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SUMMARY 

'This i s  t h e  f o u r t h  r e p o r t  i n  a s e r i e s  t h a t  i s  being i s s u e d  semi- 
annua l ly  t o  inform t h e  heavy-element conununity o f  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 Production Program 

a t  OWL. 

'The t o t a l  amounts o f  t ransuranium elements recovered du r ing  t h e  
p e r i o d  J u l y  1, 1969, t o  December 31, 1969, a r e :  3 g of 242Pu, 0.8 g 

o f  243Am, 16.8 g of 244Cm, 12.8 mg of 2 5 2 C f ,  2 mg of 249Bk, 8 2  1-18 o f  
253ks ,  and 1.5 x lo8  atoms of 257Fm. 

0.29 g o f  24213u, 3 . 2  g o f  243Am, 8 . 4  g of 244Cm, 1 g o f  244Cm t h a t  con- 

t a i n e d  about 16% 246Cm,  165 pg o f  248Cm (95% 248Cm), 119 pg of 248Cm 

( i s o t o p i c a l l y  pure) t h a t  had been "milkedf' from ca l i fo rn ium,  1.8 mg of 
249Bk, 2.6 mg o f  2 5 2 C f  i n  a mixture o f  ca l i fo rn ium i s o t o p e s  (75 t o  80% 

252Cf), 4 mg of 252Cf t h a t  had been i r r a d i a t e d  t o  97% 2 5 2 C f ,  36.4 pg of 
i s o t o p i c a l l y  pure 2 5 3 E s ,  69 pg of 2 5 3 E s  con ta in ing  some 254ks and 2 5 5 E s ,  

and 8 x l o 7  atoms of 257Fm. 

We made 47 shipments,  which t o t a l e d  

Our p rocess ing  schedule  has been changed s i g n i f i c a n t l y  s i n c e  t h e  

previous r e p o r t .  We now p l a n  t o  p rocess  163 Savannah River P l a n t  (SRP) 

r e a c t o r  s l u g s  du r ing  f i s c a l  yea r  1971 ( i . e . ,  J u l y  1970 through June 1971). 

These s l u g s ,  which c o n t a i n  americium and curium, are being i r r a d i a t e d  

i n  t h e  "Californium-I" phase of a program a t  SKI) t o  produce 2 5 2 C f  f o r  

u se  i n  t h e  USAEC program t o  e v a l u a t e  t h e  commercial marke t  f o r  c a l i f o r -  

nium. 
modified somewhat i n  o r d e r  t o  accomodate t h e  s l u g s .  However, t h i s  modi- 

f i c a t i o n  w i l l  not  reduce t h e  a v a i l a b i l i t y  of transuranium elements f o r  
r e s e a r c h .  

r a t e d  both b e f o r e  and a f t e r  t h e  s l u g s  are processed i n  o rde r  t h a t  t h e  
recovery of ca l i fo rn ium from 1iFIR t a r g e t s  as o f  January 1972 w i l l  remain 

unchanged. 
t o  handle  t h e  inc reased  p rocess ing  load.  
fornium dur ing  t h e  p rocess ing  of t h e  s l u g s  can be s a t i s f i e d  from t h e  

ca l i fo rn ium t h a t  w i l l  be recovered from t h e  s l u g s .  The t o t a l  amount of 

Our o r i g i n a l  p l a n s  f o r  p rocess ing  i r r a d i a t e d  H F I K  t a r g e t s  have been 

The schedule  f o r  p rocess ing  t h e  t a r g e t s  w i l l  simply be acce le -  

The TKU o p e r a t i o n s  group w i l l  be  expanded du r ing  f iscal  yea r  1971 
Research requirements f o r  c a l i -  
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berkelium and e ins t e in ium expected t o  be recovered from t h e  s l u g s  (about 
30 mg of 2b9Bk and 600 pg of  2 5 3 E s )  w i l l  be made a v a i l a b l e  t o  r e s e a r c h e r s  

through the Transplutonium Committee a 

We expect  t o  produce t h e  fol lowing t o t a l  amounts of t ransuranium 
elements during t h e  nex t  18 months: 

(122 mg from h F I R  t a r g e t s  f o r  r e sea rch ,  and 370 mg from SRP s l u g s  €or t h e  

program f o r  e v a l u a t i n g  t h e  commercial a p p l i c a t i o n s  of ca l i fo rn ium) ,  1 . 3  

mg of 253Es ,  and 1.8 x l o 9  atonis of 257Fni. 

7 2 . 5  mg of 249Bk, 492 mg of 2 5 2 C f  

The sequence of p rocess  s t e p s  c u r r e n t l y  being used a t  TRU has n o t  

been changed s i n c e  t h e  previous r e p o r t .  For convenience, i t  i s  reviewed 

i n  t h i s  r e p o r t ,  and t h e  s t a t u s  of each s t e p  i s  summarized. 

A t  TRU, s exv ices  a r e  a l s o  a v a i l a b l e  by which special  m a t e r i a l s  no t  

normally produced i n  main- l ine e f f o r t s  can be prepared.  Four neutron 

sources  con ta in ing  about 1 mg each of  2 5 2 C f ,  and one neutron source  con- 

t a i n i n g  about 2 mg of  2 5 2 C f ,  were f a b r i c a t e d  during t h i s  r e p o r t  p e r i o d ,  

A gamma-ray source,  containing 1 mg o f  244Cm and 200 mg of I 3 C ,  was a l s o  

f a b r i c a t e d .  ‘This source,  which emits a sharply-def ined 6130-kev gamma 
ray, i s  used f o r  c a l i b r a t i n g  high-energy gamma-ray d e t e c t o r s .  

The values  t h a t  w e  use €or transuranium-element decay d a t a  and f o r  

c ros s - sec t ion  d a t a  i n  planning 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  

product ion f o r e c a s t s ,  and assaying products  are t a b u l a t e d  i n  t h e  Appendix. 
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1 .  INTRODUCTION 

This  i s  t h e  f o u r t h  r e p o r t  i n  a t h a t  i s  being 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 t h e  

f u t u r e  product ion p l ans  of t h e  Transuranium Llement Production Program 
a t  OWL. 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  provide information t h a t  

w i l l  enab le  u s e r s  o f  t h e  products  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 W 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  only f o r  t h e  s h o r t  term; long-range p l ans  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.  

s i n c e  t h e  last r e p o r t  p e r i o d  as t h e  r e s u l t  o f  t h e  r e c e n t  d e c i s i o n  t o  pro-  

c e s s  163 SUP r e a c t o r  s l u g s  a t  TRU du r ing  f i sca l  yea r  1971. 

A s i g n i f i c a n t  change has  occurred i n  our p l a n s  

TRU ope ra t ions  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 materials t h a t  were produced, processed,  and shipped are s p e c i f i e d ,  

and proposed p rocess ing  schedules  and a n t i c i p a t e d  y i e l d s  of va r ious  prod- 

u c t s  a r e  p re sen ted .  Values o f  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 product ion rates f o r  transuranium 

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

c a l c u l a t e  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  i s o t o p e s  t h a t  a r e  o f  i n t e r e s t  
t o  TUU, are included i n  t h e  Appendix. 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 desc r ibed .  

2 .  PROCESSING SUMMARY AND PRODUCTION ESTIMATE 

The i s o t o p i c  concen t r a t ions  of t h e  va r ious  transuranium elements a r e  

n o t  cons t an 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 times. 

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 m a t e r i a l  
balances f o r  t h e  i s o t o p i c  mixtures u s u a l l y  handled i n  TRU. 

t r a c e  curium by t h e  i s o t o p e  244Cm.  

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  
corresponding elements.  Throughout t h i s  r e p o r t  s e c t i o n ,  w e  a r e  d i s c u s s i n g  

mixtures  of i s o t o p e s  when w e  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  pure." 

Thus w e  u s u a l l y  
Except i n  s p e c i a l  i n s t a n c e s ,  242Pu, 
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2 . 1  Processing Sum-ary 

During July-December 1969, we recovered 3 g of 2 4 2 P i ~ ,  0 .8  g of 21t3Am, 

14 .8  g of 2 4 4 C m ,  2.05 mg of 249Bk, 12,8  rng o f  2 5 2 C f ,  81.5 pg o f  2 5 3 E s ,  

and approximately 1 .5  x 108 atoms of 257Fn1 as p u r i f i e d  products  from t h e  

processing of seven i r r a d i a t e d  plutonium t a r g e t s  and approximately one- 

h a l f  of an i r r a d i a t e d  curium t a r g e t .  

s t i t u t e d  t h e  only major campaign c a r r i e d  o u t  during t h i s  r e p o r t  pe r iod .  

The p rocess ing  of t h e s e  t a r g e t s  con- 

Forty-seven shipments t h a t  were made from TRU (see Table 2 , l )  du r ing  

t h i s  per iod included: 

of  24'+Cm t h a t  had been sepa ra t ed  and p u r i f i e d ;  (3) 1.07 g of 244Cm t h a t  

contained about 16% 246Cm; (4) 1b5 pg o f  248Crn (%95% 248Cm) ;  (5) 119 vg 
of 248Cm ( i s o t o p i c a l l y  pure) t h a t  had been "milked" from californiurn; 

(6) 1 . S  ing of 249Bk;  (7)  2 . 6  mg of 2 5 2 C f  i n  a mixture of  ca l i fo rn ium 
i s o t o p e s  (75  t o  80% 2 5 2 C f ) ;  (8) 4.04 mg o€ 2 5 2 C f  t h a t  had been i r r a d i a t e d  

t o  97% 252Cf; (9) 69 pg of 2 5 3 E s  con ta in ing  some 2 5 4 E s  and 2 5 5 E s .  9 (10) 

36.4 pg of 2 5 3 E s  ( i s o t o p i c a l l y  pure)  t h a t  had been "milked" from c a l i f o r -  

nium; and (11) 8 x l o 7  atoms of 257Fm. 

(1) 0 . 2 9  g of  242Pu; (2)  3.17 g of 243h and 8.41 g 

As of December 31, 1969, an inventory o f  t h e  transuranium m a t e r i a l s  

on hand ( exc lus ive  of H F I R  t a r g e t s )  showed t h e  fol lowing:  

114 g o f  243Am, 184 g of  244Cm, and 1 0 . 2  mg o f  2s2Cf. 

4.8 g of 242Pu, 

2 . 2  I r r a d i a t i o n  and Processing Proposals  

The e s t ima ted  f u t u r e  product ion of transuranium eleiiients i s  given i n  
Two f a c t o r s  have caused our f u t u r e  p l a n s  t o  be c h a n g e d s i g n i f -  Table 2 . 2 ,  

i c a n t l y  s i n c e  t h e  previous semiannual r e p o r t .  First t h e  s c i e n t i s t  who 

r equ i r ed  100 p g  o€ 2 5 3 L s  (mixed e ins t e in ium i s o t o p e s )  postponed h i s  expe r i -  
ment from February u n t i l  May 1970. Second, t h e  rransuranium Processing 
P l a n t  w i l l  conduct t h r e e  campaigns dur ing  f i s c a l  yea r  1971 t o  process  

americium-curium s l u g s  t h a t  arc being i r r a d i a t e d  as p a r t  o f  t h e  Cali- 

fornium-I program a t  t h e  Savannah River P l a n t  (SRP). In  t h i s  pragram, 

ca l i fo rn ium i s  being produced f o r  use i n  t h e  USAEC program t o  e v a l u a t e  

t h e  commercial market f o r  1s2Cf.4 The p l a n s  for t h e  p rocess ing  of  t h e  
SRP s l u g s  will be discussed i n  S e c t .  2 , 3 .  
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Table  2 . 1 .  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  Per iod  J u l y  1, 1969, t o  December 31, 1969 

Major Nuclide 
TRU F i l e  Shipped To 

Date No. Ind iv idua l  S i t e  

Plutonium-242, g 

0.29 
0.29 

Americium-243, g 

2.62 
0.55 
3 . 1 7  
- 

Curium-244. E 

12-  11-69 239 Prod. Support ORNL-CTD 

8-06-69 204 L .  J . Nugent ORNL-TRL 
8-06-69 205 Iso tope  S a l e s  ORNL 

1.22 8-06-69 
0.001 8- 2 6- 69 
0.001 (Gamma source ,  11-07-69 

GS-1) 

2.0a 1 2  -0 5 -69 
5 .oa 1 2  -09 -69 
0.19 ( i r r a d i a t e d )  1 2 - 1  1-69 - 
8.412 

Curium-244 
(16% 246Cm c o n t e n t ) ,  g 

1.07 
1 .07  
- 

203 L .  J .  Nugent ORNL-TRL 
2 10 Prod. Support  ORNL-CTD 
229 J .  K .  Dickens OWL- 

E l e c t r o  - 
nuc 1 ear 

1 7 2  R .  0 .  Budd PNL 
170 P .  R .  F i e l d s  ANL 
239 Prad.  Support ORNL-CTD 

10-15-69 207 I so tope  Separa-  OWL 
t i o n  

Curium-248 
( i s o t o p i c a l l y  enr iched  t o  ~ 9 5 %  248Cm),  pg  

120 
45 

165 
- 

9-25-69 22 1 R .  J .  S i l v a  ORNL-TRL 
9-25-69 222 0. L .  Ke l l e r  OWL-TRL 
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Tab 1 e 2 1 (cont inued)  

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

----11 

Curium-248 
( i s o t o p i c a l l y  p u r e ) ,  p g  

25 

70 
22 

2 
119 
_I 

Berkeliunl-249. U R  

35 
65 
50 

100 
250 
250 
250 
275 
250 
250 

1-773 

C a 1 i f o r n i m  - 2 5 2 ~ p g 

3 
0.25 
1 

10 
1 

483 
2087 

19 
10 

2614.25 

9-25-69 220 J .  K .  Pe te rson  L e i g e ,  
Be 1 g ium 

9-25-69 217 J .  A .  Harris LRL - B 
9 -30 -69 218 P .  R .  F i e l d s  ANL 
9 -30 -69 214 E ) .  C .  H o f h a n  LASL 

7-11-69 
8-12-69 

10- 17 -69 
10-17-69 
10-17-69 
10-17-69 
10-17-69 
10-17-69 
10-17-69 
10- 17-69 

8 - 26-69 
8-26-69 
9-25-69 

10-27-69 
10-27-69 
11 - 13-69 
11-21-69 
12-05-69 
12-11-69 

200 
202 
173 
174 
175 
176 
177 
178 
179 
180 

208 
209 
223 
226 
227 
181 
225 
206 
239 

R .  W .  Hoff 
R. W. Moff 
F .  R .  Simpson 
R .  0. Rudd 
P .  R .  F i e l d s  
J .  A .  Harris 
R .  W .  Hoff  
R .  A .  Perineman 
R .  D .  Baybarz 
C .  11. Ice 

W .  J .  McDowell 
P r o d .  Suppart 
W .  J ,  McDowell 
Isotopes Sales 
W .  J .  McDowell 
R .  J .  Sjoblam 
A .  R .  Boulogne 
R .  0 .  Budd 
Prod - Support  

LKL - 1, 
I, R 1, - L 
I NC 
PNL 
AN L 
LRL - B 
LRL -1" 
LASL 
ORNL 
SKL 

ORN I, - C TD 
ORNL -CTD 
OR N L - C TD 
ORNL 

ANL 
S R L  
PNI, 
O W L  - CTD 

ORN L - CTD 



5 

Tab 1 e 2.1 (continued) 

Major Nuclide 
TRU File Shipped To 

Date No. Individual Site 

Californium-252 
(irradiated t o  97% 252Cf3, 1 - 1 ~  

925 (NS-4) 
2180 

937 (NS-5) - 
4042 

7-15-69 147 C. F. Masters LASL 
9-04-69 136 A .  R .  Boulogne SRL 
10-31-69 146 F .  B .  Simpson 1NC 

Californium- 25 2 
(irradiated to 99.23% 252Cf), 1-18 

60b 6- 16-69 135 M. S .  Moore LASL 

Einsteinium-253, 1-18 

2 .o 
58.5 
3.5 
5 .0 
69 .O 

Einsteinium-253 
(isotopically pure), pg 

15.0 
4.4 
16 .O  
1 
36.4 

Fermim-257. atoms 

9-29-69 212 R. D. Baybarz ORNL-CTD 
9-30-69 213 P .  R. Fields ANL 
9-30-69 211  R. A. Penneman LASL 
10-08-69 2 19 C. H. Ice SKL 

7 - 16- 69 185 R. W. Hoff LRL-L 
8-07-69 201 R .  W. I-loff LRL-JA 
10-23-69 21s J. A.  Harris LRL-B 
10-23-69 214 C .  H. Ice S RL 

8 x 107 9-29-69 224 C .  E. B e m i s  OWL -TRL 
8 x 107 

a These shipments were prepared by ORiiL Isotopes Sales. Material 
originated at Savannah River. 

bThis shipment was inadvertently omitted from the previous r e p o r t .  
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Seven i r r a d i a t e d  plutonium t a r g e t s  w i l l  be processed i n  January 1970. 

This  p rocess ing  i s  expected t o  y i e l d  t h e  fol lowing:  3.5 g of 242Pu, 1.5 

g of 243Am, 19 g of 244Cm (23 g of t o t a l  curium), 1.5 ing of 249bk, 1 2  mg 

of 252Cf, and 60 ug of 2 5 3 E s .  

Ten i r r a d i a t e d  plutonium t a r g e t s  and two i r r a d i a t e d  curium t a r g e t s  

The recovery of  4 . 8  g o f  242Pu, 2 . 1  g w i l l  be processed i n  A p r i l  1970. 

of 243Am, 25.4 g o f  244Cm (32.6 g of t o t a l  curium), 4 mg of 249Bk, 30 mg 

o f  252Cf,  and 165 pg o f  253Es i s  a n t i c i p a t e d .  

Ten i r r a d i a t e d  curium t a r g e t s  and fou r  i r r a d i a t e d  plutonium t a r g e t s  
w i l l  be processed fol lowing t h e  campaigns t o  p rocess  t h e  SRP s l u g s .  The 

products  - 11 mg of 249Bk, 80 mg of 2 5 2 C f ,  and 440 pg of 253Es  -will be 

a v a i l a b l e  l a t e  i n  June o r  e a r l y  i n  J u l y  1971. 

2.3 Processing of  Savannah River Slugs 

The Divis ion o f  Production of t h e  USAEC has undertaken an e v a l u a t i o n  

program t o  estimate t h e  long-term commercial demand f o r  2 5 2 C f .  

nium i s  now being produced a t  SRP v i a  t h e  i r r a d i a t i o n  of  materials i n  two 

forms: (1) 242Pu contained i n  86 tubes t h a t  are 4 i n .  i n  diameter  and 

have a c t i v e  l eng ths  o f  about 4 f t ,  and ( 2 )  a mixture  o f  americium and 

curium contained i n  163 s lugs  t h a t  are 1 i n .  i n  diameter by 6 i n .  long. 

C a l i f o r -  

Arrangements have been made f o r  t h e  s l u g s  t o  be processed a t  TRU 

because of t h e  unique s e r v i c e s  a v a i l a b l e  here  and because f a c i l i t i e s  
for process ing  such materials are p r e s e n t l y  u n a v a i l a b l e  a t  Savannah River.  

About 370 mg of 2 5 2 C f  w i l l  be recovered p r i m a r i l y  for u s e  i n  t h e  market 

e v a l u a t i o n  s t u d i e s ;  however, some of t h i s  ca l i fo rn ium w i l l  a l s o  be ava i l -  
a b l e  t o  s a t i s f y  t h e  r e s e a r c h  requirements o f  t h e  Nat ional  Transplutonium 
Program of t h e  USAEC's Research Divis ion.  
a s say ing  28.5% 246C3,n, w i l l  be  recovered.  

f o r  f u t u r e  2 5 2 C f  product ion,  some of it may be made a v a i l a b l e  t o  t h e  re- 
sea rch  program. About 56 mg of 24YBk and 600 yg  of  2 5 3 E s ,  by-products of 

t h e  s l u g  campaigns, w i l l  be d i s t r i b u t e d  t o  r e s e a r c h c r s  by t h e  Transpluto-  

n i m  Conunittee. 

Approximately 450 g of curium, 

While t h i s  curium i s  intended 
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'The s l u g s  will be processed i n  t h r e e  groups: 35, beginning about 
September 15, 1970; 64, beginning January 1, 1971; and 64, beginning 

March 1, 1971. The process ing  of each group of s l u g s ,  des igna ted  as a 
campaign, w i l l  r e q u i r e  6 weeks. 

We expect  t o  recover  about 100 g of 244Cm (150 g o f  t o t a l  curium) 

and 200 pg of  2 5 3 E s  i n  each of t h e  t h r e e  campaigns 

paigns a r e  expected t o  y i e l d  110, 120, and 140 mg of  252Cf, and 17, 18, 

and 2 1  mg o f  249Bk.  

The success ive  cam- 

2 .4  Esti-mates of t h e  A v a i l a b i l i t y  of  Transuranium Elements 

Plutonium, americium, and curium a r e  u s u a l l y  considered t o  be i n t e r -  

iiiediate feed  materials r a t h e r  than products .  Est imates  o f  t h e  a v a i l -  

a b i l i t y  of berkelium, ca l i forn ium,  e ins te in ium,  and fermium a r e  given 

below. 

2 . 4 . 1  Berkelium 

About 72.5 mg of  249Bk will become a v a i l a b l e  dur ing  t h e  next  18 

months: 1 .5  mg i n  February 1970, 4 mg i n  May 1970, 1 7  mg i n  January 

1971, 18 mg i n  March 1971, 2 1  nig i n  May 1971, and 11 mg i n  June 1971. 

2 .4 .2  Californium 
_I__p 

We expect t o  produce about 492 mg of 2 5 2 C f  contained i n  a mixture 

of ca l i fo rn ium i so topes  (about 80% 2 5 2 C f )  dur ing  t h e  next  18 months. 

About 370 mg w i l l  be p r imar i ly  f o r  use  i n  t h e  USAEC's m a r k e t  eva lua t ion  
program, and 1 2 2  mg (12 mg i n  February 1970, 30 mg i n  Nay 1970, and 

80 mg i n  June 1971) w i l l  be a v a i l a b l e  f o r  r e sea rch  purposes .  

2 .4 .3  Einsteinium - 

We expect t o  recover  about 1 . 3  mg o f  2 5 3 E s  contained i n  a mixture 

of e ins te in ium i so topes  during t h e  ncxt  18 months: 60 p g  i n  February 

1970; 165 pg i n  May 1970; 200 pg i n  each o f  t h e  SRP s l u g  campaigns i n  

January 1971, March 1971, and May 1971; and 440 1-18 i n  June 1971. Tf 

more e ins t e in ium i s  needed, an a d d i t i o n a l  500 pg o f  '53Es ( i n  a mixture  

oE i so topes )  could be produced by i r r a d i a t i n g  100 mg of 2 5 2 C f ,  assuming 
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t h a t  t h i s  o p e r a t i o n  d i d  no t  i n t e r f e r e  with t h e  p rocess ing  schedule  arid 

t h e  needs d i c t a t e d  by t h e  ca l i fo rn ium m a r k e t  e v a l u a t i o n  program. This  
i r r a d i a t i o n  could be scheduled so  t h a t  i t  would co inc ide  wi th  one of t h e  

p rocess ing  campaigns during t h e  pe r iod  January-June 1971. 

We w i l l  be a b l e  t o  recover  sortie "second-growth" e ins t e in ium from 

That i s ,  a f t e r  t h e  mixture of e ins t e in ium t h e  H F I R  t a r g e t  campaigns. 

i s o t o p e s  has  been s e p a r a t e d  from t h e  ca l i fo rn ium,  t h e  l a t t e r  w i l l  be 

s t o r e d  t o  a l low 25312s t o  "grow in"  from t h e  decay o f  2 5 3 C f ;  then t h e  

"second growth" 2 5 3 E s  w i l l  be  recovered. About 1 2  1.19 and 30 p g  of i s o -  
t o p i c a l l y  pure 2 5 3 E s  w i l l  be  'lmilked" from t h e  ca l i fo rn ium t h a t  w i l l  be 

i s o l a t e d  in February 1970 and i n  May 1970 r e s p e c t i v e l y .  

i n  June 1971 should produce 80 pg of i s o t o p i c a l l y  pu re  2 5 3 E s .  

1 

The campaign 

No i s o t o p i c a l l y  pure 2 5 3 E s  w i l l  be recovered from t h e  SRP s l u g  cam- 
paigns because most of  t h e  2 5 3 C f  w i l l  decay du r ing  t h e  long cool ing time 

p r i o r  t o  process ing .  

2.4.4 Fermium 

Each ba tch  of ca l i fo rn ium t h a t  i s  recovered from t h e  p rocess ing  o f  
HFIR t a r g e t s  w i l l  con ta in  about 1 . 5  x l o 7  atoms of 257Fm p e r  mil l igram 

Of 252Cf. Thus, about 1 .8  x lo8  atoms w i l l  be  a v a i l a b l e  i n  February 1970, 

4.5 x l o 8  atoms w i l l  be  a v a i l a b l e  i n  May 1970, and 1 . 2  x I O 9  atoms w i l l  

be a v a i l a b l e  i n  June 1971. S i g n i f i c a n t  q u a n t i t i e s  should a l s o  bc re- 
covered from t h e  SRP s l u g s ;  however, d a t a  t h a t  would permit u s  t o  p r e d i c t  

t h e  y i e l d s  i n  t h e  SRP r e a c t o r  are n o t  c u r r e n t l y  a v a i l a b l e .  

3 .  PROCESSES AND EQUIPMENT 

Figure 3 .1  i s  a block diagram showing t h e  processing s t e p s  t h a t  are  
r e q u i r e d  f o r  t ransuranium element product ion.  These s t e p s  are: (1) t h e  

p r e p a r a t i o n  of a f eed  s o l u t i o n  by d i s s o l v i n g  i r r a d i a t e d  t a r g e t s ;  (2) t h e  

recovery of  plutonium; ( 3 )  t h e  decontamination o f  t h e  t ransplutonium 
elements from f i s s i o n  p roduc t s ;  (4) t h e  s e p a r a t i o n  of  americium-curium 

from t h e  t ranscurium elements;  (5) the s e p a r a t i o n  an3 p u r i f i c a t i o n  of 
berkelium, c a l i f o r n i m ,  e ins t e in ium,  and fermium; (6) t h e  p r e p a r a t i o n  
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of americium-curium oxide micsospheres;  and (7) t h e  f a b r i c a t i o n  o f  t a r -  

g e t s  t o  be i r r a d i a t e d  i n  t h e  W I R .  

Tile t a r g e t  d i s s o l u t i o n  and plutonium recovery s t e p s  were modified 

du r ing  t h i s  r e p o r t  pe r iod  t o  permit  i od ine  removal and t r a p p i n g  t echn i -  

ques t o  be eva lua ted .  

t i o n  with t h e  Liquid Metal Fast Breeder Reactor (LMFUK) Program. 

The iod ine  experiments were performed i n  conjunc- 

3 . 1  T a r g e t  U i s so lu t ion  

A 3 M NaOh--1.5 M - N a N O 3  s o l u t i o n  was used t o  d i s s o l v e  t h e  aluminum - 
from t h e  seven plutonium t a r g e t s  and about one-half  of a curium t a r g e t  

processed du r ing  t h i s  r e p o r t  pe r iod .  The r e s u l t i n g  s o l u t i o n  was decanted 

through a f i l t e r ,  l eav ing  t h e  undissolved p a r t i c l e s  of a c t i n i d e s  i n  t h e  

d i s s o l v e r .  Then, i n  o r d e r  t o  s imula t e  t h e  d i s s o l u t i o n  s t e p  i n  t h e  LMFBR 

f u e l  recovery p rocess ,  t h e  r e s i d u e  o f  a c t i n i d e  oxides  was d i s so lved  i n  

T-70 ( t h e  d i s s o l v e r ) ,  using 12  M - hNO3.  (The normal d i s s o l u t i o n  procedure 

i s  t o  s l u r r y  t h e  ox ides ,  t r a n s f e r  them t o  a tantalum-l ined evapora to r ,  

and d i s s o l v e  them i n  hC1.) 

After t h e  oxides  were completely d i s so lved ,  t h e  a c i d  was d i l u t e d  

t o  5 - M hNO3 and an  i o d i n e  removal experiment was performed. 

ments and r e s u l t s  are descr ibed i n  S e c t .  3.9.2.  

The expe r i -  

3 . 2  Plutonium Removal 

A ba tch  e x t r a c t i o n ,  which is  b e s t  desc r ibed  as a combined Cleanex- 

Pubex p rocess ,  was used t o  s e p a r a t e  t h e  plutonium from t h e  o t h e r  a c t i n i d e s  

and t o  p repa re  t h e  s o l u t i o n  of  t ransplutonium a c t i n i d e s  f o r  f eed  t o  t h e  

Tramex p rocess .  In t h e  Pubex p rocess ,  plutonium i s  e x t r a c t e d  from 5 t o  

6 M a c i d  ( e i t h e r  hC1 o r  h N O 3 ) ,  u s ing  1 - M di(2-ethylhexyl)phosphoric ac id  

(HDEHP) i n  diethylbenzene (DEB) . The t ransplutonium a c t i n i d e s  remain 

i n  t h e  aqueous phase.  I n  t h e  c l eanex  p rocess ,  t ransplutonium elements 
a r e  p u r i f i e d  (from metallic i m p u r i t i e s )  by e x t r a c t i o n  from d i l u t e  a c i d ,  

using about 1 M - hl)E€iP i n  Anisco 125-82 d i l u e n t ;  t h e  m e t a l l i c  i m p u r i t i e s  
a r e  l e f t  i n  t h e  aqueous phase,  which i s  d i sca rded .  
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I n  t h e  combined Cleanex-Pubex p rocess ,  t h e  plutonium i s  e x t r a c t e d  

from an a c i d  s o l u t i o n  t h a t  i s  a t  least  1 I M ( t o  prevent  po lymer iza t ion  

of t h e  plutonium);  then  t h e  a c i d  i s  n e u t r a l i z e d  ( t o  about 0 .03  - M) t o  

promote t h e  e x t r a c t i o n  of  t h e  t ransplutonium elements ,  and t h e  aqueous 
r a f f i n a t e ,  which s t i l l  con ta ins  t h e  m e t a l l i c  i m p u r i t i e s  ( i n  t h i s  ca se ,  

t h e  potassium t h a t  was added dur ing  t h e  iod ine  exper iments ) ,  i s  d i s c a r d -  
ed.  The next  s t e p  i s  t h e  s t r i p p i n g  of  t h e  t ransplu tonium elements .  

Although e i t h e r  HNO3 o r  H C 1  (QS M )  - can be  used as t h e  s t r i p p i n g  agent  f o r  
t h e s e  elements ,  IK1 i s  p re fe r r ed  because t h e  subsequent process  s t e p  

( t h e  Tramex process)  r e q u i r e s  a c h l o r i d e  medium. 

tonium r e q u i r e s  t h e  use  of a r educ tan t  i n  an organic-phase mod i f i e r ,  

di-tert-butylhydroquinone (DBIIQ) i n  2-ethylhexanol ,  t o  reduce t h e  p lu -  

tonium i n  t h e  o rgan ic  phase;  a l s o ,  HC1 must be  used i n s t e a d  o f  HNO3 

s i n c e  t h e  l a t t e r  i n t e r f e r e s  with t h e  reducing power of  t h e  DBIIQ.  

The s t r i p p i n g  of  p lu -  

In  t h e  campaign, t h e  corripusite d i s s o l v e r  s o l u t i o n  was ad jus t ed  t o  

about 10 l i t e r s  of  1 .6  - M aci.d by b o i l i n g ,  a d d i t i o n  of  water dur ing  b o i l -  

i ng ,  and by d i l u t i o n .  The plutonium was e x t r a c t e d  i n t o  20 l i t e r s  of  

1 M HDEHP i n  95% Amsco 125-82--5% DEB d i lue i i t .  The DEB was added t o  
enhance t h e  r e t e n t i o n  of  iodi.ne by t h e  s o l v e n t .  Sodium hydroxide was 

added t o  n e u t r a l i z e  t h e  a c i d .  

- 

We at tempted t o  a d j u s t  t h e  a c i d i t y  t o  0 .03  M; - however, we were 

unable  t o  reduce i t  below 0.06 - M even a f t e r  t h r e e  moles o f  NaOH i n  ex- 
cess of  t h e  amount r equ i r cd  (based on t h e  o r i g i n a l  a c i d i t y )  had been 

added, Apparent ly ,  some impur i ty  (we suspec t  potassium) was be ing  ex- 
t r a c t e d  and b u f f e r i n g  t h e  a c i d  concen t r a t ion  a t  0 .06  t o  0 .07  - M .  A s  a 

r e s u l t  of t h e  h igher  a c i d i t y ,  n e a r l y  2% of t h e  curium remained i n  t h e  

r a f f i n a t e ,  which was subsequent ly  s t o r c d  as rework material f o r  f u t u r e  
recovery .  The so lven t  was scrubbed, success ive ly ,  wi th  10 l i t e rs  o f  
0 . 0 3  - M HN03  and 10 l i t e r s  of 0 .03  - M H C 1 .  

were then  s t r i p p e d  us ing  t h r e e  1 0 - l i t e r  ba tches  of 6 - M HC1--0.5 M - 11202. 

‘lhe H2O2 was added t o  enhance t h e  s t r i p p i n g  of t h e  berkelium. 
5% of  t h e  berkclium had remained wi th  t h e  plutonium i n  t h e  Pubex process-  
i n g  s t e p  i n  t h e  prev ious  campaign; however, less than  1% was measured 

i n  t h e  plutonium product  ob ta ined  dur ing  t h e  campaign made i n  t h i s  re-  

p o r t  pe r iod .  

I‘he t ransplu tonium elements 

About 
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I n  t h e  f i n a l  s t e p  of t h e  combined Pubex-Cleanex p r o c e s s ,  a reduc- 

t a n t  i n  an  organic-phase modif ier ,  0 . 2  - M DBHQ i n  2-ethylhexanol ,  was 

added t o  t h e  s o l v e n t  t o  reduce t h e  plutonium; then  t h e  plutonium was 

s t r i p p e d  us ing  6 - M IiC1--0.05 M - hydroxylamine. (The hydroxylamine i s  a 
holding r e d u c t a n t , )  Only 71% of t h e  plutonium was s t r i p p e d  a f t e r  one 

a d d i t i o n  o f  t h e  organic-phase modif ier  and t h r e e  s t r i p p i n g  c y c l e s  of 10 

l i t e rs  each. Add i t iona l  s t r i p p i n g  cyc le s  ( i . e . ,  t h r e e  more a d d i t i o n s  
o f  organic-phase mod i f i e r ,  each of which was followed by s t r i p p i n g  with 

10 l i t e r s  of 6 - M 11C1--0.5 M - H0NH;Z) only inc reased  t h e  t o t a l  plutonium 

recovery t o  78% of t h e  amount t h a t  was measured i n  t h e  feed.  No p l u -  

tonium was d e t e c t e d  i n  t h e  o rgan ic  waste.  

I 

3 . 3  Fi r s t -Cyc le  Solvent  E x t r a c t i o n  Process  (Tramex) 

We made two changes i n  t h e  Tramex process:  an equi.pment modifica- 

t i o n  and a change i n  p rocess  chemistry.  

Modif icat ion of t h e  f eed  system s u c c e s s f u l l y  r e so lved  t h e  f eed  l i n e  

plugging problems w e  had encountered i n  n e a r l y  every previous Tramex 

run. I n  t h e  o r i g i n a l  feed system, t h e  f e e d  s o l u t i o n  was pumped t o  a 
p r e s s u r i z e d  f eed  po t  t h a t  overflowed through a j a c k l e g  t o  t h e  f eed  tank,  

and t h e  f eed  was in t roduced  t o  t h e  columns through an o r i f i c e  t h a t  f re -  

quen t ly  plugged. In t h e  modified system, t h e  o r i f i c e  has been r ep laced  

with a meter ing pump. No d i f f i c u l t y  was encountered with t h e  f eed  s y s -  

t e m  during t h i s  campaign. 

Tramex product  i s  p u r i f i e d  us ing  a ba tch  e x t r a c t i o n ,  similar t o  

t h e  e x t r a c t i o n  s t e p  i n  the Pubex p rocess ,  t o  remove zirconium and r e s i -  

dues o f  Tramex p rocess  s o l v e n t .  

t h i s  r e p o r t  pe r iod ,  we added UShQ t o  t h e  product-cleaning s o l v e n t  t o  

p reven t  t h e  e x t r a c t i o n  of  berkelium. 

During t h e  campaign t h a t  was made i n  
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3 . 4  P a r t i t i o n i n g  of  Ac t in ides  

The only change t h a t  has been made i n  t h e  LiC1-based anion exchange 

process  i s  t h e  a d d i t i o n  of  0 . 1  M H202 t o  t h e  transcurium-element e l u -  

t r i a n t .  This  change was made t o  ensure t h e  e l u t i o n  of berkelium (see 

S e c t .  3 . 6 ) .  

- 

3.5 Sepa ra t ion  of Transcurium Elements 

No mod i f i ca t ions  have been made i n  t h e  procedures t h a t  a r e  used t o  
s e p a r a t e  and p u r i f y  t h e  t ranscurium elements.  

3 . 6  Berkelium Mate r i a l  Balance 

During t h e  campaign t o  process  the  i r r a d i a t e d  H F I R  t a r g e t s ,  97.5% 

of  t h e  berkelium t h a t  was measured i n  t h e  composite d i s s o l v e r  s o l u t i o n  

was found i n  t h e  f i n a l  transcurium product  f r a c t i o n  p l u s  t h e  rework 

m a t e r i a l  from the  LiC1-based anion exchange p rocess ing  s t e p .  In p r e -  

vious campaigns we had been a b l e  t o  account f o r  only 50 t o  75% of the  
berkelium measured i n  the  d i s s o l v e r  s o l u t i o n .  

I n  t h e  r e c e n t  campaign we took t h e  fol lowing p recau t ions  t o  en- 

hance berkelium recovery: (1) ki202 was added t o  t h e  t ransplutonium- 

element s t r i p  s o l u t i o n s  i n  t h e  Cleanex-Pubex s t e p  t o  ensure t h a t  t h e  

berkelium was s t r i p p e d ,  (2)  DBHQ was added t o  t h e  so lven t  t h a t  was used 

t o  remove zirconium and o rgan ic  r e s idues  from t h e  Tramex product i n  ordel- 

t o  prevent  t h e  e x t r a c t i o n  of berkelium (DBHQ i s  normally added t o  t h e  

Tramex e x t r a c t a n t  t o  prevent  t h e  e x t r a c t i o n  of cerium), and ( 3 )  H202 

was added t o  t h e  transcurium-element e l u t r i a n L  (8 - M hCl) i n  t h e  L i C 1 -  

based anion exchange process  t o  ensure t h a t  a l l  of  t h e  berkelium would 
be e l u t e d .  
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3.7 P r e p a r a t i o n  of Ac t in ide  Oxides 

Most o f  t h e  americium-curium t h a t  i s  recovered from i r r a d i a t e d  tar-  

g e t s  i s  inco rpora t ed  i n t o  r e c y c l e  t a r g e t s  ( i n  t h e  form of  americium-curium 
oxides  i n  p re s sed  aluminum p e l l e t s ) ,  which are  subsequent ly  i r r a d i a t e d  

i n  t h e  H F I R  t o  produce t ranscurium elements.  During t h i s  r e p o r t  pe r iod ,  

w e  produced 136 g o f  oxide (91 g o f  244Cm] t h a t  was s u i t a b l e  f o r  i 

p o r a t i o n  i n t o  t a r g e t s ;  a t  t h e  same time, we cont inued our a t t empt s  

improve t h e  s o l - g e l  p rocess  being used. A s  i n  previous runs ,  t h e  

of product  was low ( l e s s  than 70%) and it contained o v e r s i z e  mater 
t h a t  had t o  be ground and screened i n  o r d e r  t o  produce t h e  d e s i r e d  

cle size d i s t r i b u t i o n .  

cor- 

t o  
y i e l d  

a1 

p a r t  i - 

Oxalate  p r e c i p i t a t i o n  i s  used t o  remove l i t h i u m  and o t h e r  i m p u r i t i e s  

from t h e  americium-curium product  from t h e  LiC1-based anion exchange pro- 

cess. This p u r i f i e d  material i s  converted t o  a f eed  s o l u t i o n  t h a t  i s  0.1 
M i n  W O 3  and about 0 . 1  M - i n  a c t i n i d e s .  The f eed  s o l u t i o n  i s  added t o  a 

10 M - NtfbOh s o l u t i o n  t o  form a p r e c i p i t a t e ,  which i s  subsequent ly  washed, 
u s ing  a f lu id i zed -bed  technique,  and i s  then concen t r a t ed  and d i g e s t e d  

t o  form a s o l .  The s o l  i s  converted t o  g e l  p a r t i c l e s  by a g i t a t i o n ,  i n  

t h e  presence of a dry ing  s o l v e n t ,  i n  a s t i r r e d  p o t .  The g e l  p a r t i c l e s  

a r e  ca l c ined  a t  1150°C t o  g i v e  oxide p a r t i c l e s .  

- 

Feed P repa ra t ion .  - The o x a l a t e  p r e c i p i t a t i o n  procedure has no t  been 

changed s i n c e  t h e  previous r e p o r t .  

Feed Adjustment. - N i t r i c  a c i d  having a concen t r a t ion  of  4 - M o r  

g r e a t e r  i s  r e q u i r e d  t o  d i s s o l v e  t h e  o x a l a t e  p r e c i p i t a t e ;  however, t h e  

a c i d  concen t r a t ion  t h a t  is r equ i r ed  f o r  t h e  sol-forming s t e p  i s  only 

0 . 1  - M. 

with Nh40H and then  r e d i s s o l v i n g  them i n  0 . 1  I M W O 3 .  

r e s u l t e d  i n  plugged l i n e s  and equipment and l o s s e s  of  t h e  a c t i n i d e s  t o  

t h e  f i l t r a t e .  Now w e  evaporate  t h e  concen t r a t ed  a c i d  s o l u t i o n  t o  nea r  
dryness  t o  remove a l l  except  about 0 .8  mole of hNO3; then w e  add 0.7 mole 

of  NH4OH and d i l u t e  with water t o  g i v e  an a c i d i t y  of about 0 .1  M. 

Prev ious ly ,  w e  removed excess  a c i d  by p r e c i p i t a t i n g  t h e  a c t i n i d e s  
This procedure 

- 
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Sol  P repa ra t ion .  - The f eed  i s  added t o  10 M Nth+Old, which i s  ag i -  - 
t a t e d  vigorously,  i n  a c o n i c a l  v e s s e l ,  The r e s u l t i n g  p r e c i p i t a t e  of 

americium-curium oxides i s  f l u i d i z e d  and washed cont inuously with water.  

The washed p r e c i p i t a t e  i s  allowed t o  s e t t l e ,  t h e  supe rna te  i s  removed, 

and t h e  remaining s l u r r y  i s  concentrated and d iges t ed  t o  -form a s o l .  

About 10 t o  20% of t h e  a c t i n i d e s  i s  l o s t  ( t o  rework) during t h e  

washing s t e p ,  and t h e  washing e f f l u e n t  i s  u s u a l l y  cloudy. We t r i e d  a 

numbcr of v a r i a t i o n s  i n  t h e  process  i n  an e f f o r t  t o  reduce t h e  washing 

l o s s e s ,  which were as low as 3% i n  t h e  development runs .  None proved 

t o  be e f f e c t i v e .  In  one run we washed with demineral ized water t h a t  had 

been p u r i f i e d  by double d i s t i l l a t i o n  over potassium permanganate. There 

was no s i g n i f i c a n t  r educ t ion  i n  t h e  l o s s e s  due t o  washing. 

t h e s e  l o s s e s  a r e  no t  caused by in ipu r i t i e s  i n  our  demineral ized water .  

Attempts t o  remove p o s s i b l e  harmful i m p u r i t i e s  from t h e  f eed  s o l u t i o n  

( t o  t h e  sol-forming s t e p )  included: (1) p u r i f i  c a t i o n  of the o x a l a t e  

p r e c i p i t a t e  by c a l c i n a t i o n  a t  6 5 0 O C  t o  remove any v o l a t i l e  i m p u r i t i e s ,  
followed by d i s s o l u t i o n  i n  n i t r i c  a c i d ,  and ( 2 )  p u r i f i c a t i o n  o f  t h i s  

s o l u t i o n  by c a t i o n  exchange ( i n  a d d i t i o n  t o ,  o r  i n s t e a d  o f ,  o x a l a t e  p rc -  

c i p i t a t i o n )  u s ing  Dowex 50 r e s i n .  The fol lowing two process  v a r i a t i o n s  

were evaluated:  

an a t t empt  t o  reiiiove some impuri ty  t h a t  might be more s o l u b l e  i n  c a u s t i c  

t han  i n  water ,  and ( 2 )  adding t h e  wash water i n  c i g h t  3 - l i t e r  volumes, 

followed by s t i r r i n g ,  s e t t l i n g ,  arid decant ing,  i n s t e a d  of  u s ing  t h e  

f lu id i zed -bed  washing technique,  

Apparently,  

( 1 )  washing with 2 I M Nl i40H p r i o r  t o  t h e  water wash i n  

Formation o f  Microspheres. - A s t a i n l e s s  s t e e l  b a f f l e  was placed 

i n  t h e  apex of  t h e  inverted-cone v e s s e l ,  and t h e  a g i t a t o r  con ta in ing  
t h r e e  b l ades  of d i f f e r e n t  diameters  was replaced by a s i n g l e  5-in.-diam, 

p i t ched-b lade  impe l l e r .  
t o  l i f t  s o l i d s  out of t h e  bottom (apex a r e a )  of t h e  con ica l  v e s s e l .  An 

a d j u s t a b l e  d i p  probe, which i s  used as a b a f f l e  a t  t h e  t o l ~  of t h e  l i q u i d ,  

p reven t s  excess ive  swirl. 

These mod i f i ca t ions  havc improved our a b i l i t y  

The use  of a d i f f e r e n t  drying s o l v e n t  and t h e  s t epwise  drying of 

t h e  s o l  t o  form g e l  p a r t i c l e s  have reduced t h e  tendency of  p a r t i c l e s  t o  
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s t i ck  t o  t h e  wall of t h e  sphere-forming v e s s e l .  However, t h e s e  

mod i f i ca t ions  have no t  r e s u l t e d  i n  a dec rease  i n  t h e  f r a c t i o n  of p a r t -  
i c l e s  t h a t  are o v e r s i z e  (>210 1 ~ ) .  To d a t e ,  t h e  f r a c t i o n  of  such p a r t -  

i c l e s  i n  our  oxide products  has averaged about 65%. This m a t e r i a l  m u s t ,  

of course,  be ground t o  g ive  accep tab le  product .  

The d ry ing  s o l v e n t  t h a t  w e  now u s e  i s  isoamyl a lcohol  con ta in ing  

t h e  fo l lowing  a d d i t i v e s :  0 . 6  v o l  % Span 80, 0 . 6  v o l  % Amine 0,  1 v o l  % 

a d d i t i o n a l  water (isoamyl a l c o h o l ,  as r ece ived ,  con ta ins  approximately 

0 . 2 %  w a t e r ) ,  and enough HN03  t o  g i v e  a f i n a l  concen t r a t ion  of 0.002 - M. 

This d ry ing  s o l v e n t  reduces t h e  tendency of p a r t i c l e s  t o  s t i c k  t o  t h e  
walls of t h e  c o n i c a l  v e s s e l .  This  v e s s e l  i s  n o t  s u f f i c i e n t l y  l a r g e  t o  

permit  t h e  r equ i r ed  amount of s o l v e n t  t o  be added a t  one time; t h e r e -  
f o r e ,  two t o  fou r  equal-volume p o r t i o n s  of  i t  a r e  added s e q u e n t i a l l y .  

The s o l v e n t  i s  a g i t a t e d ,  allowed t o  s e t t l e ,  and then  decanted between 

a d d i t i o n s .  

3 . 8  F a b r i c a t i o n  of  Ta rge t s  

Eleven HFIR t a r g e t s  - one plutonium t a r g e t  and 10 americium-curium 

t a r g e t s  - 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 .  The plutonium 

t a r g e t  contained 9 . 3 3  g of plutonium (9 .2  g of 2't2Pu), and each of t h e  

americium-curium t a r g e t s  contained 10 g of a c t i n i d e s  (from 72 t o  92% 

244Cm) 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 re s sed  

t o  80% of t h e  t h e o r e t i c a l  d e n s i t y  o f  t h e  p e l l e t  c o r e .  

3.9 Iodine S t u d i e s  

We r e p o r t e d  p rev ious ly3  t h a t  w e  had s u c c e s s f u l l y  demonstrated t h e  

p rocess ing  of sho r t - coo led  t a r g e t s  ( t o  maximize t h e  recovery o f  253Es) 

without  r e l e a s i n g  excess ive  amounts o f  l 3 l 1  t o  t h e  environment. 

t h a t  demonstrat ion,  w e  i n s t a l l e d  an experimental  i o d i n e  removal system 
i n  a 3-cfm o f f -gas  stream from t h e  condensate c o l l e c t i o n  system s e r v i n g  
t h e  d i s s o l v e r  and t h e  seven process evapora to r s .  The system c o n s i s t e d  

of  a c a u s t i c  s c rubbe r  ( t o  remove a c i d  v a p o r s ) ,  a h e a t e r ,  a bed of 

For 
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Hopcal i te"  ( t o  convert  o rgan ic  m a t e r i a l s  t o  COz and h20, t hus  p r u t e c t -  

ing t h e  charcoal  t r a p  from o rgan ic  subs t ances ) ,  a c o o l e r ,  and a charcoal  

t r a p s  

A l a r g e r  system t o  handle t h e  t o t a l  v e s s e l  and c u b i c l e  o f f -gas  

system (450 cfm) is now being f a b r i c a t e d ;  i n s t a l l a t i o n  i s  planried f o r  

J u l y  1970. 

3 .9 .1  Experiments f o r  t h e  LMFBR Program 

During t h e  c u r r e n t  r e p o r t  p e r i o d  we performed some i o d i n e  expe r i -  

ments i n  conjunct ion with t h e  LMFBR program. 
changes i n  our d i s s o l u t i o n  and plutonium reinoval s t e p s  ( i . e . ,  t o  d i s -  
s o l v e  i n  a HNO3 medium i n s t e a d  of  K l ) ,  we were a b l e  t o  c l o s e l y  approxi- 

mate t h e  proposed MFBR d i s s o l u t i o n  p rocess .  

was i n s t a l l e d  i n  t h e  d i s s o l v e r  o f f -gas  l i n e  i n  c u b i c l e  7 ,  which con- 
t a i n e d  equipment t o  s tudy iodine-removal techniques t h a t  a r e  p e r t i n e n t  

t o  LMFBK f u e l  processing.  

By making only minor 

A s p e c i a l  equipment rack 

Two a s p e c t s  of i o d i n e  handling i n  LMFBR head-end p rocess ing  were 

s t u d i e d :  (1) t h e  evo lu t ion  of i o d i n e  from t h e  n i t r i c  a c i d  d i s s o l v e r  

s o l u t i o n ,  and ( 2 )  t h e  rcmoval of i o d i n c  from t h e  d i s s o l v e r  o f f - g a s .  

The experiments and r e s u l t s  have been desc r ibed  i n  d e t a i l  i n  an LMFBR 

p rogres s  r e p o r t .  5 

In  t h r e e  tes ts ,  97 t o  98.5% o f  t h e  iod ine  was v o l a t i l i z e d  from 

n i t r i c  a c i d  d i s s o l v e r  s o l u t i o n s  by a i r  sparging a t  e l eva ted  ternyeratures 

f o r  8 t o  10 h r  while  adding potassium n i t r i t e  cont inuously and po ta s -  

sium i o d i d e  i n t e r m i t t e n t l y .  

Iodine-removal equipment i n  t h e  d i s s o l v e r  o f f -gas  stream c o n s i s t e d  
of two l i q u i d  scrubbers  i n  s e r i e s ,  followed by a h o p c a l i t e  bed--charcoal 

bed system. The i o d i n e  DF for t h i s  system v a r i e d  from 4 x l o 6  t o  

*Hopcalite i s  an  ox ida t ion  c a t a l y s t  c o n s i s t i n g  of a CuO-Mn02 mixture 
tha t  has been t r e a t e d  t o  g i v e  a l a r g e  s u r f a c e  area. I t  i s  a p r o p r i e t a r y  
material o f  t h e  Mine S a f e t y  Appliance Coiiipany. 
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1 x l o 5  i n  t h r e e  tests.  
t e s t ,  was b e l i e v e d  t o  be due t o  moisture  i n  t h e  cha rcoa l  bed. 

The lowest DF, which was ob ta ined  i n  t h e  t h i r d  

3 .9 .2  Kemoval of Iodine from Off-Gas i n  TRU 

In our most r e c e n t  campaign a t  TIIU, about 3 . 3  Ci of was co11ec.- 

t e d  i n  t he  e f f l u e n t  from t h e  c a u s t i c  scrubber  i n  ce l l  3 .  

campaigns, i n  which t h e  a c t i n i d e s  had been d i s so lved  us ing  H C 1 ,  very 

l i t t l e  i o d i n e  had been c o l l e c t e d  i n  t h e  sc rubbe r .  This demonstrates 

c l e a r l y  t h a t  t h e  chemical form of t h e  i o d i n e  i n  t h e  o f f -gas  is dependent 

on t h e  medium i n  which it was generated.  

Xn psevious 

During t h e  r e c e n t  campaign, w e  were unable t o  e v a l u a t e  t h e  pe r fo r -  

mance o f  t h e  kiopcali te bed--charcoal bed p o r t i o n  of t h e  experimental  

system ( 3  cfm) t h a t  was i n s t a l l e d  i n  c e l l  3 because we could n o t  sample 

t h e  condensa te -co l l ec t ion  system o f f -gas  stream between t h e  scrGbber 

and t h e  I-iopcalite bed. 

were c o l l e c t e d  by t h e  r a d i a t i o n  monitor on t h e  charcoal  bed. 

ve ry  l i t t l e  i o d i n e  w a s  i n t roduced  t o  t h e  hopca l i t e - cha rcoa l  p a r t  of t h e  

system i n  c e l l  3 ,  s i n c e  it was being removed by t h e  LMFBR scrubbers  and 

t h e  Hopcal i te-charcoal  system on t h e  d i s s o l v e r  of f -gas ,  as well as by 

t h e  cel l .  3 c a u s t i c  scrubber .  

Also, we were unable  t o  i n t e r p r e t  t h e  d a t a  t h a t  

O f  course,  

In spec t ion  of t h e  c e l l  3 system af ter  t h e  campaign had been com- 

p l e t e d  ( i , e . ,  t o  locate and r e p a i r  l eaks  t h a t  were causing a l o s s  o f  
vacuum i n  t h e  evapora to r  o f f -gas  system) r evea led  t h a t  t h e  cha rcoa l  bed 

o u t l e t  was black.  Subsequent examination showed t h a t  t h e r e  was no char- 

c o a l  i n  t h e  bed. 

burned, we could n o t  determine when t h e  burning had occurred.  Recorder 
c h a r t s  f o r  a thermocouple l o c a t e d  i n  t h e  gas stream on t h e  i n l e t  s i d e  

of t h e  bed d i d  n o t  r e g i s t e r  a temperature  r i se  t h a t  could be i n t e r p r e t e d  

as the  r e s u l t  o f  a f i re  i n  t h e  cha rcoa l  bed. 

Although it was obvious t h a t  t h e  charcoal  bed had 

I t  i s  obvious t h a t  no i o d i n e  was c o l l e c t e d  on t h e  charcoal  during 

t h e  campaign. I f  t h e  charcoal  had been i n t a c t  a t  t h e  start  of t h e  cam- 
paign and had sorbed i o d i n e  and then  burned, t h e r e  would have been a 
sha rp  i n c r e a s e  i n  t h e  r a t e  of i o d i n e  release. No such r e l e a s e  was noted 

e i t h e r  on t h e  gamma spectrometer  i n  t h e  TRU vessel o f f -gas  f i l t e r  plenum 
o r  i n  t h e  d a i l y  samples from t h e  h F I K  s t a c k .  
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The i o d i n e  removal system i n  c e l l  3 was found t o  c o n t a i n  numerous 

leaks caused by co r ros ion  of t h e  s t a i n l e s s  s tee l  equipment. Evident ly ,  
t h e  HC1 vapors had no t  been completely removed by t h e  c a u s t i c  s c rubbe r .  

'The e n t i r e  system has now been removed and d i sca rded .  We do not  

b e l i e v e  t h a t  i t s  replacement w i l l  be necessa ry .  P r i o r  t o  i n s t a l l a t i o n  

of a l a r g e  i o d i n e  removal u n i t  i n  t h e  450-cfm v e s s e l  o f f - g a s  system, we 

can d i s s o l v e  t a r g e t s  i n  lHNO3, evolve iod ine  i n t o  a d i s s o l v e r  o f f - g a s  

t r ea tmen t  system (as  we d i d  i n  the c u r r e n t  campaign), and c o l l e c t  t h e  

i o d i n e  t h a t  i s  evolved from o t h e r  process  s t e p s  i n  t h e  l a r g e  permanent 

c a u s t i c  scrubber  loca t ed  i n  cell .  7 .  

4.  SPECIAL PROJECTS 

P r o j e c t s  t h a t  a r e  being c a r r i e d  a u t  by va r ious  groups a t  ORNL and 

a t  o t h e r  s i t e s  r e q u i r e  t h e  s e r v i c e s  a v a i l a b l e  a t  TRU f o r  t h e  p r e p a r a t i o n  

of s p e c i a l  m a t e r i a l s  which a r e  not  normally produced i n  main-l ine e f f o r t s ,  

The phases of t h e s e  p r o j e c t s  involving a c t i v i t i e s  a t  TRU a r e  r epor t ed  
he re ;  t h e  end r e s u l t s  of  t h e  r e sea rch  are r epor t ed  elsewhere.  

4 . 1  Fabr i ca t ion  o f  Neutron Sources Using Californium 

Five neutron sources ,  i n  which 252Cf was contained i n  a p res sed  a l u -  

minum p e l l e t  t h a t  was encapsulated i n  s t a i n l e s s  s t ee l ,  were f a b r i c a t e d  

during t h i s  r e p o r t  pe r iod .  The sources ,  denoted as NS-4 through NS-8, 

contained 925 pg,  992 pg, 816 p g 9  826 pg> arid 1.99 mg of  252Cf r e spec -  

t i v e l y .  A l l  of  t h e  sources  except NS-5 were encapsulated i n  type 3041, 

s t a i n l e s s  s t e e l .  NS-5 was encapsulated i n  low-nickel s t a in l e s s  s t e e l  

( type 405) because n i c k e l  would i n t e r f e r e  with some of t h e  experiments 
f o r  which t h e  SOUTCC will be used. These experiments involve t h e  use 

of  an i r o n  " f i l t e r . "  The source w i l l  be surrounded by a massive block 

of i r o n ,  and t h e  neutrons will be s c a t t e r e d  i n t o  an energy region where 

i r o n  has a very low c ross  s e c t i o n .  Unfortunately,  n i c k e l  has a very 
s t r o n g  resonance abso rp t ion  i n  t h i s  energy region;  t h u s  an o rd ina ry  
s t a i n l e s s  s t e e l  capsule  would provide a s i g n i  Cicarit s i n k  f o r  neutrons 

of t h i s  energy and would cause an undes i r ab le  f l u x  depres s ion .  
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4.2 P r e p a r a t i o n  o f  a h i g h - h e r g y  Gamma-Ray Source 

An i n t e r e s t i n g  new a p p l i c a t i o n  of t ransuranium elements i s  a high- 
energy gamma-ray source (GS-l), which was f a b r i c a t e d  i n  a manner s imilar  
t o  t h a t  of  our neutron sources .  

e n e r g e t i c  6130-kev gamma ray )  arises from t h e  r e a c t i o n  ' 3C (a&) l6O. 
a lpha  p a r t i c l e s  a r e  s u p p l i e d  by 244Cm (a 

r e a c t i o n  i s  v a l u a b l e  because t h e  6130-kev gamma r a y  is  produced from an 

e x c i t e d  s t a t e  o f  l60; t h e  e x c i t e d  s t a t e  has a h a l f - l i f e  o f  17 picosecorids, 

which is  s u f f i c i e n t l y  long t o  permit  t h e  r e c o i l  l60 nucleus t o  come t o  

r e s t  b e f o r e  e m i t t i n g  the  photon. I n  t h i s  way, t h e  6130-kev l i n e  i s  no t  

broadened by t h e  Doppler e f f e c t  due t o  t h e  motion o f  t h e  nuc leus .  

The gamma r a d i a t i o n  of i n t e r e s t  ( a  mono- 

The 

This  p a r t i c u l a r  = 5.802 Mev). 
0 

The source was prepared by adding an a l coho l  s o l u t i o n  of curium 

n i t r a t e ,  con ta in ing  1 mg of 244Cm, t o  200 rrig of carbon h igh ly  en r i ched  
( i . e . ,  92%) i n  1 3 C  and subsequent ly  convert ing t h e  curium n i t r a t e  t o  

curium oxide by h e a t i n g  t h e  mixture  i n  a stream of argon. 

impregnated carbon was then  p l aced  i n  an aluminum cas ing ,  and t h e  r e s u l t -  
i ng  p e l l e t  was p res sed  t o  a minimum s i z e .  

i n  a type 304L s t a i n l e s s  s t e e l  can and welded s h u t  t o  ensure complete 

containment. 

The curium- 

T h e  p e l l e t  was encapsulated 

The source s t r e n g t h  o f  t h e  6130-kev gamma ray i s  about 3700 photons 

p e r  second. 
t h e  244Cm and from t h e  decay o f  a f e w  r a d i o a c t i v e  i m p u r i t i e s  t h a t  a r e  

p r e s e n t ;  however, t h i s  amounts t o  only about 5 mrem/hr a t  a d i s t a n c e  of 

2 .5  cm from t h e  sou rce  and does no t  i n t e r f e r e  wi th  t h e  use  of t h e  source.  

The source is e s p e c i a l l y  u s e f u l  f o r  c a l i b r a t i n g  h i g h - q u a l i t y  Ge(Li) de- 
t e c t o r  systems. 

Undesired r a d i a t i o n  a r i s e s  from t h e  spontaneous f i s s i o n  of 

4 . 3  I r r a d i a t i o n  of 252Cf  t o  Produce 2 5 3 E s  

About 19.4 pg of i s o t o p i c a l l y  pure 253Es  f o r  use  i n  an underground 
n u c l e a r  test, "Physics-8;' was produced by i r r a d i a t i n g  and subsequent ly  

p rocess ing  four  252Cf  r a b b i t s  t h a t  o r i g i n a l l y  contained 6.01 mg of 
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252Cf. Although t h e  product ion method i s  t h e  one normally used,  t h i s  

p r o j e c t  was s p e c i a l l y  designed t o  meet t h e  schedule  of t h e  customer 's  

experiment.  

The cal i fornium had been i r r a d i a t e d  i n  t h e  H F I R  h y d r a u l i c  r a b b i t  

f a c i l i t y  and had been processed (during t h e  previous r e p o r t  pe r iod )  t o  

remove t h e  mixture  of e ins t e in ium i s o t o p e s  produced by t h e  i r r a d i a t i o n .  
About 7 . 6  ug of 253Es ( i n  t h e  mixture of i so topes )  was d i s t r i b u t e d ,  

and t h e  p u r i f i e d  ca l i fo rn ium was s t o r e d  about one month t o  allow t h e  

2 5 3 C f  (about 1% of t h e  t o t a l  cal i fornium) t o  decay t u  2 5 3 E s .  

15 lig of pure 2 5 3 E s  was recovered by "milking" t h e  ca l i fo rn ium.  

t h e  Physics-$ sho t  was delayed, it became necessary t o  "nii lk" t h e  c a l -  

ifornium a second time i n  o rde r  t o  o b t a i n  more 253Es t o  r e p l a c e  t h e  

amount l o s t  by decay during t h e  de l ay .  
t a i n e d  from t h e  second milking.  

About 

When 

About 4 . 4  vg of 2 5 3 E s  was ob- 

Other samples provided by 'I'KU f o r  "Physics 8' '  were: (1) 60 pg  

of 252Cf (99.23% 252Cf ) ,  ( 2 )  41 ug of 245Cm ( ~ 7 5 %  245Cm), (3) 2 1  pg 

of 247Cm ( ~ 2 0 %  247Cm), and (4 )  77 p g  o f  248Cm (%go% 248Cm). 
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6 .  APPENDIX 

We have t a b u l a t e d  the  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  planning i r r a d i a t i o n - p r o c e s s i n g  cyc le s ,  c a l c u l a t i n g  produc- 

t i o n  f o r e c a s t s ,  an3 a s say ing  p roduc t s .  'The t a b l e s  w i l l  be reproduced 

completely 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  preceding 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 being used i n  our  c a l c u l a t i o n s  
and t h a t  t h e  d a t a  a r e  p re sen ted  on a "best  e f f o r t s "  b a s i s .  Although 

t h e  information i s  intended t o  be d e f i n i t i v e ,  i t  has no t  been checked 
and cross-checked s u f f i c i e n t l y  t o  be considered "publ ishable ."  

The Transplutonium Element Production Program i s  now making nuc- 

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 years  we a n t i c i p a t e  a burgeoning l i t e r a t u r e  concerning nuc- 

l e a r  c o n s t a n t s  f o r  t h e  transuranium 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 re sen t  time, it will no t  be f e a s i b l e  f o r  us  t o  wait 

u n t i l  h igh ly  r e l i a b l e  sou rces ,  such as Lederer6 and Wapstra ~ can pub- 

l i s h  d a t a  t h a t  have been f u l l y  evaluated.  

7 

We welcome telephone 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  addi-  

t i o n a l  sources  of information.  P l ease  c o n t a c t  John bigelow, FTS 615- 

483-1872 o r ,  by commercial te lephone s e r v i c e ,  615-483-8611, e x t .  3-1872, 

6 .1  Decay Data 

Table A - 1  i s  a l is t  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  Transplu- 

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

by neutron bombardment of  238U). 
l i v e s  and branching r a t i o s  o r  p a r t i a l  decay h a l f - l i v e s ,  a long with 
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 .  In many cases, t h e  h a l f - l i . f e  
of an i so tope  was determined by r e l a t i n g  t h a t  i s o t o p e ' s  h a l f - l i f e  t o  

t h e  h a l f - l i f e  o f  some o t h e r ,  r e f e rence ,  i s o t o p e .  In  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  values  of  t h e  h a l f - l i v e s  t h a t  were dependent 

The l is t  inc ludes  values  f o r  h a l f -  
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Table A-1. Half-Life Valuesa for  Isotopes of Transuranium Elements  

Underlines indicate new values s ince  the previous report. 
~ 

Partial half-life Partial half-Life Neutr~ns 
Nuclide Total half-life for a Uecay brnnchlnp Ratios for Spontamou, bissinn per Fission References‘ 

I_-.-- 

NP 
237 

=8NP 2.10 t 0.01 d 

239‘y, 2.359 f 0.010 d 

’“Np 63 f 2 D 

14%p 7.3 f 0.3 m 

241Np 16 D 

’‘‘4, 3.4 h 

238pU 87.404 t 0.041 y 

2399” 

240h 

241P, 14.98 f 0.33 y 

242P* 

2% 

243Pu 4.955 i 0.003 h 

245p. 10.6 t 0.4 h 

246Pu 10.85 i 0.02 d 

241h 

2.12- 

243& 

16.01 t U.02 h 

z42mh 144 f 7 y 

“‘1. 10.1 t 0.1 h 

244?b 26 n 

24sA. 2.07 I 0.02 h 

2461. 

‘“An 4 0 f 7 m  

2 4 t J a  247h 

25.0 t 0.2 D 

242Q 162.7 f 0.1 d 

24%. 

2°C. 18.099 * 0.015 y 

245CU 

2% 

247- 

24ah 

249h 64 t 5 
250- 

(2.14 f 0.01) I IUb y 

(2.4413 i 0.003)  x IO4 y 

6580 k 40 y 

1 5 . 7 2  0.1) 1 0 ~  

(3.86Y t 0.016) X lo5 y 

432.7 10.7 y 

(2 .YZ t 0.15) x lo4 y 

7340 L 50 y 

32 Y 

8265 k 180 y 

4711 t 22 y 

( ~ 6 4  0.20) lo7 

13.04 f 0.04) x io5 

t 0 8 r l 2 ,  blDr4 

$OF55 

59c93 

bOLe3 

4Rh6l 

60Le3 

60Le3 

2 . d  
I 

( 5  f 0 . 6 )  I( 10” y 

6.5 x 1”15 y - 2.2Sd S2Sb7. 5w1126 

(1.340 f 0.015) x 10” y 

2 33 f 0.08 61Lr4, b8Jo15. 56h101 

2.257 t 0.046 5115, 62Wa13, 56061 

6m.19. 60nris 

(7.45 t 0.17) x IO1” y 2 .18  2 0 . 0 9  DUMQ~U, hYUe06, 56hlUI 

68Di09 

(b.S5 t 0.32) x y zd 66F107, b98COb 

~ 6 ~ 1 9 2  

5f)tZJ 

6 1 ~ ~ 4 .  6meoi (2.3 5 0 . ~ 1  x y 11.486 
EC/B 0.19 5SL38 

598221‘ 

6ZV.8 

54624 

56892 

5SE16 

670r02 

b70rUZ 

2.65 10.09 51h87, 57P52. 56h101 

S7A70 

2.84 k 0.09 6%&2, 688e26, 56h101 

69we01 

3 08d 69Ue01 

6JF108 

o/SF = 11.0 t 3 - 3.32’ 6SUe01 

____- 7.2 x lo6 y 

,/SF = (7 .43 t 0.01) 

.a/!% - 3822 t 10 
I 

58E06 

3.5bd 60RGOl (1.74 t 0.24) lo4  - 



Table A-1 (continued) 

.- - .I- 
?artis1 half-Life Lc"cro*. 

Reference2 
Partial ha l f - l i f e  

brmchinp Retior for Sponrrneour Firsion per Fission Nuclide Total half-Llfe fo r  (I L k C S Y  

249Uk 314 t 8 d 

250Bk 3.222 f 0.005 It 

251Bk 57 t 1.7 rn 

249Cf 

25OCf 

251Cf 

2SZCf 2.646 f 0.004 y 

2S3Cf 17.812 i 0.082 d 

25.(Cf 80.5 t 0.2 d 

2s3E3 20.467 f 0.014 d 

2 s 4 t s  276 d 

"-9, 39.3 t 0 . 2  h 

256Es 25 t 3 m 

'%Fm 3.24 t 0.01 h 

255F.1 20.07 t 0.07 h 

'%$m 2.62 t 0.03 h 

2SIR 94 t 10 d 

aJ-8 - (1 .45  t V.IJ8) x 10.: (1 .87  t 0.09) 1: 10' y 

352 6 y */SF - (1.392 t U.040) I 10' 

13.08 t 0 . w  y g S S  I 1260 f 40 

900 t 50 y 

*/SF * 31.3 t V.2 

60.5 ? 0.2 d 

~ L S F  - ( 1 . 1 5  t o . 0 3 )  x 10' 

> 2 . 5  lo7  
61.. 382 * 30 

1 t . C . / B  * 0.00078 t .UUVOb 

( 8:5F * (2.22 t . lo )  i IO4 
a B I U.0866 ? 0.0043 

?fSF - lbY5 ? 8 

SF/o - (2.4 t 1.1) X 

2.62  t 0 . 0 3  h 

3.72 t 0.16 ..._I_ 

3. *iJ .- 

__ 3.56d 

3,796 i 0.031 

3.90 i 0.14 

3.YZd 

4 . 0 J d  

- 

4.16d 
I 

4.05 t 0.19 

4.16" 

_I- 

I 

a:z2 

57t01, 64M108, 64Py02 

59vn2 

6bRGW 

69HcOl. 69H108 

63PhVl. 6 m O l  

6%01 

55Uc02, 68w1U4 

b9Ur02 

63PhOl. 64q.02 

6SHeO2. 69Dr02 

67FiV3, b7Un01 

b2Un1, 63Ph01 

btRGOI, h7Fx03 

68LaL1 

5(J09, 67Fi03, SK83 

63Ph01, 64.4~01 

68*013 

66RGOl 
..._..... ___ - 

I 

*Ihe hs l f - l i f e  v.lues used m th15 r * tc  wore being tused a t  TRU at the end of the report period. 

bRofeerencc. are decoded m Table A - 2 .  

CPublishDd values arc adjusted for  ? l lA.  ha l f - l i f e  of 132.7 y .  

%slue eSt1mated by llnerr ~ n t e ~ y o l a t ~ o n  of the ' ~ n l u e s  fo r  244Cm a d  252Cf, ba5ed on nuclidic m B S 5 .  
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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  va lue  i n  our t a b l e  no longer  ag rees  wi th  t h e  va lue  given i n  

t h e  r e f e r e n c e .  

r e fe renced  work. 

however, w e  d i d  u s e  t h e  r e l a t i o n s h i p  given i n  t h e  

The r e f e r e n c e s  used i n  T a b l e  A - l  a r e  decoded i n  Table A-2. l‘he 

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  widely d i s t r i b u t e d  “Nuclear Data Sheets.’! 

l ists  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 ,  along wi th  information 

concerning t h e  hazard a s s o c i a t e d  with handl ing t h e s e  n u c l i d e s .  

T a b l e  A-3 

6.2 Neutron Cross-Section Data 

The v a l u e s  of neutron c r o s s  s e c t i o n s  used t o  compute transmuta- 

t i o n s  i n  t iFIR 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 .  This  t a b l e  

shows s i x  parameters d e s c r i b i n g  t h e  neutron i n t e r a c t i o n s .  The f irst  

i s  t h e  thermal-neutron 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  i s  t h e  

neutron cap tu re  resonance i n t e g r a l .  

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; it 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  cap tu re  c r o s s - s e c t i o n ,  

The second parameter i s  a cons t an t  

C would be: eff’  0 

C C +res R I  
I4-T-K’ 0 eff = ‘2200 +,,,, + -  

C where c12200 i s  t h e  thermal-neutron cap tu re  c r o s s  s e c t i o n ,  N i s  t h e  

number of grams o f  t he  p a r t i c u l a r  nuc l ide  i n  one t a r g e t  rod,  4 
i s  t h e  average f l u x  p e r  u n i t  l e t h a r g y  width i n  t h e  resonance r eg ion ,  

r e s  

i s  t h e  equ iva len t  f l u x  o f  2200-m/sec neu t rons  t h a t  would and $2200 
g i v e  t h e  same r e a c t i o n  ra te  with a l / v  absorber  as would t h e  a c t u a l  

r e a c t o r  f lux.  The e f f e c t i v e  c ros s  s e c t i o n  f o r  f i s s i o n  i s  computed 
by a similar r e l a t i o n s h i p  among t h e  last  t h r e e  parameters .  

These c r o s s  s e c t i o n s  are t o  be regarded as a s e l f - c o n s i s t e n t  
s e t  whereby one can compute o v e r a l l  t ransmutat 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  
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Table A-2. References for Table A-1 

Code Reference Code Refe renc i  -_-- 
48Hbl 

50F53 

51hB7 

5113 

525b7 

53K38 

54624 

55816 

56B92 

56C83 

56U62 

56h101 

56h23 

56109 

57A70 

57E01 

57P52 

513~06 

591221 

59C93 

59M12b 

59V02 

6onr12 

b o k 3  

61Dr4 

E.  Y .  Hyde. M. h .  S tud re r .  and W .  M. Manning, 
AML-4143 (Agr i l  15. 1948) and ANL-4182 
(August 4. IY48). 

M. 5. Freedinan, A.  h .  J a f f c y .  and F. hapner, 
Jr. .  Phys. Rev., 2. 410-411 (1950) .  

G. C.  h m n a .  n .  G. harvey,  N. Moss, and P .  R .  
T u n n i c l i f f e ,  Phys. Rev., 81, 4bb-467 (1951) .  

M. G .  Inphraa,  U. C .  h e s s .  P .  R. F i e l d s ,  and. 
G .  L. Pyle ,  Phys. Rev. ,  g ,  1250 (1951). 

E. Sopre,  Phys. Rev., 5, 21-28 (1952) .  

T. K. Keenan. R .  A.  Pennwan,  and h .  n. 
Mclnteer .  J .  Chem. Phys.. 2. 1802-1803 
(1953). 

A.  Gh ia r sa ,  S. G. Thonpbon. G. R. Choppin, and 
8. G. harvey,  Phys. Rev., 9%. 1081 (1954). 

D .  Ennelkemeir. P. R. F i e l d s .  T. F r i e d .  G. L. 
Py le ,  C.  M. Stevens ,  L.  8 .  Asprey, C. I .  bmwne, 
h. Louise h i t h ,  and R .  W .  Spcnce,  J. Inorp.  
N U C l .  Chem., 1, 345-351 (1955). 

J.  P .  S u t l e r .  T. A. Eastwood, T. L. C o l l i n s .  
M .  E .  Jones ,  F .  M .  Rourke, and R. P. Schman .  
Phys. Rev., z, 634 (1956). 

G. R .  Choppin. E. G. harvey,  U. A .  n i c k s ,  
J.  Ise. J r . .  and R .  V .  Pyle .  Phys. Rev.. 02. 
766 (1956). 

n. C. Dive", h. C. Mart in .  R. F. Tasihek,  and 
J. T e r r e l l ,  Phys. Rev., LOi, 1012-1015 (1956). 
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Table A-3. Properties' of Transuranium N u c l i d e s  

Underl ines  i n d i c a t e  new values s i n c e  the previous report. 

c7 x l(i-6 4 x 10-12 0.06 84.9 2.1L L 106 y 4.78 7.07 I lo-' 2.07 X loT5 8.01 x I O 5  

2.10 d 0.25 2.61 x lo5 1.27 x IO3 5.80 x 101' 

2.359 d 0.332 2.32 x lo5 5.86 x 10' 5.14 x 10" 8 x lo-' 30 1.29 x 

1.2L 

0.1121 

6 3  m 

7.3 m 

16 m 

3.4 h 

0.69 1.2h x lo7 1 .03  x lo5 

2.18 1.07 lo8 5.33 l o 5  
1.6 

4.86 x 10' 

3.82 x 106 

2.76 x 10l6 

2.38 1 0 ~ 7  

8.k9  

J .C8 i lo1' 

87.104 y 5.49 17.2 0.570 1.94 x 10" 155 2 10-l~ 0.04 2 . 9  

L.h61j 5.15 6.13 x 1.913 x lov3 6.94 x 10' 1.35 x loe3 2 I IOe1' 0.04 0.69 

6-80 T 5.16 0.227 7.097 x 2.57 x 10' 55.7 2 x 10-l' 0.04 0.176 

14.98 Y b.9 0.02 99.1 4.06 10-3 2.9b l o 6  Z . M  l o l l  9 x 0.9 9.08 I 

3.869 lo5 h.90 3.82 10-3 1.13 6.32 lo6 95.9 2 x 10-l' 0.05 13.0 

L.955 h 0 . 4 ~  ?.60 3 . 4 4  l o 3  5.78 2 x 10-6 1.2 2.78 x 10-6 
0.58 

8.28 107 L.587 1.77 10-5 l i .93 10-7 2.00 I 1% 2 0.~4 2.23 103 

10.6 h 1.21 x 106 2.68 2 IO-? 3.0 h.03 105 

10.85 d 0.15 6.91 x 10' 66.9 1.09 x in'' 

432.7 Y 5.48 3.L3 0.1145 3.88 109 3.55 x 6 x IO-'' 0.1 0.02~2 

16.01 h 0.63 8.11 x 10' 2.08 x lo3 1.80 x L015d 4 x 10-8 0.06 7.39 x 10-8 
0.67 

3.08 144  y 5.207 I.T. 10.3 

7340 Y 5.2'7 0. zoo 6.45 x 

10.1 h 0.387 1.27 io6 8.74 x i n y  
26 m 1.5  2.96 107 8.98 l o 4  

25.0 m 1.31 3.06 lo7  2.48 105 

40 m 1.91 107 

3.17 x 107 

2.07 h 0.91 6.17 x lo6  1.20 x loL 

24 m 

162.1 d 6.11 3.32 lo3  122 3.76 x lo1' 1.21 x lo6 1 x lo-" 0.05 6 . V  x lom7 

32 Y 5.79 45.9 1.677 5.80 x io1O 3.27 i n 8  6 I 0.09 1.96 x lo-' 

18.099 y 5.80 00.94 2.832 9.16 x l d O  

0265 Y 5.36 0.177 5.89 10-3 2.00 lo8  

4711 Y 5.6 u.>o9 1.01 x lo-' 3.50 x 10' 5.5.' x I O 5  5 x IO-'? 0.05 0.19L 

1.6L 107 8.83 10-5 -2.8 1.00 105 5 x LO-" 0.04 h j 3  

3.52 x lo5 5.05 1.09 x X I - ~  5.32 x 1Oj' 4.2s x 10' 2.51 i n 6  6 x 0.01 2.91 

1.74 l o 4  8.20 x -0.1 6 . 4 9  i n 8  

-- 
64 m 0.9 1.18 x l o 7  2.06 x 10' 2.62 x 10l6 8 x 0.8 6.78 x 

314 4 5.4 0.125 1.67 x LO3 0.358 2.7b x 1d7 1.71 x lo1' 6.3; x lo3 9 x 10-l' 0.7  4.19 x 

?.222 h 0.23 3.89 x IO6 2.75 x 10' 8.62 x 1 10-7 0.0~ 1.0) 10-7 

57 m 1.31 x 10' 2.91 x 1016 



Table A-3 (continued) 

'54% 

255p., 

256% 

2 5 7 b  

352 Y 

17.08 Y 

9 w Y  

2.6L6 y 

17.812 d 

60.5 d 

20.467 d 

276 d 

39.3 h 

39.8 d 

25 m 

3.24 h 

M.07 h 

2.62 h 

94 d 

1.91 I lo7 7 x 10-l' 0.04 1.59 I 
I .... . . 6.63 2.52 I 12 1.01 103 2 . a  I O ~ ~  

6.42 1.~6 io3 71.9 2.11 x 1012 <5.04 li 105 2 io-11 0.02 1.08 1 1 0 - ~  

5 I 0.02 6.37 I lo-' 0.48 3.lL lo5 1.18 lo3 6.97 x 10" 

2.86 x d3 4.92 x lii9 6 x 1o-l' O.04 3.10 x 

6.52 x 1 O I 6  

1 .w I104 
2.94 x 10' 

1.20 3.81 x lo6 1.68 I lo5 4.31 x 10'' 2 . ~ 2  x l o u  6 x lo-' 0.02 5.25  x 

7.03 6.13 I lo5 2.79 1( lob 6.94 x 10" 1.36 x lo9 2 x 0.04 6.53 x lo-' 
4.67 x lo6 5.95 II  lo6 L.bj x 2 x 10-9 0.01 2.14 r 10-9 

5.41 lo3 %ZOO 6.12 i 10" 
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Table A-4. Neutron Cross Sections Used to Compute 
Transmutations in HFIR Target Irradiation 

Capture Fission 
2200-m/s Resonance Resonance 2200-m/s Resonance Resonance 

Cross Sect ion  Se l f - sh ie ld ing  I n t e g r a l  Cross Sec t ion  Se l f - sh ie ld ing  I n t e g r a l  
Nuclide Half-Life ( b u n s )  Constant ( b s r n s )  (barns)  Constant (barns)  

87.404 y 

24,413 y 

6580 Y 
14.98 y 

386,900 y 

4.955 h 
8.28 107 

10.6 h 
10.85 d 

7340 y 

27.3 m 
2.07 h 

25.0 m 

18.099 Y 
8265 Y 
4711 y 
1.64 io7 
352.000 Y 

64 m 
17,400 Y 

314 d 
3.222 h 

352 y 
13.08 y 

900 Y 
2.646 y 

60.5 a 

20.b67 d 

17.812 d 

276 d 

39.3 h 
39.8 d 

25 m 

3.211 h 

20.07 h 

2.62 h 

94 d 

560 
265.7 
290 

360 
18.5 
80 

1.6 

277 
0 

75 
0 

0 

0 

10 

445.3 

5 
77.63 
5.2 
2.8 
2 

1706 
350 

300 
2000 

1948 

19.8 
12.6 
75 

345 
20 
1.26 
60 
0 

76 
26 
20 

10 

0 150 

0 195 
0 8453 
0 166 
T.bO9 1280 

0 0 
0 0 

0 0 

0 0 

2.126 1500 

0 0 

0 0 

0 0 

6.9 650 

1.4 90 

0.866 170 
0 200 

1. 477 250 
0 0 

0 0 

0 1850 
0 0 

0 0 

0 0 

0 0 
0 44 
0 0 
0 1650 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

16.5 
742.4 
0.05 
1011 

0 
210 

0 

0 

0 

0 

130 
0 

0 

2.7 
1544 
0 

281.33 
0 

50 
0 

553.5 

960 

1735 
0 

5176 

0 

1700 

0 

0 
3060 
1840 
0 

0 

0 

100 

0 

100 

0 25 
0 324 
0 0 

0 541 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

6.9 72 
1.4 600 

0 0 

0 1000 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

G 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

"To s impl i fy  c a l c u l a t i o n s  we use a f i c t i t i o u s  i so tope ,  244cAm, which combines t h e  p r o p e r t i e s  of 244mP, and 24bAm 
according t o  t h e i r  r e l a t i v e  r a t e s  o f  production from 243Am. 
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o u r  data.  i iopefully,  t h e s e  numbers and t h e  c r o s s  s e c t i o n s  experiment- 

a l l y  measured on pure i s o t o p e s  will agree;  however, we w i l l  n o t  allow 
t h e  p o s s i b i l i t y  of a discrepancy t o  confine u s ,  

I t  should be po in ted  out  t h a t  244cAm is  a f i c t i t i o u s  i s o t o p e  t h a t  

conibines t h e  p r o p e r t i e s  of 244mh and 244gAm according t o  t h e i r  r e l a t i v e  

rates of product ion from 243Am. 

c a l c u l a t i o n s  of t h e  main t ransmutat ion chain involving 2 4 ' ' ~ ~ .  

The use of t h i s  i s o t o p e  s i i n p l i f i e s  t h e  
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