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SUMMARY 

This  i s  t h e  s i x t e e n t h  r e p o r t  i n  a series t h a t  is  being i s sued  s e m i -  

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

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

Between J u l y  1, 1975, and December 31, 1975, w e  (1) performed mainte- 

nance a t  TRU f o r  a pe r iod  of t h r e e  months, (2) prepared 295 g of curium 

oxide (enough f o r  approximately 26 HFIR t a r g e t s ) ,  (3) s epa ra t ed  100 mg of 

high-puri ty  248cm from 252Cf t h a t  had been p u r i f i e d  during earlier pe r iods ,  

( 4 )  f a b r i c a t e d  11 HFIR t a r g e t s ,  and (5) made 28 product shipments. 

During t h e  nex t  18 months, w e  p l a n  t o  p rocess  t h r e e  groups of HFIR 

t a r g e t s ,  from which w e  expect t o  recover  t o t a l s  of 67 mg of 249Bk, 780 mg 

of 252Cf, 2.9 mg of 253Es ( i n  a mixture  of i s o t o p e s ) ,  320 pg of high-puri ty  

253Es, and 2.3 pg of 257Fm. 

t i o n  of t h e  100 mg of high-puri ty  248Cm sepa ra t ed  during t h i s  r e p o r t  per iod 

and t o  o b t a i n  (by t h e  end of 1977) an  a d d i t i o n a l  50 mg from p u r i f i e d  c a l i -  

fornium now i n  s t o r a g 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  we  do n o t  expect  t o  recover any 244Pu. 

Add i t iona l ly ,  w e  expect t o  complete p u r i f i c a -  

No p l ans  have been made t o  p rocess  any of t h e  

We have made no changes i n  t h e  chemical processing f lowsheets  normally 

used a t  TRU during t h i s  r e p o r t  pe r iod .  However, t h r e e  equipment r acks  w e r e  

r ep laced  (with two new racks )  during t h i s  t i m e .  I n  Cubicle 6 ,  t h e  equip- 

ment r ep laced  w a s  t h a t  used t o  decontaminate t h e  t ransplutonium elements 

from rare e a r t h  f i s s i o n  products  and t o  s e p a r a t e  curium from t h e  heav ie r  

elements by means of t h e  LiC1-based anion-exchange process .  

w e  r ep laced  t h e  equipment used t o  s e p a r a t e  t h e  t ranscurium elements by high- 

p r e s s u r e  i o n  exchange and t o  p u r i f y  berkelium by ba tch  so lven t  e x t r a c t i o n .  

I n  Cubicle  5, 

Two neutron sources  w e r e  f a b r i c a t e d ,  b r ing ing  t h e  t o t a l  f a b r i c a t e d  

t o  79. One source t h a t  had been used i n  a completed p r o j e c t  w a s  r e tu rned  

t o  t h e  TRU inven to ry  and i s  a v a i l a b l e  f o r  r e i s s u e .  Three sou rces ,  f o r  

which no f u r t h e r  u s e  w a s  fo re seen ,  were processed t o  i s o l a t e  and recover  

t h e  ingrown 248Cm and t h e  r e s i d u a l  2 5 2 C f .  



v i  

A s  a s p e c i a l  p r o j e c t ,  w e  prepared e i g h t  p e l l e t s ,  each con ta in ing  

100 pg of high-puri ty  248Cm, f o r  i r r a d i a t i o n  i n  HFIR t o  s tudy t h e  produc- 

t i o n  of 2 5 0 ~ m .  

The va lues  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  s i x t e e n t h  r e p o r t  i n  a series t h a t  i s  being i s sued  s e m i -  

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

product ion p l 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  is  t o  provide information t h a t  w i l l  enable  

u s e r s  of 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 -  

ties a t  ORNL. 

t h e  s h o r t  term; long-range p l ans  can b e  markedly inf luenced by feedback 

from resea rche r s  and o t h e r  u s e r s  of transuranium elements.  

Product ion p l ans  and schedules  are sha rp ly  def ined only f o r  

TRU o p e r a t i o n s  during t h i s  r e p o r t  per iod are summarized, and t h e  amounts 

of materials recovered and shipped are l i s t e d .  Proposed processing 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  near  f u t u r e  are o u t l i n e d .  

Revis ions made t o  p l a n t  equipment are desc r ibed .  The o r i g i n a l  and c u r r e n t  

con ten t s  (252Cf and 248Cm) of a l l  neu t ron  sources  t h a t  have been made a t  

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

are t abu la t ed .  

of nuc lea 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 production rates f o r  transuranium elements,  a long wi th  a l i s t i n g  of t h e  

parameters which were used t o  c a l c u l a t e  t h e  s p e c i f i c  a c t i v i t i e s  of t h e  

i so topes  t h a t  are of i n t e r e s t  t o  TRU, are included i n  t h e  Appendix. 

A s p e c i a l  p r o j e c t  t o  i r r a d i a t e  248Cm i s  desc r ibed .  Values 

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

(1) For pe r iod  ending June 30, 1968 - ORNL-4376. 
(2) For pe r iod  ending December 31, 1968 - ORNL-4428. 
(3) For pe r iod  ending June 30, 1969 -0oRNL-4447. 
(4) For pe r iod  ending December 31, 1969 - ORNL-4540. 
(5) For pe r iod  ending June 30, 1970 -0RNL-4588. 
( 6 )  For pe r iod  ending December 31, 1970 - ORNL-4666 
(7) For pe r iod  ending June 30, 1971 - ORNL-4718. 
( 8 )  For pe r iod  ending December 31, 1971 - ORNL-4767. 
(9) For pe r iod  ending June 30, 1972 - ORNL-4833. 

(10) For pe r iod  ending December 31, 1972 - ORNL-4884. 
(11) For pe r iod  ending June 30, 1973 - ORNL-4921. 
(12) For per iod ending December 31, 1973  -0RNL-4965. 
(13) For pe r iod  ending June 30, 1974 - ORNL-4991. 
(14) For pe r iod  ending December 31, 1974 - Om-5034 .  
(15) For p e r i o d  ending June 30, 1975 - ORNL-5084. 
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2. PROCESSING SUMMARY AND PRODUCTION ESTIMATE 

The isotopic concentrations of the various transuranium elements are 

not constant but are functions of irradiation histories and decay times. 

We have selected one isotope of each element to use in making material 

balances for the isotopic mixtures normally handled in TRU. 

special instances, 242~u, 243Am, 244Cm, 249Bk, 252Cf, and 253Es are the 

isotopes used for tracing the corresponding elements. 

Except in 

Throughout this 

report section, we are discussing mixtures of isotopes unless we indicate 

otherwise. 

2.1 Processing Summary 

Between July 1, 1975, and December 31, 1975, we suspended chemical 

processing operations for a 3-month period in order to perform in-cell 

maintenance. Before starting the maintenance, we purified two batches 

of curium product solution and converted the curium to the oxide form for 

use in HFIR targets. A total of 295 g of curium oxide was obtained; this 

amount is enough for preparation of approximately 26 HFIR targets. 

curium had been recovered at TRU during earlier periods from the processing 

of tubes and slugs irradiated at the Savannah River Plant as part of the 

Californium-I (Cf-I) campaign--an irradiation and processing campaign 

designed to obtain 252Cf for use in the 252Cf market evaluation program 

being sponsored by the ERDA Division of Nuclear Fuel Cycle and Production 

(NFCP) . 

The 

Also, during this report period: 

We separated approximately 100 mg of high-purity 248Cm from 100 mg (1) 

of 252Cf that had been purified during earlier periods. 

(2) We fabricated 11 HFIR targets from three batches of actinide oxide 

(predominantly curium oxide), each of which had been prepared by 

the resin loading--calcination technique. The compositions of the 

curium in these targets are summarized in Table 2.1. 

(3) We made 28 product shipments. The recipients and the amounts of 

nuclides for each shipment are listed in Table 2.2. 
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Table 2.1. Summary of HFIR t a r g e t s  f a b r i c a t e d  i n  t h e  Transuranium 
Processing P l a n t  during t h e  per iod J u l y  1, 1975 -December 31, 1975 

Source of curium 
Campaign C ampa i g n  Campaign 

43Bl 48 49 

No. of t a r g e t s  f a b r i c a t e d  

Avg. a c t i n i d e  c o n t e n t ,  g / t a r g e t  

I so tope  

240Pu 
24 3Am 

2 4 4 ~ m  

2 4 5 ~ m  

2 4 6 ~ m  

2 4 7 ~ m  

2 4 8 ~ m  

4 22 5 

9.2 8.0 9.7 

Atom % (neg lec t ing  i m p u r i t i e s )  

1.050 1.312 0.581 

1.740 1.778 2.054 

58.48 46.16 42.69 

0.992 0.529 0.470 

33.93 43.62 46.62 

1.080 1.239 1.301 

2.72 5.36 6.28 

The curium i n  Campaign 43B w a s  a combination of t h e  curium recovered dur- 
i n g  Campaigns 37, 38, and 40. 
Pu-A1 tubes were processed a t  TRU, and i n  Campaign 40, 48, and 49, HFIR 
t a r g e t s  w e r e  processed. 

1 

I n  each of Campaigns 37 and 38, t h r e e  SRP 

'Each of t h e  Campaign 48 t a r g e t s  contained 1 s p e c i a l  p e l l e t  con ta in ing  
248Cm. 
t a r g e t s  and processed as a s p e c i a l  p r o j e c t  t o  s tudy  t h e  product ion of 
250Cm ( see  s e c t i o n  5.1 of t h i s  r e p o r t ) .  

A f t e r  i r r a d i a t i o n ,  t h e  s p e c i a l  p e l l e t s  w i l l  be  removed from t h e  

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

The level of TRU o p e r a t i o n s  t o  produce t ranscurium elements i s  expected 

t o  con t inue  a t  t h e  rate of two processing campaigns p e r  yea r .  A long-term 

p r o j e c t i o n  of t h e  c a p a b i l i t y  of t h e  TRU-HFIR complex t o  produce t h e  "yard- 
2 s t i c k "  i s o t o p e  252Cf w a s  descr ibed i n  a previous r e p o r t  i n  t h i s  series. 

Table 2 . 3  o u t l i n e s  t h e  e s t ima ted  product ion of t ranscurium elements from 

a series of l i k e l y  processing campaigns which are scheduled through June 

1977. E s t i m a t e s  f o r  t h e  remainder of 1977 and f o r  1978 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 .  
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Table 2.2. Distribution of heavy elements from the Transuranium 
Processing Plant during the period July 1, 1975 -December 31, 1975 

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

Curium-243 (56%), mg 

7-24-75 
9-26-75 

797 
811 

N. Cohen NYU-Tuxedo 
J. J. Thompson Lovelace 

0.0005 
5.28 
5.2805 

Curium-248 (97%), mg 

6.42 
0.963 
6.42 
6.42 
6.42 
26.643 

10-10-75 
10-10- 7 5 
10-14-75 
10-14-75 
10- 14- 7 5 

ORNL 
ORNL 
ANL 
L BL 
LLL 

818 
819 
814 
815 
816 

R. G .  Haire 
Product Support 
W. T. Carnall 
N. M. Edelstein 
R. W. Hoff 

Berkelium-249, mg 

5.2 
0.0018 
5.2 
5.2 
5.2 

8-05-75 
8-1 2- 7 5 
8-12-75 
8-12-75 
8-12-75 

80 7 
80 2 
803 
805 
806 
813 

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

ORNL 
ORNL 
ANL 
LBL 
LLL 
ORNL 0.001 9-30-75 

20.8028 

Californium-249, mg 

0.50 8-11-75 808 Isotopes Sales ORNL 

Californium-252, mg 

0.000149 
0.001 
37.087 
0.006 
0.015 (NSD-91) 
0,010 
0.016 
2.620 (NS-86) 
39.755149 

ORNL 
ORNL 
SRL 
ORNL 
LASL 
LASL 
ORNL 
NBS 

7-18-75 
7-25-75 
8-06-75 
9-02-75 
9-30- 7 5 
11-0 7- 7 5 
11-19-75 
12-04-75 

>788 
782 
800 
7 80 
809 
820 
781 
719 

Is0 topes Sales 
Isotopes Sales 
A. R. Boulogne 
Iso. Res. Matl. Lab. 
G. W. Knobelock 
G .  W. Knobelock 
I so .  Res. Matl. Lab. 
V. Spiegel 

Einsteinium-253, LIg 

W. T. Carnall 
F. P. Hungate 
G .  A .  Keyworth, 111 

ANL 
PNLJ 
LASL 

468 
6 
39 
513 
- 

7-07-75 
8-08-75 
8-12-75 

793 
798 
794 
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Table 2.2. (continued) 

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

Einsteinium-253 (milked) , 1-18 
85 
11.5 
96.5 

8-04-75 799 R.  G. Haire 
8-05-75 801 R. W. Hoff 

Fermium-257, pg 

W. T. Carnal1 0.7 7-11-75 796 

ORNL 
LLL 

AM, 
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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 

shown i n  Table 2.3. During t h e  nex t  18 months, w e  expect t o  recover a 

t o t a l  of 67 mg of 249Bk, 780 mg of 252Cf, 2.9 mg of 253Es ( i n  a mixture  

of i s o t o p e s ) ,  320 1-18 of high-puri ty  253Es, and 2.3 pg of 257Fm. These 

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

i n  t h i s  series which r e q u i r e s  t h e  use  of assumed v a l u e s  f o r  chemical y i e l d s  

and recovery times f o r  each of t h e  t ransplutonium elements t h a t  are sepa- 

r a t e d  a t  TRU.3 

and t h e  most r e c e n t l y  r ev i sed  v a l u e s  are l i s t e d  i n  Table 2 .4  of r e f .  4 .  
The assumed va lues  are based on p a s t  performance d a t a ,  

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

curium elements during t h e  processing of i r r a d i a t e d  t a r g e t s  are g e n e r a l l y  

considered t o  b e  in t e rmed ia t e  f eed  materials. However, two i s o t o p e s  of 

t h e s e  elements , 244Pu and 2 4 8 C ~ ,  which are v a l u a b l e  r e sea rch  materials, 

are f r e q u e n t l y  recovered. Within t h e  nex t  1 8  months, w e  do no t  p l a n  t o  

process  any of t h e  remaining Cf-I materials i r r a d i a t e d  a t  SRP o r  t o  ir- 

r a d i a t e  any plutonium t a r g e t s  i n  t h e  HFIR; t h u s  w e  do no t  expect t o  recover  

any 2 4 4 ~ u .  

On December 31, 1975, TRU had a n  inven to ry  of p u r i f i e d  ca l i fo rn ium i n  

several batches,  which contained t o t a l s  of 537 mg of 252Cf and 142 mg of 

248Cm. Each ba tch  w i l l  b e  processed a t  a n  a p p r o p r i a t e  t i m e  t o  s e p a r a t e  

t h e  ca l i fo rn ium and curium. The r e s u l t i n g  curium is  considered t o  b e  high- 

p u r i t y  248Cm ( t y p i c a l  i s o t o p i c  composition is  97% 248Cm and 3% 246Cm). 

The 246Cm "impurity" i s  produced by t h e  decay of 250Cf t h a t  is  p r e s e n t  i n  

t h e  cal i fornium. 

February 1976, 50 mg i n  May 1976, 50 mg i n  September 1976, and an  a d d i t i o n a l  

100 mg during 1977. 

W e  expect t o  o b t a i n  50 mg of high-puri ty  248Cm i n  

3.  PROCESSES AND EQUIPMENT 

W e  have made no changes i n  t h e  chemical processing f lowsheets  normally 

used a t  TRU du r ing  t h i s  r e p o r t  pe r iod .  The c o n d i t i o n  of chemical p rocess ing  

equipment a t  TRU is  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. 
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When replacements are necessary,  mod i f i ca t ions  are u s u a l l y  included t o  pro- 

v i d e  improved c a p a b i l i t y  and performance. 

During t h i s  t i m e ,  w e  replaced t h e  equipment r a c k  i n  Cubicle  6 contain-  

i n g  equipment f o r  decontamination of t h e  t ransplutonium a c t i n i d e s  from rare- 

e a r t h  f i s s i o n  products  and f o r  s e p a r a t i o n  of curium from t h e  h e a v i e r  elements 

by means of t h e  LiC1-based anion-exchange p rocess .  

service f o r  a pe r iod  of 7 y e a r s  and had been used t o  p rocess  a c t i n i d e  solu- 

t i o n s  con ta in ing  more than  1.3 kg of 244Cm and 2 . 3  g of 252Cf. 

The o l d  r a c k  had been i n  

Also, w e  r ep laced  t h e  equipment i n  Cubicle  5 which has  been used f o r  

(1) s e p a r a t i o n  of t h e  transcurium elements by means of high-pressure i o n  

exchange and (2) p u r i f i c a t i o n  of 249Bk by means of a b a t c h  s o l v e n t  e x t r a c t i o n  

(Berkex). By e l i m i n a t i n g  o b s o l e t e ,  mult ipurpose v e s s e l s  and p ip ing ,  w e  were 
a b l e  t o  f i t  t h e  new equipment onto a s i n g l e  rack.  

pressure-pot f eed  system t h a t  should b e  more r e l i a b l e  than  a pump f o r  t r a n s -  

f e r r i n g  r a d i o a c t i v e  s o l u t i o n s  t o  bo th  t h e  load ing  column and t h e  capsu le s  

used f o r  s t o r a g e  and shipping of 252Cf. 

t r a n s f e r  of nonrad ioac t ive  e l u e n t  s o l u t i o n s .  

The new rack  c o n t a i n s  a 

A pump w i l l  s t i l l  b e  used f o r  t h e  

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  neu t ron  

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

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

i l l u s t r a t e d  i n  F i g .  4 .1  of r e f .  5 and are designated i n  t h e  t a b l e  by a 
t h r e e - l e t t e r  p r e f i x .  Nonstandard sources  are designated simply NS-. The 

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

s u l a t e d  and whether i t  i s  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. 

Table 4 .2  of r e f .  5. 

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

4.1 Sources Fabr i ca t ed  During July-December 1975 

Two sources ,  NSD-91 and NS-86, 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 .  NS-86 w a s  prepared i n  a nonstandard form s p e c i f i e d  by t h e  u s e r .  
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Table  4.1.  Data f o r  neut ron  sources  prepared a t  TRU 

252cf a t  C o n t e n t  as of 1 2 / 3 1 / 7 5  

On l o a n  t o :  D a t e  of c a l i b r a t i o n  252cf 248Cm 
Source  c a l i b r a t i o n  (vg)  (UP) ( M )  I n d i v i d u a l  S i t e  

NS-la 

NS-2 

NS-3 

NS-4 

NS-5d 

NS-6 

NS-7 

NS-8 

NSD-9 

NSS-10 

NS-11 

NSS-12 

NSD-13 

NSS-14 

NS-15d 

NSD-16 

NSS-17 

NS-18d 

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-36d 

NSD-37 

NSD-38 

NS-39 

NSD-40 

NSD-41 

NSD-42 

NSD-43 

NZD-44 

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 

3-11-70 

3-10-70 

6-30-70 

3-19-71 

6-29-70 

6-25-70 

10-08-70 

8-31-71 

6-24-70 

6-26-70 

7-01-70 

10-21-70 

9-10-70 

10-15-70 

11-09-70 

2-11-71 

1-29-71 

2-12-71 

9-10-71 

3-31-71 

11-23-71 

11-23-71 

11- 2 3- 71  

11-23-71 

11-23-71 

3-23-71 

9-04-71 

6-16-71 

11-07-71 

4-27-72 

11-08-71 

11-02-71 

4-20-72 

5-15-72 

31 6 

254 

*9 0 

883 

946 

747 

788 

1839 

1720 

1 1 3  

8 

1868 

4649 

4615 

9 3 1  

1657 

4886 

962 

493 

630 

1 8  

1 3  

6 

58  

14  

2528 

11 

11393 

879 

1733 

1800 

1888 

1924 

1904 

2070 

9838 

102 

942 

1154 

5117 

4434 

4839 

1 0 7 3 1  

46 

37 

*16 

162 

1 7 8  

1 5 1  

167 

378 

386 

25 

2 

442 

1327 

1 0 9 1  

219 

(438)  

1570 

227 

116 

149 

5 

3 

2 

1 5  

4 

697 

3 

3687 

253 

5 9 1  

(616) 

(649) 

657 

650 

593 

3170 

31  

318 

440 

1728 

1 4 9 1  

1838 

4149 

b 

b 

b 

688 

733 

569 

593 

1393 

1272 

b 

b 

1360 

3168 

3361 

679 

(1291) 

3162 

701 

359 

459 

b 

b 

b 

b 

b 

1746 '  

b 

7349 

597 

1089 

(1166) 

(1229) 

1209 

1196 

1409 

6359 

b 

595 

680 

3232 

2807 

2862 

6277 

K .  L .  Swinth  PNL 

C 

G .  I .  Gleason  ORAU 

C.  F .  Masters LASL 

F. B .  Simpson ANC 

R. W .  Hoff LLL 

e 
H .  B e r g e r  ANL 

N .  D .  Wogman PNL 

J. P .  Balagna  LASL 

R .  R. Fullwood LASL 

R. W .  Hoff LLL 

H .  0 .  Menlove LASL 

D .  C .  S t e w a r t  ANL 

F .  B .  Simpson ANC 

When p r o c e s s e d  on  12-08-75 

L .  W .  Dahlke Sandia-Livermore  

F. B .  Simpson ANC 

J. E .  Bigelow ORNL-TRU 

J. E .  Powel l  Sandia-NM 

F. C r o s s  PNL 

J. E .  Bigelow ORNL-TRU 

J. E .  Rushton  ORNL 

F .  J. Muckentha ler  ORNL 

H.  0 .  Menlove LASL 

L. C .  Nelson, Jr. N e w  Brunswick 

E .  E .  Hicks  Rocky F l a t s  

S .  G .  Snow Y-12 

e 

J. L .  White HEDL 

When p r o c e s s e d  on 12-08-75 

When p r o c e s s e d  on 12-08-75 

W .  G .  S p e a r  HEDL 

e 

F. B .  Simpson ANC 

R. W.  P e r k i n s  PNL 

H .  0.  Menlove LASL 

V .  S p i e g e l  NBS 

e 

C .  J. E m e r t  BAPL 

C .  J. E m e r t  BAPL 

C .  J. E m e r t  BAPL 

F .  B .  Simpson ANC 



10 

Table 4.1. (continued) 

252cf 
Content a t  C o n t e n t  as of 1 2 / 3 1 / 7 5  

Date of c a l i b r a t i o n  25ZCf 2 4 8 ~ m  On l o a n  t o :  
S o u r c e  c a l i b r a t i o n  (LIP) ( P d  ( P P )  I n d i v i d u a l  S i t e  

NSD-45 

NSD-46 

NSD-47 

NSD-48 

NSD-49 

NS-50 

NSD-51 

NSD-52 

NSD-53 

NS-54 

NSD-55 

NSD-56 

NSD-57 

NZD-58 

NS-59 

NSD-60 

NSD-61 

NSS-62 

NSD-63 

NSD-64 

NS-65 

NSD-66 

NSD-73 

NSD-74 

NS-75 

NSD-76 

NSD-77 

NSD-78 

NS-79 

NSD-80 

NSD-81 
NS-86 

NSD-89 

NZS-90 

NSD-91 

SR-Cf-167g 

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 

3-27-73 

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 
11-17-75 

4-2 3- 7 5 

1-16-75 

9-26-75 

5-26-71 

1776 

629 

200 

194 

1 9 9  

1 3 8  

365 

280 

1 0 5 1  

3187 

4 

1 2 1  

973 

11003 

5 3  

20 

5225 

3755 

847 

1 9 3  

114 

3449 

13545 

4416 

1919 

434 

433 

429 

1650 

5966 

6364 
2620 

12687 

0.87 

1 5  

3975 

565 

2 39 

62 

60 

62 

44 

1 2 3  

90 

3 5 1  

1 4 7 3  

2 

46 

368 

4254 

2 1  

8 

2415 

1 8 2 1  

322 

102 

60 

1 8 3 3  

7410 

2416 

1065 

270 

269 

267 

1 1 9 1  

3947 

4210 
2539 

10589 

<1 

1 4  

1 1 9 1  

1155 

372 

132 

1 2 8  

1 3 1  

90 

231  

1 8 1  

667 

1634 

b 

72 

577 

6436 

b 

b 

2680 

1844 

5 0 1  

87 

52 

1 5 4 1  

5850 

1907 

814 

156 

156 

1 5 5  

438 

1925 

2054 
78 

2000 

b 

b 

2655 

K .  L .  Swinth  

H .  0 .  Menlove 

P. L .  Johnson 

J. E .  Rushton  

f 

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

e 

E .  D .  C l a y t o n  

L. J. Esch 

V .  S p i e g e l  

L .  J. Esch 

L.  J. Esch 

e 

F. B .  Simpson 

G .  E.  Hanson 

F. F. Haywood 

L. J. Esch 

J. E. Bigelow 

H .  0. Menlove 

H .  0. Menlove 

L. Green  

J. E. P o w e l l  

G .  I. Gleason  

G.  I. Gleason  

R. J. Kloepping  

P. L.  J o h n s o n  

P .  L .  J o h n s o n  

P .  L. Johnson 

V .  S p i e g e l  

C.  J. E m e r t  

C.  J. E m e r t  
v .  S p i e g e l  

J. E .  P o w e l l  

J. R .  Smi th  

f 

e 

PNL 

LASL 

Mound 

ORNL 

ANL-NRTS 

PNL 

KAPL 

NBS 

KAPL 

KAPL 

ANC 

IASL 

ORNL-DOSAR 

KAPL 

ORNL-TRU 

LASL 

LASL 

BAPL 

Sandia-NM 

ORAU 

ORAU 
LLL 

Mound 

Mound 

Mound 

NBS 

BAPL 

BAPL 
NBS 

Sandia-NM 

ANC 

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

b T h i s  s o u r c e  is  n o t  s u i t a b l e  f o r  r e c o v e r y  of  248Cm. 

‘This s o u r c e  b e i n g  h e l d  f o r  u s e  a t  ANL. 

d T h i s  s o u r c e  is e n c a p s u l a t e d  i n  Type 405 s t a i n l e s s  s teel .  

e T h i s  s o u r c e  is h e l d  a t  ORNL and i s  a v a i l a b l e  f o r  r e i s s u e .  

f T h i s  s o u r c e  b e i n g  h e l d  f o r  u s e  a t  KAPL. 

g T h i s  s o u r c e  w a s  f a b r i c a t e d  a t  TRU i n  s t a n d a r d  Savannah R i v e r  SR-Cf-100 series h a r d w a r e  
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4.2 Sources Returned 

An inc reas ing  number of neut ron  sources  are being r e tu rned  when t h e  

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

sources  are ordered  t o  make up f o r  decay of t h e  252Cf. The re turned  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  reprocess ing  

t o  recover  t h e  ingrown 248Cm. 

of 252Cf are now i n  t h i s  ca tegory  and are so des igna ted  i n  Table  4.1.  
a d d i t i o n a l  t h r e e  sources  have been reloaned bu t  have no t  y e t  been shipped.  

Source NSD-40 w a s  r e tu rned  t o  TRU during t h i s  per iod  and i s  a v a i l a b l e  f o r  

r e i s s u e .  

Seven sources  t h a t  con ta in  from 37 t o  1 1 9 1  pg 

An 

4 .3  Sources Reprocessed 

Many sources  now con ta in  s i g n i f i c a n t  amounts of 248Cm, as noted i n  

Table 4.1.  When no f u r t h e r  u se  can b e  fo re seen  f o r  t h e s e  sources ,  they  

w i l l  b e  d i s so lved  and chemical ly  processed t o  i s o l a t e  and recover  t h e  elements .  

Three sources ,  NSD-16, NZD-32, and NZD-33, were processed dur ing  t h i s  r e p o r t  

per iod .  

5.  SPECLAL PROJECTS 

The primary func t ions  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  i r-  

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

and p u r i f y  t ransuranium elements f o r  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  

purposes such as nonrout ine  product ion,  s p e c i a l  p repa ra t ions ,  and s p e c i a l  

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

assist a r e sea rch  program a t  ORNL o r  another  s i t e .  The fol lowing s p e c i a l  

p r o j e c t  w a s  undertaken dur ing  t h e  c u r r e n t  r e p o r t  per iod .  

6 

5.1 I r r a d i a t i o n  of 248Cm 

A small p o r t i o n  of high-puri ty  248Cm was s e l e c t e d  f o r  a s e r i e s  of t es t  

i r r a d i a t i o n s  t o  s tudy  t h e  product ion of 250Cm. For t h i s  purpose,  a 
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p a r t i c u l a r  ba t ch  of high-puri ty  248Cm on hand i s  e s p e c i a l l y  va luab le  because 

t h e  i n i t i a l  concen t r a t ion  of 250Cm can be  determined by c a l c u l a t i o n  from t h e  

pa ren t  ca l i fo rn ium sample and t h e  known decay per iod .  

c e n t r a t i o n  of 250Cm i s  1.47 ppm. 

of mass spectrometer  measurement (which i s  est imated t o  be  3 ppm) bu t  i s  h igh  

enough t o  a f f e c t  t h e  ca l cu la t ed  va lue  f o r  the 250Cm c r o s s  s e c t i o n  which i s  t o  

b e  determined from t h e  r e s u l t s  of t h i s  experiment.  

The c a l c u l a t e d  con- 

This  va lue  is  below t h e  l e v e l  of d e t e c t i o n  

The 248Cm w a s  loaded i n t o  e i g h t  p e l l e t s ,  each conta in ing  approximately 

100 vg, by means of a procedure t h a t  i s  similar t o  t h a t  used f o r  prepar ing  

249Bk p e l l e t s  f o r  i r r a d i a t i ~ n . ~  Two s p e c i a l  HFIR t a r g e t s  (T-79 and T-80), 

each con ta in ing  two of t h e  248Cm p e l l e t s ,  were f a b r i c a t e d .  

one p e l l e t  w a s  l o c a t e d  a t  a p o s i t i o n  corresponding t o  t h e  r e a c t o r  mid-plane; 

t h e  o t h e r  w a s  s i t u a t e d  about  e i g h t  inches  lower,  corresponding t o  a r eg ion  

of t h e  r e a c t o r  i n  which t h e  f l u x  i s  about  one-half t h a t  of t h e  mid-plane. 

The f i r s t  t a r g e t  w i l l  b e  i r r a d i a t e d  f o r  one r e a c t o r  c y c l e  and t h e  second f o r  

two. A f t e r  i r r a d i a t i o n ,  t h e  p e l l e t s  w i l l  be d isso lved  and processed t o  

measure t h e  amount of 250Cm produced. 

I n  each case, 

Two o t h e r  HFIR t a r g e t s  (T-81 and T-82) were a l s o  f a b r i c a t e d  as p a r t  of 

t h i s  experiment.  

p o s i t i o n  corresponding t o  t h e  r e a c t o r  mid-plane, and t h e  remaining space  

w a s  f i l l e d  wi th  s tandard  curium pe l le t s .  These t w o  targets w i l l  be  i r r a d i a t e d  

f o r  about  f o u r  t o  e i g h t  r e a c t o r  c y c l e s  ( t h e  exac t  t i m e  w i l l  be  determined 

af ter  examining r e s u l t s  from t h e  i r r a d i a t i o n  of T-79 and T-80). 

Each of  t h e s e  t a r g e t s  contained one 248Cm p e l l e t  a t  a 

The two remaining 248Cm p e l l e t s  w e r e  s t o r e d  and w i l l  b e  used f o r  pos- 

s i b l e  supplemental  t e s t i n g .  
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7.  APPENDIX 

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

transplutonium 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 .  

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

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

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

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

Nuclear Data P r o j e c t  a t  O W L  has  i s sued  r ev i sed  and updated Nuclear Data 

Sheets  8-14 which cover t h e  mass r eg ion  of i n t e r e s t  (A>237), and which are 
considered t h e  d e f i n i t i v e  source of a l l  types of nuc lea r  d a t a  r e l a t i n g  t o  

decay modes, h a l f - l i v e s ,  e t c .  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  cont inue t o  

pub l i sh  them wi th  each i s s u e .  It is  our  expec ta t ion  t h a t , a s  t i m e  pe rmi t s ,  

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

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

Sometimes, by v i r t u e  of 

I n  more 

7 . 1  Decay Data 

Table A-1 i s  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 b e  produced by neutron 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  

w e r e  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  wi th  t h e  v a l u e  

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

referenced work. 

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

However, we  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  Half-Life Neut Tons 
Nuclide Tota l  Half-Life f o r  a Decay Branching Ratios f o r  Spontaneous Fission p e r  F iss ion  k f e r e n c e s b  

2.0Od 60Br12, 610r04 
5OFi53 
59C093 
6OLe03 
48Hy61 
60Le03 
60Le03 

61Dr04, 68Jo15, 56Hi01 
S2Se67. 59Ma26 
SlInO3, 62Wa13, 68Bo54 
68Ca19, 60Brl5 
63Ma50. 69Be06, h8Bo54 
680i09 
66Fi07. 69Be06 
5 6 8 ~ 9 2  
56Ho23 

610r04, 670e01 
53Ke38 
590a21C 
680r22 
62Va08 
54Ga24 
5 6 6 ~ 9 2  
55En16 
670r02 
6 7 0 ~ 0 2  

51Ha87. 57Pe52, 56Hi01 
57As70 
65Me02. 68Be26. 56Hi01 
69Me0 1 
69Me01, 71Mc19 
71Fi01 
71Mc19 
5 8 8 ~ 0 6  
66RG01 

237Np 
2 3 8 ~ ~  
239Np 

P 2 4 0 ~  
2 4 m ~ ~  
241Np 
241mNp 

238Pu 
239Pu 
24OPu 
241Pu 
242Pu 
243Pu 
244Pu 
245Pu 
246Pu 

241- 
242- 

242mh 
243- 
244- 
244m- 
245- 

246- 
246mA, 
247- 

242~. 
243~. 
244cin 
245~. 
246~. 
247cm 
248cm 
249~. 
250cm 

(2.14 I 0.01) x lo6 y .lo18 y 

2.10 ? 0.01 d 
2.359 ? 0.010 d 

6 3 ! 2 m  
7 .3  ? 0.3  m 

16 m 
3.4 h 

87.404 0.041 y (5 ! 0.6) x 1010 y 
5.5 1015 

(1.340 ! 0.015) x 10l1 y 

2.33 ? 0.08 

2.24d 
2.177 + 0.009 

(2.4413 1 0.003) x lo4 y 

6580 1 40 y 

(3.869 1 0.016) x lo5 y 
(5.72 : 0.1) 105 14.98 ! 0.33 y 

(7.45 ? 0.17) x l o l o  y 

(6.55 ? 0.32) x l o l o  y 

2.166 ? 0.004 

4.955 0.003 h 
(8.28 : 0.10) lo7  2 .  84d 

10.6 t 0.4 h 

10.85 1 0.02 d 

( 2 . 3  I 0.8)  1014 2. 4Sd 432.7 I 0.7 y 
16.01 ? 0.02 h 
144 ? 7 y 

EC/B = 0.19 
(2.92 : 0.15) 104 
7370 ! 40 y 

10.1 ? 0.1  h 

26 in 
2.07 ! 0.02 h 

25.0 ! 0.2 m 

4 0 + 7 m  
2 4 :  3 m  

162.7 ! 0 . 1  d 7.2 x IO6 y 2.65 ? 0.09 

2.84 I 0.09 

3.  OBd 

3.32d 

3.56d 

32 Y 
o/SF (7 .43  I O . 0 1 )  x lo5 

a/SF = 3822 10 

18.099 r 0.015 y 
8265 ! 180 y 
4655 ? 40 y 

(3.703 ! 0.032) x lo5 y 

(1.56 : 0.05) 1 0 ~ ~  
(4.115 ? 0.034) x lo6 y 

(1.74 ? 0.24) x lo4 y 
6 4 ? 3 n  



Table A-1. (continued) 

P a r t i a l  Half-Life P a r t i a l  Half-Life Neutrons 
Nuclide Tota l  Half-Life f o r  a Oecav Branchinn Ratios f o r  Spontaneous F iss ion  per F iss ion  Referencesb 

2498h 

250Bk 
251Bh 

249Cf 
250Cf 
251Cf 
25ZCf 

254Cf 
255Cf 

253ts 
254ts 

253,.f 

254rnts 

255Es 

256ts 

254Frn 
25SF, 

2s6Fm 

257Frn 

258Frn 

314 t 8 d 
3.222 ? 0.005 h 
57 ? 1.7 rn 

2.646 t 0.004 y 
17.812 ? 0.082 d 
60.5 ? 0.2 d 
1 .5  1 0 . 5  h 

20.467 ? 0.024 d 

276 d 
39.3 ? 0.2  h 

39.8 ! 1.2 d 

2 5 ? 3 m  

3.24 I 0.01 h 
20.07 ? 0.07 h 
2.62 ? 0.03 h 
94 1 10 d 
380 60 u s  

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

a/6 = (1.45 ? 0.08) x 10.’ (1.87 ? 0.09) x l o9  )’ 

a/SF = (1.992 ? 0.040) x lo8 

a/SF = 1260 ? 40 

a/SF = 31.3 ! 0.2 
a/B = (3.1 ? 0.4) x 

a/SF = (3.10 ? 0.16) X 

a/SF = (1.15 ? 0.03) X lo7  
>2.5 107 

B/a = 382 ! 30 
E . C . / B  = 0.00078 0.00006 
a/B = 0,0866 ? 0.0043 
B/SF = (2.22 : 0.10) x lo4 

a/SF = 1695 ? 8 
SF/a I (2.4 ? 1.1) X 

.*IO091 SF 

.*lo01 SF 

3.72 0.16 

3.44d 
3.56d 

3.796 ! 0.031 

3.90 ! 0.14 

4.16d 

4.05 ? 0.19 
4 .  16d 
4.27d 

57Ea01, 69Mi08, 64Py02 
59Va02 
66RG04 

69Me01. 69Mi08 
63Ph01, 69Me01 
69MeU1 
65Me02. 68wh04 
690r02. 66RGOl 
63Ph01, 64Py02. 68Be21 
70L019 

65MeO2, 690r02 
67Fi03, 67Un01 
62Un01, 63Ph01 

66RG01, 67Fi03 

68Loll 

561009, 67Fi03, 56Ch83 
63PhO1, 64As01 
68Ho13 
66RG01 
71Hu03 

a lhe  h a l f - l i f e  values used i n  t h i s  t a b l e  were being used a t  TRU a t  t h e  end of t h e  repor t  period. 
bReferences a r e  decoded in Table A-2. 
‘Published values a r e  adjusted f o r  241A, h a l f - l i f e  of 432.7 y. 
dValue estimated by l inear  in te rpola t ion  of the  values for  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  is  t h a t  used i n  t h e  Nuclear Data Sheets .  Table A-3 l ists  

derived d a t a ,  such as s p e c i f i c  act ivi t ies ,  a long wi th  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 neutron 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. This  t a b l e  shows s i x  param- 

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  t h e  thermal-neutron 

and t h e  t h i r d  i s  t h e  neutron c a p t u r e  resonance cap tu re  c r o s s  s e c t i o n ,  u 
i n t e g r a l ,  R I .  The second parameter,  C ,  i s  a 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 -  

C 
2200’ 

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 ,  uc would be : e f f ’  

RI 

U e f f  C = ‘2200 C 
+ -  +,,,, ‘res m ,  

where N i s  t h e  number of grams of t he  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 i s  t h e  average f l u x  pe 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 ‘2200 
r e a c t i o n  rate w i t h  a l / v  absorber  as would t h e  a c t u a l  r e a c t o r  f l u x .  I n  t h e  

ranges from 0.042 t o  0.051. The e f f e c t i v e  c r o s s  HFIR,  t h e  r a t i o  41 
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  las t  

t h r e e  parameters.  

res”2200 

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

by one can compute o v e r a l l  t ransmutat ion e f f e c t s  

cons t an 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 pu re  i s o t o p e s  

w i l l  agree;  however, w e  w i l l  no t  a l low t h e  p o s s i b i l i t y  of a discrepancy t o  

confine us .  

and as a se t  of a r b i t r a r y  

It  should b e  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 is  

used t o  s i m p l i f y  t h e  c a l c u l a t i o n  of t h e  main t ransmutat ion chain invo lv ing  
244* 244cAm were c a l c u l a t e d  from t h e  p r o p e r t i e s  of t h e  . The p r o p e r t i e s  of 



Table A-2. References for Table A-1 

Code Rrference Code Reference 

JWybl 

50F1-53 

51Ha87 

511n03 

52Se67 

5 3 k 3 8  

54Gh24 

SSEnlb 

568~92 

56Ch83 

56H101 

56Ho23 

sa009 

57As70 

57EaOl 

57Pe52 

58ta06 

59Ba21 

59Ca93 

59Ma26 

59va02 

6OBrl2 

606115 

60Lc03 

610104 

62Un01 

62VaO8 

62Wa13 

t .  k .  Hyde, M. H. Studier, and h .  M .  Manning. 
AXL-4113 (April 15, I9481 and AhL-4182 
CAugust 4, 1948). 

&I. 5. Freedman. A .  11. Jaffey. and F .  hagner, 
J r . ,  Phys. Rev. .  79, 410-411 11950). 
G .  C. Hanna, 8.  G .  Harvey, N. Moss, and P. R .  
Tunnicliffe, Phys. R e v . .  E, 466-467 (1951). 
CI .  G. Inghram, D .  C. Hess. P. R. Fields. and 
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(1953). 
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Table A-3.  (continued) 

Hazardb Specific Activity tnergies of 
Prin. Emissions 

(Neutrons a Body Burden (MeV) 
Nuclide Half - Li fe [L B (Ci/g) ( W g )  (a cpm/mgc) ( 6  dp/mg)  min-1 mg-1) (lifi) (ua) 

314 d 5.4 0.125 1.67 x lo3 0,358 2.74 x lo7 3.71 x lo1' 6.34 x lo3 9 x 10-l' 0.7 4.19 X 

57 m 1.32 lo7 2.92 x 10l6 

8.62 1015 1 0.05 1.29 io-* 3 .222  h 0.23 3.89 2.75 lo4 

352 y 5.81 4.08 0.152 4.62 lo9 156 2 x 10-l' 0.04 9.80  x 10.' 
13.08 y 6.03 109 4.06 1.23 x 10l1 6.85 x lo8 5 x 0.04 3.70 x 

900 y 1.59 5.79 1.78 lo9 2 x 0.04 2.50 x 

2.646 y 6.11 536 39.0 5.88 x loll 1.40 x 10l1 6 x 0.01 1.87 x 
17.812 d 5.98 0.27 2.90 lo4 13.89 1.02 x 10" 6.41 x 10" 8 x IO-'' 0.04 1.40 x 

60.5 d 5.84 8.49 lo3 1.06 lo4 2.89 lolo 7.35 x 1013 5 x 0.0007 R.24 x lo-' 
1.5 h 1.8 x lo6 

20.467 d 6.63 2.52 x lo4 1.01 x lo3 2.86 x 1013 1.91 lo7 0.04 1.59 

276 d 6.42 1.86 x lo3 71.9 2.11 x 1012 '5.04 lo5 2 1 0 - l ~  0.02 1.08 

25 m 2.94 lo7 

39.3 h 0.48 3.14 lo5 1.18 lo3 6.97 1014 5 0.02 6.37 x 

39.8 d 1.29 lo4 2.86 x 1013 4.92 x lo9 4 x 10-l' 0.04 3.10 x 

6.52 x 10" 

3.24 h 7.20 3.81 a lo6 1.68 x lo5 4.31 x 2.02 x 1013 6 x lo-* 0.02 5.25 X low9 
20.07 h 7.03 6.13 lo5 2.79 lo4 6.94 1.36 x lo9 1 x lo-' 0.04 6.53 x 10.' 

94 d 5.41 lo3 QOO 6.12 x 10l2 

2.62 h 4.67 x lo6 5.85 x lo6 4.43 x 10l6 2 x o.oons 1.71 x io-1o 

380 Y S  1.15 x loll 
- 

%'he values for properties included in this table are those in use at I R U  at the end of the report period. 

bFrom ICRP Publication 2 ,  "Report of Committee 11  an Permissible Dose for Internal Radiation" (1959) and ICRP Publication 6, "Recommendations of the 
International Conmission an Radiological Protection" (19641. 

'Counting geometry, 51%. 

d242A. decays by B emission (84O.l and orbital capture (16%). 

e242mAm decays almost entirely by isomerlc transition to the 16-hr ground state, 242h. 

f244mh decays primarily by B emission. but 0.039% decays by electron capture to 244Pu. 
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Table A - 4 .  Neutron 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  

Capture 
220O-mls Resonance Resonance 

Cross Section Self-shielding Integral 
Nuclide Half-Lif e (barns) Constant (barns) 

Fission 
2 2 0 0 ~ / 0  Resonance Resonance 

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

87.404 y 

2.4413 x lo4 y 

6580 y 

14.98 y 

3.669 x lo5 y 

4.955 h 

8.28 107 

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 Y 

1.56 107 

3.397 x 10s y 
64 m 

1.74 x lo4 y 

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 ua 

560 

265.7 

2 90 
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 

2 10 

0 

0 

0 

0 

2300 

0 

1128 

0 
0 

1.2 

1727 

0 

120 

0 

50 

0 

0 

3000 

0 

1690 

0 

3750 

32 

1300 

0 

0 

0 

3060 

1840 

0 

0 

0 

100 

0 

5500 

0 

0 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 

0 0 

0 0 

4.0 12.5 

2.4 1140 

0 0 

0 1060 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

5.8 2920 

0 0 

14 5400 

0 110 

0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

0 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 '**Am according to their 
relative rates of production from 243b. 
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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  real isomers; 

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

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

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

t h e  r e a c t o r  is  ope ra t ing ;  and (5) t h e  only 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 neutron absorp- 

t i o n  

(1) t h e  number of atoms 

decay from t h e  real  isomers;  

. Thus, 24 3Am and t h e  product ion of t h e  isomers by t ransmutat ion from 

(1) Nc = N + Nm , 
g 

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

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

(4) dt- d t  d t  

g g  
dN dNm 

dNc g - - - - 0 ,  and 

a 
(5) (Ai + ai$)Ni = fiu:N243 , 

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 cap tu re ;  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 ;  
6 

is  t h e  f r a c t i o n  of neutron cap tu res  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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