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Total and spontaneous fission half-lives for 
uranium, plutonium, americium and curium 
nuclides 
A b s t r a c t  - M e a s u r e m e n t s  of t h e  ha l f - l ives  of s o m e  long- l ived  
n u c l i d e s  of e l e m e n t s  Z = 98, 94 ,  95 a n d  96 h a v e  been  compi led  a n d  
e v a l u a t e d .  R e c o m m e n d e d  v a l u e s  a r e  p r e s e n t e d  f o r  232-236,238U, f o r  

a r e  p r e s e n t e d  f o r  b o t h  s p o n t a n e o u s  f i ss ion  ha l f - l i fe  a n d  t o t a l  
ha l f - l i fe .  P r o b l e m s  w i t h  r e p o r t e d  u n c e r t a i n t i e s  a r e  a l s o  d i s c u s s e d  

236,238-242.244pu, f o r  2 4 1 . 2 4 2 m , 2 4 3 ~ ~ ,  a n d  f o r  2 4 2 - 2 4 6 , 2 5 0 ~ ~ ,  v a l u e s  

INTRODUCTION 
The long-lived n u c l i d e s  of t h e  u r a n i u m ,  p l u t o n i u m ,  a m e r l c i u m  a n d  c u r i u m  e l e m e n t s  a r e  
of i n t e r e s t  f o r  t h e i r  u s e  i n  n u c l e a r  r e a c t o r s ,  f o r  n u c l e a r  r e a c t o r  b u r n u p  s t u d i e s  
i n  w a s t e  m a n a g e m e n t ,  a n d  i n  c e r t a i n  s a f e g u a r d  a p p l i c a t i o n s ,  e g . ,  a c o u n t i n g  i s  
o f t e n  used  t o  d e t e r m i n e  t h e  a m o u n t  of m a t e r i a l  p r e s e n t .  The t o t a l  ha l f - l i fe ,  which  
f o r  h e a v y  e l e m e n t s  i s  o f t e n  s y n o n o m o u s  w i t h  t h e  h a l f - l i f e  f o r  a d e c a y ,  a n d  t h e  
ha l f - l i fe  f o r  s p o n t a n e o u s  f i ss lon  a r e  e v a l u a t e d  f o r  t h e s e  v a r i o u s  long- l ived  n u c l i d e s  
of i n t e r e s t  F o r  m a n y  of t h e s e  n u c l i d e s ,  t h e r e  i s  a l s o  a d e c a y  m o d e  of h e a v y  f r a g m e n t  
r a d i o a c t i v i t y  ( re f  1 )  However  i n  t e r m s  of t h e  c o n t r i b u t i o n  t o  t h e  t o t a l  h a l f - l i f e  
v a l u e  t o  be r e c o m m e n d e d ,  t h i s  h e a v y  f r a g m e n t  r a d i o a c t i v i t y  decay  m o d e  is u s u a l l y  m u c h  
s m a l l e r  t h a n  t h a t  of t h e  s p o n t a n e o u s  f i ss ion  decay  m o d e ,  a l t h o u g h  t h i s  is n o t  t r u e  in 
a l l  c a s e s  ( r e f .  8 ) .  Since  t h e  s p o n t a n e o u s  f i ss ion  d e c a y  m o d e  ha l f - l i fe  is u s u a l l y  o n l y  
a s m a l l  p e r t u r b a t i o n  on  t h e  v a l u e  of t h e  ha l f - l i fe  of t h e  a l p h a  d e c a y  m o d e ,  h e a v y  
f r a g m e n t  r a d i o a c t i v i t y  d e c a y  w i l l  n o t  be c o n s i d e r e d  i n  t h i s  p a p e r .  

A l l  of t h e  v a r i o u s  e x p e r i m e n t s  h a v e  been  r e a n a l y z e d  a n d  r e c o m m e n d e d  ha l f - l l fe  v a l u e s  

These r e c o m m e n d e d  half-l ife v a l u e s  s u p e r s e d e  p r e l i m i n a r y  e s t i m a t e s  prev ious ly  p r e s e n t e d ,  
i n  p a r t i c u l a r  w i t h  r e s p e c t  t o  t h e i r  r e p o r t e d  u n c e r t a i n t i e s .  

Tota l  ha l f - l ives  f o r  t h e  u r a n i u m  n u c l i d e s  were  rev iewed s o m e  y e a r s  ago  ( r e f .  3).  At t h a t  
t i m e ,  2 3 6 U  was t h e  o n l y  n u c l l d e  f o r  which  a s p o n t a n e o u s  f i ss ion  v a l u e  was  e v a l u a t e d  
More r e c e n t l y ,  t h e  u r a n i u m  a n d  p l u t o n i u m  nuclides ( r e f .  4) ,  a n d  t h e  a m e r i c i u m  a n d  c u r i u m  
nuclides (ref 5 )  were s e p a r a t e l y  reviewed a n d  va lues  were recommended for  bo th  t o t a l  a n d  
s p o n t a n e o u s  f i ss ion  h a l f - l i v e s .  

It w i l l  be n o t e d  t h a t  m a n y  of t h e  u n c e r t a i n t i e s  r e c o m m e n d e d  h e r e  cons iderably  exceed, by 
u p  t o  a n  o r d e r  of m a g n i t u d e ,  u n c e r t a i n t i e s  q u o t e d  by t h e  i n d i v i d u a l  a u t h o r s  i n  t h e i r  
p u b l i c a t i o n ;  e , g .  t h e  t o t a l  h a l f - l i f e  of 2 3 8 , 2 4 0  “ ‘ P u ,  2 4 4 , 2 4 a C m  a n d  t h e  
s p o n t a n e o u s  f i ss ion  ha l f - l i fe  of ‘44Cm. 

The g e n e r a l  p r o c e d u r e  followed i n  t h i s  p a p e r  h a s  been t o  rev iew e a c h  e x p e r i m e n t  a n d  t o  
r e v i s e  t h e  p u b l i s h e d  v a l u e s  f o r  t h e  l a t e s t  e s t i m a t e s  of v a r i o u s  p a r a m e t e r s  o r i g i n a l l y  
r e p o r t e d  by t h e  a u t h o r s ;  e .g .  i m p r o v e d  d a t a  o n  b r a n c h i n g  r a t i o s  a s s u m e d ,  o n  t h e  
h a l f - l i v e s  of o t h e r  n u c l i d e s  i n v o l v e d ,  e t c .  W h e n  d e t a i l e d  i n f o r m a t i o n  o n  t h e  
u n c e r t a i n t i e s  was a v a i l a b l e  i n  e a c h  o f  t h e s e  e x p e r i m e n t s ,  t h e  s t a n d a r d  d e v i a t i o n  f o r  
t h e  e x p e r i m e n t  was  c o m b i n e d  w i t h  o n e  t h i r d  of t h e  s y s t e m a t i c  e r r o r  t o  p r o v i d e  t h e  
u n c e r t a i n t y  q u o t e d  i n  t h e  t a b l e  f o r  e a c h  e x p e r i m e n t .  The r e s u l t  of t h i s  p r o c e d u r e  
s h o u l d  be  t h a t  t h e  l i m i t  of e r r o r  of t h e  ha l f - l i fe  would be o b t a i n e d  f r o m  t h e  s u m  of 
t h e  s y s t e m a t i c  e r r o r  p l u s  t h r e e  s t a n d a r d  d e v i a t i o n s ;  i . e .  3 0  Where t h e r e  was  n o  
a d e q u a t e  d i s c u s s i o n  of t h e  s y s t e m a t i c  e r r o r  a n d  t h e  t o t a l  e r r o r  q u o t e d  was  e x t r e m e l y  
s m a l l ;  e . g .  0.1 p e r c e n t  o r  l e s s ,  a s y s t e m a t i c  e r r o r  of 0 .1  p e r c e n t  w a s  e s t i m a t e d .  
O n e - t h i r d  of t h i s  a m o u n t ,  a b o u t  350 p a r t s  p e r  m i l l i o n  ( p p m ) ,  w a s  a d d e d  t o  t h e  
p u b l i s h e d  e r r o r  t o  o b t a i n  t h e  f i g u r e  t a b u l a t e d  i n  t h e  v a r i o u s  t a b l e s .  The u n c e r t a i n t y  
l i s t e d  f o r  t h e  r e c o m m e n d e d  v a l u e  i n  e a c h  t a b l e  w a s  c a l c u l a t e d  f r o m  a w e i g h t e d  
a v e r a g e  of t h e  l i s t e d  m e a s u r e m e n t s  u s i n g  a v a r i a n c e  w e i g h t i n g  t e c h n i q u e ;  e i t h e r  t h e  
r e c i p r o c a l  s q u a r e  of t h e  a u t h o r ’ s  r e p o r t e d  u n c e r t a i n t y ,  o r  a s  r e v i s e d  a c c o r d i n g  t o  
t h e  a b o v e  s c h e m e .  E x c e p t i o n s  t o  t h e  weighted  a v e r a g e  r u l e  h a d  t o  be  m a d e  f o r  s o m e  
n u c l i d e s  a n d  w i l l  be  d i s c u s s e d  u n d e r  t h e  a p p r o p r i a t e  s e c t i o n  f o r  t h o s e  n u c l i d e s .  
In s u c h  c a s e s ,  r e c o m m e n d a t i o n s  w e r e  m a d e  u s i n g  e i t h e r  a s e l e c t e d  v a l u e  c o n s i d e r e d  
s u p e r i o r  t o  o t h e r  l i s t e d  m e a s u r e m e n t s ,  o r  a w e i g h t e d  a v e r a g e  w a s  c a l c u l a t e d  f o r  
e a c h  of t h e  d i f f e r e n t  e x p e r i m e n t a l  t e c h n i q u e s  u s e d  a n d  a n  u n w e i g h t e d  a v e r a g e  of 
t h e s e  h a l f - l i v e s  w a s  r e c o m m e n d e d .  All of t h e  t a b l e s  i n d i c a t e  t h e  p a r t i c u l a r  
m e t h o d  c h o s e n .  

a r e  p r e s e n t e d  f o r  2 3 2 - 2 3 6 , 2 3 6 ~  236,238-242,244pu, 2 4 1 . 2 4 2 m . 2 4 3 A m ,  a n d  f o r  2 4 2 - 2 4 8 , 2 5 0 C m ,  
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U R A N I U M  ISOTOPES 

In g e n e r a l ,  t h e  r e c o m m e n d e d  v a l u e s  f o r  t h e  h a l f - l i v e s  of t h e  v a r i o u s  n u c l i d e s  a r e  
o b t a i n e d  by w e i g h t i n g  e a c h  r e p o r t e d  v a l u e  by t h e  v a r i a n c e  r e p o r t e d  by t h e  a u t h o r  
f o r  t h e  e x p e r i m e n t .  In a few c a s e s ,  v a l u e s  h a v e  been  rev ised  w h e n  t h e  e x p e r i m e n t  
w a s  e v a l u a t e d .  I n  t h e  c a s e  of 2 3 3 U ,  d e t a i l s  w e r e  m i s s i n g  f r o m  G e i d e l ' m a n ' s  
p a p e r  ( r e f .  6 )  s u c h  a s  t h e  m e a s u r e d  s p e c i f i c  a c t i v i t y ,  t h e  m a s s  of 233U a s s u m e d  
a n d  t h e  m a s s  s p e c t r o m e t r i c  a n a l y s i s .  A s  a r e s u l t ,  t h e  e x p e r i m e n t  c o u l d  n o t  b e  
e v a l u a t e d  o n  t h e  s a m e  b a s i s  a s  o t h e r  m e a s u r e m e n t s .  T h e  f i n a l  u n c e r t a i n t y  w a s  
i n c r e a s e d  by 50%. t o  a c c o u n t  f o r  t h e  m i s s i n g  i n f o r m a t i o n  

In t h e  c a s e  of 2 3 4 U ,  t h e  m e a s u r e m e n t  by DeBievre ( r e f .  7 )  used  a v a r i e t y  of m e t h o d s  
on  8 3  s o u r c e s .  Upon q u e s t i o n i n g  s o m e  of t h e  d a t a ,  t h e  a u t h o r s  a g r e e d  t o  r e v i s e  t h e  
f i n a l  v a l u e  of t h e  h a l f - l i f e  a s  i n d i c a t e d  i n  T a b l e  6 .  T h i s  is o n e  of t h e  f e w  
e x p e r i m e n t s  w h e r e  m u l t i p l e  s o u r c e s  w e r e  p r e p a r e d  a n d  m e a s u r e d  L o u n s b u r y ' s  
r e s u l t s  ( r e f .  8 )  h a v e  b e e n  r e v i s e d  f o r  t h e  s p e c i f i c  a c t i v i t y  of t h e  o t h e r  u r a n i u m  
n u c l i d e s  d u e  t o  b e t t e r  e s t i m a t e s  of t h e  r e s p e c t i v e  h a l f - l i v e s .  The  p r o b l e m  of 232U 
c o n t a m i n a t i o n  was  n o t  d i s c u s s e d  a n d  t h e  u n c e r t a i n t y  was i n c r e a s e d  by 50% t o  a c c o u n t  
f o r  t h i s  p o t e n t i a l  e r r o r  i n  a s o u r c e  which  is o n l y  1% e n r i c h e d  i n  2 3 4 U .  

F o r  t h e  t o t a l  h a l f - l i f e  of '"U , o n l y  o n e  v a l u e  i s  l i s t e d  i n  t h e  t a b l e .  E a r l i e r  
d e t e r m i n a t i o n s  w e r e  based  o n  m e a s u r e m e n t s  of t h e  s p e c i f i c  a c t i v i t y  of n a t u r a l  u r a n i u m  
s a m p l e s  a n d  t h e  a s s u m p t i o n  of s e c u l a r  e q u i l i b r i u m  b e t w e e n  2 3 4 U  a n d  23aU i n  t h o s e  
s a m p l e s .  In a r a d i o a c t i v e  d e c a y  c h a i n ,  w h e n  a d a u g h t e r  n u c l i d e  h a s  a m u c h  s m a l l e r  
h a l f - l i f e  t h a n  i t s  p a r e n t  n u c l i d e ,  a t  a t i m e  i n t e r v a l  v e r y  l o n g  c o m p a r e d  t o  t h e  
d a u g h t e r ' s  l i f e t i m e ,  t h e  g r o w t h  a n d  d e c a y  of t h e  d a u g h t e r  is c o n t r o l l e d  by t h e  p a r e n t  
a n d  t h e  t w o  n u c l i d e s  a r e  i n  s e c u l a r  e q u i l i b r i u m  i . e . ,  t h e i r  s p e c i f i c  a c t i v i t i e s ,  N h ,  
a r e  e q u a l ,  w h e r e  N i s  t h e  n u m b e r  of a t o m s  a n d  X is t h e  decay  c o n s t a n t  ( h  = n a t u r a l  
l o g a r i t h m  2 / h a l f - l i f e ) .  S i n c e  t h e  h a l f - l i f e  of 2 3 4 U  is o n l y  lo5 y e a r s  a n d  t h e  
a g e  of t h e  e a r t h  i s  o r d e r s  of m a g n i t u d e  g r e a t e r ,  10' y e a r s ,  a l l  of t h e  2 3 4 U  
o r i g i n a l l y  f o r m e d  i n  n a t u r a l  u r a n i u m  h a s  long s i n c e  d e c a y e d .  The 234U now p r e s e n t  
i n  u r a n i u m  is  d u e  t o  t h e  238U d e c a y  s e r i e s ,  i . e . ,  

238U(a) -+ 234Th(,5) + 234Pa(,5) -* 2 3 4 U  

In a c losed  s y s t e m ,  t h e  2 3 a U  a n d  t h e  234U s h o u l d  be  i n  s e c u l a r  e q u i l i b r i u m .  This  
i m p l i e s  t h a t  a m e a s u r e m e n t  of t h e  spec i f ic  a c t i v i t y  of a n a t u r a l  u r a n i u m  s a m p l e ,  when 
c o r r e c t e d  f o r  t h e  s m a l l  a m o u n t  of 235U a c t i v i t y  ( ~ 2 . 2 % )  w o u l d  p r o v i d e  a v a l i d  
d e t e r m i n a t i o n  of t h e  e q u a l  a m o u n t s  of a c t i v i t y  of 2 3 a U  a n d  2 3 4 U  p r e s e n t .  However ,  
Holden ( r e f .  3 )  h a s  s h o w n  t h a t  t h i s  a s s u m p t i o n  of s e c u l a r  e q u i l i b r i u m  is n o t  v a l i d .  
T h e r e  is a d i s e q u i l i b r i u m  i n  u r a n i u m  s o u r c e s  f o u n d  i n  v a r i o u s  p a r t s  of t h e  w o r l d .  The 
s p e c i f i c  a c t i v i t y  of n a t u r a l  u r a n i u m  c a n  v a r y  by u p  t o  a f a c t o r  of two i n  d i f f e r e n t  
s o u r c e s .  A s  a r e s u l t ,  o n l y  t h e  m e a s u r e m e n t  by J a f f e y  (ref 9 )  i s  g i v e n  i n  t h e  t a b l e  a n d  
is t h e  r e c o m m e n d e d  v a l u e .  

In t h e  c a s e  of t h e  s p o n t a n e o u s  f i ss ion  ha l f - l i fe  f o r  238U, r e s u l t s  a r e  p r e s e n t e d  f o r  
t h e  s p e c i f i c  a c t i v i t y  a s  r e p o r t e d .  M e a s u r e m e n t s  u s i n g  f i ss ion  t r a c k  d e t e c t i o n  i n  2.ir 
g e o m e t r y ;  e , g .  m i c a - u r a n i u m ,  o r  l e x a n - u r a n i u m  s a n d w i c h e s  h a v e  a p r o b l e m  w i t h  p a r t i a l  
f i s s ion  t r a c k  f a d i n g  i n  t h e  geological m a t e r i a l s  ( r e f .  10). Fission t r a c k  f a d i n g  would 
u n d e r e s t i m a t e  t h e  s p e c i f i c  a c t i v i t y  a n d  l e a d  t o  o v e r e s t i m a t i n g  t h e  h a l f - l i f e .  These  
m e a s u r e m e n t s  do  h a v e  ha l f - l ives  which  a r e  f r o m  10% t o  30% t o o  l a r g e  c o m p a r e d  t o  a l l  
o t h e r  t e c h n i q u e s .  These e x p e r i m e n t s  h a v e  n o t  been  i n c l u d e d  i n  t h e  a v e r a g i n g  b e c a u s e  
of t h i s  s y s t e m a t i c  e r r o r .  O t h e r  t e c h n i q u e s  u s e d  i n  t h e  m e a s u r e m e n t  of 2 3 8 U  h a v e  
b e e n  s e p a r a t e l y  w e i g h t e d  a n d  t h e  r e s u l t s  a v e r a g e d  a n d  c o n v e r t e d  i n t o  a h a l f - l i f e  
r e c o m m e n d a t i o n .  

PLUTONIUM ISOTOPES 

In t h e  m e a s u r e m e n t s  of t h e  p l u t o n i u m  n u c l i d e s ,  weighted  a v e r a g e s  h a v e  u s u a l l y  been 
r e c o m m e n d e d ,  e x c e p t  f o r  c a s e s  w h e r e  a u t h o r s  r e p o r t  e x c e e d i n g l y  s m a l l  a b s o l u t e  v a l u e s  
f o r  t h e  o v e r a l l  u n c e r t a i n t y .  I n  a l a t e r  s e c t i o n ,  t h e  p r o b l e m  of t r e a t i n g  g o o d  
m e a s u r e m e n t s  which  a r e  m u t u a l l y  e x c l u s i v e  w i l l  be a d d r e s s e d .  I f  o n e  a p p l i e s  weighted  
a v e r a g e s  t o  d e t e r m i n e  t h e  a h a l f - l i f e  of 2 4 0 P u ,  t h r e e  of t h e  f i v e  m o s t  r e c e n t  
m e a s u r e m e n t s  f a l l  s o m e  t e n  s t a n d a r d  d e v i a t i o n s  a w a y  f r o m  t h e  r e c o m m e n d e d  v a l u e .  A 
hal f - l i fe  h a s  b e e n  r e c o m m e n d e d  on  t h e  b a s i s  of t h e  u n w e i g h t e d  a v e r a g e  of t h e  v a r i o u s  
t e c h n i q u e s  o r  m e t h o d s  u t i l i z e d  t o  m e a s u r e  t h i s  ha l f - l i fe .  

I f  o n e  u s e d  w e i g h t e d  a v e r a g e s  f o r  t h e  t o t a l  h a l f - l i f e  of 2 4 1 P u .  a l l  of t h e  r e c e n t  
m e a s u r e m e n t s  t h a t  were  p e r f o r m e d  a t  t h e  a c c u r a c y  level of t e n t h s  of o n e  p e r c e n t  would 
c a r r y  n o  weight  i n  t h e  e v a l u a t i o n  of t h i s  ha l f - l i fe .  S ince  S t r o h m  ( r e f .  11) q u o t e s  a n  
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a b s o l u t e  a c c u r a c y  f o r  t h e  241Pu hal f - l i fe  of 488 p a r t s  p e r  m i l l i o n ,  whi le  e x a m i n i n g  
o n l y  o n e  s a m p l e ,  h i s  r e s u l t  would  e l i m i n a t e  a l l  o t h e r  c a r e f u l  m e a s u r e m e n t s  f r o m  
c o n s i d e r a t i o n .  An u n w e i g h t e d  a v e r a g e  of t h e  v a r i o u s  t e c h n i q u e s  was a g a i n  r e c o m m e n d e d .  
In t h e  c a s e  of t h e  a h a l f - l i f e  of “‘Pu, a s i n g l e  s o u r c e  was  m e a s u r e d  by a l a r g e  
n u m b e r  of l a b o r a t o r i e s  u s i n g  v a r i o u s  t e c h n i q u e s .  The h i g h l y  p r e c i s e  v a l u e s  r e p o r t e d  
h a d  a r a n g e  of r e s u l t s  f r o m  t h e  v a r i o u s  l a b o r a t o r i e s  which  was a n  o r d e r  of m a g n i t u d e  
g r e a t e r  t h a n  t h e  u s u a l  s t a n d a r d  d e v i a t i o n  q u o t e d  i n  m o s t  of t h e s e  e x p e r i m e n t s .  An 
u n w e i p h t e d  a v e r a g e  of t h e  h a l f - l i f e  f o r  t h e  v a r i o u s  t e c h n i q u e s  was  r e c o m m e n d e d .  

F o r  t h e  a h a l f - l i f e  of 2 4 2 P u ,  t h e  r a n g e  of r e s u l t s  w a s  t e n  t o  f i f t e e n  t i m e s  
l a r g e r  t h a n  t h e  t y p i c a l  u n c e r t a i n t y  q u o t e d  by t h e  a u t h o r s .  A w e i g h t e d  a v e r a g e  of 
t h e  h e l f - l i f e  was  r e c o m m e n d e d ,  w i t h  t h e  u n c e r t a i n t y  c a l c u l a t e d  f r o m  t h e  e x t e r n a l  
e r r o r .  

AMERICIUM ISOTOPES 

Most of t h e  r e c o m m e n d e d  v a l u e s  f o r  t h e  a m e r i c i u m  ha l f - l ives  a r e  based  o n  a weighted  
a v e r a g e  of t h e  r e p o r t e d  r e s u l t s .  I n  t h e  c a s e  of 241Am.  t h e  r e p o r t e d  u n c e r t a i n t i e s  
were revised t o  i n s u r e  t h a t  c o m p a r a b l e  e x p e r i m e n t s  were t r e a t e d  wi th  c o m p a r a b l e  weights.  

F o r  t h e  s p o n t a n e o u s  f i s s i o n  h a l f - l i f e  of 241Am, t h e  r a n g e  of r e p o r t e d  r e s u l t s  w a s  
l a r g e r  t h a n  q u o t e d  u n c e r t a i n t i e s  by m o r e  t h a n  a n  o r d e r  of m a g n i t u d e .  A v a l u e  was 
se lec ted  u s i n g  t h e  b e t t e r  m e a s u r e m e n t s  a n d  t h e  u n c e r t a i n t y  was chosen  so a s  t o  o v e r l a p  
t h e  r a n g e  of t h e  m o s t  r e c e n t  m e a s u r e m e n t .  

C U R I U M  ISOTOPES 

F o r  s p o n t a n e o u s  f i s s i o n  of 2 4 2 C m .  t h e  m e a s u r e m e n t  w h i c h  s h o u l d  c a r r y  m o s t  of 
t h e  w e i g h t  i n  t h e  e v a l u a t i o n  c o m p l e t e l y  d i s a g r e e s  w i t h  a l l  o t h e r  r e c e n t  m e a s u r e m e n t s  
by f ive  t o  t e n  u .  A s e l e c t e d  v a l u e  was c h o s e n  w i t h  a n  u n c e r t a i n t y  t o  e n c o m p a s s  t h e  
r a n g e  of r e c e n t  m e a s u r e m e n t s .  

F o r  t h e  c a s e  of 244Cm,  t h e  m o s t  a c c u r a t e  m e a s u r e m e n t s ,  a c c o r d i n g  t o  t h e  p u b l i s h e d  
e r r o r s ,  d i s a g r e e  by s i x t e e n  u .  A weighted  a v e r a g e  was r e c o m m e n d e d  w i t h  t h e  u n c e r t a i n t y  
be ing  c o n t r o l l e d  by t h e  e x t e r n a l  e r r o r .  S i m i l a r  p r o b l e m s  f o r  t o t a l  ha l f - l ives  of 244,246Cm 
were  t r e a t e d  i n  t h e  s a m e  m a n n e r .  

DISCUSSION OF RESULTS 

In m o s t  c a s e s ,  t h e  r e c o m m e n d e d  v a l u e s  a n d  u n c e r t a i n t i e s  i n  t h e  t a b l e s  a r e  based  o n  
v a r i a n c e  w e i g h t e d  a v e r a g e s .  O t h e r  r e c o m m e n d a t i o n s  a r e  b a s e d  o n  s e l e c t i n g  t h e  o n e  
g o o d  r e c e n t  m e a s u r e m e n t  of t h e  p a r t i c u l a r  h a l f - l i f e .  I n  a f e w  c a s e s ,  t h e  
d i s c r e p a n c i e s  i n  v a l u e s  a n d  u n c e r t a i n t i e s  q u o t e d  r e q u i r e d  t h e  a v e r a g i n g  of 
t e c h n i q u e s  t o  p r o d u c e  a r e a s o n a b l e  r e c o m m e n d a t i o n .  The  r e c o m m e n d e d  v a l u e s  l i s t e d  
i n  t h e  f o l l o w i n g  t a b l e s  a r e  g i v e n  i n  u n i t s  of e i t h e r  d a y  ( d )  o r  y e a r  ( a ) .  B e f o r e  
c o n c l u d i n g ,  a few w o r d s  a r e  i n  o r d e r  o n  t h e  p r o b l e m  of e r r o r  e s t i m a t i o n .  

I t  h a s  been  n o t e d  a b o v e  t h a t  v a r i o u s  m e a s u r e m e n t s  i n  t h e  t a b l e s  q u o t e  u n c e r t a i n t i e s  
by a u t h o r s  s u c h  t h a t  t h e y  b o t h  d i s a g r e e  w i t h  a n d  e x c l u d e  m a n y  o t h e r  good r e c e n t  
m e a s u r e m e n t s  f r o m  c o n s i d e r a t i o n .  U n d o u b t e d l y ,  s y s t e m a t i c  e r r o r s  h a v e  n o t  b e e n  
c a r e f u l l y  c o n s i d e r e d  i n  t h e s e  p u b l i c a t i o n s .  When e x p e r i m e n t s  a r e  p e r f o r m e d  a t  t h e  
l e v e l  of f i v e  t o  t e n  p e r c e n t  a c c u r a c y ,  r e c o r d i n g  t h e  n u m b e r  of c o u n t s  i s  a n  
i m p o r t a n t  c o n s i d e r a t i o n .  I n  P o i s s o n  s t a t i s t i c s ,  i n c r e a s i n g  t h e  n u m b e r  of c o u n t s  
c a n  i m p r o v e  t h e  o v e r a l l  a c c u r a c y ,  w h i c h  v a r i e s  i n v e r s e l y  w i t h  t h e  t o t a l  n u m b e r  of 
c o u n t s .  H o w e v e r ,  b y  t h e  t i m e  t h a t  t h e  o v e r a l l  a c c u r a c y  r e a c h e s  t h e  l e v e l  of 
o n e - h a l f  p e r c e n t  o r  b e t t e r ,  t h e  e s t i m a t e  of a l l  s y s t e m a t i c  e r r o r s  b e g i n s  t o  
c o n t r o l  t h e  t o t a l  a c c u r a c y .  T h e  e f f o r t  t o  c o n t i n u e  t o  i m p r o v e  t h e  s t a t i s t i c a l  
p r e c i s i o n ,  b y  c o n t i n u i n g  t o  c o l l e c t  r a w  d a t a  p o i n t s ,  d o e s  n o t  s i g n i f i c a n t l y  
i m p r o v e  t h e  t o t a l  e r r o r ,  e x c e p t  s u p e r f i c i a l l y ,  i n  t h e  a b s e n c e  of a n y  e f f o r t  t o  
e s t i m a t e  t h e  s y s t e m a t i c  e r r o r .  I f  o n e  u s e s  v a r i a n c e  w e i g h t i n g  i n d i s c r i m i n a t e l y  
i n  s u c h  c a s e s ,  o n e  p e n a l i z e s  t h e  a u t h o r s  w h o  a t t e m p t  t h e  d i f f i c u l t  t a s k  of 
e s t i m a t i n g  t h e  s y s t e m a t i c  e r r o r ,  w h i l e  b e n e f i t i n g  t h e  a u t h o r s  who m a k e  n o  s u c h  
a t t e m p t  t o  d e t e r m i n e  a l l  of t h e i r  s o u r c e s  of e r r o r ,  ( a n  a d m i t t e d l y  d i f f i c u l t  t a s k ) .  

In t h e  rev iew of n u c l e a r  d a t a  by t h e  I n t e r n a t i o n a l  Atomic  Energy  Agency ( r e f .  12), 
t h e i r  g e n e r a l  c o m m e n t  o n  u n c e r t a i n t i e s  i n c l u d e d  a s t a t e m e n t  q u e s t i o n i n g  t h e  
v a l i d i t y  of a n y  p r e s e n t l y  s t a t e d  u n c e r t a i n t i e s  of l e s s  t h a n  0 .1% f o r  h a l f - l i v e s .  
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T h e  s a m e  c r i t e r i a  h a s  a l s o  b e e n  a p p l i e d  h e r e  i n  a few c a s e s .  No h a l f - l i f e  h a s  
b e e n  r e c o m m e n d e d  w i t h  a n  a c c u r a c y  of b e t t e r  t h a n  0.1%; s e e  t h e  t o t a l  h a l f - l i f e  
of 233U a s  a n  e x a m p l e .  T h e  r a t i o n a l e  f o r  t h i s  r u l e  i s  t h a t  s y s t e m a t i c  e r r o r s  
u p  t o  t e n  t i m e s  s m a l l e r  t h a n  t h e  t o t a l  s t a t i s t i c a l  u n c e r t a i n t y  q u o t e d  c o u l d  h a v e  
a n  a p p r e c i a b l e  e f f e c t  o n  t h a t  t o t a l  u n c e r t a i n t y ,  i f  t h e r e  w e r e  a n u m b e r  of s u c h  
e r r o r s .  R e c o m m e n d i n g  v a l u e s  a t  a c c u r a c y  leve ls  of a few h u n d r e d  p p m  would i m p l y  
t h a t  a l l  p o t e n t i a l  e r r o r s  i n  t h e  e x p e r i m e n t  a t  t h e  l e v e l  of t e n  p p m  h a d  b e e n  
i n v e s t i g a t e d ,  d o c u m e n t e d ,  a n d  t h e i r  e f f e c t  o n  t h e  r e s u l t  t a k e n  i n t o  a c c o u n t .  
An e x p e r i m e n t ,  i n  w h i c h  s u c h  a t h o r o u g h  s t u d y  h a s  b e e n  b o t h  p e r f o r m e d  a n d  
d o c u m e n t e d ,  h a s  y e t  t o  be  r e p o r t e d  t o  m y  knowledge .  

I f  o n e  h a d  a c h o i c e  i n  d e s i g n i n g  t h e  i d e a l  e x p e r i m e n t  t o  m e a s u r e  t h e  h a l f - l i f e ,  
o n e  w o u l d  c h o o s e  t o  d e t e r m i n e  m a n y  s a m p l e s ,  u s i n g  a n u m b e r  of d u p l i c a t e  
i n s t r u m e n t s  a n d  u t i l i z i n g  a v a r i e t y  of d i f f e r e n t  m e t h o d s  o r  t e c h n i q u e s .  T h i s  
s h o u l d  p r o v i d e  t h e  n e c e s s a r y  i n f o r m a t i o n  t o  c o r r e c t l y  e s t i m a t e  t h e  s y s t e m a t i c  
e r r o r .  S o m e  e f f o r t  t o w a r d  t h i s  g o a l  h a s  b e e n  m a d e  i n  t h e  l a s t  d e c a d e  i n  t h e  
m e a s u r e m e n t s  o n  t h e  h a l f - l i f e  of 2 3 9 P u  a n d  2 4 0 P u  b y  t h e  U S H a l f - l i f e  
E v a l u a t i o n  C o m m i t t e e .  H o w e v e r ,  t h i s  e f f o r t  u s u a l l y  i n v o l v e d  o n l y  o n e  s a m p l e  
a n d  f o r  239P u ,  o n e  of t h e  m e a s u r e m e n t s  w a s  d i s c a r d e d  b e c a u s e  i t  w a s  l o w e r  
t h a n  t h e  o t h e r  r e s u l t s  ( r e f .  1 3 ) .  I t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h i s  i s  n e v e r  
a s u f f i c i e n t  r e a s o n  of a n d  by i t se l f  t o  d i s c a r d  d a t a  

TABULATED RESULTS 

Table 1. Spontaneous fission half-life of 232U 

Reference  As Repor ted  
A u t h o r  ( Y e a r )  ~ 4 / 1 0 l ~  a C o m m e n t s  

J a f f e y i 4  (1951) 8 .  i 5 . 5  

Segrel '  (1952) > 0 . 8  Not u s e d ;  I o n i z a t i o n  C h a m b e r  

R e c o m m e n d e d  V a l u e  = 8 i 6 x 1013 a ;  S e l e c t e d  V a l u e  

Table 2. Total half-life of 232U 

Reference  
A u t h o r  ( Y e a r )  

As Revised 
T 4 / a  C o m m e n t s  

James"  (1949) 70. Not u s e d ;  I n g r o w t h  w i t h  p u l s e  a n a l y s i s  

Se l la rs"  (1954) 73.6 i 1 0  2na c o u n t i n g ;  Mass s p e c t r o m e t r y ;  
Revised p r o b a b l e  e r r o r  t o  
S t a n d a r d  d e v i a t i o n  

Chi i ton"  (1964) 72.1 i 0.5 99.2% e n r i c h e d  s a m p l e ,  2na c o u n t i n g ,  
C o u l o m e t r y  

71.4 i 0 6 99.2% e n r i c h e d  s a m p l e ;  C a l o r i m e t r y  

Aggarwal" (1979) 68.90 i 0 3 9  Spec i f ic  a c t i v i t y ;  
R e l a t i v e  a c t i v i t y  t o  233U 

W e a g h t e d  A v e r a g e  = 70. * 1 a ;  R e c o m m e n d e d  V a l u e  

Table 3. Spontaneous fission half-life of 233U 

Reference  
A u t h o r  ( Y e a r )  

As R e p o r t e d  
T ' i / 1 0 ' ~  a C o m m e n t s  

Segre' '  (1952) > 2 7  I o n i z a t i o n  C h a m b e r  

Aleksandrov"  (1966) 1 2 T 0 3  N O  m e n t i o n  of c o r r e c t i o n  f o r  2 3 2 ~  
J u s t  0 03% of 232U could  a c c o u n t  f o r  
d i s c r e p a n c y  w i t h  o t h e r  m e a s u r e m e n t s  

von  G u n t e n "  (1981) > 2 . 7  97.11% e n r i c h e d ;  
R o t a t i n g  Bubble  C h a m b e r ;  
C o r r e c t e d  f o r  ( a , n , f )  r e a c t i o n  

R e c o m m e n d e d  V a l u e  = > 2.7 x 1017 a ;  S e l e c t e d  V a l u e  
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Table 4. Total half-life of 233U 

Reference  A s  Revised 
Author  (Year )  m / 1 0 5  a Comment s  

Jaffey" (1974) 1.5910 i 0.0015 99.477% enr i ched ;  

V a n i n b r o ~ k x ' ~  (1976) 1.5925 i 0.0013 99.762% enr i ched ;  Low geomet ry  c t g  
99.9986% enr i ched ;  l iqu id  s c i n t .  c tg .  

I n t e r m e d i a t e  geomet ry  a c o u n t i n g  

Geidel 'man'  (1979) 1.5937 i 0.0017 98.112% enr i ched ;  471 a-x coinc idence ;  
Unce r t a in ty  x 1.5 fo r  miss ing  de ta i l s  

AggarwalZ4 (1980) 1.5865 + 0.0026 99.703% enr i ched ;  a c o u n t i n g  a n d  
l iqu id  sc in t i l l a t i on  coun t ing  

W e i g h t e d  A v e r a g e  u s i n g  u n c e r t a i n t y  r u l e  R e c o m m e n d e d  V a l u e  = 1.592 i 0.002 x lo5 a ;  

Table 5. Spontaneous fission half-life of 234U 

Reference As Revised 
Author  (Year )  T % / I O "  a Comment s  

Segre" (1952) > 0.6 Not used;  Ioniza t ion  Chamber  

Ghiorsoz5 (1952) 1.6 + 0.7 Not used;  Revised; Ion iza t ion  c h a m b e r  

von Gunten"  (1961) 1.42 i 0.08 99.36% enriched; Rotating Bubble Chamber;  
Correc ted  fo r  ( a , n , f )  r eac t ion  

Wang" (1967) 1.9 + 0.15 99.64% enriched; Phosphate glass de tec tor ;  
232U Corrected for;  Increased unce r t a in ty  
by 50% t o  a c c o u n t  for  o v e r e s t i m a t e  of 
t h e  z e n i t h  ang le  of fission f r a g m e n t s  

W e i g h t e d  A v e r a g e  = 1.5 i 0.2  x 10l6 a ;  R e c o m m e n d e d  V a l u e  

Table 6. Total half-life of 234U 

Reference 
Author  (Year )  

As Revised 
7-4/105 a Comment s  

F lemingz7  (1952) 2.475 i 0.049 

Whitez8 (1965) 2.47 i 0.06 

Meadows" (1970) 2.439 f 0.036 

DeBievre7 (1972) 2.450 f 0.009 

Lounsbury '  (1972) 2.458 f 0.013 

Geidel 'man3'  (1960) 2.4604 + 0.009 

2.4570 i 0.009 

Poenitz31 (1983) 2.457 i 0.006 

Not used;  Medium geomet ry  a coun t ing  

Not used;  a coun t ing  

Not used;  a l %  en r i ched ;  Author  
wi thdrew d a t a ;  50% inc rease  in 
Unce r t a in ty  fo r  miss ing  de ta i l s  

Enr iched  t o  99.873%; Revised va lue ,  
see t e x t  fo r  a de t a i l ed  d iscuss ion  

1.08% enr i ched ;  Revised va lue ;  
Low geomet ry  a coun t ing  

93.437% enr i ched ;  471a-x Coincidence; 
Revised u n c e r t a i n t y  
93.437% enr i ched ;  l iqu id  s c i n t i l l a t o r ;  
Revised u n c e r t a i n t y  

Not used;  Mass i n t e r c o m p a r i s o n ;  
Conf i rms  d i r e c t  m e a s u r e m e n t s  

W e i g h t e d  A v e r a g e  = 2.455 + 0.006 x lo5  a ;  R e c o m m e n d e d  V a l u e  

Table 7. Spontaneous fission half-life of 235U 

Reference A s  Repor ted  
Au thor  (Year )  T % / ~ o "  a Comment s  

Segre" (1952) 0.18 Not used;  Ioniza t ion  c h a m b e r  

Aleksandrov' '  (1966) 0.35 i 0.09 Not used;  Fission t r a c k  d e t e c t o r s  

Grue t t e r3 '  (1973) > 1.8 Not used;  No co r rec t ions  
Ro ta t ing  bubb le  c h a m b e r ;  

von Gunten"  (1981) 9.8 i 2.8 99.76% enriched; Rotating bubble chamber  
Correc ted  fo r  ( a , n , f )  r eac t ion  

R e c o r n m e n d e d  V a l u e  = 1.0 i 0.3 x 10lg a ;  S e l e c t e d  V a l u e  
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Table 8. Total half-life of 235U 

R e f e r e n c e  A s  R e p o r t e d  
A u t h o r  ( Y e a r )  T % / I O '  a C o m m e n t s  

Nier33 (1939) 7 .04 f 0.31 207P b /206Pb R a t i o  

S a ~ a g ~ ~  (1951) 6 .94 f 0 . 4 0  a c o u n t i n g  

F leming"  (1952) 7.12 f 0.31 a c o u n t i n g ;  m e d i u m  g e o m e t r y  

Knight35  (1950) 7.10 f 0.32 a c o u n t i n g ;  50% g e o m e t r y  

Wurger3' (1957) 6 .93  i 0.27 a c o u n t i n g  

White" (1965) 7.12 i 0.18 a c o u n t i n g  

Banks37 (1966) 7 .02  (+ 0.14 - 0.06) 2O7Pb/2O6Pb R a t i o  

D e r u y t t e r 3 '  (1965) 6 .97  f 0.19 a c o u n t i n g ;  s i l i c o n  d e t e c t o r  

Ja f fey '  (1971) 7 .037 f 0.011 a c o u n t i n g ;  i n t e r m e d i a t e  g e o m e t r y  

Weighted  A v e r a g e  = 7.04  i 0.01 x 10' a ;  R e c o m m e n d e d  V a l u e  

Table 9. Spontaneous fission half-life of 236U 

R e f e r e n c e  As R e p o r t e d  
A u t h o r  ( Y e a r )  T % / I O "  a C o m m e n t s  

Jaffey3 '  (1949)  2. f 1.6 

Conde4' (1971) 2.7 f 0.3 238U/236U = 0 3 0  f 0.03 

y o n  Gunten ' '  (1981) 2 .43  f 0.13 99.68% enr iched;  Rota t ing  bubble  c h a m b e r ;  
C o r r e c t e d  f o r  ( a , n , f )  r e a c t i o n  

B e l e n k v 4 '  (1983) 2.7 f 0.4  Mul t ip le  n e u t r o n  c o i n c i d e n c e  

Weighted  A v e r a g e  = 2.5 i 0.1 x 10'' a ;  R e c o m m e n d e d  V a l u e  

Table 10. Total half-life of 236U 

R e f e r e n c e  
A u t h o r  ( Y e a r )  

As Revised 
m / 1 0 7  a C o m m e n t s  

Ja f fey4 '  (1951) 2 4 6  f 0.14 a c o u n t i n g ,  I n c r e a s e d  u n c e r t a i n t y  
by 50% f o r  m i s s i n g  d e t a i l s  

F l e m i n g z 7  (1952) 2.391 f 0.057 a c o u n t i n g ,  I n c r e a s e d  u n c e r t a i n t y  

F l ~ n n ~ ~  (1972) 2 .3422 f 0.0039 Revised u n c e r t a i n t y ;  

by 50% f o r  m i s s i n g  d e t a i l s  

I n t e r m e d i a t e  g e o m e t r y  a c o u n t i n g  

R e c o m m e n d e d  V a l u e  Weighted  A v e r a g e  = 2.342 i 0.004 x l o 7  a ;  

Table 11. Total half-life of 238U 

R e f e r e n c e  A s  R e p o r t e d  
A u t h o r  ( Y e a r )  ~ % / 1 0 ~  a C o m m e n t s  

Ja f fey '  (1971) 4 . 4 6 8  f 0.022 I n t e r m e d i a t e  g e o m e t r y  a c o u n t i n g  

R e c o m m e n d e d  V a l u e  = 4 . 4 7  i 0.02 x 10' a ;  S e l e c t e d  V a l u e  
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Table 12. Spontaneous fission half-life of 23*U 

Reference  A s  Reported/(1O-l7 a - ' )  
A u t h o r  ( Y e a r )  Spec i f ic  A c t i v i t y  C o m m e n t s  

W h i t e h ~ u s e ~ ~  (1950) 

Segre' '  (1952) 

F l e i ~ c h e r ~ ~  (1964) 

Rober t s4 '  (1968) 

S p a d a ~ e c c h i a ~ ~  (1967) 

von  G ~ n t e n ~ ~  (1969) 

Gal l iker4 '  (1970) 

S t o r z e r "  (1970) 

Kleeman"  (1971) 

Thury5 '  (1971) 

Leme53 (1971) 

K h a n 5 4  (1973) 

I ~ a n o v ~ ~  (1975) 

E m m a 5 6  (1975) 

Wagner57 (1975) 

ThieI5' (1976) 

Kase5' (1978) 

Popeko" (1980) 

Spaggiar i"  (1980) 

Bapt i s ta"  (1981) 

HadlerB3 (1981) 

d e  C a r v a l h o a 4  (1982) 

Belenky4 '  (1963) 

V a r t a n i a r ~ ' ~  (1984) 

I v a n o v B 6  (1985) 

8 3 8  f 0 5 2  

8 6 0  i 0 2 9  

6 8 5  + 0 2 0  

7 0 3  i 011 

8 42  f 0 10 

8 6 6  i 0 2 2  

8 4 6  f 0 0 6  

8 4 9  + 0 7 6  

6 8  i 0 6  

8 6 6  f 0 4 3  

7 3 0  f 0 1 6  

6 82 i 0 55 

7 12 * 0 3 2  

7 2  1 0 2  

8 7  + 0 6  

8 5 7  + 0 4 2  

8 2 2  f 0 2 0  

7 9  i 0 4  

9 2 6  + 0 1 7  

6 6  1 0 2  

8 6  f 0 4  

118  i 0 7  

8 3 5  + 0 4 0  

8 2 3  f 0 4 3  

8.29 i 0.27 

I o n i z a t i o n  C h a m b e r  

I o n i z a t i o n  C h a m b e r  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

R o t a t i n g  Bubble  C h a m b e r  

F iss ion  P r o d u c t s  f r o m  238U 

R o t a t i n g  Bubble  C h a m b e r  

F iss ion  T r a c k s  i n  Dated U r a n i u m  Class  

Not u s e d ;  L e x a n - u r a n i u m  S a n d w i c h  

T h i r d  Order  Coinc idence  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Fiss ion  T r a c k s  i n  Dated U r a n i u m  Glass 

F iss ion  T r a c k s  i n  Dated U r a n i u m  Glass 

I o n i z a t i o n  C h a m b e r  

Mul t ip le  N e u t r o n  Coinc idence  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not u s e d ;  M i c a - u r a n i u m  S a n d w i c h  

Not used;  Fission Tracks  ( O r d i n a r y  Glass) 

Mul t ip le  N e u t r o n  Coinc idence  

Not u s e d ;  F iss ion  T r a c k s  i n  P l a s t i c .  
U r a n i u m  Foils 

Double I o n i z a t i o n  C h a m b e r  

R e c o m m e n d e d  H a l f - l i f e  Value  = 8.2 f 0.1 x lOI5 a ;  U n w e i g h t e d  A v e r a g e  o f  T e c h n i q u e s  

Table 13. Spontaneous fission half-life of 23sPu 
~~ 

Reference  As Revised 
A u t h o r  ( Y e a r )  T % / ~ o '  a C o m m e n t s  

~~ 

GhiorsoZ5 (1952) 

Se l ick i jB7 (1988) 

3.4 f 1.2 Not u s e d ;  Revised v a l u e  
I o n i z a t i o n  c h a m b e r  

2.09 i 0.06 Two s o u r c e s ;  F r a g m e n t  d e t e c t i o n  
i n  27r g e o m e t r y  

R e c o m m e n d e d  V a l u e  = 2.1 * 0.1 x l o g  a ;  S e l e c t e d  Value  

Table 14. Total half-life of 23sPu 

R e f e r e n c e  A s  R e p o r t e d  
A u t h o r  ( Y e a r )  T % / a  C o m m e n t s  

James"  (1949) 2.7 + 0 . 3  

Hoffman" (1957) 2.85 f 0.10 

Nakanish i"  (1984) 2.87 f 0.01 

a c o u n t i n g  

a c o u n t i n g  

A c t i v i t y  Rat ios ;  
S i l icon  S u r f a c e  B a r r i e r  D e t e c t o r  

Weighted  A v e r a g e  = 2 8 7  f 0.01 a ,  R e c o m m e n d e d  V a l u e  
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Table 15. Alpha half-life of 238Pu 

R e f e r e n c e  As Revised 
A u t h o r  ( Y e a r )  T % / a  C o m m e n t s  

Jaffey7 '  (1950) 89.59 i 0.44 271 a c o u n t e r :  Revised u n c e r t a i n t y  

Mech71 (1956) 86 i 3.5 R e l a t i v e  a c t i v i t y  t o  240Pu 

H o f f m a n 7 z  (1957) 86.41 i 0.32 a c o u n t i n g ;  Revised u n c e r t a i n t y  

S t o h m "  (1974) 87.77 i 0.053 C a l o r i m e t r y :  Revised u n c e r t a i n t y  

P o l y ~ k o v ~ ~  (1976) 86.98 i 0.23 47r, low g e o m e t r y  a c o u n t i n g  
Revised u n c e r t a i n t y  

D i a m o n d 7 4  (1977) 87.71 f 0.06 a c o u n t i n g ;  Revised u n c e r t a i n t y  

~ e v o s t i j a n o v ~ ~  (1981) 86.54 f 0.33 a c o u n t i n g ;  Revised u n c e r t a i n t y  

Aggarwa17' (1981) 87.98 i 0.25 R e l a t i v e  a c t i v i t y  t o  239Pu 

Weighted  A v e r a g e  = 87.7 i 0.1 a ;  R e c o m m e n d e d  V a l u e  
Revised u n c e r t a i n t y  

Table 16. SDontaneous fission half-life of 2 3 8 P ~  

R e f e r e n c e  
A u t h o r  ( Y e a r )  

As Revised 
T % / I O ' O  a C o m m e n t s  

~~~~~ 

Segre" (1952) 3.8 Not u s e d ;  Revised;  I o n i z a t i o n  C h a m b e r  

J a f f e ~ ~ ~  (1949) 4.7 i 0.6 Revised Value;  

D r ~ i n ~ ~  (1961) 5.1 f 0.6 Revised:  Nuclear  P h o t o g r a p h i c  E m u l s i o n s  

Has t ings7 '  (1972) 4.77 f 0.14 a / f i s s i o n  R a t i o  
S i l icon  S u r f a c e  B a r r i e r  D e t e c t o r s  

Gayao (1975) 4.63 i 0.12 Fiss ion  F r a g m e n t  Coinc idences  i n  Mica 

Se l ick i ja7  (1988) 5.01 i 0.21 4 s o u r c e s ;  F r a g m e n t  D e t e c t i o n  i n  

Weighted  A v e r a g e  = 4.75 i 0.09 x 10" a ;  

27r G e o m e t r y  

R e c o m m e n d e d  V a l u e  

Table 17. Spontaneous fission half-life of 239Pu 

R e f e r e n c e  A s  R e p o r t e d  
A u t h o r  ( Y e a r )  ~ % / 1 0 l ~  a C o m m e n t s  

Segre"  (1952) 5.5 Not u s e d ;  I o n i z a t i o n  C h a m b e r  

D r u z h i n i n "  (1985) 7.8 f 1.6 a / f i s s i o n  a c t i v i t y  

R e c o m m e n d e d  V a l u e  = 8. i 2. x 1015 a :  S e l e c t e d  V a l u e  

Table 18. Total half-life of 239Pu 
R e f e r e n c e  As Revised 
A u t h o r  ( Y e a r )  7-%/104 a C o m m e n t s  

Aleksandrov"  (1975) 

Glovere3  (1975) 

J a f f e y e 4  (1977) 

Lucasa5  (1978) 

Gun n e e  (1 97 8) 

Marshe7  (1978) 

S e a b a u g h "  (1978) 

P r i n d l e a g  (1978) 

V a n i n b r o u k x "  (1978) 

Browng1 (1981) 

2 4060 

2 4115 

2 4124 
2 4139 

2 4112 

2 4102 

2 4164 

2 4101 

2 4089 
2 4019 

2 4085 
2 4114 

2 4088 

f 0.0019 

i 0.0080 

i 0.0014 
i 0.0013 

+ 0.0033 
i 0.0010 

* 0.0017 
f 0.0010 

f 0.0019 
f 0.0015 

f 0.0014 
f 0.0013 

f 0.0025 

47r a - x  c o i n c i d e n c e ;  Revised u n c e r t a i n t y  

Not u s e d  * ;  Low g e o m e t r y  a c o u n t i n g  

I n t e r m e d i a t e  g e o m e t r y  a c o u n t i n g ;  
I s o t o p e  d i l u t i o n  m a s s  s p e c t r o m e t r y  

a c o u n t i n g ;  Revised u n c e r t a i n t y  

C a l o r i m e t r y ;  Revised u n c e r t a i n t y  

Mass s p e c t r o m e t r y ;  Revised u n c e r t a i n t y  

C a l o r i m e t r y ;  Revised u n c e r t a i n t y  

Mass s p e c t r o m e t r y ;  Revised u n c e r t a i n t y  
a c o u n t i n g ;  Revised u n c e r t a i n t y  

Not used  * ;  Low g e o m e t r y  a c o u n t i n g  
Not u s e d  * ;  Liquid  s c i n t i l l a t o r  

Low g e o m e t r y  a c o u n t i n g ;  
Revised u n c e r t a i n t y  

* E x p e r i m e n t s  c o n s i d e r e d  p r e l i m i n a r y .  

U n w e i g h t e d  a v e r a g e  of t e c h n i q u e s  
w i t h  u n c e r t a i n t y  r u l e  i n v o k e d  

R e c o m m e n d e d  V a l u e  = 2.410 f 0.003 x lo4 a ;  
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Table 19. Spontaneous fission half-life of 240Pu 

Reference  
A u t h o r  ( Y e a r )  

As Revised 
T ' l / l o i l  a C o m m e n t s  

K i n d e r m a n n "  (1953) 

B a r c l a y g 3  (1954) 

C h a m b e r l a i n g 4  (1954) 

Mikheev" (1959) 

Wat tge  (1962) 

Malking7 (1963) 

Whitege (1967) 

F i e l d h o u s e g 9  (1967) 

1314 

1 2 2 5  

1 2 0  

1 2 0  

1 3 4  

1 4 5  

1 2 7  

1176 

f 0 0 2 6  Not u s e d ,  

i 0 0 3 0  Not u s e d ,  

Not u s e d ,  

Not used ,  

f 0 0 1 5  Not u s e d ,  

* 0 0 2  Not u s e d ,  

i 0 0 5  Not u s e d ,  

i 0 0 2 5  Not u s e d ,  

Low g e o m e t r y  a c o u n t i n g  

Low g e o m e t r y  a c o u n t i n g  

Low g e o m e t r y  a c o u n t i n g  

a c o u n t i n g ;  g a s  s c i n t i l l a t o r  

Low g e o m e t r y  a c o u n t i n g  

a c o u n t i n g ,  gas  s c i n t i l l a t o r  

No d e t a i l s  a v a i l a b l e  

Revised; S p o n t a n e o u s  
Fission n e u t r o n  e m i s s i o n  r a t e s  

Budtz-Jorgensen ' "  (1980) 1.15 * 0.03 F r a g m e n t  s p e c t r a ;  i o n i z a t i o n  c h a m b e r  

Androsenko"'  (1984) 1.15 i 0.03 S p o n t a n e o u s  f i ss ion  n e u t r o n  
Emiss ion  r a t e s  

Se l ick i jB7 (1988) 1.17 + 0.03 Two S o u r c e s ;  F r a g m e n t  d e t e c t i o n  i n  

Weighted A v e r a g e  = 1.16 i 0.02 x 10" a ;  

8 n  g e o m e t r y  

R e c o m m e n d e d  Value  

Table 20. Total half-life of 240Pu 

Reference  A s  Revised 
A u t h o r  ( Y e a r )  ~ ' 1 1 1 0 ~  a C o m m e n t s  

Inghram" '  (1951) 6.505 i 0.045 Not u s e d ;  Mass s p e c t r o m e t r y  

But le r103  (1956) 6.600 + 0.100 Not u s e d ;  a c o u n t i n g  

D o k u ~ h a e v ' ~ ~  (1959) 6.610 i 0.055 Not u s e d ;  Low g e o m e t r y  a c o u n t i n g  

Oetting'" (1967) 6 .533  i 0 010 Not u s e d ;  C a l o r i m e t r y ;  Revised v a l u e  

Jaffey"' (1978) 6.569 -t 0 0 0 6  I n t e r m e d i a t e  g e o m e t r y  a c o u n t i n g  

(1984) 6.5524 + 0.0017 C a l o r i m e t r y  

Lucas'" (1984) 6.5522 i 0.0052 a c o u n t i n g  

S te inkruger" '  (1984) 6.571 i 0.007 Low g e o m e t r y  a c o u n t i n g  

Beckman"'  (1984) 6.574 * 0.0062 Mass s p e c t r o m e t r y ;  rev ised  u n c e r t a i n t y  
_ _ _ _ ~  

R e c o m m e n d e d  V a l u e  = 6 5 6  * 0 0 1  x lo3  a ,  U n w e a g h t e d  A v e r a g e  of  T e c h n a q u e s  
Wath U n c e r t a z n t y  R a n g e  E z t e n d e d  

Table 21. Spontaneous fission half-life of 241 Pu 

Reference  As R e p o r t e d  
A u t h o r  ( Y e a r )  T % / l O "  a C o m m e n t s  

D r u z h i n i n e i  (1985) < 6  a / f  a c t i v i t y  m e a s u r e d  

R e c o m m e n d e d  Value  < 6 x l o i 6  a Se lec ted  Value  

Table 22. Alpha half-life of 241Pu 

Reference  As Revised 
A u t h o r  ( Y e a r )  ~ % / 1 0 ~  a C o m m e n t s  

Bigham"'  (1958) 6.35 i 0.32 

Brown"' (1960) 5.84 * 0.12 Revised v a l u e ;  

a s p e c t r o m e t r y  r e l a t i v e  t o  239 + 2 4 0 ~ ~  

a s p e c t r o m e t r y / t o t a l  P u  a e m i s s i o n  

S m i t h 1 I 3  (1961) 5 9 7  * 0 2 0  Revised v a l u e ;  
a / @  b r a n c h i n g ,  a s p e c t r o m e t r y  

B e r t ~ l i n i " ~  (1966) 5.98 * 0.10 Revised, Growth  m e t h o d ;  Ge(Li) d e t e c t o r s  

Ahmad"' (1968) 5 .88  * 0.21 a / y  c o i n c i d e n c e  

Gunnink"'  (1976) 5.85 i 0.075 y emiss ion  p r o b a b i l i t i e s ,  Ge(Li) d e t e c t o r s  

Van i n  b r o  u kx1I7 (1 978) 

Weighted  A v e r a g e  = 5.96 i 0.04 x lo' a ;  

6.04 i 0.06 a s p e c t r o m e t r y ;  i n g r o w t h  m e t h o d  
Solid s t a t e  d e t e c t o r s  

R e c o m m e n d e d  Value  
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Table 23. Total half-life of 24'Pu 

Reference  
A u t h o r  ( Y e a r )  

A s  Revised 
T % / a  C o m m e n t s  

S t r o h m "  (1974) 14.355 i 0.007 C a l o r i m e t r y  

Whitehead"' (1977) 14.56 i 0.15 I n g r o w t h  of 241Am 

G a r n e r i i g  (1979) 14.38 * 0.07 Mass s p e c t r o m e t r y  

Vaninbroukx" '  (1978) 14.60 i 0 10 I n g r o w t h  of 241Am 

Aggarwal'" (1980) 14.42 f 0.09 a s p e c t r o m e t r y  

Marsh"' (1980) 14.38 -t 0.06 Mass s p e c t r o m e t r y  

A g g a r ~ a l " ~  (1981) 14.52 f 0.08  a s p e c t r o m e t r y  

Y r a y  

Y r a y  

A g g a r ~ a l ' ' ~  (1981) 14.44 f 0.06 a s p e c t r o m e t r y ,  a p r o p o r t i o n a l  c o u n t i n g  

A g g a r ~ a l " ~  (1982) 14.32 f 0.06 Mass s p e c t r o m e t r y ;  Revised u n c e r t a i n t y  

DeBievre"' (1983) 14 .33  f 0.02 Mass s p e c t r o m e t r y  

HiyamaIz7  (1984) 14.29 f 0.15 Mass s p e c t r o m e t r y  

Aggarwal"' (1985) 14.38 f 0.02 Mass s p e c t r o m e t r y  

T i m ~ f e e v " ~  (1986) 14.57 f 0.10 Mass s p e c t r o m e t r y  

R e c o m m e n d e d  V a l u e  = 14.4 i 0.1 a ;  U n w e i g h t e d  A v e r a g e  of T e c h n i q u e s  

Table 24. Spontaneous fission half-life of 242Pu 
~~ 

Reference  A s  Revised 
A u t h o r  ( Y e a r )  T 4 / 1 0 1 '  a C o m m e n t s  

S t u d i e r "  (1956) 

But le r i3 '  (1956) 

Mech7' (1956) 

Druin7'  (1961) 

Malking7 (1963) 

Meadows131 (1977) 

KhanI3' (1980) 

Se l ick i ja7  (1988) 

6.7 0.7 

6 .65  i 0.10 

6.79 i 0.19 

6.6 f 0.7 

7 .45  f 0.17 

6.74 f 0.05 

7 .43  

6.86 i 0.26 

Quoted by Mech71 

a / f i s s i o n  r a t i o  

Revised Value f o r  2 4 2 P u  a T %  

Gas s c i n t . ;  R e l a t i v e  t o  238Pu a Tb 

Gas s c i n t i l l a t o r ;  Spec i f ic  a c t i v i t y  

a / f i s s i o n  r a t i o  

Not u s e d ;  Mica f i ss ion  t r a c k  d e t e c t o r  

F iss ion  f r a g m e n t  d e t e c t i o n  i n  
2.rr g e o m e t r y  

A e i g h t e d  A v e r a g e  = 6.77 i 0.07 x 10'' a ;  R e c o m m e n d e d  V a l u e  

Table 25. Total half-life of 242Pu 

Reference  A s  R e p o r t e d  
A u t h o r  ( Y e a r )  ~ 4 1 1 0 ~  a C o m m e n t s  

~~ 

ButlerI3'  (1956) 3 6 4 9  f 0 0 5  

But le r103  (1956) 3 790 f 0 05 

Mech7' (1956) 3 8 5 5  f 0 1 0 0  

be mi^'^^ (1969) 3 8 2 3  i 0016 

D u r h a m 1 3 4  (1970) 3 6 7 4  i 0 0 7  

O ~ b o r n e ' ~ ~  (1976) 3 7 6 3  i 0 0 0 9  

B ~ l y a n i t s a ' ~ ~  (1976) 3 7 0 2  f 0 0 1 4  

Meadows131 (1977) 3 7 0 8  f 0 0 2 4  

A g g a r ~ a l ' ~ ~  (1979) 3 7 5 4  i 0 0 2 5  

Aezghted  A v e r a g e  = 3 7 5  f 0 0 2  x l o 5  a ,  

Not u s e d ;  R e l a t i v e  a a c t i v i t y  t o  238Pu 

Not used;  Ion C h a m b e r  e n e r g y  a n a l y s i s  

Not u s e d ;  R e l a t i v e  a a c t i v i t y  t o  2 4 0 P u  

R e l a t i v e  a a c t i v i t y  t o  239Pu 

R e l a t i v e  a a c t i v i t y  t o  238Pu 

C a l o r i m e t r y  

4na-x c o i n c i d e n c e  

R e l a t i v e  a a c t i v i t y  t o  239Pu 

R e l a t i v e  a a c t i v i t y  t o  239Pu a n d  238Pu 

R e c o m m e n d e d  V a l u e  
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Table 26. Spontaneous fission half-life of 244Pu 

Reference As Revised 
Author  (Year )  T4/10" a Comment s  

Fields'38 (1955) 2.5 * 0.8 
Fields'39 (1966) 6.67 * 0.32 

Gokhberg i4 '  (1977) 6 .8  * 0.8 
Khani3' (1980) 7.32 

Moorei4' (1982) 6.56 i 0.30 

Not used;  Ioniza t ion  c h a m b e r  

Revised va lue  

No d e t a i l s  

Not used;  Fission t r a c k  de tec to r  

Ion c h a m b e r ;  a coun t ing ;  
a s p e c t r o m e t r y  

W e i g h t e d  A v e r a g e  = 6.6 i 0.2 x 10" a ;  R e c o m m e n d e d  V a l u e  

Table 27. Total half-life of *"Pu 

Reference 
Author  (Year )  

A s  Revised 
~ 4 1 1 0 ~  a Comment s  

Butleri3 '  (1956) 6.65 f 0.10 

Diamond14' (1956) 7.3 * 2. Revised; an t i - co inc idence  prop .  c o u n t e r  

Butler '03 (1956) 7.6 f 2. a coun t ing  

Fields139 (1966) 8.12 i 0.26 Revised va lue  

be mi^'^^ (1969) 7.99 * 0.10 Revised; Rela t ive  a c t i v i t y  t o  239Pu 

W e i g h t e d  A v e r a g e  = 8 .00  

Not used;  Rela t ive  a a c t i v i t y  t o  238Pu 

i 0.09 x lo7  a ;  R e c o m m e n d e d  V a l u e  

Table 28. Spontaneous fission half-life of 24rAm 

Reference  A s  Repor ted  
Au thor  (Year )  ~ 4 / 1 0 ' ~  a Comment s  

Segre" (1952) > 0.14 Not used;  Ioniza t ion  c h a m b e r  

Mikheev" (1960) > 2. Not used;  Gas s c i n t i l l a t o r  

D r ~ i n ' ~ ~  (1961) 2.3 0.8 Gas s c i n t i l l a t o r  

Galliker4'  (1970) 0.90 f 0.04 Ro ta t ing  bubble  c h a m b e r  

~ 0 ~ 1 4 4  (1970) 1.147 i 0.024 Mica fission t r a c k  d e t e c t o r  

(1986) 1.8 f 0.4 Mica fission t r a c k  d e t e c t o r  

Moodyi4' (1987) 0.64 Phospha te  g lass  t r a c k  d e t e c t o r  

R e c o m m e n d e d  V a l u e  = 1.0 f 0.4 x 1014 a ;  Selected V a l u e ;  U n c e r t a i n t y  over laps  r a n g e  

Table 29. Total half-life of 24rAm 

Reference As Revised 
Au thor  (Year )  T % / a  Comment s  

~ ~ 1 1 1 4 7  (1958) 458 1 i 0.5 Not used;  Low geomet ry  a coun t ing  

wall mar^'^^ (1958) 457.7 * 1.8 Not used;  Low geomet ry  a coun t ing  

Oetting14' (1967) 432.7 0.7 Ca lo r ime t ry  

Stone'" (1968) 436.6 i 3.0 Low geomet ry  a c o u n t i n g  

Brownis1 (1988) 433. * 7. 
434.4 * 3.6 

Jove15' (1972) 426.3 + 2.1 

St rohm"  (1974) 432.5 * 1.0 

435.0 * 1.0 

Coulometr ic  a coun t ing  
Rela t ive  Activity t o  243Am 

Calo r ime t ry  

Ca lo r ime t ry  (power  decay) ;  
Revised u n c e r t a i n t y  
Ca lo r ime t ry  ( spec i f ic  power) ;  
Revised u n c e r t a i n t y  

P o l y ~ k h o v ' ~ ~  (1974) 432.8 * 1.6 4n  a coun t ing ;  Revised u n c e r t a i n t y  

R a m t h ~ n ' ~ ~  (1975) 432.0 i 0.7 Ca lo r ime t ry ;  Revised U n c e r t a i n t v  

W e i g h t e d  A v e r a g e  = 432.7 + 0.6 a ;  R e c o m m e n d e d  V a l u e  
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Table 30. Spontaneous fission half-life of 242mAm 

Reference A s  Revised 
Author  (Year )  T4/10" a Comment s  

C a l d ~ e l l ' ~ ~  (1967) 1.0 f 0.4 Not used; Revised; Fission- 
F r a g m e n t  - Neutron  co inc idence  

Z e l e n k ~ v ' ~ ~  (1986) > 3.0 a / f i s s ion ;  
Sil icon s u r f a c e  b a r r i e r  d e t e c t o r s  

Recommended  Value = > 3. x 10" a ;  Selected Value 

Table 31. Partial half-lives of 242mAm 

Reference A s  Revised 
Author  (Year )  T h / a  Comment s  

S t r ee t ' 57  (1950) 10000 

H ~ f f ' ~ ~  (1955) 850. 

Barnes '59 (1959) 29000. i 1450. 
960. i 50. 
152 f 7. 

Henderson'59 (1959) 182. i 8. 

Zelenkov'" (1980) 171. f 2. 
31200. r 500. 

140.8 i 1.7 

a decay  b r a n c h  

Elec t ron  c a p t .  decay  b r a n c h  

Revised Value; a decay  b r a n c h  
Elec t ron  c a p t .  b r a n c h  
Total  ha l f - l i fe  

p decay  b r a n c h ;  quo ted  by Barnes159 

@ decay  b r a n c h  
a decay  b r a n c h  
Total  ha l f - l i fe  

Weighted Average  = 141. i 2. a ;  

Table 32. Total half-life of 243Am 

Recommended  Value  

Reference 
Author  (Year )  

As Revised 
7-4/103 a Comment s  

Street15' (1950) 

Diamondi6'  (1953) 

wall mar^'^^ (1958) 

Barnes '5g (1959) 

Beadle'" (1960) 

Brown"' (1968) 

P o l y u k h ~ v ' ~ ~  (1974) 

AggarwaliB4 (1980) 

10. 

8.1 i 0.6 

7.95 * 0.05 

7.29 i 0.16 

7.22 i 0.05 

7.34 i 0.065 
7.39 * 0.05 

7.38 i. 0.034 

7.36 i 0.042 

Not used;  Daughter  g rowth  

Not used;  Revised va lue ;  
Rela t ive  a c t i v i t y  t o  241Am 

Not used;  Low geomet ry  a coun t ing  

Not used;  Rela t ive  a c t i v i t y  t o  z4lAm 

Not used;  Revised va lue ;  
Rela t ive  a c t i v i t y  t o  241Am 

Rela t ive  a c t i v i t y  t o  241Am 
Coulometr ic  a coun t ing  

a coun t ing ;  
Rela t ive  a c t i v i t y  t o  241Am 

Revised; r e l a t ive  a c t i v i t y  t o  241Am 

Weighted Average  = 7.37 i 0.02 x lo3  a ;  Recommended  Value 

Table 33. Spontaneous fission half-life of '"Am 

Reference As Repor ted  
Author  (Year )  ~ 4 / 1 0 ' ~  a Comment s  

A l e k ~ a n d r o v " ~  (1966) > 0 3 3  * 0 0 3  Glass fission t r a c k  d e t e c t o r  

Grozdev'06 (1966) 2 * 0 5  Glass fission t r a c k  d e t e c t o r  

Recommended  Value  = 2.0 i 0.5 x 1014 a ;  Se lec ted  Value 
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Table 34. Spontaneous fission half-life of 242Cm 

Reference A s  Revised 
Author  (Year )  T ~ / 1 0 '  a Comment s  

HannaIe7  (1951) 7.2 + 0.2 Fission f r a g m e n t  coun t ing ,  
Ion c h a m b e r  

Armani'" (1967) 6.82 f 0.18 Revised va lue ;  
L i - I  f ission n e u t r o n  coun t ing  

Zhang'Ov (1979) 7.46 i 0.06 Mica fission t r a c k  d e t e c t o r  

R a g h ~ r a m a n ' ~ '  (1982) 7.15 i 0.15 Solid s t a t e  t r a c k  d e t e c t o r  

U r n e ~ a w a ' ~ '  (1982) 6.89 * 0.17 Mica fission t r a c k  d e t e c t o r  

Z e l e n k ~ v ' ~ '  (1986) 6.98 f 0.33 Revised va lue ;  a / f i s s ion  
Silicon s u r f a c e  b a r r i e r  d e t e c t o r s  

Recommended  Value  = 7.0 i 0.2 x 10' a ;  Selected Value; U n c e r t a i n t y  covers  
t he  r a n g e  of r e c e n t  m e a s u r e m e n t s  

Table 35. Total half-life of "'Cm 

Reference 
Au thor  (Year )  

As Revised 
TC/d Comment s  

HannaI7' (1950) 

G 1 0 v e r - l ~ ~  (1954) 

H ~ t c h i n s o n ' ~ ~  (1954) 

F l ~ n n " ~  (1965) 

K e r r i g a r ~ ' ~ ~  (1975) 

Diamond'77 (1977) 

Zhang'" (1979) 

JadhavI7'  (1980) 

U ~ u d a ' ~ '  (1981) 

Aggarwal'" (1982) 

Wiltshine'" (1984) 

162.5 

162 46  

163.0 

163.1 

163.2 

162.76 

163.02 

162.13 

161.35 

162.82 

163.17 

163.03 

* 1. 

f 0.33 

* 1.8 

i 0.4 

* 0.2 

f 0.10 

* 0.17 

i 2.25 

i 0.16 

f 0.27 

i 0.12 

i 0.22 

Low geomet ry  a s p e c t r o m e t r y  

Revised u n c e r t a i n t y ;  
Low geomet ry  a coun t ing  

Ca lo r ime t ry  

Revised va lue ;  2n a coun t ing  

Ca lo r ime t ry  

Revised u n c e r t a i n t y ;  
I n t e r m e d i a t e  geomet ry  a coun t ing  

Revised u n c e r t a i n t y ;  
Low geomet ry  a c o u n t i n g  

a s p e c t r o m e t r y ,  solid s t a t e  d e t e c t o r  

2rr a coun t ing ;  Revised u n c e r t a i n t y  

Rela t ive  a c t i v i t y  t o  244Cm; 
Revised u n c e r t a i n t y  
a coun t ing ;  Revised u n c e r t a i n t y  

Low geomet ry  a c o u n t i n g ;  
Revised u n c e r t a i n t y  

Weighted Average  = 162.8 i 0.2 d ;  Recommended Value  

Table 36. Spontaneous fission half-life of '"Cm 

Reference As Repor ted  
Author  (Year )  T C / I O "  a Comment s  

Polynov'82 (1987) 5.5 * 0.9 Mica fission t r a c k  d e t e c t o r  

Recommended  Value  = 5.5 * 0.9 x 10" a ;  Selected Value  

Table 37. Total half-life of '"Cm 

Reference 
Author  (Year )  

A s  Revised 
TC/a Comment s  

Asarola3 (1953) 35. Not used;  No de ta i l s  

ChoppinIa4 (1958) 28.4 * 0.8 Revised va lue  fo r  t h e  244Cm T %  

T i r n ~ f e e v " ~  (1986) 29.13 f 0.10 Rela t ive  a c t i v i t y  t o  244Cm 

Weighted Average  = 29.1 f 0.1 a ;  Recommended  Value  
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Table 38. Spontaneous fission half-life of 244Cm 

Reference 
Author  (Year )  

A s  Revised 
m / 1 0 7  a Comment s  

ChiorsoZ5 (1952) 1 3 9  * 0.20 Revised va lue ,  Ion iza t ion  c h a m b e r  

Ma I k i nlss (19 63) 1.46 * 0.05 Gas s c i n t i l l a t o r  

Met ta i s7  (1965) 1.346 f 0.006 a / s p o n t a n e o u s  fission r a t i o  

Armani'" (1967) 1.33 f 0.03 L i - I  f ission n e u t r o n  c o u n t e r  

Ba r t  o nl" (1 970) 1.250 f 0.007 Low geomet ry  fission f r a g m e n t  coun t ing  

Has t ings lBg (1972) 1.343 f 0.006 a / f i s s ion  r a t i o ;  
Sil icon s u r f a c e  b a r r i e r  d e t e c t o r  

~~ 

Wezghted Average  = 1 3 2  + 0 0 2  x lo7  a ,  Recommended  Value 

Table 39. Total half-life of 244Cm 

Reference 
Author  (Year )  

As Revised 
T % / a  Comment s  

S tevens igo  (1954) 19.2 * 0.6 

F r i e d m a n l g l  (1954) 17.9 f 0.5 

Not used;  Rela t ive  a c t i v i t y  t o  z42Cm 

Not used; Rela t ive  a c t i v i t y  t o  242Cm 

Carnall '" (1961) 17.59 0.067 Specific a c t i v i t y ;  Revised u n c e r t a i n t y  

Bent ley ig3  (1968) 18.099 * 0.032 2n  a n d  l o w  geomet ry  a coun t ing ;  
Revised u n c e r t a i n t y  

Ker r igan ig4  (1972) 18.13 * 0.037 Ca lo r ime t ry ;  Revised u n c e r t a i n t y  

P o l y ~ k h o v ' ' ~  (1982) 18.24 f 0.247 Specific a c t i v i t y ;  Revised u n c e r t a i n t y  

Weighted Average  = 18.1 i 0.1 a ;  Recommended Value 

Table 40. Spontaneous fission half-life of 245Crn 

Reference As Repor ted  
Author  (Year )  T % / I O ' ~  a Comment s  

Druzhinin"' (1985) 1.4 + 0.2 a / f i s s ion  r a t i o  

Recommended  Value  = 1.4 f 0.2 x 10" a ;  Se lec ted  Value  

Table 41. Total half-life of 245Cm 

Reference 
Author  (Year )  

As Revised 
~ % / 1 0 ~  a Comment s  

Hule t ig7  (1954) 

F r i edman 'g l  (1954) 

Browneigs (1955) 

Huizengaig9  (1957) 

Carna l l l gz  (1961) 

Met taZo0 (1969) 

MacMurdo"' (1971) 

Polvukhovig5  (1982) 

20. 

11.3 f 5 

14.3 f 2.9 

7.5 * 1.9 

9.32 0.28 

8.265 i. 0.180 

8.538 f 0.071 

8.445 0.100 

Not used;  Daughter  x - r ays  measu red  

Not used;  Revised va lue ;  
Rela t ive  a c t i v i t y  t o  244Cm 

Not used;  a coun t ing  

Not used;  No de ta i l s  
H.Diamond. p r i v a t e  c o m m u n i c a t i o n  

Not used;  Rela t ive  a c t i v i t y  t o  244Cm 

Rela t ive  a c t i v i t y  t o  244Cm 

Revised u n c e r t a i n t y ;  
Rela t ive  a c t i v i t y  t o  244Cm 

Rela t ive  a c t i v i t y  t o  244Cm 

Weighted Average = 8.48 i 0.06 x lo3  a ;  Recommended  Value 
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Table 42. Total half-life of "%m 

Reference As Revised 
Author  (Year )  ~ 4 / 1 0 ~  a Comment s  

Fr iedman '"  (1954) 3.9 f 0.6 Not used;  Revised va lue ;  
Rela t ive  a c t i v i t y  t o  244Cm 

Browneigs (1955) 2.3 f 0.46 Not used;  a coun t ing  

Butlerz0'  (1956) 6.62 i 0.32 Not used;  Rela t ive  a c t i v i t y  

Carna11'Q2 (1961) 5 .48  * 0.17 Not used;  Rela t ive  a c t i v i t y  t o  244Cm 

Metta'" (1969) 4.711 i 0.022 Rela t ive  a c t i v i t y  t o  244Cm 

MacMurdo'" (1971) 4.82 i 0.02 Rela t ive  a c t i v i t y  t o  244Cm 

McCrackenzo3 (1971) 4.654 f 0.04 Specific a c t i v i t y  

P o l y u k h ~ v ~ ~ ~  (1976) 4.852 i 0.076 Relative a c t i v i t y  t o  244Cm 

Weighted Average  = 4.76 i 0.04 x lo3  a ;  Recommended  Value 

Table 43. Spontaneous fission half-life of ''%m 

Reference A s  Repor ted  
Author  (Year )  7%/107 a Comment s  

Fieldszo5 (1956) > 1.24 Not used;  Es t ima ted  va lue  
f r o m  t h e  a / f i s s ion  r a t i o  

Fried'" (1956) 2.0 * 0.8 Not used; Fission c o u n t i n g ;  
Es t ima ted  t h e  m a s s  

Metta'" (1969) 1.60 f 0.01 a / f i s s ion  r a t i o ;  
27r c h a m b e r ,  s emi -conduc to r  

MacMurdo'" (1971) 1.85 i 0.02 a / f i s s ion  r a t i o  

Weighted Average  = 1.61 f 0.02 x lo7 a ;  Recommended  Value 

Table 44. Total half-life of 247Cm 

Reference 
Author  (Year )  

As Repor ted  
~ 4 1 1 0 ~  a Comment s  

Diamondzo7 (1957) > 4 .  Not used;  Daughter  g rowth  me thod  

Fields"' (1963) 1.64 * 0.24 Daughter  g rowth  me thod  

Fieldszog (1971) 1.56 i 0.05 Rela t ive  a a c t i v i t y  

Weighted Average  = 1.56 f 0.05 x lo7 a ;  Recommended  Value  

Table 45. Spontaneous fission half-life of '%n 

Reference 
Author  (Year )  

As Repor ted  
T ~ / I O ~  a Comment s  

But le rz0 '  (1956) 4.6 f 0.5 Not used;  Specific fission a c t i v i t y  

Metta'" (1969) 4.22 f 0.12 a / f i s s ion  r a t i o ;  

MacMurdo'" (1971) 4.20 i 0.05 Rela t ive  a c t i v i t y  t o  244Cm 

McCrackenZo3 (1971) 4.115 i 0.034 Specific fission a c t i v i t y ;  Ion c h a m b e r  

27r c h a m b e r ,  s emi -conduc to r  

Weighted Average  = 4.15 f 0.03 x lo6 a ;  Recommended Value  
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Table 46. Total half-life of 248Cm 

Reference  
Au thor  (Year )  

As Repor ted  
7'4/105 a Comment s  

Schuman'l '  (1968) 4.0 i 0.3 

MettaZo0 (1969) 3.52 * 0.04  

MacMurdo"' (1971) 3.60 -I. 0.04 

McCrackenZo3 (1971) 3.40 i 0.03 

Not used;  a hal f - l i fe  

a hal f - l i fe  r epor t ed  = 3.84 * 0.04 

a hal f - l i fe  r epor t ed  = 3.94 f 0.04  

a half-l ife r epor t ed  = 3.703 f 0.032 

Weighted Average  = 3 . 4 8  + 0.06 x l o 5  a ;  Recommended Value 

Table 47. Spontaneous fission half-life of 250Cm 

Reference A s  Repor ted  
Au thor  (Year )  ~ 4 1 1 0 ~  a Comment s  

Huizenga'" (1957) 2 .3  Not used; Es t ima ted  va lue  

C R G 2 "  (1966) 1.74 f 0.24 Not used;  P r e l i m i n a r y  
PAR bomb s h o t  r e s u l t s  

Metta212 (1967) 1.13 i 0.05 Ion c h a m b e r ;  PAR bomb s h o t  r e s u l t s  

Recommended  Value  = 1.13 i 0.05 x l o 4  a ;  Se lec ted  Value  

Table 48. Total half-life of 250Cm 

Reference 
Author  (Year )  

A s  Repor ted  
7-4/104 a Comment s  

This work (1987) 1.13 i 0.05 Spon taneous  fission ha l f - l i fe  

6 s y s t e m a t i c s  a 10. 

a s y s t e m a t i c s  z 20 

Es t ima ted  p a r t i a l  half-l ife fo r  6 decay  
Qp = 37 * 13 keV (see  Wapstra213) 

Es t ima ted  p a r t i a l  ha l f - l i fe  fo r  a decay  
Qa = 5.197 i 0.021 MeV (see  Wapstra213) 

Recommended  Value a 9.7 x lo3  a ;  Value calculated f r o m  p a r t i a l  ha l f - l ives  

Table 49. Recommended half-lives and uncertainties 
~ 

Referenct 
Nuclide 

T4 ( to= 
(Years) 

70. i 1. 

1.592 5 0.002 x lo5  

2.455 f 0.006 x lo5  

7.04 f 0.01 x lo8  

2.342 k 0.004 x l o 7  

4.47 * 0.02 x 108 

2.87 i 0.01 

87.7 * 0.1 

2.410 $: 0.003 x l o 4  

6.56 i 0.01 103 

3.75 i 0.02 105 

14.4 + 0.1 

T k  ( s p o n t  fiss ) 
(Years )  

8 + 6 x 1013 

> z 7 1017 

1 5  * 0 2 x 1018 

1 0  f 0 3 x 1010 

2 5 i 0 1 x 1016 

8 2 * o 1 1015 

2 1  i 0 1  x l o g  

4 7 5  * 0 09 x 101 

8 A 2 1015 

116 i 0 02 x 10" 

< 6 x 10l6 

6 7 7  0 0 7  x 10' 

:eferencf 
luclide 

7'4 ( t o t a l )  
(Years )  

8.00 i 0.09 x 107 

432.7 * 0.6 

141. * 2. 

7.37 * 0.02 103 

162.8 i 0.2 Days 

29.1 + 0.1 

18.1 * 0.1 

8 .48  + 0.06 x lo3  

4 .76  i 0.04 x lo3  

1.56 i 0.05 x lo7  

3.48 * 0.06 105 

a 9.7 l o 3  

T C  ( spon t . f i s s . )  
(Years )  

6.6 i 0.2 x 10'" 

1 o + 0 .4  x 1014 

> 3. x 10" 

2.0 + 0.5  x 1014 

7.0 i 0.2  x lo8  

5.5 i 0.9 x 10" 

1.32 * 0.02 x l o 7  

1.81 i 0.02 x 107 

1.4 k 0.2 x 10" 

- - - - - - - - 

4.15 + 0.03  x lo6  

1.13 f 0.05 x l o 4  
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