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During t h e  pas t  year,  new and iuiproved rad io iso tope  preparat ions were 
provided t o  medical research gxou.ps through cooperat ive prograrns f o r  
mcd.ical evaluat ion.  Yne radi.oiso.tope prepa.rations incI.uded "9mZ11, 43K, 9'"hb 33p 
produ.ciiig 1 7 1 ~ i  as an i.so-t;opic power hea t  source f o r  use -in an artificia.1. 
hea-rt were inves t iga t ed .  
(used t o  s tudy neutron production of radioikotopes 1 were determined i n  
the b e r . y l l i m  r e f l e c t o r  and t h e  hydraul ic  tube pos i t i ons .  

 he t ~ i e r m a l  neutron c ross  sec t ion  and resonarice i n t e g r a l  oi-*  OB^. were 
de temined  t o  be 1.57 
e-i'fectTve cross sec t ion  of "04Tl. was determined t o  .be 23.1- barns. 

Thermal d i f f u s i o n  enri.c:hment of t h e  ""Kr i n  the fi.ssion-product kr:-yptor~ 
provicied 240 C i  of .13.97$ "5~r arid 370 c i  of 27"62$ '5~;r, 

3 , 6 7 ~ u . ,  '5mTc, and "'1. The f e a s i b i l i t y  and ecoiaomics of 

The high neutron f lux capabi.li-ties of' i;he WIE< 

0.5 arid 13#6 -t- 1.4  barns,  respec t ive ly ,  and the 

Field t e s t s  wi th  l"!?Xe-ta.gged sand were carried.  o u t  a t  t h r e e  1.occations 
!;o evalua te  equi.pment and t o  develop more e:t'fective procedures for use 
i n  studying t h e  d i r ec t ion ,  t he  ve loc i ty ,  and t h e  volume of sand rncw.ment. 

Beta, 1-ow energy g:mrria, secondary X-ray, and neutron sources were 
developed, fabrica-Led, and charac te r ized  f o r  var ied  appl ica t ions ,  i.ncI.ud- 
i.ng t h e  foldlowing. 
quantity and p u r i t y  1x3 be used f'or t h e  Mars Atmosphere Density Sensor 
source was determined, and a l t e r n a t i v e  rad io iso tope  sources were in i /es t i -  
gated.  An experim-ental blood i r r a d i a t o r  wa.s designed and f ab r i ca t ed  
using   OS^ e 

Two types of r a d i o g r a h i c  canleras were designed and Pabuicated: one f o r  
use with 147h1 and 
process was developed for prod-wing high i n t e n s i t y  b e t a  so i~ rces  cons i s t -  
ing  of s t a i n l e s s  s t e e l  capsules containing s t ront ium s i l i c a t e  spheres 
embedded. i n  an aluminum matrix. 

The feas ib i l i -by  of producing '"Gd i n  s u f f i c i e n t  

~ r ? .  5 5 ~ ' e  source was prepared for use i n  an X-ray d i f f rac tometer  . 
and t h e  o ther  f o r  use with 241h and 5 7 C 0 .  A 

The r e . l i a b i l i t y  of rad ioac t ive  source capsu.S.es 1-iaed t o  contain rad ioac t ive  
ma te r i a l s  and shippimg conta iners  used t o  t r anspor t  rad ioac t ive  ma te r i a l s  
w a s  determined under condi t ions of normal use as w e l l  as i n  t he  even-L of 
an acc ident .  An app l i ca t ions  r a t i n g  p;v.ide was developed to determine t h e  
requi red  source c l a s s i f i c a t i o n  for t h e  intended app l i ca t ion  of a source 
a i d  the expected environmental condi t ions experienced during i t s  opera t ing  
lif 'e. Tes ts  were begun to de te rmhe  i f  c e r t a i n  se l ec t ed  GIWL, source 
capsules  meet t h e  USAEC requirements for  "spec ia l  form material-. " 
capsules made of 3Ol+L and 316~ s t a i n l e s s  s t e e l ,  Inconel,  and Hastel loy C 
were exposed t o  cesium. ch lor ide  at l300"C t o  determine t h e i r  compat ib i l i ty  
with cesi.wn ch lor ide  under condi t ions which may e x i s t  i n  t h e  event of a 
f i r e .  A heat t r a n s f e r  study w a s  perfomied on a Sugarman shipping cask 
i n  combination with t h e  wood f i r e  and impact s h i e l d  i n  which it w i l l  be 
shipped.. 

Test  
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The activities of the Isotopes Informatlon Center included w r i t i n g  sta.te- 
of-the-art reviews and prodlickion and applications brochures; publishing 
the quarterly Technical Progress Review, 1so.Lopes and Hadtation Teclnnology; 
establishing a continuing and up-to-date coll.ection of indexed material 
on the production and applications of isotopes; providing technical and 
editorial assistance to DID; and answering rinquiries concerning the 
production and applications of isotopes. 

The Fission Products Development Laboratory received 1,040,000 Ci of 137Cs 
feed. 
pressed into pellets. Radiojsotope sa les  income showed ;I decrease in 
196'7 as coiiipared with  sales in 1966. 
published as well as reports, and many papers were presented at scientific 
and technical meetings. 

Approximately 315,000 Ci of 137CsCl and 4230,000 Ci of "Sr were 

Nimerous articles i i i  journals were 
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WVIEFJ OF 'RADIOISOTOPES PROGRAM, 1967 

J. H. G i l l e t t e  

PWFARATION MID APPLICATIOM OF RADIOISOTOPE RESEARCH MATEXIALS 

Techniques and procedures were developed fol- preparing and character iz ing 
radioisotopes ( t h a t  were previously unavailable) f o r  use a s  research mate- 
E-ials i n  t h e  medical, b iological ,  and physical  sciences.  Neu+,ron-produced 
radioisotopes were obtained by use of t h e  Oak Ridge Research Reactor 
(ORR) and the  High Flux Isotopes Reactor ( I IFIR) ,  and neutron-deficient 
radioisotopes vere  produced by proton i r r a d i a t i o n  i n  the  OFiNL %-inch 
CycLotron. 

Through neut ron- i r rad ia t ion  studies 
plished:  (1) examination of t h e  p r i n c i p a l  modes of neutron i n t e r a c t i o n  
[ (n ,7) ,  (n ,p) ,  and (n ,a ) ]  with riatwral abundance o r  enri-ched isotope 
t a r g e t s ,  (21) development of appropriate  cberuical or physical  processes 
t o  recover and pnr i fy  the  desired radioisotope, ( 3 )  charac te r iza t ion  of 
t h e  product pur i ty  and determination of unknown or  uncertain nuclear 
proper t ies  such as ha7-f-Li.ves and decay schemes, and (4) est;ablisLmient 
of ccoperative programs with research groups t o  promote the  beneficiaL 
appl ica t ion  of  radioisotopes.  

the  i'ollcrwing objec t ives  are accom- 

Cyclotron-produced radioisotopes which decay 5y pos i t ron  (f3") emission 
md/o r  e lec t ron  capture a r e  associated with X-ray emtssion and annihi la-  
t i o n  r a d i a t i o n  (0.gl.S Mw), tliat a r e  e a s i l y  detect;ed but have minimal 
r a d i a t i o n  e f f e c t s .  
diagnosis,  Ncss'uauer appl icat ions,  and meta l lurg ica l  s tud ies ,  as w e l l  
as several research appl ica t ions .  I n  addi t ion,  t h e s e  radioisotopes a r e  
of' s p e c i a l  i n t e r e s t  t o  i n t e r n a l  conversion spectroscopis ts  and researchers  
I'or def in ing  details  of nuclear s t ruc tu re  and behavior. 
derived from the  production techniques and charac te r iza t ions  of these 
cyclotron-produced radioisotopes is of use t o  medical centers  and other  
i n s t i t u t i o n s  i n  developing the u t - i l i t y  of l o c a l  cyclotrons.  

These products a r e  p r i n c i p a l l y  used i n  medical 

Information 

K F I K  I r r a d i a t i o n  F a c i l i t i e s  

The high neutron f l u x  c a p a b i l i t i e s  of t h e  KFIR were used t o  studjr t he  
neutron production of radioisotopes.  The I V I R  i s  a light-water-cooled 
and water-moderated research reactor ,  fue led  wi3h -9.4 kg o r  highly 
enriched 235U, which operates  at, a power l e v e l  of 100 Mwth.".' The 
reac tor  core (Fig. 1) cons i s t s  of a s e r i e s  of' concentr ic  f u e l  regions, 
each -2 f t  high. A 5-in.-dia hole i n  the center  of t h e  core serves as 
a Y l u x  t r a p .  A hydraulic tube f a c i l i t y  i s  located i n  t h e  center  of 
t h i s  region f o r  experimental i r r a d i a t i o n s  of shor t  durat ion a t  htgh 
neutron €lux. From t h e  center  l i n e  01' t h i s  f a c i l i t y ,  the d is tance  to 
the nearest  f u e l  region i s  -2.'[5 i n .  
a concentric r i n g  of beryll ium r e f l e c t o r  -1 f t  th i ck .  
region are 38 v e r t i c a l  experimental f a c i l i t i e s .  

The f u e l  region i s  surrounded by 
I n  the r e f l e c t o r  

 he ones c loses t  t o  

1 
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t h e  f u e l  regton a r e  loca ted  i n  the  reiiiovable ,mriion of t he  beryllj-im 
re f l ec to r  and a re  -2 i n .  from t h e  nearest  f u e l .  

O R N L  DWG 68-2002 

Fig. 1. f i F I R  Core and Selected. 
1rradia . t ion Fac i l i - t i e s  . 

A t  t h e  higher f luxes  ava i l ab le  i n  t h e  € F I R ,  nuclear reac t ions  such as 
(n ,p)  and (n,Cx), which a r e  imprac t ica l  a t  lower f luxes ,  a r e  now proving 
t o  be f easib1.e f o r  radioisotope preparat ion.  Target holders were 
designed, tes ted ,  and a-pproved f o r  u t i l i z a t i o n  i n  t h e  removable bery l -  
l i u m  fa.ci.li.t;y adjacent t o  the c y l i n d r i c a l  f u e l  pieces  and i n  t h e  
hydraulic tube access f a c i l i t y  along t h e  c e n t r a l  axis of t h e  f lux - t r ap  
region. 

The 1;herma.l and t h e  f i s s i o n  neutron f l axes  were measured i n  t h e  beryl.- 
I . i m  r e f l e c t o r  and. t h e  hydraulic tube of t h e  IrlFIR (Table 1). 
beryl.liixn refLee-Lor post t ion,  t h e  t w o  s t a i n l e s s  s t e e l  monitors (Nos. 0 
and 1) w-ere located 4 . 5  i n .  a.bove and bel.ow the  r eac to r  center  l i n e ,  
while No. 2 vas 2.5 i n .  above t h e  center  Line. I n  the  hydra-ulic tube, 
t h e  top s i x  psitr i .ons were monitored. 'The thermal neutron flux was 
determined by measuring t h e  amount of "'Co produced by t h e  59Co(n,y)"0Co 
reac t ion .  
of 3'T barns for. t h e  5sCo(n,y)6'Co rea.e'cion arid i s  not, corrected for. t h e  
resonance neutron contribu.l;lon. The f i s s i o n  neutron flux w a s  determined 
by measuring t h e  amount of 54Mn groduced by the  5%e(n ,p)54k threshold 
reac t ion .  A f i ss ionxeix t ron  cross  sec t ion  o f  0.061 barn was used f o r  
t h i s  react ion,  and a v i rg in  f i s s i o n  neutron spectrum w a s  assumed t o  be 
present in t h e  hydraulic tube.  

I n  the 

The thermal f l u x  is based on .the 2200-m/sec cross  sec t ion  
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Table 1. Thermal and Fission Neutron Fluxes in the KFIR 

Hydraulic tube Monitor Flux, neutrons/cn?-. sec 
position No. 5 9 ~ 0 (  n, 7) “OCo ”4Fe( n, p) 54Mn 

Beryllium Reflector 

0 1.30 1015 2.64 1014 
1 1.28 2.89 loi4 
2 1.09 ioL5 2.17 x 1014 

Hydraulic Tube 
1 1 - 2.92 iox4 

2 - 3.50 1014 

2 

3 

5.37 x 1014 
5.95 x LOi4 
7.10 1014 
7.76 1014 

I 1 
2 

1 
2 

- 
- 
- 

4 6-67-2 2.46 loi5 8.27 x io1* 
5 1 2.79 1015 9.07 x loi4 

2 2.71 x 10’” 8.83 1014 
3 2.66 1015 8.27 ioi4 
4 2.72 1015 8.82 1014 
5 2.79 1015 8.76 io1* 
6 2.72 1015 8.39 x io1* 

6 6-67-3 2.42 ioL5 8.84 loL4 

Preparation of Radioisotopes for Medical Applications 

Several cooperative programs were established with medical research 
institutions throughout the country. Since radioisotopes are playing 
an increasingly important part in the diagnosis and treatment of 
disease, new radioisotope products were prepared for medical evaluation. 
Often these new preparations are of a low general demand, difficult to 
prepare, or not economically attractive to commercial suppliers. By 
supplying these previously unavailable radionuclides t o  medical research 
groups through these cooperative programs, the production and separation 
variables and the utility of a specific nuclide can be studied concurrently. 

Thulium-171 

The feasibility and economics of producing 171Trn as an isotopic heat source 
for  m e  in an artificial heart were investigated. The minimal intrinsic 
radiations of l7‘% (1.9-y beta emitter) make it a highly desirable can- 
didate heat source €or biological applications if it can be produced 
sufficientu free of contamination. 
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To be competitive w i t h  a l t e r n a t i v e  heat- source candidates (principa1.l.y 
230Pu arid 147F'm) f o r  t h e  a r t i f i c i a l  hea r t ,  t h e  170Tj;n/171Tm r a t i o  must be 
reduced t o  t h e  order of SOm3 .Lo lo-" . Both t e c h n i c a l  and economic f a c t o r s  
of t h r e e  methods f o r  producing 1 7 1 T m  by neutron i r r a d i a t i o n  of (1) n a t u r a l  
thulium, ( 2 )  enriched I7'Er , and (3) n a t u r a l  erbium and t h e  product 
refi-nemen-k necessary t o  reduce t h e  quan t i ty  of 170Tm were inves t iga t ed  
i n  d e t a i l .  Methods of product r e f  ineniezl.1; include natural decay, e leetro-  
magnetic separation, and high neutron f l u x  burnout of I7'Tm. 

It was concluded t h a t  l r r T m  with t h e  p u r i t y  required f o r  t h e  a r t i f i c i a l  
h e a r t  program would cost  -$3_0,000 per thermal watt;  t he re fo re ,  it js not 
competitive with other  candidates. 

Zinc-69m ( h a l f - l i f e ,  14 h )  has been used by medical i nves t iga to r s  a t  
Walter Reed General Hospi ta l  t o  perform i n  v i v o  and in ~ v i t r o  s c i n t i l l a -  
t i o n  scans o f  hunian p ros t a t e  glands. Studies t o  determine j.f t h e r e  i s  
a difference i n  uptake between normal and. abnormal t i s s u e  a r e  in progress.  
Apparently, no t i s s u e  s t o r e s  zinc p r e f e r e n t i a l l y ,  and. t h e  va.lue of '"%n 
as a p ros t a t e  scanning agent w i l l  depend upon i.ts incorporat ion i n t o  a 
cornpl-ex ion o r  molecule which w i l l  all.ow acemif ia t ion of z i n c  i n  t h e  
gland + 

-~ 

Prrjduction of "3mZn i n  t h e  0x3 was s tudied by two n u c h a r  r eac t ions  
using i s o t o p i c a l l y  enriched t a r g e t s .  The Fiss ion neijkron cross  sec t ion  
f o r  t he  69Ga(n,p)69mZn reac t ion  was determined t o  be 0.50 i 0.14 mb. 
The z inc  product was se  a ra t ed  from t h e  g a l l i u m  t a r g e t  by solvent extrac- 
t i o n .  Production of 'Zn by the  68Zn(n,y)69mZn reac t ion  prodxced an 
average y i e l d  of 2.22 m C i  of ''3"Zn per qq of z inc  t a r g e t .  

P 

Pot ass ium- 43 - 
A number of  iiiedical i nves t iga to r s  have expressed i n t e r e s t  i n  t h e  ava i la -  
b i l i t y  of 22-h 43K f o r  USE i n  studying potassium met,a'ooll.sm, loca l iz i r ig  
malignant b reas t  tumors, and tagging red blood c e l l s .  The use of com- 
merc ia l ly  ava i l ab le  42K i s  l i m i t e d  by i t s  sho r t  h a l f - l i f e  for t hese  types  
of inve st iga t  I.on. 

Two t a r g e t s  of 63.6% enriched 43Ca a s  CaC03  were i r r a d i a t e d  i n  t h e  O M  
t o  produce 43K by t h e  43Ca(n,p)43K reac-tioa. 
from the  t a r g e t  by jon  exchange. 
calcium was obtained from which t h e  avcragc production c ross  sec t ion  was 
computed t o  be 1 . 5  mb. 

The potassium was separated 
A n  average y i e ld  of -39 p.Ci/mg of 

Niobium- 92m 

The r eac to r  production and chemical separa-t ion of 10 e 2.-d 9'r'Nb from 
n a t u r a l  and enriched molybdenum t a r g e t s  a r e  being st; i i ( l j  ed. 
be of use a s  a twnor de t ec t ing  agent i n  nuclear medicine. 

Niobium may 
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I r r a d i a t i o n  of two t a r g e t s  of n a t u r a l  abundance molybdenum (3.26 mg of 
""Mo) and two t a r g e t s  of 78.27% i s o t o p i c a l l y  enriched molybdenum (22.4 mg 
of 92Mo) i n  t he  hydraulic tube f a c i l i t i e s  of t he  WFIR arid ORR, respec- 
c ively,  produced an average of 0.497 and 1.68 i n C i  of 9 2 m ~ ,  respect ively.  
The f i s s i o n  neutron cross  sec t ion  f o r  t h e  s2Mo( n,p)"2mNb reac t ion  2veraged. 
4.92 mb. 

Procedures f o r  separat ing t r a c e  amounts of niobium from molybdenum t a r g e t s  
without t h e  use of HF, which is unc-lesirable f o r  medical products, have 
been invest igated.  
t r e a t e d  with 9.1 f\J RNO,) with 0.1 N H C 1  while molybdenum remained on t h e  
column. 
molybdenum by adsorption on Fe(ON),, 
Ls not ca r r i ed  by t h e  Fe(OH):, p r e c i p i t a t e .  

Niobium was e l u t e d  from a column of alumina (previously 

Niobium was also separate2 from a l k a l i n e  so lu t ions  containing 
A t  pIi values of  <7.5,  molybdenum 

Phosphorus- 33 

The a v a i l a b i l i t y  of m i l l i c u r i e  q u a n t i t i e s  of p3P o f f e r s  many opportuni t ies  
f o r  research, e s p e c i a l l y  i n  the medical and biochemical sciences. In  
comparison w i t t i  '+, 3 3 ~  has a longer h a l f - l i f e  (25 vs 14-3 [I), a lower 
maximum beta  energy (-0.25 vs -1.7 Mev), and, consequently, l e s s  brems- 
strahlimg production. 
study of r e l a t i v e  e f f e c t s  of r e c o i l  energy of s u l f u r  produced by decay 
of "P and 337, long-term ecologica l  and a g r i c u l t u r a l  s tud ies ,  synthesis  
o€ tagged complex organophosphorus compounds, and double l a b e l i n g  of 
phosphorus i n  complex molecules such as nucleic  acids .  

Spec i f ic  uses for 33P include autoradiography, 

M i l l i c u r i e  q u a n t i t i e s  of 3 3 ~ ,  r e l a t i v e l y  f r e e  of 3 2 ~ ,  were produced in 
high f a s t  neutron f lux posi t ions OS t h e  OR€? and H F I R  by two nuclear 
reactions:  33S(n,p)33P and " % l ( r i , ~ x ) ~ ~ P .  I s o t o p i c a l l y  enriched 33S and 
""CI were used as r e a c t o r  t a r g e t s .  Chemical procedures f o r  separat ion 
of ca r r i e r - f r ee  phosphorus a c t i v i t i e s  from elemental  s u l f u r  and potassium 
chlor ide  were developed. 

coyper- 67 

A s  a rad io iso topic  t r a c e r  of copper, 12.9-11 "4Cu i s  general ly  used because 
it can be e a s i l y  produced from s t a b l e  "%u by t h e  (n ,y> react ion.  
i n  many appl ica t ions  i t s  usefulness i s  severely Limited by i k s  shor t  
ba l f - l iTe .  copper-67 (61 h ) ,  on the  other  hand, has a h a l f - l i f e  about 
f i v e  t imes longer than  t h a t  of "4Cu and i s  the longest- l ived radioisotope 
of copper. In  a cooperative research e f f o r t  with Mayo Clinic ,  6 7 ~ u  i s  
being used to study t h e  metabolism of copper i n  p a t i e n t s  with Wilson's 
disease and i n  t h e i r  r e l a t i v e s  t o  d e t e c t  a possible  inher i ted  tendency 
f o r  t h i s  disease.  Tentat ive r e s u l t s  show t h a t  extrapolat ions of t he  
metabolic behavior of copper based on shor t - l ived  "*Cu a r e  incor rec t  snd 
must be obtained using "'Cu. 

However, 

Copper-67 can be produced i n  t h e  ORR and t h e  H F I R  i n  m i l l i c u r i e  q u a n t i t i e s  
af ' ter  a &week i r r a d i a t i o n  of enriched "7Zn t a r g e t s .  
t h e  copper on an anion-exchange column, t h e  enriched zinc i s  recovered 
f o r  r e i r r ad ia t ion .  

After  separat ion of 
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Technet ium-95m 

While performing experiments t o  devise a method f o r  d i sso lv ing  i r r a d i a t e d  
molybdenum metal t a r g e t s  (used i n  prepara t ion  of "51'I'c), it was di-scovered 
t h a t  ordinary,unstabi l ized 3 t o  30% H20E w i l l  d i sso lve  molybdenum metal. 
The r e s u l t i n g  yellow so lu t ion  i s  s t a b l e  a t  room temperature i n  concentra- 
t i o n s  below 17.8 mg of molybdenum per  ml. 
yellow p r e c i p i t a t e  appears which i s  r e a d j l y  soluble  i n  d i l u t e  ammonium 
o r  sodium hydroxide. The reac t ions  involved a r e  probably complex; however, 
an o v e r a l l  r eac t ion  may be represented by 

A t  higher coiiceiitrations a 

MO + 3 ~ ~ 0 ~  -* H ~ M O O ~  + 211~0 . 
The r a t e  of d i s so lu t ion  of molybdenum f o i l  and powder was determined f o r  
var ious aqueous diluti.ons of €kO2 and for concentrated and d i l u t e d  IlCl 
and KNOB (Table 2 ) .  

Table 2. Dissolut ion of Molybdenum a t  27°C 

Dissolut ion r a t e ,  mg/ h r  
Solvent Mo foils Mo powderb 

3WO H202  300 Violent r eac t ion  
15% HzOz 150 Violent r ea.c t ion  
7.5% &02 LOO Vigo roils x ea c.t; i on  
3% H202 Negligible  Rapid 

12 M H C 1  Negl igible  Negl igible  
3 HCl Negligible  Negl igible  

1 5  M HNO3 Negligible  Negl igible  
3 E- HNO3 Negligible" Negligible' 

a 1  x 1 x 0.01 i n .  
blOO mesh. 
CHNO3 slowly converted the  molybdeniim t o  an 

inso1ubl.e s a l t .  

A 30% HzOz so lu t ion  i s  a convenient reagent f o r  d i sso lv ing  i r r a d i a t e d  
molybdenum metal  f o i l  o r  w i r e  t a r g e t s ,  and a 376 &Oz solut ioi l  i s  convenient 
f o r  powdered molybdenum samples. 
viding a t a r g e t  so lu t ion  which i s  Pree of extraneous anions ( i . e . ,  
chlor ides ,  n i t r a t e s )  and i s  o f t en  more s u i t a b l e  f o r  subsequent chemical 
processing. 

The method has t h e  adv-antage of pro- 

Tec'nnetium-95m (60 d, 0.200-Mcv gamma.) i s  of i n t e r e s t  t o  researchers  
studying t h e  metabolism of technetium and technetium compounds i n  the  
body. Currently,  6-h " " q c  i s  the  only commercially ava i l ab le  radio-  
ac t ive  technetium; it i s  r a t h e r  shor t - l ived  f o r  b i o l o g i c a l  and compound 
tagging s tud ie s .  

The production of 95mTc i.n t h e  OIWL 86-Inch Cyclotron from n a t u r a l  
molybdenum t a r z e t s  by two simultaneous reac t ions ,  " " M ~ ( p , n ) ~ " ~ J k  and 



e'Mo(p,2n)s5n?Tc, was inves t iga ted .  Two l/4- by 6-in.  molybdenum tube 
t a r g e t s  bombarded a t  an average beam curren t  of 265 pa/hr produced an 
average of -3 m C i  of '"S"rc per kr.  The tubes were dissolved i n  l5$ 11202, 
and t h e  technetium a c t i v i t i e s  were ex t rac ted  from the  aqueous phase 
(ad jus ted  t o  2 2 NaOQ with 2,k-dimethyl pyridine.  The technetium a c t i v i -  
t i e s  were then back-extracted i n t o  water by adding benzene t o  t h e  organic 
pht3.se.*-r5 Technetiun-93n was i s o l a t e d  a f t e r  a 40-day period t o  allow the  
96Tc a c t i v i t y  t o  decay. 

I o d i n e - 2 3  

Iodine-lit3 (13 h), produced i n  t h e  ORNL 86-Inch Cyclotron by the  
I2'Te(p, n)lE31 r eac t ion  from -80% i s o t o p i c a l l y  enriched lZ3Te, i s  being 
supplied t o  medical i n s t i t u t i o n s  through a s p e c i a l  exemption granted by 
t h e  U. S. Atomic Energy Commission. 
16 runs i n d i c a t e  an average 1231 y i e l d  of 0.476 mCi per hr  per m g  of' 
t a r g e t .  
can be produced, compared wi th  -80 m C i  per  beam hour reported previously.  
During these  runs,  t h e  t a r  e t  processing time was reduced from 4-1/2 t o  
-G?-l/3 hr .  
each run and subsequently reused. The recovery y i e lds  have averaged -96% 
of t h e  s t a r t i n g  mater ia l .  

'The production y i e l d s  obtained from 

Based on these  r e s u l t s ,  4 2 5  m C i  of 1231 per lgo-pa beam hour 

5 The valuable  ' 3Te t a r g e t  material. has  been recovered from 

Cross-Section Determinations 

Thermal Neutron Cross Sect ion and 
Resonance I n t e g r a l  of Barim-140* 

Due t o  t h e  high f i s s i o n  y i e l d  of t h e  140 mass chain and t h e  moderately 
long h a l f - l i f e  of L2.8-d L4%a, t h e  thermal neutron c ross  sec t ion  and 
t h e  resonance i n t e g r a l  of t h i s  nuc l ide  were obtained t o  determine t;he 
e f f e c t  of 14%a on t h e  neutron economy of nuclear  r eac to r s .  Pleasurernents 
were made w i t h  and without 40-miL-thick cadmiurn neutron f i l t e r s ,  which 
have an e f f e c t i v e  cu tof f  energy of 0.54 ev. The thermal neutron cross  
sec t ion  and resonance i n t e g r a l  of '&%a were determined t o  be 1.57 2 0.3 
and 13.6 5 1.4 barns, respec t ive ly .  
l o s s e s  i n  the  r eac to r  due t o  neutron absorpt ion by '*OB,. 

These values imply only minor neutron 

Each t a r g e t  consis ted of 10 mCi  of f iss ion-product  14'Ba, which w a s  
pwrified by anion exchange using 0.01 M, (W)&Q3 t o  remove lanthanum, 
cerium, and uranium. 
of t h e  ORR, t h e  14LCe f r a c t i o n  produced by t h e  r eac t ion  s e r i e s  

After a 24-hr i r r a d i a t i o n  i n  a high flux pos i t i on  

F . 8  d \l8 m 
a. 1 4 0 ~ ~  ( n , r ) $ l 4 1 h  

p . 2  h y 3 . 9  h 

(n,;Y) $+%Ice 
1 

140ce 
<A32.4 d 

*Work performed i n  cooperation w i t h  t h e  Chemistry and t h e  Analytical 
Chemistry Divistons of ORNL. 
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was i s o l a t e d  from the  140Ba t a rge t ,  and both were assayed usi.ng N a l  
gamma-ray spec'mometry . The determination of ""lCe required. ca.reful 
chemrical. sepa.ration s ince  t h e  amount of '"'Ce -3 iroduced w a s  f i v e  orders 
of magnri-tu.de 1-ess than that of '"'Ba. iluring t h e  2b-h- i r r a i i i a t  ion, 
-lo$ of t he  '"Ice was fomed  from 14'La by neutron capi;ure and <0.5$ 
from I4%e by neutron capture .  

The neutron f luxes  were mcasixed w i t h  0.151% cobal t  a l l oys  using a 
220O-n/sec valiu? of 3'I barns antJ a resonance integral .  of' 75 barns €or 
cobal-1,. The therm1 neutron flux represenis  t he  Ma~welli an coinponent 
of the spectrwn, and bhe rescmance f l u x  represciits t he  ei)itherlnal flux 
per  un i t  let'ciarg3/. 

Ef fec t ive  Cross -I Section ~_-- of ~hal~.i.ix!x-204* 

The sufPlicien.i;ly Long h a l f - l i f e  (3.8 y)  a n d  pure be ta  emission of 2"4TL 
enhance i.ts i isefulness a.s a heat source for the  generat ion of electrical 
powey. Tha.I.l.ium-2Oh can be prepayed- from 2_o.JT1 by neutron capture, and 
aL: a c t i v i t y  concentrat ion of -35 @i./g has been obtained (the s p e c i f i c  
a c t i v i t y  of pure 204Tl i s  4-61. Ci/g).. The burnup cross section of 2'o"T1 
was determined i n  order  t o  optirnj-ze i r r a d i a t l o n  conditions to obta in  the 
highest  poss ib le  s p e c i f i c  s.cti.vity. 

Th.e thei.ma.1 izeu!;roiz cross sectj.oa and resonance intewal. of '04TI can be 
determined by i r r a d i a t i n e  pure 2 0 4 T l  [prepared by Lhe 204€'b(n, p)204T1 
01% 204H5(y,n)204T1 ~ e a c t i o n s  ] and. measuring the amoun2; of 2-osTl by mass 
spectrometry o r  by i r radia . t ing pure 2Q3Tl and measuring t h e  205TI by 
mass spectrometry. The first method i s  limited. by the  I.ow y-ields  of 
2Q4'T1. prodiiced by t h e  (n ,p)  and .the (p,n) reac t ions .  
a ted,  t h e  target must contain. 51000 ppm 205TI. t o  accu.rate1.y rneasi.xe t h e  
increase of 20sri'l a f t e r  i r rad ia t ior i .  
enriched 203Tl was precluded si.nce t h e  i n i t i . a l  a.mount of "'Tl i n  t h i s  
ma te r i a l  i s  too  high. 

I f  20"T.l i s  ir:ea.di- 

The use of avai.lab3.e calutrorl- 

Thallium-203 t a r g e t  ma te r i a l  ( 5 mg) was obtained. by chemi.ca.l.ly separa-ling 
'"T1 from four o l d  203iig product so lu t ions .  
i n se r t ed  i n t o  t h e  beryll ium r e f l e c t o r  of t h e  IWIR and i r rad ia , ted  for ,-'-!-5 
days. Paired cobalt, and niobium monitors were also i n se r t ed  t o  measure the 
neutron f lux .  Gamtna-ra,y ana lys i s  of tlie i r r a d i a t e d  203Tl. t a rge ts  r"a.il.ed 
t o  de t ec t  any t r a c e s  of 203Hg. 
t a r g e t s  and the e f f e c t i v e  c ross  sec t ions  f o r  203T1 and "*Tl which were 
determined are given i n  Table 3. 

Four - 3 O O - q ~ g  samples were 

& s s  analyses  of t h e  i r radiated.  203T1. 

* 
Work performed i n  cooperation wi th  the  Chemistry and tl ie Analytical 
Chemistry Divisions of ORNL. 



'fable -3. Mass Analyses O F  I r r a d i a t e d  Thallium Samples" 
and Ei'i'ective Reactor Cross Sections of' 203TL and 204T1 

A thermal dif'f'usion p i l o t  planit f o r  t h e  enrichment of "Kr from f i s s i o n -  
prcxluct krypton w a s  operated to gain experience and t o  develop design c r i -  
t e r i a  f o r  a i 'ull-scale p l a n t .  The p i l o t  p lan t  cons i s t s  of s ix  water-cooled 
tube bundles wi th  calrod hea ters  i n  t'ne center  of each tube. Small bellows 
pumps c i r c u l a t e  the gas through t h e  tube bundles. 

A t  the  beginning of' the year all s ix  thermal. d i f f u s i o n  column bundles were 
ejmptied and shut  down when water Peaks occurred i n  two separate  bundles 
withLn a day o f  each o ther .  The system was not s t a r t e d  again until all of 
the  colwras had been retubed. During t h e  period required to  make these  
dhanges, a water treatment system w a s  i n s t a l l e d  t o  improve the quality oL' 
t h e  cooling water. A system t o  he lp  avoid thc l o s s  of krypton wLen a c n l b  
r*od f a i l s  and per fora tes  R tube was also designed. The c o l - m  bundles were 
divided in to  sec t ions  that can be rap id ly  i s o l a t e d  from each other by 
autoraatic valves .when sensing instruments de tec t  a calrod f a i l u r e  or a 
sudden change i n  c o l m -  pressure.  

Oxie cascade o f  t h r e e  colurms of' t he  '*Kr thermal difl 'usion isotope enrich- 
ment system was Loaded with -1500 C-i of' 3.8$ ""e and operat ion began on 
J u e  17, 1967. Product f r a c t i o n s  were Temoved from t h e  t'nree columns 
a f t e r  67 days of operation; t h e  85Kr i so topic  abundarice ranged from 8.7 t o  
L1.57&, 
from the t h r e e  columns and 7.8% 85Kr from a previous run were put i n t o  the  
center  s e c t t o n  of one c o l r n i  f o r  f u r t h e r  processing. The other  f i v e  columns 
were loaded with normal feed ( 3 . 5 $  Prcduct f r a c t i o n s  were removed 
in December; 240 C i  had been enriched t o  130y'& and 470 Ci had been 
enriched to 27.627!. 

which i s  below t h e  minimum expected value of l5$. The product 
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RADIOISOTOPE SAND TWSPORT STUDY 

A coopera.tive program t o  study t h e  movement of  sand a.roilnd t h e  Point  
Conception (Ca l i fo rn ia )  a rea  w a s  i.nitia.ted i n  1966. 
p a r t i c i p a n t s  a r e  t h e  Isotopes Development Center (AEC-DID) and t h e  U. S .  
Army Coastal  Engineering Research Center; other  pa-r t ic ipants  include 
t h e  Department of N a v y ,  Department of A i r  Force, S t a t e  of Cal-ifornia, 
and Nat ional  Aeronautics and Space Administration. The experimental 
program cons t s t s  of r e l eas ing  a quant i ty  of l"?Xedcagged sand i n  a 
spec i f i ed  area. and surveying t h i s  a r ea  with a. de t ec to r  system to de te r -  
mi.ne t h e  d i r ec t ion ,  the  volume, and t h e  v e l o c i t y  of sand movement. The 
s tudy should provide d a t a  t o  p red ic t  t h e  movement of ma te r i a l s  su.ch as 
highly tox ic  f u e l  contamination i n  sea.water (resnl-t.i.ng from a mis s i l e  
launching a.bort) ,  possible  s i t e s  f o r  harbors t h a t  w i l l  not be subjec t  t o  
excessive sand blocking, and loca t ions  f o r  t h e  cons t ruc t ion  of r e c r e a t i o n d  
beaches. The p o t e n t i a l  use of t h e  de t ec to r  system can a l s o  be seen f o r  
underwater prospect ing f o r  rad ioac t ive  mater ia l s .  

The two major 

During t'ne pa.st year,  f i e l d  t e s t s  were c a r r i e d  out  a t  three I.ocations t o  
evaluate  equipment and t o  develop Iiiore e f f e c t i v e  procedures: Ca.pe 
Kennedy, Flor ida ( i n  Apr i l ) ;  Surf,  Ca l i fo rn ia  ( i n  June);  a.nd Point 
Conception, Cal i forn ia  ( i n  December) . The ocean-floor r a d i a t i o n  de tec to r  
was t e s t e d  a t  Cape Kemedy by placing a l i t e r  o f  sand tagged wi th  1 5  m C i  
of 13%e i.n a. 3 - f t -d ia  a.rea a.t a depth of 30 f t ,  -1/2 mile  o f€  t h e  coas t .  
Rapid movemerit of t h e  sand w a s  confirmed by the  a.bsence of ra .d ioac t iv i ty  
a t  t h e  point  of i n j e c t i o n  <5 min a f t e r  t h e  sand was pla.ced on t h e  ocean 
f l o o r .  Af te r  30 min, t h e  s4md had dispersed i n  an a rea  -100 yd on e i t h e r  
s i d e  of the  i n j e c t i o n  po in t .  The system was able  -to de t ec t  sand p a r t i c l e s  
containing as l i t t l e  a.s 0 .1  pCi  of '"%e per cm3 of sand. 

A successfu l  f i e l d  t e s t  was conduc-Led i n  June a t  Surf (near  Vandenberg 
A i r  Force Ease).  
placed by scuba d ivers  a t  a depth of -30 f t .  The operat ion of t h e  s u r -  
vey system w a s  excellent;; t h e  system operated i n  high swf,  i n  waves 
up t o  12 f t ,  and i n  a reas  where l a r g e  rocks were present .  The d i r e c t i o n  
of sand movement was determined and followed f o r  2 days. The sand was 
t r aced  f o r  -1-1/2 miles,  and spectra.  obta.ined confirmed '33Xe a s  t he  
rad io iso tope  i n  t h e  sand. 

The sand (-200,000 g) tagged wi th  2 C i  o f  l3%e was 

D a t a  obtained during t h e  June t r anspor t  study were evaluated, and contour 
maps of sand movement were drawn (Fig.  2 ) .  
Pig. 2 have not been cor rec ted  f o r  decay, t h e  type of contoixr t,'nat, i s  
being developed can be seen. During t h e  2 days a f t e r  dispers ion,  the  
sand changed from a northern t o  a southern movement along the  shore 
which appears t o  be the  d i r e c t i o n  of t o t a l  sand movement i n  t h e  Surf 
area.  

Although t h e  da ta  used f o r  

Resul ts  from t h e  f i e l d  t c s t  ind ica ted  t h a t  a technique f o r  c o r r e l a t i n g  
da ta  and t h a t  a s h e l t e r  (Fig.  3) t o  p ro tec t  t he  e l ec t ron ic  instruments 
from t h e  weather and t h e  sea  were needed. The de tec t ion  system was 
modified t o  automatical ly  c o r r e l a t e  information thai, i s  required for 



ORNL DWG. 67-8504 

-+-- 

(I 
~- 

I D A Y  A F T E R  R E L E A S E  OF ' 3 3 X e  T A G G E D  S A N D  

I 3 3  2 DAYS A F T E R  R E L E A S E  OF X e T A G G E D  S A N D  

Fig. 2. Change in Direction of Xenon-133 Ta.gged Sand. 



da ta  ana lys i s .  It monitors time, boat pos i t i on  ( d i g i t a l  radar  system), 
and r a d i a t i o n  counts every 10 sec.  

F ig .  3 .  Instrument Cabin for Vehicle 'Used t o  Tow Mobile Detector. 

The t h i r d  t e s t  w a s  conducted at Poin t  Conception. 
at t h r e e  s i t e s :  
po in t .  
r a d i a t i o n  d a t a  were co l lec ted .  
t h e  sand appeared t o  undergo appreciable  burial  o r  e s s e n t i a l l y  no 
t r a n s p o r t .  
b u r i a l  s ince  it i s  p r a c t i c a l l y  impossible t o  p lace  t h e  de tec tor  assemb 
d i r e c t l y  on t h e  i n j e c t i o n  poin t .  

I n j e c t i o n  w a s  made 
nor th  of the point,  on t h e  poin t ,  and south of t h e  

Although these  a reas  were surveyed for  -2 weeks, very l i t t l e  
Contrary t o  r e s u l t s  obtained at Surf, 

The same result would be obtained by no t r anspor t  as by 

Future  t e s t s  w i l l  attempt t o  answer 
these  quest ions.  



RADIOISOTOPE SOURCE DEVELOPMENT 

During the past year, Radioisotope Source Development has included the 
development, fabrication, and characterization of beta, low-energy gamma, 
secondary X-ray, gamma, and neutron sources for varied applications. 
Assistance has been provided to other governmental agencies and industry 
to meet particular needs. Specific projects include the development of 
153Gd production methods, design and fabrication of an extracorporeal blood 
irradiator, preparation of an 55Fe source for use in X-ray diffraction, 
design and fabrication of sources for use in portable radiographic cameras, 
and development of techniques for the fabrication and encapsulation of 
"Sr silicate into forms suitable for source applications. 

Production Study of Gadolinium-153 
for Use in the Mars Atmosphere Density Sensor 

The feasibility of producing 153Gd in sufficient quantity and purity to 
be used for the Mars Atmosphere Density Sensor source was determined, and 
alternative radioisotope sources were investigated. A gam-ray output 
of 7.4 x loL1 photons/sec a.t Mars is required; the source activity require- 
ment for 153Gd is 1-50 Ci. 
for 153Gd. 
europium, (2) 155E~ from enriched 15*Sm, ( 3 )  57C0 (cyclotron produced), and 
(4) 153Gd from enriched l = G d .  

Europium-155 and 57C~ are possible substitutes 
The order of production feasibility is (1) 153Gd from natural 

Production of 153Gd from Enriched lS2Gd 

Although pure 153Gd has a specific activity of 3500 Ci/g, calculations 
indicate that the maximum specific activity attainable in a flux of 
3 x loL4 neutrons/cm2.sec is 78 Ci of 153Gd per g of 
the cross-section ratio (152Gd:153Gd) and the resonance integral ratio 
are of the order of no significant advantage results from use of 
a flux that is differently moderated. Therefore, other reactors will 
not produce a significantly higher specific activity than that obtained 
in the ORR. 

Since both 

Three 330-mg targets containing 13.5% 152Gd mixed with aluminum to decrease 
the effects of flux depression were irradiated in the ORR for 37, 56, and 
93 days. 
which would be used in production runs in order to obtain a realistic 
estimate of actual production yields. 
each having large thermal cross sections, results in severe flux depres- 
sion during the early stages of irradiation. 
yields are given in Table 4. 

The size of these targets is comparable with those of targets 

The presence of 155Gd and 157Gd, 

Computed and experimental 

Table 4. Yield of Gadolinium-153 from 13 5% Enriched Gadolinium-152 

Irradiation Flux, Yield of 153Gd, Ci/g 
time, days neutrons/cm2. sec per Gd per l S G d  Computed 

37 2.48 1014 7.45 55 54 
56 2.88 loL4 3-56 26 35 
93 2.67 1014 2.42 18 21 
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A l l  t h r e e  i r r a d i a t i o n  times exceeded t h e  optimum. I r r a d i a t i o n  f o r  1 5  t o  
20 days should y i e l d  a.t l e a s t  65 C i  of 153Gd per g of l=Gd. 

The samples i r rad ia . ted  f o r  56 and 93 days contained lSsEu and lsoTb produced 

by the  lSsGd( n, p)lS6Eu and l S 8 G d (  n ,7 ) 159 Gd_-i&>159Tb(n,7)160Tb reac t ions ,  

respec t ive ly .  
was produced. 
13.5% l Q G d  a t  2 x lo1' neutrons/cm2.sec i s  2.3 x lom3. Use of more highly 
enriched t a r g e t s  would lower t h e  impurity l e v e l  somewhat but chemical 
p u r i f i c a t i o n  would s t i l l  be necessary. 

I n  the  93-day i r r a d i a t i o n  0.1 C i  of lS0Tb per  C i  of 153Gd 
The com uted lsoTb :15%d r a t i o  f o r  a 20-day i r r a d i a t i o n  of 

The required output of t h e  Mars Atmosphere Density Sensor source i s  
20 gamma C i  or  7.4 x 10l1 photons/sec a t  Mars, and t h e  proposed area6 is 
10 cm2. For t h i s  source, t he  s p e c i f i c  a c t i v i t y  i s  c r i t i c a l l y  important 
i n  t h e  range of 20 t o  50 Ci/g. 
makes it impossible t o  a t t a i n  t h e  required output ;  a t  higher s p e c i f i c  
a c t i v i t y  se l f -absorp t ion  w i l l  be s l i g h t .  

The s p e c i f i c  a c t i v i t y  of 153Gd produced from 13.5$ l = G d  w i l l  not be high 
enough f o r  use i n  t h e  Mars Atmosphere Density Sensor. A l imi t ed  quant i ty  
of more highly enriched l Q G d  i s  ava i l ab le  from which it may be poss ib le  
t o  produce 130 C i  of 153Gd with  a s p e c i f i c  a c t i v i t y  of 23 Ci/g. 
of t h e  r e s u l t a n t  source would be only 1 5  gamma C i  a t  Mars. No a.llowance 
has been made f o r  l o s ses  during chemical processing o r  source f ab r i ca t ion .  
Therefore, production of lS3Gd from enriched 152Gd i s  not f e a s i b l e  f o r  
t h i s  appl ica t ion .  

A t  lower s p e c i f i c  a c t i v i t y ,  self-absorpt ion 

The output 

Al te rna t ive  Production Method 

Gadolinium-153 can a l s o  be produced by neutron bombardment of lslEu by 

The computed maximum y i e l d  i n  a 2 x 1014 neutron/cm2.sec f lux  i s  17.6 C i  
per g of 151Eu. If n a t u r a l  europium (47.82% 151Eu) i s  used, t h i s  corresponds 
t o  8.5 C i  of 153Gd per  g of t a r g e t .  
produces 12.4-y 152Eu and 16-y 154E~  which must be separated from gadolinium. 
After  separat ion,  t h e  computed s p e c i f i c  a c t i v i t y  of 153Gd i s  78 C i  per  g 
of gadolinium. 

1r rad ia . t ion  of n a t u r a l  europium a l s o  

Al te rna t ive  Nuclides 

I n  cooperation wi th  Research Triangle I n s t i t u t e ,  ORNL reviewed poss ib le  
s u b s t i t u t e s  f o r  153Gd i n  t h e  Mars Atmosphere Density Sensor. 
t i v e  isotopes were found: 

Europium-155 (1.8 y) can be made by i r r a d i a t i o n  of 154Sm by t h e  reac t ion  

Two a l t e rna -  
155E~  and 57C0. 

154~m(n, 7)155sm--B--355~u 22 m . 



The most se r ious  d i f f i c u l t y  in producing lS5Eu i s  minimizing t h e  production 
of 16-y lS4Eu impurity simultaneously produced by t h e  reac t ions  

1 5 2 ~ m (  n, y 153~1nq$&>153~u( n, y ) 1 5 4 ~ u  . 
Since t h e  s a t u r a t i o n  y i e l d  of 1 5 5 E ~  i s  only 0.5 C i  per g of 154Sm, chemical 
separa t ion  of product and recyc l ing  of t a r g e t  a r e  necessary. 
of 1s4E~:155E~ can be minimized by use of t a r g e t s  with a low 152Sm:154Sm 
r a t i o ,  sho r t  i r r a d i a t i o n  time, and frequent  t a r g e t  reprocessing t o  remove 
153E~. 

The r a t i o  

I r r a d i a t i o n  of enriched 154Sm containing 98.5$ 154Sm and 0.5 t o  1.25% 152Sm 
a t  2 x loi4 neutrons/cm2.sec f o r  2 days should y i e l d  0.17 C i  of 15'Eu 
per  g of samarium. 
sho r t e r  i r r a d i a t i o n  periods would y i e l d  a lower " % u : ~ ~ ~ E u  r a t i o ,  t h e  
r e s u l t a n t  y i e l d  of 1 5 5 E ~  would be impracticably low. 

The computed 1 5 % ~ : 1 5 5 E ~  r a t i o  i s  (3-8) x lom4. Although 

Cobalt-57 can be produced i n  t h e  ORNL 86-Inch Cyclotron a t  -25 m C i  per 
beam hour. 

Experimental Extracorporeal  Blood I r r a d i a t o r  

An experimental  blood i r r a d i a t o r  (Fig.  4 )  was designed and f ab r i ca t ed  f o r  
t h e  Medical Research Division of Brookhaven Nat ional  Laboratory. The 
blood of humans o r  animals can be shunted from an a r t e r y  by O.lOk-in.-dia 
s i l a s t i c  tubing through t h e  i r r a d i a t o r  f o r  exposure and back i n t o  a vein.  
The volume of t h e  tube i n  t h e  i r r a d i a t o r  i s  small  (1.8 m l ) .  
path through t h e  i r r a d i a t o r  i s  s t r a i g h t  and t h e  tub ing  i s  of small  diameter, 
forces  caused by expansion or cons t r i c t ion  a r e  minimized, and t h e  r ad ia t ion  
i s  absorbed more homogeneously. The blood and t h e  s i l a s t i c  tubing,  which 
it contacts ,  a r e  compatible. 

Because t h e  

I - a  

Fig. 4. Strontium-90 Extracorporeal  Blood I r r a d i a t o r .  



16 

The source f o r  t h e  i r r a d i a t o r  i s  f ab r i ca t ed  by ion exchange of 90Sr-941 
i n t o  molecular s ieve  ma te r i a l  which i s  then formed i n t o  ceramic cyl inders ,  
0.032 i n .  high by 0.032 in .  d ia ,  by f i r i n g  a t  -1100°C. 
ceramic cy l inders  a r e  placed i n t o  a s t a i n l e s s  s t e e l  tube of 16-in.  length,  
0.067-in. OD, and 0.006-in. wal l  thickness .  Small s t a i n l e s s  s t e e l  plugs 
a r e  pressed i n t o  t h e  ends of t h e  tub ing  and sea led  by welding. 
source i s  fas tened  s l i g h t l y  off  cen ter  ins ide  a 1- in .  -dia graphi te  cyl inder .  
The graphi te  cyl inder  and source a r e  placed ins ide  a 1-1/2-in.-thick lead  
c y l i n d r i c a l  sh ie ld ,  20 in .  long by 4 in .  d i a .  The s i l a s t i c  tubing can be 
threaded through t h e  l ead  s h i e l d  and through t h e  graphi te  holder .  
tub ing  in s ide  t h e  graphi te  i s  i n  very c lose  contact  with t h e  rad ioac t ive  
source. The graphi te  cyl inder  sh i e lds  t h e  be ta  r ad ia t ion ,  and t h e  outer  
l ead  covering sh ie lds  t h e  bremsstrahlung r ad ia t ion  produced by t h e  graphi te .  
The r a d i a t i o n  along t h e  length  of t h e  cyl inder  i s  <20 mr/hr. 
t h e  s c a t t e r e d  be ta  r ad ia t ion  is  100-110 mr/hr. When t h e  tubing and so lu t ion  
a r e  placed i n  t h e  i r r a d i a t o r ,  t he  r ad ia t ion  i s  reduced t o  <20 mr/hr a t  t he  
ends. 

These rad ioac t ive  

The 2.68-ci 

The 

A t  t h e  ends 

The radiation-absorbed dosage was determined by t h e  Fricke r n e t h ~ d , ~  by 
which t h e  oxidat ion of F e 2 + t o  Fe3+ can be measured. 
w i l l  r ece ive  an absorbed dose of 3.69 x lo5 rads i f  it remains i n  t h e  
i r r a d i a t o r  f o r  1 hr.  
absorb energy which, if  homogeneous, i s  ca lcu la ted  t o  be -110 rads.  

The volume of 1.8 m l  

A t  a f l o w  r a t e  of 100 ml/min, t h e  blood stream w i l l  

This i r r a d i a t o r  weighs 101.5 l b  and i s  not considered t o  be a por tab le  
u n i t .  The p a t i e n t  must be immobilized during t reatment .  Units which 
weigh l e s s  and contain l e s s  r a d i o a c t i v i t y  can be f ab r i ca t ed  i f  medical 
experiments i nd ica t e  t h a t  they  a r e  needed. 

Iron-55 Source f o r  U s e  i n  X-Ray Di f f r ac t ion  

An 55Fe source was prepared f o r  use i n  an X-ray diffractometer .  Iron-55 
decays by e l ec t ron  capture t o  s t a b l e  55Mn; i n  -30% of these  t r a n s i t i o n s ,  
a 5.9-kev manganese K X ray  i s  emitted. 

Iron-55 was formed by proton bombardment of 55Mn i n  t h e  ORNL 86-Inch 
Cyclotron. Manganese-54, which formed simultaneously, served a s  a 
t r a c e r  f o r  manganese during chemical separa t ion  of i r o n  from t h e  t a r g e t .  
The i ron  was separated from t h e  manganese by solvent  ex t rac t ion .  No 

was recovered. The i ron  f r a c t i o n  was dissolved i n  2 m l  o f  an e l ec t ro -  
p l a t i n g  so lu t ion  of s a tu ra t ed  ammonium oxalate ,  0.15 M i n  &SO4. 
Plexig las  e l e c t r o p l a t i n g  c e l l  exposed a rectangular  czthode a rea  of 
2 by 10  mm; 50 ma was passed through t h e  system f o r  90 min. Ninety- 
f i v e  percent of t h e  55Fe was deposi ted onto platinum f o i l .  
was covered wi th  a t h i n  f i lm of aluminum t o  prevent smearing. 

was de tec ted  i n  t h e  i ron  f r ac t ion .  A t o t a l  of 416 m C i  of 55Fe 

The 

The source 

Sources for Use i n  Radiographic Cameras 

Two types of radiographic  cameras were designed and fabricated:  
use with 147Pm and lssYb and t h e  other  f o r  use with 241Am and 57C0. 
c h a r a c t e r i s t i c s  of t h e  sources and t h e  output of t h e  cameras a r e  given i n  

one f o r  
The 



Table 5. This 
rad ioac t ive  device can be t r anspor t ed  and used w i t h  very l i t t l e  exposure 
t o  t h e  operator.  When used with f a s t  developing Polaroid f i lm,  a posi-  
t i v e  p r i n t  can be obtained wi th in  a few minutes a f t e r  exposure. 

The advantage of t h e  radiographic  camera i s  p o r t a b i l i t y .  

Table  5. Source Charac t e r i s t i c s  and Output of Radiographic Cameras 

Act iv i ty ,  Source dimensions, in.  Radiations,  Exposure" a t  
C i  Height Diameter kev 16 in . ,  mr/hr Source 

aWith s h u t t e r  open. 

The boxl ike camera (1-1/2 x 1-1/2 x 2-1/4 i n . )  shown i n  Fig. 5 i s  
designed fo r  use with 14?Pm (it can also be used w i t h  "%) and shielded 
with a minimum thickness  of 3/4 i n .  of tungsten-copper a l loy,  which 
reduces t h e  outs ide  r a d i a t i o n  t o  5 2 0  mr/hr. The window of t h e  encapsu- 
l a t e d  source i s  made of O.Ol5-in. aluminum o r  0.016-in. s t a i n l e s s  s t e e l .  
For use with 16sYb, an a d d i t i o n a l  1/2 i n .  of sh i e ld ing  i s  used t o  reduce 
the  outs ide  r a d i a t i o n  to <5O mr/hr .  The camera i s  designed so  t h a t  t h e  
source remains f ixed,  and t h e  s h u t t e r  opening i s  revolved i n t o  pos i t i on  
by moving t h e  tungsten-copper a l l o y  sh ie ld .  
r e l e a s e  was modified t o  lock t h e  s h u t t e r  i n  an open pos i t i on  and t o  
r e l e a s e  t h e  s h u t t e r  s o  t h a t  timed expo es  can be made. 

A s tandard camera s h u t t e r  

Fig.  5 .  Promethium-147 Radiographic Camera. 
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The other camera (Fig. 6) was specifically designed for use with 241Am but 
can also be used with 5 7 C ~ .  
made of O.OlO-in.-thick stainless steel. 
thick tungsten-copper dllgyoperata by a simple mechanism and moves perpen- 
dicular to the direction of the radiation. 
an open position and released for timed exposures. 

The window of the stainless steel capsule is 
The shutter fabricated from 3/45,. 

The shutter can be locked in 

PHOTO 86676 

P 

P 

Fig. 6. Americium-241 Radiographic Camera for Inspection of Contraband. 

Preparation of 'OSrSi03 Microspheres for Use in Beta Sources 

A process was developed for producing high integrity beta sources con- 
sisting of stainless steel capsules containing strontium silicate spheres 
embedded in an aluminum matrix. The process consists of three steps: 
(1) production of the strontium silicate feed (Fig. 7) for the sphere 
forming furnace, (2) formation of the spheres at 2O0O0C, and ( 3 )  encap- 
sulation of the spheres in molten aluminum. 

Strontium silicate was precipitated from an aqueous nitrate solution with 
a commercially available organic quaternary monium silicate. 
strontium silicate was washed, dried, calcined, and fused. The fused 
mass was crushed to a particle size ranging from 50 to 100 mesh. 
Strontium silicate spheres (Fig. 8) were formed by dropping the feed 
through a 2-in.-dia graphite tube heated to -2000°C. 

The 



Y-8612 

Fig. 7. Strontium S i l i c a t e  Minibead Furnace Feed, 9OX. 

b 

Fig. 8. Strontium S i l i c a t e  Minibeads, 4OX. 
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Source capsules were filled by passing strontium silicate spheres through 
a small hole drilled in one end plug. Molten aluminum was forced into 
the capsule by atmospheric pressure, and a matrix completely enclosing 
each sphere was formed. 
a stainless steel plug (usually 0.040 in. dia) in the fill hole. 

The final seal was made by electric arc fusing 

The feasibility of the process for large-scale operation was demonstrated 
by production of 17,000 Ci of 'OSrSi03 spheres in the Fission Products 
Development Laboratory. This material was loaded into rectangular tubing 
for use in chemical process irradiators. 
sources are given in Table 6. 

The properties of the "SrSi03 

Table 6. Properties of Strontium-90 Silicate Sources 

Spheres 

Diameter, p 

Density, g/cm3 

Weight, g/cm3 

Weight of spheres with Al, g/cm3 

Specific activity, Ci/g 

Specific activity, ci/cm3 

Source Size and Loading 

Cross section of Loading, Ci/in. 
rectangular tube, in. of length 

0.065 by 0.375 29.6 
0.085 by 0.375 38.6 

2 5  to 375 
3.5 
2.18 

3.18 

33.7 
74.14 

Output, Ci/in. 
of length 

-7.7 
-10.0 

A chemical process irradiator and its tube source plaque are shown in 
Fig. 9. Rectangular and finned-type source forms (Fig. 10) have also 
been fabricated for investigation. 

The physical tests made on prototype sources containing nonradioactive 
strontium silicate showed them to possess excellent physical properties. 
The sources remained leak free after exposure to high temperatures 
(1700°F for 1 hr) and when subjected to external pressure (20,000 psig), 
to high crush forces (2000 lb for 1 hr), and to high shear forces 
(1000 lb for 1 hr). 
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RADIOISOTOPE SOURCE SAFETY TESTING 

The Radioisotope Source Safety Testing Program is concerned with determin- 
ing the reliability of radioactive sources to contain radioactive material 
under conditions of normal use as well as in the event of an accident. In 
addition to sources, shipping packages used to transport sources and 
radioactive materials are tested under simulated accident conditions. 
Investigations provide data which enable source manufacturers and regula- 
tory agencies to evaluate existing and future source and shipping package 
designs from the standpoint of safety to the users and the general public. 
During investigation, simple tests are devised which can be used by 
manufacturers for quality control purposes. 

Source Applications Guide 

An applications rating guide was developed to determine the required source 
classification' for the intended application of a source and the expected 
environmental conditions during its operating life. The guide was compiled 
after studying actual field experience of source users with sources in 
the individual classification groups and the results of laboratory tests 
simulating various use conditions. 

The Source Applications Guide establishes the required source capsule 
classification by evaluating the key containment factors involved in 
source usage and relating them to the containment reliability described 
by the Source Capsule Classification System. The purpose of the guide is 
to assist source users, manufacturers, and licensing authorities in deter- 
mining the source capsule classification required for a specific source 
use and use environment. 

The Guide consists of two parts. In Part I a minimum classification is 
determined, based entirely on operating conditions of the source in normal 
use. In Part I1 a point rating system is used to establish a second 
classifica.tion which is based on the consequences of relea.se; fire, ex- 
plosion, and accident potential of the source use environment; and 
protection offered by devices. The required source capsule c1a.ssification 
is obtained by comparing the classifications obta.ined in Part I and I1 
and selecting the highest temperature and structural classification. 

Special Form Source Testing 

Tests are underway to determine if certain selected ORNL source capsules 
meet the USAEC test requirements for special form material. The test 
capsules are normal source capsules except that nonradioactive CsCl was 
used instead of the .radioactive material and the atmosphere inside the 
inner capsule is a mixture of 65% argon-35% helium to facilitate leak 
testing. Impact percussion, heating, and immersion tests are required 
for certification as special form materials. 

The impact test consists of dropping the capsule from a. height of 30 ft 
onto a flat horizontal target in a position to produce maximum damage. 



Foul- dorib1.y encapsulated. CsCl sou*ces,  e a c h  cont;airiing a 0.34-g nunradio- 
a c t i v e  CSCL pelie-t  ( equ iva len t  to 8.5 Ci of 1'37~s), were ~.eac?i t e s t e d  by 
the ORNL Source Capsule Classi t ' i .cat ion Test  Proeed.ures A si.11gl.e hoLe 
was drilled i n  each ca-psu.le; t he  holes  ranged f"r.om 0.5 to 2,5 mils in 
diamet;er . 
I- 1 iLie sources were i.mn.ersed in ;Yai;er, and t h e  pres siare was a. l . ternately 
decreased and increased.  The leseh water. was then analyzed For cesi.ixn 
by flame photometry. When the source ca.psuLes we:re opened nfter .the 
t e s t  the C s C l  ~el . l .e ts  had a.lmost cornpI_etely d:i ssolved, and t h e  mid. 
spaces in t k t e  ca.psa1.e~ were nearly filled with w,titer. I"1.o~ rates were 
measured before the .Lest to asccr. ta. in t h a t  the t- s1~l.e l e a k  holes  were 
noi, plYtgged and a f t e r  the test to del;erm.i.nc? i 1' pI.ugging occurred during 
the t e s t *  T h e  l e a k  1iol.e~ of the cuter caps:i.l.cc were free of plugging 
a . f t e r  Lhe te3. t .  The arnount of pI.u.ggirig cif* i;k inner capsule l e a k  holes  
and the amount oi' cesi-um Leached f r o m  each SOIITC~+ a r e  given i.n Table 7. 
The s i z e s  of the l e a k  hol.es are s t a t e d  a,s ail. 1.ea.k ra tes  measured at a. 
pressure drop of 15 psi. across  t h e  :Leal<:;. Positrivz i n d i c a t i o n s  or" leaks 
were c:)k)tained for each  of' tile sources. 



@amina.tion of .Old Sourccg 

Two 3-37Cs sources that had been i n  s torage were exmirled. 
cake OF the soiirces used i n  a. Peruvian i h s e c t  i.r.radiator, a.nd the  other  
was 8. dupJ-i.ca.t:? of sources uswl i n  a DOW Chemtcal Conipany ga~iia-act,iva.i;eci, 
orgamic reacti.oii process - Both s o u r c e s  were measured and. foimd ti) be 
b u l g e d .  G a s  samples o-C the s m r c e s  indicated Lhat t h e  dupl.i.ca.1;c of the 
Peruvian. sourcesleaked and the  duplica.te o€ Lhe Dow sources was s t i l l  
i a t a c t  . Metallographic t3xa.mj.iia.tion of the outer and inner  capsules of 
t h e  Peruvian source showed a hole i n  the ou-Ler c losure we1.d. The l e a k  
i i l  t h e  inner  capsule though ilot located., was  pr0ba.bl.y o b l i t e r a t e d  du-riiig 
gas sampling. 

One wa.s a d.upLi- 

-. C o B t i b j - l i t y  of __.I Molten CsCl --..̂ ___I.. with Various CCk~u1.e Materia.1.s 

Yest ca.psules made oE 304L and 3161; staj-nless steel . ,  Incor.lel., al?d Ha.stell.oy C 
were exposed to c e s i m  chlori.de f o r  2 br: a t  1.300"C t o  de'i;ermine the com- 
p a t i b i l i t y  of  the various capsule ma.terials with ceslim chlor ide md.er 
conditions which may e x i s t  in tiie event of a f i r e .  A nomilial a n a l y s i s  of 
t he  tes i ;  capsirle ma te r i a l s  is Siven j.n Table 8. 

'l'ab1.e 8. Norninal Composttion of Al loys  
Used to Contain CsCI. f o r  2 h r  a t  1300°C 

_.__.I. ...,- --...--. *... L. 

- 0.03 

- 0.03 
0.15 

Hastelloy C 4-'( 55 14.5-16-5 1.5-L'T 3-4.5 L.0 1.0 2.5 0.08 

- - - - 30'-tL SST 70 8-10 18-20 

3l6L SST 65 lO- .L~-l  16-18 2-3 
Inconel 'I 7 5 15 

- - - 
l . 0  0.5 - I - 

The s t s i n l c s s  steel and inconel. capsules were rnade from tubing; the HasteLloy ( 
capsule w a s  machined from a rod. A pressed p e l l e t  of cesium chlor ide w a s  
loaded i n t o  each of t h e  capsul-es in an arti;clin qtmosphere, and t h e  capsules 
were sealed by el-ectron-beam welding. Each capsule was placed i n  Lo ind iv idua l  
Inconel p ro tec t ive  containers which were also electroil-beam welded. 

V i s i m l  examination of  t he  capsules a f t e r  t e sk ing  disclosed -that t h e  304L 
and 316L stainless s t e e l  and t h e  Inconel. capsules did not l e a k ,  but t h a t  
t h e  Ha.stell.oy C capsule d i d  leak. Meta.l.lographic examination of cesium 
chlor ide samples from each of t he  capsules showed no evidence of inter- 
action between cesium ch lo r ide  and j 0 h L  o r  3161, s t a . i n , l e s s  steel or  Inconel. 
The cesium chi-oride d i J  i n t e r a c t  with the Hastell-oy C, however, and i n t e r -  
granular  penetrat ion of the bo-ttom end plug and tiie weJ.ded region between 
t h e  capsu1.e wa.11, and the end plug was observed.. Ana.l.yses of t h e  cesiim 
chlorj.de before and a f t e r  'che test are given i n  Table 9. 



Shippi.ng Conia iner Test ing and Xva 1.ua'cior-i 

Gugarinan Cash fi'iye and Irripact Shield 

A hea t  t r a n s f e r  study was per-Formcd on a Sugarman sh ipp ing  cask i a  combina- 
tion w4t,h t h e  f i r e  and impact s h i e l d  i n  which i t  w i l l  be shj-pped. The shield 
is eons tmcted  of two thj.ckriesses oi' 2- by 6- in*  map1.e boards (tota.l_ th i ck -  
ness,  )+ ii1. ). 
Vaniac  t o  simulate ' L~F:  heat outputt; of varLous radi.oisotopc shipments, 
Tempera-Lure readings were obtained rc~r nine heat i n p u t  conditions betweeri 
1-62 a.nd 571 w by usirig thermocouples a t tached I;(> tile inner and outer sur- 
<:'aces of .the cask. and t h e  Pire-i .mpact shi5l.d. The val i ies  Yor t h e  iriner 
and outer  cask  s u ~ f a c e s  ranged i.'rom 60 ana 55"~, r e spec t ive ly ,  ir'or 102-w 
to 165 and 152°C f o r  5'71-w i npu t .  The corresponding temperatures ?"or .Line 
inner  arid ou te r  surfa.c::e:; of the rmoden. s h i e l d  were 45 and j 2 " C  t o  121 and 
45*~, respectivel..y. W0ien.t a i r  temperatures during tlie tests m r i e d  :~rom 
25 t o  3 l - "C .  

A ~ O O - W  hezter  I.ocatec1 irisj.de the  <:ask was comnecteri to a 

The container, w a s  impact tested after loading with a cask a.nd l ead  b r i c k  t,o 
a t o t a l  welght of <-:S-?OO lb ,  and two drop t e s t s  were peri'ormeci. One corner 
 of^- -the s h i e l d  impac'Led i;he t e s t  pad from t h e  j0 -R  drop. The errtire bottom 
of' t h e  box was sp l in t e red .  Severe cra.cking (I? t h e  wood on a1.l four  s ides  
wes evident,. The  second dro:, wa.s fvorr. 40 i n .  onto a steel ' b a r  -LS cm i n  
d ia . .  The bottom center of t h e  s h i e l d  impacted t h e  ba r .  Exten:;-ive d.amage 
' W O S  sustained.  3xtensi .w bending of t h e  e n t i r e  steel frame around t h e  
wooden box was evident;. The wooden bottom was ba.dly punctiired and severe1.y 
s p l i n t e r e d .  

The coiita.iner was then f i r e  tested according t o  the procedures specif ' ied 
b y  t he  IAFA.' 
wi th  diameters of 6, 12, and 1.6 ft arid with -13Cj, -~1cg ,  and -165 ga.I.? 
respect ively,  of f u e l  o i l  f ' ioat ing on wa.ter. A water-cooled s t and  was 
placed over t h e  center. p i t .  The f i r e  and impact sh i e ld  was placed on t h e  
s t and  and 12 thermocouples were used t o  ob ta in  temperatures a t  various 
poi.nts during t h e  t e s t  (Fig. 11). 

The burn p i t s  consis ted of  t h r e e  concentric c i r c u l a r  tanks 
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I PHOTO 90044 

Fig.  11. Sugarman F i r e  and Impact Shield P r i o r  t o  S t a r t  of t h e  
I A E A  30-Min F i r e  Test .  

Although t h e  box maintained i t s  i n t e g r i t y  during t h e  30-min o i l  f i r e  (Fig.  
12), it continued t o  burn a f t e r  t h e  o i l  was e x t i  
consumed (Figs .  1.3 and 14). ished and 

Fig.  12. IAEA 30-Min F i r e  Test 
I n  Progress.  



PHOTO 90047 

Since the present testing procedures 

and Impact Shield 
the Oil Fire Was 

specified in the regulations do not 
permit the-fire shield itself to be extinguished after the 30-min oil 
fire, the present design was considered inadequate, and the wooden fire 
and impact shield was redesigned. The frame was modified to afford more 
protection to the wooden surfaces. 
of an outer layer of maple -2 in. thick. Two thicknesses of l-in. plywooa 
will form the interior Layer of the box. The outer surfa 
painted with an intumescent paint. Intumescent paint will be applied 
between the surfaces of the plywood. A fire retardant paint may be used 
as an undercoating for the intumescent paint. Two shields of the new 
design will be built and tested. 

The wooden box will be constructed 

Shipping Cask Evaluations 

The structural and heat transfer calculations for the large uranium-shielded 
shipping cask to be used for  shipments up to 400,000 Ci have been completed 
and were submitted to the AEC for approval. 
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Structural and heat transfer calculations for the double-envelope lead- 
shielded cask (75,000 Ci) were approved by AEC-ORO, and a special permit 
for the use of this cask in national and international commerce was issued 
by the Department of Tra.nsportation. 

A fire and impact shield for radioactive gas cylinders similar to the ORGDP 
UFe phenolic resin foam shipping containers was designed and fabricated by 
ORGDP and approved by AEC-ORO. 

Tungsten-Shielded Cask 

A small stainless steel-clad, tungsten alloy-shielded cask was designed, 
fabricated, and tested as a prototype shipping container. This cask has 
a 2-in.-thick cylindrical radiation shield (equivalent to 4 in. of lead) 
with a hemispherical base instead of the conventional flat bottom. It 
weighs 380 lb and has been tested for a thermal capacity of up to 150 w. 
It is presently being reviewed by AEC-OR0 for approval as a shipping 
container. 

Irradiator Evaluations 

The AEC Division of Isotopes Development requested ORNL to evaluate four 
irradiators to determine if the irradiators meet current AEC, ICC, and 
IAEA regulations concerning radioactive materials shipping containers. 
The four were the Shipboard Irradiator, Mobile Gamma Irradiator, Portable 
Cesium Irradiator, and Bulk Grain Irradiator. The evaluations of the 
Shipboard Irradiator and the Mobile Gamma Irradiator were completed. The 
evaluation of the Portable Cesium 1rradia.tor was -75% complete at the end 
of the year. A study (-75% complete) is being made to determine if it is 
economically feasible to modify the Bulk Grain Irradiator to meet the new 
requirements . 

ISOTOPES INFORMATION C m E R  

The objectives of the Isotopes Information Center (IIC) include: 

1. 

2 .  

3.  

4. 

Writing state-of-the-art reviews and other production and applications 
brochures, with particular emphasis on the areas of interest to the 
Division of Isotopes Development (DID). 

Publishing the quarterly Technical Progress Review, Isotopes and 
Radiation Technology. 

Establishing a. continuing and up-to-date collection of indexed 
ma.teria1 covering the production and applications of isotopes and 
amenable to retrieving the information necessary to publish the 
above-mentioned state-of-the-art reviews and Isotopes and Radiation 
Tee hnologx. 

Providing technical and editorial assistance to DID in the preparation 
of talks, annual reports, etc. 



5 ./ Answering inqu i r i e s  f o r  informat !.on concerning the  production and 
appl ica t ions  of i.sotopes . 

6. Partj.c:Lpatln.g i n  meetings, semin,zi?s, and panel discussioris (i. e . ,  
miscellaneous informat ion-type a c t i v i t i e s  appropriate  t o  t h e  Ifbnctions 
of AXC-DID, t h e  OlWL Isotopes Development Center, and tbe  O I N L  
Isotopes Div is ion)  e 

S t  a t  e-of-the -Art Reviews 

Work was s t a r t e d  on seve ra l  s t a t e -o f - the -a r t  reviews i.ne1uding "Radioisotopes 
i n  t he  Textile Ind-ustry, ' I  "Techneti.wn-9~, " "Icrjrptonates, I t  "Iodine-132, I '  and 
"Isotopes i n  DFff'usion Studies .  'I  One review, " Iso topic  Methods f o r  
Oceanographic Measu-rements ," was completed and i s  being published. 

Isotopes and Radiation Technology 

During 1367, Vol. k of Isotopes arm Radiation Technology w8s completed, 
one i ssue  of Vol. 5 was published, the second i ssue  was galley-proofed, 
the d r a f t  of t h e  t h i r d  issue was p r in t ed  as ORNI,-'I'M-2001, and the d r a f t  
of t h e  fou r th  i ssue  was -50% completed. 
enced i n  g e t t i n g  persons o ther  than ITC s t a f f  t o  author a r t i c l e s .  However, 
a b r i g h t  note i s  t h a t  rriore a r t i c l e s  a r e  being siibinitted ( r a t h e r  t han  
requested)  than  previously,  and authors  are wri t ing  f o r  t h e  second time. 
Reprints  are being used a t  an increas ing  rate; -300 were d i s t r i b u t e d  during 
t h e  year. D u r h g  t h e  year  >30 a r t i c l e s  were wr i t t en  by I I C  s t a f f  members 
For Isotopes and Radiation Technology. 

D i f f i c u l t y  i s  s t i l l  being experi- 

Information Center Llbrary 

Toward t h e  end of' t he  year ,  t h e  IIC completed i.ts f i r s t  10,000 accessions 
(F ig .  1 5 ) .  The scope of: tfie system is being reeva lua . ted  . .  ~ t o  deterInine what 
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Fig.  1 5 .  Growth or IIC Accessions, 1962-67. 



new terms need 'io be added and w h a t  t e r m s  can be deleted.  I n  general ,  
the  emphasis on medicine w i l l  be decreased and l e s s  a t t e n t i o n  w i l l  be 
given t o  rout ine appl icat ions than i n  t h e  pas t .  
compiiter program i s  near ly  completed, and preI.imina.ry r e s u l t s  i n d i c a t e  
tk1a.t t he re  will- be no major problems. The chemical-patent tapes  purchased 
from Information f o r  Industry were received, and e3 program i s  near ly  
completed f o r  obtaining a. p r in tou t  of patents  deal ing with r a d i a t i o n  
process i-ng . 

The Ti314 MTS'Lr-Digi.Data,- 

D I D  'Technical ami Ed i to r i a l  Assistarice 

Assistance was agaiii provided t o  t he  D I D  f o r  preparing the m n u a l  report  
t o  Congress, a paper w a s  w r i t t e n  f o r  presentat ion a t  t h e  8t t i  Japan Con- 
ference on Radiojsotopes, and help was p-oviderl i n  e d i t i n g  t h e  s m a r i e s  
of a l l  D I D  con t r ac t s .  

Handling Requests f o r  Information 

Approximately 650 1 .e t te rs  were w r i t t e n  ill response t o  technica.1 inqu i r i e s ,  
and numerous other  responses were made by telephone and i n  person (Fig.  
16) .  Approxima.te1.y 9000 r e p r i n t s  of va.rious a r t i c l - e s  were sen t  t o  authors 
a.nd o the r  requesters  or d i s t r i b u t e d  a t  meetings Packets of food- i r r ad ia t ion  
material. were made ava i l ab le  a t  t h e  Oak Ridge Food I r r a d i a t i o n  Symposium. 
Twenty-two papers and -150 1.ettex-s 'were t r a n s l a t e d .  T I C  and Isotopes and 
Radiation Technology f l y e r s  were mailed t o  >l7OO members of t he  Atomic 
I n d u s t r i a l  Forum t o  acquaint them with the  services  and a c t i v i t i e s  of the  
I I C .  Approximately 130 l e t t e r s  a.nd brochures were sen t  t o  s t a t e  represen- 
t a t i v e s  f o r  t he  S t a t e  Technica.l Services Program, o f f e r i n g  IIC ass i s t ance  
i n  fx rn i sh ing  l i t e r a t u r e ,  speakers, e t c .  There were >lo0 v i s i t o r s  t o  t h e  
I I C ,  including representat ives  from t e n  foreign countr ies  (France, Sweden, 
Aus-Lralia, Finland, Denmark, Braz i l ,  South Africa,  Austrri.a, Germany, and 
Engla.nd ) . 

DRNL-DWG 59-  742 

INDUSTRY 
3 2  Yo 

INDIVIDUALS 
(NO AFFILIATION SHOWN) 

LIBRARIFS,  
RESEARCW INSTITUTIONS, 
SCHOOILS, UNIVERSITIES 

--- 

~ i g .  16. Origin of -1.000 I n q u i r i e s  
Received by I I C  During 1967. 



Ifis cellaneous Act ivit i es 

Several. articles were written for publication, including a chapter on 
"'Stablc Isotope Preparation and Applications" for Survey of Progress in 
Chemistry; a chapter on "Radioisotopes" for %ne Book of Popular Science; 
two chapters on "Nuclear Data" arid "Radionuclides for Industrial Applica- 
tions," for Handbook of Radioisotopes; and "Availability of Uses for 
Rad7 oisotopes in Chemical Processing" for Chemical Engineering. OLher 
publications include two "Isotope Developments" (Nos. 4 and 5, "Ocean- 
Bottom Sediment Density Gage" and "Suspended-Sediment Concentration Gage") 
and the reports listed under "Publications" (page 39).  Page proof was 
completed on "Special Sources of Information on Isotopes" (OKNL-IIC-12). 

Staff' members participated in the Columbus Aerospace Mceting (Program 
Committee) and the Gatlinburg Analytical Chemistry Meeting (chairman 
of discussion panel); they presented talks at the Columbus Aerospace 
Meeting, to the Missouri AEC, at the Latin American Isotopes Conference 
(Los Angeles), at DePauw University and the University of Arkansas, at the 
ORINS Isotope Technology Course, at the ORAU-sponsored Engineering Faculty 
Orientation Meeting, and at two meetings sponsored by the New York State 
Technical Services Board. Members also helped in a one-month training of 
a visiting information center specialist. 

ISOTOPES PRODUCTION AND SALES 

Fission Products Development Laboratory Operations 

Shipments Received and Production 

During 1967, 1,040,000 Ci of 137Cs feed was received; .U800,OOO Ci was 
processed through the mainstream accwriulation step; 400,000 Ci of 137CsC1 
product was prepared; and -315,000 Ci of 137CsC1 was pressed into pellets. 
BG "Sr feed w a s  received or processed Lo "SrTi03 f o r  inventory. 
mately 250,000 Ci of 90Sr was converted to fuel pellets for heat sources. 

Approxi- 

C e s i m- 13 

Cesium-13'7 was shipped from Richland, Washington, on a routine basis in 
the Decalso-loaded Shielded Transfer 'Tanks (STT), Model 11. A new STT 
(Model 111) containing 110 gal of AW5OO ion exchanger, compared with 
400-gal Decalso beds in the Model I1 casks, was placed in service. How- 
ever, due to the higher sorptive capacity of AbJ5OO €or 137Cs, both types 
of casks can be loaded with -5O,OOO Ci. 

Comparative stripping tests were made with the Model I1 and Model I11 
casks. It was found that the higher sorptive capacity of AW500 is bal- 
anced by a proportionally lower elution efficiency so that the 137Cs 
concentrations in the effluent solutions from both types of casks are 
essentially the same. If Ab7500 were used in the larger Model I1 cask, 
the maximum approved limit of 90,000 Ci could be shipped at reduced 



shippi-ng c o s t s .  Since i,he present r a t e  of processing can be maintained 
adequately with e x i s t i n g  casks, no p lans  have been made Lo yeplace t h e  
Decalso i n  t h e  Model I1 casks.  

No major changes i n  t he  cesium-ammonium alum c o c r y s t a l l i z a t i o n  process 
were made. The I t i 7 C s  a lum concentrate i s  being s tored i n  so lu t ion  form 
i n  amounts of up t o  1. M C i  rat he^ than being processed d i r e c t l y  t o  f i n a l  
prod.uct t o  permi-t pu-rification, processing, and product preparation on 
a campalgin b a s i s .  
out  t he  year without i n - c e l l  maintenance. 

The e n t i r e  13'7Cs c r y s t a l l i z e r  system operated througb- 

Cesiurn-13'T ms purified. by t h e  oxa la t e  crysta.l.l.i.zation process on a 
campaign bas i s  i n  batch s i z e s  ranging from 100,000 t o  250,000 C i .  E T -  
fi.cul.ties were encountered i n  handling t h e  concentrated 137Cs a l u m  feeds,  
and yi-el-ds averaged <SO$. Ful.1.-scale t e s - t s  a r e  being made t o  determine 
whether t he  f i r s t  of two oxalate  c r y s t a l l i z a t i o n  s t eps  can be el-iminated 
without a f f e c t i n g  produc'c qim1.i.ty. This w i l l  r equ i r e  operat ion a t  lower 
1-97Cs concentrations i n  the  pu-r.i.fi.cation cycle .to prevent coc rys t a , l l i za t ion  
of al.uminim oxalate ,  and more batches w i l l  be required f o r  a gj.vei1 
throughpu-t. The amoun-L of  137Cs rin recycle  streams, however, shou1.d he 
much lower,, and t h e  processing time thus  saved should compensate f o r  t he  
a d d i t i o n a l  incremental batch times. 

Strontium-90 

Due t o  t h e  l a r g e  amount of "SrTi03 on hand (-3 M C i ) ,  coiiversion of  "Sr 
t o  "OSrTi03 f o r  inventory was not required.  
"SrTiO3 was i n i t i a t e d .  Since much of  t h e  present inventory i s  >3 years 
o l d ,  deca.y of "ST ha.s sign.i..ficantly reduced the power concentration. A 
l a r g e  f r a c t i o n  or t h i s  s to red  "oSr'Ti03 contains excess t i . t a . n i u m  a.nd can 
be blended. wi th  f r e s h l y  prepared "SrO and. recalcined t o  improve t h e  
power concentration. 

The preparat ion of "'ST pelle'Ls by hot pressing ?or use as heat sources 
was adapted. as the  standard method. P e l l e t s  of various s i z e s  were made, 
ranging i n  dimete:c from 0.25 LO 2.86 i n .  Since the  hot-press techniqiie 
i s  sti1.1. r e l a t i v e l y  new (for i n - c e l l  operat ions) ,  s eve ra l  procedural 
modifications were ma.de as experience dictabed.. Procedures have evol.ved 
t o  a point from which reasonably accurate  predicLions of time, cos t s ,  
and product q u a l i t y  can be made f o r  speci.fi.c o rde r s .  A su~nmary of the 
"'Sr p e l l e t s  prepared t o  f i l l  customer orders  i s  given i n  Table 10. 

A program f o r  upgrading 

I n  addi t ion t o  the  32 p e l l e t s  described in 'Table LO, seven others were 
made. 
were made f o r  use i-n a. 1 0 0 - w  UKAEA source. The p e l l e t s  were loaded in-to 
a sowce  l i n e r ,  but t h e  l i n e r  was l a t e r  defueled f o r  me ta l lu rg ica l  in -  
spec t ion .  The two fuel pelleLs were replaced by a s ing le  100-w pell-et .  
'Two "SrO p e l l e t s  (62 w, 1.63 i n . )  were p e s s e d .  
e j ec t ion ;  the  o the r  broke while being Loaded i n t o  the source l i n e r .  Om 
t h e  f i r s t  pressing of a. 200-w p e l l e t  f o r  a SNAP-21 source, a. break i n  the  
press c o l l a r  necessi-tated an e a r l y  shutdown o f  t h e  press ,  and a poor 
p e l l e t  yesij.Ited. 'The p e l l e t  was re-pressed without d i f f i c u l t y .  D U h g  

One 85-w pla.tinum-shea'ihed p e l l e t  and one 15-w unsheathed pel.l.et 

One broke duri-ng 



t h e  other  two pressing operat ions (an "LCG" type and a "RIPPLE" p e l l e t ) ,  
cite hot press  f a i l e d  due t o  breakage of t h e  graphi te  d i e  bodies.  I n  
both cases it w a s  necessary t o  i n s t a l l  a new hot press .  Including t e s t  
operations,  t h e  average ope ra t iona l  life f o r  hot presses  has been 1 5  cycles. 
This can be expected t o  improve somewhat as more experience i s  gained wi th  
t h i s  system. 

'Table 10. Strontium-90 Pel l e t  Fabricat ion During l.ifi7 

Custolller P e l l e t  d i a ,  N o .  of T o t a l  "Sr 
i n .  p e l l e t s  Watts Curies 

Martin Cornpa-ny (LCG-25) 

 PI Company ( SNAP-21) 
umm (XIPPLE) 

UKAFA (RIPPLE) 

Mitsubishi Int..  
m I E C  

NKnL 

Tota l s  

2.86 4 742 z o ~ , l o o a  
2.70 2 374 3>,oooa 
2.00 5 304 lc4, ,700" 

1.54 2 51  7 ,  ma 
1.63 1 62 9, loob 
0. ,(6 6 50 7,400c 

0.23 12 1 200d 

32 1584 eg3,ooo 
- 

""OS-rTi03, p1ai;inm sheathed. 
'"Sr0, platinum sheathed. 
""oSrTi03, unsheathed. 
dNine soSrTiG3 and t h r e e  "Sr0 pel- le ts ,  a1.L unsheathed. 

Special  Pro,jects 

Source Mater ia ls  

%tJo 137CsCI sources containing rectangular  p e l l e t s  encapsula.ted i n  s t a i n -  
less s t e e l  were defueled so t h a t  t he  capsules could be inspected. The 
fue l  i n  one of t hese  sources contained -50% i n e r t  cesium chlor ide;  it was 
discarded. The o ther ,  f u l l y  a c t i v e  137CsCl was returned t o  inventory 
a f te r  sampling. 

Three 144Ce02 fueled sources used i n  an experiment f o r  General Motors- 
Al l i son  Division a t  GRNL were returned t o  t h e  FPDL at  t h e  end of' t h e  
experiment. The sources were defueleci and t h e  f u e l  w a s  put i n t o  s torage .  
A small f r a c t i o n  of' t he  f u e l  was used t o  prepare o t h e r  sources. 

The "SrTi03 fuel recovered from four  5-year-old SNAP-7A sources was 
assayed ca.lorimetricaJ.ly. The power concentrat ion of t h e  f u e l  agreed 
exac t ly  with the  o r i g i n a l  loading da ta  corrected f o r  decay. Fract ions 
represent ing  two d i f f e r e n t  batches of t h i s  fuel were reserved f o r  experi-  
mental  work; t h e  remainder w a s  re turned t o  s torage.  



The f u e l  pel.l.eS; from a 200-37 experimental  "SrO source prepared i n  
January 1966 was reprocessed t o  recover the  "Sr. 
p ro t ec t ive  sheath from t h i s  p e l l e t  were prepared f o r  metal1urgi.ca.l 
examination. 

Samples of t h e  platinurn 

Severa l  batches of aged "'SrO were reprocessed. 

The four  SNAP-'/A capsules were opened and defueled. 
of mechanical damage o r  chemical a t t a c k  t o  the  capsules.  
l e t s  contained i n  t h e  four  capsides ,  only one was bad1.y broken. Metal- 
l u r g i c a l  samples were prepared from each capsule and t r ans fe r r ed  t o  HRLEL 
f o r  inspect ion.  Samples of t h e  "SrTi03 were obtained, and t h e  remainder 
of t h e  f u e l  was s tored  a t  t h e  FYUL. 

There was no evidence 
Of t h e  24 pel -  

The heat  output of '"Sr was determined t o  be 6.86 t O.)-LO w/kCi. 
calor imeter  standards were f ab r i ca t ed ,  ca l ib ra t ed ,  and de l ivered  ,Lo t h e  
FYDJ,. 

Three 

A separa t ion  of 239Pu was made from 242Cm and '*'Am with good results. 
Approximately 21-10 mg of 238Pu was recovered by ion exchange using Dowex 1 
r e s i n  ( n i t r a t e  form). Mass ana lys i s  of the  product showed i t  t o  be 
99.59% p w e *  

Cesium-137 Chloride P e l l e t i z a t i o n  

Two campaigns of 137CsC1 p e l l e t  f a b r i c a t i o n  were carrj-ed out,  both involving 
1-in.-wide by 1/4-in. t h i c k  p e l l e t s .  
-1 in.  long were made; t h e  t o t a l  137Cs content  of t h e s e  p e l l e t s  was 100,000 
C i .  Since t h e  sources made from these  p e l l e t s  would be loaded t o  f u l l  
capac i ty  with cesium chlorj.de, c lose  cont ro l  of p e l l e t  lengths  and indi-  
v idua l  p e l l e t  cu r i e  contents  was not required.  
cluded press ing  of 213,000 C i  of 1"7CsC1 i n t o  708 p e l l e t s .  I n  thi.s case 
t h e  sources would be loaded i n  d e f i n i t e  pa t t e rns  u s k g  spacers and var ious 
I-engths of p e l l e t s .  S t r i c t  to le rances  were thus  placed on the  p e l l e t s ,  
and it was necessary t o  weigh each indlvi-dual powder increment before 
pressing a s  wel l  a s  t o  weigh and measure each Pinished p e l l e t .  P e l l e t s  
were made of I-, 3/4-, and 1/2-in. lengths .  

I n  t h e  f i r s t  campaign, 196 p e l l e t s  

The second campaign i n -  

Maintenance 

A major r e v i s i o n  and maintenance program i n  t h e  manipulator c e l l s  was i n  
progress a t  t h e  beginning of 1967. 
modif icat ion of t h e  "Sr processing equipment i n  two c e l l s ,  i n s t a l l a t  ion 
of new processing equipment i n  t h e  13'7CsCl p repara t ion  c e l l ,  and conver- 
s ion  of an e x i s t i n g  process c e l l  t o  two manipulator c e l l s .  The two new 
manipulator c e l l s  a r e  not d i r e c t l y  connected with t h e  o the r  FPDL c e l l s .  
They w i l l  be ava i l ab le  f o r  use i n  s p e c i a l  p ro j ec t s  where ready access 
and r e l a t i v e  ease of equipment i n s t a l l a t i o n  is  an advantage. 

This program included repaj-r and minor 

The main c e l l  v e n t i l a t i o n  system was improved by t h e  i n s t a l l a t i o l l  of a 
new bank of absolute  f i l t e r s  i n  s e r i e s  with t h e  existi-ng system. A new 
above-ground f i l t e r  house was constructed.  It contains  t h r e e  separa te  
banks of absolute  f i l t e r s  which can be ind iv idua l ly  valved out  of t h e  
system f o r  f i l t e r  replacement o r  con t ro l  of c e l l  v e n t i l a t i o n .  The f i r s t  
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s e t  of f i l t e r s  t o  be i n s t a l l e d  showed f i l t r a t i o n  e f f i c i e n c i e s  better than 
OHVL standards.  I n  addi t ion  t o  t h e  improvement of t h e  main f i l t e r  system, 
each of t h e  manipulator c e l l s  on which maintenance was done was equipped 
with improved i n - c e l l  f i l t e r s .  

Improvements t o  equipment included i n s t a l l a t i o n  of manipulators i n  t h e  
decontamination c e l l ,  i n s t a l l a t i o n  of a separate  sampling s t a t i o n  f o r  t h e  
tank-farm vesse ls ,  and add i t ion  o f  a self-contained sh ie ld  f o r  t h e  by-pass 
off-gas  f i l t e r .  An  e x i s t i n g  STT, Model 11, was loaded with Decalso ion 
exchanger and put i n t o  se rv i ce  t o  replace a Model I1 STT which had been 
taken out of se rv ice  due t o  a suspected l eak  and a low e f f i c i ency  of 
1 oading . 

Radioisotope Sa les  Report - Calendar Years 1966 and 1967 

I n  1967, 3955 shipments t o t a l i n g  3,669,066 C i  were made, an increase of 
-b'$ i n  t o t a l  cu r i e s  shipped. However, near ly  50% of t h e  cur ies  shipped 
were 6oCo and 137Cs. Strontium-90 shipments accounted f o r  another 40% 
of t h e  t o t a l  quant i ty  shipped during t h e  year.  The balance of rad io iso-  
topes shipped decreased markedly t h i s  year,  s ince  p r iva t e  indus t ry  now 
suppl ies  t h e  bulk of these  radioisotopes.  
mi l l ion ,  a decrease of -7% compared with 1966. 

The gross income was $2.17 

Sa les  of s t a b l e  isotopes and other  s p e c i a l  research  mater ia l s  amounted 
t o  $2.09 mi l l i on  during t h e  year ,  an increase of -34 over t h e  1966 s a l e s .  



SALE5 .*WH1 - CA&N3& YEAHS 1966 ANE 1967 

Calcniiar Year 1966 Calendar Year 1967 
isotop? S a l e s  Fund Cost No. of b l i l l i cu r i e s  Fun?. Cost 05 Sales Fund cos t  h ,O.  of  N i l l i c u r i e s  Fund Cost of Account 

:io. Proceeds of Sales Shipments Shipped P o d u c t i o n  Proceeds sf Sales S k i p e i i t s  Snipped ProrluctTon 

Inventory ;terns 

3651 Carbon-14 
3652 Ces im- 17f 
3653 Cs>alt-hO 
3654-104 Promethiumlk! 
3654-106 Technetium-99 
3654-13: iirygcon-85 
365C 288 Chlor ine-36 
365$-327 Wicxel-63 
3654-365 Tha l i ium-234  
3662 S ~roncium-90 
3663 Triti-m 

Tota l  Inventory Items 

NaJ  o r  Produc;~ 
365.1-117 XeIion-133 
5654-140 Iodine-131 
3561-266 3ar;um-133 
3661-284 Calcium47 

To ta l  Major ?rouucts 

Xinor Fission Produc;s 

aarium-140 
S t ron t ium89  
Cerium-144 
Grohs Fis s ion  Prouucts 
Zi rconium9pl : iob  i n n -  95 
Xobium- 95 
Pyas e oclyniurn- 1: 1 3 
!ko$ymium 147 
F;u-th en iuni- 103 
RuthenimL36 
Yttrium-91 
kolyccenum-99, F i s s ion  Product 
T e l l u r l L , m  13F- Iod ine  

Total P!inor .Kssion Products 

Develomenta l  Fission '?roduc-s -- 
365i-105 Europium-155 
3651,- io3 Iobine- 129 

Tot a 1  DEvelopmentaL 3i s s ion Produc i s 

A 205,611 $ 124,285 83 17,259 $ 218,248 
23,429 176,060 155 83,148,359 699,762 

594,341 29',363 22 2,009,9Li8,448 307,270 
56,318 257,:2 549 231,527,!451 227,919 
45,208 i:j,522 34 l,l3O,'j27 mg 843 

;9;(62 16,192 6 i  60 17,607 
23,833 7,085 36 ]1,135 3,386 

3,089 3,393 17 3,9@ 6,582 
30,935 2,?,323 111 108,023,189 1,185,302 
188,55k 96,327 - 201 166,753,560 197,851 

112,132 93,426 5,334,309 19,267 

1,130,727 mi: 
:>.~,303,216 $1,328,690 1,433 2,604,790,698 $2 ,884,016 

$ '1,245 
15,566 

2,655 
444 

6,+9 
1,276 

275 
>,625 
I, 400 
8,350 
8,$75 
1,15- 

10 32 
22 56 
$6 326 
54 5,4i14 
14 7,659 

$ 52,419 $ 60,905 522 182,275 

4 $40 2 22 

$ 6,525 $ 3,538 31 22 

6,385 29 6,173 mg 
6,173 mg 

175 
1,230 

66 766 
76 1,086 
92 862,1187 
10 L5 
54 037 
23 79 
3 4 
li 21 

$ 56,093 $ 43,161 556 930,1.74 

105 2 7,673 5 me. 
7 , ~ o  24 - 

7,fi73 mg 
26 5 $ 7,215 $ 5,821 

w 



+ 
,bo,:6C ,I 628 

3 S.I. 6,961 
13,952 

54 
4 

190 
258 363 

12 
12 
62 

l2,57S 

1,750 l i D  3 

~ 

5 S.I. 

$, 279 
2,95'7 
i, 170 

31 
77 
3 

3 
3 
9 
7 
3 

.- - 



Calendar Year 1967 n -  "aiendar Pear 1966 
Fund Cost No. of Millicurles isoto>es Sales Fund Cost No. of Millicuries Sales Account 

No. Proceeds of Sales Shipmen:s Shipped Proceeds of Sales Shipments Shipped 

Minor Processet: Material Items 

37 6 99 16 200 $ 855 
68 

3661-306 Indi;un-llli, HSA 1,525 25 179 i, 350 29 136 

$ 2,293 
18 

3661-295 Cobalt-60, IISA, Processec 
3661-298 Euro~ium-;52-Europiu-;54, HSA 970 16 60 1,405 
3661-306 Hafnium-I81, IiSA 63: 2s 2 93 g^Lli 31 224 

3661-311 Iron-55-:ron-59, HSA 

366~-339 Ruthenium-86, HS.4 
366L-345 Scandium-46, HSA 
366;-363  anta alum-182, HS.\ 
366,.368 Tungsten-185, HSA 
366,-372 Yttrium-90, HSA 
366i-386 Phosphorus -33 
3651-400 Iodine427 

3661-529 Osmium-l9i, HSA 
210 
26: 

4, 804 
I, 306 

903 
742 

1, 800 

2 
3 

219 
33 
19 
13 
16 

4 
14 

6,178 
1,010 
133 
132 
513 

40 
4,5io 
1,664 
515 
402 
10 5 
500 

5,150 

2 
5,552 
768 

7 
4 

51 
47 
i4 

2 1 
3 206 

Total Minor Processed Material $ 15,552 $ 46,913 410 9,215 $ 17,420 $ 27,226 392 7,292 

3 S.I. 5 S.I. 
1,136,900 mg 41,igl mg 

<? ..oual i Radioisotopes $1,559,645 $1,666,696 4,658 2,608,000,082 $I, 528,284 $ 3 , 7 9 9 , ~ ~  3,393 3,669,065, 907 

Service Irradiations 

3658-190 ox?n 86-inch Cyclotron 
3658-193 R e x t o r  
3658-1s Na-;a: Research Laboratory' 

w 119 115 $.I. $ 250,365 $ 22,709 155 154 S.I. $ 164,504 $ 142,563 
82,720 54,462 4ii5 
91,465 87.49 e l  24 ii $.I. 80,102 __ 81,072 __ 1 S.I. 570 S.I. 65,347 47,975 175 369 5.1. co 

Total Service Irradiationsd $ 424,550 $ 35 4,663 521 731 S.I. $ 312,323 8 270,648 5 18 5L9 S.I. 

0;her Services 

3659-203 Special Services $ 130,509 $ 105,238 16 
3659-204 Target Preparazions - Radioisotopes 1,260 9,861t 5 
3659-205 Cobalt-60 Source Selection 8,669 6,577 
3659-206 Fission-Product Source FaSrication 14,945 54,435 
3659-209 Incoming Transportation Cnarges - 
3663-521 Tritium Target Fabrication 6,635 12,567 2 

Cusiomei- Service 71 1,2j8 

iobal Other Services $ 162,089 $ 189,919 40 $ 218,900 $ 137,63i 43 

L'acking and Shio$ng $ 145.873 $ ij6,1i5 $ ~11,~71 :j 80,879 

$ 12,218 $ 68,690 Isotopes Sales Department 

734 S.I. 524 5.1. 
i, 136,900 mg :+i,;51 mg 

TOY& p ,332,157 $2,459,611 5,319 2,606,000,082 $2,170,678 $4,35?, 640 3,95ii 3,669,065,907 
3% - Pigh Specific Activity S.I. - Service Irradiations 
aIiicluoes $3,930,271 cost for l,i05,000 curies of "Sr transferred to OR'J through OR00 "om Quehanna. 
bzepresents materials and services for whlch OFNL has been witndrawn from roatine prscuc%ion and 

CFunc costs only are biiled. 
dDoes not include "C0sa?~t-60 Gamma Service 1rradia:ions"; 
these are lisked uncer "Speczal AEC Approveu Production 
Services." 

distribztion. 'These mazerials and services are fJrnisiied only when materials of customer's 
specifications are not available commercia1;y. 
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PUBLICATIONS 

J ournals 

S. €?. h t e y ,  J. H. Hamilton, S. M. Brahmavar, J. J. Pinaj ian,  and E. F. 
Zganjar, Measurement of K-Conversion Coeff ic ient  i n  "Tc ( a b s t r a c t ) ,  
B u l l .  Am. Phys. Soc. 11: 823-4 (1966). 

P. S. Baker, Robert H. Laf fer ty ,  Jr., Martha Gerrard, R. E. Greene, F. E.  
McKinney, and Joan E. Carden (eds.) and A. F. Rupp ( adv i se r ) ,  Isotopes 
and Radiation Technology 4(2) (1967). 

P. S. Baker, Robert 11. Laffer ty ,  Jr., Martha Gerrard, R. E.  Greene, F. E. 
McKinney, Joan E.  Carden, and F. J. Mi l le r  (eds.  
Isotopes and Radiation Technolo&y 4( 3 )  (1967). 

and A. F. Rupp ( adv i se r ) ,  

P. S. Baker, Robert H. Laffer ty ,  Jr., Martha Gerrard, R. E. Greene, F. E. 
McKirmey, Joan E. Carden, and F. J. Mi l l e r  ( eds . )  and A. F. Rupp ( adv i se r ) ,  
Isotopes and Radiation Technology 4(4) (1967). 

P. S. Baker, Robert H. Laf fer ty ,  Jr., Martha Gerrard, H. E. Greene, F. E. 
McKinney, Joan E. Carden, and F. J. Mi l l e r  (eds . )  and A. F. Rupp ( adv i se r ) ,  
Isotopes and Radiation Technology 5 (1) (1967). 

P. S .  Baker, A X - D I D  Eighth Annual Contractors '  Meeting: Isotopes Systems 
Development, Isotopes and Radiation Technology 4( 4):  380-8 (1967). 

P, S . Baker, Bibliography Covering I r r a d i a t i o n  of F r u i t s  and Vegetables, 
I so topes  and Radiation Technology 5(1): 25 (1967). 

W. I). Box and J. C .  Posey, Recent Advances i n  Radioisotope Assay Calorimeters, 
Trans. Am. Nucl. SOC. 10: 58-2 (1967). 

S. M. Brahmavar, A. V. Ramayya, J. H. Hamilton, and J. J. Pinaj ian,  Check 
of CXmma-Ray Energies Used i n  Standards ( a b s t r a c t ) ,  Bull. Am. Fhys. Soc. 
11: 824 (1966). 

Joan E. Carden, I n t e r n a t i o n a l  Study of T e r r e s t r i a l  Applicat ions of 
Radioisotopic Power Sources, Isotopes and Radiat ion Technology 4( 2)  : 
172-82 (1967) 

Joan E. Carden, Design of t h e  World's F i r s t  Indus t r ia l -Sca le  Grain- 
I r r a d i a t i o n  F a c i l i t y ,  Isotopes and Radiation Technology 4( 4)  : 396-8 
(1967) 

Joan E. Carden, The Anger Camera, Isotopes and Radiation Technology 5(1): 
45-53 (1967). 

F. IT. Case, Oceanography, i n  Isotopes Systems Development Program, 8 th  Ann.  
Contractors '  Meet., Washington, D. C., Dec. 1966, p. 25 (1967). 
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I?. N .  Case and E.  H. Acree, Preparation of Very Xigh Spec i f i c  Ac t iv i ty  
Cobali-60 a n d  Iridium-1-92, Trans. Am. Niicl. Sos. 10: 

Martha Gerrard, Radioisotopic L i r e  Detector f o r  Spacp Skudies, Isotopes 
and Radiation T e c h n o l s  'C(2) : 

51 (1967). 

I-- 

108-10 (1 967). 

Martha Gerrard, Indus i r i a l  Use of Kadioisotope Devices i n  Japan, I s o ~ ~ o ~ c ~  
and Ra-ton Technolo= 4(2): l95-'( (1967). 

Martha Gerrard, Radioisotope-Based Xquipment i n  t h e  USSR, Isotopes and 
&ciation Technolorn 4(3)  : 249-50 (1967). 

Martha Gerrard, Use of Large Radioisotope Sources i n  Canada, Uiiited Kingdom, 
and. Japan, Gzses and Radiation m__II Technol..oq 4(3) :  295-301 (196'T). 

Martha Cerrard, Radioisotope Gage f o r  Determining Suspended-Seciment 
Concentration i n  Streams, Isotopes and Radiation __. . ..-__. Technolou  4 (4 )  : 358-62 
(1967). 

Martha Gerrard, P o t e n t i a l  Market-: Yor Radioi sotope-Rased Analytical  
Equipiuent, lsotopes and Radiation Technology i t  ('k) : 366-9 (1967). 

Martha Gerracd, Ga-ma-Irradiation .Fac i l i ty  of Kyoto University I n s t i i u i t :  
f o r  Chemical Besearch, Tsotopes and Radiation Technology 4(4) : 426-8 
(1967). 

Martha Ccj-rard, Spariisii Nsyade Tri-adiation F a c i l i t y ,  B t o p c s  and 
Radiation Technolorn 4 (4 ) :  428-9 (1967). 

Martha Gerramf., Radioisotope Program of the I n t e r n a t i o n a l  Atomic Energy 
Agency, Isotopes a.nd Rad.i.a.tion Technology ( ' -1 . )  : 1~30-1 (1967). 

Martha Gerrard, Mail-Sorting Apparatus Using Hadioiso.~ope-Generatcd 
X-Ray Fluorescence, Isotppes and Ra.di-ation Technology- 5( I) : 1-2 (1967). 

Martha Gerrard., Cobn1.t-60 I r r a d i a t i o n  Fa . c i l i t y  of the L. Ya . Karpov 
Physica I. Chemiskry Research Inst i . tu . te ,  
5(1): 59-60 (1967). 

Martha Gerrard, U s e  of  Radioisotopes i n  T A U - M e m b e r  Countries oi" Africa,  
Isotopes and Radiation I_ Technology 5 ( l ) :  60-1 (1.967). 

E. E .  Greene, Large Scale Production and Applications of Radi-oisotopes, 
Isotopes and Radiation Technolo= l t ( 2 ) :  156-71 (1967). 

R .  E .  Grecne, S j x t h  Annual- Contractors ' Meeting on Frocess Radiation 
Developmeat, Isotopes and Radiation Technology, ' t (3) :  259-65 (1967). 

R .  E. Grecne, Review of a. Report on Prompt Gamma Rays from rCadi.ative 
Capture of Thermal Neutrons, -_ Isotopes and Radiation Technology J+(4): 
3'+0-58 (1 967). 



K. W. HaPf, Transportat ion of Radioactive and F i s s i l e  Mater ia ls ,  Nucl. 
Sa le  t y  8 ( 3  ) : 

il .  h- Hupf and H. A. O'Brien, Jr.,  The l ieactor Production of Rubidium-84 
from Strontium, In t e rn .  J. Appl. Radia.tion I so topes  18: 

217-9 (1.967). 

417-20 (1567). 

I%. B. Hupf, Seventh Annual Meeting of' t h e  Southeastern Chapter of t h e  
Society of Nuclear Medicine, Isotopes and Radiat ion Techncjlogy 4 (2 )  : 
1g8 (1967) * 

Gerald S .  Johnston, Homer B. IIupf, E l izabe th  Gotshal l ,  and Ralph W .  
Kyle, Zinc-%m Chi-oride, A New Liver  Scanning Agent, Am. J. Roentgenol., 
Radium Therapy Nucl e Med. C I (  -3) : 548-50 (1967). 

W. S .  Lyon and F. J. M i l l e r ,  Forensic  Applicat ions ~f Neutron Act iva t ion  
Analysi.s, Isotopes and Radiation Technology 4(4) :  .325-@ (1967) e 

I!. E. McKinncy, I n t e r n a t i o n a l  Symposium on Food I r r a d i a t i o n ,  Karlsruhe, 
Federa l  Republic of Germany, Jinne 6-10, 1966, I so topes  and Radiation 
CLIP , c . I ~ c ~ o ~ . o Y ; ~ ~  k(2): 25-36 (1967). 

%. E. McKinney, SINE and USAEC Hold Food-Irradiat ion Br i e f ing  Tor Indus t ry  
a t  Oak Ridge, I so topes  and Radiat ion Technology 4 (3): 271, 2'74 (1967). 

3'. E. McKinney, Cost-Benefit Study of  Selected Products i n  t h e  Atomic 
Energy Csmrni.ssion's Low-Dose Food-Irradiat ion Program, Isotopes and 
l-iadiation ~ec lu io logy  4 (4 ) :  389-96 (1967). 

F. J .  Mil le r ,  Solvent ExtractTon of  F i s s ion  I)rn;iucts, Isotopes and R a d i a -  
t i o n  Technology 4(3): 214-22 (1967). 

P. S. Mil le r ,  Oxygen Determination by Nuclear Methods, I so topes  and 
R- 4(3): 237-43 (1967). 

P. J .  Mi l le r ,  A CompiI.ation of Beta-Excited X-Ray Spectra,  Isotopes and 
Radiat ion T1echnoloL<y 4(3) : 243-9 (196'7). 

F. J. Millev,  Swnruary or Symposium on Radioisotope Tracers i n  Indus t ry  
and Geophysics i n  Prague, CSSR, Kovember 21-25, 1966, Isotopes and Nadia- 
Lion Technology 4 (4 )  : 59-79 (1-967). 

II. A .  O'Brien, Jr., J. S.  Eldridge, R. E .  Druschel, and J. Halperin, 
The Thermal Neutron Cross Sect ions and Resonance I n t e g r a l s  of Larithanum-lj9 
and Lanthanum-140, J. Lnorp;. Nucl. Chem. 29: 584-7 (1967). 

H. A.  O'Brien, Jr., and J. S.  Eldridge, A New Way t o  Make Pure Cerium-1-41, 
Nucleonics 25 ( 2 )  : 

J. J. P ina j ian ,  An  Iodine-132 Generator f o r  Oil-Soluble Systems, In t e rn .  
J .  Appl. Radiation I so topes  18: 

41-3 (1967). 

665-6 (1967). 

3. S. Pina j ian ,  A Cesium-137-Barium-13'lrn Isotope Generator, J. Chem. Educ. 
44: 212-3 (1967). 
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J. J. P ina j i an  and 3. I!'. Alien, The ( n , r )  Absorption Cross Sect ion of 
fiomethium-146 f o r  Xeactor Neutrons, J. Inorg.  Nucl. Chem. 29: 211.7-3 
(1967). 

A .  V.  Rmayya, J. H. Hamilton, S .  M. Brahnavar, and J. J .  Pinaj ian,  
Prec is ion  Gamma-Kay Energy Measurements, Phys. L e t t e r s  2413(1): 49-51 
(1967). 

Buck A .  Rhodes, Henry N. Wagner, J r . ,  and Martha Gerrard,  Todine-123: 
Development and Usefulness of a New Railiopharraceutical, Isotopes and 
Radiation Techno loa  4 ( 3 )  : 275-80 (1-967). 

R.  A .  Robinson, AEC-ORNL Source Safe ty  Test ing Program, Isotopes and 
Radfation Technology 4 (3) : 281.-94 (1967). 

A .  F. Rupp, Continuous Growth of Applications-Power Reactors and Process- 
i ng  Ins  t a l l a t i o n s  Take Over Production, i n  Tile Future of Radiation 
Technology and of I n d u s t r i a l  Appl.ication of  Radioisotopes, Atomwirtschaft 
~ ( 6 ) :  300-3 (1967). 

Reports 

A .  S. Abdel-Kader and E.  C .  Maxie, Radiation Pas teur iza t ion  of F r u i t s  and 
Vegetables - A Bibliogra-phx, P. S.  Saker (ed.  ), USAEC Rpt . OWL-IIC-11, 
Oak Ridge National. Laboratory (September 1.967). 

P. S .  Raker, L i s t  of AEC Customers wj-th Summary of Radioisotope Shipments 
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