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The Radioisotope Program i s  comprised of two p a r t s :  

financed by income from sa l e s  and inventory accounts and ( 2 )  Research 

and Development, financed mainly by the  Divis ion of Isotopes Develop- 

ment ( 0 8 )  Program, Division of Space Nuclear Systems (04  - i so top ic  

power) plus  small amounts of work f o r  o the r  agencies o r  semi-private 

i n s t i t u t i o n s .  Referring t o  Fig.  1, it w i l l  be noted t h a t  t he  Radio- 

isotope Production Program peaked about 1962 and the  Research and 

Development Program in 1967. 
t h e  Radioisotope Program received no program research and development 

funds; we car r ied  our research and development program informally as 

a business expense. c 

(1) Production, 

Unt i l  about 1962, when D I D  was es tab l i shed ,  
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Fig. 1. Radioisotope Program Funds 1950-1972. 
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AEC policy requires that we withdraw from radioisotope production. The 

following table shows that we soon will have withdrawn from practically 

a l l  the business; we now produce only research radioisotopes or fill 
special requests approved by AEC.  This is illustrated in Figs. 2 and 

3. 

Withdrawn Radioisotopes 

Isotope Withdrawn 

Antimony-122 
~n t imony -1 2 4 
Ant imony-125 
Arseni c-76 
A r  s en i c-77 
Barium-131 
Barium-133 
Bismuth-210 
~romine-82 
iaici a:.-+> 
Cadmium- 109 
C a d m i  um-115 
Cadmium- 11 5m 
Carbon-1 4 
cerium-141 
Ce s ium-131 
c e s i um-134 
Chlorine-36 
Chromium- 51 

Cobalt -60 
copper-64 
Copper-67 
G a l l i u m -  7 2 

1 -  

Cobalt- 5 8 

Gold-198 
Gold-199 
Iodine-125 
Iodine-1 30 
Iodine-131 
Iridium-192 
I r i d i ~ m - 1 9 k  
Iron-55 

Proposed 
5/2/66 
4/18/65 
5/2/66 
5 12/66 
Propo s e d 
Proposed 
Proposed 
5/2/66 
4 i i k / L >  
5/2/66 
5/2/66 
5/2/66 
Proposed 
6/23/64 
Proposed 
6/23/64 
Proposed 
6/23/64 
612 3/ 64 
3/68 
5/2/66 
Proposed 
Proposed 
5/2/66 
5 12/66 
io/i/63 
Proposed 
io /i 163 
3/68 
Proposed 
6/23/64 

Isotope Withdrawn 

Iron-59 
Lanthanum-140 
Mercury-197 
Mercury-203 
Molybdenum- 9 9 
N i  c kel-63 
Osmium-191 
Palladium-109 
Phosphorus - 32 
Er  net l+ L LZ-L L .- 
PO t as s ium- 42 
Rh en i un-18 6 
Rub i diu-86 
Samarium-153 
Scandium-46 
Selenium-75 
Silver-llOm 
Silver-111 
SO d i UT,- 2 4 
Stront ium-85 
Sulfur-33 
Tant a 1 ~ - 1 8 2  
Tellurium-125m 
Thallium-204 

Thulium-171 
Tin-113 
Tungs t en-1 8 5 
Tungs t en-1 87 
Tungsten-188 
zinc-65 

~hulium-170 

4/18/65 
5/2/66 
5/2/66 
5/2/66 
5/2/66 
Proposed 
Proposed 
Propos e d 

Fropos e2 

Proposed 
Proposed 
Proposed 
Proposed 
4/18/65 
5/2/66 
Proposed 
5/2/66 
10/15/64 
5/2/66 

5/2/66 

5/2/66 

Proposed 
Proposed 
Proposed 
Proposed 
Proposed 
4/18/65 
Proposed 
Proposed 
Proposed 
4/18/65 

:- 
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Fig. 2. 
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Fig.  3. Radioisotope Shipments and Curies.  
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About 1967 t h e  r e s p o n s i b i l i t y  f o r  i so topic  power research and dcvc1:;- 

ment (except bas i c  r ad ioac t ive  materials and s a l e s  t echn ica l  services  ) 

w a s  t r ans fe r r ed  from 08 Program t o  04 Program. 

of a c t i v i t y  t h a t  peaked i n  1968 (Fig.  4 ) .  
power program i s  given l a t e r  i n  these notes under "Isotopic  Power 

Programs. " 

There was a shor t  s & . l r t  

A descr ip t ion  of t h e  isotopic  

0 

. .  

Fig.  4 .  04 Funds, Radioisotope Program. 



Radioisotope Production 

Radioisotope Production Functions 

Radioisotopes are produced a t  ORNL i n  r e a c t o r s  ( O R R  and HFIR) and the  

ORNL 86-Inch Cyclotron. 

from Hanford t o  ORNL's  Fiss ion Product Development Laboratory where 

chemical processing and source f ab r i ca t ion  procedures convert them t o  

r ad ia t ion  and hea t  sources.  Radioisotopes produced by reac tor  o r  cyclo- 

t r o n  i r r a d i a t i o n  requi re  preparat ion of target mater ia l ,  encapsulation 

f o r  i r r a d i a t i c n ,  and chemical processing following i r r ad ia t ion .  I n  some 

cases a valuable reactor-produced material ( 36Cl) or  enriched i so tope  i s  

used as t a r g e t  mater ia l  and must be recovered f o r  recycling. The radio- 

isotope sales and r e l a t e d  business a c t i v i t i e s  f o r  ORNL and other  AEC 

si tes (except 2 5 2 C f )  are administered by ORNL. 

Fiss ion products 137Cs and "Sr are shipped 

Fiss ion Product Development Laboratory 

The Fiss ion Product Development Laboratory (FPDL) began operations i n  

1958 to demonstrat- the s e T a r n t l c -  3: 9 0 ~ r ,  1 3 7 n -  i u  l 44cc ,  2- 1 1 5 ~ ~  Y 99n- - - >  

and 147Pm from fuel  reprocessing waste and t o  provide useful  forms of 

these  radioisotopes for development of appl ica t ions .  When f i s s i o n  

product waste w a s  no longer ava i lab le  a t  ORNL, a technique w a s  developed 

cooperatively with Hanford t o  sh ip  p u r i f i e d  90Sr and unpurified 137Cs 
t o  ORNL f o r  f u r t h e r  processing. 

processed 7.0 x l o 6  Ci of "Sr and 4 . 5  x lo6 C i  of 137Cs to produce heat 

and r ad ia t ion  sources. 

Since beginning operation, FPDL has 

The FPDL cons i s t s  of 1 5  heavi ly  shielded c e l l s  i n  the  main c e l l  block 

and aux i l l a ry  c e l l s  f o r  s torage ,  s a p l i n g ,  ana ly t i ca l  work, and scrubbing 

of e f f luen t  air .  

t o  form 137CsC1, "SrTi03, o r  "SrO. 
performed i n  manipulator c e l l s  include hot  pressing t o  form dense p e l l e t s ,  

encapsulation by welding, and qua l i ty  assurance inspection of t h e  containers .  

The 137Cs and ''Sr feed streams are chemically processed 

Further  mechanical operations 

-2 I . 
The present production capaci ty  of FPDL i s  2 x lo6 C i  of 90Sr and .- 
1 x lo6 C i  of 137Cs annually and has been s u f f i c i e n t  t o  supply customers' 

requirements i n  a wide rangc of source designs and specif icat ions.  Future 



7 

requirements forecast  by the  Navy ind ica t e  a t o t a l  of 35 x lo6 C i  of 

90Sr must be processed t o  f ab r i ca t e  heat sources from FY 1972 through 

FY 1977. The FPDL production r a t e  can be increased t o  10 x lo6 C i  of 

90Sr annually t o  meet these forecas t  requirements by converting t o  

four-shift , seven-day-per-week operation. The necessary shipments from 

Hanford can be made i n  ex i s t ing  HAPO-type casks. Forecast 1 3 7 C s  demand 

ind ica t e s  a processing rate of 200,000 C i  annually w i l l  be s u f f i c i e n t  

during t h i s  period. 

Additional production capaci ty  can be achieved by modifications t o  

F'PDL equipment and fabr ica t ion  of add i t iona l  shipping casks t h a t  would 

increase  the processing rate t o  10 x lo6 Ci of 90Sr and 5 x lo6 Ci of 

137Cs annually. The c a p i t a l  cos t  of t hese  modifications and casks is 
estimated t o  be $1,600,000 and t h e  operat ing cos t  of t he  modified plant 

i s  estimated t o  be $2,000,000 annually compared t o  $900,000 annually i n  

the  present operating mode. Thus, i n  one decade 100 megacuries of "Sr 
and 50 megacuries of 137Cs could be processed t o  packaged forms a t  a 

t o t a l  c T e r a J u h g  x s t  of $ 2 C , O G O , O O G  m C  c a p i t a l  c o s t  of $1,600,~00. 

Once the source material (90SrTiOg or '37CsC1) i s  made, the  cos t  of 

f ab r i ca t ing  a source u n i t  i s  very dependent on source design, capsule 

material, and specif icat ions required by t h e  customer. I n  t h e  case of 

90Sr heat sources the capsule mater ia l  i s  Hastelloy c-276, and t h e  cost  

of machined capsule p r i o r  t o  any hot c e l l  operations i s  a s u b s t a n t i d  

part of the  source fabr ica t ion  cos t s .  The cos t  breakdown of a recent  
quotation i l l u s t r a t e s  t h i s  po in t :  

Basic Machined Capsule $1870 27% 
Encapsulation Costs (hot c e l l s )  4950 73% 

Total $6820 

The encapsulation costs  can be fu r the r  broken down according t o  hot 

c e l l  and support operations as shown i n  Fig.  5. 
assurance requirements on t o t a l  source cos t  can be seen i n  the  percentage 

(24%) assigned t o  t h i s  operation. 

The e f f e c t  of qua l i ty  

:- 
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Ouolity A w m n e e  

Fig .  5 .  S o u r c e  Fabr i ca t ion  Cost .  
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Radioisotope Development 

Division of Isotopes Development ( 0 8 )  Programs 

The ORNL development programs funded by the  AEC Division of Isotopes 

Development include the  general  d iv is ions  of Reactor Products,  Accelerator 

Products, Fission Products,  Source Development, Radioisotope Safe ty ,  

Technology Ut i l i za t ion ,  and Oceanographic and Natural Resources Study. 

Task summaries of work i n  these  programmatic d iv is ions  i n  the,FY 1971 
through FY 1973 period a r e  given i n  Attachment 1. 

Isotopic  Power Programs 

A t  present  the only i so topic  power program at ORNL i s  t h e  Curium-244 

Fuel Development Program funded by t he  AEC Division of Space Nuclear 
Systems. 

funded by the AEC Division of Reactor Development and Technology. 

t r end  i n  budget f o r  the  t o t a l  ORNL i so top ic  power programs i s  given 

belo;; fer F? 1368 th rough  FY 1972 (tr.e curves ir, Fig.  4 show budgeLs 

f o r  Radioisotopes Program on ly ) .  

Pr ior  t o  FY 1971 a Strontium-90 Fuel Development Program w a s  

The 

Program 
Budget ($  i n  thousands ) 

FY 68 FY 69 FY 70 F'Y 71 FY 72 ----- 
Curium-244 ( DSNS) 1,028 950 690 350 350 

660 39 0 34 0 - - strontium-90 (DRD&T) 

Total 1,688 1,340 1,030 350 350 

----- 

The cessation of funding f o r  t he  Strontium-90 Isotopic  Power Bogram has 

resu l ted  i n  stoppage of development work w i t h  incomplete data on ."SrO 

f o r  f~ll approval of i t s  use i n  i so top ic  power generators.  The 9 0 ~ ~ 0  

f u e l  form i s  much desired because i t s  higher  power densi ty  r e s u l t s  i n  

l i g h t e r  sh ie lds  than is  the  case f o r  90SrTiOg. 

has been done i n  the  90SrF2 form which w i l l  be ava i lab le  from t h e  Hanford 

Waste blanagenent Plant as a p o t e n t i a l  f u e l  form. Budget es t imates  f o r  

continuation of "Sr i so topic  power f u e l  development a r e  cur ren t ly  being 

formulated by the Division of Isotopes Development with input from ORNL.  

In addi t ion ,  no work 
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The C u r i u m  Isotopic  Power Program, o r i g i n a l l y  concerned w i t h  242Cxn, 

is  cu r ren t ly  based on 244Cm. 

cha rac t e r i ze ,  demonstrate t he  f e a s i b i l i t y  o f ,  and develop the  a v a i l a b i l i t y  

of 244Crn as an i so topic  power f u e l .  

an 18.4-year h a l f - l i f e  w i l l  have a p o t e n t i a l  a v a i l a b i l i t y  i n  m u l t i -  

k i lowat t  quan t i t i e s  as a by-product of power r eac to r  operat ion beginning 

i n  FY 1975. 
fuel t o  2 3 8 ~ ~  f o r  aerospace appl ica t ions .  

exceed 238Pu i n  a v a i l a b i l i t y  from power r e a c t o r  operat ions and can be two 

t o  five times less cos t ly  than 23*Pu on a thermal w a t t  b a s i s .  Curium-244 

i s o t o p i c  power f u e l  w i l l  be requi red  t o  s a t i s f y  demand for dependable 

power i n  ea r th  s a t e l l i t e s  performing func t ions  such as weather observation, 

communication, and DOD space missions. The f u e l  i s  p a r t i c u l a r l y  useful  i n  

appl ica t ions  needing high power dens i ty  t o  achieve high temperatures,  

t o  minimize shielding and converter weight bj permit t ing smaller systems 

than obtainable  with 238Pu, and t o  maximize safe containment of t h e  fuel 

by inclusion in r_ :et:: mtr:::. E e c i x i r l g  in ??-e s?ccr.Z :-.&E of FY 19'71, 

t h e  program has been or ien ted  t o  develop fuel f o r  silicon-germanium 

thermoelectr ic  converters of the Multi-Hundred Watt type with the  object ive 

of f a b r i c a t i n g  a f l i gh t -qua l i f i ed  hea t  source i n  FY 1975. Curium-244 w i l l  

be shipped from Savannah River Laboratory t o  ORNL at  t h e  rate of 1 kg/year 

beginning i n  FY 1973 so t h a t  s u f f i c i e n t  f u e l  f o r  t h ree  Multi-Hundred Watt 

Converters 12200 W(th) each] w i l l  be accumulated by the  end of FY 1975. 
I n  the second ha l f  of the  1970 decade, it i s  an t i c ipa t ed  t h a t  244Cm will 
be recovered f r cx  pok-er reac tor  fuel by c o m e r c i a l  operators f o r  t he  

f ab r i ca t ion  of addi t ional  power sources.  

The purpose of t h i s  program i s  t o  develop, 

Curium-244, an alpha emitter having 

Curium-244 i s  present ly  considered t h e  only po ten t i a l  back-up 

I n  f u t u r e  years ,  7-44~m can 

The program includes development of fuel forms of d l  types of power 

conversion systems with s p e c i f i c  emphasis on Multi-Hundred Watt and 

Isotope Brayton appl icat ions.  

The program object ives  are as follows: 

form and encapsulating ma te r i a l s ,  ( 2 )  development of processes f o r  com- 

pound preparat ion,  ( 3 )  development of source form fabr ica t ion  techniques, 

( 4 )  determination of chemical and phys ica l  p rope r t i e s  of t h e  compound 

source form and capsule, ( 5 )  i nves t iga t ion  of shielding requirements, 

(1) se lec t ion  of a curium f u e l  
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( 6 )  development of  encapsulation techniques,  ( 7 )  development of qual i ty  

cont ro l  procedures,  (8)  prototype f ab r i ca t ion  and t e s t i n g ,  and ( 9 )  

preparat ion of comprehensive r epor t s .  

- 

Coordination with o ther  programs involved i n  advanced i so top ic  space 

power technologies is  provided, including i n t e r f a c i n g  w i t h  t h e  AEC 

Division of Biology and Medicine i n  t h e i r  s tud ie s  on 244Cm rad ia t ion  

e f f e c t s  i n  mammals. 

The program a l s o  provides consul ta t ion on potent ia l  uses of 242C, tts a 

source of power and as a means t o  acce le ra t e  aging e f f e c t s  i n  238pU02 

fue l  forms, The capab i l i t y  t o  process m u l t i - g r a m  quan t i t i e s  of 2 4 2 C ~  

t o  t h e  242Cm203 fuel form i s  provided i n  the Source Fabricat ion Fac i l i t y .  

The breakdown of t a sks  t o  be worked on during t h e  FY 1972 

1973 period is  t abu la t ed  below. 

CURIUM-244 OXIDE CHARACTERIZATION 

Basel i re  Cocpatibility 

H e l i u m  Release 

Heat Capacity of 244(h203 

Phase Trans i t ion  i n  244Cm203 

Viscosi ty ,  Heat of Fusion, Surface 
Tension, and Eh i s s iv i ty  

CERMET AND INTERMETALLIC FUEL FCPMS 
DEVELOPMENT AND CHARACTERIZATION 

Basic Development of Cermet 
Fabric a L i  on Methods 

Inves t iga t ion  of F e a s i b i l i t y  of 
In t e rme ta l l i c  Fuel Compounds 

Baseline Compatibil i ty of Cermets 
and In te rmeta l l ics  

Shielding and Radiation Studies 

Advanced Development of In te r -  
meta l l ic  Fuel  Compounds 

ENVIRONMENTAL EFFECTS 

So lub i l i t y  and Leach Rate of 244Cm203 

So lub i l i t y  and Leach Rate of Cermets 

Begin 

&fore FY 1971 
Before FY 1971 

July 1970 

Before FY 1971 

July 1972 

January 1971 

January 1971 

January 1972 
July 1972 

J u l y  1972 

October 1970 

Ju ly  1972 

through FY 

June 1972 

October 1971 
March 1972 

October 1970 

June 1973 

July 1973 

June 1972 

June 1974 
June 1974 

June 1975 

December 1971 
December 1973 
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End - Begin 

ENVIRONMENTAL EFFECTS (continued) 

Vapor Transport of 244Cm203 

A i r  Oxidation Cermet Fuel Forms 

Fuel Form Impact Testing 
(Screening Phase ) 

CURIUM-244 FUEL APPLICATIONS 

Multi-Hundred Watt Curium 
Source Design Study 

Before FY 1971 December 1970 

January 1972 June 1974 

July 1971 December 1973 

July 1970 December 1972 

Prototype Multi-Hundred Watt 
Curium Fueled Source July 1972 June 1975 
244Cm203 Heat Source Test 
[ 1000 W( t h  ) ] Before FY 1971 December 1972 
curium-244 Supply and Economics October 1971 Beyond FY 1973 



ATTACHMENT 1 

08 PROGRAM TASK SUMMARIES 



Date April 23, 1971 

Annual Estimated Total  
REACTOR P R G D U C T S  08 0 1  01  Begin End Manyears Ccst of Task  - 
EXPLORATORY DEV!ZLOPMENT 
OF PRODUCTS AND TECHNIQLE'S 

Lant hanum-137 FY 70 FY 73 0.2 $40,000 

S t a t u s :  
Mossbauer technique using t h e  9-hr 137Ce parent  as t h e  exc i t i ng  source. 
have been developed f o r  i r r a d i a t i n g  enriched ' 36Ce02, separa t ing  t h e  
product of 137Ce by l o w  pressure  ion exchange, snd recovering the  enriched t e r g e t .  
Future work w i l l  inc lude  optimization of separa t ion  and i r r a d i a t i o n  procedures and 
t h e  supply of 137La t o  cooperative researchers  f o r  evaluat ion.  

137La (6  x lo4 y )  i s  su i t ab le  f o r  resonant absorpt ion appl icat ions of t he  
Procedures 

37La decay 

I 

pi at i num-19 5m FY 72 FY 75 0 . 5  $100,000 

S t a t u s :  lgSmPt ( 4 . 1  d )  i s  t h e  optimum platinum radionucl ide  f o r  inves t iga t ing  t h e  
mechanism involved i n  t h e  therapeut ic  e f f e c t  o f  c e r t a i n  platinum compounds on spe- 
c i f i c  tumors. Determination of production cross  s e c t i o n s ,  charac te r iza t ion  of 

. product a c t i v i t i e s ,  and preparat ion of radionuclide coaapounds for medid re- 
searchers  w i l l  beg in  i n  FY 72. Future work w i l l  include p i l o t  production of 
195mPt and de-relopnent of addi t iona l  comvounds f o r  coogerative medical r?:search 
programs. 

FV 70 J?Y 77 0.3 $123 ,cos Bar luir - 1 3 5m 

S t a t s s  : 
similar i t 
t i o n s  of 
suppl ied 

135qa (28.7 h )  , because of i ts  gamma r a y  of 268 keV and its chemical 
, t o  calcium, i s  an excel lent  diagnost ic  bone-scanning agent. Prepare- 
Y35%a having a s p e c i f i c  a c t i v i t y  of 35 mCi/mg barium have been made and 
t o  th ree  medical i n s t i t u t i o n s  f o r  evaluat ion.  Future work w i l l  include 

continued su?ply t o  medical i n s t i t u t i o n s ,  opt imizat ion of production techniques,  
and assessment of nuclear  r e c o i l  as a technique f o r  preparat ion i n  low f l u  
r e a c t o r s .  

-$250,000 

Targets have been i r r a d i a t e d  for  t h e  produc- 

Multiple Neutron Capture Products. 65 continuing o.4 

S t a t u s :  
produce t h e  des i red  radionuclides.  
t i o n  of 32Si (-650 y )  by the  31P(n ,y)32P(n ,p)32Si  and 30Si (2n ,y)32Si  reez t ion  
pa ths ,  and le8W (69 d) by t h e  186W(2n,y)188W r e a c t i o n  path.  Future work will 
inc lude  4 6 C a ,  60Fe, 182Hf ,  41Ar,126Sn, and lg40s. 

Long-term ( y e a r s )  i r r a d i a t i c r s  i n  very high ne,Jtron f luxes a r e  .:se? t o  

Table of Reactor-Produced 
Radionuclides FY 72 FY 73 0.2 $20,000 

S t a t u s :  
the  Reactor Yield Calculat ions o r ig ina l ly  published as O R N G I I C - 8  (1966). 

Calculations of r eac to r  radionucfides will be made t o  r ev i se  an5 expand 

* 



- 2 -  

Annual Estimated Total  
REACTOR PRODUCTS 08 01 01 

HFIR Production Capabi l i t i es  

Begin End - Manyear s Cost of T a z L  

FY 66 Continuing 0 .3  - $200 , 000 

Sta tus :  
ture environment of t h e  HFIR. Future work w i l l  include t h e  u t i l i z a t i o n  of addi- 
t i o n a l  i r r a d i a t i o n  pos i t ions  i n  t h e  H F I R  t o  expand t h e  study of prcjduction 
c a p a b i l i t i e s .  

Targets  hive been developed t o  withstand the  severe r a d i a t i o n  and tempera- 

Responsive Exploratory 
Radioisotope Development 

\$ 
Continuing Continuing 0.6 

S t a t u s :  
r eques t s  t o  t h e  Isotopes Development Center involving explorator3; development 
which i s  not s p e c i f i c a l l y  programmed. 
97Fh f o r  a medical cooperative progrbm evaluat ion and a c t i v a t i o n  of a chromic 
oxide aerosol  f o r  an ORNL lung carcinogenesis  program. 
category w i l l  be  responsive t o  t h e  needs of research i n  rzd io iso tope  applica- 
t i o n s .  

Work i n  t h i s  category comprises t h e  e f f o r t  expended i n  response t o  

I n  FY 71 work included prepara t ion  of 

Future work i n  t h i s  

PHOSPHORUS-33 FY 67 FY 75 0.5 $225 , 000 

' S t a t u s :  33P (25 d )  i s  usefu l  i n  autographic s tud ie s  i n  t h e  biochemical end 
phys ica l  sc iences ,  f o r  lon?-te,n studies i n  a;ricultural  and e n v i r o r m x t r l  vcrk  , 
and docble-labeling [ w l t n  Producticn tech- 
nology was  developed t o  prepare c u r i e  batches of 33P containing less  than  5% 32P 
using t h e  36Cl(n,a)33P reac t ion .  
t i o n  and irnprovemerLt and s impl i f i ca t ion  of t he  process procedure t o  improve the  
product and assure rout ine process r e l i a b i l i t y .  

'P (14.3 d )  1 ol cheaical compounds. 

Future  work w i l l  include continued p i l o t  produc- 

POTASSIUM-43 FY 68 FY 77 0.4 $200,000 

S t a t u s :  
an exce l l en t  t o o l  f o r  studying blood flow through the  hea r t  and for diagnosing 
myocardial i n fa rc t ions .  
by t h e  43Ca(n,p)43K reac t icn  on i s o t o p i c z l l g  enrlched 43Ca0 t a r g e t s  . x 3  f o r  
s epa ra t ion  of t h e  4 3 K  by an ion-exchange technique and recovery of t h e  43Ca0. 
t a r g e t  f o r  f u r t h e r  reac tc r  i r r a d i a t i o n s .  Future work w i l l  include s tud ie s  t o  
scale up production rates t o  make poss ib le  fu l l - sca le  c l i n i c a l  eva lua t ion  and 
t o  o b t a i n  add i t iona l  production d a t a  f o r  economic evaluat ion of t h e  process.  

43K (22.5 h )  has been shown through medical cooperative program t o  be  

Procedures have been developed f o r  r e a c t o r  prepara t ion  

THULIUM-170 FY 68 72 1.3 $325,000 

c 

s 1 2 5  

Sta tus :  
by v i r t u e  of i t s  high power dens i ty  and s t a b l e  Trc203 compound. The physical  and 
chemical proper t ies  of l 7 ' ~ 2 O 3  such as reac tor  cross  sect ions f o r  production of 
170Tm, dens i f i ca t ion  of 'I'm203 by hot  press ing ,  thermal conduct ivi ty ,  s o l u b i l i t y  i n  
d i s t i l l e d  and sea water,and compat ib i l i ty  w i t h  metal and a l loy  conta iners  have 
been inves t iga ted .  
!Ca2O3, completion of t he  compat ib i l i ty  experiments, and completion of a summary 
of t h e  AEC sponsored work on t h i s  t a sk .  

170Tm (128.5 d)  has p o t e n t i a l  for appl ica t ion  as an i s o t o p i c  power source 

Future work w i l l  include measurement of t he  vapor pressure of 

\ 
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Annual Estjmated Tota l  
REACTOR PRODUCTS 08 01 03 Begin End Manyears Cos t  of Task - 
CHLORINE- 36 FY 66 FY 75 0.1 $50,000 

S t a t u s :  
long h a l f - l i f e  f o r  
fo r  production of 3% by t h e  36Cl(n,a)33P reac t ion .  Exposure of KC1 t a r g e t s  t o  
high neutron fluences has demonstrated t h e  p o t e n t i a l  f o r  preparat ion of 65-70% 
i s o t o p i c  abundance mater ia l .  
cross sec%ion of 3 6 C l  arid continued long-term reac to r  i r r a d i a t i o n s  t o  produce 36Cl 
s u i t a b l e  f o r  33P production. 

36Cl ( 3  x ‘ 1 6 y )  i s  t h e  only radioisotope of ch lo r ine  with a s u f f i c i e n t l y  
enera l  t r a c e r  appl ica t ions  and i s  t h e  prefer red  reactor  t a r g e t  

Future work w i l l  include measurement of the  r eac to r  

\ 
EUROPIUM-15 5 FY 72 FY 73 0.2 $20,000 

YE, S t a t u s :  lS5Fh ( 5  y )  i s  use fu l  as a low energy (80-102 keV) gamma sGurce i f  
duced free of lS2Eu and lS4Eu. Reactor i r r a d i a t i o n  of high-purity enriched 
has  been made t o  study t h e  production of 155Eu as a decay product of  155Sm. 
work w i l l  include determination of r eac to r  c ross  sec t ions  and chemical process t o  
opt imize t h e  y i e l d  and p u r i t y  of t h e  15’Eb. 

Future  

GADOLINIUM-153 FY 69 FY 76 1.0 $400,000 

S t a t u s :  
app l i ca t ions  such as i n  medicine f o r  scanning t h e  hea r t ,  lungs, and bcros; i n  
indus t ry  Tor contrcl dei- ices  ; ar-z ;n secorid2l-y x-rh;j r . i l y L u i c a l  iritrxy.=:-;s. 
Methods t o  produce 
f a b r i c a t i o n  methods invest igated.  
inventory t o  supply present  and near future reques ts  and measurement of source 
output  cha rac t e r i s t i c s  . 

lS3Gd (240 d ,  100-kev photon) has  many p o t e n t i a l l y  important and varied 

. .  

53Gd have been developed, procedures s tandardized,  and source 
Future work w i l l  involve preparat ion of a n  

I 

. 



ACCELERATOR PIiODUCTS 08 01 02 End - Begin 
Annual Estimated T o k l  

cos t  0 f T:t r:c -- Many ears 

EXPLORATORY DEVELOPNENT 
OF PRODUCTS AND TECHNIQUES 

Cesium-129 M 68 FY 75 0.1 $40,000 

S t a t u s :  1 2 9 C s  (32.3 h )  decays by e l e c t r o n  capture  t o  y i e l d  moderate energy photons 
s u i t a b l e  f o r  scanning o r  imaging f o r  mediczl d iagnos t ic  s t u d i e s  cf blood flow, myo- 
cardium i n f a r c t i o n s ,  and tumor imaging. Procedures have been developed fo r  produc- 
t i o n  by t h e  12gXe(p,n)129Cs reac t ion .  Future work w i l l  inc lude  prepara t ion  of high 
p u r i t y  12'Cs from an enriched '"Xe t a r g e t  and supply t o  medical cooperative par- 
t i c i p a n t s  f o r  c l i n i c a l  evaluation. 

Bismuth- 206 FY 72 FY 75 0.3 $60,000 

Sta tus :  
r e l a t i v e l y  high-energy photons (800-900 keV) normally d i f f i c u l t  t o  scan with present 
systems, b u t  recent scanning system improvements make poss ib l e  t h e  use of t h i s  radio- 
nucl ide  t o  d e l i n e a t e  b r a i n  tumors now poorly v i sua l i zed  by a v a i l a b l e  radionuclides.  
Inves t iga t ions  have shown the 207Pb(p,2n)206Bi r e a c t i o n  most s u i t &  ;o p r e p c e  
a roduct  of acceptab le  pu r i ty .  Future work will inc lude  f u r t h e r  d e v e l o p e n t  of t h e  

to medi c31 c ~ o p r ~ t , i ~ : e  ? x i i c l , z z t ;  frjr c : - ~ l i ; ~ t i ~ r . .  

2 0 6 B i  (6.24 d )  decays by e l e c t r o n  capture  and pos i t ron  emission t o  y i e l d  

. 20yPb(p,2n) t a r g e t  r eac t ion  and chemical p u r i f i c a t i o n  of 206Bi products for supply 

RADIONUCLIDES FOR BONE SCANNING 

Neodymium-140 FY 72 FY 73 0.2 $20 , 000 * 

S t a t u s :  140Nd (3.37 d )  i s  p o t e n t i a l l y  u s e f u l  i n  t h e  form of a c h e l a t e  f o r  deposi- 
t i o n  i n  t h e  bone t o  l o c a t e  l e s ions  by d e t e c t i o n  of t h e  511-keV ann ih i l a t ion  radia- 
t i o n  from i ts  daughter product 140Pm (3.39 m ) .  Only very preliminary work has  been 
done on t h e  prepara t ion  by t h e  141Pr(p,2n)140Nd reac t ion  and chemical recovery by 
ion-exchange techniques.  
141Pr cyclo t ron  t a r g e t s  ¶ improved s e  a r a t i o n  procedures by high-pressure ion- 
exchapge equipment ¶ and supply cf 149Nd prGducts t o  medical cooperative pr t ic ipax:s  
f o r  evaluation. 

Barium-133 F Y  71 FY 73 0.1 $15,000 

S t a t u s :  
d e s i r a b l e  a l t e r n a t i v e  t o  reactor-produced 
be u s e f u l  as a bone-scanning agent bu t  has  p r a c t i c a l  production l imi t a t ions  due t o  
t h e  high t o x i c i t y  of barium. 
133Cs(p,n)133mBa reac t ion  and subsequent chemical se a r a t i o n .  
inc lude  f u r t h e r  production experience and supply of '33nBa products t o  medical 
cooperative p a r t i c i p a n t s  f o r  c l i n i c a l  eva lua t ion .  

Future work w i l l  inc lude  development of more e f f ic ien t  

133mBa (38.9 h )  can be produced i n  high s p e c i f i c  a c t i v i t y  and could be  a 
5mBa ( 28.7 h) which hzs been shown t o  

A process has been developed for production by t h e  
Future work w i l l  
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Annual Estinieted Total 
ACCELERATOR PI~0I)IIC'I'S 08 0 1  02 Begin End Many ea r s  Cost of Tark 

Lead- 20 3 FY 71 FY 73 0.1 $15 ,OOQ 

Sta tus :  
l o w  p a t i e n t  r a d i a t i o n  dose decay c h a r a c t e r i s t i c s .  A process w a s  developed fo r  
t h e  preparat ion by t h e  2 o  3T1( p ,n)20 3Pb reac t ion  and chemj c a l  separa t ion  of the  
product.  
p a r t i c i p a n t s  f o r  eva lua t ion  and inves t iga t ion  of t h e  204Pb(p,2n)203Bi EC*5'>202Pb 
production r eac t ion  t o  determine i f  production r a t e s  can be  increased.  

-- - 

203Pb (52:l h )  has p o t e n t i a l  appl ica t ion  as a bone-scanning agent having 

Future work w i l l  inc lude  supply of 203Pb products t o  medical cooperative 

CYCLOTRON TARGET DEVELOPMENT FY 72 Continuing 0.2 \, -$75,000 

Status:  
high-current,  high-energy i n t e r n a l  beams where large-scale  production and e f f i c i e n t  
use'of machine t i m e  can lead t o  economic production of radionucl ides  of high radio- 
nuc l id i c  pu r i ty  by use of i s o t o p i c a l l y  enriched t a r g e t s .  
development and t e s t i n g  of  e f f i c i e n t  , economical t a r g e t s  f o r  t h e  (p  ,2n) reac t ion  
for t h e  preparat ion of I4ONd, 203Pb, 206Bi, and 67Ga.  

Cyclotron t a r g e t  design opt imizat ion i s  important t o  the u t i l i z a t i o n  of 

Future  work w i l l  include 

FY 72 Continuing 0.5 - SPALLATION PRODUCTION 

S t a t u s  : 
proton  beams a t  t h e  BLIP f a c i l i t y ,  Brookhaven National Laboratory, w i l l  be u t i l i z e d  

not r e a d i l y  produced by e i t h e r  conventional acce lera tors  o r  nuclear  resc tors .  
Future  work w i l l  include i r r a d i a t i o n  of t a r g e t s  i n  BLIP and development of chemical 
prOcesses f o r  t h e  r epa ra t ion  of 26Al, 32Si, 42Ar, 72Se,  82Sr, 83Rb, 'l8Te, 172Hf, 

lg4Hg, and ?O2Pb. 

The near f u t u r e  a v a i l a b i l i t y  of high-intensi ty ,  high-energy (200 keV) 

_ .  - . , .  . .  --,i- -2.1, C-C_C.-.;;~~, cy..: ~.ed:ci: rs.;'~f-r'=:: ::-,<:.: 2 . " ~  Lo ~ r o 2 ~ ' ~ : @  y s V i ~ , , q ; c ~ ~ : , ~ ~ s  fny - - > - -  - -  . -  I 
* i 

. 

GN;LIUM- 67 FY 70 FY 76 0.5 $175,000 

S t a t u s :  6 7 G a  (78.2 h) app l i ca t ion  t o  diagnost ic  medicine has  been spurred by 
c l i n i c a l  evidence obtained, through t h e  DID-OFCTL aed ica l  cooperat ive prcgrm,  
that  it has a high uptake i n  lynphoid tumors i n  both animals and humans. 
production by the  68Zn(p,2n)67Ga r e a c t i o n  and chemical separa t ion  of high-purity 
products have been demonstrated and 6 7 G a  products supplied t o  approximatsly 29 
medical cooperative program p a r t i c i p a n t s .  
p i l o t  production t o  supply t h e  i n t e n s i f i e d  c l i n i c a l  eva lua t ion  progran? and 
improved acce le ra to r  targets w i l l  be t e s t e d  and evaluated aimed at  increased 
y i e l d s  and lower u n i t  cos t s .  

INDIUM-111 FY 70 FY 76 0.2 $70,000 

P i l o t  

Future work w i l l  include continued 

S t a t u s :  
such as spinal-cerebral  c i s te rnoLrapiy ,  aerosol lung s tud ie s ,  b r a i n  scar.r?ir,g, and 
tumor l o c a l i z a t i o n  because of i t s  suitable h a l f - l i f e  and low-energy photons 
i d e a l l y  su i t ed  f o r  ex te rna l  d e t e c t i o n  by scenning eguipaent i 2  comnon uce. 
procedure has been developed f o r  t h e  preparat ion from enriched i so top ic  t a rge t s  
by t h e  '"Cd(p,n)'"In r eac t ion  and chemically pu r i f i ed  products dis t r iki i ted t o  
medical groups f o r  evaluat ion.  
t i o n  t o  supply users  t h i s  s p e c i a l  research  mater ia l .  

l l 1 I n  (2.81 d) has  been suggested for  medical Eppl icat ions i n  s tudies  

A. 

Future work w i l l  include continued p i l o t  produc- 

, 
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Estjmsted Totel  
c o s t  of Task 

Annual 
-- ACCEi,ERATOR FROTKJZ'l'S 08 01 02  Begin - End Manyes r s 

R U B I D I ~ ~ - S ~  FY 71 FY 72 0 .1  $10,000 

S t a t u s :  
d e t e c t  h e a r t  funct ion de fec t s .  
has been developed t o  increase  t h e  production r a t e  by the  8fKr(p,n)84Rb reac t ion  
and increase  t h e  rad io iso topic  pu r i ty  of t h e  product. 
t h e  t a r g e t  deple t ion  r a t e  and develop improved t a r g e t  gas handling methods. 

84Rb ( 3 3  d )  i s  use fu l  f o r  myocardial scanning with pos i t ron  c m e r a s  t o  
An improved acce le ra to r  tar  e t  of enriched 84Kr 

Future work w i l l  determine 

CARBON-11 FY 71  FY 77 0.2 $70,000 

S t a t u s :  l l C  (20.4 m )  i s  a valuable  radionucl ide f o r  diagnostic 2nd experimental 
studies involving blood flow rates, v e n t i l a t i o n  capaci ty ,  snd other  physiological. 
information. The f e s s i b i l i t y  of producing mul t icur ie  amounts of "C by t h e  
I1B(p,n)l 'C r eac t ion  has been demonstrated. Future work will involve acce lera tor  
equipment development and production experiments aimed at  es ta td ish ing  2 cooperative 
medical evaluat ion program. 

\ 



Date April 23, 1971 

FISSION PRODUCTS 08 01 03 End - Bcgjn - 
Annual Estimrted Total  

Manye8t.s Ccst of  Task - 

Fis s ion  Prodllcts from Porwr - 
Reactor Fuel Reprocessing ??Y 71 Continuing 1.0 

S ta tus :  Valuable rad ioac t ive  and s t a b l e  nuclides a re  formed i n  t h e  reactor  fue l s  
t h a t  can be recovered i n  f u e l  reprocessins  plants  f o r  b e n e f i c i a l  appl icat ions;  four 
such ma te r i a l s  are 85Kr, s t a b l e  xenon, lS7Cs, and 90Sr. Xenon has been purif ied t o  
less than 1 p C i  of 85Kr per l i t e r  f o r  anesthesia t e s t i n g .  Cesium-137 recovery and 
p u r i f i c a t i o n  technology was reviewed and r e l a t ed  t o  p r iva t e  reac tor  f u e l  reprocess- 
ing f a c i l i t i e s  t o  assess  p o t e n t i a l  f o r  fu tu re  supply. Future  work ! w i l l  include 
development of method f o r  recovery of u l t ra -pure  xenon and study of methods f o r  
recovery and purif icat ion of fission products as applied t o  p r iva t e  power reac tor  
f u e l  reprocessing.  

F i s s ion  Product Development, 
Laboratory Operations Assis tance Cofitinuing Continuing 1.5 

S ta tus :  
'"CsC1, "SrTiO3,, "Sr2Ti04, and 90Sr0 i n  encapsulated source forms for use i n  

The FPDL operat ion provides megacurie quan t i t i e s  of ls7Cs and "Sr as 

t h e  development of i r r a d i a t i o n  tind i so top ic  pcwer systems. Development c? process 
techniques (compound formation, p e l l e t  fabr ica t ion ,  welding, weld inspection) i s  
a cont inuing e f f o r t  t o  provide spec ia l ized  product forms of highest  r e l i a b i l i t y .  

lS7Cs  and "Sr, inc luding  determination o f  c r i t i c a l  data; such-as compatibil i ty,  
where needed f o r  d e f i n i t i m  of r e l i a S l e  and safe  operat ion of systems u t i l i z i n g  
these  source ma te r i a l s .  

Te IIJIi,:;:L - 7 ' .  : L y i < A 2 4 1 r e  tz 2L.C .;izc,: - ,c 2-f -T , r ~ j  7.2 '. I :-; 2? -; :~': : i-2; 2: $ 5  ': 3 +, i c :- 1 <G f 
- >  

CESIUM-137 GAMMA SOURCE DEVELQENE3IT 

Cesium Compound Development FY 77 0.5 $200 , 000 

Sta tus :  
form of encapsulated 137CsC1; however, some p o t e n t i a l  future applications may 
r e q u i r e  a 137Cs source compound with g rea t e r  thermal s t a b i l i t y  and l o w  so lub i l i t y  
i n  water .  Methods are being d e v e l o p d  f o r  the preparat ion and character izat ion of 
CsNbOS, CsTa03, and various phosphate compounds. Future  work w i l l  include se lec t ion  
of one o r  two promising cesium compounds and develogment or' p i lo t - sca l e  p o d u c t i o n  
processes and further charac te r iza t ion  of t h e i r  p roper t ies .  

Cesium-137 (30 y )  i s  noli used p r inc ipa l ly  f o r  gamma-ray- scurces i n  the 

C s C l  Source F o m  Develoyent  FY 72 FY 75 0.5 $100 , 000 

Sta tus :  
of increas ing  t h e  thermal and s o l u b i l i t y  r e s i s t ance  of  1 3 7 C s C l  source forms. 
work w i l l  inc1:ide development of coat ing techrliques m d  evziluztioii of t:'.? f u e l  f o r n s .  

Cozting of 137CsC1 p a r t i c l e s  w i t h  i n e r t  mater ia l s  o f f e r s  a possible means 
Future 

- KRYPTON-85 ENRICI-IMENT - 
P i l o t  Product i cn of Enr  i i h e 2  ro 

c. '? 
C -  I- Krypton-85 FY 67 FY 75 1 $400,000 
u-1 -.-- I-"- Sta tus :  

15-50$ enhances i t s  useful.ness by msking pr-lssible the  design of more c o q a c t  sources. 
A thermal  d i f f u s i o n  p i lo t  has. been operated for the  past 3 years  t o  demonstrate this 

The enrichment, of t h e  85Kr radioisotope i n  f i s s i o n  krypton from -55 t o  
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ReEin 
Annual Es t imate< T5tal 

Manyears Cost  of Ta-k ---- End - 

P i l o t  €'rod~~ct;I;on o f  Enriched .- 

Krypton-85 (cont inued)  

method o f  enrichment and t o  provide s u f f i c i e n t  q u a n t i t i e s  of enriched 85Kr f o r  use 
i n  developing appl ica t ions .  Operation of t h i s  p lan t  will continue t o  obtain engi- 
neer ing data t h a t  w i l l  be necessary if a f i l l - s c a l e  p lan t  i s  buil t  and t o  Su i ld  up 
t h e  inventory of enriched ma te r i a l  fo r  appl ica t ions  development. 

Test Column Operation Fy 73- 75 0 .25 ',, $53,000 

Status: The separa t ion  forces involved i n  i so top ic  separat ion by thermal d i f fus ion  
are very  weak and small changes i n  operating conditions such as pressure,  tempera- 
ture, e t c .  nay produce s l a r g e  e f f e c t  on the  time required t o  achieve a separation. 
Two s ingle  tube t e s t  columns have Seen i n s t a l l e d  t o  inves t iga t e  these  e f f e c t s  and 
provide design data f o r  fu tu re  production type u n i t s .  
with both s t a b l e  and rad ioac t ive  krypton t o  determine i f  the  presence of rad ioac t ive  
gas  ions a f f e c t s  separat ion e f f i c i ency .  

These columns w i l l  be operated 

~ r y p t 0 3 - 8 5  Heat Source 72 Fy 74 0.3  $50, eo0 

Stz tus :  
because it w i l l  be ava i l ab le  i n  large quantities at low c 2 s t  from reac tor  Fuel 
reprocessing operat ions and it has a low bio logica l  hazard p o t e n t i a l  compared t o  
o t h e r  radioisotopes used for  this purpose. 
600"c will be designed, b u i l t  and loaded with s t a b l e  krypton,and t e s t e d  i n  a t e s t e d  
in a furnace.  
source containing rad ioac t ive  krypton w i l l  be designed and b u i l t .  

Krypi;on-65 i s  of i n t e r e s t  as a heat  source f o r  s m a l l  power production units 

A heat suurce capable of operation a t  

Based on t h e  results of this experiment and compat ib i l i ty  t e s t s ,  a 

Yxyptoi;-85 Light Source FY 72 73 0.2 $20,000 

Sta tus :  The use of "KT s t imulated phosphors i n  small light SOUTCES would be an 
advantage because of the  p o t e n t i a l  for grea te r  l i g h t  i n t e n s i t y  and a longer usef'lil 
l i f e  than some Df t h e  o the r  radioisotopes used for this  p r p s e .  
impregnated w i t h  R 5 K r  by i on  bombardment and then coated with various phos2hors. 
The light intensity and r e l e a s e  of 65Kr w i l l  be measured as a funct ion of time 
and temperature. 

Fo i l s  w i l l  be 

Krypton-85 Beta Bat tery 0.1 $10,000 

Sta tus :  
t he  electrons a c i t t e d  during the  be t2  dcfcay o f  a red io iso tspe .  
impregnated. w i t t i  85Kr  by ion bombardment and wrapped i n  a s p i r a l  configuration w i t h  
&I i n s u l a t o r  and e l ec t ron  c o l l e c t o r  foil. 
measured as a funct ion of time. 

Long-lived, high voltage,  low current  b a t t e r i e s  can be made by co l l ec t ing  
Foi ls  trill be 

The e l e c t r i c a l  c h a r a c t e r i s t i c s  w i l l  be 

\ 
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Annual Esti n 1 3 t r i l  T o t a l  
FISSTON FRODUCTS 08 01 03 Bcgin - End Manyears C o s t  of  Task 

STHONTIUbl-30 SIIJCATE BETA SOURCES FY 67 FY 71 1.6 $400,003 

Status: 
i r r a d i a t o r s  i n  eye and skin cancer treatment,  f o r  various i n d u s t r i a l  gagin2 and 
c o n t r o l  devices, and fo r  t h i n  f i lm  i r r a d i a t o r s .  
s i l i c a t e  g l a s s  beads and t o  encapsulate these  beads i n  metal matrix were developed 
t o  increase t he  sa fe ty  and r ad ia t ion  output of  these  sources. 
has provided methods t o  f a b r i c a t e  'OSr beta sources t h a t  are s t r u c t p U y  rugged, 
have h igh  oxtput,  and can be produced i n  a wide va r i e ty  of  geometrical shapes. 

Strontium-90 ("Sr, 28 y; '9, 64.4 h )  be ta  sources are  u s e f u l  for  medical 

Methods t o  synthesize strontium 

The development program 



Annual E s t  h a t e d  Total  
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RPDI AT1 ON SOURCE DE VE ID P b "  

Garmoa and Rcta Sources fl 67 FY 77 0.75 $375,000 

Sta tus :  Enca,psulated sources have formed t h e  b a s i s  f o r  a growing segment of t h e  
p r i v a t e  nuclear  i ndus t ry .  Methods have been developed t o  f a b r i c a t e  sources t h a t  
have energy s p e c t r a  output c h a r a c t e r i s t i c s  needed t o  meet t h e  needs of the space 
technology, n a t i o n a l  defense, and industry.  Future development w i l l  involve methods 
t o  upgrade s a f e t y  c h a r a c t e r i s t i c s  and t o  obta in  r a d i a t j o n  output d a t a  needed t o  
maintain t h e  i n d u s t r i a l  growth i n  the  u t i l i z a t i o n  of  gamma and b e t a  sources. 

Secondary X-Ray Sources . $250,000 = 69 = 79 0.5 

Sta tus :  
i n  process streams and i n  situ devices such as t h e  a n a l y s i s  of  rock dust,  c o d  dus t  
mixtures i n  the  safety management of c o d  mines. 
the y i e l d  of secondary x rays and t o  measure t h e i r  s p e c t r a l  Charac t e r i s t i c s  have been 
c a r r i e d  out  f o r  var ious  t a g e t s ,  using 
source ma te r i a l .  
radionucl ides  and to produce f ab r i ca t ion  technology and da ta  needed t o  extend the  
appl ica t ion  of f luorescent  x rays, espec ia l ly  t o  medical diagnosis  and measurement 
of heavy metal p o l l u t a n t s  i n  water. 

Secondaxy x-ray sources a r e  used i n  devices  t o  analyze f o r  t r a c e  elements 

Inves t iga t ion  of methods t o  increase 

, 241Am, and "K, as t h e  ac t iva t ing  147pm 

Future work will continue t h i s  i nves t iga t ion  t o  encompass add i t iona l  

0.25 $125,000 

Status: Alpha saurces  have wide appl ica t ion  i n  the  c a l i b r a t i o n  of i n s t m e r t s  for 
the nuclear industry. 
very t h i n  window ??a te r ids  of nickel ,  aluminum, and gold s tudied .  Future i nves t i -  
ga t ions  w i l l  continue t o  develop xethods f o r  i nc reas ing  the  s a f e t y  c h a r a c t e r i s t i c s  
of a lpha sources and t h e  measurement of output c h a r a c t e r i s t i c s  of primaq and 
secondary r ad ia t ions .  

Plated sources of 242Cm and 244Cm hzve been prepared and 

RADIOISOTOPE SAFETY 

Radioisotope Source 
Safety Testin:? Continuing Continuing 

Sta tus :  The design o f  radioisot2ge sources i s  l a r g e l y  Cc ta t ed  by safety nons5den- 
tions. Source capsules  of various types a re  subjected t o  mechanical and tenperatur?  
tests t o  obta in  information f o r  manufacttlrers, users, and regula tory  paps concern- 
ing  the  containment l i m i t a t i o n s  of t h e  design. Routine t e s t i n g  of both sezled and  
unsealed sources w i l l  continue and s tudies  of t h e  e f f e c t s  o f  manufacturing defec ts  
w i l l  be used t o  recommend qua l i ty  assurarce procedures. 

Radioactive Mat e r i d  
Shipping Containers Continuing Conk i nu i ng 0.1 

Sta tus :  For t he  s a f e t y  of the  F ib l i c ,  shipping conta iners  must be desigxed t o  
withstand the e f f e c t s  of  t ranspor ta t ion  accidents  without r e l eas ing  any of t he  
rad ioac t ive  conten ts .  
t e s t e d  t o  v e r i f y  their  containment in t eg r i ty .  

Shipping x n t  g n e r  deslgns are reviewed and protG5;zes 
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SOURCE DEVELOPt.43WT 08 01 04 Bep;in End 
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Manye,xrs C o s t  of Tas!~ -- 

RADIOISOTOPE CHEJIACTEB IZAT I ON, 
QUAJLITY CONTROL, AND STANDLWS Conti nu ins Continuing 1 

S t a t u s  : 
i n fo rna t ion  on modes and energ ies  of  decay and h a l f - l i f e  of each nucl ide a s  well 
as the accura te  ana lys i s  of each prepars t ion .  Analyt ical  techniques for q u a l i t y  
c o n t r o l  of radioisotope products  have been developed; d a t a  on 60 nucl id-  es were 

The e f f i c i e n t  u t i l i z a t i o n  of radionucl ides  r equ i r e s  t h e  b e s t  poss ib le  

prepared f o r  a paper i n  Nuclear Science and Engineerin& and in texompar ison  
s t u d i e s  o f  nmerous rad io iso tope  standards have been made. Future work will be 

~ 

similar and will continue t o  inc lude  responses t o  consumer quest ions and process 
problems. 

t- 



Date April 23, 1971 

Annu a.1 Estimated Tota l  
TECtlNO1,OGY VJ?ILI%ATJON 08 01 05 Re(+.n End Manyen s Cost of Task 

- ISOTOPES I N F O ~ ~ ~ O N  CENTER Continuing Continuing 5 

Sta tus :  
ab le  nuclear-appl icat ions-or iented l i t e r a t u r e ,  accessioning relevant  mater ia l ,  
and dissernination o f  information on reqilest arid by spec ia l  repor t s .  
sources published as t h e  OPm-IIC s e r i e s  are t y p i f i e d  by S ~ e c i a l .  Sources of 
Information on Isotopes (ORNL-IIC-12) ant! Isotope User's GuicZe (Om-IIC-19) .  
l h t u r e  work w i l l  include cont inuat ion of t h e  information serv ice  t o  i so tope  
u s e r s  and the  staff f'unction t o  DID f o r  repor t ing ,  e d i t o r i a l  ass is tance,  and 
informatim a c t i v i t i e s .  

"he Isotopes Information Center a c t i v i t i e s  comprise surveying t h e  ava i l -  

Infonnation 



Annual E st; inial; e d Tot 2-1 
Beg i n  End Manycar .c, Cost of Task 

OCEANOGRAPHIC AND NA'LTJRAL 
RESOURCES STUDY 

Sand Transport Study FY 68 FY 73 I $300, ooo 

Sta tus :  Sand t ranspor t  i s  a na t iona l  problem since beach erosion, harbor main- 
tenance, and c o a s t a l  land development are a f fec ted  by t h i s  n a t u r a l  phenomenon, 
and l i t t l e  is kno>m concerning t h e  f'undamental mechanism of t raqspor t .  Methods 
for taegine; sand p a r t i c l e s  with radionuclides were developed a t  'ORNL; and an 
underwater rad ia t ion  survey system, capable of synoptic measurement of tagged 
sand i n  the swash zme,  t h e  breaker zone, and deep water of t he  ocean, has been 
developed cooperat ively with the U. S .  Army Corps of Engineers. 
ment extending t h e  technoloegg t o  encompass t h e  measurement of volume transport 
rates of' sand moving alone t h e  coas ts  i s  planned. 

Future develop- 

. 

\, 


