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R A D I O I S O T O P E  PROGRAM (8000) P R O G R E S S  R E P O R T  
FOR DECEMBER 1970 

A .  F. Rupp 

R A D I O I S O T O P E  P R O D U C T I O N  AND M A T E R I A L S  DEVELOPMENT 

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

A .  B i o m e d i c a l  R a d i o i s o t o p e s  

1 .  Phosphorus-33 

The purpose of this project is to develop methods of 
preparing hundred-millicurie quantities o f  carrier- 
free phosphorus-33 containing 5 5 %  phosphorus-32. 
The two methods of producing phosphorus-33 being evalu- 
ated are based on the irradiation of highly enriched 
targets of sulfur-33 (>92  at. % )  or chlorine-36 
(approximately 63 at. % ) ,  in a fast neutron flux. 
Phosphorus-33 ( 25.2 days ; 0.2k8-hev f3iax) has both 
a longer half-life and a lower energy beta than 
phosphorus-32 (14.3 days ; 1.709-MeV piax), which 
makes it advantageous for autoradiography, long-term 
ecological and agricultural studies, synthesis of 
tagged complex organophosphorus compounds, and double 
labeling experiments. 

Synthetic 32P-33P mixtures were prepared and analyzed using the Cerenkov 
radiation-liquid scintillation counting procedure that is under develop- 
ment and was described earlier.' The results of these analyses are shown 
in Table 1. The precision and self-consistency of this analytical method 
are very good as can be seen in Table 1, whereas the absolute accuracy 
depends only upon the uncertainties of the initial counting efficiency 
deterpinations. A preliminary rough draft of this work has been completed 
and will be revised as required during the first quarter of FY 1971 for 
final publication. 

All K 3 k  targets were processed to provide a total inventory of recovered 
K 3 % l  of 9.17 g. This amount is somewhat more than the recorded weight of 
the targets but is consistent with the assumption that a previously sus- 
pected loss of 0.6 g was fictitious. 

A target containing 2.55 g was inserted in the reactor for irradiation 
during this period. The yield of phosphorus-33 expected i s  greater than 
1 Ci, which will be used to fill an existing order. Two more targets, 
approximately 1 g each, were made for insertion at the start of the next 
reactor cycle. 
capability of producing more than 1 Ci of phosphorus-33 per month. 
for phosphorus-33 a r e  beginning to show an uptrend. 

With our present inventory of K3%l targe$s, we have 
Orders 

'A. F. Rupp, Radioisotope Program (8000) Progress Report for August 1970, 
ORNL-TM-3133, Oak Ridge National Laboratory, pp a 1-3. 
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Table 1, Analysis  of Synthetj-c 32P--33P Mixtures 
a Added ( n c i )  33P Content pound ( n c i )  % Difference  

3 2p 33P (% A c t i v i t y )  32P 3 3P 3 2P 3 3P 
No. 

1 0.14 

2 6.55 

4 6.35 

3 6.42 

5 1S.77 
6 15.73 
7 31.43 

a 62.83 
9 31.40 

39.27 
78.54 

39.27 
19.63 
19.63 
7.85 

7.85 
7.85 
0 

99.7 
92.4 

86.2 

,75.9 

55.8 
33.7 
20.2 

11.3 

0 

0.14 

6.59 
6.115 
6.32 

16.02 

3s * 54 
62.79 

15.83 

31.14 

33.02 

78 > 29 

39.38 
19.85 
19.28 

7.99 
8.21 
8.26 

0 .oo 

0 . 2  -0.6 
0.6 -0.3 

0.6 0.3 
-0.5 1.1 

1 . 6  -1.. 8 
0.7 1 . 7 

0.4 4.6 
-0 .1  5.2 

-0.8 0.3 

a 

t h e r e f o r e ,  not  agree  exac t ly  wi th  va lues  ca l cu la t ed  from t h e  d a t a  
shown. 

These values  were calcul.ated from data before  "round-off" and may, 

2. Potassium-43 

The ob jec t ives  of t h i s  p r o j e c t  are: t o  prepare  potassium-43 
by t h e  43Ca( ~ , P ) ' . ~ ~ K  r e a c t i o n ,  u s ing  i s o t o p i c a l l y  enriched 
b3ca0 -targets , 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 t h e  t a r g e t  i n  a p u r i t y  s u i t a b l e  f o r  medi- 
c a l  u se ;  and t o  e s t a b l i s h  coopera t ive  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  use fu lness .  
Potassium-43 wi th  a h a l f - l i f e  of 22.4 h r  and gamma-ray 
emissions of 0.3'73 and 0.617 MeV 
f o r  metabolic and c l i n i c a l  studi-es of blood flow, r e j e c t i o n  
o f  t r ansp lan ted  organs,  and kidney func t ions  because t h e  
dose r a t e  would permit mu l t ip l e  doses .  

i s  p o t e n t i a l l y  useful. 

Two shipments o f  po tass iu i -43  were made dur ing  t h i s  per iod .  Both t a r g e t s  
were i r r a d i a t e d  f o r  83 h r .  The ro.bbits were o ened i n  a c e l l ,  t h e  qua r t z  
ampules were broken, and Lhe enriched (-62%) "CaO was disso lved  i n  HC1 
and t r a n s f e r r e d  t o  a radiochemical hood for t h e  usua l  ion-exchange separa- 
t i o n ,  Data on t h e  t a r g e t s  and products  are  summarized i n  Tables 2 and 3. 

Shipments were made under medical coopera t ive  programs t o  Johns Kopkins 
Medical I n s t i t u t i o n ,  Univers i ty  Hospi ta l s  o f  Cleveland Univers i ty  of 
Miss i s s ipp i  Medical Center ,  Pe te r  B e n t  Brighmi Hospital  , and V .  A .  
Hosp i t a l ,  Durham. The gyoup a t  Johns Ilopkins has r epor t ed  encouraging 
c l i n i c a l  r e s u l t s .  
scanning, followed by r o u t i n e  ca rd iac  angiography. I n  a l l  t h r e e  cases  
t h e  d iagnos is  made independ-ently on t h e  b a s i s  of  t h e  potassium-43 scans 

Three p a t i e n t s  were given potassium-43 for myocardial 
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Table 2. Yield of Potassium-43 from Calcium-43 Target  

Target  No. 304 Target  No. 305 

Weight 4 3 C a 0  (-62%) ,& mg 159 -7  137.6 

I r r a d i a t i o n  t i m e ,  h r  83 83 

Product de l ive ry  d a t e  12-1-70 12-15-70 

T o t a l  product a t  8:oo AM on 
d e l i v e r y  d a t e ,  mCi 

Pot assium-43 
pot ass ium-4 2 

8.67 9.40 
1 . 0  (11.7%) 1.1 (11.8%) 

afiecovered October 1970. 

Table 3. Radionuclides Found in Dissolver Sample by Gamma Scanning 

Activity at Dischargea Specific Activity at Discharge 
Radionuclide Half-life (mci 1 (uti Der mg o f  target) 

Target No. 304 Target No. 305 Target No. 304 Target No. 305 

Potassium-43 22.4 h 21.0 25.4 131 185 
Potassium-42 12.4 h 5.4 5.8 34 42 
sodium-24 15.0 h 3.0 3.0 19 21 
~anganese-56 2.58 h 11.1 7.6 70 55 
~trontium-87m 2.83 h 30.9 24.7 19 3 180 
~alcium-47 4.53 a 0.50 0.44 3.1 3.1 
~candium-46 83.8 a 3.9 3.9 25 2a 
sc andi um-47 3.35 d 0.46 0.43 2.9 3.1 
Europium-152m 9 . 3  h 5.4 3 34 22 
Samarium-153 46.8 h 6 2.4 41 17 
Europium-154 7.8 y 1 - 6 - 
Europium-156 15.2 d 3.3 0.9 21 6 
Bromine-82 35.4 h 0.07 - 0.5 
Antimony-122 2.74 a 0.15 0.09 0.9 0.7 

- 

%ot a1 target . 
concurred with t h e  d iagnos is  made by c a r d i o l o g i s t s  f r o m  t h e  angiography. 
The g r e a t e s t  need a t  p re sen t  i s  t o  inc rease  t h e  frequency of potassium-43 
a v a i l a b i l i t y  so t h a t  f u l l - s c a l e  c l i n i c a l  eva lua t ion  can proceed. Both 
t h e  V .  A .  Hospi ta l  and Pe te r  Bent Brigham groups r e p o r t  encouraging 
r e s u l t s  with human s u b j e c t s .  

The t a r g e t  m a t e r i a l  from preceding runs w a s  combined and 440 mg of  43Ca0 
w a s  recovered.  This r ep resen t s  a recovery of approximately 93% based 
on t h e  weights of t h e  t a r g e t s .  The t a r g e t  weights a r e  probably a f e w  
percent  high because of weight i nc rease  (due t o  moisture  o r  carbon d i -  
oxide i n  t h e  a i r )  experienced i n  loading t a r g e t s .  
were made from t h e  recovered % a O .  

Three new t a r g e t s  



B.  Exploratory Development o f  Products and Techniques 

1 .  Si l icon-32 

The formation pa ths  f o r  r e a c t o r  product ion of s i l i con-32  
depend upon t h e  product ion of and subsequent neutron r e a c t i o n  
of an in te rmedia te .  Si l icon-32 exhibi- ts  many d e s i r a b l e  physi-  
c a l  decay c h a r a c t e r i s t i c s  t h a t  make it an i n t e r e s t i n g  and 
a t t r a c t i v e  rad ionucl ide  f o r  a v a r i e t y  of u s e s :  ( I )  t h e  only 
long-l ived rad ionucl ide  of  s i l i c o n  f o r  u se  i n  a g r i c u l t u r e ,  
geology, s o l i d - s t a t e  phys ics ,  e t c . ,  ( 2 )  as a parent  f o r  a 
32Si-32P genera tor  system which would o f f e r  a cons tan t  supply 
of phosphorus-32 f o r  medical and s c i e n t i f i c  a p p l i c a t i o n ,  and 
( 3 )  as a long-l ived Cerenkov count ing s tandard f o r  phosphorus-32 
d e t  erminat i ons . 

A H F I H  hydraulic: tube  t a r g e t  conta in ing  365 mg A1P04 has been f a b r i c a t e d ,  
t e s t e d ,  accepted ,  and i n s e r t e d  f o r  a 23-day i r r a d i a t i o n .  T'his t a r g e t  
r ep resen t s  an i n i t i a l  a t tempt  t o  produce s i l icon-32  v i a  t h e  phosphorus-32 
in te rmedia te  product ion pa th  as descr ibed  e a r l i e r .  I t  i s  also hoped 
t h a t  a n a l y s i s  of  t h e  r a d i o a c t i v e  phosphorus i so topes  i n  t h e  product will. 
y i e l d  a pre l iminary  c ross -sec t ion  f o r  t h e  ?Pp( n ,y ) 3P r e a c t i o n .  

C .  I so top ic  Power 

1 ,  T h u l  ium-170 

The ob jec t ives  of this research  are t o  provide s u f f i c i e n t  
d a t a  011 thulium-170 t o  perni-t assessment of i . t s  p o t e n t i a l  
a p p l i c a t i o n  as an i s o t o p i c  power source f o r  shor t -dura t ion  
miss ions .  

Equipment t o  be  used i n  t h e  measurement of t h e  vapor p re s su re  of Tm2O3- 
Y b 2 O 3  mixtures has been assembled. The i n i t i a l  determinat ion by t h e  
Knudseii c e l l  technique w i l l  be  c a r r i e d  ou t  by t h e  simple weight-loss 
measurement a t  va r ious  t ime i n t e r v a l s .  An i n e r t  gas atmosphere w i l l  be  
maintained i n  t h e  furnace during t h e  hea t ing  and f i n a l  cool ing  of t h e  
sample. 

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

Processed Units  Serv ice  I r r a d i a t i o n s  
Radioisotope Amount (mci .  ) Type Number 

Antimony-122 1865 u3°8 2 
~ a l c  ium-47 1 5 . 5  y703 1 

1 - Rhenium-186 202 pia t i nun-196 
Copper-67 12.5 

To ta l  2095.0 

"4. F. Rupp, Radioisotope Program (8000) Progress  Beport; for. November 19-70, 
ORNL-TM-3228, Oak Hidge Nat ional  Laboratory,  p .  4. 
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E Miscel 1 aneous 

1.  HFIR Target Testing 

Six hydraulic tube rabbits were tested this month, including three 
radioactive targets. A l l  were satisfactory. 

Three radioactive removable beryllium stringers were tested; two failed. 

ACCELERATOR-PRODUCED ISOTOPES - 08-01-02 
A. Biomedical Radioisotopes 

1. Indium-Ill 

The objectives of this program are to define and optimize 
production parameters and to make sufficient material 
available to cooperative participants for their evalua- 
tion of indium-111 as a diagnostic radionuclide in such 
applications as spinal-cerebral cisternography, aerosol 
lung studies, delayed brain scanning, visualization of 
the lymphatic system, metabolic studies of indium-labeled 
macroaggregates and colloids, and tumor localization. 
Indium-111 has gamma emissions of 173 keV (89%) and 247 
keV (94%)ideally suited f o r  external detection and an 
optimal half-life (2.81 days) for labeling and distribution 
studies which must be carried out over 24 hr or longer. 

One batch of indiwn-111, approximately 100 mCi, was prepared and portions 
of the batch were supplied to interested clinicians as a special research 
material at full-cost recovery. 

2. Gal 1 i um-67 

The objectives of this program are to determine the optimal 
target configuration for gallium-67 (78 hr) production by 
the 68Zn(p,2n)67Ga reaction in acceptable purity and quan- 
tity and to provide gallium-67 for clinical applications 
research and development, Interest in this isotope has 
been spurred by evidence, obtained by the Medical Division 
of Oak Ridge Associated Universities (ORAU), of a high up- 
take of carrier-free gallium-67 by lymphoid tumors in both 
animals and humans. 

Gallium-67 decays by electron capture with the emission 
of four  main gamma rays of 93, 184, 296,  and 388 keV with 
intensities of 40, 23, 2 0 ,  and 8$, respectively. 

Three gallium-67 preparations were shipped to ORAU during this period, 
and 11 smaller orders were filled for other customers. The third pro- 
duction run was necessitated by premature target; failure (the target 
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f a i l e d  a f t e r  on ly  1 h r  of beam t i m e )  due t o  beam Location d i f f i c u l t i e s  
during i r r a d i a t i o n .  'The machine problms were coi-rectecl, and t h e  
o the r  two t a r g e t s  i i - rad ia ted  during this eriod performed wi th in  the  
product ion parameters summarized ear l ie r .  i; 

A summary of t h e  accumulated product ion experience for t h e  f i r s t  h a l f  of 
FY 1971 i s  shown i n  Table I t .  
t ube  t a ~ g e t s  ( 0.375-in. OD by O.O?O-i n.  ~ m l l  thirkucss ) bombardcd with 
22-MpV protons .  The average beam current, was i n t e n t i o n a l l y  reduced during 
some i r r a d i a t i o n s  i n  order  t o  prolong t a r g e t  l i f e  arid allow maxinun y i e l d .  
Pi*oduction rates agreed well w i t h  previous product ion experience. 

All dnt,u 8,re f o r  high-puri ty  nRtural  z inc 

Since t h e  process chemical y i e l d  values seem lower tham previously r epor t ed ,  
t h e  d i s t r i b u t i o n  r a t i o s  and e x t r a c t i o n  e f f i c i e n c i e s  f o r  t h e  isopropyl  ether- 
HC.1 s epa ra t ion  system i n  t h e  presence of va r ious  mtiounts of z inc have been 
inves t iga t ed  to determine t h e  optinia.1. extraction condi Lions. The r e s u l t s  
of t h i s  i n v e s t i g a t i o n  are shown i n  F i g s .  1 mid 2 .  These determinat ions 
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3A.  F .  Rupp, fiadioi sotope Prograii (8000) Progress  Heport f o r  September -_.- 1970 2 

O N T L - T M - ~ ~ ~ ~  Oak Xidge Nat ional  Laboratory p.  11. 
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Table 4. ORNL Accumulated Gallium-67 Production Experience f o r  the F i r s t  Half of FY 1971 

G a l l i u m  
66Gab Chemical 
( % I  Yield 

ii Quant i  t 
Shipped 
(mCi) 

Average 6 7 G a  67Ga 

Yield" Rate 
( m c i  ) 

Run Beam Innage Integrated Cjrclotron Product i o n  a 

( % I  
Beam 

( 1.IA-hr I Number Current (hr) 
( m C i  /mA-hr ) ( P A )  

Ga-67-52 313 2.33 730 3 51 482 131 <0.5 100 

Ga-67-53 314 3.00 943 4 54 482 193 <0.5 98 

Ga-67-54 334 1 .25  417 231 553 103 9.1 95 
Ga-67-55 307 1.75 537 268 49 8 133 9.3 95 
Ga-67-56' 310 4.90d 1514 4 27 178 <0.5 94 
Ga-67-57' 313 3 . k  1071 529 494 175 <0.5 99 
Ga-67-58 294 4.  12e 1212 562 4 64 210 2.6 85 

Ga-67-60' 4 .  l T e  1185 507 149 -1 77 
Ga-67-61 305' l . O O d  305 156 511. 65 2.6 93 
Ga-67-62 292 3.42e 1000 4 59 4 59 56 <O. 5 88 

Ga-67-63 301 4.00e 1203 552 4 59 224 3.1 85 

Ga-67-59 253f 3 .?5e 963 489 5 08 186 2.3 87 

~~ 

Values ca l cu la t ed  a s  of end of bombardment. 

Two t a r g e t s ,  i r r a d i a t e d  s e p a r a t e l y ,  processed toge the r .  

Target run t o  f a i l u r e  f o r  r n a x i m u n  poss ib le  production. 

a 

bTirne r e fe rence :  

dRun terminated by t a r g e t  f a i l u r e .  e 

fCyclotron opera t ing  d i f f i c u l t i e s .  

8:00 AM on day a f t e r  shipment. 
C 

Vtilues omitted from d a t a  ana lys i s .  



have been run a t  d i f f e r e n t  ZnC1.2 concent ra t ions  and a t  di.f f e r e n t  phase 
volume r a t i o s ,  i . e . ,  Vo :Va = 1:2 and Vo:V, = l:l, i n  an 3-ttemp.i; t o  most 
cl.osely d u p l i c a t e  t h e  zinc t a r g e t  d i s so lve r  s o l u t i o n  encountered during 
t h e  processing procedures i n  c u r r e n t  use .  The dashed secti-ons of t h e  
[Zi?? ] = 4,5 I M curves r ep resen t  t h e  a r e a  where a three-phase separa t ion  

w a s  encountered., i. . e . ,  both s. “ l i g h t ”  and “hea.vyrr e t h e r  phase separa ted .  
Since t h i s  hign zinc ion  concent ra t ion  was beyond t h e  range of s p e c i f i c  
i n t e r e s t ,  t h i s  phenomenon w a s  no t  i n v e s t i g a t e d  f u r t h e r .  
ab l e  decrease and s h i f t  of t h e  d i s t r i b u t i o n  r a t i o  maxima wi.th inc reas ing  
ZnC12 which can be c o r r e l a t e d  wi th  t h e  increased  so lub i l i . t y  of t h e  e the r  
phase i n  ’ihe aqueous phase a t  high H C I  concent ra t ions .  
of zinc ion  and H C 1  will be adjl lsted 
i n  f u t u r e  processing t o  maximize 

There is  a not ice-  

The concent ra t ions  
t o  1 . 5  and 7 . 0  E, r e s p e c t i v e l y ,  

ex t rac- t ion  e f f i c i e n c y  . 
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3. Rubidium-84 

The objectives of this program are to improve the technology 
for the production of higher purity rubidium-84 by use of an 
enriched krypton-84 target. Rubidium-84 is usually produced 
by proton bombardment of natural krypton targets, but this 
product is unsuitable for positron camera scanning due to 
appreciable amounts of rubidium-83 produced simultaneously. 
The use of rubidium-84 for myocardial scanning with a positron 
camera has increased the demand for a higher purity product. 

Two gas storage containers have been assembled, leak tested, and their 
volume measured so they can be used for enriched krypton-84 storage. 
It is felt these storage containers will allow an accurate method to 
maintain a better gas inventory scrutiny and to determir,e target 
handling losses. 

4. Medically Useful Radioisotopes o f  Strontium 

Our purpose in this project is to examine methods of 
preparing high radiochemical and isotopic purity samples 
of the medically useful radioisotopes of strontium, 
25-day strontium-82, 64.7-day strontium-85, and 2.8-hr 
strontium-87m. 
able to establish the decay schemes which will allow 
more accurate determinations of the body radiation for 
these radioisotopes. 

Through cooperative efforts we are also 

The radioisotopes of strontium are used in physiology 
and nuclear medicine in the investigation of calcium 
metabolism, calcium kinetics in bone, differentiation 
of pathologic from traumatic fractures, primary bone 
tumors such as osteogenic sarcoma, metastatic cancer to 
the bone from mammary or prostate malignancies, and other 
benign bone conditions. 

a. Strontium-87m 

Our initial work in this area was that of the development of a high yield 
and high radiochemical purity yttrium-87-stront;im-S7m generator system 
using the carbonate system.4 

More recent work involved the examination of the decay scheme of both 
yttrium-87 and strontium-07rn; namely the conversion coefficients for 
the 388-keV and 483-keV transitions of strontium-87. Since the internal 
conversion coefficient, defined as the ratio of conversion electrons 
to gamtra rays (e/y), is an index of the number of photons "converted" to 
electrons, dose calculations are affected, Earlier work5y6 suggested 

4J. F. Allen and J. J. Pinrzjian, Intern. J. Appl. Radiation Isotopes I 16, 
319-25 (1965 1 - 
5S. Hultzberg, D. J. Horen, mid J. M. Hollander , Wucl. Pays 
6H. K. Carter and J, 3 .  Hamilton, Z. Physik 235, 383 (1970). 

28, 471 (1961) a 
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t h e  p o s s i b i l i t y  of a systematic e r r o r  in the measurement of t h e  conver- 
s ion  coeff ic i .e i i t  of strontium-87. Our work i n  cooperat ion wi th  Vanderbi l t  
Un ive r s i tyY7  publ ished t h i s  q u a r t e r ,  showed t h a t  the e a r l i e r  work d id  not 
have any sys t e rmt i c  e r r o r .  I n  a d d i t i o n  it showed t h a t  t h e r e  i s  reasonable  
agreement between theory8 y 9  and experiment j.n the evaluati-on of the K- 
conversion c o e f f i c i e n t  ( a  ) f o r  t h e  388-keV arid lc83-keV t r ans i t i . ons  i n  
strontium-87. Table 5 shows t h e  experimental  and theoret : i  cal values of  K 

Table 5 .  Comparison of F'xperimental and Theore t i ca l  
K-Conversion Coerfi cien.ts of Transj t i o n s  i n  * 7 ~ r  

-.- -- 
n Theore t i ca l  K 

----̂ ~~ 
T'ransi t ian a Experimental K 

EnerKy a S1.j-v and Hager and 
(keV) Present; Work Band S e l  tzer b C 

388 0.162 .1- 0.010 0.17 0.1.83 

IC 83 0.00260 1- o.oooi3 0.0025 0.00252 

.I -II__ 

A. F. K l u k ,  I). Krmpo-tic; J .  H .  Hamilton, and J. J. a 

P i n a j i a n ,  Z .  Physik z?, 391 (1970). 
bL. A .  S l i v  and I .  M .  Band, --- Tablps of In t e rna l  Con- 
vzrsiori  Coe f f i c i en t s  of Gamma Radia t ion ,  Academy of 
Sciences of  the USSR,  Moscow-Leningrad, 1956 and 1-959 e 

R .  Hager and E .  S e l t z e r ,  N w l ,  Data, &, 1 (1968) .  C 

In t h e  case  of t h e  388-keV (99%) t r a n s i t i o n  in st ront iui-87m, about 1.14% 
of the t r a n s i t i o n s  do not resu l t  in a 388-keV garma r a y ,  bu t  r a t h e r  i n  
the appearance of a K-conversion e l e c t r o n  whose dose r a t e  d i f f e r s  con- 
s ide rab ly  from Ynat of  the gtmfla ray. 

4 c o l l a t e r a l  work has been r e c e n t l y  publishedlO as a r e s u l t  of t h e  tech-  
nology developed dur ing  our work. on t'ne s t ront i~m-87m genera tor  * The 
2.O-hr stron-tiilxn-87m i s  generated from t h e  80-1:r yt-icri~m-87 parent. The 
purity and e f f i c a c y  of t'ne s t ront im-87m i s  dependent or1 t h e  a b i l i t y  t o  
f i x  t h e  yttrium-8'? parent  on a n  inorganic exchanger and the a b i l i t y  t o  
e l u t e  the strontium-87m daughter i n  high y i e l d s .  

?A. F. Kluk, D, Krmpotic', J. H .  l iarnil ton,  and 5. J. PinaJiaaz, Z .  Physik,  
235, 391 (19'YO). 3x-r A.  S l i v  and I. M. Band, Tables of  Ickernal  Convq~ion Coef f i c i en t s  of 
Gamma Radfation, Academy of Sciences o f  t h e  USSR, Moscow-TJeningrad, 1.956 
and 1-969. 
9Ei.  Hager and E .  S e l t z e r ,  Nucl.. Data, gi, 1. (1968) .. 

J .  J .  P i n a j i a n ,  amd N. R .  Johnson, Plnys. Xev. - C2, 2248-78 (1970) .  
l0A. V .  Ramayya, B .  van Nooijen,  J .  W .  Ford, D.  Krmpotic', J. H .  Hs-mil'ton, 

1I~llen and Pi izaj ian.  
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In order to understand the behavior of carrier-free yttrium-%i( and at the 
same time accelerate such a study, the short-lived analogue of yttrium-87, 
the 14.6-111- yttrium-86, was used. In the course of developing high-purity 
chemical separations, portions of these ultra-high purity samples produced 
were utilized in a cooperative effort with Vanderbilt University (Nashville) 
and the Chemistry Division of ORNL to study the decay scheme of the 14.6-hr 
yttrium-86. 

The published work represents an unusually complete investigation of the 
decay of a radionuclide involving 107 gmm rays. 
in a proposed decay scheme involving 31 levels, 
_I Datal2 concerning mass chain 86 utilizes our  data almost en masse. 

Of these, 97 were placed 
A recent issue of Nuclear 

This essentially completes our work on the strontium-87m radionuclide: its 
production, ' 
isotope generator, ' separation and purification ,1 the preparation of a radio- 

and the clarification of the decay scheme. ' ' 
b. S t r o n t i  urn-82 

A collateral work i n  collaboration with the Nuclear Data group at ORNL was 
started in the preparation of 25-day strontium-82 using the Oak Ridge 
Relativistic Isochronous Cyclotron (ORIC) to initiate at 40 MeV the 85Rb- 
( ~ , k n ) ~ ~ S r  reaction. 
which suggests a convenient radioisotopic generator source of short-lived 
rubidium suitable for dynamic blood flow and kinetic studies. 

The strontium-82 decays by EC to 1.3-min rubidium-82, 

The separation chemistry involves repeated precipitations of the strontium 
with strontium carrier and rubidium hold-back carrier in chilled fuming 
nitric acid. The final sources contained strontium-82 plus rubidium-82 
and a small amount of strontium-85 but no other detectable impurities. 
The gama spectra were measured at high resolution with a 30-cm3 Ge(Li) 
detectox" in singles and in coincidence with a 12.7- by 12.'T-cm NaI(T1) 
scintillation detector. Ten gamma rays were observed, their energies and 
relative intensities accurately measured, and, as shown in Fig. 3, a 
level scheme proposed' with probable spins and parity assignments. The 
spin and parity assignments give indications of the multipolarity of the 
transition. These, in turn, are necessary f o r  the calculation of the 
gamma-ray dose rate, Also the measured intensities of the gama rays 
relative to the 511-keV photon allow us to construct a decay scheme with 
correct beta branching. This latter step is most important and necessary 
for dose calculations 

Further work on the measurement of yields and the preparation of a suit- 
able radioisotope strontium-82:rubidiumm-82 generator system will have to 
wait until an approximately 40-MeV proton beam is available to the Isotopes 
Development Center far production purposes. 

I 2 R .  L. Auble, Nuclear Data - B5, 109 (1970). ' 3Allen auld Pinaj ian. 
k l u k ,  Krmpotie ', Hamilton, and. Pinaj ian. 

1 5 S m  Iiaman and J. J, Finajian, Nucl. Phys. A125, 129 (1969). 
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Fig. 3 .  Decay Scheme of Rubidium-82. 
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c .  Strantium-85 

Our primary i n t e r e s t  i n  64.7-day strontium-85 i s  a consequence of our 
a b i l i t y  t o  i s o l a t e  high-puri ty  samples of s t ron t ium a c t i v i t y .  S a t t l e r 1 6  
has r epor t ed  t h e  ex i s t ence  of 356-keV and 878-keV gamma rays  i n  a d d i t i o n  
t o  t h e  514 keV i n  t h e  decay of strontium-85. These gamma r a y s  have been 
included i n  t h e  proposed decay scheme by Lederer 
W e  suspec t  t h a t  t h e  
(356-keV gamma - 78%). 
impuri ty  or a random sum peak of t h e  514 keV (s t ront ium-85)  and t'ne 356 
keV (barium-133). Since t h e r e  r e a l l y  i s  an energy l e v e l  i n  rubidium-85 
a t  870 keV which has been seen by Coulomb e x c i t a t i o n ,  it clouds t h e  issue.  

Hollander ~ and Perlman,17 
356-keV l i n e  i s  due t o  t h e  7.2-year barium-133 

The 878 keV (50.012 MeV) i s  probably another  

During t h e  next q u a r t e r ,  a sample of  strontium-85, which i s  p r e s e n t l y  
being produced, w i l l  be  chemically p u r i f i e d  and examined wi th  a high 
r e s o l u t i o n  G e ( L i )  spectrometer  and a Compton suppressed spectrometer  
i n  a c o l l a b o r a t i v e  e f f o r t  wi th  t h e  Livermore Laboratory and t h e  Nuclear 
Data group. This  s h o r t  experiment should answer t h e  ques t ion  of t h e  
ex i s t ence  of t h e  two ambiguous and unce r t a in  gamma rays  and r e s o l v e  
t h e  u n c e r t a i n t i e s  i n  t h e  decay scheme. 

5. Bismuth-206 

The purpose of t h i s  program is  t o  prepare  high rad io-  
chemical p u r i t y  bismuth-206 i n  h igh  y i e l d ,  e s t a b l i s h  a 
d e f i n i t i v e  decay scheme, measure t h e  product ion y i e l d ,  
p repare  a s u i t a b l e  radiopharmaceut ical  p roduct ,  and tes t  
t h e  product .  

The examination of bismuth-206 by groups i n  Germny 
(Mundinger 1, Netherlands (van de r  Werff ) and England 
(Matthews ) has demonstrated t h a t  t h i s  i so tope ,  among 
a l l  o t h e r s  inc luding  4 3 K ,  84Rb ,  52Mn, 7 4 A ~ ,  llOAg, 
6 8 G a ,  65Zn, 9 5 Z r ,  l3lI, and va r ious  compounds l a b e l l e d  
wi th  l 3 I I ,  llOAg, and 5 1 C r ,  w a s  very  much b e t t e r  t han  
any f o r  b r a i n  tumor l o c a l i z a t i o n .  
very  high tumorlbrain concen t r a t ion  r a t i o  and has ,  as 
w e l l ,  a low concen t r a t ion  i n  muscle and blood.  It i s  
t h e  opinion of t h e s e  workers t h a t  bismuth-206 is t h e  
b e s t  tumor l o c a l i z a t i o n  agen t .  Other bismuth rad io-  
i so topes  are also p o t e n t i a l l y  very  u s e f u l  because of 
t h e  avai labi l i ty  of ha l f - l i ves  vary ing  from 28 y r  f o r  
bismuth-207 t o  1.8 h r  f o r  bismuth-201, 

Bismuth-206 has a 

The 6.24-day bismuth-206 w a s  produced by i r r a d i a t i n g  f o r  s e v e r a l  hours 
n a t u r a l  l ead  (1.48% lead-20k, 23.6% lead-206, 22.6% lead-207, and 52.3% 
lead-208) wi th  30.5-MeV protons us ing  t h e  Philips-Duphar product ion 

1 6 A .  R. S a t t l e r ,  Phys. Rev. 127, 854 (1962) .  
17C. M. Lederer ,  J .  M .  Hol lander ,  and I.  Perlman, Table of Isotopes.  
6 th  ed . ,  Wiley, New York, 1967. 



cycl-otron a t  Pe t te t i ,  North Holland Netherlands under a coopera t ive  
progran.  Under t h e s e  condj-tions , bismuth--206 i s  produced by 

Heac t i o n  Q Value (MeV)  

206Pb( p , n )  206Bi -4,43 

*Pb ( p ~ 3n ) 6 B i  -18 * 54 
* O  7Pb( p ,2n)206Bi  -11.17 

I n  a d d i t i o n ,  vsryii ig amounts of 11,8-hr bismuth-203, 11.2-hr bismuth-204, 
and 15 e 3-day h i  smuth-?05 plus a neglig:  b l e  amount of 28--year bismuth-207 
a r e  prodllced. However, wi th in  48 
e s s e n t j a l l y  all t h e  a c t i v i t i e s  d i e  out  e scep i  6.2L-day bismutii-206 [ i . e . ,  
as assayed wi th  a 3- by 3-in.  Nal(T1.) spectrometer  f o r  nuclear  medicine 
a p p l i c a t i  ons ]  . 
The s p e c i f i c  a c t i v i t y  depends on t h e  t o t a l  i r r a d i a t i o n  t i m e  s i n c e  t h e r e  
i s  about 0.15 mg i n a c t i v e  bismuth c o n t m i n a n t  i n  the lead. 

a f t e r  t h e  end of t n e  i r r a d i a t i o n ,  

The y i e l d  of b i  smuth-206 i s  approximately 1 mCi/pA-hr . 

The t a r g e t  was processed by hea t ing  the  copper base  p l a t e  contafning t h e  
5-cm-diam by 0.3-cm-thick l e a d  t a r g e t  and scrap ing  out  t h e  l ead .  The 
lead w a s  di.ssolved i n  fuming n i t r i c  ac jd  and the b-i-smuth then  p r e c i p i t a t e d  
wi th  ammonium hydroxide This s t e p  removes copper and coprec ip i ta . tes  
bismuth and l e a d .  The p r e c i p i t a t e  was i so l .a ted  by f i l t r a t i o n  through a 
g l a s s  f r i t 3  d isso lved  i n  n i t r i c  acj.d, and a d j m t e d  .in pfl; t h e  bismuth w a s  
ex t r ac t ed  wi th  d i th i zone  solution. Afte r  washing t r a c e s  of  l e a d  out  of 
the diLhizone, t h e  s o l u t i o n  w a s  evaporated t o  dryness ,  t r e a t e d  wi th  n i t r i c  
a c i d .  t o  des t roy  t h e  organic  res idue,  and taken up i n  d i . l u t e  n i t r i c  acid. 
Fur ther  reductj-on of s o l i d s  was accomplished by adding i r o n  c a r r i e r  and 
c o p r e c i p i t a t i n g  bismuth on iron hyd.roxide a number of t i m e s .  The i r o n  vas 
subsequent ly  removed by extraction with  methy-1 i s o b u t y l  ketone ( 4-methyl- 
2-pentmone) . 
w i t h  n i t r i c  a c i d  t o  des t roy  organic  material  arid then  taken up i n  hydsa- 
c h l o r i c  a c t d  o r  r1i.tri.c a c i d ,  d-epending on t h e  a p p l i c a t i o n .  

The aqueous phase conta in ing  the  bismuth a c t i v i t y  was t r e a t e d  

Because o f  t h e  obvfous presence of small amounts of t h e  1>.3-day bismuth-205 
a c t i v i t y ,  a po r t ion  of t h e  bismuth-306 w a s  deJ ivered  t o  Livcrxore where i t  
was passed through a small- mass spectrometer .  The bismuth-206 and 
bismuth-205 f r a c t i o n s  were then shipped t o  Vandeybi l t  Univers i ty  (Nashv i l l e )  
and Aerospace liesearch Laboratory (Dayton) f o r  use. 

‘The decay scheme of bismuth-206 as given by Lederer ,  Holland.er, and Perlman” 
shows 28 g a m a  rays  (01.1-i; of 31 gamma rays  observed)  placed i.n 12  l e v e l s  o f  
lead--206 ( evf.dence f o r  another  nine l e v e l s  exi.sts from nucJ.eax react j -on 
s t u d i e s ) .  Since c a l i b r a t i o n  (assay) and dose cons ide ra t ion  depend an an  
accu ra t e  knowledge of t he  decay scheme and on t h e  knowledge of t h e  degree 
of conversion of photons i n  t h e  K she l l  and T., s u b s h z l l s ,  a coopera t ive  
program w a s  i n i t i a t e d  to es tab l i . sh  a d e f i n i t i v e  decay scheme g iv ing  absolute 
ra i , ios  and. canversi-on c o e f f i c i e n t s  of t he  gamma rays. For t h i s  purpose,  
t h e  following organizations w e r e  involved i n  the coopera t ive  program: 

8Lederer , Hollander ,  and Perlman, p.  396. 



Organization 

Pliilips-Duphar Cyclotron and 
Isotopes Labor a t  o r y  

Pe t t en ,  North Bolland 
The Netherlands 

I s o t  opes Developmect Center 
O a k  Ridge Nat ional  Laboratory 

Aerospace Research Laboratory 
Wright-Patterson A i r  Force Base 
Ohio 

Lawrence Radiat ion Laboratory 
Livermore, Ca l i fo rn ia  

Physics Department 
Vanderbi l t  Univers i ty  
Washville,  Tennessee 

Equipment 

P h i l i p s  Universal  Isochronous Cyclotron 
31-MeV protons 
18-MeV deuterons 
36-MeV alphas 

Ge ( Li ) spectrometer 

Purpo s e 

Production and pre l iminary  
chemistry 

F i n a l  chemistry and sample 
prepara t ion  

S ingles  s p e c t r a  

Iron-cor e, double- f ocusing beta spectrometer I n t e r n a l  conversion 
High r e s o l u t i o n  G e ( L i )  spectrometer c o e f f i c i e n t s  

( 2 . 2  keV for 1 .33-MeV l i n e )  S ingles  s p e c t r a  

Mas s spectrometer Separa t ion  and i s o l a t i o n  
Compton suppression G e ( L i )  spectrometer of' 2 0 6 B i  and 2 0 5 B i  

s p e c t r a  
Compton suppressed s i n g l e s  

G e  ( L i  ) -Ge ( L i  ) ( 4096 x 4096 channel ) Beta-beta coincidence 
coincidence system 
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The pL-elirninary r e s u l t s  of t h e  work wei-c presented  a t  t h e  Houston Meeting 
of t h e  American Physical Soc ie ty  and tile a b s t r a c t  has been published:19 
65 gmma rays  were observed and, of  t h e s e ,  60 were placed (314 by coin- 
ci-dence and 26 by energy) i n  a decay scheme which cons is ted  of 1-9 l e v e l s  
(16 detei-mined by coincidence and t h r 9 e  by e n e r , g ) .  

I n  the coniihg per iod ,  our work w i l l  be c o r r e l a t e d  wi th  o t h e r  r e c e n t  work 
(Japan, unpubl ished)  and a paper on t h e  decay scheme w j l l  be subxnitted 
for  pub l i ca t ion .  

A s  a result OP the  mass sepa ra t ion ,  w e  had t h e  oppor tuni ty  t o  ob ta in  hjgh 
i s o t o p i c  p u r t t y  '~ismi.it,ii-205 i n  an i s o l a t e d  form. These samples plus t h e  
r e s i d u a l  bismuth-205 a c t i v i t y  i n  o w  ear l ier  experiments have enabled us 
t o  make progress  on t h e  decay scheme of 15.3-day bismuth-205. 
corning per iod  we a n t j c i p a t e  producjng another  sample of bismuth-205 and 
f i n i s h i n g  our sti idy of t h i s  nuc l ide .  

I n  t'ne 

The 11.2-hr bismuth-204 bas been of f n t e r e s t  l o c a l l y  (Vanderb i l t  IJnivers i ty  
Medical Centel.) as a n  a l t e r n a t i v e  bismuth a c t i v i t y  which has  many good 
f e a t u r e s .  We a n t i c i p a t e  i n v e s t i g a t i n g  t h e  pi-oduction chernica:l separa-  
tion, product process ing ,  and sample p repa ra t ion  of this nuc l ide  e a r l y  
i n  1371. 

€3, Accelera tor  P i l o t  Production (Production and Inventory Accounts) 

Table 6 g ives  t h e  December 19'70 a c c e l e r a t o r  i r r a d i a t i o n s  f o r  ORNL and 
non-OXNL customers. 

Table 6.  Accelerator  I r r a d i a t i o n s  f o r  lkcember 19'10 

product Charges 

~ - . .  I_. 

- No. of T i m e  ( h r  I_ : m i  n )  Total- 
Runs Beam Mise. Total. 

Tot  31. 

Blsmuth-205 
Radiat ion damage 
Hub i d ium- 8 4 
Y t t r ium-8 T 

Total 

ORNL Proe;rams 

2 ( : 2 5  2:15 
1. 3:15 _I_ 1 : O O  

Non-OXNE Progrms 

76:s5 1O:lO 

9 :40 
4 :1$ 

13 : 5 5  

2:1$ 
63 : 30 
8 : ).LO 
12 : 00 

86 :25 

$ 969.37 
38'1.65 

$ 1,357.02 

$J 335.50 
9,039.99 
2,136.66 
1,860.30 

$13,372.45 

___-.I 

I'D. C .  Camp, J. C .  Manthuruthi l ,  A .  V. Ramayya, J .  H .  Km-l l ton ,  and 
J -  J.  I ' inaj ian,  Hull. Am. Phys. Soc. I 1 5 ,  J.649 (1970) .  



FISSION PRODUCTS - 08-01-03 

A .  Krypton-85 Enrichment 

No gas t ransfers  were made i n  any of  t h e  units (see F ig .  4 )  t h i s  month. 
The krypton-85 u n i t s  appear t o  be ve ry  near equi l ibr ium and it w i l l  be 
necessary t o  dump the deple ted  ends and r ep lace  them wi th  a c t i v e  mate- 
r i a l  i n  January.  

A c t i v i t y  T i m e  Since Count R a t e  i n  Product 
i n  Unit Last Product Sec t ion  (counts /min)  

Unit (Ci 1 Removal (days)  Nov 1970 Dec 1970 

A - 224 I - 
AB 1537 100 10,050 10,500 
B 1406 100 8,350 8,850 
c 1566 100 8,550 8,600 
CD 2281 24 0 12,000 12 :loo 
D 1360 100 6,750 7,000 

ORNL-DWG 7 0 - 6 0 8 A  

I_ 

UNIT A B  UNIT 0 

VALVE 
MANIFOLD 

I 

UNIT D 

Fig. 4. Schematic Arrangement of Krypton-85 Columns. 
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B. Separat ion a n d  P u r i f i c a t i o n  of Krypton-85 and F i s s i o n  Xenon 

A program t o  decontlzlliiriate approximately 1000 l i t e r s  of f i s s i o n  gas t o  
a krypton-85 l e v e l  of less than 10 u C i / l i t e r  has been completed. 
ba tch  q u a n t i t i e s  of f i ss i -on  gas and t h e  krypton-85 contaminants are:  

The 

Batch No I Xenon (b i t e r s ]_  Krypton-85 ( p C i / l i t e r )  ______ 

1 
2 
3 

339 
274 
333 

a <I 

L i m i t  of d e t e c t i o n .  a 

A t y p i c a l  mass spectrometer  a n a l y s i s  of t h e  xenon gas i s  shown below: 

Per c en% -___ Compound 

H?. < O . I  
0 . :I 

02 0.06 
A r  <0.1. 
eo2 3 . I 
X e  94.1 

N2 + CO 

Although t h e  o r ig i l i a l  s p e c i f i c a t i o n s  d id  not  s t i pu l - a t e  t h e  quan t i ty  of 
C02 a1lowab.l-e, we wi1.J. remove t h e  C02. 

C ~ 
Ces 1' urn-1 37 Gamma Source Devel opriient 

1 .  Cesium Source Form Developtncnt 

Cesium-137 ch lo r ide  has been t h e  CQ~poUnd of choice f o r  r ad ia -  
t i o n  sources  i n  a p p l i c a t i o u s  of  moderate temperature condi t ions  e 

1x1 many re spec t s  cesium c h l o r i d e  i s  t h e  i d e a l  compound; t h e  
cesium weight per u n i t  volume i s  h igh ,  t h e  r a d i a t i o n  r e s i s t a n c e  
of t h e  C s C l  i s  e x c e l l e n t ,  t h e  compa t ib i l i t y  with s t a h l e s s  
s teel .  a t  ambient temperatures i s  e x c e l l e n t ,  and i t s  p repa ra t ion  
is  s t r a igh t fo rward .  However, t h e  p ro jec t ed  condi t ions  of use 
of cesium-137 gamma sources  are inc reas ing ly  severe  wi th  
r e s p c t  t o  temperature , and some app l i ca t ions  indi .cate  the 
need f o r  a c e s i m  source m a t e r i a l  which has low soli.xbil-ity. 
I n  view of t h e s e  p ro jec t ed  condi t ions  of use,  t h e  t e s t i n g  of 
1 3 ' 7 C s C 1  a t  e leva ted  temperatures  is being done mil. t h e  
devel.opmen-t of a low s o l u b i l i t y  , t empera ture- res i s tan t  
source form of cesium i s  beling s tud ied .  

Tine cheniical a n a l y s i s  i s  now a v a i l a b l e  for cesium ii iobates produced by 
aqueous s7.uri-y r e a c t j o n s  between C s O H  and Nb20s. To i n v e s t i g a t e  how t h e  
product composition v a r i e s  w i t h  the  r e a c t i o n  temperature  and time, t'ne 
atoniic r a t i o  of niobium t o  cesium i n  tine product has  been compu.'ced from 



the chemical analysis. The result (see Table 7) shows that with a short 
reaction time (Run A), the N b / C s  ratio appears to increase initially as 
the calcining temperature is raised from 120°C to 50OoC. However, fur- 
ther increase in the temperature seems to reduce the m/Cs ratio. On 
the other hand, when the reaction time is extended (Run E), the N b / C s  
ratio remains nearly constant e 

Table 7 .  Composition of Cesium Niobates as Influenced 
by Reaction Time and Calcining Temperature 

Calcining Temperature ( "c) 

Atomic Ratio of Nb to Cs 
120 500 700 1000 

A 1.29 1.79 1.54 1.2% 

a Run No. 

B 1.50 1.53 1.48 1.56 

The reaction time for Run B was twice that f o r  Run A .  a 

The behavior exhibited by Run A is probably attributable to jts shorter 
reaction time than Run E. 
(up to 5OO0C) ,  the process would be dominated by the conversion of un- 
reacted C s G H  to Cs20 with resulting losses of cesium (Cs20 decomposes 
at about 4OOOC). 
at 500°C. The drop in the value of N b / C s  at high temperatures (700% 
to approximately 1000°C) was presumably caused by losses of niobium 
compounds in this temperature range. The relatively small variation 
in the Nb/Cs ratio (1.48 to approximately 1.56) for Run B is probably 
an indication of a higher degree of conversion than Run A. 

Thus, in the low calcination temperature range 

This could account for the increase in the Nb/Cs ratio 

Stability of the products from Run B in various solvents has been investi- 
gated using 0.1 HC1, 0.1 N NaOH, seawater, and water as solvents, The 
samples placed in solvents were first kept at 7 5 O C  for approximately 2 hr 
under reflux,followed by cooling to room temperature and were left at this 
temperature for 24 hr. 
tration. The rate of filtration and appearance of the filter cake varied 
considerably depending upon the solvent used. The fastest filtration was 
achieved with the HC1 solution (maximum filtration rate was approximately 
5.5 ml/min) followed by the NaOH solution (maximum rate: 
The seawater solution was most difficult to filter and it took about 35 
times as long as the HC1 solution to complete the filtration. The mate- 
rial balance computed from the analysis of the filtrate for cesium and 
niobium shows that about 70 to 80% of the material remains undissolved. 
Samples of the undissolved residues will be analyzed. 

The undissolved residue was then removed by fil- 

4.3 ml/min). 
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D .  Cesium-137 P i 1  o t  Produc%,ion ( P r o d u c t i o n  a n d  I n v e n t o r y  Accounts) 

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

The ion-exchanger bed of t h e  I W O - I C  cask was converted t o  t h e  sodium form 
by pass ing  600 liters of 2.7 M NaN03 s o l u t i o n  upflow through t h e  bed a t  
1 0  l i t e r s / m i n ,  then  t h e  bed was r i n s e d .  Cask dry ing ,  s e a l i n g ,  and t e s t i n g  
will be done i n  January prepara tory  tc:, shjpping t h e  cask back t o  Richland,  
Washington. Aiialyt ical  d a t a  on t h i s  s o l u t i o n  and t h e  s o l u t i o n s  obta ined  
during iiie e l u t i o n  done i n  November gave t h e  fol lowing r e s u l t s  : 

Operat i. on Type Solu t ion  Volume ( l i t e r s )  cesium-1-37 ( c i )  

Bed hydra t ion  Water 600 1.. ,900 
Fir st  el11 t i o n  5 M N H I J O ~  1 ,200  364,700 
Second e l u t i o n  5 M_ NB4N03 1 ,200 19,000 
Rinse Water 600 200 
Sodium conversion 2.7 M - NaN03 (4- 60 0 2,400 

r i n s  e water 
Total. Cesium-137 Accounted For 388,200 

Elemental a n a l y s i s  of t h e  f i r s t  and second e l u t i o n  f r a c t i o n s  showed no 
unexpected contaminants.  The r a t i o s  of cesium t o  o t h e r  a lka l i .  metals 
a1-e l i s t e d  below along wi th  t h e  corresponding va lues  from a test e lu-  
t i o n  conducted at t h e  A t l a n t i c  Richf i e l d  Manford Company. 

E l  en1en t 

Sodium 
Po t  as s i u m  
Rub i (3. i wn 

Moles of Element per  Mole of Cesium 
ARHCO T e s t  ORNL E l u t i o n  

0.14 
0.35 
0.026 

0.13 
0.22 
0.040 

The va lues  are rin good agreement and i n d i c a t e  t h a t  t h e  load ing /e lu t ion  
cyc le s  arc? reproducib le .  No process ing  of t h e  cesi.um-137 f eed  s o l u t i o n s  
has been done. The cu r ren t  cesium-137 process  s t a t u s  i s :  

I t e m  cesium-137 ( c i  1 

I n-pr o c e s s mat er ial. 561,000 
Cesium-137 c h l o r i d e  products  220 ;-roo 
Sources i n  f a b r i c a t i o n  0 
Comp3.eted sources  awai t ing  shipmen-t 46,500 
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2. Operational Summary 
December 1970 

C es i um-137 Number ( C i )  
Amount 

HAP0 shipments r ece ived  0 0 
Product ba tches  prepared 0 0 
Sourc es f a b r i c a t e d  8 2,000 
S p e c i a l  form con ta ine r s  loaded 0 0 
Sources shipped t o  customers 8 2,000 
Spec ia l  form con ta ine r s  shipped 1 500 

FY 1971 

Number ( C i )  
Amount 

1 388,200a 
0 0 
6.2 43,400 

9 97,000 
283 163,300 
12 98,000 

~ 

%ased on radiochemical  a n a l y s i s .  

3 .  Current Orders 

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

Amount E s t  inat ed 
Customer ( C i )  Shipping Date 

J .  L .  Shephard and Assoc ia tes  540 January 1971. 
Brookhaven Nat iona l  Laboratory 203,000 March 1971 
American Hoechst Corporat ion 5 A p r i l  1971 
CEA , France 200,001 A p r i l  1971 

T o t a l  403,546 

Orders on hand f o r  cesium-137 as bulk powder o r  sources  t o  be  scheduled 
and shipped as r e l e a s e d  by t h e  customer inc lude  Atomic Energy of Canada, 
approximately 155,800 C i ,  and Radia t ion  Resources,  I n c . ,  200,001 C i .  
Cesium sources  conta in ing  40,000 C i  are on hand awai t ing  r e c e i p t  of 
shipping i n s t r u c t i o n s  from Radiat ion Resources. 

4 ,  Source Fabr ica t ion  and Special  Form Containers  

Work w a s  completed on an o rde r  f o r  e i g h t  d i l u t e d  cesium-137 c h l o r i d e  
sources .  Each of t h e s e  sources  contained 250 C i  o f  cesiun-137. One 
can conta in ing  500 C i  of cesium-137 powder w a s  shipped t o  3M Company. 

E. Strontium-90 P i 1  o t  Production (Product ion and Inventory Accounts) 

1. Processing and Process S t a t u s  

Fabr i ca t ion  of goSrTi03 p e l l e t s  on t h e  vacuum hot  p re s s  cont inued,  and 
t h e  p e l l e t s  r equ i r ed  for completion of  an order f o r  f i v e  110,000-Ci 
sources  were made. P e l l e t s  were made from ca lc ined  powder, s i n t e r e d  
powder, and mixtures ,with 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  pel le t ;  q u a l i t y .  
The h igher  d e n s i t y  of crushed s i n t e r e d  m a t e r i a l  permi t ted  d i e  loadings  
of up t o  150 W/pel le t .  
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7 hxperience w i t h  t he  vacuum ho t  p re s s  has been gene ra l ly  good. O f  t h e  
25 p e l l e i s  pressed  t o  d a t e ,  t he re  has been only one f a i l u r e  dur ing  press -  
i n g .  I n  t h a t  case  t h e  pe l l - e t  f r a c t u r e d  as it w a s  being e j e c t e d  from t h e  
d i e .  
4 .3-4.9) .  The average power d e n s i t y  was 0.876 W/cm3 us ing  f u e l s  ranging 
i n  power concent ra t ion  from 0.185 t o  0.206 W/g. 
ope ra t iona l  problem was a gradual  i nc rease  i n  t h e  p re s su re  requi red  t o  
e j e c t  t h e  p e l l e t s  from t h e  TZM d i e s  a f t e r  r e p e t i t i v e  use. Some of 'ch5.s 
w a s  a t t r i b u t e d  t o  a bui ldup  of  t r a c e s  of 90SrTi03 i n  t h e  d i e ,  but i n  t h e  
worst  cases  t h e r e  w a s  a l s o  evidence t h a t  smie mel t ing  of Yhe n i c k e l  sup- 
p o r t  sc reens  i n s i d e  t h e  p e l l e t s  had occurred ,  Since t h e  optirfiurn p re s s ing  
temperature  i s  c l o s e  t o  t h e  mel t ing  p o i n t  of n i c k e l  and t h e  temperature  
measurement (by o p t i c a l  pyrometer through t h e  c e l l  window) i s  not  e x a c t ,  
i - t ;  was decided t o  use  platinum screens  i n s t e a d  of n i c k e l .  This tech-  
nique reduced t h e  problem. Some completed p e l l e t s  were broken during 
s t o r a g e ,  t r a n s f e r s ,  and handl ing due .to mechanical and/or thermal  s t r e s s e s  

The average d e n s i t y  of  t h e  completed p e l l e t s  w a s  4 .6  g/crn3 ( range  

The most troublesome 

Plans for January 1971 inc lude  processing of 90Sr2Ti04 f u e l  f o r  t h e  prepa- 
ration of some p e l l e t s  which have r e l a t i v e l y  high power-density requirements  a 

These p e l l e t s  w i l l  be s i m i l a r  t o  t h e  p e l l e t s  made for t h e  S e n t i n e l  sources  
and w i l l  be  encapsulated i n  a t o t a l  of s i x  u n i t s .  The cu r ren t  strontium-30 
process  s t a t u s  i s :  

Item Strontium-90 ( C i )  
I_ 

In-process material 1,390,000 

Sources i n  f a b r i c a t i o n  328,000 
Sr  T i  0 products 394,000 

Returned SNAP sources  295,000 
Completed sources  awai t ing  shipment 125,000 

2 Operational Summary 
December 1970 FY 1971 

Amount Amount 
Strontium-90 Number ( C i )  Number ( C i )  ___._... 

HAP0 shipineizLs rece ived  0 0 0 0 
Product ba tches  prepared 0 0 0 0 
Sour@ es completed 2 218,000 8 363,300 
Spec ia l  form c o n t a h e r s  loaded 0 0 25 53,400 
Shipments t o  customers 3 218,000 25 365,600 

3 ,  Current Orders 

A l i s t  of cm-rent o rde r s  f o r  strontium-90 as sources o r  bu lk  powd.er is 
shown below : 

cus t omm" 

U .  S .  Navy 
U .  S, N a v y -  

Amount E s t  i m a t  etl 
(CT ) Shipping Date 

340,000 January 1971 
208,000 January 19'11. 
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Orders on hand 
as released by 
lOg,OOO C i  and 

4.  Source 

f o r  bu lk  powders or  sources  t o  be  scheduled and shipped 
t h e  customer inc lude  I so topes ,  I n c . ,  approximately 
20,000 C i ,  and U .  S.  Navy, 424,000 C i .  

Fabr ica t ion  and Special  Form Containers  

The strontium-90 work dur ing  December was concerned wi th  t h e  f a b r i c a t i o n  
and t e s t i n g  of l a r g e  h e a t  sources  t o  be used i n  Sentinel-25F gene ra to r s .  
Two of t h e s e  sources  have been completed, loaded i n t o  gene ra to r s ,  and 
shipped. Three more sources  are i n  f a b r i c a t i o n  and shipment of t h e s e  
sources  i s  expected early January 1971. 

Each source contained approximately 109,000 C i  of g0SrTi’03 (approximately 
740 W ) .  
0.066 i n .  t o  0.125 i n .  wi th  an  average of 0.091 i n .  
i n t o  gene ra to r s ,  each source was l e a k  t e s t e d  us ing  krypton-85, 
sources  had l e a k  rates of less than  5 x 
t h e  two gene ra to r s  was completed wi thout  i n c i d e n t  and shipment has been 
made. 

Test weld i n s p e c t i o n  revea led  weld pene t r a t ions  ranging from 
P r i o r  t o  loading  

cm3/sec. The loading  of 
Both 

Two cans conta in ing  1 0  C i  of strontium-90 powder p e r  can were shipped 
t o  Buchler and Company. 

F .  Short-Lived Fiss ion  Products P i l o t  Production 
(Product ion and Inventory Accounts) 

I so tope  Number of Batches Amount ( C i  ) 

Xenon-133 3 
Niobium-9 5 1 

-1100 
2 

The niobium-95 run  l i s t e d  above was a rework of a product made i n  
November t h a t  w a s  found t o  be h igh  i n  zirconium-95. 

I n  a d d i t i o n  t o  t he  above, an iodine-131 run  w a s  made, bu t  a n a l y t i c a l  
r e s u l t s  w i l l  not  be a v a i l a b l e  u n t i l  January.  

G .  Promethium-147 Source Fabr i ca t ion ,  Powder Shipments, 
and Current Orders 

One can of promethium-147 powder conta in ing  613 C i  w a s  shipped t o  
Munich Un ive r s i ty .  

A l i s t  of c u r r e n t  o rde r s  f o r  promethium-147 as sources  o r  bu lk  powder 
i s  shown below: 

Customer 
Estimated Amount 

( C i )  Shipping Date 

McDonnell Douglas Astronaut ics  Co a 50,000 February 1971a 

aTo be shipped from Richland,  Washington 
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APPLICATIONS P,ND TECHNOLOGY SUPPORT - 08-01 -04 

A. Radioisotope Charac t e r i za t ion ,  Q u a l i t y  Cont ro l ,  a n d  Standards 

1 . Radiaisotope Charac t e r i za t ion  

The r e c i p i e n t s  of t h e  I so tope  User ' s  Guide (ORNL-ITC-19, 1969) have been 
asked about t h e i r  r e a c t i o n s  t o  var ious  s e c t i o n s .  Most of t h e  respondents 
have found t h e  t a b l e  of p r o p e r t i e s  of  r ad io i so topes  ' 'very u s e f u l  ,'I Tlneir 
suggest ions f o r  improvements w i l l  be  considered when p repa ra t ion  of a 
r e v i s i o n  i s  begun. 
days, i s  i n  good agreement wi th  t h e  value adopted by UKAEA, 284.4 rtl 0.4  
days .20  
Research and Development P r o j e c t s  f o r  1970. 
about d e t e c t i o n  of t r a c e r  mercury-203 i n  t h e  metal, t h e  minimum requ i r ed  
concent ra t ion  w a s  deduced, cons ider ing  se l f - abso rp t ion  of t h e  gmma rad ia -  
t i o n ,  d i s t a n c e ,  and d e t e c t o r  e f f i c i e n c y .  

Our va lue  f o r  t h e  h a l f - l i f e  of cerium-144, 2811.9 -t- 0.8  

Among r e p o r t s  reviewed i n  t h i s  per iod  was t h e  draft of D I D  
I__ 

I n  answer t o  an inqu i ry  

2 ,  Radioisotope Special Analysis and Q u a l i t y  Control 

The l i m i t e d  s tudy  of s tandards  f o r  s i l ve r - l l 0m has been concluded. As 
repor ted  l a s t  month, l o c a l  measurement has been shown t o  be  cor rec . t ,  bo th  
by independent d i r e c t  s t anda rd iza t ion  and by agreement wi th  t h e  product 
of a r epu tab le  s u p p l i e r .  The company whose f i r s t  shipment of a so-ca l led  
s i lve r - l l 0m s tandard  contained silver-108xa s e n t  a replacement ( o f  c e r t i f i e d  
con'tziit and volume) i n  t w o  port i -ons.  Before t h e  b o t t l e s  were opened, t h e  
coil tents were measured by 47~ i o n i z a t i o n  chamber. Both had a high a c t i v i t y  
and d i f f e r e d  from each o t h e r  by h2%. The b o t t l e s  were opened and a l i q u o t s  
wwe t aken .  Thei.r conten ts  were e r r a t i c  and low, sugges t ing  t'he presence 
of a mic roprec ip i t a t e ,  perhaps of  AgCl. This  poss ib i l . i ty  w a s  confirmed 
by cen t r i fug tng ;  the superna tan t  l i q u i d s  were l o w  i n  a c t i v i t y .  I n  f a c t ,  
t h e  emptied b o t l i l e s  contained 40-53% of t h e  o r i g i n a l  a c t i v i t i e s .  On a 
i-ecen'c iron--59 s tandard  froin t h e  Nat iona l  Bureau of Standards another  
purchaser made an independen.t measurement which was i .dent ica1 wi th  t h a t  
of NBS, thus  agree ing  wi th  OUTS w i th in  0,4%. 

A one-day symposium on r a d i o a c t i v i t y  s tandards  has been arranged f o r  
t h e  .bnerican Chemical Soc ie ty  meeting March 29 i n  Los Angeles, Papers 
wiJ.1- be  presented  by r e p r e s e n t a t i v e s  o f  NBS , t h e  Brliti.sh Radiochemical 
Centre, t h e  Environmental P ro tec t ion  Agency, and o the r  o rgan iza t ions .  
S . A .  Reynolds w i l l  g ive  a summary of  t h e  survey of t h e  United S t a t e s  ' 
rieeds f o r  s t anda rds ,  and L .  R .  Z i m w a l t  w i l l  r e p o r t  on t h e  r e s u l t i n g  
reconmeridat ions  of t h e  Nat ional  Research Council s tandards  panel.. ~ 

2 o M a  J .  Cabel l  and M .  Wilkins ,  Concerning-the B a l f - L i f e  of l k4Ce ,  
AEitE-H 6529 (1.970) . 



TECHNOLOGY UTILIZATION - 08-01-05 

A. Information Center 

In December, 97 r e q u e s t s  f o r  informat ion  were f i l l e d ,  t h e  r e q u e s t e r s  being 
about equa l ly  d iv ided  among i n d u s t r y ,  co l l eges  and p r i v a t e  l a b o r a t o r i e s ,  and 
s ta te  and f e d e r a l  government o rgan iza t ions .  I n  f i l l i n g  t h e s e  r eques t s ,  250 
i t e m s  were s e n t  ou t :  21 s p e c i a l  l i terature searches ,  189 I I C  documents 
a l r eady  prepared,  30 documents from o t h e r  s i t e s ,  and 1 0  minor searches.  
Ten sales l e t t e r s  were t r a n s l a t e d .  
below. 

T* 

DID Research and Developments - 1970 
Iodine-125 

List of AEC Radioisotope Customers with Su~nnary 
of Radioisotope Shipments, FY 1970 . 
Patent Literature on Process Radiation and 
Irradiator Design, Part 1. U. S. Patents 
1950 Through 1968 
Potato Sprout Inhibition by Radiation, Part 2 

Radioisotopes in the Steel Industry, Part 2 

Selected Abstracts of World Literature on 
Production and Industrial Uses of 
Radioisotopes, Part 4 
Self-Diffusion in Liquids 

Strontium-90 

Technetium-99m: Preparation and Uses 

Radioisotopes in the Textile Industry 

Grain Disinfestation - A Worldwide Review 
AEC Participation in the Cevelopnent of 
Wood-Plastic Composites 

Permuted Isotopes and Radiation TechnologSI 
Indexes (PIRTI) 1962-1969, V o l s .  1-7 

Presowing Irradiation of Seed 

Design and Application of X-Ray--bission 
Analyzers Using Radioisotopic X- or 
Gemma-Ray Sources 

A l i s t  of r e v i e w s  i n  progress i s  shown 

Author ( 8 )  

Isotopes Information Center Staff 

P. S. B&er and Martha Gerrard 

Ruth C u r l ,  compiler 

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

F. E. McKinney 

W. R. Pavlik, Republic Steel Corp. 
(F. E. McKinney. Ed.) 
Martha Gerrard and P. S. Baker 

F. J. Miller 

Roberta Shor, €7. H. Lafferty, Jr., 
and P. 5. Baker 
Martha Gerrard and P. S. Baker 

F. J. Miller 
F. E. McXinney 
R. E. Greene 

Helen Raaen, P. S. Baker, 
R .  H. Lafferty, Jr., Ann S. Klein, 
and Linda P. Helton, Eds. 

Russian book translated and edited 
by P. S. Baker and Martha Gerrard 

J. R. Rhodes 
(Martha Cerrard and 
R. E. Greene, Eds.) 

Status, 
X Complete 

80 

30 

90 

Draft sent to 
DID 12-11-70 

20 

75 

10 

75 
Final 
%ping 

50 

90 

20 

95 

Ready for 
Reproduction 

Final  
TvPing 

Typed for 
Reproduction 

B. Isotopes and R a d i a t i a n  Technology 

Galley proofing of I so topes  and Radia t ion  Technology 8 ( 3 )  and w r i t i n g  and 
e d i t i n g  of t h e  nianuscript f o r  8( 4 )  were cont inued.  

C. Pub1 ications 

Martha Gerrard and P. S.  Baker, Se lec t ed  Abs t rac ts  of World L i t e r a t u r e  
on Product ion and I n d u s t r i a l  Uses of  Radioisotopes,  OREJL-IIC-30 (Pt" 3)  
(December 1970) .  
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Mwtha Gerrard Miniature  ' 251 X-Ray Source,  Atomtechnikai Ta jekozta to  
1970( 3 )  : 200-202. 

R .  E .  Greene, Ext rac ts  from a Report on Concrete--Polymer Materials, 
Atomtechnikai Ta jekozta to  lgO( 3 )  : 1.88-199. 

F. E. McKinney, Measuring Moisture wi th  Gamma Radia t ion ,  Atomtechnikai 
Tajekoztato 1970(3): 203-210. 

3 .  Legrand, J. Morel, and C .  Clement, Decay Schemes of  59Fe and 1921r 
( i n  French) ,  Nucl e Phys . A142: 
Gerrard and ,T . J . Pi.naj i a n ,  t r a n s l a t o r s .  

63-71 (l970), ORNL-tr-2345, Martha 

RADiOISOTOPE APPLICATIONS DEVELOPMENT 

SYSTEMS ENGINEERING APPLICATIONS - 08-03-02 

A. Oceanographic Systems Study 

Radionuclides appear t o  be u s e f u l  t o o l s  t o  s tudy sand 
t r a n s p o r t  phenomena and, although many experiments have 
been conducted t o  demonstrate t h e i r  e f f e c t i v e n e s s  as 
t r a c e r s ,  l i t t l e  i s  known concerning whether o r  not t h e  
dynamic syslceiiis i n  which they  a r e  used can be tagged w e l l  
enough t o  achieve q u a n t i t a t i v e  d a t a  leadi.ng t o  an  under- 
s tanding  of b a s i c  mechanisms. The Rad.ioi.sotope Sand 
'Tracing (RIST')  s tudy has progressed through equipment 
development Lo t h e  po in t  There important system tagging  
parameters can be s tud ied .  

A rneettng WRS held  a t  t he  Coas ta l  Engineering Research Center t o  d i scuss  
t h e  next RlST experiment,, which will be  conducted a t  Masonboro, North 
Carol ina.  T'he purpose of tlne experiment i s  t o  o b t a i n  information con- 
e e m i n g  t h e  t r a n s p o r t  of sand through arid around t h e  weir  j e t t y  which 
has been i n  ope ra t ion  a t  Masonboro f o r  s e v e r a l  yea r s .  

Treatment of d a t a  obbained a t  t h e  l a s t  Poin t  Mugu experiment i s  progress-  
i ng ,  and n s u i i a r y  will be presented  i n  t h e  next  r e p o r t .  

k r k  on t h e  t e c h n i c a l  s e rv i ces  u n i t  has  been confined t o  an in-depth 
i n v e s t i g a t i o n  and s e l e c t i o n  of b a s i c  components t h a t  r e q u i r e  minimum 
power. This i s  necessary s ince  t h e  u n i t  w i l l  be opera ted  on b a t t e r i e s .  
The incremental  magnetic t ape  uni-t  has been i n s t a l l e d  i n  t h e  PDP/81 
system and the software i s  90% complete. 



RADIOISOTOPE SALES 

An order was received from U. S. Navy for approximately 424,000 Ci of 
strontium-90 to be encapsulated into sources as requested by Teledyne 
Isotopes. 

Shipments made during the month that may be of interest are 2,000 Ci of 
cesium-137 to Atomic Energy of Canada Ltd., 20,000 Ci of cesium-137 and 
12,500 Ci of tritium to Radiochemical Centre, England, 217,000 Ci of 
strontium-90 to U. S. Navy, 2,500 Ci of promethium-147 to Minnesota Mining 
and Manufacturing Company, and 612 Ci of promethium-147 to Technical 
University Munich, Germany. 

Products prepared and shipped during December include 20,350 Ci of tritium, 
156.5 Ci of krypton-85, 65.75 Ci of enriched krypton-85 (21.8%) , and 
207.36 ci of xenon-133. 

The radioisotope sales proceeds and shipments for the first five months 
of FY 1970 and FY 1971 are given in Table 8. 

Table 8. Radioisotope Sales and Shipments 

Item 7-1-69 thru 7-1-70 thru 
11-3 0-69 11-3 0- 70 

Inventory items 
Major products 
Radioisotope services 
Cyclotron irradiations 
Miscellaneous processed materials 
Packing and shipping 

Total Radioisotope Sales 

Total Radioisotope Shipments 

$229,248 

71,951 

37,096 
30,425 

$463,042 

48,773 

45,549 

1,011 

$175,532 
52,015 
139,995 

30,710 
35,145 

56,078 

$489,475 

1,334 

ADFl I N I STRAT I VE 

Travel. by IDC personnel and visitors to the IDC are given in Tables 
and 10, respectively. 

Table 9. Travel by IDC Personnel 

Site Visited 
~ ~ 

Purpose of V i s i t  

Washington, D. C. Discussions concerning possible foreign assignment 

Washington, D. C. Sand tracing studies with Army Corps of Engineers 

Los Alamos, N. M. Meeting with LASL on helium release and radio- 
isotope fuel forms 
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Table 1 0 .  V i s i t o r s  t o  I D C  

A f f i l i a t i o n  Purpose of V i s i t  

NASA, Langley Field Run experiments wi th  t h e  ORNL 86-Inch 
Hmpton, V i rg in i a  Cyclotron 

Furrn~, 11 Univers i ty  Conduct experiment on decay scheme of 
Greenv i l l e ,  S. C .  gallium-67 

Vanderbi l t  Univers i ty  
Nashvi l le ,  Tennessee ganma-gamma angular  c o r r e l a t i o n s  work; decay 

Wisconsin S t a t e  Univ. Write finial drafL of a paper 
Stevens P o i n t ,  Wisconsin 

Calcu la t ions  f o r  and w r i t i n g  of paper on 

scheme of  Miissbauer i so tope  terbium-156. 

-- 

PUBLICATIONS 

J 0 U RNA L S 

D .  C .  Camp, J .  C .  Manthuruthi l ,  A .  V .  Ramayya:, J .  H .  Hamilton, and J .  J. 
P i n a j i a n ,  Decay of 2 0 6 B i ,  B u l l .  Am. Phys. SOC. - 15, 1649 (1970) .  

A .  V .  Rmayya, B .  van Nooijen,  <J. W. Ford,  D. Krmpotic’, J .  H. Hamilton, 
J .  J .  P i n a ’ i a n ,  and N .  R .  Johnson, Energy Levels i n  86Sr from t h e  Decay 
of 14,6-h i 6 Y ,  P’nys. gev. - C2, 221+8-78 (1970) .  

A.  V .  i imayya, B .  van Nooijen,  J .  W. Ford,  D .  Krmpotic’, J .  H .  Hamilton, 
J .  J .  Pi r ia j ian ,  and N .  R .  Johnson, Energy Levels i n  86Sr from t h e  Decay 
of  1h-6-h 86Y, Phys. Rev. Abs t rac ts  1_ (No. 131, 13  (1970) .  

J. W .  Ford, A .  V .  Ramayya, and J .  J .  P i n a j i a n ,  The Decay of ls lGd t o  t‘ne 
Levels o f  51Eu, Nucl. Phys. Al46, - 397-hOg (1970). 

REPORTS 

R .  W. Schaich,  A Multipurpose 3u i ld ing  f o r  Processing Alpha, Beta, Gamma, 
a d  Neutron Emi t te rs ,  ORNL-TM-3225, Oak Rfdge Nat iona l  Laboratory (December 
1970). 

R .  W .  Schaich,  Sa fe ty  Analysis  of Bui lding 3028, ORNL-TM-3192, Oak Ridge 
Nat ional  Laboratory (December 19‘10) a 

A .  F, Rupp , Radioisotope Program (8000) Progress Report f o r  November 1970, 
ONlL-TM-?254, Oak Ridge Nat ional  Laboratory.  

E .  Lamb, IPF Monthly S t a t u s  Report f o r  November 1970, OEWL-CF-7O-l2-22, 
Oak Ridge Nat ional  Lakoratory.  
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TRANSLATIONS 

Peter Knoll ,  The Technology of I so tope  Product ion.  P a r t  I. I r r a d i a t i o n  
Technology, Rpt . ZFK-RCH-1 (December 19611, t r a n s l a t e d  from German by 
J .  J .  P ina j  i a n ,  ORNL-tr-2400. 

Jtirgen Lange and Helmut Mtinzel, Es t imat ion  of Unknown E x c i t a t i o n  Functions 
f o r  (a ,xn) - ,  (a ,pxn)- ,  (d ,pxn>- ,  and (p,xn)-React ions,  Rpt.  KFK-767 
(May 1968),  t r a n s l a t e d  from German by J. J.  P i n a j i a n  and Lynda H.  Kern, 
ORNL-tr-3020. 
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