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ABSTRACT 

The Savannah River P lan t  has been engaged i n  two programs 
f o r  production of transplutonium elements.  The f i r s t ,  a. r e sea rch  
e f f o r t ,  involved t h e  i r r a d i a t i o n  of plutonium t o  produce t a r g e t  
m a t e r i a l  f o r  t he  0a.k Ridge HFIR. 
e f f o r t  t o  produce 3 kg of 2 4 4 C m .  
been combined i n  a manner t h a t  enhances both, through t h e  use 
of a new mode of high-f lux opera.t ion f o r  t he  Sa.va.nna.h River 
r e a c t o r s .  
been accomplished i n  a high-f lux t e s t  a t  5 .4  x lo1' neutrons/ 
( cm2) ( sec ) ,  and t h e  high-f lux mode w i l l  be used t o  a c c e l e r a t e  
t he  production of 244Cm.  

The second i s  a. production 
These programs have r e c e n t l y  

Extended i r r a d i a t i o n  of t h e  HFIR t a r g e t  mater ia , l  has 
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PRODUCTIQN OF TRANSPLUTONIUM ELEMENTS 
AT SAVANNAH RlWER 

INTRODUCTION 

Sa,vannah River f i r s t  became involved i n  t h e  transplutonium program 
i n  1959, w i th  the  i r r a d i a t i o n  of 239Pu t o  produce about 1 kilogram of 
242Pu plus  1 kilogram of mixed 243Am and 244Cm. 
program t h a t  was summarized i n  1963 by D. E. Ferguson and o t h e r  members 
of t he  staff  of t h e  Oa,k Ridge Nat ional  Laboratory.") The mater ia , l s  
produced were t o  be used as t a r g e t s  i n  t h e  High F l u  I so tope  Reactor 
(HFIR) a t  Oak Ridge. 

This w a s  p a r t  of a 

A t  Savannah River, t h i s  work was done i n  two tra,nsplutonium 
campa,igns, which a r e  l i s t e d  f i r s t  i n  t h e  chronology shown i n  Figure 1. 
These two campaigns have been completed and the  products have been 
separated and p u r i f i e d .  

A major change i n  t h e  p r o g r m  developed l a t e  i n  1963, when 
Saxannah River  was also asked t o  produce 3 kilograms of 244Cm f o r  
experimental  use as a r a d i o i s o t o p i c  hea.t source f o r  t he  space program. 
Although t h e  production of 244Cm i s  a d i s t i n c t l y  separate a c t i v i t y  

CHRONOLOGY 
OF 

SAVANNAH RIVER TRANSPLUTONIUM PROGRAMS 

TRANSPLUTONIUM CAMPAIGNS 

CURIUM I 
ST 

HIGH FLUX TEST-------- -___--- 

CURIUM II 

FIGURE 1 
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from t h e  o r i g i n a l  transplutonium program, i t  s tar ts  out i n  t h e  same 
way; tha t  i s ,  w i t h  a long-term i r r a d i a t i o n  of 239F'u. However, s i g n i f i -  
c a n t l y  l a r g e r  q u a n t i t i e s  a r e  involved. 
program has been completed, and i t  i s  represented by the i tem Curium I, 
which appea r s  next  i n  t h e  chronology. 

P a r t  of t h i s  2 4 4 C m  product ion 

I n  planning the 2 4 4 C m  production program, we recognized that  
be t te r  r e s u l t s  might be obtained by performing the  i r r a ,d i a t ion  i n  two 
s t e p s :  
a t  a f l u x  of about lo1'. To explore  t h i s  p o s s i b i l i t y ,  an experimental  
t es t  of high-f lux ope ra t ion  was s u c c e s s f u l l y  conducted. A f l u x  of 
5.4 x 10'' n e u t r o n s / ( c s ) ( s e c )  was achieved, exceeding the record set  
by the Russian SM-2 r e a c t o r  by more than  a f a c t o r  of two. This opera- 
t i o n  has continued while  the products  of Curium I a r e  being separa,ted 
and prepared f o r  continued i r r a d i a t i o n .  

the f irst  a t  a neutron f l u x  of the order  of 1014 and the second 

In reviewing our plans f o r  t he  high-f lux tes t ,  t he  AEC's Trans- 
plutonium Program Committee recognized t h a t  t h e  time s c a l e  of the 
o r i g i n a l  transplutonium program could be compressed by r e t u r n i n g  the  
HF'IR target material t o  t h i s  high-f lux environment; t h i s  was done. 

Although t h e  second p a r t  o f  t he  curium production program, 
Curium 11, remains t o  be done, the prospects  are already ve ry  favor-  
able f o r  the r e s e a r c h  programs on the t ransplutonium elements.  The 
t o t a l  amount of transplutonium elements i n  e x i s t e n c e  i s  about t e n  times 
as g r e a t  as was f irst  expected, and w e  a r e  12 t o  18 months ahead of the 
schedules  o u t l i n e d  i n  1963. One should n o t  conclude from t h i s  t h a t  t h e  
r e s e a r c h  programs are chance b e n e f i c i a r i e s  of a product ion program. 
The product ion program could not  have proceeded so  e x p e d i t i o u s l y  i f  so 
much of the technology had n o t  a l r e a d y  been developed i n  the  r e sea rch  
programs. 

S e v e r a l  t e c h n i c a l  papers on var ious  a s p e c t s  of the Savannah River 
work have been publ ished and o t h e r s  are i n  the process  of p u b l i c a t i o n .  
I shal l  summarize t h i s  work and show i t s  r e l a t i o n  t o  the o v e r - a l l  
program f o r  t h e  product ion of transplutonium elements.  

THE TR AN S PLUTON I UM CAM PA IGNS 

For the o r i g i n a l  transplutonium campaigns, coextruded rods of 
plutonium-aluminum a l loy ,  c l a d  w i t h  aluminum, were prepared by 
0. J. Wick's Metallurgy Development Divis ion a t  Hanford. These rods 
were i r r a d i a t e d  a t  Savannah River f o r  a very long time t o  convert  239Pu 
t o  242Pu, 243Am, and 244Cm. This was done by " i n c i d e n t a l "  i r r a d i a t i o n  
i n  r e a c t o r  loads p r i m a r i l y  designed f o r  o t h e r  purposes. The permissi-  
b l e  neutron f l u x  i n  the t a r g e t s  was l i m i t e d  by the t r a n s f e r  of heat 
produced by f i s s i o n s  i n  the 239pU . A s  the 239Pu burned up, the t a r g e t s  
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were p rogres s ive ly  moved t o  regions of i nc reas ing  flux. Except for t he  
b r i e f  i n t e r r u p t i o n s  requi red  t o  permit t h i s  movement, the  i r r a d i a t i o n  
wa,s ca , r r ied  cont inuously through t o  completion f o r  each of t h e  two 
campaigns. 

The separa, t ions processes  used i n  these  campaigns a r e  descr ibed  

The p r i n c i p a l  problem was  that of d i s s o l v i n g  and handl ing 
i n  a paper by Eargle,  Swindell ,  and Martens of t h e  Savannah River 
P lan t .  (’ 

t h e  sma.11 a,nd very precious amount of t a r g e t  ma.teria1 i n  equipment that  
i s  normally used t o  process  l a r g e  q u a n t i t i e s  of enr iched  uranium. 
S m a l l  r e s idues  of t h i s  ma.jor product might s e r i o u s l y  contamina,te t he  
s p e c i a l l y  i r r a d i a t e d  plutonium. This was avoided by ex tens ive  f l u s h i n g  
w i t h  n i t r i c  a c i d .  

To achieve r a p i d  d i s s o l u t i o n  of the plutonium-aluminum a,l loy,  a 
two-step d i s s o l v i n g  procedure was used. The aluminum was s e l e c t i v e l y  
d i s so lved  i n  a b o i l i n g  s o l u t i o n  of sodium hydroxide and sodium n i t r a t e ,  
1ea.ving undissolved a c t i n i d e s .  The s o l u t i o n  was then a c i d i f i e d  w i t h  
n i t r i c  a c i d  and bo i l ed  w i t h  potassium f l u o r i d e  t o  d i s s o l v e  the  plutonium, 
americium, and curium. 

I n  e x t r a c t i n g  t h e  products,  a,dvantage w a s  taken of another  produc- 
t i o n  program a.t Sa,vannah River.  Mottel  a,nd P r o c t o r ( 3  have descr ibed 
t h e  ra,ck of equipment shown i n  Figure 2 .  The idea was o r i g i n a t e d  by 

RACK 

FIGURE 2 
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Warren Winsche and was f i r s t  i n s t a l l e d  a t  Sa,vmnah River f o r  t he  
recovery and s e p a r a t i o n  of 237Np and 238Pu. 
f a b r i c a t e d  s e p a r a t i o n s  system tha t  can be plugged i n t o  e x i s t i n g  modules 
of a Savannah River s e p a r a t i o n s  bu i ld ing .  The f i g u r e  shows tha . t  t h e  
assembly i s  complicated and compact. Once i n s t a l l e d ,  t h e  rack can be 
operated remotely.  If t r o u b l e  develops,  t h e  e n t i r e  rack, or c e r t a i n  
of i t s  more c r i t i c a . 1  components, can be removed and rep laced .  These 
systems a r e  q u i t e  r e l i a b l e  and remarkably v e r s a . t i l e .  The ra,cks inc lude  
r e s i n  beds t o  s e p a r a t e  t h e  plutonium by anion exchange. The plutonium 
i s  decontaminated s u f f i c i e n t l y  t o  be concentrated,  p r e c i p i t a t e d ,  and 
ca l c ined  t o  oxide i n  unshielded f a c i l i t i e s .  

This rack con ta ins  a. p r e -  

Americium and curium i so topes  were recovered from t h e  i o n  exchange 
r a f f i n a t e :  i n  t he  f i r s t  campaign, by a. double s u l f a t e  p rec ip i t a - t i on ,  
and i n  the  second, by ba tch  so lven t  e x t r a c t i o n .  These products  were 
shipped as a n i t r i c  a c i d  s o l u t i o n  t o  ORNL f o r  f i n a l  p u r i f i c a t i o n .  

Recovery of 242Pu averaged 91% for t he  two campaigns. 60% of t h e  
americium and curium was recovered i n  t h e  f i r s t  campaign and 90$ i n  t h e  
second,  Table I summarizes t h e  r e s u l t s  of t h e s e  campaigns and repre- 
s e n t s  the s t a t u s  of the t ransplutonium program p r i o r  t o  the changes 
brought about by t h e  curium product ion program. 

TABLE I 

Resu l t s  of Transplutonium Campaigns 

Reactor  Sepa.ra.tions $ 
Yield,  g Yield,  g Recovery 

42 Pu 102 0 930 9 1  
2 4 3 h  3 80 300 80 

2 4 4 ~ m  4 10 330 80 

CURIUM I 

2 4 4 C m  may be t h e  f i r s t  t ransplutonium i so tope  t o  have s u b s t a n t i a l  
p r a c t i c a l  a p p l i c a t i o n .  For example, i t  may be used as a. hea t  source 
f o r  t h e  space program. I t s  h a l f - l i f e  of 18 yea r s  i s  adequate f o r  most 
missions,  and i t s  s p e c i f i c  power (2.65 watts/gram) i s  h igh  enough f o r  
thermionic  power conversion.  The Sa.vannah River  program f o r  producing 
3 kilograms was designed t o  meet a n  e a r l y  d e l i v e r y  da.te. Consequently, 
much in t e rmed ia t e  m a t e r i a l  i s  l e f t  i n  t he  p i p e l i n e .  
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This program started, l i k e  the e a r l i e r  transplutonium campaigns, 
w i th  the i r r a d i a t i o n  of 239Pu, b u t  the i r r a d i a t i o n  was a "ma.in l i n e "  
e f f o r t  ra ther  than an inc identa .1  one. 
o t h e r  product ion programs, the plutonium was a.lloyed w i t h  a,luminum a,nd 
f a b r i c a t e d  i n t o  aluminum-clad b i l l e t s ,  which were then extruded i n t o  
thin-walled f u e l  tubes.  This coextrusion was done on a conventiona,l 
p r e s s  without  ela.bora.te containment. 

With techniques a,da.pted from 

A f u l l  r e a c t o r  load w a s  f u e l e d  by a uniform mixture  of the 
plutonium-aluminum assemblies and enriched uranium-ahminum assemblies .  
Each assembly contained a. poison rod of aluminum-lithium a l l o y .  A s  t h e  
plutonium burned up, the decrease i n  r e a c t i v i t y  was compensa.ted by 
r e p l a c i n g  the burned-up uranium f u e l  w i t h  f resh  uranium assemblies a,nd 
by r e p l a c i n g  the poison rods w i t h  rods conta-ining less l i t h ium.  New 
mechanical techniques were devised t o  r e p l a c e  t h e  poison rods, a,nd these 
techniques were e n t i r e l y  s u c c e s s f u l .  

The s t r a t e g y  of the program i s  ev ident  i n  t h e  gra,phs of  F igure  3, 
adapted from a paper by Groh, Huntoon, Schlea,  Smith,  and S p r i n g e r . ( 4 )  
The graph on the l e f t  shows the reduct ion  i n  tots-1 plutonium content  
and the growth of 243Am and 244Cm.  Note that  t he  s c a l e  f a c t o r  f o r  the 
plutonium d i f f e r s  from t h a t  f o r  americium and curium. 
t h e  r i g h t  shows the vary ing  i s o t o p i c  composition of t h e  plutonium. 
The abscissa.e f o r  b o t h  graphs a r e  i n  exposure u n i t s  of lo2' neutrons/cm2, 

The graph on 

YIELD OF ISOTOPES FROM 
IRRADIATION OF 239Pu 

Exposure, units of IO2' n/cm2 
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Ear ly  i n  the planning of t h i s  program, w e  rea- l ized  t h a t  t i m e  and 
money might be saved by i n t e r r u p t i n g  the i r r a . d i a t i o n  a t  an exposure 
corresponding t o  the ve r t i ca .1  dashed l i n e s .  A t  t h i s  point ,  most of 
the 239Pu would be gone, 240Pu and 241Pu woul'd be near  manximum, and 
the q u a n t i t i e s  of americium and curium would be s o  low that  w e  need not  
worry unduly a.bout p o s s i b l e  i n a d v e r t e n t  l o s s e s .  Time and money requi red  
f o r  the chemical s e p a r a t i o n  could be more than recovered by completing 
the i r r a - d i a t i o n  a,t  a h igher  neutron f l u x .  I n  e f f e c t ,  t h i s  plan would 
g r e a t l y  compress the time s c a l e  f o r  the p o r t i o n  of each graph tha.t  l i e s  
t o  t h e  r i g h t  of the dashed l i n e .  
b u t  i t  could be tes ted dur ing  the in te rmiss ion  between t h e  two pa r t s  of 
t h e  curium production program. 

High-flux opera t ion  was undemonstrated, 

The two-stage i r r a d i a . t i o n  plan was adopted. The s t a g e s  were 
designated Curium I and Curium 11. 
t i o n  i s  complete. During the chemical process ing  of the i r radiated 
plutonium, w e  have been t e s t i n g  t h e  high-f lux mode of operahion. 
Therefore,  I s h a l l  d e s c r i b e  the s t a tus  of the high-f lux tes t s  b e f o r e  
d i s c u s s i n g  f u t u r e  p l a n s  f o r  curium production. 

A t  present ,  t h e  Curium I i r r ad ia , -  

THE HIGH-FLUX TEST 

The primary o b j e c t i v e  of the  high-f lux t e s t  was t o  e s t a b l i s h  the  
f e a s i b i l i t y  of an a c c e l e r a t e d  i r r a d i a t i o n  f o r  curium production, b u t  
i t  w a s  designed i n  a way that  would allow us  t o  explore  a range of 
opera.t ing condi t ions  tha.t  would be a p p l i c a b l e  t o  a v a r i e t y  of p o s s i b l e  
product ion o b j e c t i v e s .  "he a,chievement of a. wor ld ' s  record f o r  sus-  
t a i n e d  neutron f l u x  was a secondary, though i n t e r e s t i n g ,  o b j e c t i v e .  The 
many c o n s i d e r a t i o n s  involved i n  the high-f lux tes t  were reviewed i n  
d e t a i l  i n  a ser ies  of  pa .pers (5)  presented a t  the  Eleventh Annual Meeting 
of the American Nuclear S o c i e t y  i n  June 1965. 
a s  fol lows:  

These can be summarized 

1. 

2 .  

The e n t i r e  flow of heavy water coolan t  was concentrated 
i n t o  20% of the normal complement of f u e l  t ubes .  
c o n s i d e r a t i o n s  of i n t e r e s t  here are t h e  e f f e c t s  of h igh  
flow v e l o c i t i e s  i n  causing e ros ion  of aluminum s u r f a c e s  
and i n  causing mechanical v i b r a t i o n .  

The 

The 235U f u e l  was reduced t o  the minimum requi red  f o r  a 
reasonably long exposure and for a s a t i s f a c t o r y  degree 
of c o n t r o l  through a 40% burnup. Here, w e  needed t o  
c a r e f u l l y  explore  our a b i l i t y  t o  p r e d i c t  n u c l e a r  charac- 
t e r i s t i c s  over a wide range of unusual cond i t ions .  
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3. S p e c i f i c  power i n  the  f u e l  was increased  t o  l e v e l s  that  
a r e  beyond t h e  normal range of experience.  Heat t r a n s f e r  
l i m i t a t i o n s  have been previous ly  explored i n  d e t a i l  i n  
the labora tory ,  bu t  t he  high-f lux tes t  o f f e red  an oppor- 
t u n i t y  t o  ga in  ope ra t ing  experience a t  r a t e s  as high as 
2.5 x 10' B t u / ( h r ) ( f t 2 ) .  

Aside from these  t e c h n i c a l  aspec ts ,  the  high-f lux tes t  provided a 
necessary  and important demonstration of ope ra t ing  s k i l l  and experience.  

A thermal neutron f l u x  of 5 .4  x l oL5  neutrons/(cm')(sec) has been 
achieved. 

i r r a . d i a t i o n  for product ion of curium i s  f i r m l y  established. Such an 
opera t ion  can now be regarded as comfortably wi th in  reach.  

Poss ib l e  f u r t h e r  improvements would p e r m i t  ope ra t ion  above 
However, a t  the p resen t  s tage ,  the f e a s i b i l i t y  of high-f lux 

Recognizing t h e  poss ib l e  b e n e f i t s  of the high-f lux t e s t ,  t he  
Transplutonium Program Committee of the A E C ' s  Div is ion  of Research 
quick ly  decided that  as much as poss ib l e  of t h e  a v a i l a b l e  '.12Pu should 
be i r rad ia ted  as a p a r t  of t h e  experiment.  With some e x t r a  e f f o r t  by 
a l l  concerned, more than half  of the t o t a l  a v a i l a b l e  supply was  assem- 
b l e d .  The t o t a l  was 525 grams of 242Pu; a l l  of t h i s  was put  i n t o  the 
h igh- f lux  core .  Some of t h i s  m a t e r i a l  i s  i n  s l u g s  prepared a t  Savannah 
River; some i s  i n  pro to type  H F I R  t a r g e t s ;  and some i s  i n  a c t u a l  H F I R  
t a r g e t s ,  which w i l l  l a te r  be t r a n s f e r r e d  t o  Oa,k Ridge f o r  f u r t h e r  
i r r a d i a t i o n  i n  the € F I R .  

This 242Pu w i l l  be i r r a d i a t e d  throughout the h igh- f lux  t e s t  and 
poss ib ly  through t h e  high-f lux stage of the curium product ion program. 
The planning remains f l e x i b l e  and can be changed i n  any way t h a t  w i l l  
g ive  t h e  best  r e s u l t  from t h e  combined Sa-vannah River-Oak Ridge e f f o r t .  
Figure 4 shows t h e  c a l c u l a t e d  amounts of t ransplutonium i so topes  tha . t  
w i l l  be p re sen t  i n  these  t a r g e t s  i f  the  i r r a d i a t i o n  a t  Savannah River 
con t inues  u n t i l  September 1966. The  var ioue i so topes  are shown i n  t he i r  
convent ional  p o s i t i o n s  i n  a c h a r t  of the nuc l ides .  

The remaining 20% of the s t a r t i n g  material (242Pu) i s  shown t o  
i n d i c a t e  t h e  e x t e n t  of burnup. The o t h e r  items are products,  i nc lud ing  
244PU, a rare, ve ry  long-l ived i so tope  of plutonium. All of  the t r ans -  
plutonium elements,  through einsteinium, are shown i n  a t  l e a s t  mi l l ig ram 
q u a n t i t i e s .  There w i l l  be a t  least  micrograms of every  poss ib l e  i so tope  
through 255Es .  
upward i n  both  atomic numbers and mas8 numbers. 

This l a y s  a s u b s t a n t i a l  foundat ion  f o r  exp lo ra t ion  

I n  t h i s  cont inued explora t ion ,  w e  s t and  ready t o  he lp  our  co l leagues  
a t  o t h e r  l o c a t i o n s .  With encouragement and guidance from Albert Ghiorso 
and Ken Hulet of UCRL, w e  have designed and b u i l t  a " r a b b i t "  that  w i l l  
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PRODUCTS OF SAVANNAH RIVER 
HIGH-FLUX IRRADIATION 
I 

(Assuming continued irradiation to Sept. 1966) 

Es 253 Es 254 Es 255 WI 

Cm242 Cm 24! 
3 ma 6 9 ~ 9  

Am241 Am242 
220 f Pa 3 pa 

Bk 249 

Cm 244 Cm 245 Cm 246 Cm 247 Cm 240 
215 g 19mg 269 9 mg 31 mg 

Am 243 
52 9 

Pu 242 
104 g FIGURE 4 

remove small samples from t h e  r e a c t o r  and d e l i v e r  them t o  the  exper i -  
menter w i th in  two t o  t h r e e  seconds.  
luck, and t h e i r  well-known perseverance,  Ghiorso and Hulet hope t o  pro- 
duce 258F’m from 257Fm. 

With t h i s  r a b b i t ,  a l i t t l e  b i t  of 

Figure 5 i l l u s t r a t e s  the broad use fu lness  of the  h igh- f lux  mode 
of ope ra t ion .  
d i f f e r e n t  i so topes  tha t  have been i r r a d i a t e d  i n  the high-f lux t e s t .  
While most of t h e s e  were f o r  r e sea rch  programs, some of them rep resen t  
product ion i n t e r e s t s .  
i n  s h o r t - l i v e d  products .  
uns t ab le  atoms be fo re  they  can decay i n t o  unwanted products .  
i s  s o  u s e f u l  tha t  i t  w i l l  probably f i n d  cont inued a p p l i c a t i o n  a t  Savannah 
River s o  that t h e  type  of r e sea rch  represented  by Figures  4 and 5 can 
cont inue  t o  be accommodated. 

It i s  a f u l l  c h a r t  of the nuc l ides  showing t h e  many 

High f l u x  i s  u s e f u l  f o r  h igh  s p e c i f i c  a c t i v i t y  
High flux i s  u s e f u l  f o r  s t u f f i n g  neutrons i n t o  

High f l u x  

CURIUM I I  

While the h igh- f lux  t e s t  has been i n  progress  i n  t h e  r eac to r ,  t he  
products of the Curium I i r r a d i a t i o n  have been sepa ra t ed  and p u r i f i e d .  
The plutonium has been r e f a b r i c a t e d  i n t o  new plutonium-aluminum f u e l  
tubes .  The americium and curium have been recovered and may l a t e r  be 
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ISOTOPES IRRADIATED IN HIGH-FLUX TEST 

FIGURE 5 

combined wi th  t h e  products  of the second i r r a d i a t i o n .  
w i l l  be done i n  a mixed l a t t i c e  that  combines f i v e  enriched uranium- 
aluminum f u e l  assemblies wi th  each plutonium-aluminum assembly. The 
neutron f l u x  w i l l  be  i n  excess  of lo1’ neutrons/(  cm2) ( s e c )  . 

The i r r a , d i a t i o n  

Returning t o  F igure  3, we should then  recognize that  t h e  time 
s c a l e  f o r  t h e  Curium I1 i r r a d i a t i o n  w i l l  be g r e a t l y  reduced s o  that  
i t  occupies  a per iod  of  time comparable t o  tha t  f o r  Curium I. However, 
i n  terms of exposure u n i t s ,  t h e  shape of the s e t  of curves  on the r igh t  
f o r  plutonium i s o t o p e s  w i l l  no t  be a l tered.  
curves  on the l e f t  w i l l  be s h i f t e d  t o  a lower base  poin t ,  bu t  t h i s  can 
be compensated by a s l i g h t  i n c r e a s e  i n  t o t a l  exposure.  

The americium and curium 

The exposure w i l l  cont inue  u n t i l  t he  242Pu and the 243Am approach 
a s t e a d y - s t a t e  condi t ion .  
s t eep ly ,  b u t  the exposure w i l l  be terminated when the  d e s i r e d  produc- 
t i o n  of 3 ki lograms has been achieved wi th  an adequate  margin. 

The 244Cm curve w i l l  s t i l l  be ascending 

A f t e r  t h e  Curium I1 i r r a d i a t i o n ,  t h e r e  might be two p o s s i b l e  
p lans  f o r  f u r t h e r  programs. I n  the f irst ,  l a r g e - s c a l e  product ion of 
244Cm might cont inue  w i t h  a f u l l  p i p e l i n e .  242Pu and 243Am would be 
cont inuous ly  recycled,  whi le  curium would be sepa ra t ed  and p u r i f i e d  a s  
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shown i n  Figure 6. 
byproducts.  
mately, plutonium that  is r i c h  i n  the heav ie r  i so topes  might be obta ined  
from the power r e a c t o r  program f o r  use as t h e  f eed .  

Berkelium and ca l i forn ium might be recovered as 
23sPu could cont inue t o  be the b a s i c  feed  material. U l t i -  

LARGE-SCALE PRODUCTION OF CURIUM 

A I 

By produc t s 
239pu Fuel .( Separations 1 

Processes 
Reactors 

Targets FIGURE 6 

In  an a l t e r n a t i v e  plan,  the p i p e l i n e  m i g h t  be dra ined  t o  support  
The a more ambit ious r e s e a r c h  e f f o r t  on the t ransplutonium elements.  

amount of material a v a i l a b l e  f o r  such an e f f o r t  will be t en  times as 
g r e a t  as tha t  a v a i l a b l e  from t h e  t ransplutonium campaigns. 

Regardless  of the d i r e c t i o n  chosen, t h e  a v a i l a b i l i t y  of t r ans -  
plutonium elements w i l l  be s i g n i f i c a n t l y  inc reased .  

The t ransplutonium resea rch  programs have con t r ibu ted  impor tan t ly  
The t e r t i a r y  amine e x t r a c t i o n  system t o  the curium product ion e f f o r t .  

(Tramex process)  o r i g i n a l l y  developed a t  Oak Ridge is a v a i l a b l e  f o r  
the recovery of americium and curium. 
on a min ia tu re  s c a l e  a t  Savannah River  and, i n  c o l l a b o r a t i o n  w i t h  Oak 
Ridge, has been f u r t h e r  improved. 
t o  process  gram q u a n t i t i e s  of curium and t o  pave t h e  way f o r  a l a r g e r  
f a c i l i t y  i n  the Savannah River Laboratory t o  process  the 3 kilograms. 

This process  has been demonstrated 

The min ia tu re  f a c i l i t y  has been used 
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1 1 1 

I; a To provide a d i r e c t  comparison wi th  Table -1, we have prepared 
Table 11, which shows the r e s u l t s  that  might be expected from t h e  com- 

I p l e t i o n  of t he  Curium I1 program. Comparison wi th  Table  I i n d i c a t e s  
1 that  the abundance of transplutonium s t a r t i n g  m a t e r i a l s  i s  inc reased  

by a f a c t o r  of about 10. I 
1 

TABLX I1 

Main Products of Curium I1 

Reactor Sepa.ra.tions $ 
Yield, g Yield, g Recovery 

242Pu 12500 12000 96 
3 100 2 800 90 

2 4 4 ~ m  3300 3000 90 

2 4 3 h  

If the 244Cm production program cont inues,  one of the important 
o b j e c t i v e s  w i l l  be t o  recover  the  berkelium and cal i fornium. 
s c a l e  t e s t s  ha,ve shown that  t h i s  i s  f e a s i b l e .  I n  a s t e a d y - s t a t e  curium 
production program, one should expect t o  get about 5 t o  10 mill igrams 
of 252Cf p e r  kilogram of 244Cm produced. 

Laboratory- 

CONCLUSIONS 

I n  summary, the r e s u l t s  of t he  Savannah River a c t i v i t y  tha t  are 
m o s t  p e r t i n e n t  t o  the transplutonium program are: 

1. 

2. 

3 .  

The time s c a l e  of the o v e r - a l l  program has been 
s i g n i f i c a n t l y  compressed. 

I n  the immediate fu tu re ,  the abundance of s t a r t i n g  
m a t e r i a l s  w i l l  be g r e a t l y  increased,  e i ther  as a 
r e s u l t  of a con t inu ing  product ion of 244Cm, o r  through 
i r r a d i a t i o n  of the byproducts of the p r e s e n t  p i l o t  
program. 

The high-flux mode of ope ra t ion  of the Savannah River 
r e a c t o r s  has been f i rmly  established and can be u s e f u l  
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f o r  a v a r i e t y  of purposes.  Oppor tuni t ies  t o  make more 
of t h e  t ransplutonium elements a r e  l i k e l y  t o  cont inue.  
FIU l e v e l s  i n  excess  of neutrons/(cm') ( s e c )  a r e  
poss ib l e .  

Thus, w e  have a s i t u a t i o n  i n  which b o t h  r e sea rch  and a p p l i c a t i o n  appea r  
t o  be  moving forward, hand-in-hand. The u l t i m a t e  p o t e n t i a l  i s  probably 
g r e a t e r  than  can be v i s u a l i z e d  from e i t h e r  t he  r e sea rch  o r  t h e  produc- 
t i o n  viewpoint a lone .  
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