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SUMMARY 

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

annual ly  t o  inform t h e  heavy-element community of t h e  s t a t u s  and f u t u r e  

product ion  p l ans  of t h e  Transuranium Element Product ion  Program a t  OWL. 

During t h e  pe r iod  J u l y  1, 1974, through December 31, 1974, w e  recov- 

e red  t ransuranium elements  from 11 i r r a d i a t e d  HFIR t a r g e t s ;  p roducts  

recovered are l i s t e d  i n  Table 2 .1  on p.  3 .  I n  a d d i t i o n ,  we s epa ra t ed  

34 mg of h igh-pur i ty  248Cm from 252Cf which had been recovered and pu r i -  

f i e d  dur ing  ear l ie r  pe r iods .  Thir ty-seven shipments were made from TRU 

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

Table  2.2 on pp. 4 and 5 .  Nine HFIR t a r g e t s ,  each con ta in ing  8 t o  9 g 

of a c t i n i d e s  (predominantly curium), were f a b r i c a t e d .  

During t h e  n e x t  18 months, w e  expec t  t o  recover  t o t a l s  of 58 mg of 

249Bk, 650 mg of 252Cf, 2.5 mg of 2 5 3 E s  ( i n  a mixture  of i s o t o p e s ) ,  280 Fig 

of h igh-pur i ty  2 5 3 E s ,  and 1 . 5  pg of 257Fm. I n  a d d i t i o n ,  w e  expect  t o  ob- 

t a i n  90 mg of h igh-pur i ty  248Cm from p u r i f i e d  ca l i fo rn ium now i n  s t o r a g e .  

There are no p l a n s  t o  process  any of t h e  remaining SRP Pu-A1 tubes  o r  t o  

i r r a d i a t e  any plutonium t a r g e t s  i n  t h e  HFIR; thus ,  w e  do n o t  expec t  t o  

recover  any 2 4 4 ~ ~ .  

W e  have r e c e n t l y  added, d e l e t e d ,  o r  rear ranged  some of t h e  chemical 

process ing  s t e p s  used f o r  process ing  HFIR t a r g e t s  i n  o r d e r  t o  reduce proc- 

e s s i n g  t i m e  and i n c r e a s e  product  y i e l d s .  I n  maintenance ope ra t ions ,  w e  

r ep laced  one c u b i c l e  equipment rack and completed r e v i s i o n  of t h e  out-of- 

ce l l  p i p i n g  and equipment a s s o c i a t e d  w i t h  t h e  remotely-operated valves i n  

t h e  TRU c u b i c l e s .  

One neu t ron  source  w a s  f a b r i c a t e d ,  b r i n g i n g  t h e  t o t a l  f a b r i c a t e d  t o  

Three sou rces  t h a t  had been used p rev ious ly  i n  va r ious  p r o j e c t s  and 75. 
r e t u r n e d  t o  TRU were re loaned .  

A s p e c i a l  p r o j e c t  w a s  begun t o  recover  126Sn from TRU process  so lu-  

t i o n s .  



v i  

The v a l u e s  t h a t  w e  are c u r r e n t l y  us ing  f o r  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 a s say ing  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 e e n t h  r e p o r t  i n  a series t h a t  is  be ing  i s sued  s e m i -  

annual 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 Element Product ion  Program a t  ORNL. 

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

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

t ies  a t  ORNL. Product ion  p l ans  and schedules  are d e f i n i t e l y  e s t a b l i s h e d  

only f o r  t h e  s h o r t  t e r m ;  long-range p l ans  can be  (and a r e )  markedly i n f l u -  

enced 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 ope ra t ions  dur ing  t h i s  r e p o r t  pe r iod  are summarized, and t h e  

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

i ng  schedules  and a n t i c i p a t e d  y i e l d s  of  v a r i o u s  products  i n  t h e  n e a r  f u t u r e  

are o u t l i n e d .  Revis ions  of  t h e  chemical p rocess ing  s t e p s  and p l a n t  equip- 

ment are descr ibed .  

of  a l l  neut ron  sources  t h a t  have been made a t  TRU, as  w e l l  as t h e  ind iv id -  

u a l s  t o  whom t h e s e  sources  are c u r r e n t l y  loaned,  are t abu la t ed .  A s p e c i a l  

p r o j e c t  t o  recover  126Sn i s  descr ibed .  Values of  nuc lea r  parameters  which 

w e r e  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  t rans-  

uranium elements ,  a long  w i t h  a l i s t i n g  of t h e  parameters  which were used t o  

The o r i g i n a l  and c u r r e n t  con ten t s  (252Cf and 248Cm) 

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 

TRU, are inc luded  i n  t h e  Appendix. 

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

(1) For per iod  ending June 30, 
(2) For pe r iod  ending December 
(3) For  pe r iod  ending June 30, 
(4) For  p e r i o d  ending December 
(5) For  pe r iod  ending June 30, 
(6) For  pe r iod  ending December 
(7) For  pe r iod  ending June 30, 
(8) For  pe r iod  ending  December 
(9 )  For  pe r iod  ending June 30, 

(10) For pe r iod  ending December 
(11) For  pe r iod  ending June 30, 
(12) For p e r i o d  ending December 
(13) For p e r i o d  ending June 30, 

t h e  i s o t o p e s  t h a t  are of i n t e r e s t  t o  

are : 

1968 -0RNL-4376. 
31, 1968 -0RNL-4428. 
1969 -0RNL-4447. 
31, 1969 - ORNL-4540. 
1970 -0RNL-4588. 
31, 1970 - ORNL-4666. 
1 9 7 1 -  ORNL-4718. 
31, 1 9 7 1 -  ORNL-4767. 
1972 -0RNL-4833. 
31, 1972 - OW-4884. 
1973 - ORNL-4921. 
31, 1973 -0WL-4965. 
1974 - ORNL-4991. 
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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  v a r i o u s  transuranium elements are 

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

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

balances f o r  t h e  i s o t o p i c  mixtures  normally handled i n  TRU. Except i n  

s p e c i a l  i n s t a n c e s ,  242Pu, 243Am, 244Cm, 249Bk, 252Cf, and 2 5 3 E s  are t h e  

i s o t o p e s  used f o r  t r a c i n g  t h e  corresponding elements.  

r e p o r t  s e c t i o n ,  we  are d i s c u s s i n g  mixtures  of i s o t o p e s  u n l e s s  w e  s t i p u l a t e  

o the rwise  . 

Throughout t h i s  

2.1 P rocess ing  Summary 

Between J u l y  1, 1974, and December 31, 1974, w e  completed a 2-nonth 

pe r iod  (begun i n  June 1974) du r ing  which chemical p rocess ing  o p e r a t i o n s  

were suspended i n  o r d e r  t o  perform i n - c e l l  maintenance. Following comple- 

t i o n  of t h e  maintenance, w e  made one campaign (No. 47) t o  recover  t h e  

transuranium elements from 11 i r r a d i a t e d  HFIR t a r g e t s ;  p roduc t s  recovered 

are l i s t e d  i n  Table 2 .1 .  

34 mg of high-puri ty  248Cm from 252Cf which had been recovered and p u r i f i e d  

du r ing  earlier pe r iods .  

I n  a d d i t i o n  t o  t h e  t a r g e t  campaign, w e  s e p a r a t e d  

Thirty-seven ,shipments were made du r ing  t h i s  r e p o r t  pe r iod .  Rec ip i en 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 .  

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

r e s i n  loading--calcinat ion technique.  Each t a r g e t  contained 8 t o  9 g of 

a c t i n i d e  metals (predominantly curium) i n  t h e  form of a c t i n i d e  oxide-- 

aluminum p e l l e t s  t h a t  had been p res sed  t o  80% of t h e o r e t i c a l  d e n s i t y  of 

t h e  p e l l e t  co re .  

and had an i s o t o p i c  composition of approximately 52% 244Cm, 41% 246Cm,  and 

5.1% 248Cm. 

This  material had been recovered during TRU Campaign 4 7  

2.2 I r r a d i a t i o n  and P rocess ing  Proposals  

The amounts of t ranscurium elements t h a t  w i l l  be produced a t  TRU dur- 

i n g  t h e  nex t  few y e a r s  w i l l  depend on: (1) t he  needs of r e s e a r c h e r s  f o r  
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Table 2 .1 .  Amounts of materials recovered i n  the  major campaign 
i n  the  Transuranium Process ing  P l a n t  dur ing  t h e  per iod 

J u l y  1, 1974, through December 31 ,  1974 
--- 

Campaign number 
47  

Completion d a t e  October 

Material processed 

Amounts recovered 

243Am, ga 
2 4 4 ~ m ,  ga 
249Bk, mg 
252cf, mg 
2 5 3 E s ,  mg 
257Fm, Pg 

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

1 . 5  
45 (87)b 
24  

252 
1.25 
0.5 

a 

b 
Americium and curium are no t  u sua l ly  sepa ra t ed  from each o t h e r .  

The amount shown i n  parentheses  i s  t o t a l  curium. 

va r ious  i s o t o p e s ,  (2) t h e  needs f o r  252Cf i n  t h e  Product ion and Materials 

Management (PMM) Div i s ions  ' s 

and ( 3 )  t h e  c a p a b i l i t i e s  of t he  TRU-HFIR complex t o  produce t h e  r equ i r ed  

materials. The long-term c a p a b i l i t y  of t h e  TRU-HFIR complex t o  produce 

transuranium elements w a s  descr ibed  i n  a previous  report '  i n  t h i s  series. 

5 2 C f  market eva lua t ion  and sales program, 

I n  genera l ,  t h e  process ing  schedule  f o r  t h e  near f u t u r e  can be pre- 

d i c t e d  reasonably.  Table  2 . 3  o u t l i n e s  t h e  es t imated  f u t u r e  product ion 

of t ranscurium elements  from a series of  l i k e l y  process ing  campaigns which 

are scheduled through June 1976. E s t i m a t e s  f o r  J u l y  t o  December 1976 and 

f o r  1977 are p r o j e c t i o n s  based on c u r r e n t  t r e n d s .  

Normally, w e  would have scheduled one campaign dur ing  each of t h e  

t h r e e  6-month pe r iods .  

u led  f o r  July-December 1975 w i l l  be  moved forward t o  June 1975, because 

t h e  HFIR w i l l  beg in  a shutdown pe r iod  i n  May dur ing  which t h e  permanent 

bery l l ium r e f l e c t o r  w i l l  be rep laced .  The r e a c t o r  i s  expected t o  be down 

f o r  a pe r iod  of about  4 months. 

However, t h e  campaign which would have been sched- 
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Table 2.2. Distribution of heavy elements from the Transuranium 
Processing Plant during the period July 1, 1974 -December 31, 1974 

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

Curium-244, g 

0.247 

Curium-245, mg (73%) 

1.19 

Curium-248, mg (97%) 

0.0171 
3.78 
0.263 
4.0601 

Berkelium-249, mg 

3.6 
3.55 
3.55 
3.55 
2.09 
3.55 
0.001 
19.891 

Californium-249, mg 

5.7 
1.2 
1.2 
8.1 
- 

Californium-252, mg 

0.0001 
0.092 (NSD-49) aa 
0.0917 (NSD-47) 
0,001 
0.0005 
0.3946 (NSD-76) 
0.3940 (NSD-77) 

9-05-74 

11-11-74 

7-2 3- 7 4 
9-04-74 
12-19-74 

10-24-74 
12-06-74 
12-06-74 
12-06-74 
12-06-7 4 
12-06-74 
12-06-74 

10-04- 74 
10-22-74 
10-23-74 

7-25-74 
8-15-74 
8-2 3-7 4 
8-27-74 
8-27-74 
10-17-74 
10-17-74 

706 

725 

701 
673 
739 

716 
727 
728 
729 
7 30 
731 
7 32 

698 
714 
715 

702 
705 
700 
695 
703 
656 
656 

R. P. Turcotte 

C. E. Bemis 

Isotopes Sales 
0 .  L. Keller 
Production Support 

R. W. Hoff 
W. T. Carnall 
N. M. Edelstein 
R. W. Hoff 
J. B. Wilhelmy 
R. G .  Haire 
Isotopes Sales 

R. G .  Haire 
W. T. Carnall 
R. W. Hoff 

W. J. McDowell 
A .  C. England 
P. L. Johnson 
Is0 topes Sales 
Isotopes Sales 
P. L. Johnson 
P . L. Johnson 

PNL 

ORNL 

ORNL 
ORNL 
ORNL 

LLL 
ANL 
LBL 
LLL 
JASL 
ORNL 
ORNL 

ORNL 
ANL - LLL 

ORNL 
ORNL 
Mound 
ORNL 
ORNL 
Mound 
Mound 
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Table 2.2 (continued) 

TRU file Shipped to: 
Major nuclide Date No. In d ivi dua 1 Site 

Californium-252, mg 

(continued) 

0.3900 (NSD-78) 10-17-74 
1.65 (NS-79) 10-24-74 
0.0022 (NSD-24): 11-08-74 
0.0816 (NSD-48) 11-08-74 

11-22-74 0.012 
2.8422 

Einsteinium-253, pg 

250 
130 
12.5 
7.5 

240 
65 
65 
7 70 

9-26-74 
9-27-74 
9-27-74 
9-27-74 
10-0 3-7 4 
10-15-74 
12-03-74 

Einsteinium-253 (milked), ug 

81 11-15-74 

Einsteinium-254; pg 

0.13 11-22-74 

Fermium-257, pg 

0.5 10-22-74 

656 P. L. Johnson Mound 
680 V. Spiegel NBS 
704 J. E. Rushton ORNL 
704 J. E. Rushton ORNL 
69 9 Isotopes Sales ORNL 

709A R. G. Haire 
707 W. T. Carnall 
708 N. M. Edelstein 
710 F. P. Hungate 
709B R. G. Haire 
711 K. W. MacMurdo 
712 D. C. Hoffman 

ORNL 
ANL 
LBL 
PNL 
ORNL 
SRL 
LASL 

720 R. G .  Haire ORNL 

717 K. W. MacMurdo SRL 

713 W. T. Carnall ANL 

a This source had been previously shipped to another user. The current 
contents are shown, but are not included in the total. 



Table 2.3. Estimated future production of transcurium elements 

Period 

252Cf production b 

During 
the 

Products of campaigns 

24gBk 252cf 253Esa 257F, period Cumul. Date products 
Processing campaign (mg) (mg) (ug) (Pg) (mg 1 (mi%) available 

Through December 19 74 120gb 

January-June 1975 12 Cf-I Cm-HFIR Targets 18 210 800(90) 0.5 March 1975 

1639 June 1975 1 20 220 870(95) 0.5 430 4 TRU-HFIR Targets 
6 Cf-I Cm-HFIR Targets 

July-December 1975 0 1639 

January-June 1976 9 Cf-I Cm-HFIR Targets 20 220 870(95) 0.5 220 1859 March 1976 

July-December 1976 200 2059 

1977 400 2459 

a Amounts from initial separation. Amounts "milked" from californium product fraction after decay period are 
given in parentheses. 

covered from 164 SRP slugs and 21 SRP tubes processed between November 1970 and January 1973. This was 
part of the SRP Cf-I campaign, an irradiation and processing campaign designed to obtain 252Cf for use in 
the 252Cf market evaluation program being sponsored by the PMM Division. 

bCalifornium produced in SRP irradiations is not included in production totals. A total of 720 mg was re- 
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2 .3  E s t i m a t e s  of t h e  A v a i l a b i l i t y  of Transuranium Elements 

The amounts of t ranscurium elements expected from each campaign are  

g iven  i n  Table 2.3. During t h e  next  18  months, w e  expect t o  recover  t o t a l s  

of 58 mg of 249Bk, 650 mg of 252Cf, 2.5 mg of 2 5 3 E s  ( i n  a mixture  of i s o t o p e s ) ,  

280 ug of high-puri ty  2 5 3 E s ,  and 1 . 5  pg of 257Fm. These f o r e c a s t s  were made 
2 

by means of  a method t h a t  w a s  descr ibed  i n  a prev ious  r e p o r t  i n  t h i s  series.  

Based on t h e  most r e c e n t  performance d a t a ,  w e  have r ev i sed  t h e  assumed chemi- 

cal  y i e l d s  and recovery t i m e s .  The r ev i sed  assumptions are under l ined  i n  

Table 2.4. 

Plutonium, americium, and curium t h a t  are separa ted  from t h e  t r ans -  

curium elements dur ing  t h e  process ing  of i r r a d i a t e d  t a r g e t s  are gene ra l ly  

considered t o  be  in t e rmed ia t e  feed  materials. However, two i so topes  of 

t h e s e  elements ,  244Pu and 248Cm, which are va luab le  r e sea rch  materials,  

are f r equen t ly  recovered.  Withir, t h e  next  1 8  months, w e  do n o t  p l an  t o  

process  any of t h e  remaining Californium-I materials i r r a d i a t e d  a t  SW o r  

t o  i r r a d i a t e  any plutonium t a r g e t s  i n  t h e  H F I R ;  t hus ,  w e  do no t  expect t o  

recover  any 2 4 4 ~ ~ .  

Table  2.4 .  Assumptions f o r  f o r e c a s t s  of t ransplutonium element r ecove r i e s  

Cm Bk Cf E s  Fm 
~ 

Chemical y i e l d  f a c t o r s  

Product recovery 0.75 0.90 0.95 0.85 0.85 
Rework 0.22 0.05 0.04 0 0 

1 7  15  13b 9 1 0  a 

N e t  decay f a c t o r s  dur ing  
recovery t i m e  0.987 0.79 0.937 0.704 0.58 

T o t a l  product  recovery f a c t o r  
(chemical y i e l d  x n e t  decay) 

Recovery t i m e  is  considered t o  be t h e  i n t e r v a l  between r e a c t o r  d i scharge  

- Recovery t i m e ,  weeks 

0.74 0 .71  0.89 0.60 0 .5  - 

a 

and shipment of t h e  product .  
l i n e  process ing  are assumed t o  r e q u i r e  3 and 5 weeks, r e s p e c t i v e l y ,  

t i o n  of t h e  ca l i forn ium.  To ta l  recovery f a c t o r  f o r  high-puri ty  553Es is  
0.04% of t h e  252Cf i n  t h e  HFIR t a r g e t s  a t  d ischarge .  

Within t h e  recovery t i m e ,  cool ing  and main- 

u r i f i c a -  bThis t i m e  i nc ludes  a 4-week growing per iod  f o r  2533s a f t e r  f i n a l  
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I n  accordance wi th  an  agreement between t h e  Phys ica l  Research and PMM 

Div i s ions ,  w e  are ma in ta in ing  90 t o  100 mg of 252Cf i n  a ba t ch  of p u r i f i e d  

ca l i fo rn ium which w a s  obtained from Californium-I material; t h i s  ca l i fo rn ium 

is used as a "cow" which is  "milked" p e r i o d i c a l l y  t o  o b t a i n  h igh -pur i ty  

248Cm. 

3% 246Cm. 

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

f i e d  ca l i fo rn ium.  

a d d i t i o n a l  50 mg i n  January 1976. 

I s o t o p i c  composition of t h e  curium is  approximately 97% 248Cm and 

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

More 248Cm w i l l  a l s o  become a v a i l a b l e  from o t h e r  pu r i -  

We expect  t o  o b t a i n  40 mg of 248Cm i n  J u l y  1975, and an 

3. PROCESSES AND EQUIPMENT 

F igures  3.1 and 3.2 show t h e  sequence of s t e p s  p r e s e n t l y  used f o r  

p rocess ing  HFIR t a r g e t s  and p u r i f y i n g  t h e  recovered transuranium elements 

a t  TRU. These s t e p s  have been used and desc r ibed  p rev ious ly ;  however, w e  

have r e c e n t l y  added, d e l e t e d ,  o r  rearranged some of t h e  s t e p s  i n  o r d e r  t o  

reduce p rocess ing  t i m e  and t o  i n c r e a s e  product  y i e l d s .  Two new techniques 

w e r e  added du r ing  t h e  most r e c e n t  campaign (No. 47) .  The LiC1-based anion 

exchange f eed  s o l u t i o n s  w e r e  washed w i t h  diethylbenzene t o  remove e x t r a c t a n t  

r e s i d u e s ,  which i n  previous campaigns had appeared t o  so rb  5 t o  10% of t h e  

a c t i n i d e  elements.  Following completion of t h e  i n i t i a l  ma in l ine  p rocess ing  

s t e p s ,  c l e a n  rework s o l u t i o n s  were accumulated and immediately reprocessed 

t o  recover  t h e  a c t i n i d e  elements.  Both techniques w e r e  designed t o  reduce 

t h e  amounts of sho r t - l i ved  n u c l i d e s  included (and thus  l o s t  by decay) i n  

rework s o l u t i o n s  t h a t  are s t o r e d  f o r  s e v e r a l  months between campaigns. 

The c o n d i t i o n  of chemical p rocess ing  equipment a t  TRU i s  g e n e r a l l y  

good, and t h e  equipment is  c o n t i n u a l l y  maintained.  When replacements are 

necessary,  mod i f i ca t ions  are u s u a l l y  included t o  provide improved c a p a b i l i t y  

and performance. 

which chemical p rocess ing  ope ra t ions  were suspended i n  o r d e r  t o  perform 

i n - c e l l  maintenance. Most of t he  new equipment i n s t a l l e d  w a s  desc r ibed  i n  

t h e  previous r e p o r t  i n  t h i s  series.3 One a d d i t i o n a l  equipment rack w a s  

r ep laced ;  t h i s  r ack  ( i n  Cubicle 4) c o n t a i n s  equipment f o r  sampling t h e  

During August 1974, w e  completed a 2-month pe r iod  du r ing  
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ORNL Dwg 75-292 
R -2 

HFIR 
Am-Cm TARGETS 

DI SSOLVI NG + 
IODINE 

REM OVAL 
(PUBE X) 

TRANSPLUTONIUM 
ACTIN IDES 

REMOVAL 

C L E A N  REWORK 

REMOVAL OF L i C l  
R. E. FISSION PRODUCT CONCENTRATION 

(TRAM E X )  ( T R A M E X )  

! r  I------- 
R. E. FISSION PRODUCT 

REMOVAL 

CUR1 U M  SEPARATION 
( L i C I  ANION EXCHANGE) 

TRANSCURIUM Am, Cm 
A C T  I NI DE S 

PART I TlON I N G 

Fm Es Cf Bk 

L 

F i g ,  3.1 Main l ine  process ing  s t e p s  used f o r  recovery of t ransuranium 
elements  from i r r a d i a t e d  HFIR Am-Cm t a r g e t s .  



O R N L  Dwg 72-9325 
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REMOVAL OF 
L i C l  

( T R A M E X )  
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MICROSPHERE 
~RODUCTION 

( 1 )  LOAD ON 

(2) CALCINE TO 
CATION RESIN 

. OXIDE I 

FROM Es 
( 2 9  CYCLE AHlB 

8 CONCENTRATION 
(CATION EXCHANGE) 

Es - + 
PURIFICATION 

FROM C f  
(2G CYCLE AHIB 

1NGE) N EXC 

VUP I 
8 CONCENTRATION 

TRANSFER TO TURF I 
C f FAC I L I T Y 

(2) BURN TO OXYSULFATE 
(3 )  DECONTAMINATE PKG. 
(4) TRANSFER TO TURF 
(5 )  STRIP Cf 

2 5 3 E ~  

9 MILKING OF 
253Es 
AND 

REMOVAL OF 
Z44cm 

(2% CY( 
[CATION I 

FROM 252Cf 
(BERKEX 

249Cf 
(2% CYCLE AHlB 

CATION EXCHANGE) 

PURIFICATION OF 
249Bk B 249Cf 

( 3 g  CYCLE AHlB 

8 CONCENTRATION 

I PACKAGING B SHIPPING J 

MISC. IMPURITIES 
(OXALATE PPT 'N .  

2 CYCLES) 

1 
TARGET 

FA B R I CAT IO N 

Fig. 3 . 2  P u r i f i c a t i o n  of  p roduc t s  recovered from H F I R  Am-Cm t a r g e t s .  
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cell  p i t  tanks,  and is  equipped wi th  an improved t r a n s f e r  system t h a t  

u t i l i z e s  vacuum tanks i n  p l a c e  of pumps. 

now c o n t a i n  t h i s  improved t r a n s f e r  system. 

A l l  TRU sampler equipment racks 

During t h i s  r e p o r t  pe r iod ,  w e  a l s o  completed r e v i s i o n  of t h e  out-of- 

cell  p i p i n g  and equipment a s s o c i a t e d  wi th  t h e  pneumatically-operated v a l v e s  

i n  t h e  TRU cub ic l e s .  An a b s o l u t e  f i l t e r  w a s  i n s t a l l e d  i n  t h e  a i r  l i n e  

going t o  each valve t o  prevent  r a d i o a c t i v i t y  from being drawn ou t  of t h e  

ce l l  by t h e  VOG system when the  a i r  l i n e  is  disconnected i n  t h e  c e l l .  

L ines  and va lves  p rev ious ly  contaminated by r a d i o a c t i v i t y  were r ep laced .  

4. CALIFORNIUM NEUTRON SOURCES 

Some of t h e  ca l i fo rn ium recovered a t  TRU i s  inco rpora t ed  i n t o  neutron 

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

t h e  neutron 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  Table 4.1. 
Most sources  were f a b r i c a t e d  i n t o  one of t h e  f o u r  s t anda rd  models i l l u s -  

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

letter p r e f i x .  Nonstandard sources  are des igna ted  simply NS- . The th ree -  

let ter p r e f i x  i n d i c a t e s  whether t h e  sou rce  i s  s i n g l y  o r  doubly encapsulated,  

and whether i t  is f a b r i c a t e d  from type 304L s t a i n l e s s  s teel  o r  Zircaloy-2.  

The c h a r a c t e r i s t i c s  of s t anda rd  source capsu le s  are l i s t e d  i n  Table 4.2 

of r e f .  4. 

Data f o r  a l l  of 

4.1 Sources Fabr i ca t ed  During July-December 1974 

One source,  NS-79, w a s  f a b r i c a t e d  du r ing  t h i s  r e p o r t  per iod.  This 

source w a s  f a b r i c a t e d  i n  a nonstandard form s p e c i f i e d  by t h e  u s e r .  

4.2 Sources Returned 

An i n c r e a s i n g  number of neutron sources  are being r e tu rned  as t h e  

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

sources  are ordered t o  make up f o r  decay of t h e  252Cf. 

sources  are a v a i l a b l e  f o r  reassignment u n t i l  t h e  a p p r o p r i a t e  t i m e  f o r  
The r e tu rned  
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T a b l e  4.1.  Data f o r  n e u t r o n  s o u r c e s  p r e p a r e d  a t  TRU 

252cf  
Content a t  C o n t e n t  as o f  12 /31/74  

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

On l o a n  t o :  Date o f  c a l i b r a t i o n  252cf  2 4 8 ~ m  

NS-la 

NS-2 

NS-3 

NS-4 

NS-5 

NS-6 

NS-7 

NS-8 

NSD-9 

NSS-10 

NS-11 

NSS-12 

NSD-13 

NSS-14 
d NS-15 

NSD-16 

NSS-17 
d NS-18 

NSS-19 

NSD-20 

NSS-21 

NS-22 

NSD-24 

NS-25 

NSD-26 

NSD-27 

NSD-28 

NSD-29 
NSD-30 

NZD-31 

NZD-32 

NZD-33 

NZD-34 

NZD-35 

NS-36 

NSD-37 

NSD-38 

NS-39 

NSD-40 

d 

d 

8-28-68 

8-23-68 

5-13-69 

7-09-69 

8-14-69 

11-21-69 

1-21-70 

12-17-69 

4-17-70 

3-1 1- 7 0 

3-10-70 

6- 30- 7 0 

3-19-71 

6-29-70 

6-25-70 

10-08-70 

8-31-71 

6-24-70 

6-26-70 

7-01-70 

10- 21- 7 0 

9-10-70 

10-15-70 

11-09-70 
2-11-71 

1-29-71 

2-12-71 

9-10-71 

3-31-71 

11-23-7 1 

11-23-71 

11-23-71 

11-23-71 

11-23-71 

3-23- 7 1 

9-04-71 

6-16-71 

11-07-71 

4-27-72 

316 

254 

%9 0 

883 

946 

747 

788 

1839 

1720 

1 1 3  

8 
1868 

4649 

4615 

9 3 1  

1657 

4886 

962 

49 3 

630 

18 

13 

6 

58  

1 4  

2467 
11 

11393 

879 
1756 

1800 

1888 

1924 

1904 

2070 

9 838 

102 

942 

1 1 6 1  

60 

48 

1.21 

210 

2 3 1  

196 

216 

491 

SOL 
32 

2 

574 

17 24 

1417 

285 

548 

2040 

294 

151 

194 

6 

4 

2 

20 

5 

883 

4 

4790 

329 

779 

798 

837 

853 

844 

770 

4119 

40 

413 

576 

b 

b 

b 

642 

682 

526 

546 

1285 

1162 

b 

b 

1234 

2789 

3049 

616 

1058 

2714 

637 

326 

416 

b 

b 

b 

b 
b 

1510 
b 

6297 

525 

923 

955 

1002 

1 0 2 1  

1011 

1240 

5454 

b 

505 

558 

K .  L. Swinth  

C 

G .  I .  Gleason  

C .  F. Masters 

F.  B .  Simpson 

R .  W .  Hoff 

C 

H.  Berger  

N .  D. Wogman 

J .  P. Balagna 

R.  R .  Ful lwood 

R .  W. Hoff 

H.  0. Menlove 

D .  C .  S t e w a r t  

F. B.  Simpson 

C 

L. W. Dahlke 

F.  B .  Simpson 

J .  E .  Bigelow 

J. E .  Powel l  

F. C r o s s  

J. E .  Bigelow 

J .  E .  Rushton 

F.  J. Muckentha ler  
H.  0. Menlove 

C 

E .  E .  Hicks  
S .  G .  Snow 

F.  F. Haywood 

C 

C 

C 

W. G .  Spear  

C 

F .  B.  Simpson 

R. W. P e r k i n s  

H.  0. Menlove 

V .  S p i e g e l  

J .  B. S t o r e r  

PNL 

ORAU 

LASL 

ANC 

LLL 

ANL 

PNL 

LASL 

LASL 

LLL 

LASL 

ANL 
ANC 

Sandia-Liv.  

ANC 

ORNL-TRU 

Sandia-NM 

PNL 

ORNL-TRU 

ORNL 

ORNL 
LASL 

Rocky F l a t s  

Y-12 
ORNL-DOSAR 

Westinghouse-Han. 

ANC 

PNL 

LASL 

NBS 

ORNL-Biology 
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‘Table 4.1 (continued) 

25zCf 

Content a t  Content as of 12/31/74 

Date of c a l i b r a t i o n  25zc. 248~m 
Source c a l i b r a t i o n  (ug) (UP) (UP) 

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 

NS-54 

NSD-55 

NSD-56 

NSD-57 

NZD-58 

NS-59 

NSD-60 

NSD-61 

NSS-62 

NSD-63 

NSD-64 

NS-65 

NSD-66 

NSD-73 

NSD-74 

NS-75 

NSD-76 

NSD-77 

NSD-78 

NS-79 

NSD-80 

NSD-81 

SR-Cf -167e 

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 

1-19-73 

4-19-72 

4-19-72 

4-14-72 

5-15-72 

7-13-72 

4-11-72 

1-19-73 

3-2 7 -7 3 

4-21-72 

7-19-73 

7-09-73 

8-02-73 

9-11-73 

9-11-73 

10-01-73 

3-09-74 

3-09-74 

3-09-74 

10-02-74 

6-03-74 

6-03-74 

5-26-71 

5117 

4434 

4839 

10731 

1776 

629 

200 

194 

199 

138 

365 

280 

1051 

3187 

4 

121 

973 

11003 

53 

20 

5225 

3765 

847 

193 

114 

3449 

13545 

4416 

1919 

4 34 

433 

429 

1650 

5966 

6364 

3975 

2244 

1937 

2387 

5390 

735 

311 

81 

78 

80 

57 

159 

117 

456 

1914 

2 

60 

478 

5527 

28 

10 

3138 

2372 

418 

132 

77 

2382 

9627 

3139 

1384 

351 

350 

34 7 

1547 

5128 

54 70 

1548 

2739 

2382 

2338 

5093 

993 

303 

114 

110 

113 

77 

196 

155 

567 

1214 

b 

58 

472 

5222 

b 

b 

1990 

1328 

409 

58 

35 

1017 

3736 

1218 

510 

79 

79 

78 

98 

799 

852 

2315 

on loan to:  

Ind iv idua l  S i t e  
.___ 

C .  J. E m e r t  

C .  J. Emert 

C .  J .  Emert 

F .  B .  Simpson 

K .  L.  Swinth 

H .  0 .  Menlove 

P .  L .  Johnson 

J .  E .  Kushton 

C 

S .  G .  Carpenter 

L .  C .  Nelson ,  J r  

E .  D. Clayton 

L .  J. Esch 

V .  Sp iege l  

L .  J. Esch 

L .  J .  Esch 

C 

F. R .  Simpson 

G .  E .  Hanson 

E .  F. Haywood 

L .  J. Esch 

J. E .  Bigelow 

H .  0. Menlove 

H .  0. Menlove 

L .  Green 

J .  E .  Powell 

G .  I .  Gleason 

G .  I .  Gleason 

R.  J .  Kloepping 

P .  L .  Johnson 

P .  L .  Johnson 

P .  L .  Johnson 

V .  Spiegel 

C .  J. Emert 

C .  J. E m e r t  

C 

BAPL 

BAI’L 

BAI’L 

A X  

1’NL 

LASL 

Mound 

OKNL 

ANL - N R l  S 

New Br unsw i c k 

PNL 

KAI’I. 

NRS 

KAPL 

KAPL 

ANC 

LASL 

OKNL-DOSAR 

KAPL 

ORNL-TKl’ 

LASL 

LASL 

BAPL 

Sandia-NPl 

ORAU 

ORAU 

L L L  

Mound 

Mound 

Mound 

NB S 

BAPL 

BAPL 

- 

aThis source  i s  encapsulated i n  aluminum. 

bThis source  i s  no t  s u i t a b l e  f o r  recovery of 248Cm. 

‘This source  is held a t  ORNL and is  a v a i l a b l e  f o r  r e i s s u e .  

dThis source  i s  encapsulated i n  Type 405 s t a i n l e s s  s t e e l .  

eThis source  w a s  f a b r i c a t e d  a t  TRU i n  s tandard  Savannah River SR-Cf-100 s e r i e s  hardware 
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r ep rocess ing  t o  recover  t h e  ingrown 248Cm. 

from 48 t o  1548 pg of 252Cf are now i n  t h i s  category and are so  designated 

i n  Table 4.1. 
period: NS-24, NSD-48, and NSD-49; however, NSD-49 w a s  r e tu rned  and i s  

a v a i l a b l e  aga in .  

Eleven sources  t h a t  con ta in  

The fol lowing sources  were reloaned during t h i s  r e p o r t  

5. SPECIAL PROJECTS 

The primary f u n c t i o n s  of TRU are: (1) t o  f a b r i c a t e  t a r g e t s  f o r  ir- 

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

and p u r i f y  transuranium elements f o r  u se  by r e sea rch  workers.  However, t h e  

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

poses such as nonrou t ine  product ion,  s p e c i a l  p r e p a r a t i o n s ,  and s p e c i a l  ir- 

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

a research program a t  ORNL o r  ano the r  s i te .  The fol lowing spec ia l  p r o j e c t  

w a s  undertaken du r ing  t h e  c u r r e n t  r e p o r t  pe r iod .  

5 

5 .1  Recovery of 126Sn 

Seve ra l  y e a r s  ago, a r e s e a r c h e r  requested t h a t  w e  i n v e s t i g a t e  t h e  pos- 

s i b i l i t y  of recovering some of t h e  f i s s i o n  product  i s o t o p e  126Sn f o r  use i n  

a c c e l e r a t o r  experiments.  A s  t i m e  pe rmi t s ,  w e  are developing a recovery and 

p u r i f i c a t i o n  procedure.  A n a l y t i c a l  measurements made a t  TRU i n d i c a t e d  t h a t  

much of t h e  f i s s i o n  product  t i n  from HFIR t a r g e t s  w a s  d i s so lved  i n  t h e  a lu -  

minum d e j a c k e t  s o l u t i o n  ( 3  M - NaOH,  1 .5  NaN03). During t h i s  r e p o r t  p e r i o d ,  

w e  processed some of t h e  de j acke t  s o l u t i o n  by means of a procedure which in-  

cluded a c i d i f i c a t i o n  followed by e x t r a c t i o n  of t h e  t i n  wi th  HDEHP. The 

product  ana lyses  i n d i c a t e d  t h a t  we might expect  t o  o b t a i n  100 t o  200 mg of  

t i n ,  con ta in ing  about 5% 126Sn, from a t y p i c a l  H F I R  t a r g e t  campaign (10 t o  

12  t a r g e t s ) ,  Add i t iona l  amounts may be o b t a i n a b l e  from o t h e r  p rocess  solu-  

t ions .  
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7. APPENDIX 

W e  have t r a d i t i o n a l l y  used t h e  Appendix i n  t h i s  series o f  semiannual 

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

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

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

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

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

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

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

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

which cover t h e  mass reg ion  of i n t e r e s t  (A>237), and which are Sheets  

considered t h e  d e f i n i t i v e  source of a l l  types of n u c l e a r  d a t a  r e l a t i n g  t o  

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

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

p u b l i s h  them w i t h  each i s s u e .  It i s  our  expec ta t ion  t h a t  as t i m e  pe rmi t s ,  

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

s i o n s  of t h e  Nuclear Data Sheets .  

6-12 

7.1 Decay Data 

Table  A-1 is  a l i s 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  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  w i t h  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 .  I n  many cases ,  t h e  h a l f - l i f e  of an i s o t o p e  w a s  determined by 

r e l a t i n g  t h a t  i s o t o p e ' s  h a l f - l i f e  t o  t h e  h a l f - l i f e  of some o t h e r  r e f e r e n c e  

i s o t o p e .  I n  a few of t h e s e  cases ,  a newer va lue  has  been accepted f o r  t h e  

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

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

because t h e  h a l f - l i f e  va lue  i n  our t a b l e  no longer  ag rees  w i t h  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. 

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 

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



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

P a r t i a l  Half-Life  P a r t i a l  Ha l f -L i f e  Neutrons 
f o r  a Decay Branching Ra t ios  f o r  Spontaneous F i s s ion  pe r  F i s s i o n  k f e r e n c e s b  Nucl ide T o t a l  Half-Life  

237 

238Np 2.10 f 0.01 d 50Fi53 

59C093 239Np 2.359 ! 0.010 d 
60Le03 2 4 0 ~  p b 3 ? 2 r n  

2 4 h ~ ~  7 .3  ? 0 . 3  m 48Hy61 

241Np 16 rn 60Le03 

241rnNp 3.4 h 60Le03 

238Pu 87.404 T 0.041 y 

239Pu (2.4413 0.003) x l o4  y 8 .8  1 0 1 ~  2 .  24d 

240Pu 6880 f 40 y 

241Pu 14.98 ? 0.33 y (5.72 0 . 1 )  x IO5 y 

60Br12, 610r04 (2.14 ! 0.01) x lo6 y ,1018 y 2.0Od NP 

(8 ? 0.6) x 1O1O y 

(1.340 ? 0.015) x 1011 y 

2.33 : 0.08 61Dr04, 68Jo15, 56Hi01 

52Se67, 59Ma26 

2.177 + 0.009 51In03, 62Wa13, 68Bo54 

68Ca19, 608115 

(3.869 f 0.016)  x l o5  y (7 .45 : 0 .17)  x y 2.166 ? 0.004 63Ma50, 69Be06, fABo54 2428, 
68Di09 

66Fi07,  69Be06 
243Pu 4.955 f 0 ,003  h 
244P" (8.28 ? 0.10) lo7  (6 .55  ? 0.32)  x 10" y 2.84d 
245Pu 10.6 T 0.4 h 56Bu92 

246Pu 10.85 0.02 d 

2 4 1 h  432.1 f 0.7 y ( 2 . 3  : 0.8) 1014 2.4ad 

242h 16.01  0.02 h t C / B  = 0.19 53Ke38 

242rnh 144 ? 7 y (2.92 I 0 . 1 s )  104 59Ba2IC 

68Br22 2 4 3 h  7370 3 40 y 
244h 10.1 I 0 . 1  h 62Va08 

244mh 26 rn 84Ga24 

248A. 2 .07  ? 0.02 h 56Bu92 

246m 28 .0  ? 0.2 rn 55En16 

246rnArn 40 ? 7 m 670r02 

670102 247h 24 3 rn 

242Crn 162.7 ? 0 . 1  d 7.2 x lo6 y 2 .65  3 0 . 0 9  51Ha87, 57Pe52, 86Hi01 

56Ho23 

61Dr04, 670.~01 

57As70 243crn 32 Y 
2 4 4 ~ ~  18.099 ? 0.015 y a/SF = (7 .43 0.01)  x 10' 2.84 3 0.09 65Me02, 68Be26, 56H101 

245crn 8265 : 180 y 69Me0 1 

246cm 4655 f 40 y a/SF = 3822 I 10 3.0Ed 69Me01, 7 1Mc 19 

247crn (1 .86  ? 0 .05)  x 107y 71Fi01 

2 4 8 ~ ~  (3.703 ! 0.032)  x I O 5  y (4 .115 ? 0.034) x lo6 y 3.32d 71Mc19 

249Crn 64 ? 3 m 58Ea06 

2 8 0 ~ ~  (1 .74  0 .24 )  x l o 4  y 3 .  56d 66RG01 



Table A - 1  (continued) 

P a r t i a l  Ha l f -L i f e  P a r t i a l  Ha l f -L i f e  Neutrons 
Nucl ide T o t a l  Ha l f -L i f e  f o r  D Decay Branching Ra t ios  f o r  Spontaneous F i s s i o n  pe r  F i s s i o n  Referencesb 

314 ! 8 d 

3 . 2 2 2  ! 0.005 h 
57 : 1 .7  m 

2.646 ? 0.004 y 

17.812 ? 0.082 d 

60.5 ? 0.2 d 

1 .5  ! 0 . 5  h 

20.467 f 0.024 d 

276 d 

39.3 T 0 .2  h 

39.8 ! 1.2 d 

2 5 ! 3 m  

3.24 ! 0.01 h 

20.07 ? 0.07 h 

2.62 1 0 . 0 3  h 

94 ? 10 d 

380 ! 60 vs 

352 ! 6 y 

13.08 ! 0.09 y 

900 r 50 y 

= (1 .45 z 0.08) 10-5  (1 .87 t 0.09) l o9  3.72 ! 0.16 

a/SF = (1.992 ! 0.040) x lo8 

a/SF = 1260 ! 40 

a/SF = 3 1 . 3  ! 0 . 2  

a / ~ F  = (3 .10  t 0.16)  1 0 4  

a / B  = (3 .1  ! 0.4) X lo+ 

3.44d 

3. 56d 

3.796 t 0.031 

3.90 1 0.14 

a/SF = (1 .15 t 0.03)  x 10’ 3.9Zd 
.2.5 107 4 .  04d 

% l a  = 382 t 30 

E . C . / B  = 0,00078 0.00006 

a/% = 0,0866 ? 0.0043 4.16d 

B/SF = ( 2 . 2 2  t 0.10) x lo4 

a/SF = 1695 ! 8 
 SF/^ = (2 .4 Y 1 . 1 )  x 10-7 

-1009 SF 

-100% SF 

4.05 ! 0.19 

4 .  16d 

4.27d 

57Ea01, 69Mi08, 64Py02 

59Va02 

66RG04 

69Me01, 69Mi08 

63Ph01, 69Me01 

69Me01 

65MeOZ. 68Wh04 

69Dr02. 66RGOl 

63PhO1, 64Py02, 68BeZl 

70Lo19 

65Me02, 69Dr02 

67Fi03, 67Un01 

62Un01. 63Ph01 

66RG01, 67Fi03 

68Loll 

561009. 67Fi03. 56Ch83 

63Ph01. 64As01 

68Ho13 

66RG01 

71HuO3 

?he h a l f - l i f e  va lues  used in  t h i s  t a b l e  were being used a t  TRU a t  t h e  end o f  t h e  r e p o r t  pe r iod .  

bReferences a r e  decoded i n  l a b l e  A - 2 .  

‘Published va lues  a r e  ad jus t ed  f o r  241h h a l f - l i f e  of 432.7 y .  

dValue est l rnated by l i n e a r  i n t e r p o l a t i o n  o f  t h e  values  f o r  244Cm and 252Cf, based on n u c l i d i c  mass. 
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The r e f e r e n c e s  used i n  Table A-1 are decoded i n  Table A-2. The system 

of r e f e r e n c e s  i s  t h a t  used i n  t h e  Nuclear Data Sheets .  Table A-3 lists 

de r ived  d a t a ,  such as s p e c i f i c  a c t i v i t i e s ,  a long w i t h  information concerning 

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

7 .2  Neutron Cross-Section Data 

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

HFIR t a r g e t  i r r a d i a t i o n s  are l i s t e d  i n  Table A-4. 
eters 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 i r s t  i s  the  thermal-neutron 

and t h e  t h i r d  i s  t h e  neutron cap tu re  resonance cap tu re  c r o s s  s e c t i o n ,  0 

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

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

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 ,  0 

This  t a b l e  shows s i x  param- 

C 
2200 , 

would be: C 
e f f '  

m y  
C res + -  C 

0 = o  e f f  2200 ',,,, 
where N i s  t h e  number of grams of t h e  p a r t i c u l a r  n u c l i d e  i n  one t a r g e t  rod, 

'res 

'2200 
r e a c t i o n  rate w i t h  a l/v absorber  as would the  a c t u a l  r e a c t o r  f l u x .  I n  t h e  

HFIR, t h e  r a t i o  $res/$2200 ranges from 0.042 t o  0.051. The e f f e c t i v e  c r o s s  

s e c t i o n  f o r  f i s s i o n  i s  computed by a similar r e l a t i o n s h i p  among t h e  l a s t  

t h r e e  parameters.  

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 ,  and 

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

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  set where- 

by 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  our  d a t a .  Hopefully,  t h e s e  

numbers and t h e  c r o s s  s e c t i o n s  experimental ly  measured on pure i s o t o p e s  

w i l l  ag ree ;  however, w e  w i l l  not  a l low the  p o s s i b i l i t y  of a discrepancy t o  

confine us .  

It  should be po in ted  o u t  t h a t  244cAm i s  a f i c t i t i o u s  i s o t o p e  which i s  

used t o  s i m p l i f y  the c a l c u l a t i o n  of t h e  main t ransmutat ion chain invo lv ing  
244A, 244cAm w e r e  c a l c u l a t e d  from the  p r o p e r t i e s  of t h e  . The p r o p e r t i e s  of 
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Table A-3. Properties a of transuranium nuclides 

Specific Activity Hazardb tnergies of 
Prin. bmirsions 

0 (MeV) 8 ( c l / g l  ( W g )  (Neutrons % Body Burden 

(o. cpm/mgc) ( B  dp/mgl min-l mg-l) (uCiIcm3) (uci) Nuc I I de Hal f-Life 

NP 

NP 

NP 

237 

238 

2 39 

240Np 
240m 

NP 

241Np 
241mNp 

238P" 

239P" 

240P" 

24lP" 

242P" 

243P" 

244P" 

245P" 

246P" 

241h 
24Zh 

242mh 

243h 

244h 

244mAm 

245- 
24bh 

246mh 

247h 

242~m 

243cm 
244c8 

'cm 
246c, 

247Cm 

24Sc, 

249~m 
250Cm 

2.14 x IO6 y 

2.10 d 

2.359 d 

63 m 

7.3 m 

16 m 

3.4 h 

87.404 y 

2.4413 x lo4 y 
6580 y 

14.98 y 

3.869 lo5 

4.955 h 

8 . 2 8  107 

10.85 d 

10.6 h 

432.7 y 

16.01 h 

144 y 

7370 y 

10.1 h 

26 m 

2.U7 h 

2 5 . 0  m 

40 m 

24 m 

162.7 d 

32 Y 
18.099 y 

8265 y 

4655 y 

1.56 I lo7 y 

3 . 3 ~  l o 5  

1.74 x IO4 y 

64 m 

4.78 

0.25 
1.24 

0 . 3 3 2  
0.427 

0.89 

2.18 
1.6 

5.49 

5 . 1 5  

5.16 

4.9 0.02 

4.90 
0.49 
0.58  

4.587 

0.15 

5.48 

0.63 
0.67 

5.207 1 . 7 .  

5.27 

0.381 

1.5 

0.91 

1.31 

6.11 

5.79 

5.81 
5.36  

5.39 

4.87 

5.05 

0.9 

7.07 

2.61 lo5 

2.32 x IO5 

1.24 107 

1.07 x 10' 

4.86 x IO7 

3.82 x IO6 

17.2 
6.13 x 10.' 

0.227 

99.1 

3.82 

2.60 x 1U6 

1.77 

1 . 2 1  x 106 

4.91 lo4 

8 . 1 1  i o 5  
3.43 

10.3 

0.200 

1.27 x lo6 

2 . 9 6  x IO7 

6.17 x IO6 

3.06 lo7 

1 . 9 1  lo7 

3.17 10' 

3 . 3 2  lo3  

45.9 

80.94 

0.177 

0.312 

9.28 

4.24 

1.18 10' 

8 20 x lo -*  

2.07  IO-^ 
1.27 lo3 

5.86 x IO2 

1.03 105 

5 . 3 3  105 

0.570 

1.913 x 

7.097 x 10-3 

4.06 

1.13 

3.34 lo3  

4.93 10.' 

66.9 

0.1145 

2 . 0 8  lo3 

3.08 x 10.' 

6.42 

8.74 103 

8.98 104 

1.20 lo4 
2.48 105 

122 

1.677 

2.832 

5.89 

1.01 x w2 

5.34 

2.94 x 

2.Ob x 1U4 

""0, 1 

8.01 lo5 

1.94 x 1010 

6.94 x IO7 

2.57 x 10' 

2.94 x IO6 

4.32 x 10' 

2.00 lo4 

3.88 x 109 

5.53 10' 

2.26 x 10' 

3.76 x 10l2 

5.20 x 

9.16 x IO1' 

2.00 x IO8 

1.05 x IO' 

4.39 x lo6 

3.52 x 10' 

<7 x 10-6 

5 . 8 0  1 0 1 ~  

5.14 x IOl4 

2.76 x 10l6 

2.38 1017 

I .  08 1017 

8.49 

155 

1.35 x 10-3 
53.7 

2.20 x 1011 

9 5 . 3  
5 . 7 8  1015 

141 

2.68 x IO1' 
1.09 lox4 

3.55  x 

2 . 8 2  1015 

6.58 x 

1 .37  x 10lb 

6.79 x l0lb 

4.24 x 10" 

7.04 x 1016 

3.27 x 10' 

2.62 x 10" 

1.21 x IO6 

6.87 lo5 

5.58  

2.58 x IO6 

6.49 x 10' 

4 x 0.06 

7 30 

2 x 0.04 

2 x IO-" 0.04 

2 x 0.04 

9 x 10-11 0 .9  

2 x 0.05 

2 x 7.0 

2 x 0.04 

2 10-7 3.0 

6 x 0.1 

4 x 10.' 0.06 

6 x 0.07 

6 x 0.05 

4 x 10-6 0.2 

1 x 0.05 

6 x IO-'' 0..09 

9 x 10-l2 0 . 1  

5 x 0.04 

5 x 0.05 

5 x 0.04 

6 x 0.005 

1 x 10-5 1.0 

84.9 

1.29 x 

2.32 x 
0.653 

0.176 
9.08 

13.1 

2.69 X 

2.26 X IO' 
2.48 x 

0.0292 

7.39 x io-8 

6.80 x 10-3 

0.25 

6.76 X IO-' 

1.51  IO-^ 
1.96 x 

1.24 x 

0.226 

0.160 

431 

1 .18  

8.17 x 



Table  A-3  (continued) 

Specific Activity Hazardb 
tnergies of 

Prin. Emissions 
(MeV1 (Neutrons MPCa(40 Body Burden 

Nuclide Half-Life 01 8 (Ci/g) (W/g) (0  cp/mgcl  (E dpm/mg) min-1 mp-l) d T  (uCil (ur) 

314 d 

3.222 h 

57 m 

352 y 

13.08 y 

900 y 

2.646 y 

17.812 d 

60.5 d 

1.5 h 

10.467 d 

276 d 

39.3 h 

39.8 d 

25 m 

3.24 h 
20.07 h 

2.62 h 
94 d 

380 u5 

5.4 0.125 1.67 x lo3 
0.23 3.89 x IO6 

1.32 10) 

5 . 8 1  4.08 

6.03 109 

1.59 

6.11 536 

5.98 0.27 2.90 x IO4 

5.84 8.49 x IO3 

1.8 x IO6 

6.63 2.52 lo4 
6.42 1.86 I( IO' 

0 . 4 8  3.14 x lo5 
1.29 lo4 
2.94 x IO' 

7.20 3.81 x IO6 

6 . 1 3  x IO5 7 . 0 3  

4.67 I IO6 

5.41 x lo3 
1.1s I loll 

0.358 

2.75 x IO4 

0.152 

4.06 

5.79 I 

39.0 

13.89 

1.06 lo4 

1.01 io3 
71.9 

1.18 x lo3 

1.68 x IO5 

2.79 lo4 
5.85 x IO6 

""200 

2.74 x IO7 3.71 x 10" 6.34 x IO3 

8.62 1015 

2.92 x 10l6 

4.62 156 

1.23 x 10" 6.85 x 10' 

1.78 lo9 

1.02 loll 6.41 

5.88 x 10'' 1.40 x 10" 

7.35 2.89 x 10" 

2.86 loL3 1.91 l o 7  
< ~ . 0 4  lo5 2.11 x 1Ol2 

6.97 

2.86 x lOI3 

6.52 x 10" 

4.92 I( IO9 

4.31 2.02 1013 
b.94 x 1.36 lo9 

4.43 x 10l6 

6.12 x 10l2 

9 x 0.7 4.19 x 

1 x 0.05 1.29 x 

2 0.04 9.00  10'~ 

5 0.04 3.70  
2 x 10." 0.04 2.50 x 

6 x 0.01 1.87 x 

8 x IO-'' 0.04 1.40 I 10.' 

5 x 10." 0.0007 R.24 x 

6 x lo-'' 0.04 1.59 x 

5 x IO-' 0.02 6:37 x IO-' 

4 x 0.04 3.10 x 

2 0.02 1.08 

6 x 0.02 5.25 x 10.' 

1 x 0.04 6.53 x 

2 x IO-' o.oon8 1.71 x io-" 

+he values far properties included in thls table are those in use at 1 R U  at the end of the report perlod. 

bFron lCRP Publication 2. "Report of Committee I 1  on Permissible Dose far Internal Radiation" (1959) and I C R P  Publication 6, "Recommendations of the 
lnternational Comission on Radiological Protection" (19641. 

'Counting geometry. 51% 

d242Am decays b y ' 6  emisrlon (84O.J and arbltal capture ( I b % ) .  

'242mAm decays almost entirely hy isomeric transition to the 16-hr ground state, 242Am. 

f244mAm decays primarily by B emission. but 0.039'o decays hy electron capture to 244Pu 

N 
N 
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Table A - 4 .  Neutron cross sections used to compute transmutations in H F l R  
target irradiations 

Cross Section 
Nuclide Half-Life (barns) 

Capture Fission 
2200-mls Resonance Resonance 2200-mls Resonance Resonance 

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

- 

87.404 y 

2.4413 x lo4 y 

6580 y 

3.869 lo5 

8.28 107 

14.98 y 

4.955 h 

10.6 h 

10.85 d 

7370 y 

10.1 h 

26 m 

49 m 

2.07 h 

25.0 m 

18.099 y 

8265 y 

4655 v 

1.56 107 

3.397 105 

1.74 lo4 

64 m 

314 d 

3.222 h 

57 m 

352 y 

13.08 y 

900 y 

2.646 y 

17.812 d 

60.5 d 

1.5 h 

20.467 d 

276 d 

39.3 h 

39.8 d 

25 m 

3.24 h 

20.07 h 

2.62 h 

94 d 

380 ue 

560 

265.7 

290 

360 

19.5 

80 

1.6 

277 

0 

105 

0 

0 

0 

0 

0 

10.0 

343 

1.25 

60 

3.56 

2.8 

2 

1451 

350 

0 

450 

1900 

2850 

19.8 

12.6 

50 

0 

345 

20 

1.26 

60 

0 

76 

26 

45 

10 

0 

0 

0 

0 

0 

6.20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.0 

2.4 

0 

0 

2.0 

0 

0 

2.4 

0 

0 

1.46 

20 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

150 

195 

8453 

166 

1280 

0 

0 

0 

0 

1500 

0 

0 

0 

0 

0 

650 

120 

121 

500 

170 

0 

0 

1240 

0 

0 

750 

11600 

1600 

44 

0 

1650 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16.5 

742.4 

0.05 

1011 

0 

210 

0 

0 

0 

0 

2300 

0 

1128 

0 

0 

1.2 

1727 

0 

120 

0 

50 

0 

0 

3000 

0 

1690 

0 

3750 

32 

1300 

n 
0 

0 

3060 

1840 

0 

0 

0 

100 

0 

5500 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.0 

2.4 

0 

0 

0 

0 

0 

0 

0 

0 

5 .8  
0 

14 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 5  

324 

0 

54 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12.5 

1140 

0 

1060 

0 

0 

0 

n 
0 

0 

2920 

0 

5400 

110 

0 

n 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

aTo simplify calculations we use a fictitious isotope, 244cAm, which combines the properties of 244mAm and 24sAm according to their 
relative rates of production from 2 4 3 ~ .  
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real isomers 244gAm and 244mAm by assuming t h a t :  

of 244cAm p r e s e n t  equa l s  t h e  t o t a l  number of atoms of t h e  rea l  isomers;  

(2) t h e  B decay from 244cAm equa l s  t h e  t o t a l  B decay from t h e  real isomers;  

(3 )  t h e  f i s s i o n s  from 244cAm equal. t h e  t o t a l  f i s s i o n s  from t h e  real' isomers;  

( 4 )  t h e  isomers are i n  equ i l ib r ium w i t h  t h e i r  common pa ren t  243Am whi le  

t h e  r e a c t o r  i s  ope ra t ing ;  and ( 5 )  t h e  on ly  s i g n i f i c a n t  product 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  absorp- 

t i o n ,  and t h e  product ion of t h e  isomers by t ransmutat ion from . Thus, 

(1) t h e  number of atoms 

243A, 

C 

(1) Nc = N + Nm , 
g 

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

f f f ( 3 )  ucNc = u N + umNm , 
g g  

dNc dN dNm 
d t  d t  d t  

(4) -=A=--  - 0 ,  and 

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 ,  neutron abso rp t ion ,  and 

neutron c a p t u r e ;  s u b s c r i p t  i r e f e r s  t o  t h e  i t h  isomer, c y  g,  o r  m;  and f ;  
4 

i s  t h e  f r a c t i o n  of neutron 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 m  = 1. 
g 
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