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SUMMARY 

This  i s  t h e  seventh r e p o r t  i n  a s e r i e s  t h a t  i s  being i s sued  semi- 
annua l ly  t o  inform t h e  heavy-element community of t h e  s t a t u s  and t h e  

f u t u r e  product ion p l a n s  of t h e  Transuranium Element Production Program 

a t  OWL. 
During t h e  pe r iod  January 1, 1971, through June 30, 1971, w e  

recovered 330 g of 244Cm, 18 mg o f  249Bk, 131 mg of 2 5 2 C f ,  and 79 pg 

of 2 5 3 E s  as p u r i f i e d  p roduc t s  from 129 r e a c t o r  s l u g s  t h a t  had been 

i r r a d i a t e d  as p a r t  o f  t h e  Cal i fornium-I  program a t  t h e  Savannah River 

P l a n t  (SRP) t o  e v a l u a t e  t h e  commercial market f o r  2 5 2 C f  and e s t a b l i s h  

an inven to ry  of 2 5 2 C f  f o r  sale.  
of 243h, 40.2 g o f  244Cm,  6 .1  mg o f  249Bk, 62 mg of 2 5 2 C f ,  379 ug of 
2 5 3 E s ,  and 9 x l o 8  atoms of 257Fm from 18 i r r a d i a t e d  H F I R  t a r g e t s .  

made 61 shipments,  which contained t h e  fol lowing t o t a l  amounts of 

n u c l i d e s :  
248Cm, 18.44 mg of 249Bk, 250 pg of i s o t o p i c a l l y  pu re  2 4 9 C f ,  174.2 mg 

of 252Cf i n  a mixture  of ca l i fo rn ium i s o t o p e s ,  330 pg of 2 5 3 E s  i n  a 
mixture  of e ins t e in ium i s o t o p e s ,  20.5 pg o f  i s o t o p i c a l l y  pure 2 5 3 E s ,  

and 8 x l o 8  atoms o f  257Fm. 

We a l s o  recovered 9.9 g o f  242Pu, 4 g 

We 

1 . 2  g of 244Pu, 2.84 g o f  243h, 2 . 1  g of 244Cm,  1 . 4 2  mg o f  

P r e d i c t i o n s  of p rocess ing  f o r  t h e  nex t  18 months are somewhat 

u n c e r t a i n  f o r  two r easons .  F i r s t ,  we do n o t  know how many SRP r e a c t o r  

tubes we w i l l  be  asked t o  p rocess .  A t  p r e s e n t ,  we expect  t o  p rocess  9 

du r ing  t h e  pe r iod  J u l y  through December 1971 and have t e n t a t i v e  p l a n s  t o  

p rocess  11 e a r l y  i n  1972. Second, we a r e  a n t i c i p a t i n g  approval o f  a 

proposal  t o  i r r a d i a t e  200 g of curium from t h e  Californium-I program. 
This  would r e s u l t  i n  t h e  product ion o f  an a d d i t i o n a l  25 mg of 249Bk, 

1380 pg of 2 5 3 E s ,  3.8 x l o 9  atoms o f  257Fm, and 260 mg of 2 5 2 C f .  

maximum amounts o f  t ransuranium elements t h a t  would be produced du r ing  

t h i s  pe r iod  are as fol lows:  

2 5 3 E s ,  and 6.4 x l o 9  atoms of 257Fm. 

The 

85 mg of 249Bk,  970 mg of 2 5 2 C f ,  2.4 mg o f  

The p rocesses  and equipment used f o r  t h e  SRP r e a c t o r  s l u g s  were 

g e n e r a l l y  t h e  same as those  used t o  p rocess  HFIR t a r g e t s .  The curium 

p roduc t s  m e t  a l l  o f  t h e  Savannah River  Laboratory s p e c i f i c a t i o n s ;  t h e  
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t ranscurium p roduc t s  were of u sua l  TRU q u a l i t y .  However, we were 
unable  t o  e s t a b l i s h  s a t i s f a c t o r y  o p e r a t i o n  o f  t h e  continuous Tramex 

s o l v e n t  e x t r a c t i o n  equipment and had t o  u s e  ba t ch  Tramex e x t r a c t i o n s .  

Also, we experienced c a t a s t r o p h i c  p i t t i n g - t y p e  c o r r o s i o n  of a vacuum 
t r a n s f e r  system as t h e  r e s u l t  o f  i t s  c o n t a c t  w i th  HC1 d i s s o l v e r  

s o l u t i o n s .  We switched t o  HNO3 d i s s o l u t i o n s  t o  minimize t h i s  problem. 

T e s t s  were made u s i n g  p ro to types  o f  t h e  s t anda rd  TRU neutron 

source c a p s u l e s ,  and t h e  r e s u l t s  were forwarded t o  t h e  AEC Div i s ion  of 

M a t e r i a l s  Licensing f o r  c a t a l o g i n g .  

f a b r i c a t e d  du r ing  t h i s  pe r iod ;  t h i s  b r i n g s  t h e  t o t a l  f a b r i c a t e d  t o  d a t e  

t o  30. 

ages by means of  f a s t - n e u t r o n  count ing has been i n s t a l l e d  i n  t h e  
sou rce  and t a r g e t  decontamination f a c i l i t y .  

tests showed t h e  system t o  be e x c e l l e n t  ( r ep roduc ib le  w i t h i n  k 1%) f o r  

comparing sources  and sh ipp ing  packages with a s t anda rd  source  t h a t  i s  
assayed w i t h i n  t h e  same t e s t  pe r iod .  

253Es  were f a b r i c a t e d ,  i r r a d i a t e d ,  and d e l i v e r e d  t o  H.  Diamond a t  ANL 

f o r  u s e  i n  s tudy ing  t h e  ene rgy- l eve l  s t r u c t u r e  of 250Bk, a decay product  
of 2 5 4 E s .  

f o r  use i n  Mgssbauer s t u d i e s .  

Seven neutron sources  were 

Equipment f o r  assaying ca l i fo rn ium sources  and sh ipp ing  pack- 

R e s u l t s  of comprehensive 

I n  s p e c i a l  p r o j e c t s ,  two r a b b i t s  con ta in ing  i s o t o p i c a l l y  pu re  

Also,  a gamma-ray source was f a b r i c a t e d  from 1 g of 242Pu 

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 r o s s - s e c t i o n  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  p roduc t s  are 
t a b u l a t e d  i n  t h e  Appendix. 
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1. INTRODUCTION 

Th i s  i s  t h e  seventh r e p o r t  i n  a series t h a t  i s  being i s sued  semi- 
annua l ly  t o  inform t h e  heavy-element community o f  t h e  s t a t u s  and t h e  

f u t u r e  product ion p l a n s  of t h e  Transuranium Element Production Program 

a t  ORNL. 

w i l l  enable  u s e r s  o f  t h e  products  t o  o b t a i n  maximum s e r v i c e  from t h e  

product ion f a c i l i t i e s  a t  ORNL. 

d e f i n i t e l y  e s t a b l i s h e d  only f o r  t h e  s h o r t  term; long-range p l a n s  can 

be (and a r e )  markedly in f luenced  by feedback from r e s e a r c h e r s  and o t h e r  

u s e r s  o f  t ransuranium elements.  

The o b j e c t i v e  o f  t h e s e  r e p o r t s  i s  t o  provide information t h a t  

Product ion p l a n s  and schedules  are  

TRU ope ra t ions  du r ing  t h e  r e p o r t  pe r iod  a r e  summarized. Q u a n t i t i e s  
of m a t e r i a l s  t h a t  were recovered and shipped are s p e c i f i e d ,  and proposed 

p rocess ing  schedules  and a n t i c i p a t e d  y i e l d s  of v a r i o u s  products  a r e  

p r e s e n t e d .  S p e c i a l  p rocess ing ,  f a b r i c a t i o n ,  and i r r a d i a t i o n  programs 

are desc r ibed .  The o r i g i n a l  and c u r r e n t  c o n t e n t s  of a l l  neutron sources  
t h a t  have been made a t  TRU, as wel l  as t h e  i n d i v i d u a l s  t o  whom t h e s e  

sou rces  have been loaned, a r e  t a b u l a t e d .  Values of 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  o f  product ion r a t e s  

f o r  t ransuranium elements,  along with a l i s t i n g  o f  t h e  parameters which 

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

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

Previous r e p o r t s  i n  t h i s  series are: 
1. For p e r i o d  ending June 30, 1968 -0RNL-4376. 

2 .  For pe r iod  ending December 31, 1968 - ORNL-4428. 
3 .  For pe r iod  ending June 30, 1969 - ORNL-4447. 
4. For p e r i o d  ending December 31, 1969 - ORNL-4540. 

5 .  For pe r iod  ending June 30, 1970 - ORNL-4588. 

6.  For p e r i o d  ending December 31, 1970 - ORNL-4666. 

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 
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times. 
m a t e r i a l  ba l ances  f o r  t h e  i s o t o p i c  mixtures  normally handled i n  TRU. 

Thus w e  u s u a l l y  t r a c e  curium by t h e  i s o t o p e  244Cm.  

i n s t a n c e s ,  2 4 2 ~ u ,  243Am, 249Bk, 2 5 2 C f ,  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.  

we are d i s c u s s i n g  mixtures  of i s o t o p e s  when we do n o t  s t i p u l a t e  " i so -  

t o p i c a l l y  pu re .  

We have s e l e c t e d  one i s o t o p e  o f  each element t o  u s e  i n  making 

Except i n  s p e c i a l  

Throughout t h i s  r e p o r t  s e c t i o n ,  

2 . 1  Processing Summary 

We recovered 330 g o f  244Cm,  18 mg of 249Bk,  131 mg of 2 5 2 C f ,  and 

79 pg of 2 5 3 E s  as p u r i f i e d  p roduc t s  from 129 r e a c t o r  s l u g s  t h a t  had 

been i r r a d i a t e d  as p a r t  o f  t h e  Cal i fornium-I  program a t  t h e  Savannah 

River  P l a n t  (SRP) t o  e v a l u a t e  t h e  commercial market f o r  2 5 2 C f  and t o  
e s t a b l i s h  an inven to ry  of m a t e r i a l  f o r  sale.  
242Pu, 4 g o f  243Am, 40.2 g o f  244Cm, 6 . 1  mg o f  249Bk, 62 mg o f  2 5 2 C f ,  

379 pg of 2 5 3 E s ,  and 9 x l o 8  atoms of 257Fm from 18 i r r a d i a t e d  H F I R  t a r g e t s .  

We a l s o  recovered 9 .9  g of 

Sixty-one shipments (Table 2.1) t h a t  were made from TRU du r ing  t h i s  
p e r i o d  contained t h e  fo l lowing  amounts of n u c l i d e s :  

(2) 2.84 g of 243Am; (3) 2 . 1  g of 244Cm;  (4) 1.42 mg of 248Cm ( i n  

p roduc t s  c o n t a i n i n g  97% 248Cm); (5) 18.44 mg of 249Bk; (6) 250 ug o f  
i s o t o p i c a l l y  pu re  2 4 9 C f  t h a t  had been "milked" from 249Bk; (7) 174.2 mg 

of 252Cf i n  a mixture  of ca l i fo rn ium i s o t o p e s  (159.5 mg of t h i s  2 5 2 C f  

was included i n  shipments of Cal i fornium-I  material t o  SRP); (8) 330.1 pg 
of 253E.5; (9) 20.5 pg of i s o t o p i c a l l y  pu re  2 5 3 E s ;  and (10) 8 x l o 8  atoms 
o f  257Fm. 

(1) 1 . 2  g o f  242Pu; 

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

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

du r ing  t h e  nex t  few y e a r s  w i l l  depend upon: 

r e s e a r c h e r s  f o r  v a r i o u s  i s o t o p e s ,  (2) 

Production D i v i s i o n ' s  market e v a l u a t i o n  and sales programs, and (3) t h e  

c a p a b i l i t i e s  a t  TRU t o  produce t h e  r e q u i r e d  materials. We showed i n  t h e  

p rev ious  r e p o r t  i n  t h i s  series1 t h a t ,  by 1975, t h e  TRU-HFIR complex could 

maintain a s t e a d y - s t a t e  product ion r a t e  of 1 . 2  g o f  2 5 2 C f  p e r  y e a r  by 

(1) t h e  needs of 

t h e  needs f o r  2 5 2 C f  i n  t h e  

. 
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Major Nuclide 

Table 2.1. Distribution of Heavy Elements from 
the Transuranium Processing Plant 

During the Period January 1 -June 30, 1971 

TRU File Shipped To 
Date No. Individual Site 

Plutonium-242, g 
1.168 (GS-3) 
0.0027 

1.1707 

Americium-243, g 
0.53 
0.11 
2.20 

2.84 
- 

5-18-71 447 P. G. Huray ORNL-TRL 
6- 30- 7 1 435 F. Asaro LRL-B 

2-01-71 365 Isotopes Sales ORNL 
2-02-71 364 J. A. Harris LRL-B 
6-30-71 453 R. D. Baybarz ORNL-CTD 

Curium-244, g 
0.074 (isotopically enriched) 1-27-71 366 Target Fabrication ORNL 
2.0 2-26-71 368 F. J. Zelley PNL 
0.026 4-07-71 388 M. M. Abraham ORNL-TRL 

2.100 
- 

Curium-248 (97%), mg 
0.22 
1.2 
1.42 
- 

Berkelium-249, mg 

3.0 
2.0 
4.5 
2.0 
2.0 
0.2 
0.5 
0.008 
3.06 
0.105 
0.017 
1.05 
18.44 

Californium-249 
(isotopically pure), plg 

250 

250 
- 

1-18-71 389 C. E. Bemis ORNL-TRL 
6-30-71 403 T. D. Chikalla PNL 

1-14-71 
1-14-71 
1-14-71 
3-15-71 
3-15-71 
3-17-71 
6-08-71 
6-14-71 
6-15-71 
6-15-71 
6-15-71 
6-15-71 

359 
360 
353 
354 
355 
353 
448 
406 
407 
408 
409 
410 

P. R. Fields 
R. W .  Hoff 
0. L. Keller 
M. L. Hyder 
R. A. Penneman 
R. D. Baybarz 
R. D. Baybarz 
Research Pool 
R. K. Sjoblom 
M. L. Hyder 
F. J. Zelley 
J. A. Harris 

ANL 
LRL- L 
OWL-TRL 
SRL 
LASL 
ORNL-CTD 
ORNL-CTD 
ORNL 
ANL 
SRL 
PNL 
LRL-B 

2-12-71 36 1 D. R. Atherton Univ. of Utah 
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Table 2.1 (continued) 

Major Nuclide 
TRU File Shipped To 

Date No. Individual Site 

23.39 
26.88 
2.43 (NSD-27) 
0.017 
0.0037 
0.014 (NSD-26Ia 

0.024 
22.02 

22.25 
0.011 (NSD-28) 
0.201 
4.87 (NSD-13) 
0.014 (NSD-26)a 
2.17 (NS-36) 

0.857 (NSD-30) 
0.01 
0.025 
3.80 (SR-Cf-167) 

0.10 (NSD-38) 

32.8 

32.17 

0.165 

174. 2077a 

Einsteinium-253, I . I ~  

16.6 
20.8 
5.2 
5.2 

100 
70 
50 
10 
52.3 
330.1 

Einsteinium-253 
(isotopically pure) , pg 

18 
1 
0.8 (irradiated) 
0.7 (irradiated) - 
20.5 

1-13-71 
1-22-71 
1-29-71 
2-05-71 
2-12-71 
2-18-71 
2-19-71 
2-26-71 
3-10-71 
3-19-71 
3-19-71 
3-24-71 
3-24-71 
3-24-71 
4-01-71 
4-07-71 
5-20-71 
5-28-71 
6-10-71 
6-14-71 
6-16-71 
6-30-71 

2-19-71 
3-31-71 
3-31-71 
3-31-71 
6-22-71 
6-22-71 
6-22-71 
6-22-71 
6-28-71 

356 
363 
358 
449 
362 
335 
369 
372 
38 1 
370 
37 1 
295 
295 
383 
385 
376 
433 
293 
390 
392 
394 
437 

377 
378 
379 
386 
424 
425 
426 
428 
427 

A. R. Boulogne 
A. R. Boulogne 
J. E. Powell 
Isotopes Sales 
D. R. Atherton 
J. R. Engel 
A. R. Boulogne 
F. J. Zelley 
A. R. Boulogne 
E. E. Hicks 
R. K. Sjoblom 
H. 0. Menlove 
H. 0. Menlove 
F. B. Simpson 
A. R. Boulogne 
E. B. Darden 
Isotopes Sales 
C. E. Bemis 
H. W. Dickson 
A. R. Boulogne 
H. 0. Menlove 
R. K. Sjoblom 

P. R. Fields 
D. C. Hoffman 
R. D. Baybarz 
P. R. Fields 
R. W. Hoff 
H. Diamond 
M .  L. Hyder 
F. J. Zelley 
R. D. Baybarz 

1-08-7 1 357 R. W. Hoff 
1-08- 7 1 367 R. G. Haire 
4-21-71 39 1 H. Diamond 
5-24-71 432 H. Diamond 

SRL 
SRL 
Sandia-NM 
ORNL 
Univ. of Utah 
ORNL-React or 
SRL 
PNL 
SRL 
Rocky Flats 
ANL 
LASL 
LASL 
INC 
SRL 
ORNL-Biology 
ORNL 
ORNL-TRL 
ORAU 
SRL 
LASL 
ANL 

ANL 
LASL 
ORNL-CTD 
ANL 
LRL-L 
ANL 
SRL 
PNL 
ORNL-CTD 

LRL-L 
ORNL-CTD 
ANL 
ANL 
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Table 2.1 (continued) 

TRU File Shipped To 
Major Nuclide Date No. Individual Site 

Fermium-257, atoms 

$3 x 108 
$3 x 108 
$2 x 108 
%8 x lo8 

2-19-71 380 R. W. Hoff LRL-L 
3-29-71 387 R. W. Hoff LRL-L 
4-29-71 393 M. L. Hyder SRL 

aSource NSD-26 was shipped to two users during this period. Its californium content was 
included only once in the total. 
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i r r a d i a t i n g  t h e  curium from t h e  Cal i fornium-I  program (based on an 
e s t ima ted  i s o t o p i c  con ten t  of 24% 246Cm and 1% 248Cm) o r  could produce 

about 0.5 g p e r  y e a r  by i r r a d i a t i n g  Curium-I1 curium (95% 244Cm). The 
amounts o f  249Bk and 2 5 3 E ~  produced would be about 10% and 0 .5%,  

r e s p e c t i v e l y ,  of t h e  amounts of 2 5 2 C f .  

elements i s  t h e  SRP Pu-A1 tubes ,  each o f  which con ta ins  about 20 g o f  

244Cm,  2 mg o f  249Bk, and 25 mg o f  2 5 2 C f ,  b u t  l i t t l e  2 5 3 E s  o r  257Fm. 

Another sou rce  of t ransuranium 

Assuming t h a t  we con t inue ,  on a schedule  similar t o  t h a t  used i n  

r e c e n t  r e p o r t  p e r i o d s ,  t o  p rocess  SRP m a t e r i a l s  ( s lugs  and tubes )  f o r  

t h e  Cal i fornium-I  program and i r r a d i a t e  and p rocess  TRU m a t e r i a l s  (supple- 
mented by Curium-I1 curium) i n  o r d e r  t o  p rov ide  p roduc t s  f o r  r e s e a r c h e r s ,  

we would expect t o  produce about 200 mg of 252Cf, 20 mg of 249Bk, and 

1000 pg o f  2 5 3 E s  f o r  r e sea rch  use du r ing  t h e  next 18 months by p rocess ing  

i r r a d i a t e d  TRU-HFIR t a r g e t s .  

would y i e l d  a maximum of 510 mg of 2 5 2 C f  f o r  t h e  Cal i fornium-I  program, 

plus. 625 g o f  curium (246Cm content  i s  p r o j e c t e d  t o  be 31%) and an 

a d d i t i o n a l  40 mg of 249Bk. 

been approved, t o  i n c r e a s e  t h e  amount of m a t e r i a l s  a v a i l a b l e  t o  both t h e  

Research and Product ion Div i s ions  during t h e  nex t  18 months by f a b r i c a t i n g  
t a r g e t s  from 200 g of Californium-I curium. 

Research Div i s ion  wi th  an a d d i t i o n a l  25 mg of 249Bk,  1380 pg of 2 5 3 E s ,  

and 3.8 x l o 9  atoms of 257Fm, and would a l s o  p rov ide  an a d d i t i o n a l  260 mg 
of 2 5 2 C f .  

proposed campaigns f o r  p rocess ing  (1) e x i s t i n g  TRU-HFIR t a r g e t s ,  

(2) t a r g e t s  made from 200 g of Cal i fornium-I  curium, and (3) 20 SRP 
Pu-A1 tubes  from t h e  Cal i fornium-I  program. 

p rocess  t a r g e t s  from Californium-I curium, we w i l l  extend t h e  p rocess ing  
of TRU-HFIR t a r g e t s  over  t h e  e n t i r e  p e r i o d .  

amounts o f  materials recovered from t h e  TRU-HFIR t a r g e t s  from t h e  sums 

of v a l u e s  i n  t h e  t a b l e  t o  t h e  amounts l i s t e d  a t  t h e  beginning of t h i s  

paragraph. 

Processing of up t o  20 SRP Pu-A1 tubes  

A proposal  has  been made, b u t  has n o t  y e t  

Th i s  would provide t h e  

We expect t h e  proposal  to be approved. Table 2 . 2  l i s t s  t h e  

If we do no t  i r r a d i a t e  and 

T h i s  would i n c r e a s e  t h e  

We have f i r m  p l a n s  t o  p rocess  n i n e  Pu-A1 tubes  t o  recover  18 mg of 

249Bk and 230 mg of 2 5 2 C f  by November 1971. 

recovered,  b u t  because of t h e  long coo l ing ,  t h e r e  w i l l  be  l i t t l e  2 5 3 E s .  

About 5 pg of 2 5 4 E ~  w i l l  b e  
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Table 2 .2 .  Estimated Future Production of Transcurium Elements 

Period 

52Cf  Production 
During 
t h e  Products of Campaigns 

249Bk 2 5 2 C f  253Esa  Period Cumulative Date Products 
Processing Campaign (mg) (mg) (MI  (mg) (mg) Avai 1 ab 1 e 

July - December 1972 

Through June 1971 

J u l y  - December 1971 9 SRP C f - I  tubes  

January - June 1972 9 TRU-HFIR t a r g e t s  

11 SRP Cf-I tubes 

10 TRU-HFIR t a r g e t s  

10 SRP-Cm t a r g e t s  

5 TRU-HFIR t a r g e t s  

10 SRP-Cm t a r g e t s  

1973 

1974 

18 230b OC 0 

6 60 330(60) 

22 280b OC 

5 50 275(50) 110 

15 150 750 (150) 

4 50 275(50) 

15 150 750(150) 350 

%305 

%400 

135 

135 November 1971 

January 1972 

May 1972 

June 1972 

September 1972 

November 1972 

595 December 1972 

245 

%goo 

%1300 

a 
parentheses .  

Amounts from i n i t i a l  separation. Amounts "milked" from cal i fornium product f r a c t i o n  a f t e r  decay per iod a r e  given i n  

bCalifornium produced i n  t h e  SW tube campaigns i s  not  included i n  production t o t a l s .  

c254Es ( ~ 5  up) can be recovered, 
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About 6 mg of 249Bk, 60 mg of 2 5 2 C f ,  and 330 pg of 253Es  w i l l  be 

recovered i n  January 1972 from t h e  p r o c e s s i n g  o f  n i n e  curium t a r g e t s  

t h a t  are  c u r r e n t l y  being i r r a d i a t e d  i n  t h e  H F I R .  

t o  p rocess  11 a d d i t i o n a l  Pu-A1 tubes du r ing  t h e  per iod February through 

May 1972 i n  o r d e r  t o  recover  22 mg o f  249Bk, 280 mg of 2 5 2 C f ,  and 5 pg 

of 2 5 4 E s .  The p rocess ing  of t e n  i r r a d i a t e d  curium TRU-HFIR t a r g e t s  i n  

June 1972 w i l l  produce 5 mg of 249Bk,  50 mg of 2 5 2 C f ,  and 275 mg o f  253Es .  

About 15 mg o f  249Bk, 150 mg of 2 5 2 C f ,  and 750 pg 

recovered i n  September 1972 from t h e  i r r a d i a t i o n  i n  HFIR and p rocess ing  

of t e n  t a r g e t s  f a b r i c a t e d  from 100 g o f  curium from SRP-slug campaign 2 1  

(27.6% 246Cm). 
275 pg of 253Es  i n  November 1972 from t h e  p rocess ing  of f i v e  TRU-HFIR 

t a r g e t s  t h a t  we p l a n  t o  f a b r i c a t e  from r e c y c l e  curium recovered du r ing  

t h i s  r e p o r t  p e r i o d .  
2 5 2 C f ,  and 750 pg of 253Es  i n  December 1972 from t h e  p rocess ing  of t e n  

a d d i t i o n a l  t a r g e t s  f a b r i c a t e d  from SRP-slug curium. 

We have t e n t a t i v e  p l a n s  

of 2 5 3 E s  could be 

We expect  t o  recover  4 mg of 249Bk, 50 mg of 2 5 2 C f ,  and 

We could then  r ecove r  15 mg o f  249Bk, 150 mg of 

2 .3  Estimates of  t h e  A v a i l a b i l i t y  o f  Transuranium Elements 

Plutonium, americium, and curium are considered t o  be i n t e r m e d i a t e  

f e e d  materials r a t h e r  t han  p roduc t s .  

berkelium, ca l i fo rn ium,  e ins t e in ium,  and fermium d u r i n g  t h e  next  18 

months are g iven  below. The proposal  f o r  i r r a d i a t i o n  and p rocess ing  
200 g of Cal i fornium-I  curium i s  included.  

Estimates o f  t h e  a v a i l a b i l i t y  of 

2.3.1 Berkelium 

A s  much as 85 mg of 249Bk could become a v a i l a b l e  du r ing  t h e  nex t  

18 months: 18 mg i n  November 1971 from 9 SRP Pu-A1 t u b e s ,  6 mg i n  

January 1972 from 9 TRU-HFIR t a r g e t s ,  2 2  mg i n  May 1972 from 11 SRP 

Pu-A1 t u b e s ,  5 mg i n  June 1972 from 10 TRU-HFIR t a r g e t s ,  15 mg i n  
September 1972 from 10 SRP-Cf-I curium t a r g e t s  i r r a d i a t e d  i n  t h e  HFIR, 

4 mg i n  November 1972 from 5 TRU-HFIR t a r g e t s ,  and 15 mg i n  December 1972 

from 10 SRP-Cf-I curium t a r g e t s  i r r a d i a t e d  i n  t h e  HFIR.  
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2.3.2 Californium 

. 

The Div i s ion  o f  Production w i l l  loan t h e  Div i s ion  of Research 20 mg 

of 2 5 2 C f  t o  be used i n  f i l l i n g  e x i s t i n g  r e s e a r c h  requirements .  About 

100 mg of t h e  2 5 2 C f  t h a t  w i l l  be  recovered from t h e  SRP tubes  w i l l  be  

r e t a i n e d  f o r  some time a t  ORNL t o  permit  t h e  daughter  product  248Cm t o  

be c o l l e c t e d .  This  ca l i fo rn ium w i l l  a l s o  s e r v e  as a s tock  f o r  supply- 

i n g  v a r i o u s  needs t h a t  might arise. 
We can produce up t o  970 mg o f  2 5 2 C f  du r ing  t h e  next  18 months. A s  

much as 510 mg w i l l  be  recovered from SRP f e e d  materials p r i m a r i l y  f o r  

t h e  Cal i fornium-I  program (230 mg dur ing  t h e  pe r iod  J u l y  through November 

1971, and 280 mg dur ing  t h e  pe r iod  February through May 1972). 

ima te ly  160 mg w i l l  be recovered from TRU-HFIR t a r g e t s  f o r  t h e  Trans- 

uranium Element Product ion Program (60 mg i n  January 1972, 50 mg i n  

June 1972, and 50 mg i n  November 1972). The p rocess ing  of two groups 

of t e n  i r r a d i a t e d  H F I R  t a r g e t s  f a b r i c a t e d  from SRP Californium-I curium 

could produce a t o t a l  of 300 mg of 2 5 2 C f ,  t h a t  i s ,  150 mg i n  September 
1972 and 150 mg i n  December 1972. 

Approx- 

2.3.3 Einsteinium 

We can r ecove r  about 2380 ug of 2 3 3 E s  i n  a mixture  of e ins t e in ium 

i s o t o p e s  du r ing  t h e  nex t  18 months: 

June 1972, and 275 ug i n  November 1972 from TRU-HFIR t a r g e t s ;  and 750 pg 

i n  September 1972 and 750 pg i n  December 1972 from i r r a d i a t i o n  and 
p rocess ing  of HFIR t a r g e t s  con ta in ing  SRP curium. 

330 pg i n  January 1972, 275 pg i n  

Some "second-growth" e ins t e in ium w i l l  be recovered from t h e  t a r g e t  

campaigns. That i s ,  a f t e r  t h e  mixture  of e ins t e in ium i s o t o p e s  has  been 

sepa ra t ed  from t h e  ca l i fo rn ium,  t h e  l a t te r  w i l l  be  s t o r e d  about one month 
t o  a l low 2 5 3 E s  t o  "grow in"  from t h e  decay of 2 5 3 C f ;  t h e n  t h i s  second- 

growth 2 5 3 E s  w i l l  be recovered.  About 60 pg, 50 pg, and 50 pg of i s o -  

t o p i c a l l y  pu re  2 5 3 E s  w i l l  b e  "milked" from t h e  ca l i fo rn ium t h a t  w i l l  be  

i s o l a t e d  i n  January 1972, June 1972, and November 1972, r e s p e c t i v e l y .  

About 150 pg would be milked from each of t h e  SRP-curium t a r g e t  campaigns 

i n  September 1972 and December 1972. 
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2.3.4 Fermium 

Each batch of californium that is recovered from the processing of 

HFIR targets will contain about 1.5 x lo7 atoms of 257Fm per milligram 

of 252Cf. 

will become available in January 1972, in June 1972, and in November 1972, 

respectively. 

curium target campaigns in September 1972 and December 1972. 

Thus, about 9 x lo8 atoms,7.5 x lo8 atoms, and 7.5 x lo8 atoms 

About 2 x lo9 atoms would be produced in each of the SRP- 

3. PROCESSES AND EQUIPMENT 

Most of the processes and equipment that were used to process the SRP 
slugs were the ones normally used in processing HFIR targets. 

products were satisfactory. 

TRU quality, and the curium products met Savannah River Laboratory's 

specifications with regard to limits of impurities and penetrating 

radiation. 

solvent extraction process to decontaminate the actinides from fission 

products. We were scarcely able to operate the continuous solvent 

extraction equipment during the first SRP slug campaign and failed 

altogether to establish satisfactory column operation in subsequent 

campaigns. 

batch extractions. 

this alternative technique 

the processing of the slugs and produce satisfactory products, they were 

poor - about a factor of 10 lower than was anticipated. 

All of the 

The transcurium products were of the usual 

However, we did experience difficulty in using the Tramex 

Therefore, most of the Tramex processing had to be done by 

Although the decontamination factors obtained with 

were high enough to permit us to complete 

3.1 Corrosion of Zircaloy-2 

A vacuum-actuated solution transfer system constructed of 

Zircaloy-2 failed during the third SRP slug campaign because of corrosion 

of the transfer lines. The corrosion was apparently caused by the radio- 

active HC1 dissolver solutions that had been transferred via this equip- 

ment during previous slug campaigns. 

specimen that had been exposed to a sample of HC1 dissolver solution from 

Examination of a Zircaloy-2 test 

. 

. 
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t h e  second s l u g  campaign r evea led  evidences o f  a seve re ,  nonuniform 
p i t t i n g  a t t a c k  and i n d i c a t e d  a c o r r o s i o n  ra te  of about 180 mi l s /yea r .  

Th i s  was s u r p r i s i n g  s i n c e  r e s u l t s  o f  tests2 made s e v e r a l  y e a r s  ago 

showed t h e  c o r r o s i o n  r a t e  of Zircaloy-2 t o  be on ly  60 mils /year  i n  

c h l o r i d e  s o l u t i o n s  having t h e  same s o l u t i o n  power d e n s i t y  (10 W / l i t e r )  

as t h e  d i s s o l v e r  s o l u t i o n ,  and no p i t t i n g  was observed. 

Because o f  t h e  p i t t i n g  a t t a c k ,  w e  suspected t h a t  t h e  co r ros ion  o f  

t h e  t r a n s f e r  l i n e s  was caused by t h e  presence of HNO3 (from r e s i d u a l  

d e j a c k e t i n g  s o l u t i o n )  i n  t h e  HC1; however, t h e  d i s s o l v e r  s o l u t i o n  used 
i n  t h e  t e s t  had a n i t r a t e  concen t r a t ion  o f  only 0.02 M ,  which we cons ide r  

t o o  low t o  be t h e  cause of  t h e  c a t a s t r o p h i c  co r ros ion .  
- 

We decided t o  u s e  HNO3 t o  d i s s o l v e  t h e  a c t i n i d e s  because (1) HNO3 

s o l u t i o n s  do n o t  corrode Zircaloy-2 c a t a s t r o p h i c a l l y  even when t h e y  have 

ve ry  h igh  power d e n s i t i e s ,  and (2) conversion from a n i t r a t e  t o  a 

c h l o r i d e  medium ( requ i r ed  f o r  t h e  Tramex p rocess )  could be r e a d i l y  

accomplished d u r i n g  t h e  Cleanex ba tch  e x t r a c t i o n  s t e p s  t h a t  were a l r e a d y  

p 1 anned . 

4. CALIFORNIUM NEUTRON SOURCES 

Much of t h e  ca l i fo rn ium recovered a t  TRU i s  incorporated 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 thus  far  are  l i s t e d  

i n  Table 4.1. Most of  them have been f a b r i c a t e d  i n  one of two s t anda rd  
TRU models shown i n  F i g .  4 . 1 .  Those t h a t  a r e  s tandard models, NSS 

( s i n g l y  encapsulated)  and NSD (doubly encapsu la t ed ) ,  are i n d i c a t e d  i n  
t h e  t a b l e .  The c h a r a c t e r i s t i c s  of t h e s e  models a r e  l i s t e d  i n  Table 4 . 2 .  

Data f o r  a l l  of  

Recent ly ,  sou rces  have been f a b r i c a t e d  from cal i fornium t h a t  had been 
h igh ly  p u r i f i e d  from curium i n  t h e  new ca l i fo rn ium f a c i l i t y  i n  TURF. This 

u l t r a p u r i f i c a t i o n  s t e p  makes t h e  c a l i f o r n i u m  s u i t a b l e  f o r  f u t u r e  r ep rocess  

ing  t o  r ecove r  248Cm ( t h e  a lpha  decay product  of 252Cf) t h a t  i s  f r e e  from 

244Cm contamination. 

sou rces  a r e  a l s o  l i s t e d  -- Table 4.1. 

The c u r r e n t  248Cm c o n t e n t s  of t h e  ca l i fo rn ium 
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Table 4.1. Data f o r  Neutron Sources Prepared a t  TRU 

252Cf 252Cf 2 4 b  
Content at Content as  Content as 

On Loan To Date of  Cal ibra t ion  of 6-30-71 of 6-30-71 
Source Cal ibra t ion  (un) b e )  (ut?) Individual  S i t e  

NS- la 

NS-2 

NS-3 

NS-4 

NS-5' 

NS-6 

NS-7 

NS-8 

NSD-9 

NSS-10 

NS-11 

NSS-12 

NSD- 13 

NSS- 14 

NS-15' 

NSD-16 

NS-18' 

NSS-19 

NSS-20 

NSS-21 

NS-22 

NSD-24 

NS-25 

NSD-26 

NSD- 2 7 

NSD-28 

NSD-30 

NS-XC 

NSD-38 

SR-Cf-167d 

8-28-68 

8-23-68 

5-13-69 

7-09-69 

8-14-69 

11-21-69 

1-2  1-70 

12-17-69 

4-17-70 

3-11-70 

3-1O-jO 

6-30-70 

3-24-71 

6-29-70 

6-25-70 

10-08-70 

6-24-70 

6-26-70 

7-01-70 

10-2 1- 70 

9-10-70 

10- 15-70 

11-09- 70 

3-24-71 

1-29-71 

2-12-71 

3-31-71 

3-23-71 

6-16-71 

5-26-71 

311 

268 

-90 

925 

992 

783 

80 7 

1927 

1802 

118 

8 

1957 

4870 

4833 

975 

1736 

1008 

469 

605 

18 

13 

8 

56 

14 

2430 

11 

857 

2169 

100 

3796 

148 

127 

-52 

552 

607 

515 

554 

1289 

1315 

83 

5 

1506 

4539 

3718 

748 

1438 

773 

360 

466 

15 

11 

7 

47 

13 

2179 

10 

803 

2020 

99 

3702 

b 

b 

b 

356 

36 7 

256 

241 

608 

465 

b 

b 

430 

316 

1063 

216 

2 84 

224 

104 

133 

b 

b 

b 

b 

b 

2 39 

b 

51 

142 

b 

89 

J. L. Cason 

J .  E. Powell 

H. E. Banta 

C. F. Masters 

F. 6. Simpson 

R. W. Hoff 

T. F. Handley 

H. Berger 

N. D. Wogman 

J.  P. Balagna 

R. R.  Fullwood 

R. W. Hoff 

H. 0. Menlove 

D. C. Stewart 

F. B. Simpson 

R. Yoshimura 

F. B. Simpson 

J .  E. Bigelow 

J.  E. Bigelow 

F. Cross 

W. S. Lyon 

J .  B. Davidson 

F. J .  Muckenthaler 

H. 0. Menlove 

J .  E. Powell 

E .  E. Hicks 

E. 8. Darden 

F. B. Simpson 

H. 0. Menlove 

H. W. Dickson 

PNL 

Sandia 

ORAU 

LASL 

INC 

LRL-L 

ORNL 

ANL 

PNL 

LASL 

U S L  

LRL-L 

LASL 

ANL 

INC 

Sandia-NM 

INC 

ORNL-TRU 

ORNL-TRU 

PNL 

ORN L 

ORNL 

ORNL 

LASL 

Sandia-NM 

Rocky Flats 

OWL 

INC 

LASL 

ORAU 

%his source i s  encapsulated i n  aluminum. 

bThis source i s  not  s u i t a b l e  f o r  recovery of  248Ca. 

h i s  source is  encapsulated in  type 405 s t a i n l e s s  s t e e l .  

h i s  source w a s  fabr ica ted  a t  TRU i n  standard Savannah River SR-Cf-100 s e r i e s  hardware. . 
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12-24-NC THREAD 

ALUMINUM PELLET 

CHARRED RESIN 

CALI FOR N I UM 

MODEL NSS 

4 0.500 in. b- 

MODEL N S D  

(SINGLE ENCAPSULATION) (DOUBLE ENCAPSULATION) 

F i g .  4.1. Standard TRU Models f o r  2 5 2 C f  Neutron Sources Encapsu- 
l a t e d  i n  S t a i n l e s s  S t e e l .  
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Table 4.2. Characteristics of Standard TRU 
252Cf Neutron Sources 

Model 
NSS 

Mod e 1 
NSD 

Degree of encapsulation 

Material of outer container 

Source classification 

Diameter, in. 

Nominal 

Maximum 

Minimum 

Length of body, in. 

Nominal 

Maximum 

Minimum 

Overall length, in. 

Nominal 

Maximum 

Minimum 

Maximum dianeter at weld, in. 

Maximum 2 5 2 C f  Loading, mg 

Single 

304L SS 

I11 D 

0.363 

0.364 

0.360 

1.250 

1.260 

0.800 

1.875 

1.885 

1.000 

0.375 

25 

Double 

304L SS 

IV D 

0.500 

0.500 

0.495 

1.525 

1.535 

1.025 

2.175 

2.185 

1.400 

0.500 

25 
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4 . 1  Tests of Prototype 2 5 2 C f  Neutron Sources 

. 

T e s t s  were made u s i n g  p ro to types  o f  t h e  s t anda rd  TRU source capsu le s ,  

and t h e  r e s u l t s  were forwarded t o  t h e  AEC Div i s ion  of M a t e r i a l s  Licensing 

f o r  c a t a l o g i n g .  
App l i ca t ion  Guide Based on t h e  ORNL Source C l a s s i f i c a t i o n  S y ~ t e m . " ~  
s i n g l y  encapsulated source (model NSS) meets t h e  requirements  of a class 

I11 D capsule ,  and a doubly encapsulated source  (model NSD) i s  a c l a s s  
I V  D capsu le .  Summaries of t h e  tes ts  a r e  given i n  Tables 4 .3  and 4 . 4 .  

The tes ts  were conducted i n  accordance with t h e  "Source 
A 

4.2 Sources Fabr i ca t ed  During January-June 1971 

Seven sources  were f a b r i c a t e d  du r ing  t h i s  r e p o r t  pe r iod .  O f  t h e s e ,  

NSD-13, NSD-27, NSD-28, NSD-30, and NSD-38 a r e  s t anda rd  doubly encapsulated 

sources .  Source NS-36 is doubly encapsulated i n  type  405 s t a i n l e s s  s t e e l .  

Source SR-Cf-167 was f a b r i c a t e d  t o  demonstrate t h e  c a p a b i l i t y  a t  TRU 

f o r  f a b r i c a t i n g  sources  i n  t h e  SRL s t anda rd  SR-Cf-100 s e r i e s 4  c o n f i g u r a t i o n  

We had no d i f f i c u l t y  i n  welding t h e  plat inum i n n e r  c o n t a i n e r  o r  t h e  304L 

s t a i n l e s s  s tee l  o u t e r  c o n t a i n e r .  Because o f  t h e  small volume a v a i l a b l e  i n  

t h e  source p e l l e t  f o r  r e s i n ,  we were a b l e  t o  load only 3 .8  mg of 2 5 2 C f  

u s ing  our  u s u a l  technique;  however, by modifying t h e  procedure s l i g h t l y ,  

we b e l i e v e  t h a t  we could e a s i l y  load 5 mg of 2 5 2 C f  i n t o  an SR-Cf-100 

s e r i e s  sou rce .  
Source NSD-26, which was f a b r i c a t e d  du r ing  t h e  last  r e p o r t  pe r iod ,  

was r e t u r n e d  from J.  R .  Engel a t  ORNL and shipped t o  H.  0 .  Menlove a t  LASL. 

4 . 3  C a l i b r a t i o n  of 2 5 2 C f  Sources Using a Fast-Neutron Detector  

Equipment f o r  a s say ing  ca l i fo rn ium sources  and shipping packages by 

means of f a s t - n e u t r o n  count ing has  been i n s t a l l e d  i n  t h e  source and 
t a r g e t  decontamination f a c i l i t y .  Fast-neutron count ing appeared t o  b e  

an a t t r a c t i v e  method f o r  us.  I t  i s  p r e f e r a b l e  t o  thermal-neutron count- 

i ng  o r  t h e  manganese s u l f a t e  method because of t h e  sma l l e r  sh i e lded  space 

r e q u i r e d .  
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Table 4 .3 .  C l a s s i f i c a t i o n  Test Summary f o r  Standard TRU 
S ing ly  Encapsulated Sources 

Manufacturer:  Chemical Technology Div i s ion ,  
Oak Ridge Nat ional  Laboratory 

Reference drawing: ORNL 70-4580 ( a l s o  ORNL 71-1678) 

Desc r ip t ion :  S ing ly  encapsulated 2 5 2 C f  source;  t ype  304L s t a i n l e s s  
s tee l ;  0.050-in.  wall t h i c k n e s s ;  0.363 i n .  OD by 1.25 i n .  
long e x c l u s i v e  o f  hand l ing  attachment 

Previous t e s t i n g :  None 

Test r e s u l t s  : 

Condit ions Leak Tes t  Class 

2400'F f o r  1 h r  
-70'F f o r  24 h r ;  1700'F f o r  24 h r  
from 1700'F p r e h e a t  i n t o  -70'F chamber 

weight i n  f ree  f a l l  a t  44 f p s  onto 
w i t h i n  1 sec 

capsu le  p o s i t i o n e d  on a 1/8-in.-diam 
p i n  

120 f t - l b  impact 
10,000-lb s h e a r  f o r c e  
1000-lb shea r  f o r c e  
2000-lb c rush ing  f o r c e  load 
1000-psi e x t e r n a l  h y d r o s t a t i c  p r e s s  

C l a s s i f i c a t i o n  a s s igned :  I11 D 

I n v e s t i g a t o r s :  R .  G .  Niemeyer, E .  L .  Ryan 

Date completed: March 11, 1971 

Negative D 
Negative D 

Negative D 

Negative I V  
Negative I V  
P o s i t i v e  - 
Negative I11 
Negative 111 
Negative I11 

Comments: F a i l u r e  du r ing  Class I V  (10,000-lb) shea r  t e s t  occurred a t  
~ 8 4 0 0  l b  s h e a r  f o r c e ;  f o u r  capsu le s  used f o r  t e s t  series 

. 
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Table 4.4. Classification Test Summary for Standard TRU 
Doubly Encapsulated Source 

Manufacturer: Chemical Technology Division, 
Oak Ridge National Laboratory 

Reference drawing: ORNL 70-12449R1 (also ORNL 71-1678) 

Description: Doubly encapsulated 252Cf source; 0.50 in.OD by 1 . 4 8  in. 
long exclusive of handling attachment; type 304L stainless 
steel, 0.050-in.-wall inner and outer capsules 

Previous testing: Inner capsule is made according to ORNL Dwg. 70-4580 
and has been previously classified as a class I11 D 
capsule. 

Test results: 

Conditions 

2400'F for 1 hr 
20,000-lb crushing force load 
10,000-lb shear force 

Leak Test Class 

Negative D 
Negative IV 
Negative IV 

Class IV impact, puncture, and pressure resistance and 
Class D operating temperature and thermal shock tests are 
assumed, based on previous tests of the inner capsule alone. 

Classification assigned: IV D 

Investigators: R. G .  Niemeyer, E. L. Ryan 

Date completed: March 12, 1971 

Comments: One capsule used for test series 

8 
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Two ( p a r a l l e l )  d e t e c t o r s  l oca t ed  i n  a box i n  t h e  water s h i e l d  

j u s t  o u t s i d e  t h e  t a r g e t  and source decontamination c u b i c l e  measure 

f i s s i o n  even t s  i n  238U caused by a b s o r p t i o n  of f a s t  neutrons t h a t  are 
emi t t ed  from a ca l i fo rn ium source l o c a t e d  on a measuring b a r  i n s i d e  t h e  

c u b i c l e .  

minimizing t h e  235U con ten t  of t h e  uranium and by wrapping each d e t e c t o r  

i n  a cadmium shea th .  

Capture o f  thermal neu t rons  i s  d i sc r imina ted  a g a i n s t  by 

I n  a series o f  e v a l u a t i o n  tes ts  (discussed below), we found t h a t  t h e  

system i s  e x c e l l e n t  ( r ep roduc ib le  w i t h i n  f 1%) f o r  comparing sources  and 

shipping packages with a s t anda rd  source assayed du r ing  t h e  same t e s t  

pe r iod .  

Geometry F a c t o r s .  - T h e r e  are f i v e  p o s i t i o n s  a t  which source  h o l d e r s  

can be placed on a p o s i t i o n i n g  b a r  i n s i d e  t h e  c u b i c l e .  

approximately twice as fa r  from t h e  d e t e c t o r s  as t h e  p rev ious  one. 

2 5 2 C f  f i s s i o n  neu t rons  can be s c a t t e r e d  once by t h e  water s h i e l d  o r  t h e  

s t e e l  l i n e r  o f  t h e  c e l l  and s t i l l  have s u f f i c i e n t  energy t o  cause f i s s i o n  

i n  t h e  238U d e t e c t o r .  

t h e  same neu t ron  source i n  t h e  d i f f e r e n t  p o s i t i o n s .  

shows, s c a t t e r e d  neu t rons  make up more than  h a l f  of t h e  count r a t e  f o r  

p o s i t i o n  E ( r e l a t i v e  t o  t h e  e x t r a p o l a t e d  v a l u e  a t  t h e  d e t e c t o r ) ;  however, 

t h i s  should n o t  be a problem as long as t h e  source and d e t e c t o r s  ma in ta in  

a f i x e d  geometry w i t h i n  t h e  source and t a r g e t  decontamination f a c i l i t y .  

Each p o s i t i o n  i s  
Vi rg in  

Th i s  s c a t t e r i n g  e f f e c t  was measured by count ing 
A s  t h e  t a b l e  below 

% of 

Count Rate Count Rate due t o  
Distance t o  Source Count Rate 

P o s i t  i o n  (mm) lrh2 (counts  / s ec ) x lrh2 S c a t  t er i n g  
Detect o r  s 

B 138 5.97 104 706.7 4.22 107 
288 

592 
1200 

2.60 x 105 

1.01 x 106 
4.53 x 106 

214.4 

62.74 

21 .11  

5.58 x l o 7  - > 22.4 

6.90 x l o 7  > 37.2 - 
9.56 107 - > 54.7 

A s p e c i a l  h o l d e r  t h a t  would support  t h e  sou rce  a t  va ry ing  h e i g h t s  above 

t h e  p o s i t i o n  b a r  was cons t ruc t ed , and  coun t s  were taken i n  p o s i t i o n s  B and C .  

Analysis  of t h e  d a t a  showed t h a t  t h e  count r a t e  reached a maximum 0.32 i n .  
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below t h e  geometric midplane a t  p o s i t i o n  B,  and 0.25 i n .  above t h e  

midplane a t  p o s i t i o n  C .  If t h e  source were a c t u a l l y  misplaced 0.125 i n .  
( t h e  maximum pe rmi t t ed  by TRU source geometry) w i t h i n  t h e  source capsu le  

i n  t h e  worst  d i r e c t i o n ,  it would cause  e r r o r s  of 0.52% and 0.13% i n  p o s i t i o n s  

B and C r e s p e c t i v e l y .  

Background. -One important  c o n s i d e r a t i o n  of t h e  u s e f u l n e s s  of t h e  
neutron counter  system i s  t h a t  o t h e r  sou rces  may be s t o r e d  w i t h i n  t h e  
f a c i l i t y  without  apprec i ab ly  a f f e c t i n g  t h e  coun te r .  

was counted i n  t h e  t e s t s  desc r ibed  above was lowered about 18 i n .  down 

i n t o  a we l l  i n  t h e  c e n t e r  of t h e  f a c i l i t y ,  t h e  count r a t e  decreased t o  

0.161 counts /sec,  which i s  only 0.7% of t h e  count r a t e  f o r  p o s i t i o n  E .  

Thus, small c o r r e c t i o n s  made f o r  backgrounds caused by sources  s t o r e d  i n  
t h e  well have ve ry  l i t t l e  e f f e c t  on o v e r a l l  p r e c i s i o n .  

When t h e  source t h a t  

S c a t t e r i n g  due t o  Miscellaneous Items i n  t h e  F a c i l i t y .  - I t  was neces- 

s a r y  t o  check t h e  importance of s c a t t e r i n g  from casua l  i tems wi th in  t h e  

f a c i l i t y .  One such item t h a t  i s  always p r e s e n t  i s  t h e  manipulator  hand. 

A t e s t  was made with t h e  hand n e a r l y  i n  t h e  l i n e  of s i g h t ,  as compared 
with t h e  hand r a i s e d  and extended as far as p o s s i b l e .  

i nc reased  1.1% wi th  t h e  hand nea r  t h e  l i n e  of s i g h t ;  however, s i n c e  t h i s  

i n c r e a s e  was approximately equal  t o  t h e  s t anda rd  d e v i a t i o n  of t h e  t o t a l  

counts ,  it could have occurred randomly. Keeping t h e  manipulators  away 

from t h e  l i n e  of s i g h t  should prevent  d i f f i c u l t i e s .  

The count r a t e  was 

Two experiments were made t o  e v a l u a t e  t h e  e f f e c t s  of s c a t t e r i n g  
from hydrogenous materials. 
a 1-in.-diam p l a s t i c  b o t t l e  f i l l e d  with water was placed between t h e  
source and d e t e c t o r .  This  shows t h a t  even a t h i n  f i l m  of water seeping 
i n t o  t h e  gap between t h e  f a c e  of t h e  d e t e c t o r  box and t h e  l i n e r  of t h e  
c u b i c l e  could affect  t h e  count r a t e .  Hence, t h e  importance of u s i n g  a 
s t anda rd  source f o r  comparison i n  a l l  measurements cannot be overemphasized. 

The count r a t e  f e l l  32% i n  one t e s t  i n  which 

I n  t h e  o t h e r  experiment,  t h r e e  l a r g e  p a r a f f i n  blocks were placed j u s t  
behind t h e  l i n e  o f  s i g h t .  The count r a t e  was inc reased  9.6% by t h e  

a d d i t i o n a l  s c a t t e r i n g .  Thus, b o t t l e s  of r e a g e n t s  and p a r a f f i n - b l o c k  

shadow s h i e l d s  must be kept  well away from t h e  count ing area. 
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S c a t t e r i n g  due t o  Source Containers .  - In  a series of experiments,  

c y l i n d r i c a l  s h e l l s  of aluminum and s t a i n l e s s  s t ee l  having va r ious  t h i c k -  
nes ses  were p l aced  over a s t anda rd  neutron source and t h e  neutron count 

ra te  was measured. S h e l l s  1/16 and 1/8 i n .  t h i c k  had almost no effect  on 

t h e  count ra te ;  a 1/4- in . - thick s h e l l  caused a change t h a t  coincided wi th  
t h e  l i m i t  o f  t h e  s t a t i s t i c a l  f l u c t u a t i o n s  of t h e  count ra te .  The b e s t  f i t  

t o  t h e  d a t a  was a n e t  s c a t t e r i n g  c o e f f i c i e n t  ( C  ) of 0 .01  cm-l f o r  aluminum 

and 0 .02  cm-l f o r  s t a i n l e s s  s t e e l .  These numbers a r e  an o r d e r  o f  magnitude 

smaller than  t h e  t h e o r e t i c a l  values ,  showing t h a t  t h e  s c a t t e r i n g  of neutrons 
out o f  t h e  beam of neutrons heading toward t h e  d e t e c t o r  i s  almost completely 

compensated f o r  by t h e  s c a t t e r i n g  o f  a d d i t i o n a l  neutrons i n t o  t h e  beam from 
t h e  o u t e r  l a y e r s  of t h e  c y l i n d r i c a l  s h e l l s .  Thus i t  appears t h a t  small 

v a r i a t i o n s  i n  t h e  c l add ing  th i ckness  o f  two sources  w i l l  n o t  a f f e c t  t h e  

c a l i b r a t i o n ,  and t h a t  major d i f f e r e n c e s  (such as s i n g l e  o r  double encap- 

s u l a t i o n )  can be e a s i l y  compensated f o r  by c a l c u l a t i o n  o r  by mockups. 

S 

Reproduc ib i l i t y .  - The r e p r o d u c i b i l i t y  of t h e  system was checked with 
a s e r i e s  o f  s i x  counts made i n  p o s i t i o n  C without moving t h e  source.  

observed s t a n d a r d  d e v i a t i o n  was 0.29%,which i s  i n  e x c e l l e n t  agreement with 

a t h e o r e t i c a l  va lue  of 0 .31% f o r  t h a t  s i z e  of count.  The source  was then  

r o t a t e d  180", p r e s e n t i n g  t h e  oppos i t e  f a c e  t o  t h e  d e t e c t o r s .  

d e v i a t i o n  of t h e  new s e r i e s  of counts was a l s o  0.28%, but  t h e  two means 

d i f f e r e d  by 3% ( o r  t e n  t imes t h e  s t anda rd  d e v i a t i o n ) .  A comparison of 
t h e s e  count rates with t h e  geometry f a c t o r s  determined e a r l i e r  shows t h a t  
t h e  ca l i fo rn ium i s  o f f - c e n t e r  by 0.12 i n . ,  which would pu t  i t  a t  t h e  edge 
of t h e  i n n e r  capsu le .  Part o f  t h e  d i f f e r e n c e  may be due t o  looseness  i n  
t h e  f i t  of t h e  sou rce  p a r t s  and h o l d e r  p a r t s .  As a r e s u l t  o f  t h i s  t e s t ,  

t h e  s t a n d a r d  procedure now inc ludes  r o t a t i n g  t h e  source 90" between each 

o f  4 count ing sequences.  

l o c a t i o n  o f  t h e  source and minimize e r r o r s  due t o  t h i s  f a c t o r .  

The 

The s t anda rd  

This  w i l l  compensate f o r  v a r i a b i l i t y  i n  t h e  

Long-Term S t a b i l i t y .  - A  check of  long-term s t a b i l i t y  was made by com- 

p a r i n g  t h e  counts  ob ta ined  f o r  sourcesNSS-19 and NSS-20 i n  p o s i t i o n  C ove r  

a 121-day p e r i o d  wi th  t h e  c a l c u l a t e d  source s t r e n g t h s .  

460.4 counts p e r  second p e r  mil l igram o f  252Cf, with a s t anda rd  d e v i a t i o n  

of 0.98%. While t h i s  s t anda rd  d e v i a t i o n  i s  l a r g e r  t han  t h e  s t anda rd  

The average was 

. 
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d e v i a t i o n s  f o r  t h e  counts  made on i n d i v i d u a l  days,  it i s  q u i t e  s a t i s f a c t o r y  

cons ide r ing  t h a t  t h e  counter  had been tu rned  o f f  ove rn igh t  and t h a t  t h e  
source and source  ho lde r  were removed from t h e  p o s i t i o n i n g  b a r  a t  t h e  end 

of each day. However, t h e  b e s t  r e s u l t s  can be obtained only by d i r e c t  

comparison o f  t h e  sou rce  t o  be measured with a s t anda rd  o r  r e f e r e n c e  source 

p o s i t i o n e d  i n  t h e  same geometry and counted du r ing  t h e  same t e s t i n g  p e r i o d .  

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  

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 s e  by r e s e a r c h  workers.  

f a c i l i t i e s  t h a t  a r e  a v a i l a b l e  a t  TRU a r e  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 nonrou t ine  p roduc t ions ,  s p e c i a l  p r e p a r a t i o n s ,  and s p e c i a l  

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

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

The 

5.1 Rabbi ts  Containing 253Es  

Two r a b b i t s  con ta in ing  i s o t o p i c a l l y  pu re  2 5 3 E s  were f a b r i c a t e d ,  

i r r a d i a t e d ,  and d e l i v e r e d  t o  H .  Diamond a t  Argonne Nat ional  Laboratory.  
These r a b b i t s  w i l l  be  used i n  s tudy ing  t h e  energy-level  s t r u c t u r e  of 250Bk, 

a decay product  of 2 5 4 m E s .  

5 .2  P r e p a r a t i o n  of a Gamma-Ray Source f o r  Mb'ssbauer S t u d i e s  

An i n t e r e s t i n g  gamma-ray source (GS-3) was f a b r i c a t e d  from approximately 

1 g of 242Pu f o r  u s e  i n  MGssbauer s t u d i e s .  
a 44-keV emission, which i s  e a s i l y  a t t e n u a t e d .  I n  o rde r  t o  o b t a i n  adequate 

i n t e n s i t y ,  t h e  plutonium had t o  be depos i t ed  i n  a t h i n  l a y e r  over  a l a r g e  

a r e a  (about 1 i n .  i n  diameter)  and t h e  c o n t a i n e r  walls had t o  be ve ry  t h i n .  

To meet t h i s  requirement ,  we designed a doubly encapsulated c o n t a i n e r  with 

a 10-mil- thick aluminum window. This  window i s  so  s o f t  t h a t  a 0.030-in.  

beryl l ium shim was p laced  between t h e  i n n e r  and o u t e r  c o n t a i n e r s  f o r  

p r o t e c t i o n .  

The gamma r a y  involved i s  only 

Beryll ium would have been an i d e a l  c o n t a i n e r  m a t e r i a l  except 
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t h a t  w e  have no means of welding be ry l l i um a t  TRU. 

loaded i n t o  t h e  i n n e r  c o n t a i n e r  as Pu02, formed by c a l c i n i n g  t h e  o x a l a t e .  
The powder was sp read  ou t  i n t o  a n e a r l y  uniform l a y e r  by r o t a t i n g  a c l o s e -  

f i t t i n g ,  t h i n  aluminum d i s c  i n s i d e  t h e  cup. 

l a r g e  Te f lon  p lunge r ,  which was c a r e f u l l y  removed, l eav ing  t h e  aluminum 

d i s c .  The void space was f i l l e d  with aluminum powder, and an aluminum 

cover was p res sed  i n t o  p l a c e .  

d i s c  a g a i n s t  t h e  Pu02, t h u s  locking it i n t o  p l a c e .  The cover was t h e n  

seal-welded around t h e  edge. Leak-checks showed no obvious l eaks  i n  t h e  

seal weld; however, an X-ray showed i t  t o  be r a t h e r  porous.  The re fo re ,  

when t h e  i n n e r  can was assembled i n t o  t h e  o u t e r  can,  a l a y e r  of epoxy 

cement was added t o  permanently seal  t h e  i n n e r  c o n t a i n e r .  

c o n t a i n e r  was welded o u t s i d e  t h e  c e l l  bank, r e s u l t i n g  i n  an e x c e l l e n t -  

q u a l i t y  weld. 

The plutonium was 

Th i s  d i s c  was backed up by a 

This  p re s sed  t h e  aluminum powder and t h e  

The o u t e r  

The experimenter hopes t o  o b t a i n  two a d d i t i o n a l  sou rces  c o n t a i n i n g  

240Pu and 238Pu a t  a l a t e r  d a t e .  
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7.  APPENDIX 

We have t a b u l a t e d  t h e  decay d a t a  and t h e  c ros s - sec t ion  d a t a  t h a t  

we use i n  planning i r r a d i a t i o n - p r o c e s s i n g  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 .  The t a b l e s  w i l l  be reproduced com- 

p l e t e l y  i n  each o f  t h e s e  semiannual r e p o r t s ,  and changes made s i n c e  t h e  
preceding r e p o r t  w i l l  be i n d i c a t e d .  We wish t o  s t a t e  c l e a r l y  t h a t  t h e s e  

d a t a  merely r e p r e s e n t  numbers being used i n  our  c a l c u l a t i o n s  and t h a t  
t h e  d a t a  are p resen ted  on a "best  e f f o r t s "  b a s i s .  
mation is intended t o  be d e f i n i t i v e ,  i t  has not  been checked and c ross -  

checked s u f f i c i e n t l y  t o  be considered "publ ishable ."  

Although t h e  i n f o r -  

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

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

y e a r s ,  we a n t i c i p a t e  a burgeoning l i t e r a t u r e  concerning n u c l e a r  c o n s t a n t s  

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

p r e s e n t  t ime ,  it w i l l  no t  be f e a s i b l e  f o r  us t o  wait u n t i l  h i g h l y  r e l i a b l e  

sou rces ,  such as Lederer' and Wapstra,6 can pub l i sh  d a t a  t h a t  have been 

f u l l y  eva lua ted .  

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

sou rces  o f  i n fo rma t ion .  P l ease  con tac t  John Bigelow, FTS 615-483-1872 

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

7 . 1  Decay Data 

Table A - 1  i s  a l i s t  o f  a l l  n u c l i d e s  o f  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 neutron 

bombardment of 2 3 8 U ) .  

i n g  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 ,  along with l i t e r a t u r e  r e f e r e n c e s  

where a v a i l a b l e .  

mined 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 rence  i s o t o p e .  

cepted 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  o f  t h e  
h a l f - l i v e s  t h a t  were dependent upon it have been r e c a l c u l a t e d .  

The l i s t  inc ludes  va lues  f o r  h a l f - l i v e s  and branch- 

In  many c a s e s ,  t h e  h a l f - l i f e  of an i s o t o p e  was d e t e r -  

In  a few o f  t h e s e  cases ,  a newer va lue  has  been ac-  

Such cases  
. 
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Table A-1. Half-Life Valuesa for Isotopes of Transuranium Elements 

Underlines indicate new values since the previous report. 

Pa r t i a l  Half-Life Par t ia l  Ha l f - l i f e  Neutr~ns  
Nuclide Total  HaLf-Life for 0 Dec.y Branchin8 Ratios f o r  Spontaneous Fission per Fission Referencesb 

NP 
237 

2s%p 2.10 - 0.01 d 

'"Np 2.359 -0.010 d 

240Np 63 2 rn 

"%p 7.3 : 0 . 3  rn 

141Np 16 

241%p 5.4 h 

21MP~ 87.404 : 0.041 y 

259P" 

240Pu 

242P" 

244PU 

241Pu 14.9B : 0.33 y 

24h 4.955 - 0.003 h 

245P~  10.6 L 0.4 h 

246P~  10.85 0.02 d 

24IM 

242M 16.01 L 0.02 h 

144 : 7 y 
24SM 

10.1 r. 0.1 h 244- 

"&M 26 rn 

2.07 : 0.02 h 24Sm 

'&M 25.0 L 0.2 m 

2-rn 4 0 - 7 .  

247M 2 4 - 3 .  

242cm 162.7 0.1 d 
24s- 

"'cm 18.099 0.015 y 

2 4 5 ~ m  

wc. 
247c. 
248- 

249- 6 4 - 3 .  

25%. 

(2.14 0.01) I IO6 y 

(2.4413 : 0.003) io4 y 

(5.72 +o.I) los 

6580 40 y 

(3.869 ; 0.016) i I O s  y 

432.7 - 0.7 y 

( 1 . 9 2  - 0. 15) io4 

7370 L 40 y 

32 Y 

8265 t 1W y 

4711 t 22 y 

(1.64 f. 0.201 lo7 

(3.84 ; 0.04) x IOs y 

>IO'S y 2.00d 608r12. 61Dr04 

SOFr55 

5 x 0 9 3  

60LeO3 

48tty61 

60LeO3 

6OLeO3 

( 5  5 0.61 I l o l o  Y 2.33 : 0.08 6 1 ~ r o 4 .  68~01s.  5 6 ~ 1 0 1  

52Se67. 59m26 

511n03, 62W.13, 56Di62 

bBC.19. bOBr15 

6YIaSO. b98e06, s a i o l  
680109 

5.5 2. 24d 

(1.340 : 0.015) I 1011 y 2.257 T 0.046 

(7.45 : 0.17) x lolo y 2 . 1 8  : 0.09 

(6.55 0.32) I lolo y 2.8qd 66Fi07, 69Be06 

568~92 

56Ho23 

6iom4, 6 m 0 1  2, ded (2 .3 0.8) 

53Kc38 

598a21C 

68Br22 

b2V.08 

540124 

56Bu92 

55En16 

ECIB - 0.19 

67om2 

670r02 

7.2 I I O b  y 2.65 2 0.09 SIH.87, 57Pe52. 56HxO1 

57As70 

O/SF = 17.43 0.01) ios 2.84 : 0.09 65Mc02. 688e26. 56Hi01 

69McOl 

alSF = 3822 10 3.OBd 69We01 

63Fi08 

d S F  - 11.0 2 3 3 . d  69wC01 

58E.06 

(1.74 0.24) 1 IO4 y 3.56' 66RC01 
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Table A-1 (continued) 

314 > 8 d 

3.222 t 0.WS h 

57 5 1.7 

2.646 0.004 y 

17.812 5 0.082 d 

6 0 . 5  : 0.2 d 

1 . 5  0.5 h 

20.467 5 0.024 d 

276 d 

39.3 2 0.2 h 

39.8 1.2  d 

2 5 5 5 .  

1.24 : 0.01 h 

20.07 : 0.07 h 

2.62 -0.03 h 

94 5 10 d 

352 > 6 y 

13.08 L 0.09 y 

900 5 50 y 

= (1.45 0.081 1 1 . 8 1  0.09) I lo9 3.12 2 0.16 57E.01. 6pY108, 64Py02 

S9V.02 

66RW4 

olSF - (1.992 

aISF - 1260 40 

0.040) I 10' 

d S F  = (1.15 0.011 I IO' 

. 2 . 5  10' 

810 = 382 > 30 

b.C.18 - 0.00078 ? 0.00006 

o/B = 0.0866 L 0.0043 
BISF * (2.22 t 0 . 1 0 1  x lo4 

oISF - 1695 > 8 

SF/a - (2.4 1.1) I 

%loo\ SF 

3.44d 69ye01. 69Ui08 

3.  56d 6lPhO1. 691*01 

69Ue01 

1.796 2 0.011 65k02. 68*h04 

69Dr02. 66Rt01 

1.90 0.14 63Ph01. 64Py02, 688e21 

70Lo19 

3 .  9Zd 65k02. 69Dr02 

4 .  O l d  67F101. 6Nn01 

62hOl.  63Ph01 

4.16d 6bRGOI. 67F103 

b8Lol1 

4.05 0.19 561009. 67F103. 5bCh83 

4.1bd 63Ph01. 64As01 

4.27d 68Hol3 

66RWl 

'"Fm 380 : 60 .I %loo\ SF 70Hu17 

+he h a l f - l i f e  valuer w e d  in t h i s  table  were being used a t  TRU a t  the end of the report period. 

bRefcrcnces are decoded ~n Table A-2 

'Published values are adjusted for  241*. h a l f - l i f e  of 432.7 y .  

4.1,. estimated by l inear interpolat ion of the valves for  244Cm and 252Cf, based on nuclidic mass 

. 

. 
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. 

a r e  foo tno ted  because t h e  h a l f - l i f e  va lue  i n  ou r  t a b l e  no longer  agrees 
with t h e  va lue  given i n  t h e  r e fe rence .  However, w e  d i d  use t h e  r e l a t i o n -  

s h i p  given i n  t h e  r e fe renced  work. 

The r e f e r e n c e s  used i n  Table A - 1  a r e  decoded i n  Table A-2. The 

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

ORNL i n  t h e i r  widely d i s t r i b u t e d  "Nuclear Data Sheets ."  Table A-3 l i s t s  

de r ived  d a t a ,  such as s p e c i f i c  a c t i v i t i e s ,  along with information con- 

cerning t h e  hazard a s s o c i a t e d  with handl ing t h e s e  nuc l ides .  

7 . 2  Neutron Cross-Section Data 

The values  o f  neutron c ross  s e c t i o n s  used t o  compute t r ansmuta t ions  

i n  HFIR t a r g e t  i r r a d i a t i o n s  a r e  l i s t e d  i n  Table A-4.  This  t a b l e  shows 
s i x  parameters d e s c r i b i n g  t h e  neutron i n t e r a c t i o n s .  The f i r s t  i s  t h e  

thermal-neutron cap tu re  c ros s  s e c t i o n ,  and t h e  t h i r d  i s  t h e  neutron cap- 

t u r e  resonance i n t e g r a l .  The second parameter i s  a cons t an t  t h a t  i s  a 
func t ion  of t h e  t a r g e t  geometry; i t  i s  used t o  e s t i m a t e  t h e  resonance 

would C 
e f f '  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 ros s  s e c t i o n ,  u 

be : 

C C 'res R I  
1 + CN e f f  2200 ',,,, J + -  u = u  J 

C i s  t h e  thermal-neutron cap tu re  c ros s  s e c t i o n ,  N i s  t h e  number 

i s  t h e  average 

2200 

2200 where u 

of grams o f  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, I$ 

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 4 
equ iva len t  f l u x  of 2200-m/sec neutrons t h a t  would g ive  t h e  same r e a c t i o n  

r a t e  with 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 .  The e f f e c t i v e  
c ros s  s e c t i o n  f o r  f i s s i o n  i s  computed by a s i m i l a r  r e l a t i o n s h i p  among t h e  
l as t  t h r e e  parameters .  

r e s  
is  t h e  

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

whereby one can compute o v e r a l l  t r ansmuta t ion  e f f e c t s ,  and as a s e t  o f  

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 .  

f u l l y ,  t h e s e  numbers and t h e  c ros 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  agree; however, we w i l l  no t  allow t h e  p o s s i b i l i t y  of a 
discrepancy t o  confine us .  

Hope- 
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Table A-2. References for Table A-I 

Cod. Reference Code Reference 

4-1 

SOFrS3 

51H.87 

51In03 

52Se67 

53Ke38 

54w124 

5 5 h 1 6  

56Bu92 

56Ch83 

56Di62 

56Hi01 

5 m 2 3  

wow 

57As70 

57Ea01 

57Pe52 

5BE.W 

5 9 k 2 1  

59C093 

59y.26 

59V.02 

60Br12 

60Br15 

6 0 L . 0 3  

6lDrO4 

62Un01 

62Va08 

E. K.  Hyde. Y. H. S t u d i e r ,  and Y. Y. Manning. 
ANL-4143 (Apr i l  15. 1948) and ANL-4182 
(Aupst  4 ,  1948). 

Y. S. Freedman. A. H. J a f f e y .  and F. Wagner, 
J r . .  Phys. Rev.. 79. 410-411 (1950). 

G .  C .  Hanna. B. G. Harvey. N .  Moss. and P .  R .  
T u n n i c l i f f e ,  Phys. Rev..=, 466-467 (1951). 

Y. G. I n g h r u ,  D. C.  Hess, P .  R .  Fie lds .  and 
G. L .  Pyle ,  Phys. Rev.. E. 1250 (1951). 

E. Segr). Phys. Rev.,  E, 21-28 (1952). 

T. K. Keenan. R .  A. Penneun ,  and 8. 8. 
Uclnteer ,  J .  C h r .  Phys. ,  21, 1802 - I803 
(1953). 

A. Ghiorso. S. G. Thcmpson. G .  R. Choppin. and 
8. G. HaNey. Phys. Rev., z. 1081 (1954). 

D. Ennelkemeir. P. R. Fie lds .  T. F r i ed .  G. L.  
Pyle .  C. Y. Stevens,  L.  8. Asprey. C .  I .  Bromc, 
H. Louise Smith. and R .  1. Spence, J .  Inorg. 
h c l .  C h a . .  1, 345-351 (1955). 

J .  P. Bu t l e r ,  T. A. Eastwwd. T. L .  Co l l in s ,  
Y. E.  Jones.  F. Y. Rourke, and R. P. Schwan. 
Phyr. Rev., E, 634 (1956). 

G. R. Choppin. 8. G .  Harvey, D. A. Hicks, 
J .  Ire. Jr..  and R. V .  Pylc .  Phys. Rev., E, 
766 (1956). 

B. C. Diven, H. C. Martin. R .  F. Taschek. and 
J .  T e r r e l l ,  Phys. Rev., E. 1012-1015 (1956). 

D. A. Hicks,  J. Is=, Jr., and R .  V .  Pyle,  - Rev.. E. 1016-1020 (1956). 

D. C.  Hoffman and C.  I .  Broune, J A .  
Nucl. Cher . ,  2, 209 (1956). 

Y. Jones ,  R. P. Schwan.  J. P. But ler .  
G. Cowper, T. A. Eastwood. and H. G .  
Jackson,  Phys. Rev.. E, 203-207 (1956). 

F. Asaro. S. G. Thompson. F. S. Stephens, Jr . .  
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393 (1957). 
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R. A. Penneun.  L. H. Treimsn. and 8. Bevsn. 
as r epor t ed  by D. C .  Hoffman. G. P. Ford, 
and F. 0. Lawrence. J. Inorg. NucI. C h a . .  
5 ,  6-11 (1957). 

T. A. E a s t w w d  and R .  P. Schwan.  J .  Inorg. 
Nucl. C h r . .  6, 261-262 (1958). 
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Table A-3. Propertiesa of Transuranium Nuclides 

Underlines indicate new values since the previous report. 

. 

7.07 lo-4 2.07 10-5 8.0~ lo5 < I  x 10-6 4 x 10-12 0.06 84.9 

2.10 d 0.25 2.61 x l o 5  1.27 x l o 3  5.80 x 1014 

2.359 d 0.332 2.32 x l o 5  5.86 X 10' 5.14 8 10-7 30 1.29 

2.14 x 106 y 4.18 

1.24 

0.427 

63 m 0.89 1.24 x lo7 1.03 X lo5 2.76 x l o L 6  

1 . 3  m 2 . ~  1.07 lo8 5.33 l o 5  2.38 x lo1' 
1.6 

16  m b.86 x 107 1.08 x l o l l  

3.4 h 3.82 x lo6 8.49 d5 

87.404 y 5.49 17.2  

Y.bbl3 X I O b  Y 5.15 6.13 x 

6500 7 5.16 0.227 

3.869 lo5 4.90 3.82 

14.98 y b.9 0.02 99.1 

4.955 h 0.49 2.60 x lo6 

8.28 1( 107 4.587 1.77  x 

10.6 h 

10.85 d 0.15 4.91 x 10' 

0.58 

1 . 2 1  x 106 

0.570 

1.913 x 

7.097 

4.06 

3.34 lo3 

4.93 IO-' 

1 .13  x lo-' 

66.9 

1.9b x 1O'O 

6.94 l o 7  

2.94 x 106 

2.51 x 10' 

2.80 I: l o l l  

5 . 7 8  d5 
4.32 I 106 

2.00 x 104 

2.68 d5 
1.09 x loLb 

155 2 x 

1 .35  10-3 2 10-l~ 

55.7 2 x 10-12 

9 1 10-11 

95.9 2 x 10-12 

2 x 10-6 

141 2 x lo -=  
2 x 10-7 

0.04 2.32 x 

0.04 0.654 

0.04 0.176 

0.9 9.08 

0.05 13.0 

1 . 2  2.78 x 

0.04 2.23 lo3 
3.0 4.03 l o 5  

I44  y 5.207 I . T .  10.3 3.08 x 

7370 y 5.27 0.200 6 . 4 2  

10.1 h 0.387 1.21 lo6  8.74 lo3 
26 1 1.5  2.96 107 8.98 lo4 
2.07 h 0.91 6.17 x lo6 1.20 x 10' 

25.0 m 1.31  3.06 x lo7 2.48 x l o 5  
40 m 1.91 x l o 7  
24 m 3.17 10' 

162.1 d 6.11 3.32 x l o 3  
32 Y 5.79 45.9 

1 0 . W  y 5.80 80.94 

8265 Y 5.36 0.171 

4711 Y 5.4 l,.AOY 

1.64 x 10' y 8.83 

3.52 105 5.05 4.09 

64 m 0.9 1.18 x 10' 

1.14 x 10' y 8.20 x 10-2 

122 

1.617 

2.832 

5.89 

Q.8 1 1 0 - 6  

5.32 I 1 8  

2.06 lo4 

1.01 I 

4.1 

5.53 x lo7  2.28 x lo lo= 6 x 10-l' 0.07 6.80 x loe3 
2 . 2 6  x 10' 6 x 0.05 0.25 

2.82 x l o =  2 d 0 . ~ 8  1.42 10-7 

6.58 x loL6' 4 0.18 6.08 10-9 

1.31 x 10l6  3 x 12 1.94 x 

6.19 x 10l6  

4.24 x 10l6 

7.04 x 1016 

3.16 x 10" 

5.20 x l o lo  3.27 x 

9.16 x lolo 

2.00 x 108 

3.50 x 108 

1.00 lo5 
4.25 x lo6  

2.62 x 

108 

1016 

1 .21  x lo6  1 x 10-l' 0.05 6.21 x lo-' 

6 x 10-l' 0.09 1.96 x 

6.81 x IO5 9 I: 0.1 1.24 x 

5 x 10-l' 0.04 0.263 

>.52 x l o 5  5 I 10-l' 0.05 0.194 

5 I 10-12 0.04 453 

2.51 x lo6 6 x 0.01 2.91 

8 x 0.8 6.18 x lo-' 
6 .  bY x 10' 

31L d 5.4 0.125 1.67 x l o 3  0.358 2.74 x 1"' 3.71 x lo1' 6 . 3 4  x 10' 9 x lo-'' 0.7 4.19 X 

3.222 h 0.23 3.89 x lo6 2.75 x 10' 8.62 x 10l5 1 x lo-' 0.04 1.03 x lo-' 
51 I 1.32 x lo7 2.92 x loL6 
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Table A-3 (continued) 

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 8 

3.24 h 

20.07 h 

2.62 h 

94 d 

300 8 s  

5.81 

6 .03  

6.11 

5.98 

5.84 

6.63 

6.42 

7.20 

7 . 0 3  

0.27 

0.48 

4.08 0. IS2 

109 4.06 

1.59 5.79 I 10-2 

536 39.0 

2.90 x IO4 13.89 

8.49 10' 1.06 lo4 

r 8  x 106 

2.52 10' 1.01 I. lo3 

3.14 12 1 . 1 8  10' 

1.29 lo4 

2.94 lo7 

1.86 x IO3 71.9 

3.81 1 lo6 

6.13 I 10' 

4.67 I IO6 

5.41 I lo3  2200 

1.68 x 10' 

2.79 I IO4 

5.85 I IO6 

1.15 x 1011 

4.62 I lo9 

1.23 x 1011 

1 . 7 8  lo9 

5.88 I 1011 

1.02 I 1011 

2.89 I 10" 

2.86 I d3 
2.11 1 1012 

4.31 I 

6.94 x 1014 

6.12 1. 

156 2 1 10-12 0.04 8 . 9 8  x lo-' 

6.85 x 10' 5 I 0.04 3.70 i 

2 i 0.04 2.50 x 10.' 

1.40 I 10" 6 I 0.01 1.87 x 10.' 

6 .41 10" 8 I IO-" 0.04 1.40 I 

7.35 I 5 0.01 1 .18  .I 

. 

1.91 I IO7 7 I 10'" 0.04 1.59 I 

r5.04 x 10' 2 I 10-l '  0.02 1.08 .I IO-' 

5 I IO-' 0.02 6.37 x 10.' 6.97 I IO1' 

2.86 x IO" 4.92 x lo9 6 I 10-l' 0.04 3.10 .I 

6.52 I 1OI6 

2.02 I 10" 6 r. 10.' 0.02 5.25 a IO-' 

1.36 x IO9 2 x IO-' 0.04 6 .53  x 10" 

4.43 2 I 0.01 2.14 

e values for p rope r t i e s  included i n  t h i s  t a b l e  are those i n  use at  TW at the end of  t h e  report  period. 
"Report of C m i t t e e  I 1  on P c n i s s i b l e  DDsc f o r  In t e rna l  Radiatian (1959)" and t h e  1962 S u p p l c m t .  

iComting  g e m t r y .  51%. 

e242mh decays a l w a t  e n t i r e l y  by i r a c r i c  t r a n s i t i o n  t o  t h e  16-hr ground state.  '"'h. 
f244mh decays pr imari ly  by E emission, but  0.039\ decays by e l ec t ron  capture  t o  2**Pu. 

242h decays by E emission (84%) and o r b i t a l  electron cspture (16%). 
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Table A-4. Neutron Cross Sections Used to Compute Translations in H F l R  Target Irradiations 

C a p t u r e  F i s s i o n  
R e s o n a n c e  R e s o n a n c e  2200-m/s  R e s o n a n c e  R e s o n a n c e  2200-m/s  

C r o s s  S e c t i o n  S e l f - s h i e l d i n g  I n t e g r a l  C r o s s  S e c t i o n  S e l f - s h i e l d i n g  I n t e g r a l  
N u c l i d e  H a l f -  L i f e  ( b a r n s )  C o n s t a n t  ( b a r n s )  ( b a r n s )  C o n s t  a n t  ( b a r n s )  

238PU 87 .404  y 560 0 150 16 .5  0 25  

2 39PU 2 . 4 4 1 3  x l o 4  y 265 .7  0 195  7 4 2 . 4  0 324 

24QPU 6580  y 290 0 8453  0 . 0 5  0 0 

242PU 3 . 8 6 9  105 1 8 . 5  7 .409  1280 0 0 0 

24 3PU 4 . 9 5 5  h 8 0  0 0 210 0 0 

244Pu 8 . 2 8  x i o 7  y 1 . 6  0 0 0 0 0 

245PU 1 0 . 6  h 277  0 0 0 0 0 

246Pu 1 0 . 8 5  d 0 0 0 0 0 0 

24'PU 1 4 . 9 8  y 360 0 166 1011 0 54  1 

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

2 w m h  26 m 
Z U C ~ ~  49 m 

2 4 5 h  2 . 0 7  h 

2 4 6 h  25 .0  m 

2 .126  1500 0 0 
0 0 2300 0 

0 0 0 0 

0 0 1128 0 

0 0 0 0 

0 0 0 0 

1 8 . 0 9 9  y 1 2 . 0  6 . 9  650  1 . 2  6 . 9  1 2 . 5  

8265 y 340 2 . 4  100 1920 2 . 4  1140 

4711 y 1 .25  2 . 4  121 0 0 0 

3 . 5 2  105  5 . 2  1 . 4 7 7  250 0 0 0 

64 m 2 . 8  0 0 50  0 0 

1 . 7 4  x l o 4  y 2 0 0 0 0 0 

1 . 6 4  x io7  y 6 0  0 500 120 0 1060 

249Bk  314 d 1451 2 . 4  
2 5 0 B k  3 . 2 2 2  h 350 0 

249Cf 352 y 

25QCf  1 3 . 0 8  y 

25 'Cf  900  y 
252Cf 2 .646  y 

253Cf 1 7 . 8 1 2  d 
254Cf 6 0 . 5  d 

2 5 5 C f  1 . 5  h 

'Es 
2 5 4 E s  

2 5 4 m ~ ,  

2 5 5 E s  
256Es  

2 0 . 4 6 7  d 
276 d 

3 9 . 3  h 

3 9 . 8  d 

25 m 

3 . 2 4  h 

2 0 . 0 7  h 

2 . 6 2  h 

94  d 
380 ms 

1240 0 0 

0 3000 0 

0 

0 

450 1 . 4 6  750 1690 5 . 8  2920  

1900 1 3 . 3  6670  0 0 0 

2360 1 4  7000 3280 9 4  47,000 

1 9 . 8  0 44 0 0 56 

1 2 . 6  0 0 1300 0 0 

50  0 1650 0 0 0 

0 0 0 0 0 0 

345 0 

20 0 

1 . 2 6  0 

6 0  0 

0 0 

76 0 

26 0 
45  0 
10 0 
0 0 

0 0 

3060 0 

1840 0 

0 0 

0 0 

0 0 

100 0 
0 0 

5500 0 

0 0 

50 s i m p l i f y  c a l c u l a t i o n s  we u s e  a f i c t i t i o u s  i s o t o p e .  2*4cAm, which combines  t h e  p r o p e r t i e s  o f  2 4 " ~  and 2r4Am a c c o r d i n g  t o  
t h e i r  r e l a t i v e  r a t e s  o f  p r o d u c t i o n  f rom 1 4 3 ~ .  
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I t  should be po in ted  out t h a t  244cAm i s  a f i c t i t i o u s  i s o t o p e  which 

i s  used t o  s i m p l i f y  t h e  c a l c u l a t i o n  o f  t h e  main t ransmutat ion chain in-  
volving 244Am, The p r o p e r t i e s  of 2 4 4 C A m  were c a l c u l a t e d  from t h e  prop- 

e r t i e s  o f  t h e  r e a l  isomers 244gAm and 244mAm by assuming t h a t :  (1) t h e  
number of atoms o f  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  r e a l  isomers;  ( 2 )  t h e  B decay from 2 4 4 C A m  equa l s  t h e  t o t a l  B decay 
from t h e  r e a l  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 a r e  i n  equ i l ib r ium with 
t h e i r  common p a r e n t  243Am while  t h e  r e a c t o r  i s  ope ra t ing ;  and (5) t h e  

only s i g n i f i c a n t  product ion and removal f a c t o r s  a r e  t h e  removal of t h e  

isomers by decay and neutron abso rp t ion ,  and t h e  product ion of t h e  isomers 

by t r ansmuta t ion  from 243Am. Thus, 

(1) N c  = N + Nm,  
g 

( 2 )  AcNc = A N + AmNm, 

( 3 )  CT N = N + omNm, 

g g  
f f f 
c c  g g  

m = 0 ,  and c =  - g = -  (4) - 
dN dN dN 

d t  d t  d t  

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, g, o r  m; and 

f .  i s  t h e  f r a c t i o n  o f  neutron cap tu res  i n  243Am r e s u l t i n g  i n  t h e  i t h  
2 

isomer,  such t h a t  f c  = f + fm = 1. 
g 
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