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This i s  the  t h i r d  r epor t  i n  a s e r i e s  t h a t  i s  being issued 
semiannually t o  inform t h e  heavy-element community of t h e  s t a t u s  and 

t h e  f u t u r e  production plans of t h e  Transuranium Element Production 
Program a t  ORi iL.  The ob jec t ive  of t h e s e  r epor t s  is t o  provide i n f o r -  
mation t h a t  w i l l  enable use r s  of t h e  products t o  o b t a i n  t h e  maximum 

s e r v i c e  from the  production f a c i l i t i e s  a t  O R N L .  Production plans and 
schedules are d e f i n i t e l y  e s t a b l i s h e d  only f o r  t h e  s h o r t  term; long- 

range plans can be (and are)  markedly influenced by feedback from 
resea rche r s .  

The t o t a l  amounts o f  transuranium elements processed during t h e  

per iod January 1, 1969, t o  June 30,  1969, a r e  (approximately) : 0 . 3  g 
of 243Am, 1 7  g o f  2 4 4 C m ,  9 .2  mg o f  252Cf, 1 . 2  mg of 249Bk,  86 pg of 

2 5 3 E s ,  and l o 8  atoms of 257Fm.  We made 50 shipments, which t o t a l e d  

(approximately) 0.29 g of  242Pu, 1 2  g of 2 4 3 A m ,  4 g of 2 4 4 C m ,  41 pg 
of 245cm (75% 245cm), 2 1  pg of 2 b 7 c m  (20% 2 4 7 ~ m )  , 77 pg of 2 4 8 ~ m  (90% 
248Cm), 750 ug of  249Bk,  60 pg of i s o t o p i c a l l y  pure 2 4 9 C f ,  600 pg of 

252Cf i n  a mixture of  cal i fornium i s o t o p e s ,  44 ug of 2 5 2 C f  t h a t  had 
been i r r a d i a t e d  t o  99% 252Cf, 17 pg of i s o t o p i c a l l y  pure 2 5 3 E s ,  69 ug 
of i 53Es  containing some 2 5 4 E s  and 2 5 5 E s ,  and l o 8  atoms o f  257Fm.  

We a n t i c i p a t e  t h e  production o f  about 7 .8  mg of 249Bk, 78 mg of 

252Cf, 375 pg of 2 5 3 E ~ , a n d  1 x l o 9  atoms of 257Fm during t h e  next 
e ighteen months. We expect t o  produce a t o t a l  of about 1 g of c a l i -  
fornium by about 1973. 

The sequence of process s t e p s  cu r ren t ly  being used a t  TRU i s  p re -  
s en ted ,  and t h e  s t a t u s  of each s t e p  i s  summarized. The s t e p s  a r e  as 

follows: (1) a feed s o l u t i o n  i s  prepared by d i s so lv ing  i r r a d i a t e d  
t a r g e t s ;  (2) t h e  plutonium is recovered using a batch solvent  e x t r a c -  

t i o n  process (Pubex) ; (3) t h e  transplutonium elements a r e  decontaminated 
from f i s s i o n  products by countercurrent  so lven t  e x t r a c t i o n  (Tramex); 

(4)  t h e  americium and curium a r e  separated from t h e  transcurium elements 
by ion exchange o r  so lven t  e x t r a c t i o n ;  (5) t h e  transcurium elements a r e  

sepa ra t ed  from each o t h e r  by chromatographic e l u t i o n  with a-hydroxyiso- 
b u t y r a t e  from a high-pressure ion exchange column; (6) t h e  plutonium, 



vi 

americium, and curium are made into oxides (in the form of microspheres), 

using a sol-gel technique; and (7 )  the microspheres are fabricated into 
HFIR targets, by remote means, for reirradiation to produce more trans- 

curium elements. 

Services are also available at TRU by which special materials not 

normally produced in main-line efforts can be prepared. 

containing 253Es were prepared and irradiated in the HFIR to produce 

39.3-hr 254mEs for use at ANL in studying the energy level structure 
of the decay product, 250Bk. A neutron source, containing 100 vg of 
252Cf, was fabricated for the Oak Ridge Associated Universities. 

source will be used in their training program. 

Four rabbits 

This 

The values that we use for transuranium-element decay data and for 

cross-section data in planning irradiation-processing cycles, calculat- 

ing production forecasts, and assaying products are tabulated in the 

Appendix. 

, 
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1. INTRODUCTION 

c 

. 

1,2 
This i s  t h e  t h i r d  r e p o r t  i n  a s e r i e s  t h a t  i s  beir,g( issued 

semiannually t o  inform t h e  heavy-element community of t h e  s t a t u s  and 

t h e  f u t u r e  production plans of t h e  Transuranium Element Production 

Program a t  ORNL. 

mation t h a t  w i l l  enable u s e r s  of t h e  products t o  ob ta in  t h e  maximum 

s e r v i c e  from t h e  production f a c i l i t i e s  a t  ORNL.  

schedules a r e  d e f i n i t e l y  e s t ab l i shed  only f o r  t h e  s h o r t  term; lonR- 
range plans can be (and a re )  markedly influenced by feedback from 

resea rche r s .  

The o b j e c t i v e  of t h e s e  r e p o r t s  is  t o  provide i n f o r -  

Production p l ans  and 

TRU operat ions during t h e  r e p o r t  period a r e  summarized. Ouan t i t i e s  
of m a t e r i a l s  t h a t  were produced, processed, and shipped are s p e c i f i e d ,  

and proposed processing schedules and a n t i c i p a t e d  y i e l d s  of var ious 
products a r e  presented.  

as input  d a t a  f o r  t h e  c a l c u l a t i o n s  of production ra tes  f o r  transuranium 

elements, alonp with a t a b u l a t i o n  of t h e  parameters which were used t o  

c a l c u l a t e  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  isotopes t h a t  a r e  of i n t e r e s t  

t o  TRU,  a r e  included i n  t h e  Appendix. Special  processinR, f a b r i c a t i o n ,  
and i r r a d i a t i o n  programs a r e  descr ibed.  

Values of nuclear  parameters which were used 

2 .  PROCESSING SUMMARY AND PRODUCTION ESTIMATE 

The i s o t o p i c  concentrat ions of t h e  va r ious  transuranium elements 
a r e  not cons t an t ,  but  a r e  funct ions of i r r a d i a t i o n  h i s t o r i e s  and decay 
t imes.  
ma te r i a l  balances f o r  t h e  i s o t o p i c  mixtures u s u a l l y  handled i n  T R U .  

Thus w e  u sua l ly  t r a c e  curium by t h e  i so tope  2 4 4 C m .  

i n s t ances ,  242Pu, 243Am, 249Bk,  2 5 2 C f ,  and 2 5 3 E ~  a r e  t h e  isotopes used 

f o r  t r a c i n g  t h e  corresponding elements. 
we a r e  d i scuss ing  mixtures of isotopes when we do not s t i p u l a t e  " iso-  

t o p i c a l l y  pure.  

We have s e l e c t e d  one i so tope  of each element t o  use i n  making 

Except i n  s p e c i a l  

Throughout t h i s  r e p o r t  s e c t i o n ,  

. 
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2 . 1  Processing Summary 

Only one major processing campaign, i n  which s i x  r e c y c l e  curium 
t a r g e t s  were processed, was completed during t h e  p a s t  s i x  months. 
curium t a r g e t s  had been f a b r i c a t e d  i n  t h e  remote t a r g e t  f a b r i c a t i o n  

equipment i n  TRU, us ing previously prepared americium-curium oxide 
powder ( i . e . ,  powder t h a t  had been prepared during developmental 

work on t h e  curium s o l - g e l  p rocess ) . ?  
t a i n e d  4.4 g of  244Cm,  0 .3  g of heav ie r  curium i so topes ,  and 0 .8  
of 243Am. The product s o l u t i o n s  contained approximately 0.3 of  
243Am, 17 g of 244Cm,  1 . 2  mg of 249Bk,  9.2 mg of 2 5 2 C f ,  and 68 ug 

The 

Each t a r g e t  o r i g i n a l l y  con- 

of 253ES.  

About 18 ug of e insteinium was recovered from about 2 . 3  mg of 
2 5 2 C f  t h a t  had been i r r a d i a t e d  i n  t h e  HFIR hydrau l i c  r a b b i t  f a c i l i t y .  

Approximately 2 mg of  2 5 2 C f  was recovered. 

F i f t y  shipments were made from TRU ( see  Table 2.1)  dur ing t h e  
p a s t  s i x  months. The following products were included: (1) 0.29 g 

of 242Pu; (2) 11.86 g of  243Am and 2.97 g of 244Cm t h a t  had been 

separated and p u r i f i e d ;  (3)  1.00 g of 244Cm t h a t  contained about 
16% 246Cm;  (4) 41 pg of 245Cm (1.75% 245Cm), 2 1  p g  of  247Cm (1.20% 
247Cm), and 77 pg of  248Cm ( ~ 9 0 %  248Cm) t h a t  had been i s o t o p i c a l l y  
enriched i n  t h e  ca lu t rons  a t  t h e  Y - 1 2  P l an t ;  (5) 750 pg of 249Bk; 

(6) 60 pg  of  2 4 9 C f  ( i s o t o p i c a l l y  pure) t h a t  had been "milked" from 
249Bk; (7) 603 pg of 252Cf i n  a mixture of  cal i fornium i so topes  (75 t o  
80% 252Cf);  (8) 43.85 pg of  2 5 2 C f  t h a t  had been i r r a d i a t e d  t o  99% 

2 5 2 C f ;  (9) 16.5 pg of 253Es  ( i s o t o p i c a l l y  pure) t h a t  had been "milked" 

from cal i fornium; (10) 68.6 ug of  2 5 3 E s  containing some 2 5 4 E s  and 

2 5 5 E s ;  and (11) l o 8  atoms of 257Fm. 

An inventory made a t  t h e  end of  t h i s  r e p o r t  per iod showed t h a t  
we now have t h e  fol lowing transuranium m a t e r i a l s  (exclusive of HFIR 

t a r g e t s )  on hand: 
0 .3  mg of 249Bk, 3 .9  mg of 2 5 2 C f ,  and 22 pg of 2 5 3 E s .  

1 2  g of 242Pu, 148 g of 243Am, 184 g of  244Cm,  
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Table 2.1. Distribution of Heavy Elements 
from the Transuranium Processing Plant 

During the Period January 1, 1969, to June 30, 1969 

Major Nuclide 
Shipped t o  

Date Individual Site 

Plutonium-242, g 

0.29 
0.29 
- 

Americium-243, g 

4.11 
1.07 
6.68 
11.86 

Curium-244, g 

0.40 
2.00 
0.45 
0.12 
2.97 
- 

Curium- 244 
(16% 246Cm content), g 

1.00 
1.00 
- 

Curium 
lisotoDicallv enriched) 

6-12-69 Prod. Support ORNL-TRU 

6-27-69 J .  G. Povelites LASL 
6-27-69 R. 0 .  Budd PNL 
6- 27-69 L. K. Hurst ANL 

1-21-69 Prod. Support ORNL-TRU 
2-19-69 T. D. Chikalla PNL 
4-21-69 Isotopes Sales ORNL 
6-12-69 Prod. Support ORNL-TRU 

6-17-69 F .  B. Simpson I NC 

41 pg of 245Cm (~75% 245Cm) 6-20-69 B. C. Diven 
21, ug of 247Cm (%20% 247Cm) 6-20-69 B. C. Diven 
77 pg of 248Cm ( ~ 9 0 %  248Cm) 6-20-69 B. C. Diven 

LASL 
LASL 
LASL 
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Table 2.1 (continued) 

Major Nuclide 
Shipped to 

Date Individual Site 

Berkelium-249, ug 

0.1 

130 
130 
130 
160 

150 
50 
750.2 

0.1 

Californium-249 
(isotopically pure), pg 

50 
10 
60 
- 

Californium-252. ue 

2- 17-69 

4-07-69 
4-07-69 
4-07-69 
4- 2 1-69 
4-29-69 
5-29-69 
6-10-69 

5-29-69 
6-10-69 

G. R. Choppin 

P. R. Fields 
T. C. Parsons 
R. W. Hoff 
0. L. Keller 
Prod. Support 
P. A. Penneman 
M. L. Hyder 

R. A. Penneman 
B. B. Cunningham 

Fla. St. 
University 
ANL 
LRL-B 
LRL - L 
ORNL-TRL 
ORNL-TRU 
LASL 
SRP 

LASL 
LRL- B 

10 
260 

10 
100 
2 13 

0.2 
10 

603.2 

1-07-69 Prod. Support ORNL-TRU 
5-06-69 J. L. Cason PNL 
5-08-69 Isotopes Sales ORNL 
5-14-69 H. E. Banta ORAU 
5-15-69 A. G. Evans SRL 
5-29-69 R. A. Penneman LASL 
6-12-69 Prod. Support ORNL -TRU 
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Table 2.1 (continued) 

Ma j o r  Nuc 1 ide 
Shipped to 

Date Individual Site 

Californium-252 
(irradiated to 99% 252Cf), pg 

2 
10 
0.75 
9 
1.1 
1 
20 
43.85 

2-11-69 C. E .  Bemis ORNL-TRL 
3-19-69 Isotopes Sales ORNL 
4-24-69 Prod. Support ORNL-TRU 
4-28-69 C. E. Bemis ORNL-TRL 
6-11-69 R .  L .  Hahn ORNL -TRL 
6-11-69 M. S.  Moore LASL 
6-11-69 Isotopes Sales ORNL 

Einsteinium-253 
(isotopically pure), pg 

8 
0.01 
0.5 (irradiated) 
1.5 (irradiated) 
2.5 (irradiated) 
4.0 (irradiated) 
16.51 

Einsteinium-253. UE 

2 
2 
17 
17 
23 
3.8 
3.8 
68.6 

Fermium-257, atoms 

4-08-69 R .  W. Hoff 
4-09-69 C. E. Bemis 
4-21-69 H. Diamond 
5-05-69 H. Diamond 
5-26-69 H. Diamond 
6-09-69 H. Diamond 

LRL-L 
ORNL -TRL 
ANL 
ANL 
ANL 
ANL 

2-26-69 T. C. Parsons LRL-B 
2-28-69 D. C. Hoffman LAS L 

2-28-69 P.  R .  Fields ANL 
2-28-69 R. W. Hoff LRL-L 

3-13-69 0. L .  Keller ORNL-TRL 
6-27-69 B. B .  Cunningham LRL-B 
6-27-69 R .  J .  Silva ORNL-TRL 

%1 x 108 2-28-69 E. K. Hulet LRL - L 
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2.2 I r r a d i a t i o n  and Processing Proposals 

The es t imated  f u t u r e  product ion r a t e s  of transcurium elements are 
given i n  Table  2.2.  
on t h e  assumption t h a t  80% of a l l  of t h e  curium i so topes  t h a t  are 
recovered dur ing  each processing campaign a r e  recycled t o  t h e  HFIR 

f o r  t ranscurium element product ion.  
s t i t u t e  product shipments (which inc lude ,  i n  some cases ,  mass sepa ra t ion  
i n  t h e  ca lu t rons  t o  concent ra te  heavy i so topes )  and processing l o s s e s .  

Seven i r r a d i a t e d  plutonium t a r g e t s  w i l l  be  processed i n  September 

The es t imate  of ca l i forn ium product ion is  based 

The o t h e r  20% is assumed t o  con- 

1969. 

244Cm (23 g of t o t a l  curium), 1.1 mg of 249Bk, 11 mg of 2 5 2 C f ,  and 
50 ug of 2 5 3 E ~  from t h e s e  t a r g e t s .  

In February 1970 we w i l l  process  fou r t een  i r r a d i a t e d  plutonium 
t a r g e t s  t o  recover  100 ug of 253Es f o r  u se  as a c c e l e r a t o r  t a r g e t  mater- 

i a l .  This  m a t e r i a l  w i l l  be  used t o  produce unusual i so topes .  Recovery 

of about 4 g of 242Pu, 2 g of 243Am, 30 g of 244Cm,  2 .2  mg of 249Bk, 

and 22 mg of  2 5 2 C f  is a n t i c i p a t e d .  

a r e  expected t o  produce 4 g of curium (26% 246Cm and 2.2% 248Cm), 0.7 mg 

of 249Bk, 7 mg of  2 5 2 C f ,  and 35 pg of 2 5 3 E s .  

We expect t o  recover  3.7 g of 242Pu, 1.6 g of 243Am, 19 R of 

Two second-cycle curium t a r g e t s  t h a t  w i l l  be  processed i n  May 1970 

We p lan  t o  process  t h r e e  i r r a d i a t e d  plutonium t a r g e t s  i n  J u l y  1970, 

t e n  i r r a d i a t e d  plutonium t a r g e t s  i n  November 1970, and four  second-cycle 
curium t a r g e t s  and one th i rd -cyc le  curium t a r g e t  i n  December 1970. The 
f i r s t  t h r e e  plutonium t a r g e t s  w i l l  conta in  0 .5  g of 242Pu, 0 .3  g of 
243Am, and 6 g of 244Cm; t h e  second group of plutonium t a r g e t s  ( i . e . ,  t e n  

t a r g e t s )  w i l l  conta in  25 g of 242Pu, 9 g of 243Am, and 37 g of 244Cm.  
Because of d i f f e r e n c e s  i n  i r r a d i a t i o n  pe r iods ,  both of t h e s e  groups of 
t a r g e t s  w i l l  conta in  t h e  same amounts of t ranscurium elements: 0 .3  mg 

of 249Bk, 3 mg of 252Cf, and 15 ug of 253Es. 

(24.4% 246Cm and 2 . 1 %  248Cm), 2.5 mg of  249Bk, 25 mg of  252Cf, and 
125 p g  of 253Es. The th i rd -cyc le  curium t a r g e t  w i l l  conta in  2.5 g of 

curium (23% 246Cm and 3.3% 248Cm) 0 .7  mg of 249Bk, 7 mg of 252Cf, and 
35 p g  of 253Es. 

The fou r  second-cycle curium t a r g e t s  w i l l  conta in  16 g of curium 

. 
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Table 2.2. Estimated Future Production of Transcurium Elements 

Period 

252~f Production Products of Campaigns 

249Bk 252Cfa 253Esb Period Cumulative Date Products 
Processing Campaign (mg 1 (mg) ( U P )  (mg) (me) Available 

Through June 1969 

July - December 1969 

January - June 1970 

July - December 1970 

1971 

1972 

1973 

1974 

7 Pu targets 1.1 11 50(10) -1 

14 Pu targets 2.2 22 lOO(20) 
2 Cm targets (second cycle) 0.7 7 35(7) 29 

3 Pu targets 0.3 3 15(3) 
10 PU targets 0.3 3 15(3) 
4 Cm targets (second cycle) 2.5 25 125(25) 
1 Cm target (third cycle) 0.7 7 35 (7  1 38 

1.150 

1.300 

1.450 

4 0 0  

20 

31 October 1969 

February 1970 
60 May 1970 

4 July 1970 
November 1970 
December 1970 

98 December 1970 

2.250 

2.500 

2.1000 

1.1500 

&Present policy is to reirradiate all californium to burn out heavier isotopes so that isotopically pure 248Cm can be 
recov red. 

californium product fraction after decay period is given in parentheses. 

Handling and irradiation losses will reduce listed amounts by about 20%. 
The first number shown indicates the amount obtained in the initial separation. The amount "milked" from the % 
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2 . 3  Estimates of the Availability of Transuranium Elements 

Although plutonium, americium, and curium are usually considered 

to be intermediate feed materials rather than products, we have puri- 

fied and distributed isotopes of these elements (primarily 242Pu, 243Am, 

and 244Cm). 

curium isotopes, 246Cm, 247Cm, and 248Cm, for experimental work. 

ever, these isotopes are very fertile feed materials for the production 

of transcurium elements, and the production rate of transcurium ele- 

ments would be drastically reduced if a large fraction of the available 

heavy curium isotopes were removed from the production line. 

We also expect to provide small quantities of the heavy 
How- 

2 . 3 . 1  Berkelium 

About 7.8 mg of 249Bk will become available during the next 18 
months: 1.1 mg in October 1969, 2 . 2  mg in February 1970, 0.7 mg in 

May 1970, 0 . 3  mg in July 1970, 0 . 3  mg in November 1970, and 3 . 2  mg 

in December 1970. 

2 . 3 . 2  Californium 

We expect to produce 78 mg of 252Cf contained in a mixture of 

californium isotopes (about 80% 2S2Cf) during the next 18 months: 

11 mg in October 1969, 22 mg in February 1970, 7 mg in May 1970, 3 

mg in July 1970, 3 mg in November 1970, and 32 mg in December 1970. 

The production of isotopically pure 249Cf by "milkingtt 249Bk is 

not anticipated in the next 18 months because we expect to ship all 

of the berkelium as soon as it becomes available. 

2 . 3 . 3  Einsteinium 

We expect to recover 50 pg of 253Es (about 0 .3% of 254Es and 

0.06% 2 5 5 E s )  in October 1969, 100 pg in February 1970, 35 pg in May 

1970, 15 pg in July 1970, 15 pg in November 1970, and 160 pg in 
December 1970. 
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After the mixture of einsteinium isotopes has been separated from 

it, the purified californium will be stored to allow 253Es to "grow 
in" from the decay of 253Cf. This second-growth 2 5 3 E s  will then be 
recovered. About 10, 20 ,  7, 3, 3, and 32 pg  of isotopically pure 

2 5 3 E s  will be "milked" from the californium that will be isolated in 

October 1969, February 1970, May 1970, July 1970, November 1970, and 

December 1970, respectively. 

2 . 3 . 4  Fermium 

Each batch of recovered californium will contain about 1.5 x lo7 

atoms of 257Fm per milligram of 252Cf. Thus, about 1.7 x lo8 atoms 

will be available in October 1969, 3.3 x lo8 atoms in February 1970, 
1 x lo8 atoms in July 1970, 4.5 x lo7 atoms in July 1970, 4 . 5  x lo7 

atoms in November 1970, and 4.8 x lo8 atoms in December 1970. 

3. PROCESSES AND EQUIPMENT 

The processes and equipment that are used in TRU are constantly 

being modified as our knowledge increases. 

from trivial changes (i .e., changing the concentration of a process 

stream) to significant ones (i.e., using a completely new process to 

perform one of  the processing steps). 

These modifications range 

Figure 3.1 is a block diagram showing the processing steps that 

are required for transuranium element production. 

(1) the preparation of a feed solution by dissolving irradiated targets; 

( 2 )  the recovery of plutonium; (3) the decontamination of the trans- 
plutonium elements from fission products; (4) the separation of americium 

and curium from the transcurium elements; (5) the separation and puri- 

fication of berkelium, californium, einsteinium, and fermium; (6) the 

preparation of americium-curium oxide microspheres; and (7) the fabri- 

cation of  targets to be irradiated in the HFIR. 

These steps are: 
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TRANS- PLUTONIUM 
REMOVAL 
(PUBEX) PLUTONlUM 

ACTINIDE 
LANTHANIDE 
SEPARATION 
(TRAMEX) 

TRANS- 
CURIUM ION EXCHANGE 

[ SHIPPING 1 

ACT I N IDE 
PARTITIONING 

Fig. 3.1. Processing Steps Used for Transuranium Element Production. 

OX I DE 
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FA B R I CAT IO N 
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3 . 1  Target Dissolut ion 

We succeeded i n  inc reas ing ,  by a f a c t o r  of 10,  t h e  r a t e  a t  which 

t h e  c a u s t i c - n i t r a t e  dejacket ing s o l u t i o n  was pumped from t h e  d i s s o l v e r ,  

T-70, by using a l a r g e r  f i l t e r  and by reducing t h e  concentrat ion of 

NaOH and NaN03 by a f a c t o r  of 2 .  
as t h e  c a u s t i c  de j acke t ing  s o l u t i o n .  Laboratory t e s t s  have shown 

t h a t  t h i s  s o l u t i o n  has adequate capac i ty  f o r  d i s so lv ing  aluminum, i s  

less dense, and, most important ly ,  i s  much less viscous than t h e  6 M 

NaOH--3 M NaN03 s o l u t i o n  used previously.  

We now use  3 M NaOH--1.5 M NaN03 - - 

- 
- 

Six  r e c y c l e  curium t a r g e t s ,  each of which o r i e i n a l l y  contained 

4.4 g of 2 4 4 C m ,  0 . 3  g of heav ie r  curium i so topes ,  and 0 .8  g of 243Am 

were dissolved during t h i s  r epor t ing  per iod.  

3.2 Recovery of Plutonium 

No changes have been made i n  t h e  Pubex batch solvent  e x t r a c t i o n  

process.  

cu r ren t  r epor t ing  pe r iod .  
within t h i s  per iod d id  not contain any valuable  plutonium. 
t h e  Pubex processing s t e p  was used simply t o  remove r ad io iod ine  from 

t h e  feed s o l u t i o n  p r i o r  t o  Tramex solvent  e x t r a c t i o n .  
almost q u a n t i t a t i v e l y  t o  t h e  solvent  i n  t h e  Pubex process .  
used f o r  performing t h e  Pubex e x t r a c t i o n  are vented through an off-gas  
t reatment  system ( see  Sec t .  3.10) t h a t  removes iod ine ,  but  t h e  equip- 
ment f o r  subsequent processing s t e p s  i s  vented t o  t h e  main VOG header 
i n  such a manner t h a t  t h e  t reatment  system i s  bypassed. 

However, we d i d  use  it f o r  an unusual purpose during t h e  

The s i x  curium t a r g e t s  t h a t  were processed 
Therefore,  

Iodine r e p o r t s  
The tanks 

3 .3  Firs t -Cycle  Solvent Extract ion Process (Tramex) 

The Tramex so lven t  e x t r a c t i o n  process  has not been modified s i n c e  

t h e  previous r e p o r t .  
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3 . 4  P a r t i t i o n i n g  of  Act inides  

Permanent metal equipment (tantalum) was i n s t a l l e d  and used f o r  
t h e  LiC1-based anion exchange process  f o r  s epa ra t ing  t h e  transcurium 

elements from americium and curium. A l l  t h e  product c u t s  were made, 
based on i n - l i n e  alpha monitoring of  t h e  column e f f l u e n t  and on neutron 
and gamma scans of t h e  r e s i n  column. 

c o l o r  from n i c k e l  during i t s  e l u t i o n  and t h e  red glow from t h e  curium 
band on t h e  column were not needed. 

Such i n d i c a t i o n s  as t h e  green 

3 . 5  Separat ion of  Transcurium Elements 

To d a t e ,  no modif icat ions have been made i n  t h e  procedures t h a t  
are used t o  s e p a r a t e  and p u r i f y  t h e  transcurium elements. 

3 . 6  Preparat ion of  Act inide Oxides 

Most of t h e  americium and curium recovered from i r r a d i a t e d  t a r g e t s  

i s  incorporated i n t o  r ecyc le  t a r g e t s  ( i n  t h e  form of americium-curium 
oxides i n  pressed aluminum p e l l e t s ) ,  which are  subsequently i r r a d i a t e d  

i n  t h e  H F I R  t o  produce transcurium elements. We are developing a s o l -  
g e l  process  f o r  preparing the  oxides and have produced 10 g of oxide 

( 6 . 8  g of 244Cm) t h a t  was s u i t a b l e  f o r  incorporat ion i n t o  t a r g e t s .  
However, product y i e l d s  have been low (40 t o  60%), and it has been 

necessary t o  g r ind  t h e  oxide t o  o b t a i n  t h e  d e s i r e d  p a r t i c l e  s i z e  d i s -  
t r i b u t i o n .  Out-of-cel l  s t u d i e s  have ind ica t ed  t h a t  some equipment 
modif icat ions w i l l  improve both t h e  product y i e l d  and t h e  p a r t i c l e  
s ize  d i s t r i b u t i o n .  

The process  involves  t reatment  of  t h e  americium-curium product ,  
from e i t h e r  t h e  LiC1-based anion exchange process  o r  t h e  Hepex so lven t  
e x t r a c t i o n  process ,  by o x a l a t e  p r e c i p i t a t i o n  t o  remove l i t h ium.  

p u r i f i e d  material i s  converted t o  a feed t h a t  i s  0 .1  M - i n  HNO3 and 
0 .1  M - i n  a c t i n i d e s .  

t i o n  t o  form a p r e c i p i t a t e  t h a t  i s  washed, using a f luidized-bed 
technique, and i s  concentrated and d iges t ed  t o  form a s o l .  The s o l  
i s  then converted t o  g e l  p a r t i c l e s  by a g i t a t i o n ,  i n  t h e  presence of 

Th i s  

The feed s o l u t i o n  is  added t o  an 8 M - NHL,OH so lu -  
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a drying so lven t ,  i n  a s t i r r e d  p o t .  
1150°C t o  g ive  oxide p a r t i c l e s ,  which a r e  s i z e d  (and ground i f  neces- 

sary)  and incorporated i n t o  t a r g e t s .  

The ge l  p a r t i c l e s  are  calcined a t  

Feed Preparat ion.  - Oxalate p r e c i p i t a t i o n  involves concentrat ing 

a s o l u t i o n  containing from 10 t o  20 g of a c t i n i d e s  t o  a volume of 2 t o  

3 l i t e rs  and a d j u s t i n g  t h e  a c i d  concentrat ion t o  1 M ,  us ing NH40H. 
One l i t e r  of  0 . 8  M o x a l i c  ac id  i s  added a t  t h e  r a t e  of about 100 ml/min 
t o  t h e  s t i r r e d  s o l u t i o n ,  and then water is  added t o  g ive  a f i n a l  vo l -  

ume of 4 l i t e r s .  The r e s u l t a n t  s l u r r y ,  which is  about 0 . 5  M i n  ac id - -  
0 .2  - M C2H2O4, i s  d iges t ed  a t  45OC f o r  20 min and then cooled t o  about 
25°C. The a c t i n i d e  o x a l a t e  p r e c i p i t a t e  is  c o l l e c t e d  on a medium-frit 
g l a s s  f i l t e r  and washed, using 0 . 5  l i t e r  of 0 . 5  M HN03--0.2 M C2H2O4. 

The f i l t e r  i s  kept flooded t o  prevent d e s t r u c t i o n  of t h e  oxa la t e  p re -  
c i p i t a t e  by r a d i a t i o n  hea t ing .  
i n  a small volume of concentrated HNO,. If a d d i t i o n a l  p u r i f i c a t i o n  

is  r equ i r ed ,  t h e  process i s  repeated,  beginning with t h e  p a r t i a l  neu- 
t r a l i z a t i o n  using NH4OH. 

- 
- 

- 

- - 

The s o l i d s  on t h e  f i l t e r  are dissolved 

After t h e  f i n a l  oxa la t e  p r e c i p i t a t i o n  s t e p ,  t h e  oxa la t e  i s  destroyed 

by adding H202 continuously t o  t h e  b o i l i n g  ac id  s o l u t i o n  over a per iod 
of  s eve ra l  hours.  

Feed Adjustment. - Although n i t r i c  acid with a concentrat ion of 

4 - M o r  g r e a t e r  i s  r equ i r ed  t o  d i s s o l v e  t h e  o x a l a t e  p r e c i p i t a t e ,  t h e  

acid concentrat ion t h a t  i s  des i r ed  f o r  t h e  sol-forming s t e p  is  only 
0 .1  - M .  Therefore,  t h e  excess a c i d  i s  removed hy p r e c i p i t a t i n g  t h e  
a c t i n i d e s  using NH40H, c o l l e c t i n g  t h e  p r e c i p i t a t e  on a f i l t e r ,  and 
washing it  with water t o  remove most of t h e  NH4N03 and excess NH40H. 
The p r e c i p i t a t e  i s  then d i s so lved  i n  0 . 1  M HNO3 t o  give a feed so lu -  
t i o n  t h a t  i s  about 0 . 1  M i n  a c t i n i d e s .  

- 
- 

Sol Preparat ion.  - The feed is  added t o  8 M NHhOH, which i s  a g i -  - 
t a t e d  vigorously,  i n  a conical  v e s s e l .  The r e s u l t i n g  p r e c i p i t a t e  of 
americium and curium hydroxides i s  f l u i d i z e d  and washed continuously 
with water.  The washed p r e c i p i t a t e  i s  allowed t o  s e t t l e ,  t h e  super- 

n a t e  i s  removed, and t h e  remaining s l u r r y  i s  concentrated and diRested 

t o  form about 100 m l  of s o l .  
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During t h e  r ecen t  product ion runs,about  10 t o  20% of t h e  a c t i n i d e s  
was l o s t  ( t o  rework) during t h e  washing s t e p ,  and t h e  washing e f f l u e n t  
was usua l ly  cloudy. 

process  development runs i n  which t h e  washing e f f l u e n t  was spa rk l ing  
c l e a r  and product  l o s ses  were about 3%. 
f o r  t h i s  d i f f e r e n c e  i n  behavior .  

This  i s  a major var iance  from t h e  r e s u l t s  of t h e  

We have been unable  t o  account 

The s o l s  t h a t  were formed i n  subsequent processing were reasonably 
s t a b l e  and showed s a t i s f a c t o r y  c h a r a c t e r i s t i c s  during concent ra t ion .  

Formation of  Microspheres. - The equipment rack t h a t  was i n s t a l l e d  

i n - c e l l  contained a countercur ren t ,  so lvent  drying column with a two- 
f l u i d  nozz le  S imi l a r  

equipment had been used success fu l ly  during process  development; how- 
ever ,  we were not  a b l e  t o  ob ta in  s a t i s f a c t o r y  y i e l d s  of g e l  microspheres 
i n - c e l l  because of excessive coalescence o r  c l u s t e r i n g .  
a r e  s e v e r a l  important process  v a r i a b l e s  t h a t  would r e q u i r e  ex tens ive  

i n v e s t i g a t i o n ,  we were not  ab le  t o  immediately p inpoin t  t h e  cause of 
t h e  d i f f i c u l t y .  

f o r  use i n  forming g e l  microspheres from t h e  s o l .  

Because t h e r e  

We switched t o  a s t i r r e d - p o t  technique,  a f t e r  making pre l iminary  

s t u d i e s  with r a r e  e a r t h  s o l s .  
having t r o u b l e  with t h e  countercur ren t  column and because t h e  use  of 
a s t i r r e d  pot  e l imina ted  t h e  need t o  t r a n s f e r  t h e  concentrated s o l  t o  
a head tank ( fo r  feeding t h e  countercur ren t  column). This  change p re -  
vented a p o s s i b l e  product l o s s .  I n  t h e  s t i r r e d - p o t  technique,  t h e  
drying so lven t  (50% isoamyl alcohol--50% 2-ethylhexanol) i s  added t o  
t h e  s o l  i n  t h e  conica l  v e s s e l  i n  which t h e  s o l  i s  formed. Then t h e  
mixture i s  s t i r r e d  t o  form g e l  p a r t i c l e s .  

feed t o  t h e  sol-forming s t e p  i s  recovered as usable  oxide after gr ind-  

ing. 
s i n c e  continued s t i r r i n g  r e s u l t s  i n  usab le  products  even when poor 

opera t ion  ( s t i c k i n g  t o  t h e  walls or l a r g e  p a r t i c l e  formation) i s  obtained 
i n i t i a l l y .  

The change was made because we were 

About one-half  of t h e  

The r e s t  i s  recovered f o r  rework. This  technique i s  a t t r a c t i v e  

We have been making labora tory  s t u d i e s ,  us ing  r a r e  e a r t h  s o l s ,  t o  
f i n d  t h e  combination of mixing parameters ( a g i t a t o r  s i z e  and l o c a t i o n ,  

mixing speed,and t h e  use  of b a f f l e s )  t h a t  w i l l  g ive  us b e t t e r  p a r t i c l e  
s i z e  d i s t r i b u t i o n  and h igher  product y i e l d s .  

. 
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3 . 7  Fabricat ion of Targets  

Ten ordinary H F I R  t a r g e t s  arid two s p e c i a l  t a r g e t s  (Sect.  4.1) 

were f a b r i c a t e d  during t h i s  r e p o r t  pe r iod .  

t a r g e t s  contained 11.32 g of Pu02 (approximately 9 . 7  R of 242Pu) i n  

35 Pu02-aluminum p e l l e t s  pressed t o  80% of  t h e  t h e o r e t i c a l  d e n s i t y  of  
t h e  p e l l e t  core .  

Each of t h e  ordinary 

Eleven t a r g e t s  ( r a b b i t s )  were f a b r i c a t e d  f o r  i r r a d i a t i o n  i n  t h e  

HFIR hydrau l i c  r a b b i t  f a c i l i t y ;  one contained 249Bk 

2 5 3 E s  (Sect .  4 . 2 )  and fou r  contained 2 5 2 C f .  

s i x  contained 

3.8 I r r a d i a t i o n  of  2 5 2 C f  t o  Produce 2 5 3 E s  

Seven cal i fornium r a b b i t s  were i r r a d i a t e d  and processed during 

t h i s  r e p o r t i n g  per iod.  One r a b b i t ,  which contained 10 pg of 2 5 2 C f ,  

was i r r a d i a t e d  8 days i n  t h e  HFIR hydrau l i c  r a b b i t  f a c i l i t y  t o  pro- 

v ide  a d d i t i o n a l  information on t h e  c ros s  s e c t i o n s  of cal i fornium. 
The information obtained from t h i s  r a b b i t ,  i n  conjunction with t h e  d a t a  

from an e a r l i e r  r a b b i t  i r r a d i a t e d  f o r  3 days,  confirmed t h a t  t h e  

a c t i v a t i o n  cross  s e c t i o n  of 252Cf ( 0  ) was 20 barns .  
t h a t  t h e  t o t a l  d e s t r u c t i o n  c ros s  s e c t i o n  of 2 5 3 C f  (a,) is  on t h e  o rde r  

of 1300 barns (mainly f i s s i o n ) ,  suggest ing t h a t  t h e  h a l f - l i f e  o f  2 5 3 C f  

i n  t h e  r a b b i t  f a c i l i t y  i s  2.14 days. Since t h e  condi t ions of f a b r i -  
ca t ion  precluded a precise assay of 2 5 2 C f  l o s s ,  the absorpt ion c ros s  
s e c t i o n  of 2 5 2 C f  was not  measured. 

I t  a l s o  shows 
C 

Approximately 18 pg  of 2 5 3 E s  was recovered from t h e  i r r a d i a t i o n  
of about 2.3 mg of  2 5 2 C f  i n  t h e  H F I R  hydraul ic  r a b b i t  f a c i l i t y .  
2 mg o f  2 5 2 C f  was recovered. 
ium oxide microspheres i n  two heavi ly  loaded r a b b i t s  (1  t o  1 .5  mg of  
2 5 2 C f  each) t h a t  were i r r a d i a t e d  a t o t a l  of 10 days (four  i r r a d i a t i o n  

pe r iods ,  each of  which was separated by 10 t o  18 days t o  allow f o r  

2 5 3 C f  t o  decay t o  2 5 3 E s  without undergoing f i s s i o n ) .  

About 
The cal i fornium was impregnated i n  c e r -  
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3.9 Analysis of 252Cf by Neutron Activation of Aluminum 

The aluminum discs used for neutron activation analysis2 become 

contaminated during manipulations in the cell bank. 

by most radionuclides would be unimportant at the high energy (2.75 MeV) 

level at which the 24Na is detected; however, we have discovered that 

252Cf is an important source of contamination in this respect since the 

y-rays produced in spontaneous fission form a continuum that causes 

a significant rise in the background in the vicinity of the 2.75-Mev 
peak. 

culties by measuring the amount of californium contamination on each disc 

by neutron counting and then correcting the gamma decay rate for the 

californium-produced gamma emission. 

Contamination 

Now that we are aware of this, we can guard against future diffi- 

3.10 Iodine in TRU 

It is desirable to process irradiated targets very soon after 

they are removed from the HFIR in order to recover the maximum pos- 

sible amount of 253Es, which has a half-life of 20 days. The major 

obstacle to the processing of short-cooled targets is the presence 

of about 200 Ci of I3II in each target when it is discharged from 

the reactor. We have attempted to trap radioiodine by using heds 

of KI-impregnated charcoal. However, organic solvents in the off- 

gas streams quickly poison the charcoal against iodine retention. 

Significant amounts of 1 3 1 1  have been present in five process- 

ing campaigns. 

the targets contained 360 Ci of 1311, we still had not developed sat- 

isfactory iodine control measures. 

quantities to the atmosphere, we had been constantly faced with the 

possibility that some inadvertent release would force us to suspend 

operations at least temporarily. 

in a complete loss of the einsteinium by decay. 

After the fourth campaign, at the start of which 

Although we had not released large 

Such an incident would have resulted 
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The process  s t e p s  t h a t  had been shown t o  cause iod ine  t o  be 
r e l eased  were: (1) t r a n s f e r  of aged c a u s t i c  de j acke t ing  waste so lu -  
t i o n s  wi th in  t h e  p l a n t ,  ( 2 )  b o i l i n g  of iodine-bear ing a c i d  s o l u t i o n s  

during t a r g e t  d i s s o l u t i o n  and Pubex feed adjustment,  and (3) a i r  
sparging t o  con tac t  t h e  phases during t h e  Pubex batch e x t r a c t i o n  s t e p .  

Since t h e  transplutonium-element product f r a c t i o n  from t h e  Pubex s t e p  
was found t o  con ta in  only a few t e n t h s  of one percent  of t h e  iodine,we 
have not  i n v e s t i g a t e d  t h e  behavior of  i od ine  i n  subsequent processing 

s t e p s .  

The h igh ly  r a d i o a c t i v e  c a u s t i c - n i t r a t e  waste s o l u t i o n s  were found 

t o  con ta in  v o l a t i l e  forms of i od ine - -e spec ia l ly  a f t e r  being s t o r e d  
f o r  a few weeks. This i s  contrary t o  t h e  behavior observed f o r  non- 

r a d i o a c t i v e  c a u s t i c  s o l u t i o n s ,  i n  which iod ine  i s  found only i n  t h e  
nonvo la t i l e  i od ide  and ioda te  forms. 

In t h e  most r e c e n t  processing campaign, sodium hypochlor i te  (NaOC1) 

was added t o  t h e  waste c a u s t i c  s o l u t i o n s  t o  ox id i ze  t h e  iodine t o  t h e  

nonvo la t i l e  i o d a t e  or pe r ioda te  forms. 
so  e f f e c t i v e  t h a t  we were unable t o  v o l a t i l i z e  iodine from some of  t h e  

s o l u t i o n  during a tes t  of t h e  off-gas  treatment system. 
contrasted with our  experience i n  an ear l ie r  campaign i n  which, a f t e r  
an equivalent  aging per iod ( i . e . ,  about 3 weeks),almost 10% of  t h e  
contained iod ine  was r e l eased  from some dejacket ing waste by merely 
pumping it from one tank t o  another .  

This treatment proved t o  be 

This can be  

Modifications were made i n  p l a n t  p ip ing  t o  permit a l l  process  
and waste s o l u t i o n s  containing s i g n i f i c a n t  amounts of r ad io iod ine  
t o  be  handled and s t o r e d  i n  tanks t h a t  were vented through t h e  conden- 
sa te  c o l l e c t i o n  system serving t h e  d i s s o l v e r  and t h e  seven process  
evaporators .  Thus, most of t h e  iodine-bearing off-gas  was confined 
t o  a 3-cfm stream ins t ead  of being dispersed throughout t h e  350-cfm 
v e s s e l  off-gas  (VOG) stream. An experimental iodine-removal system, 

cons i s t ing  of a c a u s t i c  scrubber ( t o  remove a c i d  vapor s ) ,  a h e a t e r ,  
a bed of  Hopcalite" ( t o  convert organics  t o  C02 and H20,  and t o  pro- 

t e c t  t h e  charcoal  t r a p  from o rgan ic s ) ,  a cooler,and a charcoal t r a p ,  
was placed i n  t h e  3-cfm off-gas  stream. 

*Hopcalite i s  an oxidat ion c a t a l y s t  c o n s i s t i n g  of  a CuO-Mn02 
mixture t h a t  has been t r e a t e d  t o  give a l a r g e  surface area. 
a p r o p r i e t a r y  material of t h e  Mine Safety Appliance Company. 

I t  i s  
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A few tests ind ica t ed  t h a t  Hopcal i te  would decompose organic  

vapors p re sen t  i n  t h e  TRU of f -gas  a t  300 t o  35OoC. 
t o  t r a p  r ad io iod ine ,  using beds of KI-impregnated charcoa l ,  had been 

unsuccessful  because organic  s o l v e n t s ,  which a r e  used i n  va r ious  pro- 
cess ing  s t e p s ,  were t r anspor t ed  t o  o f f -gas  streams i n  amounts t h a t  

qu ick ly  poisoned t h e  beds aga ins t  iod ine  r e t e n t i o n .  
Hopcal i te  exhaus t ive ly ;  no o t h e r  c a t a l y s t s  were t e s t e d .  

Previous a t tempts  

We d id  not  s tudy  

The urocess  f o r  removing iod ine  from t h e  condensate system o f f -  

gas i s  shown i n  F i g .  3.2. Af t e r  t h e  of f -gas  i s  scrubbed t o  remove 
HC1 vapors ,  it i s  heated e l e c t r i c a l l y  and passed t o  t h e  bed of c a t a -  

l y s t ,  which is maintained a t  650°F (3SOOC). The e f f l u e n t  from t h e  
c a t a l y s t  is cooled,  passed through a 7 - in . - th i ck  bed of KI-impreg- 
nated charcoa l ,  and then added t o  t h e  main v e s s e l  o f f -gas .  

charcoal  bed i s  operated a t  about 120'F (50OC). 

The 

During t h e  7 weeks requi red  t o  process  t h e  s i x  r e c y c l e  curium 
t a r g e t s  ( see  Sec t .  2 .1) ,  which contained a t o t a l  of 400 C i  o f  1311 

a t  t h e  beginning of t h e  campaign, 300 m C i  o f  iod ine  was re l eased  t o  
t h e  environment. ( In  t h e  previous campaign, which cons is ted  of tar-  
g e t s  conta in ing  a comparable amount of 1311 a t  t h e  beginning of 
process ing ,  2 C i  was r e l eased . )  O f  a t o t a l  of 2.5 C i  of 1311 routed 

t o  t h e  iod ine  removal system, only 6 m C i  was discharged;  t h e  remain- 

d e r  of t h e  300 m C i  t h a t  was r e l eased  t o  t h e  atmosphere r e s u l t e d  from 
t h e  handl ing of s o l u t i o n s  i n  p a r t s  of t h e  p l a n t  not  p ro tec t ed  by t h e  
iod ine  removal system. Decontamination f a c t o r s  f o r  I3II var i ed  from 

100 t o  l o 4  across  t h e  iod ine  removal system and averaged 400. 

These r e s u l t s  i n d i c a t e  t h a t ,  i n  f u t u r e  process ing ,  we can expect 
t o  maintain an iod ine  DF of l o 3  t o  l o 4 .  
f o r  processing short-cooled t a r g e t s .  

ger  system f o r  i n s t a l l a t i o n  i n  t h e  t o t a l  v e s s e l  and cub ic l e  off-gas  
system (350 cfm). 

This  i s  c e r t a i n l y  s a t i s f a c t o r y  
We a r e  now i n v e s t i g a t i n g  a lar-  

. 
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Fig. 3.2. Iodine-Removal Process for the Condensate-Collection System O f f - G a s .  
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4. SPECIAL PROJECTS 

P r o j e c t s  t h a t  a r e  being c a r r i e d  out  by var ious  groups a t  ORNL 
and a t  o t h e r  s i t e s  r e q u i r e  t h e  s e r v i c e s  a v a i l a b l e  a t  TRU f o r  t h e  
p repa ra t ion  of s p e c i a l  ma te r i a l s  t h a t  a r e  not  normally produced i n  

main-line e f f o r t s .  

a t  TRU a r e  repor ted  here ;  t h e  end r e s u l t s  of t h e  research  a r e  repor ted  
elsewhere.  

The phases of t h e s e  p r o j e c t s  involving ac t iv i t ies  

4.1 Fabr ica t ion  of Spec ia l  Targe ts  

We f a b r i c a t e d  a s p e c i a l  t a r g e t  (ST-4) conta in ing  s i x  d i f f e r e n t  
spec ia l -purpose  m a t e r i a l s  ( l i s t e d  below) i n  add i t ion  t o  19 244Cm 

p e l l e t s  t h a t  were t o  be i r r a d i a t e d  t o  produce transuranium elements.  
The s p e c i a l  m a t e r i a l s  were as fol lows:  

1. One curium p e l l e t  i d e n t i c a l  t o  t h e  19 244Cm p e l l e t s  

t h a t  were t o  be  i r r a d i a t e d  t o  produce transuranium elements.  
p e l l e t  was i s o l a t e d  from t h e  o the r s  t o  f a c i l i t a t e  a n a l y s i s  f o r  cross-  
s e c t i o n  measurement. 

One p e l l e t  conta in ing  10 p g  of  2 5 % ~  f o r  measurement 

This  

2 .  

of s t e a d y - s t a t e  r a t i o s  of heavy ca l i forn ium i so topes .  
t h e  d a t a  obtained from t h i s  p e l l e t  with d a t a  from similar p e l l e t s  
i r r a d i a t e d  i n  o t h e r  t a r g e t  p o s i t i o n s  w i l l  provide an eva lua t ion  of 
t h e  e f f e c t s  of f l u x  spectrum on c r o s s  s e c t i o n s .  

i s  f r e e  of  244Pu and w i l l  be used t o  s tudy  c ross  s e c t i o n s  leading 

t o  244Pu product ion.  

Comparison of 

3 .  One p e l l e t  conta in ing  285 mg of  242Pu. This m a t e r i a l  

4 .  Two s p e c i a l  con ta ine r s ,  c a l l e d  Phoenix capsules ,  con- 

t a i n i n g  a t o t a l  of 150 pg  of 248Cm t h a t  was suppl ied by C .  E .  Bemis, 

Chemistry Div is ion ,  ORNL. Phoenix capsules  a r e  Zircaloy-2 con ta ine r s  
with screwed c losu res ;  each holds  a qua r t z  ampul. 

i a t e d  t o  produce 250Cm and a l s o  t o  p u r i f y  t h e  248Cm by burning out  
lower i so topes .  Our ob jec t ive  was t o  recover  t h e  Phoenix capsules  

The 248Cm was i r r a d  
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i n t a c t  a f te r  t h e  t a r g e t  was i r r a d i a t e d  and t o  load them i n t o  new, 
s p e c i a l  t a r g e t s  f o r  f u r t h e r  i r r a d i a t i o n .  
i a t e d  i n  fou r  o r  f i v e  t a r g e t s  success ive ly .  This method i s  being 

employed because t h e  248Cm must be i r r a d i a t e d  f o r  a very long t ime 
and t h e  use  of  an e n t i r e  t a r g e t  p o s i t i o n  f o r  such a small q u a n t i t y  

of t a r g e t  m a t e r i a l  does not  seem warranted. 
5. Five f l u x  monitors.  
6 .  

The capsules  w i l l  be i r r a d -  

Two packages containing aluminum specimens f o r  s tudy by 
t h e  Mechanical P rope r t i e s  Group of t h e  Metals and Ceramics Divis ion.  

After ta rge t  ST-4 was i r r a d i a t e d  f o r  f i v e  cycles  i n  t h e  HFIR, t h e  
Phoenix capsules  were recovered and placed i n  s p e c i a l  t a r g e t  ST-5; 

19 curium p e l l e t s ,  one 242Pu p e l l e t ,  one 2 5 2 C f  p e l l e t ,  and 5 f l u x  
monitor assemblies were a l s o  included i n  t h i s  t a r g e t .  

4.2  Einsteinium Rabbits 

A s e r i e s  of  fou r  einsteinium r a b b i t s  ( o r i g i n a l l y  containing 0.5 
t o  2.5 p g  of  2 5 3 E s )  were f a b r i c a t e d ,  i r r ad ia t ed , and  de l ive red  t o  
H .  Diamond a t  ANL f o r  u se  i n  studying t h e  energy level s t r u c t u r e  of  

t h e  decay product ,  250Bk.  

v i a l s  ( i n s t ead  of pressed aluminum p e l l e t s ) ,  which were enclosed i n  
t h e  aluminum r a b b i t  tube.  

qua r t z  i s  s u b s t a n t i a l l y  less than t h a t  which we have experienced 
with aluminum p e l l e t s .  This lower r a d i a t i o n  l e v e l  allows us  t o  
u se  a l i g h t e r  c a r r i e r  f o r  t h e  shipment t o  ANL and permits shipment 
from t h e  Knoxville a i r p o r t  i n s t ead  from A t l a n t a .  

The einsteinium was encapsulated i n  qua r t z  

The induced r a d i a t i o n  i n  t h e  u l t r a p u r e  

Two r a b b i t s  containing 0 . 2  pg 2 5 3 E s  were f a b r i c a t e d  f o r  use a t  
ORNL t o  measure c ros s  s e c t i o n s .  

4 . 3  Fabr i ca t ion  of  a Neutron Source Using Californium 

A neutron source (NS-3) containing 100 ug of 2 5 2 C f  i n  a welded, 

s t a i n l e s s  s t e e l  capsule was f a b r i c a t e d  f o r  t h e  Oak Ridge Associated 
U n i v e r s i t i e s  f o r  use i n  t h e i r  t r a i n i n g  program. In  t h e  new tech-  

nique t h a t  was used t o  f a b r i c a t e  t h e  source,  an aluminum p e l l e t  l i n e r  



22  

having a porous aluminum bottom was f i l l e d  with ion  exchange r e s i n .  
A tubing f i t t i n g  w a s  a t tached  t o  t h e  p e l l e t  l i n e r ,  using a s p e c i a l  
aluminum i n s e r t  t o  support  t h e  wa l l s ,  and a s o l u t i o n  of cal i fornium 
w a s  pumped through t h e  p e l l e t  l i n e r .  The ca l i forn ium was sorbed on 
t h e  r e s i n ,  which was la ter  thermally decomposed t o  a carbonaceous 
mass t h a t  was s e a l e d  i n t o  t h e  p e l l e t  by t h e  usua l  p e l l e t  p re s s ing  

technique.  
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6.  APPENDIX 

. 

We have t abu la t ed  t h e  decay d a t a  and t h e  c ross -sec t ion  d a t a  t h a t  

we use  i n  planning i r r ad ia t ion -p rocess ing  cyc le s ,  c a l c u l a t i n g  produc- 

t i o n  f o r e c a s t s ,  and assaying products .  The t a b l e s  w i l l  be reproduced 
completely i n  each of t hese  semiannual r e p o r t s ,  and changes made s i n c e  

t h e  preceding r e p o r t  w i l l  be  ind ica t ed .  We wish t o  s t a t e  c l e a r l y  t h a t  
t hese  d a t a  merely r ep resen t  numbers being used i n  our c a l c u l a t i o n s  

and t h a t  t h e  d a t a  a r e  presented on a "hest e f f o r t s "  b a s i s .  

t h e  information i s  intended t o  b e  d e f i n i t i v e ,  it has  not  been checked 
and cross-checked s u f f i c i e n t l y  t o  he  considered "publ ishable ."  

Although 

The Transplutonium Element Production Program is  now making nuc- 
l i d e s  a v a i l a b l e  i n  increas ing  abundance and p u r i t y ;  t h e r e f o r e ,  i n  t h e  

next few yea r s  we a n t i c i p a t e  a burgeoning l i t e r a t u r e  concerning nuc- 
l e a r  cons tan ts  f o r  t h e  transuranium nuc l ides .  However, s i n c e  we need 
such d a t a  a t  t h e  present  time, it w i l l  not be f e a s i b l e  f o r  us  t o  wai t  
u n t i l  h ighly  r e l i a b l e  sources ,  such a s  Lederer3 and W a p ~ t r a , ~  can pub- 

l i s h  d a t a  t h a t  have been f u l l y  eva lua ted .  
We welcome telephone c a l l s  t o  po in t  ou t  e r r o r s  o r  i n d i c a t e  addi-  

t i o n a l  sources  of information.  P lease  contac t  John Rigelow, FTS 615- 
483-1872 o r ,  by commercial telephone s e r v i c e ,  615-483-8611, e x t .  3-1872. 

6.1 Decay Data 

Table A - 1  i s  a l i s t  of a l l  nuc l ides  of i n t e r e s t  t o  t h e  Transplu- 

tonium Element Production Program, ( i . e . ,  a l l  t h a t  can be produced 

by neutron bombardment of 238U). 
l i v e s  and branching r a t i o s  o r  p a r t i a l  decay h a l f - l i v e s ,  along with 

l i t e r a t u r e  r e fe rences  where a v a i l a b l e .  I n  many cases ,  t h e  h a l f -  
l i f e  of an i so tope  was determined by r e l a t i n g  t h a t  i s o t o p e ' s  h a l f - l i f e  
t o  t h e  h a l f - l i f e  of some o the r ,  r e f e rence  i so tope .  

The l i s t  inc ludes  va lues  f o r  h a l f -  

In a few of t h e s e  
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Table A-1. Half-Life Values'  for Isotopes  o f  Transuranium Elements  
Underlines indicate new values s i n c e  the previous report. 

Partial Half-Li fc 
Nuclide Total Half-Life Referenceb for Spontaneous Fission Referenceb 

(2.14 t 0.01) x 106 y 

2.10 * 0.01 d 

2.359 L 0.010 d 

63 f Z m  

7.3 t 0.3 m 

16 m 

3.4 h 

87.404 f O.OL1 y 

24.413 f 30 y 

6580 f 40 y 

1L.98 0.33 y 

(3.869 f 0.016) x lo5 y 

4.955 f 0.003 h 

(8.28 t 0.10) x 107 y 

10.6 f 0.4 h 

10.85 f 0.02 d 

L32.7 f 0.7 y 

16.01 f 0.02 h 

144 f 7 y 

7340 f 50 Y 

10.1 ! 0.1 h 

26 m 

2.07 f 0.02 h 

25.0 f 0.2 m 

4 O * 7 m  

24 * 3 m  

162.7 + 0.1 d 

32 Y 

18.099 f 0.015 y 

8265 t 180 y 

4711 * 22 r 
(1.64 t 0.20) x 10' y 

(3.52 t a.14) x lo5 

64 t 3 m  

(1.74 + 0.24) x l o 4  y 

314 1. 8 d 

3.222 ; 0.005 h 

57 L 1.7 m 

60~r12 .lo18 y 

50F53 

59c93 

60Le3 

48~61 

60Le3 

60Le3 

68J015 

59~126 

5113 

68Ca19 

69Be06 

68Di09 

69Be06 

56092 

56H23 

670e01 

53K38 

59B221C 

62~88 

54C?4 

56B92 

55E16 

670r02 

670r02 

57P52 

571170 

68Be26 

69Me01 

69Me01 

63Fi08 

69Me01 

58106 

66RG01 

57201 

>9VO;' 

GLkCO4 

( 5  + 0.6) x 10"y 

5.5 

(1.3h0 t 0.015) x lo1' Y 

(7.L5 * 0.17) x 10'' Y 

(6.55 ! 0.32) x lolo y 

(2.3 * 0.8) x 10" Y 

7 . 2  x 106 y 

!1.346 f 0.006) x 10' y 

(1.80 t 0.01) x lo7  y 

(4.22 t 0.12) x lo6 y 

( 1 . 7 4  4 0.24) x 10' y 

~ 1 . b  109 

61m-L 

6 1 ~ d  

52567 

62Ws13 

63Ma50 

668107 

61~rL 

51H87 

65Me02 

69Mc01 

69Me01 

66RG01 

51E01 
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Table A-1 (continued) 

Par t i a l  Half-Life 
llucllde T o t s l  Half-Life fo r  Swntaneou. Piaaion Referenceb 

252 t 6 y  

13.0P t 0.09 

953 t 50 y. 

2.6L6 t 0.001 y 

17.812 f 0.082 d 

60.5 t 0.2 d 

20.L67 ? 0.021 d 

276 d 

39.3 * 0.2 h 

39.8 f 1.2 d 

25 t 3 .  

A . 5  I 10 8 y 

t1.73 0.06) X 10' Y 

85.5 0.5 y 

60.5 + 0.2 d 

(6.3 t 0.2) I lo5 
>2.5 I 10' 

2k10 110 y 

5~mi 

63Ph01 

6 m 0 1  

6 5 W 2  

67F103 

6'71103 

251, 3.2'4 t 0.01 h 56509 2 d ' l d  67F103 

20.07 t 0.07 h 6bk.01 (1.0 0.6) x 10' y 63phOl 255, 

256, 2.62 * 0.03 h &no13 2.62 f 0.03 h 6811013 

91 + 10 d 6 6 x 0 1  257, 

%e ha l f - l i f e  values used in  t h i s  t ab le  n r c  being uaed at TRU on July 1. 1969. 
:References are decoded i n  Table A-2. 

Published value m s  adJustcd for  2*1h ha l f - l i f e  of k32.7 y .  
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cases, a newer va lue  has been accepted f o r  t h e  h a l f - l i f e  of t h e  
r e fe rence  i so tope ,  and t h e  values  of t h e  h a l f - l i v e s  t h a t  were depen- 

dent upon it have been r e c a l c u l a t e d .  
because t h e  h a l f - l i f e  value i n  our  t a b l e  no longer agrees  with t h e  

value given i n  t h e  r e fe rence .  

s h i p  given i n  t h e  referenced work. 

Such cases  a r e  footnoted 

However, we d i d  use  t h e  r e l a t i o n -  

The r e fe rences  used i n  Table A - 1  a r e  decoded i n  Table A - 2 .  The 
system of r e fe rences  i s  t h a t  used by t h e  Nuclear Data P ro jec t  he re  a t  

OWL i n  t h e i r  widely d i s t r i b u t e d  "Nuclear Data Sheets." 

l ists  der ived d a t a ,  such as s p e c i f i c  a c t i v i t i e s ,  along with i n f o r -  

mation concerning t h e  hazard a s soc ia t ed  with handling t h e s e  nuc l ides .  

Table A - 3  

6.2  Neutron Cross-Section Data 

The values  of neutron c ross  s e c t i o n s  used t o  compute transmuta- 

t i o n s  i n  HFIR t a r g e t  i r r a d i a t i o n s  a r e  l i s t e d  i n  Table A - 4 .  
t a b l e  shows s i x  parameters desc r ib ing  t h e  neutron i n t e r a c t i o n s .  The 
f i r s t  i s  t h e  thermal-neutron capture  cross  s e c t i o n ,  and t h e  t h i r d  i s  

t h e  neutron cap tu re  resonance i n t e g r a l .  
constant  t h a t  i s  a func t ion  of t h e  t a r g e t  geometry; it i s  used t o  
e s t ima te  t h e  resonance s e l f - s h i e l d i n g  e f f e c t .  

c ros s - sec t ion ,  Q 

This 

The second parameter i s  a 

The e f f e c t i v e  cap tu re  

would be:  e f f '  

0 + 'res R I  > 
C 
eff  = 'ZOOO - 

92200 rn 
where a2200 i s  t h e  thermal-neutron cap tu re  c ros s  s e c t i o n ,  N i s  t h e  
number of grams of t h e  p a r t i c u l a r  nuc l ide  i n  one t a r g e t  rod, 4 
i s  t h e  average f l u x  p e r  u n i t  le thargy width i n  t h e  resonance r eg ion ,  

r e s  

i s  t h e  equivalent  f l u x  of 2200-m/sec neutrons t h a t  would and $2200 
give t h e  same r e a c t i o n  r a t e  with a l / v  absorber as would t h e  a c t u a l  

r e a c t o r  f l u x .  
by a similar r e l a t i o n s h i p  among t h e  l a s t  t h r e e  parameters.  

The e f f e c t i v e  c ros s  s e c t i o n  f o r  f i s s i o n  i s  computed 
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Code Reference Code Reference 
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5kG24 

55116 

56892 

56823 

56J09 

57ATO 

57EOl 

57952 
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590221 

59c93 

5 9 ~ 1 2 6  

59V02 

6 0 ~ r 1 2  

6 0 k 3  

61~rL 

E. K. Hyde. M. H. S tudier .  and W. M. Manniw. 
ANL-4143 (Apr i l  15. 1948) and ANL-4182 
(August 4, 1948). 

M. S. Treadman, A. H. Jaf fey .  and F. Wagner, 
Jr.. Phys. Rev., a, 410-411 (1950).  

G. C. Huura. E. G. Harvey, N. Moss. urd P. R. 
Tunnic l i f fe .  F'hvs. Rev., 8l. b66-467 (1951). 

M. 0. In8hr.m. D. C .  Hess. P. R. Fie lds .  and 
0. L. Pyle. Phys. Rev.. 8. 1250 (1951). 

E. Segr&. PWs. Rev., 86. 21-28 (1952).  

T. K .  Keenan. R. A. Pennamn. and E. E. 
McInteer. J.  Chem. Phys.. 2l, 1802-1803 
(1953). 

A. Ghiorso. S. G. Thmpson. G. R. Choppin, and 
B. G. H w e y .  Phys. Rev., &, 1081 (195b). 

D. Engelkemeir, P. R.  F ie lds .  T. Fried.  G. L. 
pule, C. M. Stevens. L. E. Asprey. C.  i. Erowne. 
H .  Louise Sni th .  and A. W. Spence. J.  Inora. 
Nucl. Chem.. r, 345-351 (1955).  

J. P. But le r ,  T. A. Eastvood. T. L .  Col l ins ,  
M. E. Jones,  F. M. Rourke. and R. P. Schumur. 
Phys. Rev., m, 63'1 (1956).  

D. C. Hoffman and C. I .  Brwnc, J.  Inorg. 
Nucl. Chem.. 2. 209 (1956).  

M. Jones,  R. P. Schuman. J.  P. Butler.  
G. Covper. T. A. Eastvwd. and H. G. 
Jackson. Phys. Rev., 102. 203-207 (1956). 
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Table A-3. Properties' of Transuranium Nuclides 
Underlines indicate new values s ince  the previous report. 

SDecific Activity Hazardb 
Energies of 

Prin. Ebisslons 
(Mev) (Neutrons MPCa(Lo) Bod Burden 

nuclide Half-Life 0 ( c i l u )  ( Y I P )  ( a  cpm/mgc) ( E  dpmlmg) min-' mg-') ( b C i / c m 3 )  -1 
a 

1, x 0.06 84.9 237Np 2.14 x 106 y L.78 7.07 2.07 10-5 8.01 l o 5  

238Np 2.10 d 0.25 2.61 105 1.27 lo3 5.80 x 10" 

239Np 2.359 d 0.332 2.32 x lo5 5.86 x 10' 5. lb  x 10" 8 x 30 1.29 x lo-' 

2LO 

1.24 

0.427 

NP 63 m 0.89 1.2L x 10' 1.03 x lo5 2.76 x 10l6 

"'%p 7.3 rn 2.18 1.07 lo8 5.33 105 2.38 

2 % i p  3.4 h 3.82 x lo6 8 . ~ 9  

1.6 
1.08 x RP 16 m 4.86 x !07 2L1 

87.404 y 5.49 17.2 0.570 1.94 x 1o1O s.2 2 x 10-l' 0.04 2.32 x 23aPu 

2LOm 

2hlm 

242Pu 

2L3py 4.955 h 0.L9 2.60 x lo6  3.3'4 x l o 3  5.78 1 0 ~ 5  2 x l"-6 7 .2  2.78 x 10-6 

239Pu 24,413 Y 5.15 6.13 x lo-' 1.913 x 6.9L x l o 7  2 x 10-l' 0.04 0.654 

6580 J 5.16 0.227 1.097 x 2.57 x 10' 2.u. 2 x 10-l' 0.01 0.176 

14.98 y 4.9 0.02 99.1 4.06 x 2.94 x lo6  2.20 x lo1' 9 x 0.9 9.08 x 

3.869 lo5 L.90 3.82 10-3 1.13 11.32 lo6  9-22 2 x 10-l' 0.05 13.0 

0.58 

24Lh 8.28 lo7 4.587 1.77 10-5 4.93 1 ~ - 7  2.00 10" 37L 2 0.01r 2.23 l o 3  
245pu 10.6 h 1.21 x 106 2.68 2 3.0 4.03 l o 5  

10.85 d 0.15 4.91 x 10' 66.9 1.09 x 10" 2UPu 

432.7 y 5.L8 3.L3 0.1145 3.88 109 0.011 6 x 10-l' 0.1 0.0292 

16.01 h 0.63 8.11 l o 5  2.08 l o 3  1.80 1 0 1 5 ~  L x lo-' 0.06 7.39 x IO-' 

144 y 5.207 I.T. 10.3 3.08 x lo-' 5.53 x lo7 2.28 x 10IOe 6 x 10-l' 0.07 6.80 x 

7340 Y 5.27 0.200 6.L5 10-3 2.27 10' 6 x 10-l' 0.05 0.25 

0.67 

10.1 h 0.387 1.27 lo6  8.74 103 2.82 2 10-l 0.18 1.42 

26 m 1.5 2.96 x lo7  8.98 x 10' 6.58 x L 0.18 6.08 10-9 

2.07 h 0.91 6.17 x lo6  1.20 x 10' 1.37 x ,016 3 x 12 1.94 x 

25.0 m 1.31 3.06 x 10' 2.48 x lo5 6.79 x 10l6 

40 m 1.91 x 10' L.2L x ,016 

24 m 3.17 l o 7  7.OL x 1016 

162.7 d 6.11 

32 Y 5.79 

18.099 y 5.80 

5.36 

11711 y 5.L 

1.611 lo7 
3.52 x lo5 L 5.05 

64 m 0.9 

1.74 x 10' y 

45.9 1.677 

80.91 2.832 

0.177 5.89 

LX? 1.01 x lo-' 
8.83 10-5 2 . 8  

1.18 l o 7  2.06 l o 4  

8.20 x 10-2 0.1 

- 

4.09 x 5.32 x LO-' 

3.76 x 10" 

5.20 x lo1' 

9.16 x lo1' 

3.27 x 10' 

2.00 x 108 

3.50 x 10' 

1.00 

h.25 x lo6 

2.62 x !0l6 

1.21 x lo6  1 x 10-l' 0.05 6.27 x 

6 x 10-l' 0.09 1.96 x los3  
6.86 x 105 9 x 10-l' 0.1  I 1.24 x 

5 x 0.0L 0.263 

5.L: x l o 5  5 x lo-'' 0.05 0.194 

5 x :0-12 0.04 1153 

e 0.8 6.78 

2.Lh x io6  6 x io-13 0.01 2.91 

6.50 x 10' 

249Bk 31L d 5.L 0.1P5 1.67 x 10' 0.?=8 L.16 x !07 7.7: x lo1' , e .>  x l o 3  9 x 10-l' 0.7 619 

250Bk 3.222 h 0.P3 3.89 x 10' 7.75 x loL 9 . 6 2  1 0 ~ 5  1 x 10" 0.OL 1.03 x 10-l 

2519k 57 m 1.32 lo7  2.92 x :elf 
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Table A-3 (continued) 

2L9Cf 2.Ex 5.81 0.152 4.62 109 .2 lo3 2 10-l~ 0.0~ 8 . ~  - L.08 - 
25% 6.03 2 - 4.06 1.23 x loll 2.18 x 10' 5 x 10-l' O.OL 3.70 I lo-' 

1.59 5.79 10'~ 1.78 I: lo9 2 I 10-l2 0.01. 2.50 x lo-' 251Cf = - 
252ci 2.646 y 6.11 5 36 39.0 5.88 .4 loll 1.41 loll 2 10-l~ 0.04 7.C6 

253Cf 17.812 d 0.21 2.90 x 10' 6.b2 8 x 10-10 0.OL 1.LO x 10-6 

254CT 60.5 d 5.84 8.51 103 1.06 loL 7.35 10~3 5 10-l~ 0.01 1.18 

253Es 20.1.61 d 6.63 2.52 lo1. 1.01 103 2.86 1013 1.95 x lo7 7 x lo-'' 0.04 1.59 II 

25Lb 276 d 6.42 1.86 lo3 11.9 2.11 x 10l2 8.39 107 2 10-l~ 0.02 1.0~ 

25% 39.3 h 0.48 3.14 lo5 1.18 103 6.91 x 10" 5 x lo-' 0.02 6.37 x lo-' 

255Es 39.8 d 1.29 1104 2.86 lo1) 6 x 10-l' 0.01. 3.10 x lod 

256b 25 m 2.91. x 10' 6.52 x 10l6 

25bh 3.21. h 7.20 3.81 lo6 1.68 105 4.31 1015 2.03 x lo1' 6 x lo4 0.02 5.25 I 

255h 20.07 h 7.03 6.13 x lo5 2.19 x 10' 6.9b x 10" 1.3 109 2 0.01. 6.53 

256h 2.62 h 4.67 x lo6 5.85 x lo6 4.31 x 10" 2 x lo-' 0.01 2.11. x 

257h 91. d 5.41 lo3 GQO 6.12 x 10" 

%he values for properties included in this table are those in use at TRU on July 1. 1969. 
bFrom IRCP Publication 2. "Report of C d t t e c  I1 on Permissible Dose for Internal Radiation (1959)" and the 1962 Supplement. 
:Counting g-try. 51% 

c2*2mh decays almost entirely by isomeric transition to the 16-hr pround state. 2b2h. 
f2b*?4m decays primarily by 8 emission.but 0.039s decays by electron capture to 2**Pu. 

242Am decays by B milision urd orbital electron capture (161). 
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Table  A-4. Neutron Cross  Sections Used  to 
Compute Transmutations in HFIR Target Irradiation (July 1, 1969) 

Underlines ind ica te  new values s ince  the previous report. 

Capture Fission 
2200-mts Resonance Resonance 2200-mIs Resonance Resonance 

Cross Section Self-Shielding Integral Cross Section Self-shielding Integral 
Nuclide Half-Life (barns Constant (barns) (barns) Constant (barns) 

87.404 y 
24,413 y 

6580 Y 
14.98 y 

386,900 y 
4.955 h 
8.28 x 107 y 

10.6 h 
10.85 d 

560 
265.7 
290 
360 
18.5 
80 

1.6 

277 
0 

0 

0 

0 

0 

7.409 
0 

0 

0 

0 

150 
195 
8453 
166 
1280 
0 

0 

0 

0 

16.5 
742.4 
0.05 

1011 

0 

210 

0 

0 

0 

25 
324 
0 

5111 
0 

0 

0 

0 

0 

7340 y 
27.3 m 
2.07 h 
25.0 rn 

2.126 
0 

0 

0 

0 

130 
0 

0 

75 
0 

0 

0 

1500 

0 

0 

0 

6.9 
1.4 

0 

0 

0 

0 

0 

10 
445.3 

5 
77.63 
5.2 
2.8 
2 

6.9 
1.4 

0.866 
0 

1.477 
0 

0 

650 
90 

170 
200 

250 

0 

0 

2.7 
1544 
0 

281.33 
0 

50 

0 

72 
600 
0 

1000 

0 

0 

0 

18.099 Y 
e 
1.64 x i o 7  y 
352,000 

64 m 
17,400 Y 

'"Bk 
250gk 

3111 d 
3.222 h 

1706 

350 

0 

0 

1850 
0 

553.5 
960 

0 

0 

0 

0 

249Cf 

250Cf 

251Cf 

252Cf 

2 5 3Cf 

254Cf 

300 

2000 
1948 

12.6 

75 

19.8 

0 

0 

0 

44 

0 

1650 

1735 
0 

5126 
0 

1300 

0 

13.08 y 

2.6116 y 

17.812 d 

60.5 d 

345 
20 

1.26 
60 
0 

0 

3060 
1840 
0 

0 

20.467 d 
276 d 
39.3 h 
39.8 d 
25 m 

2 5 4 h  

2 5 5 h  

2 5 6 h  

2 5 7 h  

76 
26 
20 
10 

3.24 h 
20.07 h 
2.62 h 

94 d 

0 

100 

0 

100 

90 simplify calculations we use a fictitious isotope, 244cAm, which combines the properties of 244mAm and 244Am 
according to their relative rates of production from 243Am. 
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set whereby one can compute overall transmutation effects, 

a set of arbitrary constants to be used to obtain the best 

our data. Hopefully, these numbers and the cross sections 

ally measured on pure isotopes will agree; however, we wil 

the possibility of a discrepancy to confine us. 

It should be pointed out that 244cAm is a fictitious 

These cross sections are to be regarded as a self-consistent 

and as 

fit to 

experiment- 

not allow 

sotope 

that combines the properties of 244mAm and 244gAm according to 

their relative rates of production from 243Am. 
isotope simplifies the calculations of the main transmutation chain 

involving 2 4 4 ~ m .  

The use of this 
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