  quotat ion w a s  received f r o m  Radiation In t e rna t iona l  Corpora- 
hion f o r  100,000-200,000 C i  of cesium-137 as BNL-type s t r i p s .  Orders were 
received f o r  enriched k ryp ton45  from Measuxex Corpowation for  100 Cz, 
American Atomics Corporation f o r  50 C i ,  and Internat ional .  Chemical and 
Nuclear Corporation f o r  40 C i ,  Orders were received from Radiochemical 
Centre ,  England, for 200 C i  of normal krypton-85 and from Western Eleccric 
Company, Allentown, Pennsylvania, f o r  150 C i  of normal krypton-85- 

Shipments made during the  month include 2,000 C i  of tritium t o  Canrad 
Precis ion I n d u s t r i e s ,  3,000 C i  t o  New England Nuclear Corporation, and 
L0,OOO C i  to R a d i u m  Chemie A. Zeller and Company. Three cu r i e s  of 
yadolinium-153 w a s  shipped to United A i r c r a f t  Corporation. 

The radzoisotope s a l e s  proceeds and shipments f o r  the  t i r s t  five rnsnths 
of FI; l c I 7 1  and F Y  1972 a r e  given i n  Table 1 2 .  

Table 1 2 .  Radioisotope Sales and Shipments 

J u l y  t h ru  Ju ly  thru 
November 19’70 November 1971 Item 

I__--- 

Snventory i tems $175,532 $148 ? 101 
b1ajor products 52,015 24,247 
Radioisotope serv ices  139 / 99 5 125,449 
Cyclotron i r r a d i a t i o n s  56 078 58,514 

Packixzy and shipping 35,145 

Total  $489,475 $417,237 

Number of radioisotope shipments 1 ,334  1,093. 

M i  s c e 11 an e ous pro c e s sed na t e  r i a1 s 30,710 30 2 3 1  
30 I 7 0 5  ---- 



ADMINISTRATIVE 

Travel by IDC personnel and v i s i t o r s  t o  t h e  I D C  are given i n  Tables 1 3  
and 1 4 .  

Table 13. Travel of I D C  Personnel 
.-- .-___-_I I 

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

Tipp C i t y ,  Ohio Consult wi.t:h l i q h t  gas gun vendor 

Vanderhil t  University Conduct holmium- 166m experiment 
.X 

Table 1 4 .  IDC V i s i t o r s  
~- 

V i s i t o r s  ( a f f i l i a t i o n )  Subject Discussed 
_I_- -.- 

General E lec t r ic  I so top ic  power 

PUBLICATIONS 

JOURNALS 

L.  C .  Brown, Chemical Processing of Cyclotron-Produced 6 7 G a ,  Ink.  J .  A p p Z ,  
Radiat. Isotop. 22, 710-13 (1971) .) 

REPORTS 

E.  ~ a m b ,  Isotopic  Power Fuels Monthly Status Report for November 1 9 7 1 ,  
ORNL CF-71-12-10, Oak Ridge National Laboratory. 

R .  G .  Niemeyer, Measurements of Tritium Release From Gas Chromatograph 
Detector FoiZs , ORNL-TM-3633, Oak Ridge National. Laboratory (December 1971) . 
T. C .  Quinby, Jacketing of Source Compound During Hot Pressivlg, ORNL 
CF-71-12-4 e Oak Ridge National Laboratory ( D e c .  6 ,  1971) 

A. F.  ~ u p p ,  Radioisotope Program (8000)  Progress Report for November 1971, 
0RNL--T~-3653 , Oak Ridge National Laboratory - 
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