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SUMMARY 

T h i s  i s  t h e  f i f t e e n t h  r e p o r t  i n  a series t h a t  is be ing  i s s u e d  semi- 
annua l ly  t o  inform t h e  heavy-element community of t h e  s t a t u s  and f u t u r e  

product ion  p l a n s  of t h e  Transuranium Element Product ion  Program a t  O W .  

During t h e  pe r iod  January  1, 1975, through June  30, 1975, w e  recovered  

t ransuranium e lements  from 22 i r r a d i a t e d  HFIR t a r g e t s ;  p roduc t s  recovered  

are l i s t e d  i n  Table  2 .1  on p.  3. We s e p a r a t e d  45 mg of h igh-pur i ty  248Cm 

from 252Cf which had been recovered  and p u r i f i e d  du r ing  ear l ier  p e r i o d s ;  

i n  a d d i t i o n ,  w e  s e p a r a t e d  56 mg of a lower-qual i ty  Cm from c a l i f o r n i u m  

p u r i f i c a t i o n  rework s o l u t i o n s .  F i f t y - t h r e e  shipments  were made from TRU 

dur ing  t h e  pe r iod ;  r e c i p i e n t s  and t h e  amounts of n u c l i d e s  are l i s t e d  i n  

Table  2.2 on pp. 4-6. F i v e  HFIR t a r g e t s ,  each  con ta in ing  approximately 

9 g of a c t i n i d e s  (predominant ly  cur ium),  were f a b r i c a t e d .  

248 

A new long-term p r o j e c t i o n  showed t h a t  252Cf product ion  i n  t h e  TRU- 

HFIR complex could  i n c r e a s e  t o  as much as 2.5 g /yea r .  

t h e  a v a i l a b i l i t y  of adequa te  feed  s t o c k s  and would r e q u i r e  p rocess ing  

approximately 65 t a r g e t s  per  yea r  ove r  a 10  y e a r  pe r iod .  Our p r e s e n t  

budgeted ra te  is 25 t a r g e t s  pe r  yea r .  

Th i s  assumes 

During the n e x t  18 months, w e  expec t  t o  recover  t o t a l s  of 46 mg of 

249Bk, 520 mg of 252Cf, 2.0 mg of 253Es ( i n  a mixture  of i s o t o p e s ) ,  220 1.18 

of h igh -pur i ty  253Es, and 1 .6  pg of 257Fm. We a l s o  expec t  t o  o b t a i n  125 mg 
248 of h igh-pur i ty  Cm from p u r i f i e d  c a l i f o r n i u m  now i n  s t o r a g e .  There are 

no p l ans  t o  p rocess  any of t h e  remain ing  SRP Pu-A1 tubes  or t o  i r r a d i a t e  

any plutonium t a r g e t s  

244Pu. 

i n  t h e  HFIR; t h u s  , w e  do n o t  expec t  t o  recover  any 

There have been no changes i n  t h e  chemical  p rocess ing  f lowshee t s  

normally used a t  TRU dur ing  t h i s  r e p o r t  pe r iod .  A new r a c k  w a s  i n s t a l l e d  

i n  c u b i c l e  4 which c o n t a i n s  equipment t h a t  w i l l  be  used f o r  p u r i f i c a t i o n  

of curium by o x a l a t e  p r e c i p i t a t i o n  and f o r  p r e p a r a t i o n  of curium oxide  
1 microspheres  by t h e  r e s i n  loading- -ca lc ina t ion  method. 

Two neut ron  sources  were f a b r i c a t e d ,  b r i n g i n g  t h e  t o t a l  f a b r i c a t e d  

t o  77 .  Two sources  t h a t  had been used p r e v i o u s l y  i n  v a r i o u s  p r o j e c t s  were 
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r e t u r n e d  t o  t h e  TRU inven to ry  and are a v a i l a b l e  f o r  reass ignment .  Two 

sources  from t h e  TRU inven to ry  were as s igned  t o  new u s e r s  du r ing  t h i s  

r e p o r t  p e r i o d .  Accumulated d a t a  r e l a t i n g  t o  t h e  c a l i b r a t i o n  of r e f e r e n c e  

s t a n d a r d s  NSS-19 and NSS-62 were e v a l u a t e d .  

I n  s p e c i a l  p r o j e c t s ,  w e  (1) produced about  1 mg of 250Cf by i r r a d i a -  

t i o n  of 249Bk i n  HFIR r a b b i t s ,  and (2) processed  some i r r a d i a t e d  248Cm 

samples and o b t a i n e d  y i e l d  and i s o t o p i c  composition d a t a  f o r  u se  i n  d e t e r -  

mining t h e  c a p t u r e  c r o s s  s e c t i o n  of 249Cm i n  t h e  HFIR. 

The v a l u e s  t h a t  w e  are c u r r e n t l y  u s i n g  f o r  t ransuranium element decay 

d a t a  and f o r  c r o s s - s e c t i o n  d a t a  i n  p l ann ing  i r r a d i a t i o n - p r o c e s s i n g  c y c l e s ,  

c a l c u l a t i n g  p roduc t ion  f o r e c a s t s ,  and a s s a y i n g  products  are t a b u l a t e d  i n  

t h e  Appendix. 
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1. INTRODUCTION 

This  is  t h e  f i f t e e n t h  r e p o r t  i n  a series t h a t  i s  be ing  i s s u e d  s e m i -  

annua l ly  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  

product ion  p l a n s  of t h e  Transuranium Element P roduc t ion  Program a t  ORNL. 

The o b j e c t i v e  of t h e s e  r e p o r t s  i s  t o  p rov ide  informat ion  t h a t  w i l l  enab le  

u s e r s  of  t h e  p roduc t s  t o  o b t a i n  maximum service from t h e  product ion  f a c i l i -  

t i e s  a t  ORNL. P roduc t ion  p l a n s  and schedu les  are sha rp ly  de f ined  on ly  f o r  

t h e  s h o r t  t e r m ;  long-range p l a n s  can be  (and a r e )  markedly in f luenced  by 

feedback from r e s e a r c h e r s  and o t h e r  u s e r s  of t ransuranium e lements .  

TRU o p e r a t i o n s  du r ing  t h i s  r e p o r t  pe r iod  are summarized, and t h e  

amounts of  materials recovered and shipped are l i s t e d .  Proposed process-  

i n g  schedu les  and a n t i c i p a t e d  y i e l d s  of v a r i o u s  products  i n  t h e  near  f u t u r e  

are o u t l i n e d .  Rev i s ions  made t o  p l a n t  equipment are desc r ibed .  The o r i g i n a l  

and c u r r e n t  c o n t e n t s  (252Cf and 248Cm) of a l l  neu t ron  sources  t h a t  have been 

made a t  TRU, as w e l l  as t h e  i n d i v i d u a l s  t o  whom t h e s e  sou rces  are c u r r e n t l y  

loaned ,  are t a b u l a t e d ,  S p e c i a l  p rocess ing ,  f a b r i c a t i o n ,  and i r r a d i a t i o n  

programs are d e s c r i b e d .  Values  of n u c l e a r  parameters  which were used as 

i n p u t  d a t a  f o r  t h e  c a l c u l a t i o n s  of p roduc t ion  ra tes  f o r  t ransuranium e lements ,  

a long  w i t h  a l i s t i n g  o f  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  i s o t o p e s  t h a t  are of i n t e r e s t  t o  TRU, are inc luded  

i n  t h e  Appendix. 

Previous  r e p o r t s  i n  t h i s  series are: 

(1) For p e r i o d  ending June  30, 1968 - ORNL-4376. 

(2) For p e r i o d  ending  December 31, 1968 -0RNL-4428. 

(3) For pe r iod  ending  June  30, 1969 - ORNL-4447. 
(4) For p e r i o d  ending  December 31, 1969 - OWL-4540. 

(5) For pe r iod  ending June  30, 1970 - ORNL-4588. 
(6) For  p e r i o d  ending December 31, 1970 - OWL-4666. 
(7) For p e r i o d  ending  June  30, 1971 - ORNL-4718. 
(8) For p e r i o d  ending  December 31, 1971 - O m - 4 7 6 7 .  

(9) For  pe r iod  ending  June  30, 1972 - ON-4833. 
(10) For p e r i o d  ending December 31, 1972 - ORNL-4884. 
(11) For  p e r i o d  ending June  30, 1973 - ORNL-4921. 
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(12) For pe r iod  ending December 31, 1973 - ORNL-4965. 

(13) For  pe r iod  ending  June  30, 1974 - ORNL-4991. 

(14) For p e r i o d  ending December 31, 1974 - OWL-5034. 

2. PROCESSING SUMMARY AND PRODUCTION ESTIMATE 

The i s o t o p i c  c o n c e n t r a t i o n s  of t h e  v a r i o u s  t ransuranium e lements  are 

n o t  c o n s t a n t ,  b u t  are f u n c t i o n s  of i r r a d i a t i o n  h i s t o r i e s  and decay t i m e s .  

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

ba l ances  f o r  t h e  i s o t o p i c  mix tu res  normally handled i n  TRU. Except i n  

s p e c i a l  i n s t a n c e s  , 242Pu, 243Am, 244 Cm , 249Bk, 252Cf, and 253Es are t h e  

i s o t o p e s  used f o r  t r a c i n g  t h e  cor responding  e lements .  Throughout t h i s  

r e p o r t  s e c t i o n ,  w e  are d i s c u s s i n g  mix tu res  of i s o t o p e s  u n l e s s  w e  i n d i c a t e  

o the rwise  . 

2.1  P rocess ing  Summary 

During t h e  p e r i o d  January  1, 1975, through June  30, 1975, w e  made two 

campaigns (Nos. 48 and 49) t o  recover  t h e  t ransuranium e lements  from 22 

i r r a d i a t e d  HFIR t a r g e t s ;  p roduc t s  recovered  are l i s t e d  i n  Table  2.1.  

E ighteen  of t h e  processed  t a r g e t s  had o r i g i n a l l y  conta ined  curium which 

had been recovered  a t  TRU from materials i r r a d i a t e d  a t  t h e  Savannah River  

P l a n t  (SRP).  T h i s  w a s  p a r t  o f  t h e  SRP Cal i fornium-I  campaign, a n  i r r a d i a -  

t i o n  and p rocess ing  campaign designed t o  o b t a i n  252Cf f o r  use  i n  t h e  252Cf 

market  e v a l u a t i o n  program be ing  conducted by t h e  ERDA D i v i s i o n  of Nuclear  

Fue l  Cycle  and P roduc t ion  (NFCP). 

During t h i s  p e r i o d ,  w e  a l s o  s e p a r a t e d  and p u r i f i e d  two b a t c h e s  of 

248Cm. 
248 

t h i s  material  w a s  s e p a r a t e d  from 252Cf which had been recovered  and pu r i -  

f i e d  du r ing  ear l ie r  p e r i o d s .  The second b a t c h  product  w a s  56 mg of lower- 

q u a l i t y  248Cm, w i t h  a n  i s o t o p i c  composi t ion of approximately 92% 248Cm, 

4% 246Cm, and 4% 244Cm; t h i s  material w a s  recovered  from rework s o l u t i o n s  

which had been accumulated i n  ca l i fo rn ium p u r i f i c a t i o n  o p e r a t i o n s  d u r i n g  

t h e  p a s t  5 y e a r s .  

The product  ob ta ined  from t h e  f i r s t  b a t c h  w a s  45 mg of h igh -pur i ty  
246 

Cm w i t h  a n  i s o t o p i c  composi t ion of approximate ly  97% 248Cm and 3% Cm; 
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. 

Table 2.1. Amounts of materials recovered  i n  t h e  major campaigns 

January  1, 1975, through June  30, 1975 
i n  t h e  Transuranium Process ing  P l a n t  du r ing  t h e  pe r iod  

Campaign number 
48 49 T o t a l  

Completion d a t e  

Material processed  

Amounts recovered  

243Am, ga 

Cm, ga 
244 

249Bk, mg 

2 5 2 ~ f ,  mg 

253Es,  mg 

257Fm, pg 

A p r i l  June  

12  Cf-I Cm-HFIR 6 Cf-I Cm-HFIR 
t a r g e t s  + rework t a r g e t s ,  4 TRU 

Cm-HFIR t a r g e t s  
+ rework 

0.7 1 .3  

32 (71) 27 (62) 

24 27 

225 240 

1 . 2  1 .3  

0.7 0.7 

22 HFIR t a r g e t s  
+ rework 

2.0 

59 (133) 

5 1  

465 

2.5 

1 . 4  

a 

bThe amount shown i n  pa ren theses  i s  t o t a l  curium. 

Americium and curium are n o t  u s u a l l y  s e p a r a t e d  from each o t h e r .  

F i f t y - t h r e e  shipments  were made du r ing  t h i s  r e p o r t  pe r iod .  R e c i p i e n t s  

and t h e  amounts of n u c l i d e s  are l i s t e d  i n  Table  2.2. 

F i v e  HFIR t a r g e t s  were f a b r i c a t e d  from a c t i n i d e  oxide  prepared  by t h e  

r e s i n  loading- -ca lc ina t ion  technique  .' 
9 g of a c t i n i d e  metals (predominant ly  curium) i n  t h e  form of a c t i n i d e  oxide-- 

aluminum p e l l e t s  t h a t  had been p res sed  t o  80% of 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  co re .  T h i s  material  had been recovered  du r ing  TRU Campaign 48 and 

Each t a r g e t  conta ined  approximately 

had an i s o t o p i c  composi t ion of approximate ly  48% 244Cm, 0.5% 245Cm, 45% 246Cm, 

1% 247Cm, and 5.5% Cm. 248 
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Table 2.2. Distribution of heavy elements from the 
Transuranium Processing Plant during the period 

January 1, 1975 - June 30, 1975 

TRU file Shipped to: 
Major nuclide Date No. Ind iv idual Site 

Curium-243 (56%), mg 

0.088 
1.76 
1.76 
3.608 

6-16-75 
6-19-75 
6-25-75 

Curium-244, g 

0.0103 2-18-75 
0.238 6-18- 7 5 
0.2483 

Curium--mixed isotopes, mg 

0.362 2-12-75 

Curium-245 (23%), mg 

0.211 
0.191 
0.064 
0.466 

2-12-75 
3-05-75 
6-12-75 

Curium-247 (24%), mg 

0.017 3-05-75 

Curium-248 (97%), mg 

6.76 
6.76 
6.76 
6.76 
6.76 
0.24 
34.04 

Curium-248 (92%), mg 

5.0 
10.0 
10.0 
15.0 
40.0 

1-10-75 
1-10-75 
1-10-75 
1-10-75 
1-22-75 
4-30-75 

4-22-75 
4-22-75 
4-22-75 
4-22-75 

753 
742 
741 

744 
752 

751 

745 
747 
746 

750 

7 34 
735 
7 36 
737 
7 38 
75 7 

552 
553 
554 
767 

Isotopes Sales 
C. E. Bemis 
N. M. Edelstein 

M. M. Abraham 
R. P. Turcotte 

N. M. Edelstein 

N. M. Edelstein 
R. Lanier 
R. L. Hahn 

R. Lanier 

W. T. Carnall 
N. M. Edelstein 
R. W. Hoff 
R. A. Penneman 
R. L. Fellows 
F. P. Hungate 

W. T. Carnall 
N. M. Edelstein 
R. J. Silva 
R. W. Hoff 

ORNL 
ORNL 
LBL 

ORNL 
PNL 

LBL 

L BL 
LLL 
ORNL 

LLL 

ANL 
LBL 
LLL 
LASL 
ORNL 
PNL 

ANL 
LBL 
ORNL 
LLL 

. 
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Table  2.2 ( con t inued)  

TRU f i l e  Shipped t o  : 
Major n u c l i d e  Date No. I n d i v i d u a l  S i t e  

Berkelium-249 

4 .1  
4 .1  
4 . 1  
2.5 
7.83 

22.63 

Californium-249, mg 

1.09 
0.29 
1.09 
1.36 
3.83 

Californium-250, mg 

1.1 

Californium-252, mg 

0.012 
0.00087(NZS-90) 
0 .731 (NZD-31) 

35.539 
0.015 
0.002 
0.840 (NSD-27) 
0.012 

12.687 (NSD-89) 
31.409 
0.010 

31.894 
39.613 
32.238 

185.00287 

Einsteinium-253,  ug 

5 33 
350 
130 

440 
4 .3  

0.04 
1457.34 

5-08-75 
5-09-75 
5-09- 75 
5-09-75 
5-29-75 

777 
774 
775 
776 
7 78 

R. G .  Haire 
W .  T .  C a r n a l l  
N .  M. E d e l s t e i n  
R.  W. Hoff 
T a r g e t  F a b r i c a t i o n  

6-17-75 786 R.  G .  Haire 
6-17-75 787 R. G .  Haire 
6-18-75 783 W .  T. C a r n a l l  
6-25-75 784 N .  M.  E d e l s t e i n  

4-16-75 

1-16-75 
1-2 8- 7 5 
3-27-75 
4-08-75 
4-10-75 
4-14-75 
4-16-75 
4-18-75 
4-25-75 
5-14-75 
5-15-75 
5-29-75 
6-11-75 
6-18-75 

3-24-75 
3-27-75 
4-09-75 
4-15-75 
6-26-75 
6-30-75 

766 

740 
733 
754 
723 
765 
763 
726 
768 
724 
769 
779 
770 
771 
755 

758 
759 
761 
760 
790 
791 

R.  L a n i e r  

R. J .  S i l v a  
J. R. Smith 
J .  L.  White 
A.  R. Boulogne 
R. J .  Silva 
I s o t o p e s  Sales 
L. C .  Nelson ,  Jr. 
T a r g e t  F a b r i c a t i o n  
J .  E .  Powell  
A .  R. Boulogne 
T a r g e t  F a b r i c a t i o n  
A .  R. Boulogne 
A .  R .  Boulogne 
A.  R. Boulogne 

W .  T .  C a r n a l l  
R. G .  Haire 
W .  T .  Carnall 
F. P .  Hungate 
R.  G .  Haire 
W.  J .  McDowell 

ORNL 
ANL 
LBL 
LLL 
ORNL 

ORNL 
ORNL 
ANL 
LBL 

LLL 

ORNL 
Aero j e t  

HEDL 
SRI, 
ORNL 
ORNL 

ORNL 
S andia-NM 

SRL 
ORNL 
SRL 
SRL 
SRL 

New Brunswick 

ANL 
ORNL 
ANL 
PNL 
ORNL 
ORNL 
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Table 2.2 (continued) 

TRU file Shipped to : 
Major nuclide Date No. Individual Site 

Einsteinium-253 (milked), ug 

80 4-30-75 772 W. T. Carnal1 
4-30-75 773 R. W. Hoff 

ANL 
LLL 

Fermium-257, pg 

0. 74a 4-09-75 762 E. K. Hulet LLL 

a Customer's assay. 
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2.2 I r r a d i a t i o n  and P rocess ing  P roposa l s  

The amounts of t ranscur ium e lements  t h a t  w i l l  be  produced a t  TRU 

du r ing  t h e  n e x t  few y e a r s  w i l l  depend on: (1) t h e  needs of r e s e a r c h e r s  

f o r  v a r i o u s  i s o t o p e s ,  (2)  t h e  needs f o r  252Cf i n  t h e  NFCP D i v i s i o n ' s  

252Cf market e v a l u a t i o n  and sales program, and ( 3 )  t h e  c a p a b i l i t i e s  of 

t h e  TRU-HFIR complex t o  produce t h e  r e q u i r e d  materials. I n  g e n e r a l ,  

r ea sonab le  p r e d i c t i o n s  can b e  made of t h e  p rocess ing  schedule  f o r  t h e  

nea r  f u t u r e .  Table  2.3 o u t l i n e s  t h e  e s t ima ted  product ion  of t r anscu r ium 

e lements  from a series of l i k e l y  p rocess ing  campaigns which are scheduled 

through 1976. Estimates f o r  1977 and 1978 are p r o j e c t i o n s  based on cur- 

r e n t  t r ends .  Normally, w e  would have scheduled one campaign du r ing  each 

of t h e  t h r e e  6-month p e r i o d s .  However, t h e  campaign which would have 

been scheduled f o r  J u l y  t o  December 1975 w a s  moved forward t o  June  1975, 

because t h e  HFIR w a s  s h u t  down i n  June  t o  r e p l a c e  t h e  permanent be ry l l i um 

r e f l e c t o r .  The r e a c t o r  w a s  expected t o  be  down f o r  as long as 4 months. 

A long-term p r o j e c t i o n  of t h e  c a p a b i l i t y  of t h e  TRU-HFIR complex t o  

produce t h e  "ya rds t i ck"  i s o t o p e  252Cf i s  i l l u s t r a t e d  i n  F ig .  2 . 1 .  

long-term p r o j e c t i o n s  can on ly  be made on an  i d e a l i z e d  b a s i s  i n  which 

c a r e f u l l y  d e f i n e d ,  i r r a d i a t i o n - p r o c e s s i n g  c y c l e s  are combined i n  a s t r a i g h t -  

forward way. 

Such 

2 The p r e s e n t  p r o j e c t i o n  i s  an  improvement over  prev ious  p r o j e c t i o n s  

because t h e  i n d i v i d u a l  i r r a d i a t i o n - p r o c e s s i n g  c y c l e s  are s e p a r a t e l y  o p t i -  

mized. The b a s i s  of o p t i m i z a t i o n  is  t h e  amount of ca l i fo rn ium produced 

per  u n i t  of p o t e n t i a l  ca l i fo rn ium consumed, bo th  i n  t h e  i r r a d i a t i o n  and 

i n  t h e  p rocess ing  s t e p s .  (The concept  of p o t e n t i a l  ca l i fo rn ium r e f e r s  t o  

t h e  amount of c a l i f o r n i u m  t h a t  could u l t i m a t e l y  be  produced from a g iven  

s t a r t i n g  material by t h e  most e f f i c i e n t  scheme imaginable . )  The r e s u l t s  

of t h e  i n d i v i d u a l  opt imized c y c l e  c a l c u l a t i o n s  are then  combined i n t o  an  

o v e r a l l  r ecyc le - r ep rocess ing  scheme t h a t  is  f l e x i b l e  enough t o  accommodate 

v a r i a t i o n s  i n  c y c l e  l e n g t h ,  and y e t  i s  s u f f i c i e n t l y  i d e a l i z e d  t o  be  ca lcu-  

l a b l e .  

s e l e c t  t h e  optimum l e n g t h  of a n  i r r a d i a t i o n  c y c l e .  

t h e  c a l c u l a t i o n  of product  y i e l d  once t h a t  c y c l e  l e n g t h  has  been chosen,  

Note t h a t  t h e  concept  of p o t e n t i a l  ca l i fo rn ium i s  used only  t o  

I t  does n o t  e n t e r  i n t o  



Table  2.3. Est imated f u t u r e  p roduc t ion  of t ranscur ium elements 

b 252Cf p roduc t ion  
During 
the Produc t s  of  campaigns 

249Bk 252Cf 253Esa 257Fm p e r i o d  Cumul. Date p roduc t s  
Pe r iod  P rocess ing  campaign (mg) (mg) (Le) (pg) (mg) (mg) ava i l a b  l e  

Through June  1975 

July-December 1975 

January-June 19 76 

July-December 1976 

1977 

1978 

1674b 

0 1674 

03 10  Cf-I Cm-HFIR Ta rge t s  22 260 lOOO(110) 0.8 260 1934 February 1976 

260 lOOO(110) 0.8 260 2194 October  1976 ( 5  Cf-I Cm-HFIR Targe t s )  24 
5 TRU Cm-HFIR Targe t s  

500 2694 

500 3194 

a Amounts from i n i t i a l  s e p a r a t i o n .  Amounts "milked" from c a l i f o r n i u m  product  f r a c t i o n  a f t e r  decay p e r i o d  
are g iven  i n  pa ren theses .  

recovered from 164 SRP s l u g s  and 2 1  SRF' t ubes  processed  between November 1970 and January  1973. 
bCal i fornium produced i n  SRP i r r a d i a t i o n s  i s  n o t  i nc luded  i n  product ion  t o t a l s .  A t o t a l  of 720 mg w a s  
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Evidence t o  d a t e  s u g g e s t s  t h a t  t h i s  b a s i s  f o r  op t imiz ing  i n d i v i d u a l  

c y c l e s  r e s u l t s  i n  a p r o j e c t i o n  of ca l i fo rn ium product ion  t h a t  probably 

r e p r e s e n t s  very  c l o s e l y  t h e  maximum amount of 252Cf t h a t  can be  produced 

from feed  of a g iven  q u a l i t y .  

The upper curve  i n  F ig .  2 . 1  shows such a maximum ou tpu t  f o r  a curium 

feed  q u a l i t y  which i s  roughly equ iva len t  t o  t h a t  r e s u l t i n g  from t h e  Cf-I 

program a t  SRP. However, t h e  amount of feed  t h a t  i s  a v a i l a b l e  could n o t  

s u s t a i n  such a program f o r  more than a few y e a r s .  The numbers i n  c i r c l e s  

a t  t h e  top curve  i n d i c a t e  t h e  annual  t a r g e t  p rocess ing  rate t h a t  would 

be r e q u i r e d  t o  r each  t h e  optimum product ion  l e v e l .  The two lower curves  

show t h e  product ion  ra te  a t t a i n a b l e  when t h e  throughput  i s  l i m i t e d  t o  25 

o r  50 t a r g e t s  pe r  y e a r .  A t  t h e  p r e s e n t  t i m e ,  w e  are o p e r a t i n g  a t  t h e  

].eve1 of 25 t a r g e t s  pe r  y e a r .  

2.3 E s t i m a t e s  of t h e  A v a i l a b i l i t y  of Transuranium Elements 

The amounts of t ranscur ium elements  expected from each campaign are  

shown i n  Table  2.3. During t h e  nex t  18 months, w e  expec t  t o  r ecove r  a 

t o t a l  of 46 mg of 249Bk, 520 mg of 252Cf, 2.0 mg of 253Es ( i n  a mix tu re  

of i s o t o p e s ) ,  220 p g  of h igh-pur i ty  253E.s, and 1 . 6  pg of 257Fm. 

estimates were made by means of a method desc r ibed  i n  a previous  r e p o r t  

i n  t h i s  ~ e r i e s . ~  
chemical  y i e l d s  and recovery  t i m e s  f o r  each of t h e  t ransplu tonium elements  

that  are s e p a r a t e d  a t  TRU. The assumed va lues  are based on p a s t  performance 

d a t a ,  and t h e  most r e c e n t l y  r e v i s e d  va lues  are  l i s t e d  i n  Table  2 . 4  of 

r e f .  4 .  

These 

That method r e q u i r e s  t h e  use  of assumed v a l u e s  f o r  

Plutonium, americium, and curium t h a t  are sepa ra t ed  from t h e  t r a n s -  

curium elements  d u r i n g  t h e  p rocess ing  of i r r a d i a t e d  t a r g e t s  are g e n e r a l l y  

cons idered  t o  be  i n t e r m e d i a t e  feed  materials. However, two i s o t o p e s  of 

t h e s e  e lements ,  244Pu and 248Cm, which are v a l u a b l e  r e s e a r c h  materials , 
are f r e q u e n t l y  recovered .  Within t h e  nex t  18 months, w e  do n o t  p l a n  t o  

p rocess  any of t h e  remaining Cal i fornium-I  materials i r r a d i a t e d  a t  SRP 

o r  t o  i r r a d i a t e  any plutonium t a r g e t s  i n  t h e  H F I R ;  t h u s ,  w e  do n o t  expec t  

t o  recover  any 2 4 4 ~ u .  
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On June  30, 1975, TRU had a n  inven to ry  of p u r i f i e d  ca l i fo rn ium i n  

several b a t c h e s ,  which conta ined  t o t a l s  of 608 mg of 252Cf and 1 7 7  mg of 

248Cm. A t  a p p r o p r i a t e  t i m e s ,  each b a t c h  w i l l  be  processed  t o  s e p a r a t e  

t h e  ca l i fo rn ium and curium. The curium thus  ob ta ined  i s  cons idered  t o  

be  h igh-pur i ty  248Cm; t y p i c a l  i s o t o p i c  composi t ion i s  97% 248Cm and 3% 

246Cm. 

p r e s e n t  i n  t h e  ca l i fo rn ium.  We expec t  t o  o b t a i n  50 mg of h igh -pur i ty  

248Cm i n  November 1975, and a n  a d d i t i o n a l  75 mg dur ing  1976. 

The 246Cm " impuri ty"  i s  produced by decay of 250Cf, which i s  

3 .  PROCESSES AND EQUIPMENT 

There have been no changes i n  t h e  chemical  p rocess ing  f lowshee t s  

normally used a t  TRU du r ing  t h i s  r e p o r t  p e r i o d .  

p rocess ing  equipment a t  TRU i s  g e n e r a l l y  good, and t h e  equipment i s  con- 

t i n u a l l y  main ta ined .  

u s u a l l y  inc luded  t o  p rov ide  improved c a p a b i l i t y  and performance. 

The c o n d i t i o n  of chemical  

When rep lacements  are necessa ry ,  mod i f i ca t ions  are 

During t h i s  r e p o r t  p e r i o d ,  w e  i n s t a l l e d  a new rack  i n  c u b i c l e  4 con- 

t a i n i n g  equipment t h a t  w i l l  be  used f o r  b o t h  t h e  p u r i f i c a t i o n  of curium 

by o x a l a t e  p r e c i p i t a t i o n  and t h e  p r e p a r a t i o n  of curium oxide  microspheres  

by t h e  r e s i n  loading- -ca lc ina t ion  method. 1 

4. CALIFORNIUM NEUTRON SOURCES 

Some of t h e  c a l i f o r n i u m  recovered  a t  TRU i s  inco rpora t ed  i n t o  neu t ron  

sources ,  which are subsequent ly  loaned t o  r e s e a r c h e r s .  Data f o r  a l l  of t h e  

neu t ron  s o u r c e s  t h a t  have been f a b r i c a t e d  a t  TRU are l i s t e d  i n  Table  4 .1 .  

Most of t h e  sou rces  were f a b r i c a t e d  i n t o  one of t h e  f o u r  s t a n d a r d  models 

i l l u s t r a t e d  i n  F ig .  4 . 1  of r e f .  5 ,  and are des igna ted  i n  t h e  t a b l e  by a 

t h r e e - l e t t e r  p r e f i x .  Nonstandard sources  are des igna ted  simply NS- . The 

t h r e e - l e t t e r  p r e f i x  i n d i c a t e s  whether  t h e  sou rce  i s  s i n g l y  o r  doubly encap- 

s u l a t e d ,  and whether  i t  is  f a b r i c a t e d  from type  304L s t a i n l e s s  s t ee l  o r  

Zircaloy-2.  

Table  4.2  of r e f .  5. 
The c h a r a c t e r i s t i c s  of s t a n d a r d  source  capsu le s  are l i s t e d  i n  
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Table  4.1 Data f o r  neu t ron  source8  p repa red  a t  TRU 

252cf Content as of 6130175 Content at  
On l o a n  to :  mCf 24aCm Date of  c a l i b r a t i o n  

Source c a l i b r a t i o n  (us) (Ug) (UP) I n d i v i d u a l  S i t e  

NS-la 

NS-2 

NS-3 

NS-4 

NS-5 

NS-6 

NS-7 

NS-8 

NSD-9 

NSS-10 

NS-11 

NSS-12 

NSD-13 

NSS-14 
d NS-15 

NSD-16 

d 

NSS-17 

NS-18 

NSS-19 

d 

NSD-20 

NSS-21 

NS-22 

NSD-24 

NS-25 

NSD-26 

NSD-27 

NSD-28 

NSD-29 

NSD-30 

NZD-31 

NZD-32 

NZD-33 

NZD-34 

NZD-35 
d NS-36 

NSD-37 

N S D - ~ ~  

NS-39 

NSD-40 

NSD-41 

NSD-42 

NSD-43 

NZD-44 

8-28-68 

8-2 3-68 

5-13-69 

7-09-69 

8-14-69 

11-21-69 

1-21-70 

12-17-69 

4-17-70 

3-11-70 

3-10-70 

6-30-70 

3-19-71 

6-29-70 

6-25-70 

io-08-70 

8-31-71 

6-24-70 

6-26-70 

7-01-70 

10-21- 70 

9-10-70 

10-15-70 

11-09-70 

2-11-71 

1-29-71 

2-12-71 

9-10-71 

3- 31- 71  

11-23-71 

11-2 3-7 1 

11- 2 3- 7 1 
11-23-71 

11-2 3-71 

3-23-71 

9-04-71 

6-16-71 

11-07-71 

4-27-72 

11-08-71 

11-02-71 

4-20-72 

5-15-72 

316 

254 

29 0 

a83 

946 

747 

788 

1839 

1720 

113 

a 
1868 

4649 

4615 

931 

1657 

4886 

962 

493 

630 

1 8  

13 

6 

58 

1 4  

2528 

11 

11393 

879 

1733 

iaoo 
1888 

1924 

1904 

2070 

9838 

102 

942 

1161 

5117 

4434 

4839 

10 7 31  

53  

42 

218 

185 

203 

172 

190 

432 

440 

28 

2 

504 

1514 

1245 

250 

481 

1791 

259 

133  

170 

5 

4 

2 

1 7  

4 

795 

3 
4207 

2 89 

675 

701 

735 

749 

741 

676 

3617 

35 

36 3 

506 

1971 

1701 

2097 

4734 

b 

b 

b 

666 

709 

548 

571 

1342 

1220 

b 

b 

1301 

2989 

3214 

649 

1122 

2951 

671 

344 

439 

b 

b 

b 

b 

b 

1653 

b 

6853 

563 

1009 

1048 

1099 

1120 

1109 

1329 

5932 

b 

553 

625 

3000 

2606 

2615 

5719 

K.  L. Swinth 

C 

G. I. Gleason 

C .  F. Masters 
F.  B. Simpson 

R .  W .  Hoff 

C 

H .  Berger 

N .  D .  Wogman 

J. P. Balagna 

R.  R. Fullwood 

R. W. Hoff 

H .  0. Menlove 

D.  C.  S t e w a r t  

F. B.  Simpson 

C 

L. W .  Dahlke 

F. B. Simpson 

J .  E .  Bigelow 

J. E. Powell  

F. Cross  

J. E .  B i g e l m  

J. E. Rushton 

F. J .  Muckenthaler 

H. 0. Menlove 

L. C.  Nelson, Jr. 

E .  E .  Hicks 
S .  G .  Snow 

C 

J .  L. White 

C 

C 

W .  G .  Spear 

C 

F. B. Simpson 

R.  W. P e r k i n s  

H .  0 .  Menlove 

V. S p i e g e l  

J. B. S t o r e r  

C .  J .  E m e r t  

C. J. E m e r t  

C.  J .  E m e r t  

F .  B. Simpson 

PNL 

ORAU 

LASL 

ANC 

LLL 

ANL 

PNL 

LASL 

LASL 

LLL 

LASL 

ANL 

ANC 

Sandia-Livermore 

ANC 

ORNL-TRU 

. Sandia-NM 

PNL 

ORNL-TRU 

ORNL 

ORNL 

LASL 

New Brunswick 

Rocky F l a t s  

Y-12 

HEDL 

HEDL 

ANC 

PNL 

LASL 

NBS 

OWL-Biology 

BAPL 

BAPL 

BAPL 

ANC 
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Table  4.1 (cont inued)  

Cf 252 

L- 
Content  at  

Date of c a l i b r a t i o n  ‘>‘Cf 
Source c a l i b r a t i o n  (pg) (!a) (PP) I n d i v  

Content as of  6130175 
- I C 9  748Cm On l o a n  t o :  

i d u a l  S i t e  

NSD-45 

NSD-46 

NSD-47 

NSD-48 

NSD-49 

NS-50 

NSD-51 

NSD-52 

NSD-53 

NS-54 

NSD-55 

NSD-56 

NSD-57 

NZD-58 

NS-59 

NSD-60 

NSD-61 

NSS-62 

NSD-63 

NSD-64 

NS-65 

NSD-66 

NSD-73 

NSD-74 

NS-75 

NSD-76 

NSD-77 
NSD-78 

NS-79 

NSD-80 

NSD-81 

NSD-89 

NZS-90 

SR-Cf-167e 

8-18-71 

4-2 3-72 

7-14-71 

7-14-71 

7-14-71 

8-23-71 

11-02-71 

9-02-71 

10-25-71 

1-19-73 

4-19-72 

4-19-72 

4-14-72 

5-15-72 

7-13-72 

4-11-72 

1-19-73 

3-2 7- 7 3 

4-21-72 

7-19-73 

7-09-73 

8-02-73 

9-11-73 

9-11-73 

10-01-73 

3-09-74 

3-09-74 
3-09-74 

10-02-74 

6-03-74 

6-03-74 

4-2 3- 7 5 
1-16-75 

5-26-71 

1776 

629 

200 

194 

199 

138 

365 

2 80 

1051 

3187 

4 

1 2 1  

973 

11003 

53  

20 

5225 

3755 

847 

193 

114 

3449 

13545 

4416 
1919 

434 

433 
429 

1650 

5966 

6364 

12687 

645 

273 

7 1  
69 

70 

50 

140 

103  

401 

1681 

2 

52 

420 

4854 

24 

9 

2756 

2078 

36 7 

116 

68 

2092 

8455 

2757 

1215 

308 

307 
304 

1359 

4504 

4804 

12083 

0.87 <1 

3975 1359 

1078 

339 

123 

119 

123  

84 

215 

169 

620 

1436 

b 

65 

528 

5864 

b 

b 

2355 

1599 

45 7 

74 

44 

1294 

4854 

1582 

671 

120 

120 
119 
278 

1394 

1487 

576 

b 
2494 

K .  L. Swinth 

H .  0. Menlove 

P. L. Johnson 

J. E .  Rushton 

C 

S .  G .  Carpenter  

C 

E. D.  Clay ton  

L. J. Esch 

V. Spiege l  

L. J .  Esch 

L. 3. Esch 

C 

F .  B.  Simpson 

G .  E.  Hanson 

F. F. Haywood 

L. J. Esch 

J. E .  Bigelow 

H .  0. Menlove 

H .  0. Menlove 

L. Green 

J. E .  Powell  

G .  I. Gleason 

G .  I .  Gleason 

R.  3. Kloepping 

P .  L. Johnson 

P .  L. Johnson 
P .  L. Johnscn 

V .  Sp iege l  

C .  3. E m e r t  

C .  J. E m e r t  

J. E .  Powell  

J. R.  Smith 

C 

PNL 

LASL 

Mound 

ORNL 

ANL-NRTS 

PNL 

KAPL 

NBS 

KAPL 

KAPL 

ANC 

LASL 

ORNL-DOSAR 

KAPL 

ORNL-TRU 

LASL 

LASL 

BAPL 

Sandia-NM 

ORAU 

ORAU 

LLL 

Mound 

Mound 
Mound 

NBS 

BAPL 

BAPL 

Sandia-NM 

ANC 

aThis sou rce  is encapsu la t ed  i n  aluminum. 

bThis sou rce  is  n o t  s u i t a b l e  f o r  recovery  of  248Cm. 

‘This sou rce  is h e l d  a t  ORNL and is a v a i l a b l e  f o r  r e i s s u e .  

dThis sou rce  is  encapsu la t ed  i n  Type 405 s t a i n l e s s  s teel .  
eThis sou rce  w a s  f a b r i c a t e d  a t  TRU i n  s t anda rd  Savannah R ive r  SR-Cf-100 series hardware.  
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4 . 1  Sources  Fabr i ca t ed  During January-June 1975 

Two s t a n d a r d  TRU sources ,  NSD-89 and NZS-90, were f a b r i c a t e d  du r ing  

I n  a d d i t i o n ,  a quartz-bead type  neu t ron  source  con- t h i s  r e p o r t  pe r iod .  

t a i n i n g  0.15 ug of 252Cf w a s  p repared;  w e  d i d  n o t  a s s i g n  an  i d e n t i f i c a t i o n  

number t o  t h i s  s o u r c e  because t h e  bead w a s  n o t  encapsula ted .  

4.2 Sources  Returned 

An i n c r e a s i n g  number of neut ron  sources  are be ing  r e tu rned  as t h e  

p r o j e c t s  f o r  which they  were reques ted  are completed o r  as replacement  

sou rces  are o rde red  t o  make up f o r  decay of t h e  252Cf. The r e t u r n e d  

sources  are a v a i l a b l e  f o r  reassignment  u n t i l  t h e  a p p r o p r i a t e  t i m e  f o r  

r ep rocess ing  t o  recover  t h e  ingrown 248Cm. Eleven sources  t h a t  c o n t a i n  

from 42 t o  1359 ug of 252Cf are now i n  t h i s  ca t egory  and are s o  des igna ted  

i n  Table  4 .1 .  Sources  NSD-30 and NSD-51 were r e t u r n e d ,  and sources  NSD-27 

and NZD-31 were re loaned  du r ing  t h i s  r e p o r t  pe r iod .  

Before sh ipp ing  NZD-31,  w e  modif ied t h e  sou rce  housing t o  m e e t  t h e  

requi rements  of t h e  new u s e r .  The source  as o r i g i n a l l y  prepared  had a 

tang on t h e  bottom ( l i k e  a screw d r i v e r  b l a d e ) .  T h i s  tang  w a s  removed, 

t h e  sou rce  w a s  a t t a c h e d  t o  a handl ing  rod  fu rn i shed  by t h e  customer,  and 

w a s  loaded i n t o  t h e  cus tomer ' s  DOT S p e c i f i c a t i o n  7A c o n t a i n e r .  

t h e  r a d i a t i o n  r e a d i n g s  d i d  n o t  m e e t  l e v e l s  f o r  u n r e s t r i c t e d  shipment,  

b u t  a f t e r  t h e  a d d i t i o n  of a tungs ten  s h e l l  around t h e  sou rce ,  t h e  l i m i t  

w a s  m e t .  

I n i t i a l l y ,  

4 .3  C a l i b r a t i o n  of Neutron Source Reference S tandards  NSS-19 and NSS-62 

Data r e l a t i n g  t o  t h e  c a l i b r a t i o n  of NSS-19 (344 pg of 252Cf) and NSS-62 

(1599 pg of 252Cf) were eva lua ted .  We have r ece ived  c a l i b r a t i o n  d a t a  on 

t h r e e  TRU neu t ron  sources  which w e  had s e n t  t o  t h e  Na t iona l  Bureau of 

S tandards .  These sou rces  are NS-39, NS-54, and NS-75. Each of t h e s e  had 

been compared w i t h  NSS-19 a t  t h e  t i m e  they were shipped from TRU. Using 

t h e  most r e c e n t  t echn iques ,  w e  r e c a l c u l a t e d  t h e  c o r r e c t i o n s  f o r  dead-time 

and background found i n  t h e  earlier r e s u l t s .  Three v a l u e s ,  based on NBS 
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count ing  d a t a  on NS-39, NS-54, and NS-75, were then  determined f o r  t h e  

252Cf con ten t  o f  NSS-19. 

of 4.7068 x 10  , 4.7177 x 10 , and 4.7137 x 10 n e u t r o n s l s e c ,  r e s p e c t i v e l y .  

The ave rage  and s t a n d a r d  d e v i a t i o n  of t h e s e  numbers are 4.7127 x 10 

0.12%, and t h e  s t a n d a r d  d e v i a t i o n  on t h e  e s t i m a t i o n  of t h e  mean i s  on ly  

0.068%. Th i s  new c a l i b r a t i o n  d i f f e r e d  from t h e  o l d  c a l i b r a t i o n  (which 

had been based on a p re l imina ry  v a l u e  f o r  on ly  NS-39) by only  0.047%, a 

f o r t u i t o u s l y  small  amount. 

based on t h i s  new s t a n d a r d ,  b u t  no e f f o r t  w i l l  b e  made t o  s y s t e m a t i c a l l y  

update  o l d  a s says .  

These t h r e e  v a l u e s  corresponded t o  sou rce  s t r e n g t h s  
8 8 8 

8 +  - 

Cal i forn ium a s s a y s  made i n  t h e  f u t u r e  w i l l  b e  

Fol lowing t h e  readjus tment  of NSS-19 c a l i b r a t i o n ,  w e  examined t h e  

r e c o r d s  f o r  21  in te rcompar isons  of  NSS-19 and NSS-62 t h a t  da t ed  back to 

March 24, 1973. These d a t a  were a l so  r e c a l c u l a t e d  (where necessa ry )  u s ing  

t h e  b e s t  t echniques  f o r  dead-time and background c o r r e c t i o n s .  A f t e r  

c o n s i d e r a t i o n  of t h e  s t a t i s t i c s ,  w e  d i sca rded  t h e  f o u r  p o i n t s  i n  which 

t h e  coun t s  were made i n  p o s i t i o n  E on t h e  b a r  used t o  p o s i t i o n  sources  

re la t ive  t o  t h e  f a s t -neu t ron  d e t e c t o r s  because t h e  count rate f o r  NSS-19 

w a s  t oo  low i n  t h i s  p o s i t i o n .  

The means f o r  count  r a t e  r a t i o s  i n  p o s i t i o n s  C and D on t h e  b a r  d i f -  

f e r e d  by only  0.13%, so  t h e s e  r e s u l t s  were pooled.  

sou rce  s t r e n g t h s  of NSS-62fNSS-19 w a s  then  found t o  be 15.6275, w i t h  a 

s t a n d a r d  d e v i a t i o n  of  0.55%. The s t a n d a r d  d e v i a t i o n  of t h e  estimate of 

t h e  mean w a s  0.13%. 

The average  r a t i o  of 

With t h e s e  e x c e l l e n t  r e s u l t s ,  w e  can now rega rd  NSS-62 as be ing  w e l l  

c a l i b r a t e d ,  and i t  w i l l  t a k e  i t s  p l a c e  as t h e  "workhorse" r e f e r e n c e  s t an -  

dard a t  TRU. However, w e  w i l l  s t i l l  use  NSS-19 f o r  c a l i b r a t i o n  of sou rces  

con ta in ing  less than  about  0.5 mg of 252Cf. 
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5. SPECIAL PROJECTS 

The primary f u n c t i o n s  of TRU are: (1) t o  f a b r i c a t e  t a r g e t s  f o r  ir- 
r a d i a t i o n  i n  t h e  HFIR t o  produce t ransuranium elements ,  and (2) t o  i s o l a t e  

and p u r i f y  t ransuranium elements  f o r  use  by r e s e a r c h  workers .  

t h e  f a c i l i t i e s  t h a t  are a v a i l a b l e  

purposes  such as nonrou t ine  p roduc t ion ,  s p e c i a l  p r e p a r a t i o n s ,  and s p e c i a l  

i r r a d i a t i o n s  i n  HFIR; i n  each c a s e ,  a unique s e r v i c e  can be  provided t o  

assist a r e s e a r c h  program a t  ORNL o r  ano the r  s i te .  

p r o j e c t s  were undertaken dur ing  t h e  c u r r e n t  r e p o r t  pe r iod .  

However, 

are a l s o  used f o r  a v a r i e t y  of o t h e r  6 

The fo l lowing  s p e c i a l  

5 . 1  I r r a d i a t i o n  of 249Bk t o  Produce 250Cf 

Approximately 1 mg of 250Cf w a s  p repared  f o r  LASL i n  two c y c l e s  of 

f a b r i c a t i o n ,  i r r a d i a t i o n ,  and p rocess ing  of HFIR r a b b i t s  con ta in ing  249Bk. 

The p r e p a r a t i o n  of BkO MgO microspheres  f o r  t h e s e  r a b b i t s  and t h e  process-  

i n g  of t h e  i r r a d i a t e d  materials were accomplished wi th  techniques  which 

have been desc r ibed  p rev ious ly .  

t e r e d  some d i f f i c u l t i e s  w i th  plugging of t h e  h igh  p r e s s u r e  ion  exchange 

column dur ing  t h e  s t r i p p i n g  o p e r a t i o n .  Th i s  plugging w a s  a t t r i b u t e d  t o  

t h e  l a r g e r  q u a n t i t y  of magnesium p r e s e n t  from p rocess ing  more than  one 

r a b b i t  a t  a t ime.  

2- 

7 I n  t h e  p r e s e n t  series of r u n s ,  w e  encoun- 

I n  t h e  f i r s t  c y c l e ,  t h r e e  r a b b i t s  w e r e  i r r a d i a t e d  16  h r  a t  a thermal  

f l u x  of 3 x neu t rons  sec-l. The 250Cf produced (690 ug) w a s  

s e p a r a t e d  from t h e  r e s i d u a l  249Bk ( 3 . 3  mg) by means of a h igh  p r e s s u r e  ion  

exchange run  which w a s  made w i t h i n  30 h r  a f t e r  d i s c h a r g e  of t h e  r a b b i t s  

from t h e  r e a c t o r .  

c y c l e  r a b b i t s ,  con ta in ing  a t o t a l  of 2.9 mg of 249Bk, were f a b r i c a t e d ,  

i r r a d i a t e d ,  and processed .  The 250Cf p roduc t s  from bo th  c y c l e s  of produc- 

t i o n  were combined, p u r i f i e d ,  packaged, and sh ipped .  The f i n a l  product  

c o n s i s t e d  of 1 . 1 4  mg of 250Cf wi th  t h e  i s o t o p i c  composi t ion shown i n  Table  

5.1. 
c y c l e  r a b b i t s  w a s  1 . 6  mg. 

A f t e r  p u r i f i c a t i o n  of t h e  r e s i d u a l  249Bk, two second- 

The amount of r e s i d u a l  249Bk recovered  from p rocess ing  t h e  second- 



17 

Table  5 .1 .  Composition of 250Cf product  

Batch i d e n t i f i c a t i o n  code 3H12-Cf-prod. 

Date of a n a l y s i s  March 26, 1975 

Nucl ide I s o t o p i c  composi t ion 
(atom % >  

3.62 

89.22 

6.48 

0.67.8 

< o .  002 

<o. 002 

5.2 Phoenix Capsule  P rocess ing  

Two s m a l l  c o n t a i n e r s ,  c a l l e d  "Phoenix" c a p s u l e s ,  were b u i l t  s e v e r a l  

y e a r s  ago t o  house some 248Cm f o r  an exper imenta l  i r r a d i a t i o n  i n  t h e  HFIR. 

The purpose of t h e  experiment  w a s  t o  de te rmine  t h e  c a p t u r e  c r o s s  s e c t i o n  

o f  249Cm. Each "Phoenix" c a p s u l e  w a s  a Zircaloy-2 c y l i n d e r  (0.25-in.- 

diam by 1-in.  l ong  w i t h  threaded  end p lugs )  which conta ined  a q u a r t z  

ampul. A s o l u t i o n  c o n t a i n i n g  a t o t a l  of 150 1.18 of 248Cm had been d r i e d  

and flamed i n t o  t h e  q u a r t z  ampuls. A f t e r  f a b r i c a t i o n ,  t h e  "Phoenix" cap- 

s u l e s  were enc losed  w i t h i n  a s tandard-s ized  H F I R  t a r g e t  rod and i r r a d i a t e d  

i n  t h e  HFIR c o r e  a t  a f l u x  of 3 x neu t rons  cm sec . A f t e r  removal 

of t h e  t a r g e t  rod  from t h e  r e a c t o r ,  t h e  "Phoenix" capsu le s  were p h y s i c a l l y  

removed from t h e  rod and encapsula ted  i n t o  a new rod f o r  f u r t h e r  i r r a d i a -  

t i o n .  The capsu le s  were i r r a d i a t e d  i n  t h r e e  d i f f e r e n t  t a r g e t  rods  f o r  a 

t o t a l  i r r a d i a t i o n  pe r iod  of  about  1 yea r .  During t h i s  r e p o r t  p e r i o d ,  t h e  

capsu le s  were opened and t h e  q u a r t z  ampuls were removed and chemical ly  

processed t o  o b t a i n  y i e l d  and i s o t o p i c  composi t ion d a t a .  

-2 -1 

The q u a r t z  ampuls were j o i n t l y  crushed and ground t o  a small p a r t i c l e  

s i z e  and w e r e  t hen  leached  w i t h  n i t r i c  a c i d  t o  d i s s o l v e  t h e  a c t i n i d e  elements .  
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The l e a c h  s o l u t i o n  w a s  processed  by means of a h i g h - p r e s s u r e  i o n  exchange 

run  t o  s e p a r a t e  curium from ca l i fo rn ium.  The curium product  con ta ined  

2.6 pg of 244Cm, as determined by a l p h a  coun t ing  t echn iques .  A mass spec t ro -  

g raph ic  a n a l y s i s  

125 pg of 250Cm. 

showed t h a t  t h e  curium con ta ined  6.7 ug of 248Cm and 

Using t h e  e x a c t  i r r a d i a t i o n  h i s t o r y  of t h e  c a p s u l e s ,  a series of ca l -  

c u l a t i o n s  w a s  made t o  de termine  t h e  b e s t  v a l u e  f o r  t h e  249Cm c a p t u r e  c r o s s .  

s e c t i o n .  

t h u s ,  on ly  a s m a l l  f r a c t i o n  (about 5 x 10 ) c a p t u r e s  a n e u t r o n  and becomes 

long- l ived  250Cm. 

pe r iod  used i n  t h i s  experiment,  one must cons ide r  t h e  p o s s i b i l i t y  t h a t  t h e  

250Cm abso rbs  a neu t ron  and is  des t royed .  The re fo re ,  t h e  c a l c u l a t i o n s  were 

made over  a r ange  of assumed a b s o r p t i o n  c r o s s  s e c t i o n s  f o r  2 5 0 C ~ .  

sumed v a l u e s  of u ( Cm) and t h e  cor responding  v a l u e s  of uc (249Cm) which 

y i e l d e d  t h e  observed composition are t a b u l a t e d  below. It w i l l  be necessa ry  

t o  make o t h e r  i r r a d i a t i o n s  t o  de te rmine  t h e s e  two va lues  s e p a r a t e l y .  

Most of t h e  249Cm decays t o  249Bk w i t h  a 64-min h a l f - l i f e ;  
-5 

I n  a long  i r r a d i a t i o n  such as t h e  approximate ly  1-year 

The as- 
250 

a 

u a (250Cm), b u C (249Cm), b 

( a s  s umed ) ( c a l c u l a t e d )  

2 
8 

20 
50 

200 

1.25 
1.59 
2.43 
5 . 2 7  

24.0 

These r e s u l t s  are r a t h e r  remarkable when compared w i t h  t h e  ana logous  

c r o s s  s e c t i o n s  of o t h e r  curium i s o t o p e s  shown i n  Table  5 .2 .  
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T a b l e  5 . 2 .  HFIR E f f e c t i v e  c a p t u r e  c r o s s  s e c t i o n s  

Even Odd 
is0 topes  Barns i s o t o p e s  Barns 

2 4 2 ~ m  20 2 4 3 ~ m  2 2 5  

7.4 2 4 7 ~ m  85 

2 4 4 ~ m  4 3  2 4 5 ~ m  349 

2 4 6 ~ m  
248Cm 1 2 . 2  2 4 9 ~ m  1 . 6  

250cnl 8a 

b 

a 

bResu l t ing  v a l u e  s i g n i f i c a n t l y  lower t h a n  t h a t  f o r  o t h e r  odd i s o t o p e s .  

Assumed v a l u e  comparable t o  o t h e r  even i s o t o p e s .  
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7. APPENDIX 

We have t r a d i t i o n a l l y  used t h e  Appendix i n  t h i s  s e  ies of s e m i  nnual  

r e p o r t s  t o  t a b u l a t e  decay d a t a  and c ross - sec t ion  d a t a  of i n t e r e s t  t o  t h e  

t ransplu tonium community. I n  t h e  f i r s t  few i s s u e s ,  r a p i d  changes occurred  

as a r e s u l t  of t h e  p u b l i c a t i o n  of much new d a t a .  Sometimes, by v i r t u e  of 

pe r sona l  c o n t a c t s  w i th  some of t h e  i n v e s t i g a t o r s ,  w e  were a b l e  t o  incor -  

p o r a t e  new d a t a  i n  our  t a b l e s  even b e f o r e  formal  p u b l i c a t i o n .  

r e c e n t  i s s u e s ,  t h e  p r e s s  of o t h e r  work has  prevented  us from r e v i s i n g  t h e  

t a b l e s ;  as a r e s u l t ,  they are no longer  c u r r e n t .  I n  t h e  meantime, t h e  

Nuclear Data P r o j e c t  a t  ORNL has  i s sued  r e v i s e d  and updated Nuclear Data 

Shee t s  ' - I 4  which cover t h e  mass r eg ion  of i n t e r e s t  (A>237), and which are 

considered t h e  d e f i n i t i v e  source  of a l l  t ypes  of nuc lea r  d a t a  r e l a t i n g  t o  

decay modes, h a l f - l i v e s ,  etc.  However, because these  Appendix t a b l e s  have 

proven t o  be a convenient  r e f e r e n c e  t o  us  a t  TRU, w e  w i l l  con t inue  t o  

p u b l i s h  them wi th  each i s s u e .  It i s  our  e x p e c t a t i o n  t h a t  as t i m e  pe rmi t s ,  

w e  w i l l  b r i n g  t h e  decay d a t a  i n  t h e s e  t a b l e s  i n  l i n e  wi th  t h e  la tes t  r ev i -  

s i o n s  of t h e  Nuclear  Data Shee ts .  

I n  more 

7 . 1  Decay Data 

Table  A-1 is a list of a l l  n u c l i d e s  of i n t e r e s t  t o  t h e  Transplutonium 

Element Product ion  Program ( i . e . ,  a l l  t h a t  can be  produced by neut ron  bom- 

bardment of 238U). 

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 ,  a long  w i t h  l i t e r a tu re  r e f e r e n c e s  where 

a v a i l a b l e .  I n  many c a s e s ,  t h e  h a l f - l i f e  of an  i s o t o p e  w a s  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 t h e r  r e f e r e n c e  

i s o t o p e .  I n  a few of t h e s e  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 f e r e n c e  i s o t o p e ,  and t h e  va lues  of t h e  h a l f - l i v e s  t h a t  

were dependent upon i t  have been r e c a l c u l a t e d .  Such cases are footnoted  

because t h e  h a l f - l i f e  va lue  i n  our  t a b l e  no longe r  ag rees  wi th  t h e  v a l u e  

given i n  t h e  r e f e r e n c e .  However, w e  d i d  use t h e  r e l a t i o n s h i p  given i n  t h e  

r e fe renced  work. 

The l i s t  inc ludes  v a l u e s  f o r  h a l f - l i v e s  and branching  



a Table A-1. Half-life values for isotopes of transuranium elements 

N u c l i d e  T o t a l  I l a l f - L i f e  

N e u t r o n s  P a r t i a l  H a l f - L i f e  P a r t i a l  H a l f - L i f e  
f o r  e Decay Branch ing  R a t i o s  f o r  S p o n t a n e o u s  F i s s i o n  p e r  F i s s i o n  R e f e r e n c e s b  

NP 
2 37 

2 3 8 ~ ~  

239Np 

24ONP 

2 4 0 m ~ ~  

2 4 1 m ~ ~  

2 4 1 ~  

238Pu 

239Pu 

24OPu 

241Pu 

242Pu 

243Pu 

244P" 

245Pu 

24bPu 

2 4 1 h  

2 4 2 h  

242rnh  

2 4 3 h  

2 4 4 h  

244mh 

2 4 5 h  

2 4 b h  

24bmAm 

2 4 7 h  

2 4 2 ~ ~  

2 4 3 ~ ~  

2 4 4 ~ ~  

245cm 

24bcm 

247c. 

249cm 

2480, 

2 5 0 ~ ~  

2 . 1 0  f 0.01 d 

2 . 5 5 9  ! 0.010 d 

b 3 t 2 m  

7 . 3  t 0 . 3  m 

16 m 
3 . 4  h 

87 .404  ? 0 . 0 4 1  y 

1 4 . 9 8  1 0 . 3 3  y 

4 . 9 5 5  0 . 0 0 3  h 

1 0 . 6  0 . 4  h 
10.85 ? 0 . 0 2  d 

(2 .14  ? 0.01)  x lo6 y 

( 2 . 4 4 1 3  0 . 0 0 3 )  x l o4  ) 

b580 I 40 y 

(5 .72  0 .1 )  x 10' y 

( 3 . 8 6 9  ? 0 . 0 1 6 )  x 10' y 

( 8 . 2 8  : 0 . 1 0 )  l o 7  

432 .7  3 0 . 7  y 

1 6 . 0 1  0.02 h 

144 ? 7  y 

t C / B  = 0 . 1 9  

( 2 . 9 2  : 0 . 1 5 )  x IO4 y 

7370 ? 40 y 

1 0 . 1  ? 0 . 1  h 

Zb m 
2 . 0 7  ? 0.02 h 

25.0 t 0 . 2  m 
4 0 ' 7 m  

2 4 ' 3 m  

1 6 2 . 7  t 0 . 1  d  

32 y 

18.099 ? 0.015 y 

8265 ! 180 y 
4655 ? 40 y 

( 1 . 5 6  ? 0 . 0 5 )  x 107y 

( 3 . 7 0 3  ! 0 . 0 3 2 )  x 10' y 

b 4 ! 3 m  

( 5  I 0 .6 )  x 1O1O y 

5.5 1015 

( 1 . 3 4 0  ! 0.015) x IO1' y 

( 7 . 4 5  ! 0 . 1 7 )  x 1010 y 

( 6 . 5 5  : 0 . 3 2 )  x 1010 y 

7 . 2  x 106 y  

a / ~ ~  = ( 7 . 4 3  f 0 .01)  x 105 

e/SF = 3822 10 

( 4 . 1 1 5  ? 0.034) x I O 6  y 

( 1 . 7 4  : 0 . 2 4 )  104 

2.0Od 

2 . 3 3  ? 0.08 

2.24d 

2 . 1 7 7  0.009 

2 . 1 6 6  ? 0.OOq 

2 . 8 4 d  

2.  4Sd 

2 . 6 5  ? 0 . 0 9  

2.84 ! 0 . 0 9  

3.0Bd 

3 .32d  

3 .  56d 

60Br12,  61Dr04 

5 0 F i 5 3  

59C093 

60Le03 

48Hy61 

60Le03 

60Le03 

61Dr04.  6 8 J o 1 5 ,  56Hi01 

52Se67,  59Ma26 

511n03. 62Wa13, 688054 

68Ca19, 60Br15 

63MaS0, 698e06,  688054 

680109 

6bFiO7,  69Be06 

56Bu92 

56Ho23 

61Dr04, 670e01 

53Ke38 

59Ba2 1 

68Br22 

62Va08 

54Ga24 

56Bu92 

55En lb  

6 7 0 r 0 2  

6 7 0 r 0 2  

51Ha87, 57Pe52,  56HiOl 

57As70 

65Me02. 68Be26. 56Hi01 

69Me0 1 

69Me01. 71Mc19 

71FiOl 

71Mc19 

5BEa06 

-GO1 

N 
N 
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Table A - 1  (continued) 

- 
P a r t i a l  H a l f - L i f e  P a r t i a l  H a l f - L i f e  Neut r o n s  

B r a n c h i n g  R a t i o s  f o r  S p o n t a n e o u s  F i s s i o n  p e r  F i s s i o n  Hucl idr .  ' I o t a 1  H a l f - L i f e  f o r  o Decay 

314 8 d 

3 . 2 2 2  f U.UUS h 

.ii I 1 . 7  m 

2 . h 4 6  ? 0.U04 y 

17 .812  : 0 .082  d 

6 0 , s  : 0 . 2  d 

1 . 5  f U.5 h 

2 0 , 4 6 7  0 . 0 2 4  d 

27b d 

39 .3  0 . 2  h 

3 9 . 8  ? 1 . 2  d 

1 5 :  3 m  

3 . 2 4  r 0 . 0 1  h 

2 0 . 0 7  ? 0 . 0 7  h 

2 . 6 2  T 0 . 0 3  h 

94 I 10 d 

380 60  us 

i.52 ! 6 y 

13 .08  ? 0 . 0 9  y 

YO0 f 50 y 

o / ~  = ( 1 . 4 5  : 0.081 10-5  ( 1 . 8 7  I 0 . 0 9 )  lo9 3 . 7 2  0 . 1 6  

u / S t  i ( 1 . 9 9 2  I 0 . 0 4 0 )  x l o 8  

o/bF = 1260 I 40 

U / S t  = 3 1 . 3  I 0 . 2  

a / ~  = ( 3 . 1  I 0 . 4 )  1 0 - 3  

% / S I  = ( 3 . 1 0  I U.16)  x 

a /SF  = ( 1 . 1 5  I 0 .U3)  x I O 7  

. Z . S  i o 7  

6/0 = 382 30 

F .C . /B  = 0 .00078  0 .00006  

o/B = 0 .0866  ? 0 . 0 0 4 3  

WSF = ( 2 . 2 :  : 0 . 1 0 )  i o4  

a/SF = 1695 t 8 

 SF/^ = ( 2 . 4  : 1 . 1 )  x 10-7  

%loo% SF 

-100% SF 

3 .44d  

3 .56d  

3 . 7 9 6  f 0 . 0 3 1  

3 . 9 0  f 0 . 1 4  

3.92' 

4 .  04d 

4 .16d  

4 . 0 5  ? 0.19  
4 .  16d 

4.27d 

R e f e r e n c e s b  

57La01,  69Mi08,  64Py02 

59Va02 

66RG04 

69Me01, 69M108 

63Ph01,  69Me01 

69MeD1 

65Me02, 68Wl04 

69Dr02 ,  66RG01 

63Ph01 ,  b4PyU2, b8BeZ1 

70Lo19 

6SMe02, 69Dr02 

6 7 F i 0 3 ,  67Un01 

62Un01, 63Ph01 

66RG01, 6 7 F i 0 3  

68LOl l  

56Jo09, 6 7 l i 0 3 ,  56Ch83 

63Ph01,  64As01 

68Ho13 

66RGD 1 

71HuOJ 

N 
w 

a l h e  h a l f - l i f e  v a l u e s  u s e d  i n  t h i s  t a b l e  were b e i n g  used at  'TRU a t  t h e  end o f  t h e  re:i?rt p e r i o d .  

b R e f e r e n c e s  are decoded  i n  l a b l e  A-2.  

' P u b l i s h e d  v a l u e s  a r e  a d j u s t e d  f o r  2 4 1 ~  h a l f - l l f e  of 432 .7  y .  

'Value e s t i m a t e d  hy l l n e a r  i n t e r p o l a t i o n  o f  t h e  v a l u e s  f o r  244Cm and  252Cf ,  b a s e d  on i i l c l i d i c  mass. 
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The r e f e r e n c e s  used i n  Table A-1 are decoded i n  Table A-2. The sys tem 

of r e f e r e n c e s  is  t h a t  used i n  t h e  Nuclear Data Shee t s .  Table  A-3 l is ts  

de r 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 ,  a long  w i t h  in fo rma t ion  concern ing  

t h e  hazard  a s s o c i a t e d  w i t h  hand l ing  t h e s e  n u c l i d e s .  

7.2 Neutron Cross-Section Data 

The v a l u e s  of neu t ron  c r o s s  s e c t i o n s  used t o  compute t r ansmuta t ions  i n  

HFIR t a r g e t  i r r a d i a t i o n s  are l i s t e d  i n  Table A-4. Th i s  t a b l e  shows s i x  param- 

eters d e s c r i b i n g  t h e  neu t ron  i n t e r a c t i o n s .  The f i r s t  is  t h e  thermal-neutron 
C and t h e  t h i r d  i s  t h e  neut ron  c a p t u r e  resonance 2200' c a p t u r e  c r o s s  s e c t i o n ,  u 

i n t e g r a l ,  R I .  The second parameter ,  C ,  i s  a c o n s t a n t  t h a t  i s  a f u n c t i o n  of 

t h e  t a r g e t  geometry; i t  i s  used t o  estimate t h e  resonance  s e l f - s h i e l d i n g  e f -  

fect .  The e f f e c t i v e  c a p t u r e  c r o s s  s e c t i o n ,  a C would be : e f f '  

R I  
'res m ,  C C U = o  +-  e f f  2200 $2200 

where N i s  t h e  number of grams of t h e  p a r t i c u l a r  n u c l i d e  i n  one t a r g e t  rod,  

'res 

92200 
r e a c t i o n  ra te  w i t h  a l / v  abso rbe r  as would t h e  a c t u a l  r e a c t o r  f l u x .  I n  t h e  

HFIR, t h e  r a t i o  ranges  from 0.042 t o  0.051. The e f f e c t i v e  c r o s s  

s e c t i o n  f o r  f i s s i o n  i s  computed 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  pa rame te r s .  

is  t h e  average  f l u x  p e r  u n i t  l e t h a r g y  wid th  i n  t h e  resonance  r e g i o n ,  and 

i s  t h e  e q u i v a l e n t  f l u x  of 2200-m/sec neu t rons  t h a t  would g i v e  t h e  same 

These c r o s s  s e c t i o n s  are t o  b e  regarded  as a s e l f - c o n s i s t e n t  set where- 

by one can compute o v e r a l l  t r ansmuta t ion  e f f e c t s ,  and as a set  of a r b i t r a r y  

c o n s t a n t s  t o  be used t o  o b t a i n  t h e  b e s t  f i t  t o  ou r  d a t a .  Hopefu l ly ,  t h e s e  

numbers and t h e  c r o s s  s e c t i o n s  expe r imen ta l ly  measured on p u r e  i s o t o p e s  

w i l l  a g r e e ;  however, w e  w i l l  n o t  a l low t h e  p o s s i b i l i t y  of a d i sc repancy  t o  

conf ine  u s .  

It  should  be  p o i n t e d  o u t  t h a t  244cAm i s  a f i c t i t i o u s  i s o t o p e  which is  

used t o  s i m p l i f y  t h e  c a l c u l a t i o n  of t h e  main t r ansmuta t ion  cha in  i n v o l v i n g  
244* 244cAm w e r e  c a l c u l a t e d  from t h e  p r o p e r t i e s  of t h e  . The p r o p e r t i e s  of 





Table A-3. Properties a of transuranium nuclides 

237 

z38Np 

2 39 

NP 

NP 

24ONP 
240n 

NP 

241Np 
L41mNp 

23%" 
23%" 
240P" 

241P" 
242P" 
24%" 

244P" 
245P" 
246Pu 

2 4 1 h  
242- 

2 4 2mh 

243- 
2 4 4 h  
244mA, 

2 4 5 h  
2 4 6 h  
2 4 bm- 

247- 

242~. 

243cm 
244c, 
24Sh 

24bcn 
247,., 

24BCm 

24gc, 
25Ocn 

2.14 x l o b  y 

2.10 d 

2.359 d 

63  m 

7.3 m 

16 m 

3 .4  h 

87.404 y 

2.4413 I 104 )' 

b58O y 

14.98 y 
3.869 I I O 5  y 

4.955 h 

8.28 107 

10.85 d 

10.b h 

432.7 y 

16.01 h 

144 y 

7370 y 

10 .1  h 
26 m 

2.07 h 

25.0 m 

40 m 

24 m 

162.7 d 

32 Y 
18.099 y 
8265 y 

4655 y 
1.56 I IO7 y 

3.397 x 105 y 

1.74 l o 4  

64 

4.78 

5.49 
5 .15  

5.11, 

4.9 
4.90 

4.587 

5.48 

5.207 

5.27 

6.11  

5.79 
5.81 

5.36 

5.39 

4.87 
5.05 

7.07 
2.61 x 10' 

2.32 x IO5 

1.24 107 
1.07 x I O 8  

4 .86  107 
3.82 x 106 

17.2 
6.13 x 10.' 
(1.227 

99.1 

3.82 x 10.' 

2.60 x 10' 

1.77 10-5 

1.21 x 106 
4 .91  lo4 

8 . 1 1  x 105 

3 . 4 3  

1 0 . 3  

0.20u 

1.27 i IO6 
2.96 x 107 
6.17 x IO6 

3.06 x IO7 
1.91 io7  

3.17 x 107 

3.32 lo3 

45.9 
80.94 
0.177 

0.312 

9 .28  x 10.' 

4.24 

1.16 lo7 
8.20 I 10.' 

2.07 x 10.' 

1 .27  x IO3 

5 . 8 6  X 10' 

1.03 x 105 

5.33 x 105 

8.01 x 105 r 7  x 1 0 4  4 x 0 .06  

7 x 30 

84.9 

1.29 x 

2.32 x 1 0 . ~  

0.653 

0.176 
9.08 

13.1 

2.69 X 

2.26 l o 3  
2.48 x 

0.0292 

7.39 x 10-8 

6.80  x 
0 . 2 5  

6.76 x 

1.51 

1 .96   IO-^ 
1.24 

0.226 

O.IhO 

431 

1.18 
8.47 x 

5.80 1 0 1 ~  

5 .14  1014 

2.76 x 10l6 

2 .38  x 1017 

1.08 x 1017 
8 49 x 1015 

0.25 
1.24 
0.332 
0.427 
0.89 

2 .18  
1 . 6  

0 . 0 2  

0.49 
0.58 

0 .  15 

0 .63  
0.67 
I . T .  

0.387 
1 . 5  

0 .91  

1.31 

0.9 

1.94 x 10'0 

2.57 x 108 

4.32 x 106 

6.94 x IO7 

2.94 x IOb 

2 x 0 .04  
2 x 0.04 
2 x 0.04 
9 x 10-11 0 . 9  

2 x 10-12 0.05 

2 x 7.0 

2 x 0 .04  

2 3 . 0  

0 .570  

1.913 10-3 

7.097 x 10-3 

4 .06  x IO-'  

1 . 1 3  x 

3.34 103 

4 .93  x 

155 

1.35 10-3 

53.7 
2.20 1 1011 

Y 5 . 3  

5.78 I 1015 
N m 2.00  io4 141 

2.68 x 

1.09 1 0 1 ~  66.9 

0.1145 
2.08 x 

3.08 x IO-* 

6.42 x 

8.74 x 103 
8 . 9 8  x 104 
1.20 lo4 

2.48 x 10' 

3.55 x 6 x 0.1 

4 x 0 .06  

6 x 0 .07  
b x 0.05 

1.80 x 

2.28 li 10loe 5.53  107 
2.26 x IO8 

2.82 x 10l5  

6.58 x 

1 . 3 7  x 1016 

6.79 x 10lb 

4.24 x lOlb 

7.04 x 10" 

4 x 10-6 0 . 2  

3.76 x l 0 l 2  

5.20 x 10l0 

2.00 x IO8 

1.05  II  IO3 

4.39 x IO6 

9.16  x 10l0 

3.52 x IO8 

1 . 2 1  x IO6 

6.87 I 10' 

5 . 5 8  I lo5 

2.58 I IO6 

6.49 x 10' 

I x 10-10 0.05 

9 x 10-12 0 . 1  

5 1 10'12 0.05 

6 x 0 .09  

5 x 0.04 

5 x 0.04 

6 x 0.005 

I 1.0  

122 

1.677 
2.832 
5.89 a 

1.01 x 10-2 

5.34 
2.06 l o 4  

2.94 I 

so. 1 

3.27 i IO8 

2.62 x 1016 
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Table A - 4 .  Neutron cross sections used to compute transmutations in H F I R  
target irradiations 

Capture Fiasion 
2200-rnIs Resonance Resonance 2200-m/s Reaonance Reaonnnce 

Cross Section Self-shielding Integral Cross Section Self-shielding Integrnl 
Nuclide Half-Life (barns) Cons tan t (barns) (barns) Constant (barns) 

87.404 y 
2.4413 x lo4 y 

6580 y 

14.98 y 

3.869 lo5 

8.28 107 

4.955 h 

10.6 h 

10.85 d 

7370 y 
10.1 h 

26 m 

49 rn 
2.07 h 

25.0 rn 

18.099 y 

8265 y 

4655 Y 

1.56 107 

3 .397  l o 5  

1.74 lo4 

64 m 

314 d 

3.222 h 

57 rn 

352 y 

13.08 y 

900 y 
2.646 y 
17.812 d 

60.5 d 

1.5 h 

20.467 d 

276 d 

39.3 h 

39.8 d 

25 m 

3.24 h 

20.07 h 

2.62 h 

94 d 

380 us 

560 

265.7 

290 

360 

19.5 

80 

1.6 

277 

0 

105 

0 

0 

0 

0 

0 

10.0 

343 

1.25 

60 

3.56 

2.8 

2 

1451 

350 

0 

450 

1900 

2850 

19.8 

12.6 

50 

0 

345 

20 

1.26 

60 

0 

76 

26 

45 

10 

0 

0 

0 

0 

0 

6.20 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

4.0 

2.4 

0 

0 

2.0 

0 

0 

2.4 

0 

0 

1.46 

20 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

150 

195 

8453 

166 

1280 

0 

0 

0 

0 

1500 

0 

0 

0 

0 

0 

650 

120 

121 

500 

170 

0 

0 

1240 

0 

0 

750 

11600 

1600 

44 

0 

1650 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16.5 

742.4 

0.05 

1011 

0 

210 

0 

0 

0 

0 

2300 

0 

1128 

0 

0 

1.2 

1727 

0 

120 

0 

50 

0 

0 

3000 

0 

1690 

0 

3750 

32 

1300 

0 

0 

0 

3060 

1840 

0 

0 

0 

100 

0 

5500 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

4.0 

2.4 

0 

0 

0 

0 

0 

0 

0 

0 

5 .8  
0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

324 

0 

541 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12.5 

1140 

0 

1060 

0 

0 

0 

0 

0 

0 

2920 

0 

5400 

110 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
- 

aTo simplify calculations we use a fictitious isotope, 21r4cAm, which combines the properties of 244mAm and 244Am according t o  their 
relative ratea of production from 243Am. 
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real isomers 244gAm and 244mAm by assuming that: 

of 244cAm present equals the total number of atoms of the real isomers; 

( 2 )  the B decay from 244cAm equals the total B decay from the real isomers; 
(3) the fissions from 244cAm equal the total fissions from the real isomers; 

( 4 )  the isomers are in equilibrium with their common parent 243Am while 

the reactor is operating; and (5) the only significant production and re- 

moval factors are the removal of the isomers by decay and neutron absorp- 

tion, and the production of the isomers by transmutation from 

(1) the number of atoms 

243* . Thus, 

(1) Nc = N + Nm , 
g 

( 2 )  X N = X N + XmNm , 
c c  g g  

f f f 
(3) ocNc = o N g g + ‘mNm 9 

dN dNm 
dNc 3 - - - 0, and 

( 4 )  dt = dt dt 

(5) (Xi + aiO)Ni a = fioiN243 , 

where superscripts f, a, and c refer to fission, neutron absorption, and 

neutron capture; subscript i refers to the ith isomer, c, g, or m; and f ;  
6 

is the fraction of neutron captures in 243Am resulting in the ith isomer, 

such that f = f + fm = 1. 
C g 
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