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V 

SUMMARY 

. 

This  i s  t h e  n i n t h  r e p o r t  i n  a se r ies  t h a t  i s  be ing  i s sued  semiannual 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  produc- 

t i o n  p l ans  o f  t h e  Transuranium Element Product ion  Program a t  ORNL.  

During t h e  p e r i o d  January  1, 1972, through June  30,  1972, we recovered  

t ransuranium elements  from 19 i r r a d i a t e d  H F I R  t a r g e t s  and from 6 r e a c t o r  

t ubes  t h a t  had been i r r a d i a t e d  a t  t h e  Savannah River  P l a n t  (SRP) as a p a r t  

o f  t h e  Cal i forn ium-I  program t o  e v a l u a t e  t h e  commercial market f o r  2 5 2 C f  and 

t o  e s t a b l i s h  an inven to ry  of material f o r  sa le .  Products  recovered  a r e  

l i s t e d  i n  Table  2 . 1  on p .  3.  We p u r i f i e d  200 g of  Cal i forn ium-I  curium and 

conver ted  it  t o  oxide  f o r  u s e  i n  H F I R  t a r g e t s .  We a l s o  p u r i f i e d  170 g of 

Cal i forn ium-I  curium and conver ted  i t  t o  oxide  f o r  shipment t o  SRP. In  ad- 

d i t i o n ,  we combined t h e  plutonium recovered  from p rocess ing  15 SRP r e a c t o r  

t u b e s ,  t hen  p u r i f i e d  t h e  r e s u l t i n g  p roduc t ,  conver ted  it t o  ox ide ,  and 

packaged oxide  c o n t a i n i n g  2 4  g of plutonium (25% 244Pu) f o r  shipment t o  

t h e  Y-12 P l a n t  t o  b e  en r i ched  i n  t h e  c a l u t r o n s  t o  more than  99% 244Pu. 

made 66 shipments  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 p .  4 .  T h i r t e e n  H F I R  t a r g e t s ,  each 

con ta in ing  approximate ly  10 g o f  a c t i n i d e  metal, were f a b r i c a t e d .  Eleven 

of  t h e s e  t a r g e t s  were prepared  from Cal i forn ium-I  curium (30% 246Cm). 

We 

During t h e  nex t  18  months, we expec t  t o  r ecove r  260 mg o f  2 5 2 C f  from 

t h e  p rocess ing  o f  18  TRU-HFIR t a r g e t s ,  and 580 mg o f  2 5 2 C f  from t h e  proc-  

e s s i n g  of  5 SRP r e a c t o r  t ubes  and 30 SRP Cm-HFIR t a r g e t s .  A t o t a l  o f  69 mg 

o f  249Bk and 3 .6  mg o f  253Es could b e  recovered  from t h e s e  campaigns. 

we expec t  t o  o b t a i n  2 g o f  244Pu, 30 mg o f  248Cm,  and 2 . 5  pg o f  254Es  from 

p r e v i o u s l y  p rocessed  materials and from some m a t e r i a l s  f o r  which p rocess ing  

i s  p lanned .  

Also,  

We compared t h e  p r o c e s s i n g  s t e p s  used f o r  SRP r e a c t o r  t ubes  wi th  t h o s e  

used  f o r  H F I R  t a r g e t s .  

(1) t h e r e  i s  no  v a l u a b l e  plutonium t o  be  r ecove red ,  and (2) less decontamina- 

t i o n  o f  curium from bo th  rad iochemica l  and chemical  i m p u r i t i e s  i s  necessa ry .  

Some o f  t h e  p roduc t s  recovered  from t h e  tubes  a r e  d i f f e r e n t  from t h o s e  re-  

covered from H F I R  t a r g e t s ;  t h u s ,  t h e r e  a r e  cor responding  d i f f e r e n c e s  i n  t h e  

Fewer s t e p s  a r e  r e q u i r e d  f o r  H F I R  t a r g e t s  because  



v i  

product  p u r i f i c a t i o n  s t e p s  r e q u i r e d .  

t h e  p re sence  o f  e x c e s s i v e  aluminum i n  t h e  p rocess  s o l u t i o n s  caused d i f f i c u l -  

t i e s ;  however, t h i s  problem was e l i m i n a t e d  by us ing  a feed p r e t r e a t m e n t  s t e p  

f o r  t h e  LiC1-based anion exchange. 

During t h e  p rocess ing  of t h e  SRP t u b e s ,  

Nine neu t ron  sources  were f a b r i c a t e d  du r ing  t h i s  p e r i o 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  d a t e  t o  57. 

The f a c i l i t i e s  t h a t  can b e  used f o r  s p e c i a l  p r o j e c t s  a r e  d e s c r i b e d .  

These f a c i l i t i e s  i n c l u d e  t h e  target  f a b r i c a t i o n  c e l l s  and t h e  l a b o r a t o r y  

h o t - c e l l  caves a t  TRU, c u b i c l e  3 o f  t h e  TURF Cal i forn ium F a c i l i t y ,  an a lpha -  

con ta ined  glove-box f a c i l i t y  a t  TURF, and a sou rce  decontaminat ion  f a c i l i t y  

a t  TRU.  

The v a l u e s  t h a t  we a r e  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  p roduc t s  a r e  t a b u l a t e d  i n  

t h e  Appendix . 
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1. INTRODUCTION 

8 

This  i s  t h e  n i n t h  r e p o r t  i n  a s e r i e s  t h a t  i s  be ing  i s s u e d  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  produc- 

t i o n  p l ans  o f  t h e  Transuranium Element Product ion  Program a t  O R N L .  The ob- 

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  in fo rma t ion  t h a t  w i l l  enab le  u s e r s  

o f  t h e  p roduc t s  t o  o b t a i n  maximum s e r v i c e  from t h e  product ion  f a c i l i t i e s  a t  

O R N L .  Product ion  p l a n s  and schedules  a r e  d e f i n i t e l y  e s t a b l i s h e d  on ly  f o r  

t h e  s h o r t  term; 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 elements .  

TRU o p e r a t i o n s  du r ing  t h e  r e p o r t  p e r i o d  a r e  summarized. Q u a n t i t i e s  of 

m a t e r i a l s  t h a t  were recovered  and shipped a r e  s p e c i f i e d ,  and proposed proc-  

e s s 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  p roduc t s  a r e  p re sen ted .  

F a c i l i t i e s  f o r  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 

a r e  desc r ibed .  

neut ron  sources  t h a t  have been made a t  TRU,  a s  we 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  have been loaned,  a r e  t a b u l a t e d .  Values of n u c l e a r  pa ra -  

meters  which were used a s  inpu 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  

r a t e s  f o r  t ransuranium elements ,  a long  wi th  a l i s t i n g  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  o f  t h e  i s o t o p e s  t h a t  

a r e  of  i n t e r e s t  t o  ‘TRU, a r e  inc luded  i n  t h e  Appendix. 

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  

Previous  r e p o r t s  i n  t h i s  s e r i e s  a r e :  

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, OWL-4428. 

3 .  For p e r i o d  ending June  30, 1969, OFWL-4447. 

4 .  For p e r i o d  ending December 31, 1969, OWL-4540. 

5.  For p e r i o d  ending June  30 ,  1970, ORNL-4588. 

6 .  For p e r i o d  ending December 31, 1970, ORNL-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, ORNL-4767. 
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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  a r e  

n o t  c o n s t a n t ,  b u t  a r e  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 imes .  

We have s e l e c t e d  one i s o t o p e  o f  each element t o  use  i n  making m a t e r i a l  b a l -  

ances f o r  t h e  i s o t o p i c  mix tu res  normal ly  handled  i n  T R U .  Thus, we u s u a l l y  

243Am, 249Bk, 2 5 2 C f ,  and 253Es a r e  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  co r -  

responding elements .  

mix tu res  of i s o t o p e s  when we do n o t  s t i p u l a t e  " i s o t o p i c a l l y  p u r e . "  

t r a c e  curium by t h e  i s o t o p e  244Cm. Except i n  s p e c i a l  i n s t a n c e s ,  242Pu, 

Throughout t h i s  r e p o r t  s e c t i o n ,  we a r e  d i s c u s s i n g  

2 . 1  P rocess ing  Summary 

During t h e  p e r i o d  Janua ry  1, 1972, through June  30, 1972, w e  recovered  

t ransuranium e lements  from 19 i r r a d i a t e d  HFIR t a r g e t s  and from 6 r e a c t o r  

t u b e s  t h a t  had been i r r a d i a t e d  a t  t h e  Savannah River  P l a n t  (SRP) as p a r t  

of  t h e  Ca l i fo rn ium-I  program t o  e v a l u a t e  t h e  commercial market f o r  2 5 2 C f  

and t o  e s t a b l i s h  an inven to ry  of  material f o r  s a l e .  Four major campaigns 

were made: two t o  p rocess  t h e  6 SRP r e a c t o r  t u b e s ,  and two t o  p r o c e s s  t h e  

H F I R  t a r g e t s .  Products  recovered  are l i s t e d  i n  Table  2 . 1 .  

A f i f t h  campaign was made t o  p u r i f y  and conver t  200 g of Ca l i fo rn ium-I  

curium t o  t h e  ox ide  form f o r  u s e  i n  HFIR t a r g e t s .  

p u r i f i e d ,  conver ted  t o  ox ide ,  and packaged f o r  shipment t o  SRP, 170  g of 

curium t h a t  had been recovered  p r e v i o u s l y  from t h e  p rocess ing  of  164 SRP 

r e a c t o r  s l u g s .  1 , 

In  a s i x t h  campaign, we 

The plutonium recovered  from t h e  s i x  SRP r e a c t o r  t ubes  processed  dur-  

i n g  t h i s  r e p o r t  p e r i o d  was combined wi th  t h e  plutonium recovered  from n i n e  

tubes  which had been p rocessed  p r e v i ~ u s l y , ~  and t h e  composited m a t e r i a l  was 

then p u r i f i e d ;  subsequen t ly ,  24 g of plutonium ( 2 5 %  244Pu) was conver ted  t o  

oxide and prepared  f o r  shipment t o  t h e  Y - 1 2  P l a n t  t o  be  en r i ched  i n  t h e  

c a l u t r o n s  t o  more than  99% 244Pu. 

S i x t y - s i x  shipments were made du r ing  t h i s  p e r i o d ;  r e c i p i e n t s  and t h e  

amounts of n u c l i d e s  a r e  l i s t e d  i n  Table  2 . 2 .  Ten of t h e  shipments ( a l l  of  

t h e  245Cm, 246Cm, 247Cm,  and 248Cm; 2 5 2 C f  neu t ron  sources  NSS-19, NSD-20, 
and NSD-30; and one shipment of 253Es) were t r anssh ipmen t s  of  m a t e r i a l s  p r e -  

v i o u s l y  sh ipped .  
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Table  2.2.  D i s t r i b u t i o n  of  Heavy Elements from t h e  Transuranium 
Process ing  P l a n t  During t h e  Pe r iod  Janua ry  1 - J u n e  30, 1972 

TRU F i l e  Shipped To 
Major Nucl ide  Date No. I n d i v i d u a l  S i t e  

Americium-243, g 
1 2 a  

200a 
2 12 
- 

1-04- 72 
1-07-72 

Curium-243, pg 

0. 02a 2-08-72 

Curium-244, g 

91.16 6-16-72 

Curium-245, mg 

0.05 
1 .64  
1.69 

1-04- 72 
4-04-72 

Curium-246, mg 

0 . 3  1-04-72 
0.012 5-23-72 
0 . 3  

Curium-247, mg 

0.075 4-04-72 

Curium-248 (97%) ,  mg 

2 .  0 l C  1 - 25- 72 

Berkelium-249, mg 

3.18 
5.30 
5.30 
5.30 
0.035 
3 .5  
8 . 5  
2 . 1  
8 . 5  

2-01-72 
2-01-72 
2-01-72 
2-01-72 
2-04-72 
5-12-72 
5-23-72 
5-26-72 
5-26-72 

398 
- 

471 

529 

467 
469 

468 
511 

470 

501 

412 
413 
414 
41 7 
476 
416 
481 
415 
479 

F .  J .  Ze l l ey  
R .  A. Penneman 

I .  M .  F i senne  

T .  B.  Bowden 

K .  F .  Flynn 
R .  W .  Hoff 

C .  E .  B e m i s  
D .  M .  Barton 

R .  W .  Hoff 

R .  W. Hoff 

J .  A .  Harris 
R .  W .  Hoff 
P .  R .  F i e l d s  
R .  D .  Baybarz 
J .  P .  Her r ing  
M. A .  Wakat 
M .  M .  Abraham 
R .  A .  Penneman 
W .  T .  Carna l1  

PNL 
LASL 

HASL 

S RP 

ANL 
LLL 

OWL-TRL 
LASL 

LLL 

L L L  

LBL 
LLL 
ANL 
ORNL 
PN L 
SRL 
ORNL 
LASL 
ANL 
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Table 2.2 (continued) 

. 

TRU File Shipped To 
Major Nuclide Date No. Ind iv i dua 1 Site 

Berkelium-249, mg (continued) 

5.0 5-26-72 480 
0.02 5-26-72 512 
46.735 

Californium-249 
(isotopically pure), mg 

1.0 
1.05 
0.37 
0.32 
0.37 
1.05 
4.16 

Californium-252, mg 

0.010 
0.018 
28.70 
27.77 
0.0042 (NSD-55) 
0.119 (NSD-56) 
4.77 (NSD-43) 
0.619 (NSD-46) 
1.14 (NSD-40) 
0.643 (NSD-30) 
10.57 (NZD-44) 
10.84 (NZD-58) 
1.04 
33.65 d 0.295 (NSS-19)d 
0.382 (NSD-20) 
0.012 
0.020 (NSS-60) 
0.012 
37.98 
157.2742 

Einsteinium-253, pg 

184 
71 
118 

1-04-72 418 
5-31-72 517 
6-02-72 5 13 
6-02-72 514 
6-02-72 515 
6-02-72 516 

1-31-72 
2-07-72 
2-11-72 
4-03-72 
4-27-72 
4-27-72 
4-27-72 
4-28-72 
5-05-72 
5-10-72 
5-15-72 
5-15-72 
5-15-72 
5-23-72 
5-23-72 
5-23-72 
6-06-72 
6-08-72 
6-22-72 
6-27-72 

502 
506 
503 
507 
500 
500 
505 
442 
396 
510 
440 
440 
49 7 
509 
509 
509 
522 
523 
528 
530 

R. W. Hoff 
F. J. Zelley 

R .  A .  Penneman 
R .  G .  Haire 
W .  T. Carnal1 
J. A .  Harris 
R .  W .  Hoff 
R .  A .  Penneman 

Isotopes Sales 
Isotopes Sales 
A .  R .  Boulogne 
A .  R .  Boulogne 
L .  J .  E s c h  
L .  J .  E s c h  
C. J .  Emert 
H. 0. Menlove 
E. B. Darden 
F. F. Haywood 
F. B. Simpson 
F. B. Simpson 
R .  W. Hoff 
A .  R .  Boulogne 
A .  R .  Boulogne 
A .  R .  Boulogne 
Isotopes Sales 
J. S. Cheka 
Isotopes Sales 
A .  R .  Boulogne 

L L L  
PN L 

L A S L  
ORNL 
ANL 
LBL 
L L L  
L A S L  

ORNL 
ORNL 
S R L  
S R L  
KAP L 
KAPL 
BAPL 
L A S L  

ORNL- Biol ogy 
ORNL -DO S A R  

ANL 
ANL 
L L L  
S R L  
S R L  
S R L  
ORNL 
ORNL 
ORNL 
S RL 

2-15-72 484 R. D. Baybarz ORNL 
2-18-72 482 P .  R .  Fields ANL 
2-18-72 483 R .  W. Hoff L L L  
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Table 2 . 2  (cont inued)  

TRU F i l e  Shipped To 
Major Nucl ide  Date No. I n d i v i d u a l  S i t e  

Einsteinium-253, pg (cont inued)  

1 2  
SOe 

5 
152 

85 
40 

667 
- 

2-18-72 485 J .  P .  Her r ing  PNL 
2-23-72 4 86 M .  A .  Wakat SRL 

6-09-72 518 W .  T .  C a r n a l l  AN L 
6-09-72 5 19 R .  W .  Hoff LLL 

4-06-72 508 R .  D .  Baybarz ORNL 

6- 13- 72  520 R .  D .  Baybarz ORNL 

Eins te in ium-253 
( i s o t o p i c a l l y  p u r e ) ,  pg 

71 
3 

74 
- 

Eins te in ium-254,  ug 

0.081 
0.081 
0 .081  
1 . 5  
0.17 
1.913 

3-27-72 487 P .  R .  F i e l d s  
3-27-72 488 J .  A .  H a r r i s  

1-18-72 489 P .  R .  F i e l d s  
1- 18- 72 490 J .  A .  Harris 
1- 18-72 491 R .  W .  Hoff 
6-20-72 496 R .  W .  Hoff 
6-20-72 527 W .  T .  C a r n a l l  

ANL 
L BL 

ANL 
LBL 
LLL 
LLL 
ANL 

Fermium- 2 5 7, a t  oms 

Q L ~  109 3-16-72 492 D .  C .  Hoffman LASL 
Ql x 108 6-16-72 525 J .  A .  Harris LBL 
Q3 x 108 6-16-72 526 W .  T .  C a r n a l l  ANL 

U . 4  109 

y h e s e  shipments were p repa red  by t h e  ORNL I s o t o p e s  Div i s ion .  

bThis shipment con ta ined  m a t e r i a l  p r e v i o u s l y  sh ipped  as No. 468; i t  was 

% h i s  shipment con ta ined  m a t e r i a l  p r e v i o u s l y  sh ipped  as No. 404; i t  was 
n o t  inc luded  i n  t h e  t o t a l .  

dThese s o u r c e s  had been p r e v i o u s l y  sh ipped  t o  o t h e r  u s e r s .  The c u r r e n t  
c o n t e n t s  a r e  shown b u t  a r e  no t  i nc luded  i n  t h e  t o t a l .  

e 

n o t  i nc luded  i n  t h e  t o t a l .  

T h i s  shipment con ta ined  m a t e r i a l  p r e v i o u s l y  sh ipped  as No. 484; it was 
n o t  inc luded  i n  t h e  t o t a l .  
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T h i r t e e n  H F I R  t a r g e t s  were f a b r i c a t e d  u s i n g  a c t i n i d e  oxide  formed by 
3 t h e  r e s i n  l o a d i n g - - c a l c i n a t i o n  t echn ique ,  and are  now be ing  i r r a d i a t e d  i n  

t h e  H F I R .  Each t a r g e t  con ta ined  approximately 10 g of  a c t i n i d e  meta l  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  were p res sed  t o  80% o f  t h e  

t h e o r e t i c a l  d e n s i t y  o f  t h e  p e l l e t  co re .  Eleven o f  t h e  t a r g e t s  were prepared  

from Cal i forn ium-I  curium (approximately 30% 246Cm). 

prepared  from TRU curium, one conta ined  10 g o f  curium (33% 246Cm) and t h e  

o t h e r  con ta ined  0 . 5  g o f  240P~-243Am and 9 g o f  curium (21% 2 4 6 C m ) .  

O f  t h e  two t a r g e t s  

2 . 2  I r r a d i a t i o n  and P rocess ing  Proposa ls  

The amounts of  t ranscur ium elements  t h a t  w i l l  b e  produced a t  TRU du r ing  

t h e  nex t  few y e a r s  w i l l  depend upon: (1) t h e  needs of r e s e a r c h e r s  f o r  v a r i -  

ous i s o t o p e s ,  (2) t h e  needs f o r  2 5 2 C f  i n  t h e  Product ion  and M a t e r i a l s  Manage- 

ment (PMM) D i v i s i o n ' s  m a r k e t  e v a l u a t i o n  and s a l e s  program, and (3)  t h e  capa-  

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  m a t e r i a l s .  

p rocess ing  schedule  f o r  t h e  next  18 months can be  p r e d i c t e d  reasonably ;  

t h e r e a f t e r ,  p roduc t ion  r a t e s  w i l l  depend on t h e  q u a l i t y  of  curium a v a i l a b l e  

f o r  i r r a d i a t i o n  i n  t h e  H F I R .  The long-term c a p a b i l i t y  of  t h e  T R U - H F I R  com- 
3 p l e x  t o  produce t ransuranium elements  was d e s c r i b e d  i n  t h e  prev ious  r e p o r t  

i n  t h i s  s e r i e s .  

The 

The e s t ima ted  f u t u r e  product ion  of  t r anscu r ium elements from a s e r i e s  

of  l i k e l y  p rocess ing  campaigns which a r e  scheduled through December 1973 i s  

o u t l i n e d  i n  Table  2 .3 .  

Also ,  we have f i r m  p l a n s  t o  p rocess  f i v e  SRP r e a c t o r  t ubes  du r ing  t h e  f a l l  
o f  1972, and two groups of  t e n  curium t a r g e t s ,  p repared  from Cal i forn ium-I  

m a t e r i a l  and i r r a d i a t e d  i n  t h e  H F I R ,  du r ing  t h e  s p r i n g  of  1973. We do n o t  

p l a n  t o  p rocess  any of  t h e  remaining 66 SRP r e a c t o r  t u b e s .  

approval  o f  a p roposa l  t o  i r r a d i a t e  an a d d i t i o n a l  100 g o f  Cal i forn ium-I  

curium i n  t h e  H F I R  t o  i n c r e a s e  t h e  amounts o f  m a t e r i a l s  a v a i l a b l e  t o  re-  

s e a r c h e r s .  

249Bk, 150 mg of  2 5 2 C f ,  750 yg o f  253Es  i n  mixed e ins t e in ium i s o t o p e s ,  and 

150 ug of i s o t o p i c a l l y  pu re  253Es .  

would become a v a i l a b l e  i n  December 1973. 

Two groups of  TRU-HFIR t a r g e t s  w i l l  b e  processed .  

We have r eques t ed  

I r r a d i a t i o n  o f  t h i s  q u a n t i t y  of  curium would product  1 2  mg o f  

Products  from t h i s  proposed i r r a d i a t i o n  



Table  2 . 3 .  Est imated Future  Product ion  o f  Transcurium Elements 

2 5 2 C f  Product ionb 
Products  of  Campaigns During the 

2 4 9 ~ k  252cf  2 5 3 ~ ~ a  Per iod  Cumul. Date Products  
Pe r iod  Process ing  Campaign (mg) (mg) ( u d  (mg 1 (mg 1 Ava i l ab le  

Through June  1972 

July-December 1972 

January-June  1973 

July-December 1973 

1974 

19 75 

5 SRP Cf-I  tubes  

1 2  TRU-HF I R t a r g e t s  

10 SRP Cm-HFIR t a r g e t s  

10 SRP Cm-HFIR t a r g e t s  

6 TRU-HFIR t a r g e t s  

10 SRP Cm-HFIR t a r g e t s  

1 2  

14 

13 

1 2  

6 

1 2  

120b 

180 

160 

150 

80 

150 

O C  

900 (1 80) 

800 (160) 

750 (150) 

400 (80) 

750 (150) 

0 

490 

2 30 

d 

400-825 d 

300-750 

2 85b 

285 December 1972 

February 1973 

March 1973 

775 May 1973 

August 19 73 

1005 December 1973 

a 

bCal i fornium produced i n  t h e  SRP i r r a d i a t i o n s  is  n o t  inc luded  i n  product ion  t o t a l s .  

c254Es  ( ~ 1 . 0  ug) can be recovered.  

dThe l e s s e r  amount w i l l  b e  produced if feed  curium is  l i m i t e d  t o  c u r r e n t  TRU s t o c k  p l u s  Curium-I1 
The h ighe r  amount w i l l  b e  produced i f  Cal i forn ium-I  curium is  used a s  f eed  

Amounts from i n i t i a l  s e p a r a t i o n .  Amounts "milked" from ca l i fo rn ium product  f r a c t i o n  a f t e r  decay 
pe r iod  a r e  given i n  pa ren theses .  

has  been recovered  from 164 SRP s l u g s  and 15 SRP t u b e s  processed  through June  1972. 
A t o t a l  of 570 mg 

curium (95% 244Cm). 
f o r  t h e  €IFIR.  
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2 . 3  Estimates o f  t h e  A v a i l a b i l i t y  o f  Transuranium Elements 

Plutonium, americium, and curium t h a t  a r e  s e p a r a t e d  from t h e  t rans-  
curium elements  du r ing  t h e  p rocess ing  o f  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  m a t e r i a l s .  However, two i s o t o p e s  o f  

t h e s e  e lements ,  244Pu and 248Cm,  which a r e  v a l u a b l e  r e s e a r c h  m a t e r i a l s ,  

a r e  d i scussed  below. 

curium elements  du r ing  t h e  next  18 months a r e  a l s o  g iven .  

The u s u a l  e s t i m a t e s  o f  t h e  a v a i l a b i l i t y  o f  t h e  t r a n s -  

2 . 3 . 1  Plutonium 

The plutonium recovered  from t h e  p rocess ing  o f  SRP r e a c t o r  t ubes  has  

a h igh  244Pu con ten t  (25%),  and w i l l  b e  en r i ched  t o  more than  99% i n  t h i s  

i s o t o p e  i n  t h e  c a l u t r o n s  a t  t h e  Y - 1 2  P l a n t .  Products  from t h e  15 SRP t u b e s  

a l r e a d y  processed  and t h e  5 tubes  t h a t  w i l l  b e  processed  du r ing  t h e  f a l l  

of 1972 a r e  expected t o  y i e l d  0 . 6  g of  244Pu (>99%) by December 1972, p l u s  

a d d i t i o n a l  0.6-g q u a n t i t i e s  du r ing  each h a l f  o f  1973. 

2 . 3 . 2  Curium 

In  accordance wi th  an agreement between t h e  Phys ica l  Research and PMM 

Div i s ions ,  we p u r i f i e d  and s t o r e d  92 mg of  2 5 2 C f  from Cal i forn ium-I  m a t e r i a l  

i n  February 1972 f o r  u se  as a "COW" from which i s o t o p i c a l l y  pu re  248Cm can 

be  "milked." 

about 10 mg o f  248Cm w i l l  b e  a v a i l a b l e  every  s i x  months. 

1972, we expec t  t o  o b t a i n  1 2  t o  15 mg o f  248Cm from t h e  r r ~ ~ ~ ' '  and from 

o t h e r  p u r i f i e d  c a l i f o r n i u m  which w i l l  b e  a v a i l a b l e  f o r  "milking" a t  t h a t  

time . 

We p l a n  t o  main ta in  t h e  2 5 2 C f  con ten t  a t  90 t o  100 mg so  t h a t  

During September 

2 . 3 . 3  Berkelium 

We f i n d  t h a t  t h e  amount o f  249Bk produced i n  H F I R  t a r g e t s  i s  about 8% 

of  t h e  2 5 2 C f  p roduc t ion  ( i n s t e a d  o f  10% a s  was p r e v i o u s l y  e s t i m a t e d ) .  

t h i s  b a s i s ,  as much as 69 mg o f  249Bk could become a v a i l a b l e  du r ing  t h e  

nex t  18 months. Incrementa l  amounts are l i s t e d  i n  Table  2 . 3 .  

On 
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2 .3 .4  Ca l i fo rn ium 

We could  produce up t o  840 mg o f  2 5 2 C f  du r ing  t h e  nex t  18 months. A s  

much as 580 mg could be  recovered  from Ca l i fo rn ium-I  m a t e r i a l s ;  about 260 mg 

can b e  recovered  from TRU-HFIR t a r g e t s .  

campaign i s  g iven  i n  Table  2 . 3 .  

The amount expec ted  from each 

2 .3 .5  E ins t e in ium 

We could  r ecove r  3 . 6  mg of 253Es i n  a mix tu re  of e i n s t e i n i u m  i s o t o p e s  

du r ing  t h e  nex t  18 months. Also,  some "second-growth" e i n s t e i n i u m  can be  

recovered  from t h e  HFIR t a r g e t  campaigns. That i s ,  a f t e r  t h e  mix tu re  of  

e i n s t e i n i u m  i s o t o p e s  has  been s e p a r a t e d  from t h e  c a l i f o r n i u m ,  t h e  c a l i f o r n -  

i u m  w i l l  b e  s t o r e d  about 1 month t o  a l low 253Es t o  l'grow in"  from t h e  decay 

of 2 5 3 C f ;  t h e n ,  t h i s  second-growth 2 5 3 E s ,  which w i l l  b e  i s o t o p i c a l l y  pu re ,  

w i l l  b e  r ecove red .  The amounts of bo th  mixed e i n s t e i n i u m  and i s o t o p i c a l l y  

p u r e  253Es expected from each campaign a r e  g iven  i n  Table  2 .3 .  

The e i n s t e i n i u m  recovered  from p r o c e s s i n g  SRP r e a c t o r  t u b e s  c o n t a i n s  a 

r e l a t i v e l y  small  amount of  253Es because  o f  t h e  long c o o l i n g  t ime .  

h i g h - p u r i t y  254Es can be recovered  i f  t h e  253Es i s  allowed t o  decay f o r  

about 9 months a f t e r  r e a c t o r  d i s c h a r g e .  We expec t  t o  r ecove r  1 . 5  ug o f  

254Es  du r ing  t h e  l a s t  h a l f  of  1972 from s i x  tubes  t h a t  were processed  p r e -  

v i o u s l y ,  p l u s  1 pg du r ing  t h e  f i r s t  h a l f  o f  1973 from f i v e  t u b e s  t h a t  w i l l  

be  p rocessed  i n  t h e  f a l l  of 1 9 7 2 .  

However, 

2.3.6 Fermium 

We f i n d  t h a t  t h e  amount of  257Fm recovered  from t h e  p r o c e s s i n g  of  H F I R  

t a r g e t s  i s  about 1 . 0  x l o 7  atoms of  257Fm p e r  mi l l i g ram o f  2 5 2 C f  recovered  

( i n s t e a d  o f  1 . 5  x 10 atoms as  p r e v i o u s l y  e s t i m a t e d ) .  On t h i s  b a s i s ,  about 7 

9 7 x 10 atoms could  become a v a i l a b l e  d u r i n g  t h e  nex t  

atoms i n  February 1973 from 1 2  TRU-HFIR t a r g e t s ,  1 .6  

1973 from 10 SRP Cm-HFIR t a r g e t s ,  1 . 5  x 10 atoms i n  

Cm-HFIR t a r g e t s ,  8 x 10 atoms i n  August 1973 from 6 

1 . 5  x 10 atoms i n  December 1973 from 10 SRP Cm-HFIR 

9 

8 

9 

9 18 months: 1 . 8  x 10 

x l o 9  atoms i n  March 

May 1973 from 10 SRP 

TRU-HFIR t a r g e t s ,  and 

t a r g e t s .  
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3. PROCESSES AND EQUIPMENT 

F igure  3 . 1  compares t h e  s t e p s  used i n  p r o c e s s i n g  SRP r e a c t o r  t u b e s  

These s t e p s  have been used wi th  those  used i n  p rocess ing  H F I R  t a r g e t s .  

and desc r ibed  p r e v i o u s l y .  

cause :  (1) t h e r e  i s  no v a l u a b l e  plutonium t o  be  recovered  from t h e  Pubex 

e x t r a c t ,  and (2)  t h e  e x t r a  decontaminat ion of curium from f i s s i o n  p r o d u c t s ,  

ob ta ined  i n  t h e  Tramex ba tch  e x t r a c t i o n ,  i s  n o t  needed. 

f o r  material s u i t a b l e  f o r  f a b r i c a t i o n  of H F I R  t a r g e t s  and i r r a d i a t i o n  i n  

H F I R  a r e  less s t r i n g e n t  w i th  r ega rd  t o  rad iochemica l  and chemical impuri-  

t i e s .  

Fewer s t e p s  are r e q u i r e d  f o r  H F I R  t a r g e t s  be-  

The s p e c i f i c a t i o n s  

Some of t h e  s t e p s  r e q u i r e d  i n  t h e  p u r i f i c a t i o n  of  p roduc t s  recovered 

from SRP t u b e s  (F ig .  3 .2)  are  d i f f e r e n t  from t h o s e  used f o r  p u r i f y i n g  prod-  

u c t s  from H F I R  t a r g e t s  (F ig .  3 . 3 ) .  The t u b e s  c o n t a i n  v a l u a b l e  plutonium, 

which must be  decontaminated from radiochemica l  i m p u r i t i e s  s o  t h a t  i t  can 

be  enr iched  i n  244Pu i n  t h e  c a l u t r o n s  a t  t h e  Y - 1 2  P l a n t .  Very l i t t l e  fe r -  

mium and 253Es a r e  found i n  t h e  tubes  because o f  t h e  long coo l ing  time; 

however, h i g h - p u r i t y  2 5 4 E s  can be  recovered  i f  t h e  253Es i s  allowed t o  de- 

cay f o r  about  9 months a f t e r  r e a c t o r  d i s c h a r g e .  When t h e  curium i s  t o  be 

r e t u r n e d  t o  SRP f o r  r e i r r a d i a t i o n ,  curium oxide  i s  produced by c a l c i n i n g  

curium o x a l a t e ;  b u t ,  when t h e  curium i s  t o  be  r e i r r a d i a t e d  i n  H F I R ,  curium 

oxide  microspheres  are  p repa red  by t h e  r e s i n  l o a d i n g - - c a l c i n a t i o n  t e c h n i -  

que.  3 

Some new equipment and procedures ,  which a r e  necessary  f o r  p rocess ing  

t h e  t u b e s ,  were desc r ibed  i n  t h e  p rev ious  r e p o r t  i n  t h i s  ~ e r i e s ; ~  some o f  

t h e  major problems i n i t i a l l y  encountered were a l s o  d i scussed .  One of  t h e  

problems stemmed from aluminum t h a t  was p r e s e n t  i n  t h e  a c i d i c  d i s s o l v e r  s o l u -  

t i o n s .  The aluminum caused v a r i o u s  d i f f i c u l t i e s  i n  a l l  o f  t h e  succeeding 

p rocess  s t e p s ;  t h e  most t roublesome of  t h e s e  was t h e  p r e c i p i t a t i o n  of  alumi- 

num from f e e d  s o l u t i o n  f o r  t h e  LiC1-based an ion  exchange s t e p .  We e l i m i n a t e d  

t h i s  problem by u s i n g  a p re t r ea tmen t  s t e p  i n  which a small volume o f  a d j u s t e d  

f eed  s o l u t i o n  (12 M L i C l - - O . l  - M HC1) was p repa red ,  f i l t e r e d  t o  remove i n s o l u -  

b l e  material ( p r i m a r i l y  aluminum but a l s o  i n c l u d i n g  o t h e r  i n s o l u b l e s  such as 
c 



1 2  

FISSION PRODUCT REMOVAL 
AND CURIUM SEPARATION 

( L i C I  ANION EXCHANGE) 

ORNL Dwp 72-9323 

- 

SRP REACTOR 

T 

PRODUCT PURIFICATION STEPS 
SEE Fig. 3.3 

I 

I DISSOLVING I 

SEPARATION 

TRANS PLU TO N I U M 
ACTINIDES 

I 

IMPU R I TY 
REMOVAL 

PARTIAL 
FISSION PRODUCT 

REMOVAL 
(TRAMEX) 

1 
FISSION PRODUCT REMOVAL 

AND CURIUM SEPARATION 
(L iCI  ANION EXCHANGE) 

TRANSCURIUM 
ACTINIDES 

t 
ACT I N IDE 

PART ITlONlNG 

-Pu 1 Es Cf  B k  rAm,Cm 

I SEE Fig. 3.2 I 

HFlR 
Am-Cm TARGETS 

REMOVAL 
TO 

WASTE 

TR A N S P ~ U  TON I UM 

I 
ACTINIDES 

I I ACT IN I DE 
PAR TI TI ON I NG 

Fm-Es Cf Bk ,- Am, Cm. 

F i g .  3.1. P rocess ing  S teps  Used f o r  Transuranium Element 
P roduc t ion .  
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t t I 

ORNL Dwg 72-9324 

Pu Es 

1 -I- 
Am, Cm 

REM OVAL 
OF L i C l  

PUR1 F I CATION 

(BERKEX 
2 CYCLES) 

HEAVIER ACTINIDES 
( Z N D  CYCLE (2ND CYCLE 

AHlB CATION EXC.) 

I TO TURF' I 
MILKING OF c AHIB CATION EXC.) 

249Cf 
(2ND CYCLE 

PURIFICATION FROM 
MISC.  IMPURITIES (NO3 I I N  EXC 

254ES U d C f  Z49Bk 

CYCLE 

I 

ION WITH 

ION TO 

PURIFICA 

AH18 CA 

I N  FROM 

ON EXC.1 

PURIFICATION 
FROM C f  

( 3 R D  CYCLE 
AHlB CATION EXC.) 

OXALATE 
CALCl l  

r 

REMOVAL OF 
FISSION PRODUCTS 

(AIC.-HCI CATION EXC.) 
I 

FINAL CLEANUP 
8 CONCENTRATION 

F i g .  3 . 2 .  P u r i f i c a t i o n  of Products  Recovered from SRP Reac tor  
Tubes. 

. 
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O R N L  D w g  72-9325 

Fm, Es 
I 

REMOVAL OF 
FISSION PRODUCTS 

PURIFICATION 
FROM Es 8 C f  
( 3 R D  CYCLE 

Cf 
I 

I 
1 TRANSFER TO TURF 1 

SEPARATION Cf  FACILITY 
(11 LOAD ON CATION RESIN 
12) BURN TO OXYSULFATE 
13) DECONTAMINATE PKG 
(4) TRANSFER TO TURF 
(51 STRIP Cf  

MILKING OF 

AND 
REMOVAL OF 

3RD CYCLE 

253Es 

EMOVAL OF 244cm 
( 2 N D  

AHIB CA ION PRODUCTS 
C I  CATION EXC 1 

a CONCENTRATION  CATION EXCHANGE) 

1 
PACKAGING a SHIPP 

:,‘LEExc 1 I 

249Cf 
( 2 N D  CYCLE 

2 4 9 ~ 1  24981, 

( 3 R D  CYCLE 1 AHIB  CATION EXC ) )  
I I 

FINAL CLEANUP 
8 CONCENTRATION 
(CATION EXCHANGE) 

I 

A m t C m  

REMOVAL OF 
L i C l  

I 
PURIFICATION FROM 

MISC. IMPURITIES 
(OXALATE P P T ’ N .  

2 CYCLES) 

1 
Am-Crn OXIDE 

M ICROSPHERE 
PRODUCTION 

( 1 )  LOAD ON 
CATION RESIN 

( 2 )  CALCINE TO 
OXIDE 

TARGET 
FABRIC AT ION 

F i g .  3 . 3 .  P u r i f i c a t i o n  of  Products  Recovered from HFIR Am-Cm 
T a r g e t s .  

. 
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sodium and z i rconium) ,  and f i n a l l y  d i l u t e d  t o  a l a r g e r  volume o f  1 2  M - L i C l  

t o  ensure  complete s o l u b i l i t y  o f  t h e  remaining i m p u r i t i e s .  

4 .  KEUTRON SOURCES 

Much of  t h e  ca l i fo rn ium recovered  a t  TRU i s  inco rpora t ed  i n t o  sou rces  

which are subsequen t ly  loaned t o  r e s e a r c h e r s .  Data f o r  a l l  o f  t h e  neut ron  

sources  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  Tab le  4 . 1 .  Those 

t h a t  are s t a n d a r d  models,  NSS ( s i n g l y  encapsu la t ed )  and NSD (doubly encap- 

s u l a t e d ) ,  a r e  i n d i c a t e d  i n  t h e  t a b l e .  A "s tandard"  source  i s  one which has  

been f a b r i c a t e d  i n  t h e  form shown i n  F ig .  4 . 1  of  re f .  2 and has been c a t a -  

loged by t h e  AEC Div i s ion  of  M a t e r i a l s  L icens ing .  Thus f a r ,  on ly  sou rces  

f a b r i c a t e d  from t y p e  304L s t a i n l e s s  s t e e l  have been ca t a loged .  The charac-  

t e r i s t i c s  o f  s t a n d a r d  sources  a r e  l i s t e d  i n  Tab le  4 .2  of  r e f .  2 .  

4 . 1  Sources  Fabr i ca t ed  During J a n u a r y J u n e  1972 

Nine sources  were f a b r i c a t e d  du r ing  t h i s  r e p o r t  p e r i o d .  S i x  of  t h e s e ,  

NSD-40, -43, -46, -55, -56, and -57 a r e  s t a n d a r d  TRU sources  doubly encap- 

s u l a t e d  i n  type  304L s t a i n l e s s  s t e e l .  One, NSS-60, i s  only  s i n g l y  encap- 

s u l a t e d .  Sources  NZD-44 and -58 were f a b r i c a t e d  i n  s t a n d a r d  TRU form bu t  

are doubly encapsu la t ed  i n  Zi rca loy-2 .  

5 .  SPECIAL PROJECTS 

The pr imary f u n c t i o n s  o f  TRU a r e :  (1) t o  f a b r i c a t e  t a r g e t s  f o r  i r-  

r a d i a t i o n  i n  t h e  HFIR t o  produce t ransuranium e lements ,  and (2) t o  i s o l a t e  

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

f a c i l i t i e s  t h a t  a r e  a v a i l a b l e  are a l s o  used f o r  a v a r i e t y  o f  o t h e r  purposes  

such as  nonrou t ine  p roduc t ions ,  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  H F I R ;  i n  each case, a unique s e r v i c e  can b e  provided  t o  a s s i s t  a 

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



Table  4 .1 .  Data fo r  Neutron Sources Prepared  a t  TRU 

Cm 248 252cf 252cf 
C o n t e n t  a t  C o n t e n t  as C o n t e n t  a s  

Da te  of  C a l i b r a t i o n  o f  6-30-72 o f  6-30-72 On Loan To 
S o u r c e  C a l i b r a t i o n  (UP) (UP) ( P P I  I n d i v i d u a l  S i t e  

NS- l a  

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 

NS-15' 

NSD- 16 

NSS-17 

NS- 18' 

NSS-19 

NSD-20 

NSS-21 

NS-22 

NSD-24 

NS-25 

NSD-26 

NSD-27 

NSD- 2 8 

NSD-29 

NSD- 30 

NZD- 31 

N Z D -  32 

NZD-33 

NZD-34 

N Z D -  35 

NS-36' 

NSD-37 

NSD-38 

NS-39 

NSD-40 

8 -28-68  31 1 

8- 2 3-68 250 

5-  13 -69  290 

7- 09-69 870 

8-14-69 932 

11-21-69 736 

1-21-70 776 

12-  17 -69  1811 

4-17-70 1694 

3- 11- 70 111 

3-10-70 8 

6 -  30- 70 1840 

3-19-71 4578 

6-29-70 4545 

6-25-70 91  7 

10-08-70 1632 

8 -31-71  4812 

6 -24-70  94 7 

6-  26- 70 486 

7 -01-70  620  

10-  21- 70 18  

9-10-70 13 

10-15-70  8 

11-09-70 57  

2-11-71 14 

1-29-71 2430 

2 -12-71  11  

9- 10- 71 11220 

3- 31- 71 866 

11 -23-71  1729 

11- 23- 71 1773  

11-23-71 1859 

11-23-71 1895 

11-23-71 1875 

3-23-71 2039 

9-04-71 9689 

6- 16-  71 100 

11-07-71 928 

4-27-72 1143  

114 

9 1  

214 0 

399 

439 

372 

410 

932 

951 

61 

4 

1089 

3270 

2689 

541 

1038 

3869 

558 

287 

367 

12 

8 

5 

37 

1 0  

1676 

8 

9087 

624 

1477 

1514 

1588 

1618 

1601 

1459 

7813 

76 

783  

1092 

b 

b 

b 

449 

470 

34 7 

349 

838 

709 

b 

b 

716 

1247 

1770 

359 

566 

899 

371 

190 

24 1 

b 

b 

5 

b 

b 

719 

b 

2035 

231 

24 1 

247 

259 

264 

261 

553  

1789 

b 

138  

49  

K .  L .  Swin th  

J .  E .  Powe l l  

H .  W. Dickson 

C .  F .  M a s t e r s  

F .  B .  Simpson 

R .  W .  Hoff  

T. F .  Hand ley  

H .  Be rge r  

N. D .  Wogman 

J .  P .  Balagna 

R .  R .  Ful lwood 

R .  W .  Hoff  

H .  0. Menlove 

D .  C .  S t e w a r t  

F .  B .  Simpson 

R. Yoshimura 

L .  W .  Dahlke 

F .  B .  Simpson 

J .  E .  Bigelow 

J .  E .  Bigelow 

F .  Cross 

J .  t. Bige lok  

J .  B .  Davidson 

F .  J .  Mucken tha le r  

H .  0 .  Menlove 

J .  E .  Powell  

E .  E .  H icks  

E .  M .  Murray 

F .  F .  Haywood 

C .  N .  J a c k s o n ,  J r .  

C .  N .  J a c k s o n ,  J r .  

C .  N. J a c k s o n ,  J r .  

C .  P;. J a c k s o n ,  J r .  

C .  N. J a c k s o n ,  Jr. 

F .  B .  Simpson 

R .  W .  P e r k i n s  

H .  0 .  Menlove 

V .  S p i e g e l  

E .  B .  Darden 

PNL 

Sandia-NM 

ORAU 

LASL 

ANC 

L L L  

ORNL 

ANL 

PNL 

LAS L 

LASL 

L L L  

LASL 

AN L 

ANC 

Sandia-NM 

S a n d i a - L i v .  

ANC 

ORN L- TRU 

ORNL-TRU 

PYL 

ORNL-TRU 

ORV L 

ORNL 

LASL 

Sandia-NM 

Rocky F l a t s  

Y-12 

O R N L  

WADCO 

WADCO 

WADCO 

NADCO 

WADCO 

AN C 

PNL 

LAS L 

NBS 

ORYL-Biology 
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Tab l e  4 . 1 .  (continued) 

252cf 252cf 248cln 
C o n t e n t  a t  C o n t e n t  as C o n t e n t  a s  

Da te  o f  C a l i b r a t i o n  o f  6-30-72 o f  6-30-72 On Loan TO 
S o u r c e  C a l i b r a t i o n  (UP) (UP1 (!Jg) I n d i v i d u a l  S i t e  

NSD-41 

NSD-42 

NSD-43 

NZD-44 

NSD-45 

NSD-46 

NSD-47 

NSD-48 

NSD-49 

NS-50 

NSD-51 

NSD-52 

NSD- 53 

NSD-55 

NSD-56 

NSD-57 

NZD-58 

NSS-60 

SR-Cf-167 d 

11 - 08-71 

11-02-71 

4 -20-72  

5-15-72 

8-18-71 

4-23-72 

7-14-71 

7-14-71 

7-14-71 

8-23-71 

11-02-71 

9 -02-71  

10- 25- 71 

4- 19- 72 

4-19-72 

4 -14-72  

5-15-72 

4-11-72 

5-26-71 

5039 

4367 

4766 

10568 

1749 

619 

197 

191 

196 

136  

359 

2 76 

1035 

4 

119  

958 

10836 

20 

3915 

4257 

3674 

4530 

10225 

1393  

590 

1 5 3  

148 

152 

109 

302 

222 

866 

4 

113 

907 

10484 

1 9  

2936 

745 

661 

225 

328 

339 

28 

42 

41 

42 

26 

54 

51 

161 

b 

6 

4 9  

336 

b 

933  

C .  J .  E m e r t  

C .  J .  E m e r t  

C .  J .  Emert 

F .  E .  Simpson 

K .  L.  Swinth 

H. 0.  Menlove 

P. L .  Johnson  

P. L .  Johnson  

P .  L .  Johnson  

S .  G .  C a r p e n t e r  

L .  C .  N e l s o n ,  Jr .  

E .  D .  C l a y t o n  

L. J .  Esch 

L .  J .  Esch 

L .  J .  Esch 

J .  E.  Bigelow 

F .  E .  Simpson 

J .  S. Cheka 

H.  W .  Dickson 

BAPL 

BAPL 

BAPL 

ANC 

PNL 

LASL 

Mound 

Mound 

Mound 

ANL-NRTS 

N e w  Brunswick 

PNL 

KAPL 

KAPL 

KAP L 

ORNL-TRU 

ANC 

O R N L  

ORAU 

aTh i s  s o u r c e  i s  e n c a p s u l a t e d  i n  aluminum. 

bTh i s  s o u r c e  i s  n o t  s u i t a b l e  f o r  r e c o v e r y  o f  248Cm. 

‘This s o u r c e  i s  e n c a p s u l a t e d  i n  type 405 s t a i n l e s s  s t e e l .  

d T h i s  s o u r c e  was f a b r i c a t e d  a t  TRU i n  s t a n d a r d  Savannah R i v e r  SR-Cf-100 series ha rdware .  
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The f a c i l i t i e s  i n c l u d e  t h e  t a r g e t  f a b r i c a t i o n  c e l l s  a t  TRU, t h e  TRU 

l a b o r a t o r y  h o t - c e l l  caves A and B ( F i g .  5 . 1 ) ,  t h e  TURF c a l i f o r n i u m  f a c i -  

l i t y 4 ”  (F ig .  5 . 2 ) ,  an a lpha-conta ined  glove-box f a c i l i t y  a t  TURF (F ig .  5 . 3 ) ,  

and a source  decontaminat ion  f a c i l i t y  a t  TRU ( F i g .  5 . 4 ) .  T r a n s f e r s  of  small  

r a b b i t s ,  c o n t a i n i n g  HFIR- i r r ad ia t ed  materials, from t h e  HFIR pool t o  cave B 

a t  TRU can be  made v i a  a h y d r a u l i c  r a b b i t  t r a n s f e r  system.’ The TRU b u i l d -  

i n g  i s  a d j a c e n t  t o  bo th  t h e  HFIR and TURF b u i l d i n g s .  T r a n s f e r s  of  252Cf o r  

o t h e r  r a d i o a c t i v e  m a t e r i a l s  can b e  made i n  e i t h e r  d i r e c t i o n  between TRU and 

TURF v i a  a pneumatic r a b b i t  t r a n s f e r  sys tem.6  Terminals of  t h i s  system a r e  

l o c a t e d  i n  c u b i c l e  3 of c e l l  G a t  TURF and i n  t h e  sou rce  decontaminat ion  

f a c i l i t y  a t  T R U .  

4 

The t a r g e t  f a b r i c a t i o n  c e l l s  a t  TRU a r e  used  p r i m a r i l y  f o r  p r e p a r a t i o n  

of H F I R  t a r g e t s ,  which normally c o n t a i n  r e c y c l e  m a t e r i a l s  (americium and 

curium) b u t  sometimes c o n t a i n  s p e c i a l  m a t e r i a l s  such as  242PuJ C m ,  o r  

252Cf. 

s t e p s  r e q u i r e d ;  t h e s e  s t e p s  were d e s c r i b e d  i n  t h e  f i r s t  r e p o r t  i n  t h i s  

s e r i e s .  

24 8 

The TRU c e l l s  con ta in  equipment f o r  a l l  of t h e  remote f a b r i c a t i o n  

7 

The l a b o r a t o r y  h o t - c e l l  caves a t  TRU a r e  normally used f o r  f i n a l  prod- 

u c t  p u r i f i c a t i o n  of berke l ium,  e ins t e in ium,  and fermium. Each cave con- 

t a i n s  equipment f o r  i on  exchange and h i g h - p r e s s u r e  e x t r a c t i o n  chromatog- 

raphy.  Cave A a l s o  c o n t a i n s  equipment f o r  s o l v e n t  e x t r a c t i o n  o p e r a t i o n s .  

Cubic le  3 of t h e  ca l i fo rn ium f a c i l i t y  i n  c e l l  G and t h e  glove-box 

f a c i l i t y  a t  TURF are used p r i m a r i l y  f o r  t h e  f a b r i c a t i o n  of a c t i n i d e  sou rces  

( u s u a l l y  con ta ined  i n  s t a i n l e s s  s t e e l  b u t  o c c a s i o n a l l y  i n  Z i r ca loy -2  o r  

aluminum) and aluminum-clad HFIR r a b b i t s .  Each of t h e s e  f a c i l i t i e s  c o n t a i n s  

a h y d r a u l i c a l l y  ope ra t ed  10-ton p e l l e t  p r e s s ,  a welding appa ra tus  f o r  making 

f u s i o n  welds u s i n g  t h e  gas t u n g s t e n - a r c  p r o c e s s ,  and a helium l e a k - d e t e c t o r  

a p p a r a t u s .  

The source  decontaminat ion  f a c i l i t y  a t  TRU i s  a small, p o r t a b l e ,  wa te r -  

s h i e l d e d  c e l l  l o c a t e d  above t h e  t a r g e t  chu te  a t  c e l l  1. Th i s  c e l l  p rov ides  

an i n t e r f a c e  between t h e  f a c i l i t i e s  as we l l  as wi th  o f f - s i t e  c a r r i e r s ,  where 

packages may be  decontaminated b e f o r e  t r a n s f e r  o r  shipment.  

c l e a n i n g  equipment, a long  wi th  manual c l e a n i n g  v i a  m a s t e r - s l a v e  man ipu la to r s ,  

i s  used h e r e .  

U l t r a s o n i c  
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PHOTO 99812 1 

Jaboratory Hot-Cell Cave B .  
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Fig. 5.2. Cubicle 3 of the TURF Californium Facility. 
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Fig. 5.4. Source Decontamination Facility at TRU. 
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7 .  APPENDIX 

We have t a b u l a t e d  t h e  decay d a t a  and t h e  c r o s s - s e c t i o n  d a t a  t h a t  we 

use  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 say ing  p r o d u c t s .  The t a b l e s  w i l l  b e  reproduced comple te ly  i n  

each of  t h e s e  semiannual r e p o r t s ,  and changes made s i n c e  t h e  p reced ing  r e -  

p o r t  w i l l  be i n d i c a t e d .  We wish t o  s t a t e  c l e a r l y  t h a t  t h e s e  d a t a  merely 

r e p r e s e n t  numbers be ing  used i n  ou r  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  p r e -  

s e n t e d  on a "bes t  e f f o r t s "  b a s i s .  Although t h e  in fo rma t ion  i s  in t ended  t o  

be  d e f i n i t i v e ,  it has  n o t  been checked and cross-checked s u f f i c i e n t l y  t o  be  

cons ide red  " p u b l i s h a b l e .  I '  

The Transplutonium Element Product ion  Program i s  now making n u c l i d e s  

a v a i l a b l e  i n  i n c r e a s i n g  abundance and p u r i t y ;  t h e r e f o r e ,  i n  t h e  next  few 

y e a 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 n u c l e a r  c o n s t a n t s  

f o r  t h e  t r ansu ran ium n u c l i d e s .  However, s i n c e  we need such d a t a  a t  t h e  

p r e s e n t  t ime ,  it w i l l  n o t  b e  f e a s i b l e  f o r  u s  t o  wait u n t i l  h i g h l y  r e l i a b l e  

s o u r c e s ,  such as Lederer8  and Wapstra,' can p u b l i s h  d a t a  t h a t  have been 

f u l l y  e v a l u a t e d .  

We welcome t e l ephone  c a l l s  t o  p o i n t  out e r r o r s  o r  i n d i c a t e  a d d i t i o n a l  

sou rces  o f  i n f o r m a t i o n .  P l e a s e  c o n t a c t  John Bigelow, FTS 615-483-1872 o r ,  

by commercial t e l ephone  s e r v i c e ,  615-483-8611, e x t .  3-1872. 

7 . 1  Decay Data 

Table  A - 1  i s  a l i s t  o f  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 neu t 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  wi th  l i t e r a t u r e  r e f e r e n c e s  where 

a v a i l a b l e .  

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 .  

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 it have been r e c a l c u l a t e d .  Such cases  a r e  foo tno ted  

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

g iven  i n  t h e  r e f e r e n c e .  However, we d i d  u s e  t h e  r e l a t i o n s h i p  g iven  i n  t h e  

r e f e r e n c e d  work. 

The l i s t  i n c l u d e s  v a l u e s  f o r  h a l f - l i v e s  and branching  

In 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  was determined by 

In a few of t h e s e  c a s e s ,  a newer v a l u e  has  been accep ted  f o r  t h e  
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Table A - 1  . (cont inued)  

P a r t i a l  Half-Life P a r t i a l  Half-Life Neutrons 
Nuclide Total  Half-Life f o r  a Decay Branching Ratios for  Spontaneous Fission per  Fission Referencesb 

249Bk 314 T 8 d 
250Bk 3.222 ? 0.005 h 
251Bk 57 ? 1.7 m 

249Cf 
250Cf 
251Cf 
252Cf 2.646 ? 0.004 y 
253Cf 17.812 ! 0.082 d 
254Cf 60.5 ! 0 . 2  d 
255Cf 1.5 ? 0 .5  h 

253Es 20.467 t 0.024 d 
254Es 276 d 
254mEs 39.3 ? 0.2 h 

255Es 39.8 ! 1.2 d 

256Es 25 ? 3 m 

254Fm 3.24 t 0.01 h 
255Fm 20.07 ? 0.07 h 
256Fm 2.62 ! 0.03 h 
257Fm 94 T 10 d 
258Fm 380 ? 60 

352 ? 6 y 
13.08 t 0.09 y 
900 ? 50 y 

= (1.45 t 0.08) x 10-5 (1.87 t 0.09) x 109 y 3.72 0.16 57Ea01, 69Mi08. 64Py02 
59Va02 
66RG04. 

a/SF = (1.992 f. 0.040) x IO8 

a/SF = 1260 ? 40 

a/SF = 31.3 ! 0.2 
a/% = (3.1 f_ 0.4) x 

 SF = (3.10 t 0.16) x 10-3 

a/SF = (1.15 ? 0.03) x IO7 
.2.5 107 

%/a = 382 7 30 
E.C./B = 0.00078 t 0.00006 
a / %  = 0.0866 ? 0.0043 
B/SF = (2.22 ? 0.10) x 104 

a/SF = 1695 t 8 

 SF/^ = (2.4 ! 1.1) x 10-7 
1.100% SF 

%IO09 SF 

3.44d 69Me01, 69Mi08 
3.56d 63Ph01, 69Me01 

69Me01 
3.796 ! 0.031 65Me02, 68wh04 

69Dr02, 66RG01 
3.90 ! 0.14 63Ph01, 64Py02, 68Be21 

70L019 

3.92d 65Me02, 69Dr02 
4 .  04d 67Fi03. 67Un01 

62Un01, 63Ph01 

66RG01, 67Fi03 4.16d 

68Loll 

4.05 ? 0.19 56JoO9, 67Fi03, 56Ch83 
4.16d 63Ph01, 64As01 
4.27d 68Ho13 

66RG01 
7-3 

?he h a l f - l i f e  values used in t h i s  tab le  were being used a t  TRU a t  t h e  end of t h e  repor t  period. 
bReferences a re  decoded in Table A-2. 
'Published values a r e  adjusted for  241Am h a l f - l i f e  of 432.7 y. 
dValue estimated by l i n e a r  interpolation of the  values f o r  244Cm and 252Cf, based on nuc l id lc  mass 
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The r e f e r e n c e s  used i n  Table A - 1  a r e  decoded i n  Table  A - 2 .  The system 

of r e f e r e n c e s  i s  t h a t  used by t h e  Nuclear Data P r o j e c t  h e r e  a t  ORNL i n  t h e i r  

wide ly  d i s t r i b u t e d  "Nuclear Data Shee ts . ' '  Table  A-3 l i s t s  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  wi th  in fo rma t ion  concerning t h e  hazard  

a s s o c i a t e d  wi th  h a n d l i n g  t h e s e  n u c l i d e s .  

7 . 2  Neutron Cross-Sec t ion  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 a n s m u t a t i o n s  i n  

H F I R  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 .  Th i s  t a b l e  shows s i x  param- 

e t e r s  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  i s  t h e  thermal -neut ron  

c a p t u r e  c r o s s  s e c t i o n ,  and t h e  t h i r d  is t h e  neu t ron  c a p t u r e  resonance  i n t e -  

g r a l .  The second parameter  i s  a c o n s t a n t  t h a t  is  a f u n c t i o n  of  t h e  t a r g e t  

geometry; i t  is  used  t o  e s t i m a t e  t h e  resonance  s e l f - s h i e l d i n g  e f f e c t .  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 ,  r~ 
C would b e :  e f f '  

R I  
l + C N  , ' res  + -  J c -  C 

e f f  - '2200 , 
0 

92200 

C i s  t h e  thermal -neut ron  c a p t u r e  c r o s s  s e c t i o n ,  N i s  t h e  number where u 
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  r o d ,  $res i s  t h e  average  

f l u x  p e r  u n i t  l e t h a r g y  width i n  t h e  resonance  r e g i o n ,  and $2200 i s  t h e  

e q u i v a l e n t  f l u x  o f  2200-m/sec neu t rons  t h a t  would g ive  t h e  same r e a c t i o n  

r a t e  wi th  a l / v  a b s o r b e r  as would t h e  a c t u a l  r e a c t o r  f l u x .  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 .  

2200 

These c r o s s  s e c t i o n s  a r e  t o  be regarded  as a s e l f - c o n s i s t e n t  s e t  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 s e t  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  our  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 pure i s o t o p e s  

w i l l  a g r e e ;  however, we 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 .  

I t  should be  p o i n t e d  out  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 i s  
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 a n s m u t a t i o n  c h a i n  invo lv ing  

244Am. The p r o p e r t i e s  of 244cAm were c a l c u l a t e d  from t h e  p r o p e r t i e s  o f  t h e  
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a Table A - 3 .  P r o p e r t i e s  o f  Transuranium Nucl ides  

Underlines i n d i c a t e  new va lues  s i n c e  t h e  p r e v i o u s  r e p o r t .  
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2 . 1 0  d 

2 .339  d 

6 3  m 

7 . 3  m 

16 m 

3 . 4  h 

87 .401  y 

2 . 4 4 1 3  x I O 4  y 

6580 y 

14 .98  y 
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8 . 2 8  107 

1 0 . 6  h 
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4 3 2 . 1  y 
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7370 y 

1 0 . 1  h 

26 m 

2 . 0 7  h 
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I .  2 4  

0 . 3 3 2  
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0 . 0 7  

0 . 0 5  

0.0292 

7 . 3 9  x 1 8  

6 . 8 0  10-3 

0 .25  

6.76 X IO-' 

2 .82  1015 

6 . 5 8  x 1 0 l b f  

1 .3 ;  x 10lb 

6 . 7 9  x 1 0 l b  

4 . 2 4  x IUlb  

1 . 0 4  x 1016 

4 x 10-6 - 0 . 2  

1 . 2 1  x IOb 0.05 

0 . 0 9  

0 1  

0 . 0 4  

0 .05  

0.04 

__ n.005 

1.0 - 

3 . 7 6  x 1 0 l 2  

5 . 2 0  x 11110 

2.00 x 108  

3 52 x 108 

1 . 3 9  x 106  

Y . l b  x IO1' 

1 . 0 1  x IOJ 

1.51 1 0 6  

1 . 9 6  

1 . 2 4  

~ 0.160 

~ 0 . 2 2 6  

431 

1 . 1 8  
- 
- 
8 . 4 7  x 1 0 P  

b 11  

5 . 7 9  

1 .81  

5 . 3 6  

5.39 

- 

- 
j;y7 
i. (IS 

162 .7  d 

32 y 

18 o w  
826.5 > 
4651 y 

I . 5 b  x 10'  y 
__ 
- 
j.397 x 105 y 

b l  m 

1 . 7 4  x 10' I 

122 

1 . 6 7 7  

2 . 8 5 2  

5.89 

1 .01  x 10-2 

2 . 9 4  x 10-6  

5 . 3 4  x 1 0 - 4  

:.Ob x 10' 

'L I 

i 2: x 108 

b . 8 7  x 10' 

5.58  x 10' ~- 

2 .58  x 106  

b JLI x 10' 

24bCm 

241C, 

2 b2 x l o L b  IJ . Y 



Table A - 3 .  (cont inued)  

N u c l i d e  

24gCf 

Cf 250 
2 S l c t  

Cf 

Cf 

2 5 2  

2s3 

2S.IC, 

25SCf 

314 d 5 . 4  0 . 1 2 5  I 07 x l o 3  0 . 3 5 8  2 . 7 4  3 . 7 1  6 . 3 4  l o 3  

57  m 1 . 3 '  x I O 7  2 . 9 7  x l 0 l 6  

3 . 2 2 2  h 0 . 2 3  3.81) 10' 2 . 7 5  x i o 4  8 , b Z  x 10" 

352 y 5 . 8 1  4 . 0 8  0 . 1 5 7  4 . 6 2  x 10' 156 

1 3 . 0 8  y 6 . 0 3  109 4 . 0 b  1 . 2 3  x l u l l  6 . 8 5  x IO8 

900 y 1 . 5 9  5 .79  x 1 . 7 8  x 10' 

2.646 y 6 . 1 1  536 39.0 5 .88  x 1011 1 . 4 0  x 10" 

17 .812  d 5 . 1 ) ~  u . 2 7  2 . 9 ~  l o 4  1 3 . 8 9  1 . 0 2  x 10" 6 . 4 1  x IO1' 

6 0 . 5  d 5 . 8 4  8 . 4 9  t o 3  1 . 0 0  t o 4  2 .89  7 . 3 s  x 1013 

1.5 h ~8 x IOb 

2 0 . 0 4  9.80 
5 x 0.04 3.70 x 1 0 - 4  

2 x 0 . 0 4  2 .50  x 

6 x 0.01 1.87 x 10.' 

8 x 0 . 0 4  1 . 4 0  x 

5 x 10-12  8 . 2 4  x 0.0007 

2 5 3 t ~  20.467 d b.  6 3  2 . 5 2  x l o 4  1.01 x IO3 2 . 8 6  x l d 3  1.91 10' 6 0 . 0 4  1.59 

2 5 4 t ~  270 d 6 . 4 2  1 . 8 6  x I O 3  7 1 . 9  2 . 1 1  x 1012 < 5 . 0 4  lo5  2 0.02 1.08  IO-^ 
254n'ts 3 9 . 3  h 0 . 4 8  3 . 1 4  I U ~  1 . 1 8  6.97 d4 5 x 10.' 0 .02  6 .37  x 

2551.s 39.8 d 1 . 2 9  x IO4 2 . 8 6  x d3 4.92 x IO9 4 x 0 . 0 4  3 . 1 0  x 

256~.s 2 5  2 . 9 4  6 . 5 2  I 10" 

254 Frn 3.24  1, 7 . 7 0  3.81 x IOb 1.68 x 10' 4 . 3 1  x l U 1 '  2 . 0 2  0.02 5 . 2 5  w9 
20.07 h 7 . 0 3  b . 1 3  x 10' 2.7!1 X l U 4  0.94 X l d 4  1 36 x 10' 1 x 10.' 0.04 6 . 5 3  x 25SFrn 

257Fln 94 d 5 41  x 10' .2UU b.1.' x 1u12 

258tm 1 . 1 5  x 1011 

Fm 2.b: h 4 . 6 )  x 10' 5.81 x 1(16 4 . 4 3  x l 0 l b  2 x 1 0 - 9  o.oon8 1 . 7 1  x io-1o 256 

w 
0 



Table A - 4 .  Neutron Cross  S e c t i o n s  Used t o  Compute Transmutat ions i n  IIFIR 
Ta rge t  I r r a d i a t i o n s  

Underl ines  i n d i c a t e  new v a l u e s  s i n c e  t h e  p rev ious  r e p o r t .  

Table A-4. Neutron Cross Sections Used to Compute Transmutations in HFIR Target Irradiations 

Underlines indicate new values since the previous report. 

Nuclide Half-Life 

Capture 
2200-m/s Resonance Resonance 

(barns) 
Cross Section Self-shielding Integral 

Constant (barns) 

Fission 
2200-m/s Resonance Resonance 

Cross Section Self-shielding Integral 
(barns) Constant (barns) 

87.404 y 

2.4413 x lo4 y 

6580 y 

14.98 y 

3.869 x 10' y 

4.955 h 

8 . 2 8  107 

10.6 h 

10.85 d 

560 

265.7 

290 

360 

19.5 

80 

1.6 

277 

0 

0 

0 

0 

0 

6.20 

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 

2 4 3 h  7370 y 

i r k A m  10.1 h 

2 4 4 m h  26 m 

244cha 49 m 

245A,  2.07 h 

: 4 6 h  25.0 m 

105 0 

0 0 

0 0 

0 0 

0 0 

0 0 

1500 0 0 

0 2300 0 

0 0 0 

0 1128 0 

0 0 0 

0 0 0 

25 

324 

0 

541 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ZL4cm 18.099 y 10.0 4.0 650 1.2 4.0 12.5 

245cm 8265 y 343 2.4 i20 1727 2.4 1140 

246~m 1.25 0 121 0 0 0 

i4BCm 3.397 105 7.56 2.0 170 0 0 0 

24?cm 64 m 2.8 0 0 50 0 0 

'5QCm 1.74 lo4 2 0 0 0 0 0 

:L7Cm 1.56 107 60 0 500 120 0 1060 

ZkYBk 314 d 1451 

25')Bk 3.222 h 350 

251~ ; .  57 m 0 

2.4 

0 

0 

352 y 249 Cf 

25:cf 900 y 

15SCf 13.08 y 

2 5 2 C f  2.646 y 

;i3Cf 17.812 d 

754Cf 60.5 d 

25SCf 1.5 h 

25+. 20.467 d 

2 5 4 E s  276 d 

L 5 4 m ~ ~  39.3 h 

2 5 5 ~ ~  39.8 d 

2 5 6 E S  25 m 

450 1.46 

1900 20 

2850 14 

19.8 0 

12.6 0 

50 0 

0 0 

345 0 

20 0 

1.26 0 

60 0 

0 0 

1240 0 0 

0 3000 0 

0 0 0 

750 1690 5 . 8  2920 

11 600 0 0 0 

1600 3750 14 5400 

44 32 0 110 

0 1300 0 0 

1650 0 0 0 

0 0 0 0 

0 0 

3060 0 

1840 0 

0 0 

0 0 

Z54Fm 3.24 h 76 0 0 0 0 0 

20.07 h 26 0 0 100 0 0 ;:5Fm 

2.62 h 45 0 0 0 0 0 

94 d 10 0 0 5500 0 0 1 5'Fm 

'j8Fm 380 us 0 0 0 0 0 0 

2 5 6 ~ ~  

aTo 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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rea l  isomers  244gAm and 244mAm by assuming t h a t :  

o f  244cAm p r e s e n t  e q u a l s  t h e  t o t a l  number o f  atoms of  t h e  rea l  i somers ;  

(2) t h e  B decay from 244cAm equa l s  t h e  t o t a l  6 decay from t h e  r e a l  i somers ;  

(3) t h e  f i s s i o n s  from 244cAm equa l  t h e  t o t a l  f i s s i o n s  from t h e  r e a l  i somers ;  

(4)  t h e  isomers are i n  equ i l ib r ium wi th  t h e i r  common p a r e n t  243Am whi le  
t h e  r e a c t o r  i s  o p e r a t i n g ;  and (5) t h e  only  s i g n i f i c a n t  p roduc t ion  and re-  

moval f a c t o r s  are  t h e  removal of  t h e  isomers  by decay and neu t ron  a b s o r p t i o n ,  

and t h e  p roduc t ion  o f  t h e  isomers  by t r ansmuta t ion  from 243Am. 

(1) t h e  number of  atoms 

Thus,  

(1) N = N  + N  c g m ’  

(2) AcNc = h N + XmNm, 
g g  

f f f (3) ocNc = a N + omNm, 

dN dN dN 
g g  

m = 0 ,  and (4) c=g=- 
d t  d t  d t  

a C 
(5) (Ai + CT.$)N-  = f . o . N  

L L L L 243’ 

where s u p e r s c r i p t s  f ,  a ,  and c r e f e r  t o  f i s s i o n ,  neu t ron  a b s o r p t i o n ,  and 

neu t ron  cap tu re ;  s u b s c r i p t  i refers  t o  t h e  i t h  i somer ,  c ,  g ,  o r  m ;  and fi 

i s  t h e  f r a c t i o n  of neu t ron  c a p t u r e s  i n  243Am r e s u l t i n g  i n  t h e  i t h  isomer,  

such t h a t  f c  = f + f = 1. 
g m  
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