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OAK R I D G E  NATIONAL LABORATORY 
.I " O P E R A T E D  B Y  

U N I O N  C A R B I D E  N U C L E A R  C O M P A N Y  

POST O F F I C E  BOX X 

O A K  R I D G E ,  T E N N E S S E E  

April  19, 1962 

AIR MAIL -- 

Dr. P.  C .  Aebersold 
Director 
Division of Isotopes Development 
U .  S .  Atomic Energy Commission 
Washington 25, D .  C .  

Dear Paul : 

In  connection with the  request you made wc"m&g 'tbura;Q&t"-k 
and related matters, I reca l led  the  taped 

i n  c q n n e c t i m k -  i n  which I held fo r th  a t  
the subject .  I have attached a copy t o  t h i s  

I think you w i l l  f i nd  it of i n t e r e s t  and I believe you 

ion we had hgre 

l e t t e r .  
can get  some of the  ex t ra  information you want out of it. We 
have not been able  t o  do much ac tua l  experimental work on the  
problem ye t  because of the enormous amount of high p r i o r i t y  
work we always seem t o  have on hand. A s  soon as we can, I want 
t o  ge t  some people working on cer ta in  experiments I have i n  
mind. 

I haven't  wri t ten the  Vienna short-l ived isotope abs t r ac t  yet ,  
but I hope to '  ge t  it t o  you within the next week. 

* * -  --"en*-ru'..,. -- . ~ -. . ... _*.%C , 

Best regards, 

AFR: jml. 
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C:lct:;oz-Strode: 
t h c  t i n e  a hezvy ion cyclotron coxes t o  our labora tory ,  t h e r z  5s no t  go-n; 
t o  be a l o t  of ver,. e&;j’ gravy l e f t  t o  p i ck  up. 
lisve t h e i r  i i n e a r  heLty ion acce le ra to r .  

Wjn-3erg: 

It i s  q u i t e  poss ib ie ,  and should a l s o  be  r c C l i z c c ,  $ha: 3:r 

Berkeley people, 03 coAr;et  

Yes, b c t  t h e  cur ren ts  you can g e t  would be much higher  i n  thc 
cyc;oixon. 

Chethn-Strode: 
f o r  -:he delay i n  time and t h e  normal increase  of cyclotron cu r r sn t s  i n  ~ 5 x 2 ~  
;?.e aoes a l o t  of things m c h  b e t t c r .  

Taylor: 
; W t e p ?  
t h e  snout of t h e  reac tor .  

That’s t rue .  This i n  genera l  i s  a p t  t o  mean that  al1o:rln ;I 

1Xm.t is t h i s  argument abcut r e so lv i rg  t i m e ,  l imi t ing  u l t i xb . c !y  ;he 
It seems t o  me t h a t  yon have got  t o  a i m  your acce le ra to r  down 

Teylor :  
livss you would be l imited j y  e l ec t ron ic s  perhaps along with kind of 
instruments,  r a t h e r  than by chemistry. You c e r t a i n l y  don’t want t o  do 
two chemical s t eps  on shor t - l ived  th ings ,  s o  you w i l l  have t o  make a l l  
yocr transformations i n  one p lace  then. 

Chetham-Strcde: Well, one normally thinks about t h i s  i n  terms o f ,  f o r  
exz?Fle, boxbarding californium with firs-, carbons, then oxygens, then 
neons, e t c . ,  so  t h a t  you use heavier  and heavier  bombarding p a r t i c l e s .  
So r e a l l y  t h i s  i s  s o r t  of a two stage operation. 

Eoyd: 
r a t h e r  than chemical evidence. 

Lane: 
on “Other Isotopes ‘I 

YGU s a i d  t h a t  i n  dcciding how far you could go toward shor t  ha l f -  

Ulti inately a l l  new element d iscover izs  will be based on phys ica l  

If the re  are no other  quest ions,  perhaps we can hea r  from M r .  Rupp 

OTBER ISOTOPES - A *  F* RUPP 

One of t h e  t’.,ings I noted i n  d i scuss ing  regular rad io iso tope  production, 
contrasted r:;th r a t h e r  spec ia l ized  tTJpes, i s  t h a t  -e _____ deal ing  i i t h  a 
l o t  of ta;-,c.t atoms i n  radioisotope production; and we have, of course, 
a wide rtl,:,z of cross sec t ions  we hsve t o  AgaY-Mth and i so top ic  composi- 
t i o n  of the  clerm::s, of course,  differing. A l l  of these  f a c t o r s  have t o  
be tcken i n t o  account i n  considering w h a t  i s  t h e  b e s t  way t o  prochce a 
c e r t a i n  radioisotope.  

- __ - _------___ 



It Therefore -1.-~r t&&-if',uz- zfe i:iteyested __c- in ---;he 
pozsl ' s le  radioisotopes i n  as near ly  "carr ier-free"  f o r m  as POL;;>: I ./-- dLan 
--- u l t r a  high _ "  fiuzLeictor k - ~ e ~ ~ ~ F ~ ~  Xi€ O K ~  would be j u s t i f i e d  IC askl:?;, 
"Vky do we need pure,  ca r r i e r - f r ee  radici;otcse;?" Unfortunately,  t h e  Se;t 
ancwcr i s  t a e  one t h a t  sounds t h e  weakest: &e i n t u i t i v e l y  hxori t h a t  raGfp- 
i so to9es  w i l l  become more v e r s a t i l e  m d  >;sefi-i*a?, t h e i r  fsoto?ic  and c mica1 

There are many cases t%st co'Jld be  c i t e d  t o  su2port this 
'-6eTCeve t h a t  t h e  r e c i t e t i o n  of nuT;cro;Is spec i f i c  c~c;cc.  -S 

unnecessa-i-y. 
p z r t i c u l a r i g  t h o s e  engaged i n  r e s e a x h  wor::, WF: b v e  seldon,  if e-izr, 

SQU~, t_er e& QLLbrh-did _ n L w $  f$~er-s-pcsif i ~ c  ~ t ~ v ~ - ~ ~ ~  ::ut& . 
bio logic& research,  t he  idqol  sl*;cztion i s  one Ln vhich a d e q u z c  tracer 
i s  added with-:$ dis turb ing  t h e  d e l i c a t e  chemical bclence of livin~ orga-lsms.  
The same holcs t r u e  i n  many s tud ie s  of chenica l  e o u l l i b r i a .  
r ad iosc t ive  sources of high i n t e n s i t y ,  b; wLt:! :x l i t t l e  substcnce as 
poss ib l e .  Radiographers want hig3 i n t e x - - - r  :G:LL z s ~ r c e s  t o  i w r o v e  de f in i -  
d o n .  
t h e m e l v e s  - t h e i r  r ad ia t ions ,  cross-sect ions,  imgne;:c moments, sPin,  e t c .  - 
it i s  h ighly  des i r ab le  t o  have t h e  redioisotopes chea ica l ly  and i so top ica l ly  
pure.  

--_ " --- ____ *-- 

U r L t j i  increaseso  

It i s  s i g n i f i c a n t  t h r t  i n  dcslir., wi th  r ad io i so  ;osc customers, 

I n  

?3;l:,~cists r m ? t  

L If w e  sir-ply want t o  gain ?.ore krAc-,iLedge a b a Y  t h e  rad ioac t ive  nucl ides  

In  generc l  a l l  rad io iso tope  production wo'dld be benef i ted  by havinz e higher  
fltx, obvioilsly because you could do t h f c z s  fas ter  by having t h i s  hlgher  flux. 
Cr,e of t h e  things t o  mention would be gcE.ling v e r j  high sa tu ra t ion  values with 
shor t - l ivcd  rAtsria1, where you essentially have t o  go t o  ccjullibrium where 
t h e  atoms &rz decaying at t h e  sane r & t e  they are being produced, end of course 
if you Ere pro5u;ing t h e  h igher  razes this value becomes higher  in proport ion 
to t h e  f lu: .  The f i r s t  one  i s  

4 .1  bzrns.  

S0r.c of t hese  i s o t o p ;  ere :,ate& i n  Table I. 
64, whick =la; 3 h a l f - l i f e  of 12.5 hour; and a cross s s c t i o n  of about 

it z i g h t  be  of i n t e r e s t  LO note  at t h i s  point t h a t  the  theoreLica1 
hczlvi-by of isotopes l i l r y b t L i s  a r e  a l l  p r e t t y  LLiZh, being around 
_'JJ g,-&m. Now w i t  rear;tars__m wi:l g e t  only - _  about p310 \ /- 

4 -  73 c u r i e s  ;>cy c ~ u : ? ,  - ana-at--lO we gct e t ~ ~ z  203 curie, ser gram, 6ased on 



e 
0 

0 
rl 

x 
r- co 

\o 

3 \ 
L, 

0 
rl 

Ln 

n 

Lo 
+a 
d a 

-\ -. 
.- . 

t- c u c u  
I- t- 

* * 
0 

ri 
m 

C h  cu 
d 
H 

cu 
rl rl In H 

-2 
h L, 

K 

-e 
V 

"3 A 

e 
' n  e, 

R 
2 s 

\D 
0 
rl 

rn 
h 
aJ a 
M 
M 

x 
M 

r i a  
f M  

x 
rl 
0 

cu co t- 
rl 

rl 

M .  
\D 
1 u cu 

rl 
M 
r- 

-@ -- 
o r !  "I 

Li) 

E 
cd a 

rl 

CI 

Eo 
-@ 
4 

-P 
aJ 4 

a, 
bD 
k 
a! 

B B  

4 
0 
4 

* 



XG?: No. ?;ow l e t ' s  s e l e c t  soxethir,; with a di:;'erent cross  sec t ion .  Tzke  
X:, 2 & ,  whlch. has a h a l f - l i f e  of i2 kozrs ccd G CTGZ;;: s ec t ion  of on?;. about 
0.53 -0;- . y s .  
fo;: 10 f l a x  e s s e n t i a l l y  t e n  times 2s m ~ c h  o r  about 374 c;l-les Fer parr,. 
c o q z r i s o n  t o  these  isotopes,  ath Eiu 198, with a 2.7 day h a l f - l i f e  acd a 
c_o-isidcrab?- l a r g e r  cross  sec t ion  of 98 Sarns, we get abo-.$810 ,cur. lss E r  
STELE 2% Id- f l u x  and e s s e n t i a l l y  the s uant i ty .  at -lQ . I n  o;he? words 

with such isotopes by &*righer fluxes. 'Inc ;kine; Y 
went TO w i n k  OUT here  i s  t h a t  t h i s  f a c t  5s  g 9 t  necg$sa_r_i_lyh'c;5 since tha  
a c t u a l  s p e c i f i c  a c t i v i t y  of a high . - CrOss _-. s6c'iion isotope i s  zs&sj.ae?clbly 
h ieher  ---_ t h x  that ca lcu la ted  on t h e  bas i s  of origi-'3arset ZLtzrial. 
t hese  f i e I , - e s  higkit be f a i r l y  good or. s o d l n ,  f o r  exanple, f o r  $he s p c i f i o  
a C t i v i t y  thaz we a c t u a l l y  f ind  when -,E t ake  it out of t h e  r eac to r ,  t h e  vclue 
giVcE f o r  goid would be way off .  
Se v e r y  m x h  higher  than t h i s .  

Question: 

I n  t h i s  case f o r  10 f l u x  y ~ i i  g e t  about 37 cur i e s  per  g r m ,  m d  - 
i n  

I 
__ - 

Aitnough 

i n  o ther  words, t h e  s p e c i f i c  a c t i v i t y  wo-~ld 

i 
You m a n  you don't  ?ut  gure gold i n  t h e  r e a c t o r ?  

Ru;?: 
a very high cross sec t ion .  

You put i n  pure gold, but  you burn up t h e  t a r g e t  mater ia l  si-nce it has 

Weinberg: 
t h a t  t h e  p o i c t  ? 

Don't you burn it t o  a go12 isotope t h a t  i s n ' t  r ad ioac t ive?  I s n ' t  

a p p :  No. You burn it t o  rad ioac t ive  gold, which decays t o  mercury. 

Weinberg: But then t h e  mercury cap t -xes  and goes t o  gold.  

Rupp: 
them chernically m d  have a very h i @  s p e c i f i c  a c t i v i t y  

All I wanted t o  2o in t  out i n  t h i s  
higher  s a tu rz t io - i  value by burning o-Jt t a r g e t  a t o r s .  
s i t u a t i o n  for shorz- l ived isotopes s ince  you can 65: ~ z r y  much highei. 
s a t u r a t i o n  vaiues it appears t h a t  an u l t r a  high f l n x  r aac to r  f o r  many of 
t hese  things v c d d  be very good. You can a c t u a l l y  g e t ,  i n  most cases ,  a 
f a c t o r  of ia o: s o  higher  s p e c i f i c  a c t i v i t y ,  un less  you run i n t o  materials 
with high CI-css s ec t ions .  

The second item t o  be mentioned i s  t?_e-qu%d.w - 6  * UD D roduction of 
S?-G.>T. i n  Table 11 where i:-i-ediatl":: _tirces. ~~~~& ordinary m z  e r ;als 

---I_ r eac to r s .  I This would be somewhat t h e  sax? , rpment t h a t  has been made for 
t he  t ransurenics .  
you get h c r e  f o r  t h e  maximum proci-ct-m e.-- . i terials that a r e  f a i r l y  long- 

No,  i t  zoes t o  another  mercuyj, so  what you can do then i s  separate  

case I s  z h z ~  jrau can ge t  a very much 
To summarize t h e  

- 1 i ved 

--- ..- --- -1 PIT 

I might po in t  O U ~  soma of t h e  differences i n  time t h a t  
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Coy?: 
c given t ixe.  

You ' r e  not saving any t i n e ,  bxt you would be producing much rmre i n  

RLPP: Yes, but you can do it a l o t  c k e a p r .  You can use  neutrons That e*e 
trexendously cheaper i n  o ther  reecto;-s and get e s s e n t i a l l y  t h e  sexe r e s u l t s  
s i n c e  it i s  a question of t o t e l  r,eutrons, r a t h e r  t h sn  neutron f l u x ,  so you 
would never consider doing t h a t  i n  a r e a c t o r  of this kind. 

Eoyd: 
should use  a low flux r e a c t o r ?  

You 're saying f o r  a rad io iso to2e  t h a t  doesn 't decay appreciably you 

*lVL 
1 3 2 ~ ~  : That 's r i g h t .  &n u l t r a  hi&flux _--- z ; ; ~ ~ ~  r . . . ~ s . ~ ~ t _ _ o _ f ~ - a ~ ~ ~  Usee-for long: 

-1lved mteriels, and it is  of lyii ted use  ?or  exen moderate-lived matedais. 

Boyd: What do you do now? Do you load t h t  ber?jllium n i t r i d e  i n  the  outside 
of EL r e a c t o r  when you want t o  produce i t ?  

Rum: Yes. It can be produced i n  

The t h i r d  i tem I would l i k e  t o  d iscuss  i s  one thar. has been mentioned before,  
and t h a t  i s  t h e  burning out of undesired a t o m  t h a t  are i so top ic  with radio- 
i so tope  products. 
having a high flux reactop. 
a m i m u r r .  
i n  t h e  10 flux. The t h e o r e t i c a l  L- 2cif z i v i t y  of Co 60 i s  1140 eur;cz 

-L, p e r  gi-dm. The m i x i m u m  a c t i v i t y  p e r  tA:it --b -,f s t a r t i n g  t a r g e t  a t  10 flux 
is  692 curees 2cr gram; and, s ince  t.z?c:Ld _, p u q 5 a l l y  burned ou t ,  the 
a c t u a l  SpeclPic activi 'uy i s  higher tL2n th;. r -u  10 f l u x ,  it would rcqulre  
about 5 y x r c  to burn g%L or" t h e  ori , , inal  t a r g e t ,  s o  it can be seen t h a t  a 
f a i r l y  clocc; a : , ~ ~ ~ a ~ i i  t o  t h e  thecrac-znl  s p e c i f i c  a c t i v i t y  can be m d e  in 
2-3 y e a r s '  I r rLdlz t ion .  You can .KC> burning out t h e  remainder of t h e  Co 59 
as you c o n t i r r u  %he i r r a d i a t i o n  ~5 .:sproach, of course,  t h e  l i m i t i n g  values 
of s p e c i f i c  a c t i v i t y .  So, i n  a caz t  of t h i s  kin2 you s e e  it would be very 

I n  some ways t h i s  i s  t h e  nos t  i n t e r e s t i n g  t h i n g  about 
An exEm2le of t h i s  would be Co 60, which achieves 

rcciuction pe r  u n i t  weight of stzr::zs t a r g e t  raterial  i n  1.6 ;r?srs 13 
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Rupp: I shocld have made t h a t  c l ea r .  
moun t s ,  tb t  is thousands 2nd thoQs2nds of cur ies  of Co 60 such 8s we p-rod'ace 
ncv i n  Sz:';vennah River and E a f o r d ,  i t  would not  be T r a c t i c a l  t o  do t h i s  i :~  2 

r e z c t o r  of u l t r a  high f l u x ,  o r  t h e  0% or XTR for that  matter.  It is  t : a s ~ 2 f U i  
b e c x s e  t h e  neutrons a r e  so very e:r?;nsiveD 
sources of a l l  kinds you could c e r t z i n l y  U S ~  a i-ze:tor of t h i s  kind t o  produce 
t h e  very high spec i f i c  a c t i v i t i e s  w 5 c h  would 3s d i f f i c u l t  t o  ge t  any other  
way. 
and from experience t h a t  it would b,- very m c h  chea2er t o  rnilke t h e  u l t r a  high 
s p e c i f i c  a c t i v i t y  cobalt  t h i s  vay t5lr-n i n  t h e  calutrcr- 3ecause a l l  we have t o  
do i s  mix a t h i n  f i l m ,  put it i n  thzi-e, and just leave i t  for a year  or so. 

I n  the  case or' produc-ing very 18r:;.7 

?,ut - ?-- .,- 2roducizg spec ia l ized  

In  t h e  case of cobal t ,  I thk&: I could almost say t h i s  by inspect ion 

c 

c 
Wollan: Are you amorzizing $100 mi l l ion  on t h a t  s t a t e n e n t ?  I 

Rlpp: 
course.  

-ne: 
f ro% t h e  s q c r  high f lux of 5 x 10 " ?  

Eo, it dspends on what kiiid of u l d z  high flux r eac to r  we bu i ld ,  si' 

A r L  you suggesting an ulzrll;igh f k x  of as d i s t i n c t ,  I suppose, 
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FLIP?: 
it Zrorn 1r.y hiGh flux r cec to r  t h a t  we have a t  the present  t i rnc . .  

No, I ;?US just using t h e  term u l t r z  '?-ish flux reactor to C:;;;ngdish 

:,:einberg: Why w a s  that now? 

E;;S3:L5b!i'i.l, i f  you t eke  a number of casts 222 20 through the.:, ;rau I'ind t h a t  
2; 10 
e c t i v i t y  Ir. times of t h e  order of a year  or so.  
t ~ - e r e  you r ea l ly  need more f l u x  than t h a t  t o  accomplish reasonzble Surn-czt 
O r  t o  2roduce r easomble  a c t i v i t i e s .  
t o  s epa ra t e  t h e  ~ 2 t e r i a l  af-cemrard, and you ' r e  i n t e r e s t e d  i n  bo-cl., Froduction - End high s p e c i f i c  a c t i v i t y ,  you don't  m n t  too high a flu. 
f a c t ,  t h e r e  i s  a good case f o r  i r r a d i a t i r g  these  t a r g e t s  successively i n  two 
or t h r e e  d i f f e r e n t  f luxes .  

fl.Jx, it i s  poss ib le  t o  g e t  reasonable burn-out or a hign spec:fi@ 
You d o n q t  f i n d  many cases 

Indeed, i n  S O E ~  cases i f  you d o n ' t  VJ~?.: 

As a r.%Lter of 

Lane: 
l i t t l e  t o o  long i s n ' t  i t?  

Well, t a k e  t h e  case of 995 burn-oxt i n  cobal t  - 5 years .  That 's  a 

WPP: 
wouldn 't even be considered. 

That i s  a l i t t l e  b i t  t o o  long, bu t  i f  it were f i v e  times as m c h  it 

W i h e r s :  
flx though? 

When you are t a lk ing  the re ,  you ' re  t a l k i n g  about a c t u a l  de l ivered  

Rupp : Yes, del ivered  f lux i n  t h e  r eac to r .  L A  &@- 
/ 

Uric: 
seniples, they  are not  going t o  depress t h e  f l u x  treixendously a r e  they?  

Well, 5 u t  t h e  po in t  i s  t h a t  t hzse  samples a r e n ' t  very b i g  massive 

mpp: 
fi lms. You wouldn't want t o  use a r e a c t o r  of t h i s  kind for j u s t  ... 

No, r e a l l y  t h e  type t h a t  we a r e  th inking  about here  a r e  very t h i n  

Weinberg: 
f l u x  would be very u s e f u l  f o r  you? 

Does t h i s  mean t h a t  Lane's idea of g e t t i n g  a v e p j  high loca l ized  

Rupp : Yes, it would. 

Veinberg: 
work althouzh he spoke of somewhat l a r g e r  samgles. 

The same type of r e a c t o r  would a l s o  be u s e f u l  f o r  Chethaa-Strode's 

Winters: But he wouldn't pu t  it i n t o  t h e  r e a c t o r  i n  t h e  high f l u x  region 
u n t i l  a f t e r  he go t  i t  boi led  down t o  6 grcrrs. 

Rupp: YOU have a hea t ing  problem t h e r e  though. 
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~ J C  thir.G I 1.7 (;< to ::.wtion is t k r t  wc don 't rea l l y  h o v  v e r y  
CZ G C ~ C  of' t h ~ ~ c :  -;hinr;s, aze TU'? do 7;iZZt t o  put 

S r  90 and t h e  1li-e i n t s  t'iiz 07.3 
sut t h e i r  pro2erLies. I xcntioncd T 

l i s s i o n  proiiucts ir. b u ; a i ~ - ~  out europiu 
\ s;;i-e t h e r e  a r e  o ther  cases l i k e  t h a t .  

3o:;C: 
procKcing fLssion products of colurse i n  order t o  g e t  neutrons. 
anfihicg t h i s  way or not?  

Z G ? ~ :  
as fcr as q u c n t i t i e s  a r e  concerr,ed. 

Like operation b o o t s t r a p ,  yoil burr, out t h e  strontium, but yo;: are 
DO you ;rake 2 a -  

42 
Oh, YOU cannot burn up Sr 90 3 s  far as we know and g e t  azyviere on it 

The only way you could do t h a t  ispf,h- 
a thermonuclear react- ,+ 8 

ROW, another item t o  be mentioned dcatls wikh secondary reac3ions vhich go up 
with t h e  square of t h e  f lux .  
enri-ched t e rgE t  mater ia l .  Sone of these  t a r g e t  ma te r i a l s  a?e r za  

Another ite;n would be i n  conzsrving i so to2 ica l ly -  

exsensive. We lLke t o  have th ings  l i k e  C a  47, which i s  a GL 
calciurn isotcpe,  which would be useful if vz had much of it. It is now m d e  

I n  f a c t ,  we j u s t  by e. (pp,n) r eac t ion  on C a  48 - a very e q e i i s i v e  business.  
don ' t  have any wag of raking any fiecent erncxnts of C a  47. 
t h i s ,  you could use t h e  C a  46 (n,$) reactior?, 5u t  t h e  n a t u r a l  abundance of 
C a  46 i s  O.G03$, s o  t h a t  we have a v e q ,  - ~ e q  s m l l  mount  of t a r g e t  material, 
and it i s  exti-emely expensive and we want t o  cunserve t h e  mater ia l .  There 
are o the r  ceaes where we need, and do use,  enriched n a t e r i a l ,  such as Cr 51 
by us ing  enriched C r  70,  I 130 by u s i n s  f i s s i o n  product I 129, Fe 55 and 
Fe 59 us ing  elzrlched Fe 54 and Fe 58, and S r  85 us ing  enriched S r  84. Again 
S r  85 i s  a sz-ontium isotope t h a t  hes a gama ray ,  so  botin of t hese  are verjr 
LrQortant because t h e  o ther  i so topes ,  l i k e  calcium, are s o f t  be t a  emi t te rs ,  
3 ~ d  ere hard t o  fo l low through i n  S i c l o g i c a l  systems and t h e  same way with 
strontium. There is  a l o t  of work :.;litin2 t o  be done with both calcium and 
s t ront ium &anma emi t te rs .  If high f l u e s  'w'zrs a v a i l a b l e ,  we could use a 
hundredth o r  maybe even a thousandth as much t a r g e t  r r a t e r i a l  and ge t  t h e  
same prochction as at lower f luxes ,  which :;auld be very good of course. 
a m  s u r e  t h i s  would be econonical un less  t k l z  r e e c t o r  were r e a l l y  t e x i f i c a l l y  
expensive. 
r eac t ion ,  plus  chemical separa t ion  processes,  and they  could be produced by < n , a  r eac t ion  with an accegtab le  s p e c i f i c  x t i v i t y .  
might c i t e  Cn Lc? ,  which i s  made by ( n , p )  vi<k Sc 45.  
a very h igh  y i e ld ;  t h e  t a r g e t  materli-l i s  e:.riensive; and t h e  chemical 
separa t ion  i s  p r a t t y  zonplicated.  Ei:;ht now, us ing  an ?TR flnx and Ca 44 
i s o t o p i c a l l y  s e 2 ~ r a t c 6 ,  we  can g e t  p:-eparetiocs t h a t  a r e  within e f e c t o r  of 
10 i n  speci:-ic a c t i v i t y  comgsred t o  the C a  45 t h a t  i s  made from scmdiur?.. 
This i s  beczuse t h a t  even if you m>:s a very pure  separa t ion  c a r r l e r - f r e z ,  
un less  you biiby it a l o x  every s t e p  ~f t h e  va;r yau a r e  going t o  ge t  casucl 
contamination i n  it f r o n  c a l c i u  . Sc with i ino t l s r  f a c t o r  of 10 i n  f l u x  ~nra 

I n  a case l i k e  

I 

Tkny radioisotopes are now me2 c a r r i e r - f r e e  by an eQens ive  (n ,p)  

Now i n  t h i s  case I 
We are not ab le  t o  g e t  

7 

Q 4 "1 0 5 
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L-zre: 
t h e  r e a c t o r  f o r  bas i c  reseerch, then you g e t  it f r e c  f o r  isotope production. 

Well, you can reverse  t h a t  argument and sa:[ tk t  i f  you a r e  bu i ld i s2  

€tu??: 
has never i n  d o l l a r s  been t r u e .  I dcn ' t  accept t h a t  argument a t  a l l .  

O f  course,  t h i s  ergument has alwz;~s Secn zsed i n  t h e  past, a;ld t h i s  

Cole: I have come more and more t o  t h e  ccnclusion t h a t  when you 
TenctorS you should b x i X  them f o r  a s p e c i 3 c  job. 

iiUpp: Absolutely,  E:? t h a t ' s  t h e  reason I f e e l  t h a t  i f  it looks l i k e  you 
c a n ' t  a f fo rd  t o  builz 2 genera l  research r eac to r ,  I ' d  l i k e  t o  see  us go ahead 
and s tudy a rad io isc-ape  r eac to r  for once. 

Lane: It seems to L t h z t  i t  is  going t o  be v e r y  c i f ' f i c u l t  t o  put 5 d o l l a r  
valce on high f l u x  r?extrons f o r  bas i c  research.  I t:3nk we a r e  Z G ~ ? C  t o  have 
t o  muster a l l  of thc;e arguments - t h e  resezrch,  as well as t h e  rzdioisotopes. 

h p p :  ? J e l l ,  mind you, I'm not  urZ ln3  EF;;dfnst t h a t  p o i n t ,  but I thiril: tb-c 1 3 : r 2 t  

time around t h a t ' s  a l r i g h t .  But i f  it turns  out thct  having a gen2ral research 



&ne: Could you der ive  t h a t  sort of number? 

- 
t?;??: 
sorr.c-aod;i pinned you down you would have a hard time br inging  up enough 
s ~ : ~ ? o r t i n g  arguments. 

I x l d  have t o  put a l o t  of r e a l  c rys t a l -ba l l i ng  i n  t h a t ,  azd if 

7 c ,- LA.~ :  

a r c a c t o r .  

XI??: 
p t t i n g  8 d o l l a r  value on it than  aybociy e l s e  can. 
rLc'i keen occ rad io iso tope  r e a c t o r  b a i l t  i n  t h e  e n t i r e  world t h a t  I know 07 - 
there  have been I don ' t  know hov r~ny r eac to r s  b u i l t  for power, for neutrons - 
t h s r e  has never i n  t h e  whole world j e e n  a r e a c t o r  b u i l t  f o r  radioisotopes.  

We x3y have t o  s t i c k  our necks out on t h a t  s o r t  o f  basis t o  z e t  such 

TzTell, l e t  m e  put it t h i s  ~ ~ 3 7 .  I -Lnink t h a t  we can com c loczr  t o  
I f e e l  t h a t  t h x e  has 

7 des ig ied  and b u i l t  f o r  
raaiois o t  ope work. 

FWp: 

h n e :  
J u s t i f y  t h e  m a r k e t ,  so  it is  never b u i l t .  &+( 

Lam: Yes t h e r e  has,  i n  Buffalo. 

Pdp?: Oh no, t h a t ' s  not a rad io iso tope  r + x c t o r ,  t h a t ' s  a joke. You mean 
t h i s  cobal t  r e a c t o r ?  

Lsne: 

cobal t .  

Cole: 
those  for t h e  t r ansu ran ic  e l ezen t s .  

N o ,  they  may no t  bu i ld  it u n t i l  t h e r e  i s  a guaranteed mrke t  f o r  t h e  

They a r e  making as much fron t h e  cobal t  as t h e  steam! 

Well, everybody that wants t o  bu i ld  a pure rad io iso tope  r e a c t o r  c a n ' t  
,& p W & d  b& ,?' 

I t h i n k  tht your requiremnTs a r e  not e s s e n t i a l l y  differer,; from 

Boyd: 
higher i so topes  s ince  you ;=et yourse l f  t i e d  up .... I do not  t h i n k  t h e r e  i s  any mrit in t r y i n g  t o  pu t  a dol lar  value on 
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Cole:  
t h i s  money is t i e d  up i n  t he  r eac to r  end. of It and how m c h  i s  t i e d  

Pail czr. evz,lu&te it i n  t e r n s  of yox- ovn production, and how Pdch of 
i n  

Products t h a t  come out of t h e  r eac to r .  
L '  

h p p :  Nov if t h e  r e a c t o r  T.rcre designed ~ 5 t h  Lydirzulic tubes ,  arid i f  it .i;ere 
2esigned s p e c i f i c a l l y  f o r  radioisotope ---o2ucticn vhere you could 93~t IcoPS 
i n  it and do continuous C 14 work, then ~ O U  ~0x16. rove it on a d o l l a r s  m d  
c m t s  bpQis. I'm not saying the f l u x  would bc lo'', however; it rnicht s t L l l  
be a 10 r eac to r .  

Bayd: 
over  and beyond what you can prodilce now? 

EOV nany requests do you now ge t  for high s p e c i f i c  e c t i v i t y  isoxoles 

%?p: 
but I c a n ' t  give e q u a n t i t a t i v e  m m e r  on t h i s .  

Boyd: 

h p p :  
work. 

Lane: 

We g e t  some reques ts  f o r  c s r t a i n  high s p e c i f i c  a c t i v i t y  i so topes ,  

mat usem1 new rzdioisoto3es can you ge t  by mul t ip l e  ccg tc re?  

We don ' t  hgve enough i n f o r m t i o n  
I f e e l  t h a t  t h e r e  must be a l o t  of them, bu t  I c a n ' t  pinpoint them. 

Eaven't they  ever i r r a d i a t e d  ma te r i a l  i n  the IdTR t o  ge t  multiple 

t h i s ;  t h e r e  hasn ' t  been enough 

'k 
capture  ? 

Rup?: There hasn ' t  been any real  g-oduction GI" t hese ,  a t  least not t h a t  I @ 
knotr of. 

Lane: Any o the r  ques t ions?  

Snel l :  
conmsing  t o  some people, I don ' t  knov. All of t h e  isotopes produced i n  
r eac to r s  conprise only one-half of the i so top ic  cha r t .  \&at a boLit us>zg 
a C Y C l O ~ Q ~ , ~ ~ ~  * * s o & p ~ ~ J n u e $ & ~ .  _chart ? Aren 
t h e r e  some a t t r a c t i v e  ones t h e r e  that a r e  u 

-\Up?: Yhcrc rye. We haven't  2 . o ~ ~  as :xch th inking  along t h a t  l i n e  e5 T,ie 

have the  reactor-produced isotoFcs,  l x c  there d e f i n i t e l y  would be mny of 

'cst ter t o  have a b ig  cyc lo t  

Sne l l :  No, no t  exactly.  I d i d n ' t  wan; t o  n.xe it t'nat sham. 

I would l i k e  t o  br ing  up another nspsct of t h e  mat te r  t h a t  mj. b a  

---."I _ . I  .* . , 
7.- 

-is hzre trkcther it would be them t h a t  would be very usef'ul. v%ur no ---+---.,**------- --.. 
than have a b ig  rcx-cor? - --.-.-..c-U-,*rUc.Jr- 

Lane: 
chart. 

I don'? understand vhat you mean by the  lower h a l f  of t h e  i so top ic  
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r"o;iier: 

kn,: 
2 lot of m c l i d e s  t h a t  would r e a l l y  be interesting i: yo2 could i;ct then. 

Sne11: 
900-!hv cyclotron. on t h e  isotope proCiuction side.  
no r r ib ly  expensive running t i m e ,  I be l ieve .  

Rupp: 
vem, very e-xpensive. _. Well,-Msually ". t h e r c  i s  e. f a c t o r  of.100 diPZerence i n  
u n i t  cos t .  

Tzylor: 

b:cll, we k v m ' t  t a lked  zbcut u l t i r a t e  high f lux .  

I c c r t 2 h i - y  haven't  s tudied tht  too math, bc;t I h o w  t h a t  there ere 

Wct I wis really wondering - c m  one r e a l l y  devel02 a case for t h ~  
However, it would requi re  

I know t h a t  n o s t  other  ,u.*mr cyclo-%ron.;.xo$uced -1. 1 radiois&s?l2..es &have been 

Do these  procure any c u s t m e r s ?  

k p p :  Ycs, 1.-os% of t hese  t 
don ' t  have a lo-, of money unles  
th ink  tha$ n c - - k - m e  
r- sz i . - adax ,@er ,  i 
cos t  of gl? ycse9rchmprl-.Ject; 
don - ' t under&L%Gd&price 
100 ~ o u l d  make a r e a l  no t iceable  d i f f e r e  
that  unless  you g e t  a reasonable arr,o;nt 01' r a d i o z c t i v i t y  you c m ' t  do good 
work anyway. That has been one of t h e  11 
n_ot being- able -Xi& t o  work- @th. 

The seminar LTGS adjourned by Kr. Lmz .  

._-.--a -- .- 
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