
GEAP-4430 
AEC RESEARCH AND 

DEVELOPMENT REPORT 
DECEMBER 1. 1963

ACCURATE NUCLEAR FUEL 
BURNUP ANALYSES

EIG HTH QUARTERLY PROGRESS REPORT  
SEPTEM BER 1 9 6 3  • NO VEM BER 1963

Facsimile Price S ^  ^

Microfilm Price S - j y
Aveitable from the 
Office of Technical Services 
Department o f Commerce 
Washington 25, D. C.

BY
B.F. RIDER 

C.P. RUIZ 
J.P. PETERSON, JR. 

P S. LUKE, JR. 
F.R.SMITH

U S. ATOMIC ENERGY COMMISSION 
CONTRACT A T (0 4 -3 )-189 
PROJECT AGREEMENT 25

MUSTOt

VALLECI TOS ATOMI C L A B O R A T O R Y

G E N E R A L  ^  E L ECT RI C
IT IM IC  POSE* EQUIPMENT DEPARTMENT 

SIN I0SE. CIUFORNII



GEAP-4430

AFC RESEARCH AND 
DEVELOPMENT REPORT

D ece mb er  1 , 1963

ACCURATE NUCLEAR FUEL P.’ RNUP ANALYSES 

EIGHTH QUARTERLY PROGRESS REPORT

S e p t e m b e r  1963 - November 1963

• B. F.  R i d e r
C. P.  R u i z  J .  P.  P e t e r s o n ,  J r .
P.  S.  L u k e ,  J r .  F.  R. S m i t h

A p p r o v e d
D. H. A h m a n n ,  Manager  
C h e m i s t r y  t* C h e m i c a l  E n g i n e e r i n g

J

U. S.  A t o m i c  E n e r g y  C o m m i s s i o n  
C o n t r a c t  No.  A T ( 0 4 - 3 ) - 1 8 9  
P r o j e c t  A g re e m e n t  No.  25

P r i n t e d  i n  t h e  U . S . A .  Pc.icfe-J$Qv-W'. A v a i l a b l e  f rom t h e  
O f f i c e  o f  T e c h n i c a l  S e r v i c e s ,  D e p a r t m e n t  o f  Commerce ,

W a s h i n g t o n  2 5 ,  D. C.

m i E C I T O S  A T O M I C  L A B O R A T O R Y

G E N E R A L ®  E L E C T R I C
ATOMIC P O W E R  E Q U I P ME N T  D E P A R T M E N T  

S AN JOSE.  C ALI F ORNI A

1583-TIO-2 
75 -  5/64



*

I
/

G FA P -4430

TABLE OF CONTENTS

P a g e  N o .

FOREWORD.....................................................................................................................................   1

I .  SUMMARY . . .......................................................................................................................................  2

I I .  PROGRAM PROGRESS. . . ..................................................................................  5

A .  CATION AND ANION EXCHANGE S T U D I E S ..............................................................  5

B . HEAVY ELEMENT BEHAVIOR ON A D2EHP COLUMN. ........................................  11

C .  DISASSEMBLY AND ANALYSIS OF IRRADIATION ASSEMBLIES. . . .  17

REFERENCES.............................................................................................................................................................  20

ACKNOWLEDGMENTS.......................................................    21

i i i



GEAP-4430

FOREWORD

Accurate measurements of fuel burnup are required to aid in reactor 
design for high hurnup fuels and to aid in evaluating nuclear fuel costs.
The usefulness of current radiochemica1 methods is limited because of:
(a) limited availability of long-lived radioactive isotopes among the fission 
products; (b) the accuracy with which these fission products can be measured 
because of uncertainties in their physical constants; and (c) the volatile 
nature of the few available isotopes. Mass spectrometric techniques are 
being investigated to obtain a more accurate burnup analysis by measuring 
the quantity of the nonradioactive refractory fission products produced 
from a variety of fuels. By using the accurate isotope dilution technique 
on. stable fission products, errors that limit the final accuracy of radio­
chemical measurements are eliminated, such as errors in counting efficien­
cies, decay schemes, and decay constants, as well as those found in out-of­
pile and in-pile decay corrections.



GKAP-44 30

I . SL'MMAl’V

The d e v e l o p m e n t  oi  a c c u r a t e  m e t h o d s  f o r  d e t e r m i n a t i o n  ot  n u c l e a r  t u e l  

b u r n u p  b e g a n  on t h e  p r e s e n t  p r o g r a m  i n  December  1 4 s - . Toe r e p o r t  ot  t i n  

f i r s t  y e a r ' s  p r o g r e s s ,  i n c o o p e r a t i o n  v ' L r i  t h e  P h i l l i p s  P e t r o l e u m  Company , 

a p p e a r e d  i n  T1D- 1 7 3 8 5 ,  "1’ i u u p  D e t e r m i n a t i o n  ot  N u c l e a r  F u e l " ,  J a n u a r y  1 4 n < .  

The  f i  r s t  s e v e n  q u a r t e r l y  r e p o r t s  a p p e a r e d  a s  GEAP- 4053- 1  , GEAP- 4 0 3 3 - 2 ,  

GEAP- 4082 ,  GFAP- 4137 , GEAP- 4201 , C E AP - 4 2 7 8 ,  and GEAP - 4 3 6 1 .  The wor k  p e r ­

f o r me d  d u r i n g  t h e  e i g h t h  q u a r t e r  i s  s u m m a r i z e d  a s  f o l l o w s :

A.  CATION AND ANION EXCHANGE STI’DI ES

The d e t e r m i n a t i o n  of  s t a b l e  f i s s i o n  p r o d u c t  n e o d v mi u m in i r r a d i a t e d  

LT0 2 i n  t h e  p r e s e n c e  o f  s t a i n l e s s  s t e e l  o r  z i r c u l o v ,  h a s  b e e n  d e m o n s t r a t e d  

s u c c e s s f u l l y .  The a l l - c o l u m n  p r o c e d u r e  by wh i c h  t h i s  wa s  a c c o m p l i s h e d  i s  

d e s c r i b e d  i n  GEAP- 4278 .  A s u r v e y  o f  u n c l a s s i f i e d  f u e l  ; a n d  c l a d d i n g  

m a t e r i a l s  i n d i c a t e s  t h a t  i n  a d d i t i o n  t o  s t a i n l e s s  s t e e  a n d  z i r c a l o v ,  a 

common c l a d d i n g  f o r  1o w - t e m p e r a t u r e  f u e l s  i s  a l u mi n u m.  C l a d d i n g  m a t e r i a l s  

f o r  h i g h  t e m p e r a t u r e  f u e l s  may i n c l u d e  s u c h  h i g h - m e l t i n g  m e t a l s  as  m o l y b d e n u m  

a n d  t u n g s t e n .

Al umi num w a s  f ound  t o  f o l l o w  ne odymi um t h r o u g h  t h e  a b o v e  c h e m i c a l  

s e p a r a t i o n  p r o c e d u r e  a n d  t o  add u n w a n t e d  mass  t o  t h e  m a s s  s p e c t r o m e t e r  t i l a ­

m e n t .  S e p a r a t i o n  o f  a l u mi n u m f r om n e o d v mi u m h a s  b e e n  a c h i e v e d  by e l u t i o n  i r 

D ow ex-50  w i t h  207, e t h a n o l - 8 0 %  w a t e r  s a t u r a t e d  t o  12N v i t h  MCI g a s .  Neodvmi um 

r e m a i n s  a d s o r b e d  u n d e r  t h e s e  c o n d i t i o n s  and i s  e l u t e d  l a t e r  w i t h  CM MCI.

To e v a l u a t e  e f f e c t s  o f  m o l y b d e n u m  and t u n g s t e n  on  t h e  neodvmi um

s e p a r a t i o n ,  s a m p l e s  o f  e a c h  we r e  a c t i v a t e d  by n e u t r o n  i r r a d i a t i o n .  Each

m e t a l  was  t h e n  d i s s o l v e d  s e p a r a t e l y  a n d  f o l l o w e d  r a d i o c h e m i c a 1 l y  t h r o u g h

t h e  neodymi um s e p a r a t i o n  p r o c e d u r e .  In  e a c h  c a s e ,  t h e  m e t a l  was h e l d  up on

D o w e x - 1 f rom 12M MCI , w h e r e a s  t h e  n e o d v mi u m p a s s e d  t h r o u g h .  D e c o n t a m i n a t i o n
2

t i c  t o r s  ( d f )  f o r  e a c h  m e t a l  on t h i s  c o l u m n  we r e  -- 10 . An a d d i t i o n a l  dt
2

o f  10"  f o r  e a c h  m e t a l  was  o b t a i n e d  bv a d s o r p t i o n  o f  n e o d v mi u m on Dowex-30 

a n d  w a s h i n g  t h e  m o l y b d e n u m  and t u n g s t e n  a s  w e l l  a s  a l u m i n u m  and a m e r i c i u m  

t h r o u g h  w i t h  207, e t h a n o l  i c  12M MCI. The  r e s u l t i n g  o v e r - a l l  d e c  on t ami na  t i on
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f r om e a c h ,  t h e r e f o r e ,  i s  i n  e x c e s s  o f  10 , w h i c h  a p p e a r s  t o  b e  s a t i s f a c t o r y .

3.  HEAVY ELEMENT BEHAVIOR ON A D2EHP COLUMN

A f u r t h e r  i n v e s t i g a t i o n  o f  t h e  i n t e r f e r e n c e  o f  t h e  h e a v y  e l e m e n t s

P u , Am,  a n d  Cm i n  t h e  n e o d y mi u m p r o c e d u r e  e m p l o y i n g  a Di - ( 2 - e t h y l h e x y 1)

p h o s p h o r i c  a c i d  (D2EHP) c o l u m n  was c a r r i e d  o u t .  A 100 cm l o n g  c o l u m n  was

u s e d  t o  i m p r o v e  r e s o l u t i o n ,  a n d  e x c e l l e n t  r e s u l t s  we r e  o b t a i n e d .  The w i d t h

o f  t h e  e l u t i o n  p e a k s  a t  h a l f  h e i g h t  we r e  3 . 3  a n d  9 . 3  p e r c e n t  o f  t h e  pe a k

p o s i t i o n  f o r  C e - 144 and N d - 1 4 7 ,  r e s p e c t i v e l y .  O b s e r v e d  r e l a t i v e  p e a k  p o s i t i o n s

f o r  Ac ^ , Ce+ ^,  Am Cm \  a n d  Nd ^ w e r e  0 . 0 4 ,  0 . 4 8 ,  0 . 7 2 ,  0 . 8 5 ,  a nd  1 . 0 0 ,
2r e s p e c t i v e l y .  The Nd d f  f r o m  c u r i u m  was  10 . The a m e r i c i u m  d t  wa s  a b o u t

4 5 + 310 a n d  t h e  c e r i u m  d f  was  o v e r  10 . A l t h o u g h  Pu had b e e n  s hown  p r e v i o u s l y
+ 3t o  a p p e a r  v e r y  n e a r  t h e  Ce p e a k ,  t h e  c h e m i c a l  i n s t a b i l i t y  o f  t h i s  

v a l e n c e  s t a t e  a p p a r e n t l y  a s s u r e s  t h a t  p l u t o n i u m  w i l l  n o t  be  a s i g n i f i c a n t  

i n t e r f e r e n c e ,  b u t  w i l l  be  t i g h t l y  h e l d  a s  Pu u n d e r  t h e  e x p e r i m e n t a l  

c o n d i t i o n s .  One s i g n i f i c a n t  o b s e r v a t i o n  c o n c e r n i n g  t h e  b e h a v i o r  o f  h e a v y  

e l e m e n t s  on  a D2EHP c o l u mn  h a s  b e e n  made ,  i . e . ,  t h e  s e p a r a t i o n  f a c t o r s  of  

h e a v y  e l e m e n t s  i s  a t  l e a s t  a s  good  a s  t h e  b e s t  e x i s t i n g  m e t h o d s  b a s e d  on 

Dowex- 50 .  I t  i s  a p p a r e n t  t h a t  h e a v y  e l e m e n t  s e p a r a t i o n  f a c t o r s  e v e n  g r e a t e r  

t h e n  t h o s e  o f  t h e  Dower - 50  —  c/ ~ h y d r o x y i s o b u t v r i c  a c i d  s y s t e m  c a n  be  

o b t a i n e d  w i t h  t h e  D2EHP s y s t e m  i n many c a s e s .

C. DISASSEMBLY A^’D ANALYSIS OF IRRADIATION ASSEMBLIES

I r r a d i a t i o n  a s s e m b l y  G E V - l , wh i c h  w a s  i r r a d i a t e d  i n  MTR i n  a 

t h e r m a l  f l u x , h a s  b e e n  d i s a s s e m b l e d  in t h e  h o t  c e l l s  and Lhe i n d i v i d u a l  

c a p s u l e s  o p e n e d .  One c o n t a i n e d  a U-235 f o i l ,  o n e  a P u - 239 f o i l ,  a n d  one  

a U-233 f o i l .  Each f o i l  wa s  d i s s o l v e d  and  t h e  x e n o n  c o l l e c t e d  f o r  a n a l y s i s .  

The r e s u l t i n g  s o l u t i o n s  w e r e  e a c h  a n a l y z e d  f o r  s t a b l e  f i s s i o n  p r o d u c t  

neodymi um n u c l i d e s  and f o r  t h e  h e a v y  e l e m e n t  f u e l  i s o t o p i c  c o n t e n t .  A d d i ­

t i o n a l  a n a l y s e s  f o r  C s , B a , Ce , a n d  Sm i s o t o p e s ,  w h i c h  r e p r e s e n t  a m a j o r  

p o r t i o n  u f  t h e  h e a v y  mass  f i s s i o n  y i e l d  p e a k , w i l l  p e r m i t  c a l c u l a t i o n  of  

he  r a t i o  o f  N d - 143 t o  a l l  i s o t o p e s  in t h e  h e a v y  ma s s  p e a k .  By n o r m a l i z i n g  

t h e  t o t a l  o f  a l l  i s o t o p e s  t o  1007o, Nd-148 f i s s i o n  y i e l d s  f o r  U - 2 3 3 ,  P u - 2 3 9 ,

3
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in addition to U-235 will be obtained.

Irradiation assembly GEV-2, which was irradiated in VBWR in a 
hardened thermal flux, has also been opened. This was a 40-inch long 
assembly containing foils of U-235, Pu-239, and U-233 similar to those in 
GEV-1, and specimens of stable fission product elements, both unshielded and 
shielded with CdO. The stainless steel outer tube has been gamma-scanned 
over its full length using the RCL 256-channel analyzer set to accept only 
the Co-60 photopeaks. An integrated, relative thermal flux profile was 
thus obtained Also, cobalt and iron flux wires from within the individual 
capsules have been extracted and sectioned in 1/2-inch lengths to determine 
the absolute thermal flux and fast flux exposures. These data will be used 
for the determination of capture cross sections of the stable fission 
product nuclides selected for use as burnup indicators.

Assembly GEV-3 has completed its irradiation in VBWR and is cooling. 
This assembly contains Th-232 and U-238 oxides for the determination of 
fast fission yields of stable fission product nuclides.

4
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I I  . PROGRAM PROGRESS

D u r i n g  t h e  q u a r t e r ,  t h e  i o n  e x c h a n g e  b e h a v i o r  o f  a l u m i n u m ,  t u n g s t e n ,  

a n d  mo l y b d en u m i n  t h e  a n a l y s i s  o f  s t a b l e  f i s s i o n  p r o d u c t  neo dy mi um h a s  b e e n  

s t u d i e d ;  t h e  b e h a v i o r  o f  h e a v y  e l e m e n t s  s u c h  a s  p l u t o n i u m ,  a m e r i c i u m ,  and 

c u r i u m  i n  t h e  ne od ymi um s e p a r a t i o n  on a D2EHP co lumn h a s  b e e n  f u r t h e r  i n ­

v e s t i g a t e d ;  and  t h e  d i s a s s e m b l y  and a n a l y s i s  o f  t h e  i r r a d i a t i o n  a s s e m b l i e s  

GEV- 1 a n d  GEV-2 h a s  c o n t i n u e d .

A . CATION AND ANION EXCHANGE STUDIES

1. B e h a v i o r  o f  No n - F i s s i o n  P r o d u c t  S p e c i e s

A p r o c e d u r e  f o r  t h e  d e t e r m i n a t i o n  of  s t a b l e  f i s s i o n  p r o d u c t

n e o d y m i u m  a s  a b u r n u p  i n d i c a t o r  i n  i r r a d i a t e d  UO f u e l  was  d e v e l o p e d  and
1 1

r e p o r t e d  p r e v i o u s l y .  I t  was f o u n d ,  h o w e v e r ,  t h a t  some a l u m i n u m  a p p e a r e d

i n  t h e  neodymium f r a c t i o n  when a p p r e c i a b l e  a m o u n t s  o f  a l u m i n u m  w e r e  p r e s e n t  

i n  t h e  s a m p l e .  S i n c e  s ome  f u e l s  c o n t a i n  a l u m i n u m ,  a m e t h o d  f o r  e l i m i n a t i o n  

o f  i t s  i n t e r f e r e n c e  h a s  b e e n  d e v i s e d .  I n  a d d i t i o n ,  s e v e r a l  h i g h  t e m p e r a t u r e  

f u e l  c o n s t i t u e n t s ,  i n c l u d i n g  t u n g s t e n  a n d  mo l y b d en um h a v e  b e e n  t e s t e d  f o r  

i n t e r f e r e n c e  In t h e  n e o d y m i u m  p r o c e d u r e .  F i n a l l y ,  t h e  i o n - e x c h a n g e  b e h a v i o r  

o f  a m e r i c i u m ,  wh i c h  f o l l o w s  c l o s e l y  t h e  c h e m i s t r y  o f  n e o d y m i u m ,  h a s  been  

f u r t h e r  i n v e s t i g a t e d  i n  a n  a t t e m p t  t o  o p t i m i z e  c o n d i t i o n s  f o r  i t s  r e m o v a l .  

R e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  r e p o r t e d  b e l o w .

a .  A l u m i n u m . A p r e l i m i n a r y  i n v e s t i g a t i o n  showed  t h a t  a l t h o u g h  

a l u m i n u m  was e l u t e d  s l i g h t l y  a h e a d  o f  n e o d y m i u m  f rom a c h r o m a t o g r a p h i c

c o l u m n  o f  d i - ( 2 - e t h y l h e x y  1) p h o s p h o r i c  a c i d  s u p p o r t e d  on C h r o m o s o r b ,  i t
2

t a i l e d  e x c e s s i v e l y  i n t o  t h e  neodymium f r a c t i o n .  F i g u r e  1 s ho ws  t h e

e l u t i o n  c h a r a c t e r i s t i c s  o f  a l u mi n u m  on s u c h  a c o l u m n .  N o t e  t h e  p o s i t i o n  o f  

t h e  n e o d y m i u m  band a s  i n d i c a t e d  by an a r r o w .  S i n c e  t h e r e  w e r e  no s u i t a b l e  

r a d i o a c t i v e  s p e c i e s  o f  a l u m i n u m  a v a i l a b l e  a s  t r a c e r ,  t h e  e l u t i o n  o f  t h e  

a l u m i n u m  was  f o l l o w e d  by  a c h e m i c a l  m e t h o d .  The e l u a t e  was  c o l h  : t e d  i n  

s m a l l  i n c r e m e n t s  and t h e  a l u m i n u m  c o n c e n t r a t i o n  i n  e a c h  i n c r e m e n t  was d e t e r ­

m i n e d  s p e c t r o p h o t o m e t r i c a 1 l y  by t h e  a u r i n  t r i c a r b o x y l i c  a c i d  m e t h o d .  S o l u ­

t i o n s  w e r e  b u f f e r e d  t o  pH 6 . 3  b e f o r e  c o l o r  d e v e l o p m e n t .  The r a n g e  o f  t he  

m e t h o d  a s  a p p l i e d  was ‘f r o m  1 t o  230 ^ g  o f  a l u m i n u m .

3
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The most satisfactory method yet found for elimination of the 
aluminum interference has been elution from Dowex-50 with ethanolic 12M MCI. 
Under these conditions, neodymium is retained on the resin. Figure 2 shows 
the effectiveness of this separation. The column (4 mm x 2 cm) of Dowex-50 
W x 8 was operated at room temperature. After preconditioning with 1M HCl, 
a suitable aliquot of aluminum was evaporated to dryness, redissolved in 
125 > of 1M HCI , and loaded direc tly onto the column, which was then washed 
with two free column volumes (250 •) of iM HCl at a flow rate, of 1 cm/min. 
The aqueous phase was displaced from the column with two free column volumes 
(250 v) of ethanol. Then the aluminum was eluted with 207. ethanol-807^ 
water saturated with HCl gas to 12K. The neodymium was finally eluted 
with 6M HCl.

The effect of cross-linkage on the resin was also explored. 
Dowex-50 x 12 showed greater affinity for aluminum, giving greater tailing 
characteristics into the neodymium fraction. Dowex-50 x 4 released the 
aluminum quickly, but exhibited excessive swelling. Dowex-50 x 8 appeared 
to be the best all around choice of cross-linkage for this separation.

It is recommended strongly that this column separation be 
added between the initial Dowex-1 separation and the D2EHP column in the 
neodymium separation procedure.

b. Tungsten. The behavior of tungsten in the neodymium separa­
tion procedure was followed radiochemica1ly with W-187. A Dowex-1 x 8 
(200-400 mesh) anion exchange column (4 mm x 10 cm) was prepared for room 
temperature operation and preconditioned with 12M HCl. A suitable aliquot 
of W-187 was evaporated to dryness and redissolved in 0.5 ml of 12M HCl.
The sample was loaded onto the column and washed with 3 free column volumes 
(1.5 ml) of 12M HCl at a flow rate of < 1 cm/min. The eluate was collected 
and counted in a Nal well-type scintillation counter. Over 997. of the 
W-187 activity was adsorbed on the column and remained there. Rare earths, 
including neodymium, were not adsorbed. The tungsten is, therefore, 
removed effectively from neodymium in this first step of the procedure.
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The b e h a v i o r  o f  t u n g s t e n  on t h e  Dowex- 50  co lumn was  a l s o  

o b s e r v e d .  A Dowex-50 x 8 ( 2 0 0 - 4 0 0  mesh )  c a t i o n  e x c h a n g e  co lumn (4  mm x 2 cm) 

was p r e p a r e d  f o r  room t e m p e r a t u r e  o p e r a t i o n  and  p r e c o n d i t i o n e d  w i t h  1M HC1.

A s u i t a b l e  a l i q u o t  o f  W-187 w a s  e v a p o r a t e d  t o  d r y n e s s  and r e d i s s o l v e d  i n  

125 o f  1M H C l .  The s a m p l e  w a s  l o a d e d  o n t o  t h e  c o l u m n  and w a s h e d  w i t h  2 

co l u mn  v o l u m e s  (2 50 '*.) o f  1M HCl , t h e n  w a s he d  w i t h  2 co l umn  v o l u m e s  o f  

e t h a n o l  t o  d i s p l a c e  t h e  a q u e o u s  p h a s e .  T h e n ,  10 c o l u m n  v o l u m e s  o f  207. 

e t h a n o l i c  1 2M HCl w e r e  p a s s e d  t h r o u g h  t h e  c o l u m n ,  f o l l o w e d  by b c o l u m n  

v o lu me s  o f  bM HCl t o  e l u t e  t h e  neodymi um f r a c t i o n .  A g a i n ,  by u s e  o f  t h e  

Nal  w e l l - t y p e  s c i n t i l l a t i o n  c o u n t e r ,  o v e r  997. o f  t h e  W-187 a c t i v i t y  was  

found  t o  h a v e  b e e n  e l u t e d  i n  t h e  e t h a n o l i c  12M HCl wa sh  and l e s s  t h a n  17. 

o f  t h e  W-187 a c t i v i t y  was f o u n d  i n  t h e  6M HCl f r a c t i o n s  w h i c h  c o n t a i n  t h e  

n e o dy mi u m .

T h e s e  two e x p e r i m e n t s  i n d i c a t e  t h a t  t u n g s t e n  w i l l  n o t  i n t e r ­

f e r e  w i t h  t h e  neodymium s e p a r a t i o n ,  p r o v i d e d  t h e  10-mg c a p a c i t y  o f  t h e  r e s i n
4

i s  n o t  e x c e e d e d .  A d f  o f  10 i s  a c h i e v e d  p r i o r  t o  t h e  D2EHP c o l um n  w h i c h  

a p p e a r s  t o  b e  e n t i r e l y  s a t i s f a c t o r y .

c .  M o ly b d e nu m . The b e h a v i o r  o f  m o l y b d e n u m  i n  t h e  n e o d y m i u m  

s e p a r a t i o n  p r o c e d u r e  was f o l l o w e d  r a d i o c h e m i c a 1 l y  w i t h  Mo-99.  The 

Dowex-1 x 8 ( 2 0 0 - 4 0 0  me sh )  a n i o n  e x c h a n g e  c o l u m n  (4  mm x 10 cm) was  p r e p a r e d  

f o r  room t e m p e r a t u r e  o p e r a t i o n  a n d  p r e c o n d i t i o n e d  w i t h  12M HCl .  An i l i q u o t  

o f  Mo-99 was  e v a p o r a t e d  t o  d r y n e s s  and  r e d i s s o l v e d  i n  0 . 5  ml o f  12M H Cl .

T h i s  s a m p l e  w a s  l o a d e d  o n t o  t h e  c o l u m n  and w a s h e d  w i t h  3 f r e e  c o l u m n  v o l u m e s  

( 1 . 5  m l )  o f  12M HCl a t  a f l o w  r a t e  o f  • 1 c m/ mi n  a n d  e l u a t e  ( wh i c h  c o n t a i n s

t h e  neodymium t r a c t i o n )  c o l l e c t e d  i n  a one  d ram g l a s s  v i a l .

The v i a l  o f  e l u a t e  was  c o u n t e d  i n  t h e  w e l l - t y p e  Nal  s c i n t i l ­

l a t i o n  c o u n t » r .  The Dowex-1 x 8 a n i o n  co l umn  i t s e l f  was  c o u n t e d  i n  a

s i m i l a r  ma n e r . Over  987. o f  t h e  Mo-99  was f o u nd  t o  b e  a d s o r b e d  on t h e  

co l u mn  and  *. 27. t o  h a v e  p a s s e d  t h r o u g h  i n t o  t h e  n e o d ym i u m  f r a c t i o n .  T h us  , 

t h e  b u l k  o f  t h e  mol ybdenum i s  r e m o v e d  i n  t h e  f i r s t  s t e p  i n  t h e  n e o d ym i u m  

p r o c e d u r e .

9
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The Dowex- 50  c o l  imn w h i c h  was  f o u n d  u s e f u l  i n  r e m o v i n g  a l u ­

minum i n t e r f e r e n c e ,  a s  d e s c r i b e d  a b o v e ,  was  f o u n d  a l s o  t o  r e m o v e  99% o f  

t h e  Mo-99  a c t i v i t y  i n  t h e  e t h a n o l i c  12M MCI w a s h  p o r t i o n  and  t o  p a s s  l e s s

t h a n  1% i n t o  t h e  neodymium f r a c t i o n .  The o v e r a l l  d f  f o r  m o l y b d e n u m  was 
4

f o u n d  t o  b e  10 t h r o u g h  t h e  f i r s t  two c o l u m n s ,  a s  l o n g  a s  t h e  10 mg m o l y b ­

d en um  c a p a c i t y  o f  t h e  r e s i n  i s  n o t  e x c e e d e d .

d .  A m e r i c i u m . M o d e r a t e  l e v e l s  o f  a l p h a  r a d i o a c t i v i t y  due  t o

Am-241 h a v e  b e e n  found  i n  n e od y m i um  f r a c t i o n s  p r e p a r e d  f o r  m a s s  s p e c t r o m e t r y .

S i n c e  t h e  a m e r i c i u m  c o n t e n t  i n  f u e l  i n c r e a s e s  w i t h  e x p o s u r e ,  a t  h i g h

b u r n u p s  i t  c a n  be  e x p e c t e d  t o  p r e s e n t  a r a d i a t i o n  h a z a r d .  The a m e r i c i u m

f o l l o w s  n e o dy mi u m  t h r o u g h  t h e  f i r s t  Dowex- 1 a n i o n  e x c h a n g e  c o l u m n ,  b u t

i s  s e p a r a t e d  bv Dowex-50 c a t i o n  e x c h a n g e  c o l u m n .  Some Am-241 a c t i v i t y  was

t r a c e d  t h r o u g h  t h e  Dowex-50  x 8 c o l u m n  i n  a m a n n e r  s i m i l a r  t o  t h a t  employed

w i t h  t h e  a l u m i n u m ,  t u n g s t e n ,  a n d  molybdenum a b o v e .  The Am-241 w a s  e l u t e d

t o  t h e  e t h a n o  l i c - H C l  wash  a n d  was d e c o n t a m i n a t e d  f rom t h e  n e o d y m i u m  f r a c t i o n
4

by a f a c t o r  o f  10 .

Tlie e f f e c t  o f  e t h a n o l  c o n c e n t r a t i o n  i n  t h e  e t h a n o l  i c  12M HCl 

was  a l s o  e v a l u a t e d .  D i f f e r e n c e s  b e t w e e n  107o, 20%, and  40% e t h a n o l  w e r e  

s l i g h t .  The  e f f e c t  o f  e t h a n o l  i s  p r i m a r i l y  t o  d e c r e a s e  t h e  p o l a r i t y  o f  t h e  

s o l v e n t  a n d  t h e r e b y  r e d u c e  t h e  d e g r e e  o f  i o n i z a t i o n  and s u b s e q u e n t  a d s o r p t i o n  

of  t h e  i n t e r f e r i n g  m e t a l s .  A 20°% e t h a n o l i c  c o n t e n t  a p p e a r s  t o  b e  a d e q u a t e .

On t h e  b a s i s  o f  t h e  a bo v e  e x p e r i m e n t s  upon D o w e x - 5 0  c a t i o n

e x c h a n g e  r e s i n s ,  i t  i s  r e c o m m en d e d  t h a t  t h e  8% c r o s s - l i n k e d  r e s i n  wa sh e d

w i t h  20% e t h a n o l i c  12M HCl b e  a d d e d  t o  t h e  n e od y m i u m  p r o c e d u r e  b e t w e e n  t h e

i n i t i a l  12M HCl e l u t i o n  f r o m  Do wex - 1 and  t h e  s u b s e q u e n t  Dl’EHP c o l u m n .  Such
4

a m o d i f i c a t i o n  a s s u r e s  an  a d e q u a t e  d e c o n t a m i n a t i o n  f a c t o r  o f  10 f o r  

a l u m i n u m ,  t u n g s t e n ,  m o l y b d e n u m ,  and a m e r i c i u m .

B . HEAVY ELEMENT BEHAVIOR ON A D l - ( 2 - ETHYLHEXYL) P HOSPHOR! C ACID COLUMN

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

s e v e r a l  e l e m e n t s  wh i ch  e x i s t  i n  t h e  +3 v a l e n c e  s t a t e .  The o b j e c t i v e  was t o  

o b s e r v e  t h e  e l u t i o n  b e h a v i o r  o f  t h e s e  e l e m e n t s ,  i n  p a r t i c u l a r  Am a nd  Cm 

r e l a t i v e  t o  N d , i n  o r d e r  t o  d e t e r m i n e  i f  u n d e r  r e l a t i v e l y  good c o n d i t i o n s  an

10



GEAP-4430

a d e q u a t e  s e p a r a t i o n  c o u l d  b e  a c h i e v e d .  F r o m  t h o s e  d a t a ,  some c o m p a r i s o n  

o f  t h i s  s y s t e m  c o u l d  be  m ad e  r e l a t i v e  t o  t h e  Dowex-50 s y s t e m  e m p l o y i n g  

v a r i o u s  c o m p l e x i n g  a g e n t s .

1.  Column P r e p a r a t i o n

A D2EHP c o l u m n  (4 mm x 100 cm)  was  p r e p a r e d  w i t h  4 . 2  grams  

o f  1 2 0 - 1 4 0  mesh C h r o m o s o r b - W  w h i c h  c o n t a i n e d  0 . 7  gram o f  D2EHP. The 

c o l u m n  w a s  j a c k e t e d  f o r  o p e r a t i o n  a t  8 7 ° C , m a i n t a i n e d  w i t h  t h e  v a p o r  f rom 

b o i l i n g  t r i c h 1o r o e t b y  1e n e . The co lumn was  p r e c o n d i t i o n e d  p r i o r  t o  t h e  

l o a d i n g  o f  t h e  a c t i v i t i e s  b y  p a s s i n g  t h r o u g h  bM HCl + 0 .01M NH? OH t o  d e s t r o y  

a ny  o x i d i z i n g  a g e n t s  p r e s e n t  i n  t h e  c h r o m a t o g r a p h i c  co lumn w h i c h  c o u l d  

r e a c t  w i t h  t h e  p l u t o n i u m .  The co l umn  was  t h e n  wash e d  w i t h  0 . 1 9M HCl i n  

p r e p a r a t i o n  f o r  l o a d i n g .

The t r a c e r  a c t i v i t i e s  c o n s i s t e d  o f  ~  10 dpm o f  N d - 1 4 7 ,

C e - 1 4 4 ,  A c - 2 2 7 ,  Am-241 , a n d  Cm-2 42 .  The A c - 2 2 7  was pur*, l i e d  f r o m  i t s

d a u g h t e r  a c t i v i t i e s  j u s t  p r i o r  t o  t h e  c o l u m n  s t u d y  by p a s s i n g  i t  t h r o u g h

a s h o r t  ( 4  mm x 10 cm) D2EHP c o l u m n .  P l u t o n i u m  was  p r e p a r e d  i n  t h e  +3

s t a t e  by  d i s s o l v i n g  a b o u t  2 mg o f  p l u t o n i u m  m e t a l  i n  0 . 5M HCl c o n t a i n i n g  a

d i s s o l v e d  c r y s t a l  o f  NH OH a n d  y i e l d e d  t h e  c h a r a c t e r i s t i c  b l u e  s o l u t i o n .
2

The s i x  a c t i v i t i e s  w e r e  c o m b i n e d ,  a d j u s t e d  t o  0 . 1M HCl ,  and  l o a d e d  o n t o  t h e  

c o l u m n .
>

2 . P e r  f o r m an c e

■ +3A f t e r  l o a d i n g ,  t h e  b l u e  Pu c o m p l e x  was v i s i b l e  on t h e

c o l um n  a n d  o c c u p i e d  a b a n d  3 cm l o n g .  The e l u t i o n  was t h e n  b e g u n  w i t h

0 . 1 9M HCl a t  a f l o w  r a t e  o f  0 . 8 0  c m/ m i n .  T h i s  c o r r e s p o n d e d  t o  0 . 0 8 4
+ 3m l / m i n .  The b l u e  Pu b a n d  was  o b s e r v e d  t o  t r a v e r s e  t h e  l i r s t  10 cm o f  

c o l um n  b e d  b e l ow  w h i c h  t h e  o p a q u e  co l umn  i n s u l a t i o n  p r e v e n t e d  f u r t h e r  v i s u a l  

o b s e r v a  t i o n .

The f i r s t  30 ml w e r e  c o l l e c t e d  i n  0 . 5 - m l  i n c r e m e n t s ;  t h e  

3 1 s t  t h r o u g h  8 0 t h  m i l l i l i t e r  i n  1-ml i n c r e m e n t s ,  and  82nd t h r o u g h  1 20 t h  

m i l l i l i t e r  i n  2-ml  i n c r e m e n t s .  The v i a l s  w e r e  g a mm a - s c a n n e d  i n  a w e l l  

c o u n t e r  t o  d e t e r m i n e  t h e i r  C e - 1 4 4 ,  N d - , 4 7 ,  a n d  An-241 c o n t e n t .  A l i q u o t  

v o l u m e s  i r o m  n e a r l y  a l l  o l  " h e  v i a l s  w e r e  m o u n t e d  and a l p h a  p u l s e - h e i g h t
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a n a l y z e d  t o  o b t a i n  t h e  d i s t r i b u t i o n  o f  A c - 2 2 7 ,  P u - 2 3 9 ,  A n - 2 4 1 ,  a nd  Cm- 242.

The r e s u l t s  of  t h i s  s t u d y  a r e  s u m m a r i z e d  i n  t h e  c h r o m a t o g r a m  shown in

F i g u r e  3.  The r e l a t i v e  p o s i t i o n  o f  t h e  p e a k s  i s  t h e  same a s  o b s e r v e d  p r o -  
3

v i o u s l y  and t h e  r e s o l u t i o n  oi  t h e  s y s t e m  i s  s l i g h t l y  b e t t e r  t h a n  t h a t
4

o b t a i n e d  p r e v i o u s l y  w i t h  t h e  70 cm c o l u m n .

The P u - 2 3 9  a l p h a  a c t i v i t y ,  w h i c h  was 100 t i m e s  g r e a t e r  t h a n  t h a t  

o f  t h e  o t h e r  a c t i v i t i e s ,  was n o t  f ound  i n  a n y  o f  t h e  f r a c t i o n s .  T h e r e  was  

no v i s u a l  e v i d e n c e  o f  t h e  l o c a t i o n  o f  t h e  p l u t o n i u m  on the* c o l u mn  a f t e r  

d i s a s s e m b l y  wh i c h  i n d i c a t e s  t h a t  t h e  o x i d a t i o n  d i d  n o t  o c c u r  i n s t a n t a n e o u s l y

b u t  t o o k  p l a c e ,  o v e r  a p e r i o d  o f  t i me  d i s t r i b u t i n g  p l u t o n i u m  o v e r  an  a p p r o -
'I}

c i a b l e  l e n g t h  o f  c o l u m n .  A p p a r e n t l y ,  o x i d a t i o n  t o  t h e  Pu s t a t e  i s  g r e a t l y
+4e n h a n c e d  by t h e  s t r o n g  s t a b i l i z a t i o n  ol  t h e  Pu w i t h  1)2EHP.  T h e s e  d a t a  

show t h a t  t h e  p r e l i m i n a r y  c o n c l u s i o n  r e a c h e d  p r e v i o u s l y  r e g a r d i n g  t h e  

o x i d a t i o n  o f  ma c r o  a m o u n t s  s h o u l d  be m o d i f i e d  i n  t h a t  t h e  e x t e n t  ol  o x i ­

d a t i o n  i s  a f u n c t i o n  o f  t l i e  l e n g c h  nt  t i m e  t i n  p l u t o n i u m  i s  i n  c o n t a c t  

w i t h  t h e  D2EHP. T h e s e  d a t a  f u r t h e r  i n d i c a t e  t h e  e f f e c t i v e n e s s  w i t h  wh i c h  

p l u t o n i u m  i n t e r f e r e n c e  i s  r emoved f r om t h e  neodymi um.

A c o m p a r i s o n  o f  s e p a r a t i o n  f a c t o r s  r e l a t i v e  t o  n e o d y mi u m f o r  t h e
' 4

l i g h t  r a r e  e a r t h  D2I-.11P c o l u mn  a n d  f o r  t h e  Dowex- 50 s y s t e m  w i t h  d i f f e r e n t

e o m p l e x i n g  a g e n t s  i s  s hown  i n T a b l e  1. A s i m i l a r  c o m p a r i s o n  f o r  t h e  h e a v y

e i  -mer i t s  i s  shown i n  T a b l e  2 ,  t o g e t h e r  w i t h  d a t a  on 2 - e t h y  1h e x y 1 phony 1

p h o s p h o r i c  a c i d  ( 2 - E H ( i P ) A ) . In e a c h  t a b l e ,  t h e  i n v e r s e  oi  t h e  s e p a r a t i o n

f a c t o r  i s  shown f o r  t h e  Dowex-50 c a s e .  T h e s e  d a t a ,  w h i c h  a r e  p r o p o r t i o n a l

t o  t h e  d i s t r i b u t i o n  c o e f f i c i e n t ,  a r e  p l o t t e d  i n  F i g u r e  4 a s  a f u n c t i o n  ol  r a r i

e a r t h  o r  h e a v y  e l e m e n t  a t o m i c  n u mb e r .  The  c a l c u l a t e d  p o i n t s  i n  t h e  f i g u n  w e r e
4

t a k e n  f r om F i g u r e  2 o f  t h e  S i x t h  Q u a r t e r l y  R e p o r t .  I t  i s  s e e n  t h a t  t h e  p o i n t s  

b e l o w  neodvmi um ( a t o m i c  number  bO) d e v i a t e  f rom a l i n e  d r a w n  t h r o u g h  t h e  p o i n t s

T h i s  d e v i a t i o n  l ias b e e n  a t t r i b u t e d  by P e p p a r d  t o  t h e  e f f o t  I

1 2

a b o v e  neodvmi um.
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I ABLE 1. S t  PARA I ION FACTORS OF LIGHT RAR, FARTHS IN DOWEX-50

AND D2EHP SYSTEMS RELATIVE TO NEODYMIUM

r ------ i-----------------------------------------------------

D o w e x -50 D2EHP

E1 jnien t C ly rv l .  j l "
C  .

L/ci k. Lu t C a -H IB A  ’ F.v|icr .
I a 0. 18 0 . 2 i 0 . 1 9 0 . 1 8
Cc 0 .4 8 0.42 0 . 3 9 0 .48
Nd j .00 1 .00 1.00 1.00 . .
Pm 1.25 1,3 3 i .61 2. 10 _ _
Eu 1 .97 2.24 4 . 6 8 12.0 «. _
Gd 2.10 2. 74 6 . 6 0 31.0
Tb 2 . 70 4.88 13. 5

1
7 3 . 0
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TABLK 2.  SKI’ARAT I ON FACTORS OF UKAVY ELEMENTS IN DOWEX-50

AND 0 2 KHP SYSTEMS RELATIVE TO CURIUM

T-------:----- ----
1 Dnwox - SO

r
D2EHP 2 - E H ( ' P ) A

K1 imi 'n t (11 yc o 1 a 11* La i l a t i 1 !/ - H1 BA E x p e r .
6

P e p p a r d Bay b a r  z
Ac

•
0 . 0 5

! Am
I

0 . 8 8 0 . 8 2 0 . 6 9 0 . 7 8 0 . 7  7 0 . 7 1
Cm

1
1 .00 1 . 0 0 1 . 0 0 1 . 00 1 . 0 0 1 . 00

lik
1 . 4 3 1 . 54 2 . 1 2 10. 30.

Ct 1 . 6 7 2 . 4 3 4 . 5 4 4 7 . 99.

Es 3 . 0 0 7 . 0 5 1 30.
Fill 4 . 3 4 13. 1 32 5.
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Heavy Element Atomic Number 
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FIGURE 4. RELATIVE DISTRIBUTION COEFFICIENTS FOR RARE EARTHS 
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o f  t h e  mono s p e c i e s  wh i c h  h a s  b e e n  d e t e r m i n e d  t o  b e  -- 0 . 0 1 7 r i n  t h e  p r e s e n t  

D2EHP s t u d y  . 1 '

H i e  h e a v y  e l e m e n t  p o i n t s  a r e  a l s o  p l o t t e d  i n  F i g u r e  4 .  I t  i s  s e e n  

t h a t  a l a r g e  c h a n g e  i n  t h e  s e p a r a t i o n  f a c t o r  o c c u r s  b e t w e e n  c u r i u m  a n d  

b e r k e l l u t n  t o r  b o t h  t h e  D2EHP a n d  2 - E H ( t P ) A .  The '>*HIBA s y s t e m  on t h e  o t h e r  

hand shows  o n l y  a u n i f o r m  v a r i a t i o n .  The r e l a t i v e l y  l a r g e  d i s t r i b u t i o n  c o ­

e f f i c i e n t s  w h i c h  o c c u r  f o r  c e r i u m  a nd  b c r k e l i u m  may be  r e l a t e d  t o  t h e i r  

t e n d e n c y  t o  f o r m  +4 v a l a n c e ,  n o t  u n l i k e  t h e  p l u t o n i u m  o n l y  t o  a muc h  s m a l l e r  

e x t e n t .

Th e  d a t a  i n d i c a t e  t h a t  s e p a r a t i o n  f a c t o r s  f o r  r a r e  e a r t h s  i n  t h e  

D2EHP s y s t e m  a r e  g r e a t e r  t h a n  t h o s e  o f  t h e  Do wex- 50  s y s t e m .  For  t h e  h e a v y  

e l e m e n t s ,  t h e  s e p a r a t i o n  f a c t o r s  a p p e a r  t o  be  g r e a t e r  w i t h  D2EHP o r  

2-EH( ' i P)A i n  m o s t  i n s t a n c e s  t h a n  w i t h  Dowex-50 s y s t e m .

On t h e  b a s i s  o f  t h e  f o r e g o i n g ,  i t  i s  c o n c l u d e d  t h a t  t h e  D2EHP s y s t e m  

w i l l  s e p a r a t e  w i t h  l a r g e  d e c o n t a m i n a t i o n  f a c t o r s  a l l  h e a v y  e l e m e n t s  e x c e p t  

c u r i u m  f r om n e o d y mi u m.  Even t h e  c u r i u m  can  be s e p a r a t e d  by a f a c t o r  o f  100 

f r om t h e  n e o d y m i u m  ( F i g u r e  3)  w h i c h  i s  a d e q u a t e  f o r  many f u e l  i r r a d i a t i o n  

c o n d i t i o n s .

C . DISASSEMBLY AND ANALYSIS OF IRRADIATION ASSEMBLIES

T h r e e  a s s e m b l i e s  h a v e  b e e n  i r r a d i a t e d .  The  f i r s t ,  i d e n t i f i e d  as  

GEV-1,  was i r r a d i a t e d  i n  t h e  MTR i n  a t h e r m a l  f l u x  i n  a p o s i t i o n  w h e r e  t h e  

c o b a l t  c admi u m r a t i o  i s  30.  I t  h e l d  t h r e e  c a p s u l e s ,  o n e  o f  w h i c h  c o n t a i n e d  

a 1-gm f o i l  o f  11-235 , one  a 1-gm f o i l  oi  P u - 2 3 9 ,  a n d  t h e  t h i r d  a 1- gm f o i l  

o f  U- 233 .  Tlie r e l a t i v e  t h e r m a l  f i s s i o n  y i e l d s  f o r  s t a b l e  f i s s i o n  p r o d u c t  

n u c l i d e s  u s e f u l  f o r  b u r n u p  i n d i c a t o r s  a r e  t o  be  d e t e r m i n e d  on t h e s e  f o i l s .

The  s e c o n d  a s s e m b l y ,  GEV- 2 ,  was i r r a d i a t e d  i n  VBWR i n  a h a r d e n e d  

n e u t r o n  s p e c t r u m  and c o n t a i n e d ,  i n  a d d i t i o n  t o  t h e  s ame  t h r e e  f i s s i o n a b l e  

f o i l s ,  some s t a b l e  f i s s i o n  p r o d u c t  e l e m e n t s  i n  b o t h  u n s h i e l d e d  and  c a d mi u m-  

s h i e l d e d  c a p s u l e s .  The e f f e c t  o f  t h e  h a r d e n e d  n e u t r o n  s p e c t r u m  on t h e  f i s s i o n  

y i e l d s  o f  t h e  s t a b l e  f i s s i o n  p r o d u c t  n u c l i d e s  a n d  t h e  t h e r m a l  n e u t r o n  a b s o r p ­

t i o n  c r o s s  s e c t i o n  and r e s o n a n c e  i n t e g r a l s  f o r  s t a b l e  f i s s i o n  p r o d u c t  n u c l i d e s  

s e l e c t e d  a s  b u r n u p  i n d i c a t o r s  a r e  t o  be d e t e r m i n e d  f r o m  t h i s  i r r a d i a t i o n .
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Tlx t h i r d  u s sc i nb l ; ,  , GFV-3,  was i r r a d i a t e d  in VBWR a n d  c o n t a i n s  

p r i m a r i l y  l h - 2 3 2  and  l ' - 2 3 8  t o  measure* the f i s s i o n  v i e l d  o f  t h e  s t a b l e  

n u c l i d e s  i n  t h e  f a s t  f i s s i o n  o f  t h e s e  f e r t i l e  m a t e r i a l s .  The p r o g r e s s  

w h i c h  h a s  b e e n  made on t h e  o p e n i n g  and a n a l v s i s  o f  t h e s e  a s s e m b l i e s  i s  

d e s c r i b e d  b e l o w:

1 . MTU I r r a d i a t e d  t .KV-1

Th i s  a s s e m b l y  h a s  be en  o p e n e d  i n  t h e  R a d i o a c t i v e  M a t e r i a l s  

L a b o r a t o r y  h o t  c e l l s  a n d  i a i . l i  ot  t h e  t h r e e  f u e l e d  c a p s u l e s  h a s  b e e n  c u t  

o p e n .  The U-235 f o i l ,  t h e  P u - 2  39  f o i l ,  and  t h e  IT - 2 3 3 f o i l  liavc* e a c h  been  

i n d i v i d u a l l y  d i s s o l v e d .  The  xenon  and k r y p t o n  f i s s i o n  g a s e s  f r o m  e a c h  

h a v e  b e e n  t r a p p e d  on c h a r c o a l  l o r  s u b s e q u e n t  m a s s  a n a l y s i s .  The r e s u l t i n g  

s o l u t i o n s  w e r e  e a c h  a n a l y z e d  l o r  s t a b l e  f i s s i o n  p r o d u c t  n o e d y mi u m n u c l i d e s  

and f o r  t h e  f u e l  i s o t o p i c  c o n t e n t .  A d d i t i o n a l  a n a l y s e s  f o r  C s , Ba , C e , 

and Sm, w h i c h  c o m p r i s e  a m a j o r  p o r t i o n  o f  t h e  h e a v y  mass  f i s s i o n  y i e l d  

p e a k ,  w i l l  p e r m i t  t h e  c a l c u l a t i o n  of  t h e  r e l a t i v e  t h e r m a l  f i s s i o n  y i e l d s  

o f  n e o d y mi u m i s o t o p e s  t o r  U - 2 3 3 ,  P u - 2 3 9 ,  i n  a d d i t i o n  t o  t h o s e  f o r  U- 2 3 5 .

No d i f f i c u l t i e s  a r e  f o r e s e e n  i n  t h e  a n a l y s i s  o f  t h e s e  a d d i t i o n a l  i s o t o p e s .

2.  VBWK I r r a d i a t e d  GUV-2

T h i s  a s s e m b l y  w h i c h  was i r r a d i a t e d  i n  a h a r d e n e d  t h e r m a l  

f l u x  h a s  a l s o  be e n  o p e n e d .  The  a s s e m b l y  was  40  i n c h e s  l ong  and  c o n t a i n e d  

f o i l s  o f  U - 2 3 5 ,  P u - 2 3 9 ,  and  U- 2 3 3  s i m i l a r  t o  t h o s e  i n GKV-1 a nd  s p e c i m e n s  

o f  s t a b l e  f i s s i o n  p r o d u c t  e l e m e n t s  i n c l u d i n g  n e o d y mi u m i n  b o t h  u n s h i e l d e d  

a s  w e l l  a s  i n  C d O - s h i e l d e d  c a p s u l e s .

The s t a i n l e s s  s t e e l  o u t e r  t u b e  1 rom t h i s  a s s e m b l y  h a s  be e n  

gamma s c a n n e d  o v e r  i t s  e n t i r e  l e n g t h  t h r o u g h  a 125-mi l  s l i t  i n the* 3 - f t 

wa l l  o f  t h e  h o t  c e l l  by p u l l i n g  i t  upwar d  a c r o s s  t h e  s l i t  by m e a n s  o f  a 

m o t o r  d r i v e n  w i n c h .  A s o d i u m  i o d i d e  s c i n t i l l a t i o n  s p e c t r o m e t e r  d i s p l a c e d  

t h e  s p e c t r u m  on a KGL 2 5 b - c h a n n e l  a n a l y z e r .  The  a n a l y z e r  was s o t  t o  

a c c e p t  on 1v t he  Co-bO p h o t o p e a k s  and t h e  r e l a t i v e  i n t e g r a t e d  t h e r m a l  f l u x  

p r o f i l e  o v e r  t h e  l e n g t h  ol  t h e  a s s e m b l y  was o b t a i n e d  bv o p e r a t i n g  t h e  p u l s e  

h e i g h t  a n a l y z e r  i n  t h e  m u l t i s c a l e r  mode .  C o b a l t  a n d  i r o n  f l u x  w i r e s  we r e

18
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r e m o v e d  f r om i n s i d e  t h e  i n d i v i d u a l  c a p s u l e s  a n d  s e c t i o n e d  i n t o  1 / 2 - i n c h  

l e n g t h s  t o  d e t e r m i n e  t h e  a b s o l u t e  v a l u e s  o f  t h e r m a l  and f a s t  f l u x  e x p o s u r e s  

w h i c h  a r e  n e c e s s a r y  t o  d e t e r m i n e  a b s o l u t e  c a p t u r e  c r o s s  s e c t i o n s  o f  s t a b l e  

f i s s i o n  p r o d u c t  n u c l i d e s  t o  be  u s e d  a s  i n d i c a t o r s  o f  b u r n u p .

3.  VBWR I r r a d i a t e d  GUV-3

T h i s  a s s e m b l y  h a s  c o m p l e t e d  i t s  i r r a d i a t i o n  a n d  i s  c o o l i n g  

a t  t h e  p r e s e n t  t i m e .  I t  c o n t a i n s  p r i m a r i l y  Th - 2 3 2  and  U- 238  o x i d e s  u n d e r  

c a d mi u m o x i d e .  T h i s  m a t e r i a l  was i r r a d i a t e d  t o  f u r n i s h  m a t e r i a l  f o r  t h e  

d e t e r m i n a t i o n  o f  f i s s i o n  y i e l d s  of  s t a b l e  f i s s i o n  p r o d u c t  n u c l i d e s ,  i n ­

c l u d i n g  ne o d y mi u m,  i n  f a s t  f i s s i o n  of T h - 2 3 2  a nd  U- 238 .  In t h e  u s e  o f  f a s t  

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

i s o t o p e s  t a k e s  on i n c r e a s i n g  i m p o r t a n c e  a n d  m e a s u r e m e n t  o f  t h e  f i s s i o n  

y i e l d s  o f  t h e  s t a b l e  l i s s i o n  p r o d u c t  n u c l i d e s  i n  t h e s e  m a t e r i a l s  w i l l  be 

u n d e r t a k e n  when t h e  a n a l y s i s  o f  f o i l s  f r o m t h e  f i r s t  two a s s e m b l i e s  a r e  

f u r t h e r  a l o n g .

The p r i n c i p a l  e f f o r t  d u r i n g  t h e  n e x t  q u a r t e r  w i l l  be  c o n ­

c e n t r a t e d  on t h e  d e t e r m i n a t i o n  o f  f i s s i o n  y i e l d s  and  c a p t u r e  c r o s s  s e c t i o n s  

of  t h e  n u c l i d e s  o f  s t a b l e  f i s s i o n  p r o d u c t  n e o d y mi u m.
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