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ISPO Task A-126: A p p l i c a t i o n  o f  Mixed I n t e r n a l  Standards t o  the 
Mass Spect romet r ic  Ana lys i s  o f  Plutonium and Uranium in 

Spent Fuel  D i s s o l v e r  So lu t i ons :  ORNL Results 

0. H. Smith, R. L. Walker, and J. A. C a r t e r  

Abs t rac t  

An exper iment conducted j o i n t l y  by t h e  I n t e r n a t i o n a l  Atomic Energy 
Agency, the COGEMA reprocess ing  f a c i l  i ty a t  LaHague, France, the French 
Center f o r  Nuclear S tud ies  a t  Saclay, and ORNL i s  near ing  completion. 
The aim o f  t h i s  experiment i s  t o  eva lua te  t h e  use o f  i n t e r n a l  standards 
when app l i ed  under f i e l d  c o n d i t i o n s  t o  spent f u e l  d i s s o l v e r  s o l u t i o n s .  
Samples were taken a t  LaHague and shipped t o  Saclay, the I A E A  i n  Vienna, 
and ORNL. Both r e s i n  beads and d r i e d  res idues  were shipped. 

ORNL has analyzed p lu ton ium and uranium from these samples w i t h  good 

r e s u l t s :  ex te rna l  p r e c i s i o n s  f o r  uranium concent ra t ions  were - +0.06% and 
for p l  u t o n i  urn - +O. 2%. 

Copies o f  our r e p o r t  sheets are given i n  the appendices. 
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INTRODUCTION: I n  t e r n a l  Standards 

Use o f  i n t e r n a l  standards ( a l s o  c a l l e d  double sp ikes)  s i g n i f i c a n t l y  
improves the p r e c i s i o n  and accuracy of i s o t o p e  r a t i o  measurements. This  
technique has l o n g  been used i n  g e o l o g i c a l  a p p l i c a t i o n s ,  and the use o f  
s y n t h e t i c  standards f o r  uranium was f i r s t  suggested by D i e t z  e t  a l .  i n  
1962.l I n  our experience, improvements i n  e x t e r n a l  p r e c i s i o n  by 
f a c t o r s  o f  f i v e  or more can be r e a l i z e d  when such standards a r e  a p p l i e d  
t o  uranium and plutcanjum analyses. 

I n t e r n a l  standards address one o f  the t h o r n i e s t  problems I n  thermal 
i o n i z a t i o n :  i r r e p r o d u c i b i l  i t y  o f  i o n i z a t i o n  behavior from f i lament  t o  
f i l a m e n t .  Mass s p e c t r o m e t r i s t s  i n  t h e  f i e l d  have long known t h a t  a 

d i f f e r e n t  b i a s  c o r r e c t i o n  i s  needed f o r  each f i l a m e n t ,  hu t ,  w i t h o u t  
i n t e r n a l  standards,  a re  unable t o  measure it. The u n i v e r s a l l y  a p p l i e d  
technique i s  t o  c a l i b r a t e  the inst rument  u s i n g  a c e r t i f i e d  i s o t o p i c  
standard (such as NBS-tJ500) and determine what we s h a l l  c a l l  an average 
b i a s  c o r r e c t i o n .  This  average i s  der ived  f rom a number (5-10) o f  
r e p l i c a t e  analyses o f  d i f f e r e n t  sample load ings  on d i f f e r e n t  f i l aments .  
The va lue thus determined i s  moni tored by p e r i o d i c  a n a l y s i s  o f  c e r t i f i e d  
i s o t o p i c  standards whose composi t ions approximate t h a t  o f  t y p i c a l  
samples. NBS-UOlO, NBS-UOZO, and NBS-U030, w i t h  about 1, 2, and 3 atom 
percent  23511, r e s p e c t i v e l y ,  are the most o f t e n  used standards f o r  
heavy elements; NBS-Pu947 i s  a l s o  used. 

There a r e  many i d e n t i f i a b l e  causes o f  b i a s  i n  thermal i o n i z a t i o n  
analys is .  A l l  elements w i l l  f r a c t i o n a t e  d u r i n g  t h e  evaporat ion process, 
the l i g h t e r  i so topes  be ing  s l i g h t l y  more v o l a t i l e  than the heavy ones. 
This i s  a well-known phenomenon, and v o l a t i l i t y  v a r i e s  w i t h  the  inverse  
square r o a t  o f  the mass. To o b t a i n  the b e s t  r e s u l t s  u s i n g  an average 
b i a s  c o r r e c t i o n ,  one must take data f o r  a l l  samples a t  t h a t  p o i n t  on the 
f r a c t i o n a t i o n  curve where t h i s  c o r r e c t i o n  appl ies.  This  i s  n o t  easy t o  
do i n  p r a c t i c e ,  however. The exact  shape o f  the f r a c t i o n a t i o n  curve i s  
unknown f o r  any g iven sample, b e i n g  a f u n c t i o n  o f  the  amount of sample 
loaded, the chemical form o f  the sample, what contaminants and how much 
o f  them a r e  present ,  f i l a m e n t  temperature, the work f u n c t i o n  o f  the 
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i on i i z ing  sur face,  and many more'. The a n a l y s t  t r i e s  t o  s tandard ize  h i s  
procedure so t h a t  sample s i z e  and chemical form a re  as n e a r l y  the  same as 
poss ib le  and by f o l l o w i n g  the  sa  thermal c o n d i t i o n i n g  s c h e d u l e i n  
general t r e a t i n g  a l l  samples as n e a r l y  i d e n t i c a l l y  as i s  poss ib le .  

Other f a c t o r s  t h a t  a f f e c t  b ias  are v a r i a b l e  e x t r a c t i o n  e f f i c i e n c y  o f  
the i o n  source, t ransmiss ion  through the spectrometer, and convers ion o f  
ions t o  e l e c t r o n s  a t  the  de tec tor .  These f a c t o r s  a re  n o t  n e a r l y  as 
s i g n i f i c a n t  as vagar ies i n  the i o n i z a t i o n  process and are addressed by 
i n t e r n a l  standards o n l y  i n s o f a r  as they are mass-dependent, as opposed t o  
random, i n  o r i g i n .  

To apply an i n t e r n a l  standard, one must have a sp ike  t h a t  has an 

iso tope r a t i o  t h a t  i s  known t o  a h igh  degree o f  accuracy. By comparing 
the measured value o f  t h i s  r a t i o  t o  the  known, a b ias  c o r r e c t i o n  
app l i cab le  t o  the  f i l a m e n t  i n  ques t ion  can be ca lcu la ted .  The most 
f e l i c i t o u s  case o f  an i n t e r n a l  s tandard i s  exemp l i f i ed  by s t ron t ium,  
where the  86Sr/88Sr r a t i o  i s  i n v a r i a n t  i n  n a t u r e  and can he used 
as an i n t e r n a l  s tandard t o  determine B7Sr, a f i s s i o n  produc t  used i n  
geochronology. Mother Nature i s  n o t  u s u a l l y  so cooperat ive,  however, and 
i t  then becomes necessary t o  syn thes ize  one's own i n t e r n a l  standard. 

For the cases o f  uranium and p lu ton ium, a v a i l a b l e  sp ike  ma te r ia l s  
w i l l  have i s o b a r i c  over laps  f rom sample isotopes,  making i t  essen t ia l  t o  
have accurate knowledge o f  the  complete i s o t o p i c  composi t ion o f  each t o  
a l l ow  the necessary c o r r e c t i o n s  t o  he made. Fo r  uranium, the obvious 
choices f o r  i so topes  are *33U and 236U because they are o f   OW 
abundance i n  most samples. For plutonium, the  choices are 242Pu and 

244Pu.  Both these iso topes  have r e l a t i v e l y  l ong  h a l f - l i v e s ,  making 
them s a f e r  t o  work w i t h  than the  s h o r t e r - l i v e d  iso topes  and y i e l d i n g  a 
r a t i o  t h a t  i s  s t a b l e  on a human time scale.  

As an example o f  app ly ing  an i n t e r n a l  standard, l e t  us cons ider  
uranium. The k o  i sotopes,  233U and 236U, are mixed t o  g i ve  a 



5 

r a t i o  o f  about one. The i s o t o p i c  composi t ion o f  t h i s  m i x t u r e  i s  meas- 
ured, and an accura te  value o f  the 233U/236U r a t i o  determined 

us ing NBS-U500 (235U/238U = 1.0) as an i n t e r n a l  standard. The 
concen t ra t i on  o f  the 233-236 m i x t u r e  i s  determined u s i n g  a g r a v i m e t r i c  
s o l u t i o n  f o r  a reference. Appropr ia te  amounts o f  sp ike  ( a l s o  c a l l e d  
t r a c e r )  are added t o  the t a r g e t  samples, and an i s o t o p i c  ana lys i s  
performed. Computer programs perform the necessary c a l c u l a t i o n  o f  the 
b i a s ,  and a r e p o r t  sheet of the i s o t o p i c  composi t ian of the m ix tu re  o f  
sp ike and sample and o f  the concen t ra t i on  of the sample i s  generated. 

Thus, f rom t h e  a n a l y s t ' s  p o i n t  o f  view, use o f  an i n t e r n a l  standard 

i s  no d i f f e r e n t  from t h a t  o f  a convent iona l ,  s i n g l e - i s o t o p e  sp i ke  f o r  
i so tope  d i l u t i o n  ana lys is .  The a d d i t i o n a l  work necessary has a l l  been 
done beforehand by c a l i b r a t i n g  the i n t e r n a l  standard and m d i f y i n g  com- 
pu t e  r p rog r  arns . 

The theory  of i n t e r n a l  standards has been discussed by 

Dodson.293 Among the elements to  have been analyzed by t h i s  tech- 
nique are U495, Pb, Ca, Ra, and M o . ~  Previous work i n  t h i s  labora-  
t o r y  on uranium and p lu ton ium has been r e p ~ r t e d . ~  
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I WTRODUCTION: Task A-126 

There have been numerous l a b o r a t o r y  experiments v e r i f y i n g  the 
e f f i c a c y  o f  i n t e r n a l  standards as a p p l i e d  t o  uranium. C a l l i s  has been 
able t o  measure i s o t o p i c  r a t i o s  t o  p r e c i s i o n s  and accuracies o f  b e t t e r  
than - +0.01%,8 and p r e c i s i o n s  o f  - +0.15% o r  b e t t e r  were obta ined i n  our  

l a b o r a t o r y  f o r  235U/*38U r a t i o s  d u r i n g  a comprehensive survey o f  
uranium i s o t o p i c   standard^.^ We a l s o  ob ta ined - +0.1% o r  b e t t e r  f o r  
uranium and p lu ton ium c o n c e n t r a t i o n  measurements. Th is  i s  the f i r s t  
repor ted  a p p l i c a t i o n  o f  a p l u t o n i u m  i n t e r n a l  standard. The consensus 
i s  t h a t  improvements i n  p r e c i s i o n  and accuracy of about a f a c t o r  o f  f i v e  
can be r e a l i z e d  by use o f  i n t e r n a l  standards. This  means that ,  f o r  
pufse-coun t i n g  mass spectrometers t h a t  analyze nnnogram-sired samples, 
p r e c i s i o n  improves from about - +0.5% t o  - +O.l%-a dramat ic  improvement. 
For inst ruments w i t h  Faraday cup d e t e c t o r s  t h a t  analyze microgram-sized 
samples, p r e c i s i o n s  much b e t t e r  than - +0.1% should be r o u t i n e l y  
achievable ; we have obta ined - +0.805% f o r  rep1 i c a t e  analyses of a s i n g l e  
sample u s i n g  our  mu1 t i - c o l l e c t o r  commercial instrument.  

One area where such a n a l y t i c a l  improvement would be o f  g r e a t  value 
i s  i n  nuc lear  safeguards. To eva lua te  the e f f e c t  o f  i n t e r n a l  standards 
i n  a safeguards a p p l i c a t i o n ,  an exper iment was s e t  up t o  be c a r r i e d  o u t  
under t h e  a d m i n i s t r a t i v e  l e a d e r s h i p  of the  I n t e r n a t i o n a l  'Atomic Energy 
Aqency i n  Vienna. French p a r t i c i p a t i o n  and cooperat ion were the  key t o  
the experiment. Arrangements were made through P. Pat igny t o  sample t h e  
French reprocess ing p l a n t  operated by COGEMA near Cap LaHague. The mass 
spectrometry s e c t i o n  under J. Cesar io  a t  the  French nuc lear  c e n t e r  a t  
Saclay synthes ized and c h a r a c t e r i z e d  the  i n t e r n a l  standards, c r e a t i n g  
mix tu res  o f  the sp ikes o f  the  two elements i n  a p p r o p r i a t e  Pu/U r a t i o s .  
ORNL p a r t i c i p a t i o n  was funded through I S P O  as Task A-126. 

The goals o f  the exper iment may be summarized: 

1. To compare r e s u l t s  ob ta ined u s i n g  i n t e r n a l  standards t o  those 
obtained w i t h o u t .  
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2. To compare r e s u l t s  obta ined from samples loaded on r e s i n  
heads9 t o  those obta ined from samples loaded c o n v e n t i o n a l l y  as 
d r i e d  s o l u t i o n s ,  

I n t e r -  and i n t r a - l a b o r a t o r y  comparisons would be made i n  b a t h  cases. 
The I A E A  and Saclay were t o  analyze a l l  samples by bo th  l o a d i n g  
techniques; COGEMA was t o  analyze o n l y  s o l u t i o n  loadings,  and ORNL was to 
analyze o n l y  r e s i n  beads, 

To f a c i 1 i t a t . e  comparisons, each l a b o r a t o r y  was t o  r e p o r t  i t s  r e s u l t s  
as c a l c u l a t e d  i n  th ree  d i f f e r e n t  ways: 1) u s i n g  the b i a s  c o r r e c t i o n s  
der ived  from use o f  the i n t e r n a l  standards;  2) a p p l y i n g  t h e  convent ional  
average b i a s  c o r r e c t i o n s ;  3) w i t h  no b i a s  c o r r e c t i o n  appl ied.  

This r e p o r t  thus conta ins o n l y  a r e l a t i v e l y  smal l  f r a c t i o n  o f  the 

r e s u l t s  qenerated i n  t h e  experiment. D e t a i l e d  e v a l u a t i o n  o f  the e n t i r e  
exper iment w i l l  r e q u i r e  the  s e r v i c e s  o f  a pro fess iona l  s t a t i s t i c i a n .  
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E XPER IMENXAL O V E R V I  EW 

Two samples were processed i n  p a r a l l e l  a t  the COGEMA f a c i l i t y :  one 
taken f rom a spent - fue l  d i s s o l v e r  s o l u t i o n  and one prov ided by Saclay t o  
serve as a re fe rence t o  c a l i b r a t e  the t r a c e r  and i n  case quest ions should 
a r ise .  Each o f  these two samples was i n  t u r n  processed i n  p a r a l l e l :  
each was d i v i d e d  i n t o  th ree  samples, and a l l  chemical and s p i k i n g  
operat ions were c a r r i e d  out i n d i v i d u a l l y  on each subsample. Each o f  
these samples was t o  be analyzed i n  d u p l i c a t e  at each l a b o r a t o r y  us ing  
the l o a d i n q  techniques descr ibed above. Table 1 summarizes the samples 

analyzed a t  ORNL. 

Sample Name 
TO1 5 
R015 
EO1 5 

P215 
P31 5 
P41 5 

M115 
M21 5 
M315 

Table 1. Sample Summary 

Desc r i p t i  on 
Pure t r a c e r s ;  i s o t o p i c  ana lys is  o n l y  
Pure reference;  i s o t o p i c  a n a l y s i s  on ly  
Pure sample; i s o t o p i c  a n a l y s i s  o n l y  

M i x t u r e  o f  t r a c e r  and re fe rence i n  t r i p l i c a t e ;  
i s o t o p i c  and iso tope d i l u t i o n  analyses. 

M i x t u r e  s f  t r a c e r  and spent  f u e l  sample i n  
t r i p l i c a t e ;  i s o t o p i c  and i s o t o p e  d i l u t i o n  
analyses. 

Thus, s ince  each o f  the  n i n e  samples was analyzed I n  d u p l i c a t e  f o r  both 
p lu ton ium and uranium, 36 mass spec t romet r ic  analyses were requi red.  I n  
add i t ion ,  s i n c e  i t  had been decided t o  r e p o r t  r e s u l t s  three d i f f e r e n t  
ways t o  f a c i l i t a t e  comparisons, 108 d i f f e r e n t  passes through the data 
r e d u c t i o n  computer programs were necessary. 



10 

The re fe rence sample, whose c h a r a c t e r i s t i c s  were we1 l - d e f  ined and 
which a r e  summarized i n  Table 2, was t o  be used to determine the 

concent ra t ion  o f  the i n t e r n a l  s tandard far  use i n  iso tope d i l u t i o n  
c a l c u l a t i o n s  o f  the spent fuel sample. The uranium was the n a t u r a l  

element. 

Table 2. Reference Sample 

Pu 

U 

23 8 239 240 2 41 242 
0.01 95.26 4.52 0.203 0.007 
0.009 95.32 4.54 0.130 0.007 
0.2 95.19 4.48 0.131 0.008 

233 23 4 235 2 36 238 
0.000 0.0054 0.7205 0.000 99.2741 
0.0021 O,OQ53 0.71 86 0.0009 99.2731 

244 
0.000 Saclay ( 5 / 1 5 / 7 5 )  
0.000 Sac1 ay (1 0/22/84) 
0.000 ORNL (10/22/84) 

Saclay 
ORNL 
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SAMPLE ACQUISITION 

D. H. Smith of ORNL v i s i t e d  the reprocess ing  f a c i l i t y  a t  LaHague an 
October 24-26, 1984, t o  p a r t i c i p a t e  i n  c o l l e c t i o n  o f  the samples and 
organ ize  a n a l y t i c a l  d e t a i l s  w i t h  s t a f f  members o f  the o t h e r  l a b o r a t o r i e s  
involved. Sample c o l l e c t i o n  proceeded f a i r l y  smoothly; t he  actual  h o t  
c e l l  and glove box opera t ions  were performed by COGEMA techn ic ians  under 
the d i r e c t i o n  of  S. Deron o f  M E A .  H. S w i e t l y  o f  I A E A  p a r t i c i p a t e d  i n  
p repara t i on  o f  the resin-bead-loaded samples. Detai  1s o f  t h i s  technique 
f o r  c o l l e c t i n g  and subsequently mass ana lyz ing  uranium and p lu ton ium have 
been p r e v i o u s l y  d e ~ c r i b e d . ~  
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E XPER IME NTAL 

The samples were received a t  ORNL v i a  m a i l  f rom the I A E A  i n  
undamaged c o n d i t i o n .  Samples were analyzed u s i n g  ORNL's  three-stage, 
h igh  abundance s e n s i t i v i t y  mass spectrometer.10 This  inst rument  i s  
equipped wi th a pu lse-count ing d e t e c t i o n  system t o  a l l o w  ana lys is  o f  

nanogram-sized samples. Data a c q u i s i t i o n  i s  e f f e c t e d  through a l o c a l l y  
designed c o n t r o l  panel ; I1 t h e  software governing da ta  a c q u i s i t i o n  and 
process ing has been descr ibed.12~13 These programs a u t o m a t i c a l l y  
apply  t h e  b i a s  c o r r e c t i o n  c a l l e d  for, whether c a l c u l a t e d  from i n t e r n a l  
standard r a t i o s  o r  by use o f  an average value. 

A l l  samples ran q u i t e  w e l l  d u r i n g  mass spec t romet r ic  ana lys is ,  
i n d i c a t i n g  t h a t  reasonable l o a d i n g  of the r e s i n  beads had been achieved. 
I t  was noted, however, t h a t  some samples r e q u i r e d  t h a t  two beads be 
loaded s imul taneously  on a mass spectrometer f i l a m e n t  t o  o b t a i n  a 
s u f f i c i e n t l y  i n t e n s e  and s t a b l e  Pu+ s i g n a l ,  w h i l e  o thers  r e q u i r e d  
f a i r l y  l o n g  t imes t o  burn of f  excess p lu ton ium before  s t a r t i n g  
a c q u i s i t i o n  o f  uranium data.  This  suggests t h a t  v a r i a b l e  amounts o f  
sample were loaded on the r e s i n  beads. 





RESULTS AND DISCUSSION 

Reference Sample 

Our f i r s t  task was t o  v e r i f y  the  i s o t o p i c  composi t ion o f  the  
reference sample prov ided by Saclay. Our r e s u l t s  are inc luded i n  
Table 2. Agreement i s  g e n e r a l l y  good. The ORNL 238Pu r e s u l t  i s  n o t  
v a l i d  because the low abundance of t h i s  i so tope combined w i t h  the h igh  
abundance o f  23% u n i t e d  t o  make a good measurement imprac t icab le ;  
t h i s  i s  t h e  cause o f  t h e  occasional  negat ive values i n  t h e  appendices. 
We had only the  Pu-U m i x t u r e  and d i d  n o t  have samples o f  the pure 
elements. Because o f  t h i s ,  we Lased Saclay's abundance values f o r  our 
c a l c u l a t i o n s .  They were c o r r e c t e d  t o  October 22, 1984 ( t h e  date o f  
sampl ing) t o  a d j u s t  f o r  r a d i o a c t i v e  decay. This  i s  p a r t i c u l a r l y  
s i g n i f i c a n t  f o r  241Pu. On the  o t h e r  hand, we f e l t  cons t ra ined t o  use 
our abundance values f o r  uranium because we found small  amounts o f  
*33U and 23% i n d i c a t i n g  contaminat ion o f  the  sample. Since 
these are the i n t e r n a l  s tandard isotopes, the value o f  the b ias 
c o r r e c t i o n s  c a l c u l a t e d  f rom t h e i r  r a t i o  w i l l  be very s e n s i t i v e  t o  any 
discrepancy i n  i t s  value. 

Tracer 

The i n t e r n a l  standard (o r  t r a c e r )  a lone was analyzed two d i f f e r e n t  
ways. We f i r s t  measured i t s  i s o t o p i c  composi t ion from samples loaded an 
beads a t  LaHague; r e s u l t s  a r e  g iven i n  Table 3. We a l s o  analyzed some o f  
the s t a r t i n g  m a t e r i a l  ob ta ined d i r e c t l y  from Saclay us ing NBS-U500 and 
NBS-Pu947, bath c e r t i f i e d  i s o t o p i c  standards, as i n t e r n a l  standards. 
Table 4 conta ins our  r e s u l t s  f o r  uranium. Agreement w i t h  Saclay va lues 
i s  q u i t e  good, and no problems are  a n t i c i p a t e d  from the s l i g h t  
disagreement between the  two l a b o r a t o r i e s .  

. 
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Table 4: Uranium Resu l ts  f o r  Tracer  from Saclay 

233/236 
(as rece ived)  

2.37279 
2.37306 
2.37074 
2.37090 

2.37139 
2.37056 

Avg . 2.37157 

- SD 0.00109 

RSD, '% 0.05 
ORNL/Sac 1.0007 

233/236 
( a f t e r  Hc104) 

2.37088 
2.37059 
2.36793 
2.37544 
2.37374 
2.37252 

2.37185 

0.00264 
0.12 
1.0008 

The two columns i n  Table 4 r e f e r  t o  two d i f f e r e n t  sample 
prepara t ions  t h a t  were d i c t a t e d  by our experiences w i t h  p lu ton ium 
descr ibed below. Each p r e p a r a t i o n  gave an average w i t h i n  - +0.1% o f  
Sac lay 's  values, which i s  w i t h i n  expected exper imental  u n c e r t a i n t i e s .  

It was found d i f f i c u l t  t o  o b t a i n  comparable p r e c i s i o n  and agreement 
w i t h  Sac lay 's  values f o r  plutonium. Ana lys is  o f  our r e s u l t s  revealed 
t h a t  t h e  problem was probably  due t o  t h e  f a c t  t h a t  we d i d  not have an 
a p p r o p r i a t e  re fe rence f o r  use as an i n t e r n a l  standard. We used the 

239Pu/240Pu r a t  i o  o f  t h e  NBS-947 c e r t i f i e d  i sotop i  c re fe rence 
s tandard as t h e  c a l i b r a t i o n  r a t i o  f o r  our i n t e r n a l  standard c a l c u l a t i o n s .  
T h i s  standard has a 239/240 r a t i o  of 0.2414, w i t h  an i s o t o p i c  abundance 
o f  24oPu o f  18.8%. The abundance o f  Z4OPu i n  t h e  Saclay i n t e r n a l  
s tandard was about 1.7%. Our m i x t u r e  of t h e  Saclay i n t e r n a l  standard and 
NBS-947 was i n  an approximate 60/40 r a t i o  w i t h  an abundance o f  24oPu 
o f  about 8.4%. The r e l a t i v e l y  h i g h  c o n t r i b u t i o n  o f  t h e  i n t e r n a l  standard 
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t o  t h i s  mass p o s i t i o n  r e s u l t e d  i n  a l ess - than -pe r fec t  s i t u a t i o n  wi th  
regard t o  c o r r e c t i o n  o f  i t  p r i o r  t o  per fo rming  c a l i b r a t i o n  c a l c u l a t i o n s :  
about 12% o f  the  t o t a l  counts had t o  be subt rac ted  be fo re  the b ias  
c o r r e c t i o n  pes mass cou ld  be ca lcu la ted ,  Although our  p r e c i s i o n  and 
agreement w i t h  the! Saclay va lue f o r  the  244Pu/242Pu r a t i o  were 
w i t h i n  the ta rge ted  range o f  I +0.2%, prev ious  exper ience had l e d  us t o  
hope f o r  b e t t e r  r e s u l t s e 7  To i n v e s t i g a t e  the  p o s s i b i l i t y  of f a i l u r e  t o  
a t t a i n  i s o t o p i c  e q u i l i b r i u m  d u r i n g  m i x i n g  o f  the  two components we 
prepared a second s e t  OF samples t h a t  had been evaporated w i t h  HClO4 t o  
break up any polymers t h a t  rniqht have formed. Resu l ts  from the  two 
p repara t i ons  were comparable, thus e l i m i n a t i n g  t h i s  p o s s i b i l i t y .  Another 
poss ib le  l i m i t a t i o n  t o  our  p r e c i s i o n  was due t o  count ing  s t a t i s t i c s .  We 
the re fo re  analyzed the  samples froin t h e  o r i g i n a l  p r e p a r a t i o n  a second 
time us ing  a peak mon i to r i ng  scheme devised t o  g i ve  approx imate ly  the  
same numbers o f  counts f o r  each c r i t i c a l  mass p o s i t i o n  (239, 240, 242, 
244): the  time spent  on each i so tope  was i n  a 1:4:1:2 r a t i o .  Resu l ts  
are g iven i n  Table 5a. 

With a m ix tu re  o f  t h i s  s o r t ,  one can use e i t h e r  component as the 
i n t e r n a l  standard; our goal was, of course, t o  v e r i f y  the  abundance 
values measured a t  Saclay f o r  t he  m a t e r i a l  l a t e r  used as t h e  i n t e r n a l  
standard f o r  the LaHague spent  f u e l  sample, b u t  us ing  Saclay 's  re fe rence 
value f o r  the 244Pu/242Pu r a t i o  as the  i n t e r n a l  s tandard 
c a l i b r a t i o n  r a t i o  p rov ided a check on the  r e s u l t s  ob ta ined us ing  the 
NBS-947 as the i n t e r n a l  standard. Resul ts  are presented i n  t a b l e  5. 
Table 5a l i s t s  va lues ob ta ined fo r  the 244Pu/242Pu us ing  the 
240Pu/239Pu r a t i o  as the  i n t e r n a l  standard f o r  bo th  se ts  o f  
analyses; those i n  t h e  f i r s t  column were ob ta ined f o r  t h e  f i r s t  s e t  o f  
measurements which had r e l a t i v e  f a c t o r s  of 1:2:1:1 f o r  the  t imes spent  on 
mass p o s i t i o n s  239, 240, 242, and 244, r e s p e c t i v e l y ;  i n  the  second 
column, the r e s u l t s  f o r  t he  second analyses, w i t h  r e l a t i v e  t i i w s  o f  
1:4:1:2 f o r  the  c r i t i c a l  isotopes,  are l i s t e d .  Table 5b presents  
d i f f e r e n t  r e s u l t s  obta ined f r o m  the  same data; i n  t h i s  case, 
240Pu/239Pu was c a l c u l a t e d  us ing  t h e  244Pu/242Pu froin t h e  
Saclay sp ike  as the  i n t e r n a l  standard. Th is  r a t i o  should he the 
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Table. 5a. C a l i b r a t i o n  of Saclay Tracer  u s i n g  NBS-947 as I n t e r n a l  
Standard 

244/242 (1 1 SD 244/242 (2 )  SD 

1 0.45082 0.00217 7 0.44904 0.00213 
2 0.44956 0.00274 8 0.44946 0.00273 
3 0.44882 0100266 9 0.44804 0.00184 
4 0.44983 0.00261 10 0.45014 0.00215 
5 0.4486 1 0.001 56 11 0.44927 0.00160 
6 0.44860 0.00190 12 0.44985 0,00216 

X = 0.44937 0.00227 
SD = 0.00087 

RSD = 0.20% 

0.44930 0.002 10 
0.00073 
0.16% 

Table. 5b. C a l i b r a t i o n  of NBS-947 us ing  Saclay Tracer as I n t e r n a l  
Standard 

240/239 (1 ) SD 240/239 (2) SD 

1 0.24087 0.00045 7 0.24131 0.00044 
2 0.24113 O.OOQ58 8 0.24121 0.00056 
3 0,24130 0.00056 9 0,24152 0.00039 

0.00054 10 0.24108 0.00045 4 0.24107 

' 5  0-24 13 3 0.00033 11 0.24127 0.00034 
6 0.24134 0.00061 12 0.24115 0.00046 

X = 0.24117 0.00051 
SD = 0.00019 

RSD = 0.08% 

0.24126 0.00044 
0.00015 
0.06% 

(1)  1 : Z : l : l  Scanning scheme 
( 2 )  1:4:1:2 Scanning scheme 
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c e r t i f i e d  va lue f o r  NRS-947 a t  the  da te  i n  ques t ion :  0.24136. Thus, o u r  
accuracy i n  Table 5b i s  b e t t e r  than 0.1%. The r e s u l t s  show about a 25% 
improvement i n  p r e c i s i o n  when the  op t im ized scanning scheme was used 
( i . ee ,  comparinq between the  two columns); however, for  t he  
244Pu/242Pu r a t i o s  l i s t e d  i n  Table 5a, p r e c i s i o n  i s  s t i l l  about 
- which meets our goal b u t  i r  n o t  as good as we had hoped. On the  
o ther  hand, when 244Pu/242Pu r a t i o  i s  used f o r  c a l i b r a t i o n  
purposes, i n t e r n a l  p r e c i s i o n s  f o r  the  240Pu/239Pu r a t i o  a re  
improved by more than a f a c t o r  o f  four .  Externa l  p rec i s ions  were 
improved by a f a c t o r  o f  2.5, to  b e t t e r  than - +0.1%, which i s  c o n s i s t e n t  
w i t h  our p rev ious  experience. During an e a r l i e r  c a l i b r a t i o n  of a 
* 4 4 P ~ / ~ 4 2 P u  i n t e r n a l  s tandard synthes ized i n  our  l a b o r a t o r y  f o r  
ORNL use, we used enr iched iso topes  t h a t  y i e l d e d  a much lower  (0.07%) 
abundance o f  24oPu and thus requ i red  a p p l i c a t i o n  o f  a much lower 
c o r r e c t i o n  du r ing  da ta  processing. Resu l ts  of t h i s  c a l i b r a t i o n  are 
summarized i n  Table 6. 

Prec is ion  f o r  the 244Pu/242Pu r a t i o  f o r  these measurements 
i s  - +O.06%; thus, f rom Tables 5b and 6, i t  seems c l e a r  t h a t  our i n a b i l i t y  
t o  d u p l i c a t e  t h i s  l e v e l  o f  p r e c i s i o n  f o r  t h e  r e s u l t s  i n  Table 5a i s  due 
t o  the combinat ion o f  a r e l a t i v e l y  h igh  concen t ra t i on  o f  240Pu i n  the  
proposed i n t e r n a l  s tandard and a r e l a t i v e l y  low abundance o f  t h a t  i so tope 
i n  the  c e r t i f i e d  re fe rence  ma te r ia l  used t o  c a l i b r a t e  it. What i s  needed 
i s  a re fe rence  ina te r ia l  t h a t  has a 240Pu/239Pu reasonably c lose  
t o  1.0 t o  reduce the s t a t i s t i c a l  e f f e c t s  o f  the co r rec t i on .  Since 
enr iched p lu ton ium iso topes  o f  s u f f i c i e n t  p u r i t y  f o r  use i n  i n t e r n a l  
s tandard a p p l i c a t i o n s  a re  i n  ext remely s h o r t  supply, i t  may be necessary 
t o  synthes ize such a c a l i b r a t i o n  sample s o l e l y  t o  c e r t i f y  i n t e r n a l  
standards . 

To keep r e s u l t s  f rom the  var ious  l a b o r a t o r i e s  cons is ten t ,  we used 

the Saclay values f o r  the  c r i t i c a l  i s o t o p i c  r a t i o s  (244Pu/242Pu 
and 233u/238u). I n  n e i t h e r  ca5e d i d  our values d i f f e r  

s ign i f  i c a n t l y  f rom t h e i  r s  e 
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Table 6. C a l i b r a t i o n  o f  Local  ORNL Pu I n t e r n a l  Standard 

2 38/ 242 239/242 2401242 24 1/ 242 244/242 

0.00000 0.00042 0.00133 0.00015 0.99682 
0.99587 0,0000 1 0.00046 0,00137 0.001)20 

0.00001 0.00046 0.00136 0.000 18 0.99681 
0.00002 0,00045 0.00136 Q.00018 0.997 20 
0,00001 0.00046 0.00 138 0.00018 0.99586 

Avg_ 0.0001 0.00045 0.00136 Q.OOC118 0.99663 

- SD 0.0005 0.00001 0.00002 0.00002 0.00062 

Unspi ked Sampl e 

Analyses o f  the unspiked sample are summarized i n  Table 7. It i s  
u n f o r t u n a t e  t h a t  i n s u f f i c i e n t  h i g h  p u r i t y  23% i s  a v a i l a b l e  f o r  
i s o t o p e  d i l u t i o n  work. This  isotope,  enr iched t o  99% o r  b e t t e r ,  c o u l d  be 
mixed w i t h  h i g h  p u r i t y  Z33U (which i s  a v a i l a b l e )  t o  y i e l d  an i n t e r n a l  

standard capable o f  r e f i n i n g  235U/238U values t o  g i v e  e x t e r n a l  
p r e c i s i o n s  comparable t o  those f o r  i s o t o p e  d i l u t i o n  r a t i o s .  The 23% 
used i n  t h i s  exper iment was ob ta ined from the U. S. and had an enr ichment 
of about 89%. I t a l s o  had about 10% 235U and, when mixed 1:2 w i t h  
23311, l e d  t o  a t r a c e r  o f  about 3% 23% (see Table 3). Since the 
sample was l e s s  than 1% 235U, the adjustment necessary t o  apply  t o  
t h a t  mass p o s i t i o n  to  c o r r e c t  f o r  t h e  c o n t r i b u t i o n  o f  the t r a c e r  i n  the 
mix tu re  was too l a r g e  t o  y i e l d  r e l i a b l e  r e s u l t s .  There was no way o f  
checking the r e s u l t s  i n  Table 7 s i n c e  t h e  composi t ion of the sample was 
unknown. 

Table 7. I s o t o p i c  Ana lys is  o f  Spent Fuel Sample 

238 239 240 2 41 242 244 
Pu 1.31 2 60.484 23.719 9.872 4.61 3 0.000 

233 234 235 236 238 
U 0.000 0.01 44 0.8856 0.3072 98.793 
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Reference P1 us Tracer 

To o b t a i n  a concent ra t ion  f o r  the  t r a c e r ,  i t  was necessary t o  use 
the re fe rence sample as a c a l i b r a t i o n  standard. Since, i n  the  m i x t u r e  o f  
t r a c e r  and re fe rence sampleg the  c a l i b r a t i o n  r a t i o  was t o  be found i n  t h e  
sample r a t h e r  than the sp ike,  our  computer programs13 were r e v i s e d  t o  

accommodate t h i s  combination. Resu l ts  f o r  t h e  same analyses c a l c u l a t e d  
bo th  w i t h  an average b ias  c o r r e c t i o n  appl i e d  and w i t h  the s p e c i f i c  b i a s  
c o r r e c t i o n s  c a l c u l a t e d  through use o f  the i n t e r n a l  standards a r e  
l i s t e d  i n  Table 8. As can be seen, use o f  the i n t e r n a l  standard 
s u b s t a n t i a l l y  improved the p r e c i s i o n  f o r  the  s i x  analyses o f  each element 
by f a c t o r s  o f  about 

Sarnpl e 
P21 5 

P31 5 

P41 5 

Avg . 
S.D. 
RSD, % 

2 and 4 f a r  p lu ton ium and uranium, r e s p e c t i v e l y .  

Table 8. Tracer C a l i b r a t i o n  

Concentrat ion,  USIS 
Avg . I n t .  Std. Avg . I n t .  Std. 

1 0.228 10.1 60 1420.20 1424.10 
10,227 10.1 34 1 421 .95 1423.38 

10.1 60 10.1 66 1426.23 1421 .59 
10.1 95 10.1 51 1425.40 1 423.45 

10.1 47 10.1 84 1428.52 1422,83 
10.1 75 10.139 1428.38 1422.85 

19.189 10.1 56 1425.11 1423.03 
0.034 0.01 8 3.4 0.84 
0.33 0.1 8 0.24 0.06 
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Sample Plus Tracer 

The concent ra t ions  o f  the t r a c e r  determined by a p p l i c a t i o n  o f  
average b i a s  c o r r e c t i o n s  were used t o  determine the concent ra t ion  o f  the 
sample when average b i a s  c o r r e c t i o n s  were appl ied.  For c a l c u l a t i o n s  
us ing  i n t e r n a l  standards, the  t r a c e r  concent ra t ions  supp l ied  by Saclay 
were used. The r e s u l t s  a r e  summarized i n  Table 9. P r e c i s i o n  f o r  uranium 
concent ra t ion  measurements was again improved by about a f a c t o r  o f  four ,  
b u t  p lu ton ium r e s u l t s  y i e l d e d  the  same p r e c i s i o n  c a l c u l a t e d  e i t h e r  way. 

Table 9. Sample Concentrat ion Resu l ts  

Concentrat ions,  pg/g 

Sampl e 

M115 

M21 5 

M31 5 

Avg . 
S.D. 
RSD, % 

Pu 
Avg. 

6.382 
6.370 

6.373 
6.357 

6.391 
6.370 

6.373 
0.01 2 
0.19 

Cowmen t s  

The r e s u l t s  presented 
F i r s t ,  t h e  r e s u l t s  ob ta ined 

In%. Std. 
6.352 
6.365 

6.367 
6.364 

6.347 
6.337 

6.355 
0.01 2 
0.19 

u 
Avg . 

890.90 
894.69 

891.23 
890.27 

889-48 
888.38 

890.83 
2.1 5 
0.24 

i n  Tables 8 and 9 

I n t .  Std. 
894.91 
894.11 

894.41 
895.45 

895-09 
895.24 

894.87 
0.51 
0.06 

deserve some comment. 
u s i n g  our  average b i a s  c o r r e c t i o n  are b e t t e r  

than we u s u a l l y  obta in .  A t y p i c a l  p r e c i s i o n  i s  i n  the  range o f  0.2-0.5%; 
except f o r  p lu ton ium i n  t h e  r e f e r e n c e - t r a c e r  mix ture,  we a r e  i n  t h e  lower 
p o r t i o n  o f  t h i s  range i n  Tables 8 and 9. Thus, the improvement i n  
r e s u l t s  obta ined through use of an i n t e r n a l  s tandard i s  n o t  as dramat ic  
as usual .  Nonetheless, the c o n s i s t e n t  improvement a f  a f a c t o r  o f  f o u r  i n  
uranium c o n c e n t r a t i o n  measurements i s  noteworthy. 
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To make comparisons as meaningful as poss ib le ,  concen t ra t i ons  fo r  
uranium w i t h  average b i a s  e r e  c a l c u l a t e d  using 238/233 as the  i so tope  
d i l u t i o n  r a t i o .  Any e r r o r s  i n  the b ias  c o r r e c t i o n  pe r  mass i s  thus 
magnif ied by a f a c t o r  o f  f i v e  by the  d i f f e r e n c e  i n  mass b e k e e n  the  two 
isotopes.  I f  238/236 r a t i o s  had been used, more p r e c i s e  r e s u l t s  cou ld  
have been obtained, a l though i t  i s  p o s s i b l e  t h a t  t he  r e l a t i v e l y  l a r g e  
c o n t r i b u t i o n  o f  the  saiiiple a t  t he  mass 236 p o s i t r o n  m igh t  cause some loss  
i n  accuracy. I n  any case, s ince  the  goal o f  t he  exper iment  was t o  
compare r e s u l t s  ob ta ined us ing  i n t e r n a l  standards t o  those ob ta ined i n  a 
convent ional  manner, use o f  2 3 8 / 2 3 3  f o r  t he  i so tope  d i l u t i o n  r a t i o  Mas 

ind ica ted .  

Another observa t ion  r e q u i r i n g  comment i s  the  i n f e r i o r  p r e c i s i o n  of 

p lu ton ium concen t ra t i on  measurements i n  comparison t o  those f o r  uranium. 
Because o f  the  e l  einent 's r e l a t i v e l y  benign behavior  under thermal i o n i z a -  
t i o n  cond i t i ons ,  p lu ton ium ana7yses usually g i v e  b e t t e r  p r e c i s i o n  than 

uranium w i t h  a p p l i c a t i o n  o f  an average b i a s  c o r r e c t i o n ;  and we have 
always obta ined - +0.1% o r  b e t t e r  on prev ious  analyses us ing  a p lu ton ium 
i n t e r n a l  ~ t a n d a r d . ~  I t  appears t h a t  something i s  keeping our  p r e c i s i o n  
f a r  p lu ton ium concent ra t ions  us ing  an i n t e r n a l  s tandard a t  - ~ 0 ~ 2 % .  We 
c o l l e c t e d  about 4 x l o6  counts o f  244Pu d u r i n g  a t y p i c a l  ana lys is ,  
which imposes a lower  l i m i t  o f  - +0.05% p r e c i s i o n  due t o  count ing  s t a t i s -  
t i c s ;  thus t h i s  approach does n o t  e x p l a i n  our ( r e l a t i v e l y )  poor  r e s u l t s .  

Any t ime one encounters e r r a t i c  r e s u l t s  i n  i so tope d i l u t i o n  analyses 
o f  plutonium, t h e  ques t ion  o f  i s o t o p i c  e q u i l i b r a t i o n  ar ises.  For a v a l i d  
i so tope d i l u t i o n  ana lys is ,  sample and t r a c e r  must be brought  t o  the  same 
o x i d a t i o n  s t a t e  a t  some p o i n t  i n  the  process. Uranium u s u a l l y  presents  
no problem, b u t  p lu ton ium can be very d i f f i c u l t .  P lu ton ium assumes a 
m u l t i p l i c i t y  o f  o x i d a t i o n  s ta tes ,  and i t s  var ious tnolecular an ions tend 
t o  polymerize. Both these f a c t s  must be addressed i n  a successfu l  
e q u i l i b r a t i o n  procedure. Marsh e t  a l .  made a comparative s tudy o f  ten  
reduc t i on -ox ida t i on  e q u i l  i b r a t i a n  procedures and found on ly  one t h a t  
r e l i a b l y  achieved i t s  goal.14 This  procedure i nvo l ves  reduc t i on  t o  
Pu (111) w i t h  heated f e r r o u s  su l famate fo l l owed  by o x i d a t i o n  t o  Pu ( I V )  
w i t h  heated sodium n i t r i t e .  T h i s  i s  t he  procedure fo l l owed  by COGEMA a t  
LaHague e 
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I t  i s  s t i l l  p o s s i b l e  t h a t  e q u i l i b r i u m  was n o t  a t ta ined.  There a r e  

two p o i n t s  a t  which such an opera t ion  would be necessary: i n  
s y n t h e s i z i n g  the i n t e r n a l  s tandard from i t s  enr iched 242Pu and 
244Pu components, and i n  m i x i n g  t h e  t r a c e r  w i t h  the  sample a t  
LaHague. The f a c t  t h a t  our a n a l y s i s  of the  t r a c e r  supp l ied  d i r e c t l y  by 
Saclay (see Table 5b) gave r e s u l t s  b o t h  accurate and p r e c i s e  i n d i c a t e s  
t h a t  e q u i l i b r a t i o n  was achieved i n  the  former step. Use o f  an i n t e r n a l  
standard prov ides  the p o t e n t i a l  of much h i g h e r  p r e c i s i o n  than has 
p r e v i o u s l y  been access ib le ,  which i n  t u r n  can l e a d  t o  exposure o f  
h e r e t o f o r e  unsuspected problems. We would cons ider  the  p r e c i s i o n  o f  our 
p lu ton ium r e s u l t s  u s i n g  an average b ias  c o r r e c t i o n  as e x c e l l e n t  (+0.2 - 
0.35%), w h i l e  those u s i n g  t h e  i n t e r n a l  s tandard as mediocre. 

- 

The s t a t e d  goal o f  the  experiment, however, i s  t o  o b t a i n  a p r e c i s i o n  
and accuracy o f  - +0.2% f o r  i s o t o p e  d i l u t i o n  analyses, l5 and t h a t  goal 

has been met a t  ORNL. 

An impor tan t  p o i n t  t o  keep in mind i s  t h a t  t h e  r e s u l t s  i n  Tables 8 
and 9 are  f o r  t h r e e  separate and independent sample preparat ions.  This  
mans t h a t  a l l  chemical operat ions,  i n c l u d i n g  p lu ton ium sample-tracer 
e q u i l i b r a t i o n ,  were c a r r i e d  o u t  i n d i v i d u a l l y  f o r  each o f  the th ree  
samples. Uranium c o n c e n t r a t i o n  measurements o f  the p r e c i s i o n  we observed 
(+0,06%) - are u t t e r l y  impossib le  i n  our l a b o r a t o r y  w i t h o u t  us ing an 
i n t e r n a l  standard. 

It i s  i n s t r u c t i v e  t o  i n v e s t i g a t e  i n  more d e t a i l  the  o p e r a t i o n  o f  

i n t e r n a l  standards. Our average b i a s  c o r r e c t i o n  f o r  uranium i s  0.368% 
per mass and t h a t  f o r  p lu ton ium i s  0.628% p e r  mass. To apply  i t  one 
s e l e c t s  a base mass ( u s u a l l y  238 f o r  uranium and 242 f o r  p lu ton ium) t h a t  
has a d e f i n e d  b i a s  o f  1.0. M u l t i p l y i n g  t h e  b i a s  c o r r e c t i o n  p e r  mass by 
the d i f f e r e n c e  i n  mass u n i t s  between t h e  i s o t o p e  i n  quest ion and the  base 
mass and s u b t r a c t i n g  t h i s  f rom l a O  y i e l d s  t h e  b i a s  c o r r e c t i o n  to apply t o  
the i n t e n s i t y  of  t h e  i s o t o p e  i n  quest ion.  For example, f o r  23511, t h e  

Z(0.00628) = 1.0126. Table 10 presents mean values of b i a s  c o r r e c t i o n s  
c a l c u l a t i o n  would be 1 .O-3(0.00368) = 0.9890; f o r  244Pu: 1.0 + 
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Table 10. B i a s  Cor rec t i ons  Ca lcu la ted  

Pu 

%/Mass Avg. B i a s *  
Sample B i a s  Corr., Calc,  Ra”as/ 

TO1 5 0.601 0.957 
0.476 0.758 

P21 5 0.408 0.650 
0.31 9 0.508 

P315 0.647 1.030 
0.487 0.775 

P415 0.723 1.1 51 
0.502 0.799 

M115 0.681 1.084 
0.559 0.890 

M215 0.564 0.898 
0.490 0.780 

M31 5 0.690 1.099 
0.797 1.269 

Avg. 0.567 0.903 
S.D. 0.1 31 0.209 
RSO% 23.2 23.2 

from I n t e r n a l  Standards 

U 
B ias C~rr., Calc. Bias /  

%/Mass Avg. B i a s *  

0.575 1.563 
0.466 1.266 

0.320 0.870 
0.355 0.965 

0.433 1.1 7 7  
0.41 0 1.1 14 

0.465 1.234 
0.454 1.234 

0.423 1.1 49 
0.329 0.894 

0.41 8 1.1 36 
0.446 1.212 

0.465 1.264 
0.492 1.337 

0.432 1.1 75 
0.067 0.1 81 

15.4 15.4 

*Avg. b i a s  c o r r e c t i o n  = 0.628%//mass ( P u ) ;  0.368%/rnass (U). 
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a p p l i e d  t o  the var ious  mlx tu res  o f  t r a c e r  w i t h  reference or sample. Each 

m a n  i s  taken f rom the  i n d i v i  u a l  values, one f o r  each run, t h a t  
comprised t h e  ana lys is .  Ten t o  twelve runs were taken f o r  each sample. 
Also i n c l u d e d  i n  t h e  t a b l e  are the values of the  r a t i o s  obta ined when the 
b i a s  c o r r e c t i o n s  c a l c u l a t e d  from the  i n t e r n a l  standards were d i v i d e d  by 
the average b i a s  c o r r e c t i o n  of t h e  element i n  quest ion.  These r a t i o s  
should, when averaged over  a l l  samples, g i v e  a va lue of 1.0. Ne i ther  o f  
our values i s  1.0, b u t  the  l i m i t s  o f  e r r o r  over lap  t h a t  f i g u r e .  The 
evidence i n d i c a t e s  t h a t  our  average b i a s  c o r r e c t i o n  f o r  uranium may be a 
b i t  low, b u t  t h i s  may be due t o  s i m i l a r  chemical i n t e r a c t i o n  o f  the 
samples w i t h  t h e  f i l a m e n t s .  We have noted before t h a t  samples o f  s i m i l a r  

o r i g i n  tend t o  r e q u i r e  s i m i l a r  b ias cor rec t ions .  

It should be po in ted  o u t  t h a t ,  i f  the i n t e r n a l  standards are 
p r o p e r l y  c a l i b r a t e d ,  the  b i a s  c o r r e c t i o n s  c a l c u l a t e d  from them will be 
the c o r r e c t  ones. We have had occasions where, f o r  l e s s  well-behaved 
samples than those o f  t h i s  experiment, the b i a s  c o r r e c t i o n  per  mass has 
been negat ive.  B ias  c o r r e c t i o n  values d u r i n g  a s i n g l e  ana lys is  o f t e n  
vary - +20% from t h e  average f o r  t h a t  analys is .  
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CONCLUSIONS 

It i s  c l e a r  f rom our  r e s u l t s  t h a t  use of i n t e r n a l  standards more tha 
j u s t i f i e s  the a d d i t i o n a l  c o s t  and e f f o r t  i n v o l v e d  i n  s y n t h e s i z i n g  and 
c a l i b r a t i n g  them. M a t e r i a l  balance c a l c u l a t i o n s  f o r  safeguards r e q u i r e  
the h i g h e s t  p o s s i b l e  p r e c i s i o n ,  and i t  i s  o n l y  through use o f  i n t e r n a l  
standards t h a t  l e v e l s  of - +0.1% o r  b e t t e r  can be approached u s i n g  
pulse-count ing instruments,  o r  - +0.01% us ing  inst ruments w i t h  c u r r e n t -  
i n t e g r a t i n g  de tec tors .  An a d d i t i o n a l  advantage t h a t  we hope w i l l  be made 
c l e a r  when r e s u l t s  f rom a l l  p a r t i c i p a n t s  are c o r r e l a t e d  i s  tha t ,  w i t h  the 
i n t e r n a l  standard, a1 1 l a b o r a t o r i e s  w i l l  have c a l i b r a t e d  t o  an i d e n t i c a l  
r a t i o .  Round r o b i n  experiments, such as IDA-8016 and t h a t  o f  the 
r e s i n  bead overseen by NBS and funded by the  O f f i c e  o f  Safeguards and 
S e c u r i t y , l 7  have u s u a l l y  shown more s c a t t e r  i n  i n t e r l a b o r a t o r y  than 
i n  i n t r a l a b o r a t o r y  r e s u l t s ;  i n  o t h e r  words, 1 a b o r a t o r i e s  d isagreed w i t h  
each o t h e r  more than they d i d  w i t h  themselves. One reason f o r  t h i s  
var iance l i e s  i n  t h e  vagar ies o f  inst rumenta l  c a l i b r a t i o n ,  which vary 
between l a b o r a t o r i e s .  It i s  hoped and expected t h a t  i n t e r n a l  standards 
w i l l  l a r g e l y  e l i m i n a t e  t h i s  e f f e c t .  

To have a v i a b l e  i n t e r n a l  s tandard program on an i n t e r n a t i o n a l  ( o r  
even n a t i o n a l  ) sca le ,  enr iched iso topes  o f  s u f f i c i e n t  p u r i t y  must be 
a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t y .  E a r l i e r  i n  t h i s  r e p o r t  we descr ibed 
the b e n e f i t s  t h a t  would accrue i f  236U were a v a i l a b l e  i n  99+% p u r i t y  
as opposed t o  the  89% now a v a i l a b l e .  The problem i s  even worse for 

plutonium. With uranium, we can a t  l e a s t  perform iso tope d i l u t i o n  
rneasurements w i t h  the  p r e s e n t  s tock,  a1 though we cannot p rov ide  p r e c i s e  
235U/23% r a t i o s ;  w i t h  p lu ton ium, there i s  n o t  enough 244Pu 
o f  any p u r i t y  t o  a l l o w  more than t h e  most va luab le  o f  samples t o  be 
t r e a t e d  w i t h  i n t e r n a l  standards. I t  i s  hoped t h a t  the  r e s u l t s  o f  t h i s  
exper iment w i l l  p rov ide  a cogent argument f o r  p r o d u c t i o n  o f  the two 
isotopes i n  s h o r t  supply. 
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Appendix 1 :  Results wi th  No Bias Correction 





Leborotoire OHNL Echantillun T O I S  
Date 

Sianrture ___-___ 11- 9-85 C o r i . r c t i u n  UITHDUl 

I n  t en e i t e 
Bloc Frincirol 

1 1,lE-14 
2 7.8E-15 
3 1,BE-14 

1 5 1.4E-14 
6 9.9E-15 

Filament 4 1.3E-14 

nate de 7 1.3~-14 
Hesure B 6,8E-15 
22-10-84 Y 8.3E-15 

10 1.9E-15 

Velours ruwenno6 
SO 

1 
2 
3 

Filsreot 4 
2 5 

6 
nste de 7 
fiesure B 
22-10-94 9 

10 

Velours novcnnes 
9D 

238/239 

0.713412 

0.748725 
0 71 4468 
0,743147 
0.734094 
0,766694 
0.602277 
0.72Q6S9 

a. 714308 

0 $724632 

0 t 726442 
0,023506 

0 t 705296 
0.710626 
0.738586 
0.708473 
0.720999 
0,717644 
0,709327 
0.322026 
0.730677 
0.721091 

0 e 718475 
0 + 010535 

240/23? 
3 + 4342023 
3.525182 
3.552632 
3.528723 
3.553329 
3.565 x 45 
3 578531 
3,636258 
3.580582 
3.583698 

3.567120 
0.033547 

3.585104 
3.523373 
3,570821 
3.524422 
3.555377 
3.567517 
3.531121 
3 559982 
3 549256 
3.527783 

3.549476 
0 + 021889 

241/239 
1.492377 
1.518791 
1.S43004 
1.524148 
1,507677 
1 + 558755 
1.512461 
1 ,5969654 
1.541377 
I .5196mX 

2421239 
131.4939581 
133 +SO8087 
135,285751 
134,679291 
134.092041 
136,434875 

138.897644 

137, $74359 

i36.ia2938 

i35*93090a* 

1.524624 135,869310 
0.021687 1.655494 

1.535227 
1.497292 
1 496855 
1.515220 
1 ,527461 
1.530155 
1 492240 
1 t 484JPO 
1.511640 
1 eS26t-37 

135.255371 

135.193985 
133,158249 
135.019547 
135.759443 
133.318237 
134.488892 
135,179184 
134,359035 

134,075392 

1.511731 134-580765 
0.018013 0,862901 

tteiirujr R R  

E l w m t ’ l i i  F‘U 

Elemera  1 
244/239 U d / d  

58805934Zl 

59,915516 
59.6671 17 
59e.625427 
60.467758 
60 60306:’ 
h9.0175PJ1 
61.1469428 
61 * 38494 1 

60,333744 
0.996746 

58.99356 1 

60.180645 
59.634232 
60 I 202801 
59.71 9975 
60.181847 
60.487198 
59.442024 
60t047192 

59 * 866085 

59 -950603 
0 t 40 1 8 f 2 

60.244045 
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L a b o r a t o i r o  ORNL E c h a n t i l l o n  A G l S  

Sidnaturo _ _ _ _ _ _ _  11- 9-85 Ctsrrect iun YITHOUT 
DDte 

I n t e n s i  t e  
Bloc Principal .  

1 1 ,6E-14  
2 1.4E-14 
3 l.lE-14 

F i l D a c n t  4 1,9E-14 
I 5 1*8E-14 

6 106E-14 
Date d e  7 1e5E-14 
Hesurn B 1.6E-14 

22-10-84 9 1.3E-14 
10 1.5E-14 

2381239 
0 * O O t S 8 3  

-0  * 001333 
-0.002950 
7.0 00131 4 
-0.001 180 
-0.000035 
-0 I 001791 
0 * 000604 

-0b00t415 
-0  a000753 

240/239 

0.0471 10 

0.046745 

0.046772 

0+046956 

0,046587 

0.046797 

0.046922 
0 e 047029 
0 *047015 
0.047215 

2 4 I .( 239 

O.QO1284 
0.001292 

Oe001338 

0 0 00144 I t  
0 e 001355 
0+0013'J2 
0.001337 
0.00138cJ 

0 .001 344 
0,001349 

2421239 
0 *000069 
0 e Q00064 
0 * 000093 
0 000070 
0 * 000078 
Oe000075 
0.000088 
0*000075 
0+000078 
0.000080 

244/239 
0.000002 
0.000000 
0 e000004 
0 .000000 
0 * 000002 
0 . 0 0 0 0 0 0  
0,000004 
0 , 0 0 0 0 0 0  
0 .oooooo 
0,000004 

Ua leure  mournno6 -0.OOOBOB 0.046915 0.001339 0.000077 0 + 0 0 0 0 0 2  
SD 0+001203  0.000190 0.000029 Oe000009 0.000002 

1 
2 
3 

F i lament  4 
2 5 

6 
D e t r  do 7 
Heouro 8 

22-10-84 9 
10 
11 
12 

2.5E-16 
3 + OE-16 
6 ~ 6 E - 1 6  

1 a7E-15 
6. BE-16 

1.6E-15 
S.5E-15 
4 eBE-15 
1 3E-14 
1,lE-14 
le7E-14 
1.2E-14 

-0.015793 
-0.010190 
-0.002037 
-0.006572 

0 +002136 
0+006381  
-0 t 007401 
0 e 010592 
-0.008051 
-0,002789 

0 B 036418 
0+015059 

0.046845 
0.047035 
0.047072 
0.046635 
0,046752 
0 047143 
0.04650? 
0 a 046860 
0,046193 
0 046223 
0.0464213 
0 * 0 4 6 8 X  

O*OOP585* 
0.001520 
0*001312  
0.001384 
0.001357 
0.001318 

0 001 3 17 
0,00129 1 
0 001343 
0 001307 
0.001368 

0*001325  

0 * 000 158* 
0 * 000128 
0 ~ 0 0 0 1 0 6  
0 .000082 
0 +000066 
0 * OOOQ79 
0 t 000078 
0 000070 
0 *000072 
0.000079 
0.000064 
0*000064 

0 * 0 0 0 0 6 7 t  
o.oooo ' jo t  
0 * 000026 
0.000011 
0,00000 1 
0 e 000004 
0.000003 
0.000000 
0 * 000001 
0.000000 
0.000000 
0.000002 

Valuurs nauennms 0.001479 0*046738 0.001349 0.000081 0.000005 
SD 0.014181 0.000321 0.000063 0+000020 0.000008 

1 
2 
3 

F i l a m r n t  4 
3 5 

6 
Dato de 7 
nosur.  8 

22-10-84 9 
10 

1.6E-14 
1,5E-14 
1.4.5-14 
1.3E-14 

1.6E-14 
1.7E-14 
1.7E-14 

1.6E-14 

1+7E-14 

1.6E-14 

U a l a u r r  mawennes 
SD 

-0.000174 
-0 000007 
-0 * 000000 
0.000788 
0 , 0 0 0 0 2 6  

-0.000236 
0 *000149 

-0.000433 
-0.000299 
0.000059 

- 0  000013 
0,000335 

0.046479 
0 046785 
0.046628 

0.046861 
0.046263 

0.046491 
0.046424 
0.046417 

0*046871  

0,046368 

0.046579 
0.000218 

0.001339 
0 001318 
0 001350 
0.001331 
0.001314 
0.001 380 
0 e001396 
0+001389  

0 bO01309 

0 +001347 

0.001338 

0.000032 

0 . 0 0 0 0 6 5  
0.000083 
0 * 000085 
0.000084 
0.000078 
0 t 000073 
0 *000079 
0.0000979 
0+000077 
Oe000074 

0 . 0 0 0 0 7 8  
0 000006 

0 . 0 0 0 0 0 7  
0 , 0 0 0 0 0 6  
0 . 0 0 0 0 0 3  
0 000000 
0.000004 
0.000002 
0 .oooooo 
0.000003 
0 + 0 0 0 0 0 0  
0.000001 

0.000003 
0.000003 
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LoCur~tu1r-a ORNL Echontillon E O 1 5  

SidnDturs ------- 18-  9-85 C o r r e c t i o n  YITHOLIT 
Date 

Bloc 
1 
2 
3 

Fil8Brnt 4 
1 5 

6 
Date r l ~  7 
Hrsurr 8 

22-10-84 9 
10 

2381239 
0,022042 
0,021772 
0 .OZ213O 
0,0211 17 
0.021922 
0,022095 

0.022464 

01 021452 

0.022607 

0.021849 

240/239 
0.389519 
0,389895 
0.389243 
0,388432 
0 + 305109 

0 388868 
0 389394 
0 + 390201 
0 390105 

0.389734 

241/239 
0,161480 
0+161090 
0 L 160864 
0.160536 
0 161083 
0.160348 
0,161232 
Q.161248 
0+161076 
0,162243* 

242/239 
0.075027 
0*07S6?9* 
0.074702 
0.074404 
0.074097 
0.074.432 
0,074503 
0 t 074632 
0.0746133 
0*07f1406 

Mathode OR 

ElrrallL vu 

24 4 / 2.59 
0.00000B 
0+000804 
0 000003 
0.000001 
0.000008 
0,000009 
0.000004 
0.000005 
0,000008 
0 00001 3 

Uoleurs muuennes 0,021945 0,389358 0*160997 0,074671 0.000006 
SD 0*000440 0+000683 0+000354 0.0003P4 0.000004 

1 
2 
3 

Filament 4 
2 5 

6 
Dstr de 7 
Mesure 8 

22-10-84 9 
10 
11 

0 + 021433 
0 021475 
0.021379 
0.021526 
0 + 021 749 
0,021647 
010ZlBl9 
0.021958 
0,021466 

0 020957 
0.021968 

0.389017 
0 390595 
0 388739 
0.3Q0961 
0 t 39065 1 
0 *590461 
0 + 390430 
0,390496 
0 390241 
0138.9496 
0.3W404 

0 -  161392 
0.161842 
0 $160898 
0 162286 
0.161278 
0.161790 

0.161896 

0.161424 

0 I 16lS56 

0.161042 

0.163172 

0 e 074520 

0.074707 

0,075167 
0.075204 
0.074246 
0*074763 
0 075268 
0 079251 
0*07541# 

0,074785 

0.074898 

0.000007 
0.000001 
0.00000cJ 
0 OOO004 
0.000003 
0.000005 
0 0 0 0 0 0 ~  
0 * 000004 
0 00000s 
On000004 
0.00001 0 

UaIeurs bouennes 0.021580 0.390228 0.161507 0.074929 0 ~ 0 0 0 0 0 5  
8D Or000293 0.000810 0~000415 0,000363 OeOOOOO2 

1 
2 
3 

Filoarnt 4 
3 5 

6 
Date de 7 
Hesure 8 
22-10-84 9 

10 

1*6E-14 
1.5E-14 
1.3E-14 
1+8€-14 
1~9E-14 
1.9E-14 
1 9E-14 
2.lE-14 
2 2E-14 
l,?E-14 

0.020894 
0+021596 
0 021 930 

0.021442 
0.021 466 
0 +021740 

0.022472 

0.021591 
0,022301 
0.022321 

0 1  388454 

0 * 389122 
0 388630 
0,388873 
0 + 388906 

0 t 390132 
0 t 390402 
0.389709 

0 389302 

0.390254 

01160272 
0.160408 
0*160710 
0.160812 
0.161162 
0.L60041 
0.162141$ 
0 161 150 
0.161276 
OeI60207 

0.074545 0 000009 
0,074930 0 ~ 0 0 0 0 0 7  
0.074148 0.000002 

0*075023 0+000006 
0.074180 0 , 0 0 0 0 0 9  
0,074728 0.000008 
0.075124 0 + 0 0 0 0 0 5  
0.074643 0,000005 
0*075811X 0.000008 

o ,074854 o .000005 

E 1 ament 
U#/S 

V o l e u r r  mouanfies 0.021773 0,389379 0.160671 0*074686 0.000006 
6D 0+000487 Oe000703 0+00046X 0.000347 0.000002 
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Laboratoar. QRNL Echantillon P215  
Date 

Sifnature ___-___ 11- 9-85 Correction WITHOUT 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date da 7 
mosu1e 8 

22-10-84 9 
10 

Intensi te 
Principal 

1+7€-14  
1.7E-14 
1 .?E-14 
1.6E-14 
1.6E-14 
1.SE-14 
1.4E-14 
1.7E-14 

1.4E-14 
1 e6E-14 

2318/239 
0,00435S 
0.004441 
0.003704 
0.003962 
0,004422 
0.005153 
0.002834 
0 +OQ3982 
0*805239  
0.0035% 

240/239 

0.069471 
0.0695.P4 
OeO69417 
0*069714  

0.069758 
0 + 0 7 0 2 i l t  
OeO68S6O 
0.069921 

0,069pia7 

0 069384 

2411239 
0 I 011087 
0 .01  1132 
0 0 1  1266 
0 .01  1043 
0.011155 
0.01 1105 
0*0113681: 
0.011235 
0.011154 
0.011176 

242/239 
0.874 11 3 1  
0,875204 
0.873337 
0 873317 

0.876362 

0.879693 

0 875708 

0 , 8 7 5  103 

0,880826 
0 .  H77865 

10 .0343  

Het l ioJu OR 

Element PU 

2441239 
0 $3889 17 
0.389876 
0,388815 
0,389R13 
0.390562 
0.389310 
0.389321 
0.393024 
0.393972 
0.393759 

Valeurb nournnec 0,004180 0.069618 0.011150 0 .875955  0.390727 
SD 0,000725 Oe000155 0 ~ 0 0 0 0 7 0  (l+002687 0.002051 

1 1.5E-14 
2 1.4E-14 
3 1e3E-14 

Filament 4 1.7E-14 
2 5 1.X-14 

6 1.4E-14 
Date de  7 1,SE-14 
Hesurc 8 1.OE-14 

22-10-84 9 1.6E-14 
10 1.5E-14 
11 1.6E-14 
12 1.3E-14 

0.004722 
0.004003 
0 ,004491  
0.004394 
0.005 126 
0.004806 
0,004555 

0.004147 

0.004142 
0,005334 

0 eO041P3 

0 L 001230 

0.069848 
0.069412 
0.089235 
0,069602 
0*069521  
0 0069803 
0.069613 
0.069924 
0.070008 
0.070106 
0 +069732 
0.070080 

0 + 01 1044 
0.011lb3 
0.011066 
0.01 1124 
0.011227 
0+011229  
0.01 1227 
0 01 1293 
O.Oll22l 
0+011114  
0+011166 
0 . 0 1  1211 

0.871308 
0 .E69296 
0.870783 

0.875233 
0 .H77303 
0,876495 

(I a73790 

0.879636 
0.878642 
0 * 878477 
0,879764 
0.879456 

0.388956 
0.387099 
0 ,387  103 
0.390119 
0.391073 
0,390299 
0,391940 
0.392840 
0.394764 
0 392368 
0 394140 
0,392759 

Ualeurs m o ~ e n n o s  0+004512 0.069740 0.011174 0,875849 0.391122 
SD 0.000467 0,000272 0.000075 0.003739 0.002504 

Element 
U * / t  

10 0330 
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LJborotoire ORNL Echuntillon P315 
Dute 

Si dnatu r e  _ _ _ _ _ _ _  11- 9-85 Corrcction UI iHOUT 

Bloc 
1 
2 
3 

Filamcnt 4 
1 5 

6 
Date de 7 
Hesure 8 
22-10-84 9 

10 

Intensite 
P rinciral 
1 7E-14 
1 I 7E-14 
1.7E-14 
1 "6E-14 
1 s6E-14 
1 -6E-14 
1*6E-14 
1+5E-14 
1 *SE-14 
1+5€-14 

23ei239 
0*004649 
0.004747 
0 004733 
0 I 004554 
0.004667 
0.004754 
0.004742 
0 004709 

0 I 004820 
0,004e80 

240/239 
0 t 0698712 
0+069107 

0 4 06947 2 

0.069036 
0.069409 
0 I 069629 

0.069774 

0.069364 

0.069550 

0.069045 

2411239 

0.010941 
0 ,011109 
0*011057 
0.01 1140 
0.010892 
o.oi101e 
010lllEl 
0.011117 
0+011109 

0 6 01 1175 

V J l s u r s  moyennes 0*004726 0,063376 0.011074 
SD 0.000090 0,000260 0.000097 

1 
2 
3 

Filurent 4 
2 3 

6 
Date de 7 
Herurr B 
22-10-84 9 

10 

Valeuvr uo~rnnes 
SD 

0 e 004587 
0 0051 10 
0 004290 
0 004596 
0 e004698 
0 t 004744 
0 e003912 
0.004024 
0 eOOS361 
0 e 004897 

0.004642 
0 * 000462 

0+069762 
0 -069506 
0.069723 

0.069629 

0.069860 

0,069467 

0 e 069577 

0 * 069551 
0 e 069684 
0 069218$ 

0.069640 
0.000128 

0+010972 
0 e 01 1143 
0.01 1300L 

0.011090 
0.011151 
0,011171 
0.01 1058 
0.010957 
0.01 1003 

0 01 1066 
0 + 000079 

o,oiio4a 

242/239 
0.867130 
0 6867182 

0.868713 
0.869163 
0 *8675lS 
0.870120 
0 ,870872 
0 * 670762 
0 * 872209 

0.869151 
0.001776 

0 .  a67847 

0.871 176 

0'873824 
0 9 872455 
0.870884 
0 $87312~1 
0.871139 
0.872192 
0 -870661 

o ,n74203 

0.~717~2 

0 ~ ~ 2 1 4 5  
0.001246 

244/239 
0 383604 
0.384340 
0.384780 
0.345128 
0.386565 
0 .  JR5676 
0 385436 
0,387291 
0 * 386924 
0 388904 

0.3a5865 
0*001973 

0,387234 
0 B X88213 
0.387928 
0,387049 
0 386826 
0 I) 389850 
0 I 388242 
0.390298 
o ,388310 
0,390297 

0 e 388425 
0.001302 

E lecrent 
Ulp/$ 

9.9670 

10.001s 
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Laboratoirc ORNI. Echentillon P4f5 

Sirnature _ _ _ _ _ _ _  11- 9-85 Correction LdlTHQVT 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Beto ds 7 

22-10-84 9 
10 
1 1  
12 

nesuro 8 

Intcnsi te 
Principal 
1.5E-14 

1.6E-I4 
1.4E-14 
1.3E-14 
1.8E-14 

1.6E-14 
1.7E-14 
1.7E-14 

1,6E-l4 

1+2E-14 

1 7E-14 

1 7E-14 

240/239 
0*073646 
0.073937 
0.0735O7 
0 073659 
0.074157 
0.073397 
0 -073710 
0.073997 
0 079917 
0 073577 
0 . 0 9 3 8 0 5  
OeO?3721 

241/239 

0.012979 
0.013000 
0.013239 
0.013064 
0.012942 
0.012922 
0 + 012900 
0.012905 
0 + 0 1301 9 
0 + 013063 

0.013636d: 

0 012936 

Valrurs mwennes 0.005?13 0.073758 0.013004 
Sll 0.000107 0.000213 0.000094 

1 2.OE-14 
2 2.1E-14 
3 2.2E-14 

Filament 4 1.7E-14 
2 5 1.7E-14 

6 1.7E-14 
Date d e  7 1+7E-14 
I ~ S I J T ~  8 1.6E-14 
22-10-84 9 1.6E-14 

10 1.M-14 

Velours sowennas 
SD 

0 005621 
0,0057’JB 
O.OOS416 
0 e 00532 I 
0 .  OOSSS6 
0.005550 
0.0055N 
0.0054C7 

0.005766 
0*006112 

0 005417 
0.000229 

0 0 094062 
0.073573 
0 * 073757 
0.073797 
0 074106 
0.073891 
0.973455 
0+073876 
Os073606 
0,074283 

0.07387% 
0.000241 

0.012909 
0.012966 
0.013042 
0 013025 
0.013033 
0 012846 
0,012949 
Oe013097 
0.013021 
0.013185 

0 013007 
O.OOOO96 

242/239 
1.037244 
1.040786 

1.032980 
1.038228 
1.03S936 

1.038265 
i ,034225 
1.036482 
1.036155 
1,039764 

1 .Os6792 
0.002469 

1 +033191 

1,038289 

1.039571 

1.038543 
1,038721 

1,038234 
1+040183 
1*040017 

1 e 038404 
1*041263 

1.039863 

1.0427461 

11 039422 
0.001015 

2441239 
0.459640 
0.461789 
0 + 457296 
0 457477 
0,460815 
0,457716 
0.460177 
0.459464 
0 + 45703P 
0 e 459398 
0 460695 
0 e 460767 

0.459354 
0 *001610 

0.462461 
0.462516 
0.461481 
0,462690 
0.462619 

0.463494 
0.463681 

0.463245 
0 s 463171 
0.443921 

0 e 462930 
0.050721 

Element 
u519 

9.9544 

9.9817 
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L~boratoira ORNL E c h a n t i l l o n  H l l 5  
P a t e  

S i l n e t u r e  _ _ _ _ _ _ _  11-  9-85 C o r r e c C i m  WITHOUT 

Bloc 
1 
2 
3 

F i l a r e n t  4 
1 5 

6 
Date de 7 
Xesure 8 

22-10-84 9 
10 

I n t e n s i  te 
P r i n c i r a l  

l e7E-14  
1.3E-14 
i 6E-14 
1.3E-14 
1 r l E - 1 4  
1 *8E-14 
1 5E-14 
1 *3E-14 
1.7E-14 
1 . X - 1 4  

2381239 
0 .028660  
0 . 0 2 8 9 6 2  

0 ,027017  

0 029172 
0 I 028838 
0 t 029334 
0 . 0 2 9 1 8 2  
0 027553 

0.028096 

o .o2aoio  

240/239 2411233 
0 .421353  0 .1759731  
0 .422742  0 + 1 7 6 4 5 6  
0 ,422096  0 .174953  
0 . 4 2 2 6 7 0  0 . 1 7 5 7 3 0  
0 .4263248  0 .175946  
0 , 4 3 3 2 3 3  0 . 1 7 5 1 0 6  

0.420545 Q.l7"JPo4 
0 , 4 2 5 2 4 3  0 .176436  
0 . 4 2 2 2 1 8  0 , 1 7 6 1 5 9  

0 . 4 2 2 4 6 3  0 . 1 7 5 4 4 3  

tlethodr G H  

Elerelit PU 

242/239 244 /239  
1 .465722  0 . 6 1 5 9 8 e  

1 . 4 7 1 3 a e  0 ~ 6 2 1 0 1 0  
1.469781 0 .616396  

1 .476381  0.621 123  
1 ,477191  0.623324 
1 . 4 7 1 9 4 2  0 .620184 
1 .474239  0,621133 
1 , 4 7 2 7 7 0  0 .619949  
1 * 4 0 4 7 8 0  0 , 6 2 7 3 7 3  
i . 4 t i i 7 .w  0.62a009 

Valeurn mouunnec 0 ,029562  0 . 4 2 2 5 0 7  0 .175660  1 .474594  Oe621951  
SD 0 + 0 0 0 6 4 1  0 * 0 0 1 3 0 1  0*0004?8 0 , 0 0 5 6 5 2  Ot003961 

1 
2 
3 

F i lament  4 
2 5 

6 
Date de 7 
Hrsure 8 

22-10-84 9 
10  

1,6E-14 

1.3E-14 
1 7E-14 
1 ,6E-14 

1 .SE-14 

1 +5E-14 
1.4E-14 
1.7E-14 
1 .SE-14 
1.4E-14 

0 028983 
0 , 0 2 8 5 4 9  
0 ~ 0 2 8 8 8 7  
0 .029049  
0t028908 
o r o 2 8 s 4 e  
0 ,029247  
0 029 126 
0 028609 
0 029209 

0 , 4 2 3 5 4 5  
Oe423377 

0 .422637  

0 .423334  

04423801 

0 . 4 2 2 6 6 3  

0 .423003  

0 .422774  

0 .4261373  

0 ,422826  

0 .17S851  
0 * 175966 
0 , 1 7 6 0 9 2  
0 + 1 7 5 6 1 9  
0 175791 
0 4 175739 
0.175966 
0*175808 
0 175773 
0 175879 

1 .477374  
1 .474179  
1 477117 
1 ,473635  
1 ,476534  
1 ,476777  
1 480603 
1 .478736  
1 .481297  
1 .474862  

0.624606 
0 b2 18 18 
0 -621987 
0 62401 4 
0 , 6 2 2 5 5 3  
0 .6%2841  
0 - 6 2 4 1 9 1  
0 626536 
0 + 626308 
0 . 6 2 4 5 1  1 

Uoleurr mouwines 0 .028942  0 + 6 2 3 1 1 6  0 . 1 7 5 8 4 8  1.477111 0 ,623937  
SD 0*000233 0 , 0 0 0 4 3 8  0 .000135  0 .002552  0 + 0 0 1 6 5 4  

6.4918 

6.4800 



Laboratoire ORNL Echantillon M215 

Silnaturs _ _ _ _ _ _ _  11- 9-85 Correction UITMOUT 
Deto 

B ~ Q C  
1 
2 
3 

F i l a r e n t  4 
1 5 

6 
Dats de 7 
Hesurr B 
22-10-84 9 

10 

1 1 + 4 E - 1 4  
2 1.4E-14 
3 1.lE-14 

2 5 8e7E-15 
6 1.8E-14 

Date du 7 1.9E-14 
Hctiuro 8 1.7E-14 

Filament 4 1.2E-14 

22-10-84 9 i.7~-14 
10 1+7E-14 
1 1  1.7E-14 
12 1.6E-14 

Valoura movmnes 
SD 

2351239 

0.029575 
0.029233 

0+029026 
0+029078 

0.029098 
0,028921 

0.029094 
0,028946 

0.029367 
0,029657 

0,029199 
0.000255 

0,029158 
0.029144 
0,028851 
0 e 029368 
0*029201 
0 e 028955 

0 0 029339 
0 e 029224 
0,029069 
0.029410 

0.028852 

0.029191 

0+029147 
0 * 000187 

240/239 
0.423174 
0.424587 
0.424478 
0 424420 
0,424649 
0.424687 
0.424527 
0 422983% 
0,426127 
0.426110 

0 424751 
OeOOO9OI 

0 t 423745 
0,424649 
0.425415 
0.423752 

0.424002 
0 * 425760 

0 e 423690 
0,425174 

0 * 423737 
0 424164 

0.425640 

0 424393 

0 424677 
0 *000817 

241/239 
0+175155 

0.176120 
0.176361 
0 I 176336 
0 * 175983 
0,176109 
0 177158 
0.1763188 
0.176625 

0.176209 
0 000563 

0.175~131 

242/239 
1.533962 
1.540682 
1.538914 
1,538848 
1 * 544706 
1.938332 
1.543082 
1,540952 
1.547936 
1.344197 

1.541161 
0 I 003970 

0,179892'4 1.542311 
0.176903 1.543976 
0.176716 1.543858 
0,177366 1.545188 
0.176172 1.543617 
0.176536 1,545889 
0.176409 1.547000 
0*176143 1.544782 
0.175856 1.544344 
0.176582 1.546348 
0+175992 1.546462 
0.176835 1.546664 

0*176501 1.545036 
0.000447 Oe001462 

Hethodc OR 

Eluuont PU 

244/239 
0 * 64641 8$ 
0*621733 
0.652197 
0.652647 
0.652442 
0,652160 
0.652383 
0 e 6537 2 1 
0.655262 
0 654816 

0*653040 
0.001260 

0 651469 
0.651535 
0,652581 
0.654884 
0.654070 
0+6!>4503 
0.655946 
0.656413 
0.654949 
0 I 655984 
0 657575 
0 654582 

0,654709 
0.00201 1 

6,4817 

6,4644 
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L s l a r s t o i r e  QRNL E c h a n t i l l o n  44365 

SiSnrture r _ _ _ _ _ _  11- 9-63 Correction UITHOUT 
Date 

e m  
1 
2 
3 

Filament 4 
1 5 

6 
Date de 7 
Merurs 8 
22-10-84 9 

10 
11 
12 

Intensite 
P r i n e i r a l  
1.8E-14 
1 -6E-14 
1.M-14 
1 +7E-14 
1.7E-14 
1 . 6 E - 1 4  
1.6E-14 
1 *SE-14 
1 a7E-14 
1.6E-14 
1 ebE-14 
1 .SE-14 

2381239 
0 -029095 
0 I 029 132 
0 * 028960 
0 0  028493 
0,028894 
0 029184 
0 bo28880 

0 + 029120 

0.028794 
0 + 029288 

0.02a57i 

a. 029158 

2409239 
0 e 423230 
0,422719 
0.423325 
a ,423826s 
0.422682 
0.423545 
0.421933 
0.423636 
0.423137 
0.423786 

0 423821 
0,422295t 

24 1 9239 
Oe176470 
0.1?5637 
0 + 175552 
0,174929 
0*17S839 
0 9 175959 
0.17S407 
0 e I75540 
0.175488 
0+175620 
0.175379 
0,174540# 

Usleurs mouetines 0.028964 0,423181 0.175627 
SD Q,000248 0.000593 0,000383 

1 1n7E-14 

3 1e6E-14 

2 J 1+6E-14  
6 1,6E-14 

Q4tu de 7 l.6E-14 
Mc8ure 8 1.5E-14 
22-10-84 9 1.6E-14 

10 1.6E-14 

2 1.6E-14 

Filament 4 1.6E-14 

Veleurc mouennec 
6Q 

0 029090 

0 r028609 

0,029349 
0 028712 
0 1029277 
0.029028 
0 t 020697 
0*029003 

0,028986 
0 *000249 

o $028948 

0.029147 

0.422887 
0,421873 
01423.(83 

0.4230S7 
0.421 699 

0 t 423278 
0 423397 
0 422535 
0.421474 
0.421972 

0,422565 
0*000757 

0.175362 
0 I 176534 
0.176314 
0.17S867 
0.175407 
0.175323 
0.175672 
0.176306 
Q. 175062 
0.1749as 

0,175683 
0.000550 

242/239 
1 a486421 
1 6 484903 
1.487326 
1 , 4 8 4 4 1 4  
1.48S29? 
1 *485181 
1 480934% 
1.486980 
1.487289 
1 a 487871 
1.488796 
1,489391 

1,486716 
0.001631 

1 + 480043 
1 478559 
1 482345 
1.484844 

1.487362 

1 e 485882 
1 + 484158 
1 483075 

1.483741 

1.487sa9 

1 483760 
0.002921 

Hcthode OR 

E ~ O N L L I ~ ~ .  F'U 

Element 
2441239 lJa/s 
0.626460 
0 626087 
0.627121 
0 622672 
0 625061 
0.424337 

0,62707S 
0.627187 
0.629631 
0.620(126 0,629190 

o ,624582 

0 I 626503 
Q.OQ2089 

0.623045 
0.621 130 
0.624784 
Q e 627622 
0.624833 
0 6215307 
0 625059 
0,624160 
0.623400 
0 -626399 

0 -624194 
O.OOlb04 

6.4862 

6 4999 
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Labormtoire ORNL Echontillon T O I S  

Sisnaturc _-__-__ 11- 9-85 Correction UITHOUT 
Data 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Data de 7 
Herurs 8 

24- 1-85 9 
10 

Intensite 
Frincirrf. 233/238 

5.8E-14 156*951355 
6.2E-14 154+275833 
5 t 3 E - 1 4  158.233536 
4.6E-14 157,865799 
3.9E-14 153.980556 
5.1E-14 155.485535 
401E-14 155.033282 
4+8E-14 156.957092 
3.6E-14 154nS31559 
5*4E-14  157+219086% 

234/238 
0.754622 
0,742473 
0.774981 
0.758396 

0,758256 
0 761 189 
0 n 760887 

0.771332 

0.744380 

0.757937 

235/238 
6.933789 
6 e 81  1355 
6.972669 
6 I 992923 
4*793630 
6 .8Rl771  
6 -882392 
6*874032$ 
6 I 798639 
6 t 91 1360 

2361238 
65 * 110901 
64 e010445 
65,584449 
63 + 502602 
63,868828 

64 0 624786 

64 161858 

6 4 + 3 I 1 330 

65.101379 

64.998177% 

1 
2 
3 

Filament 4 
2 5 

6 
Date  dc 7 
Hasura  8 

28- 1-83 9 
10 
11 

5.6E-14 155.968414 
5.5%-14 154.693954 
4.9E-14 153+824415 
4ebE-14 154,584137 
4e4E-14 154.643127 
401E-14 153.735504 
5.4E-14 156.148880 
4.8E-14 153,148956 
4.76-14 153.531128 
514E-14 156+669098 
4.9E-14 156.020035 

0 e 760672  
0 748375 
0.746358 
0 e 768190 
0,757203 
0.746217 
0,766590 
0.752167 
0.743461 
0 I 754485 
0 799649 

6 ,874830 
6 823297 
6.781999 
6 0 898903 
6 +86?900 
6 I 774504 
6.901615 
6 773874 

6.889040 
6.789079 

6.930079 

64 e 83332 1 
64,512955 
64,135742 

64.350349 
64 +O46060 

63 709492 
63.832977 
65,054024 
64,814957 

6!i 24 1936 

64,845047 

Valaurs movennes 154.997086 0,754851 6.845465 64.480884 
SD 1,318293 Oe008390 0.058389 0.511450 
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Lehorstoire ORNL Echantillun RO¶5 
Date 

Sidnsturc ___-I__ 11- 9-85 Correction MITHOUT 

Bloc 
1 
2 
3 

Filament 4 
1 s 

6 
Date de 7 
Hesure 8 
24- 1-es 9 

10 

Intensi t e  
P r i n c i p a l  
4 +9E-14 
4.78-14 
4.4E-14 
S.3E-14 
).BE-14 
4 I 1E-14 
3.4E-14 
4 e 7E-14 
3.1E-14 
4,lE-14 

Uslours mouanne6 
SD 

1 5.0E-14 
2 6.1E-14 
3 6.68-14 

Filarent 4 5.4E-14 
2 5 5.4E-14 

6 5.4E-14 
Date de 7 5.K-14 
Mesure e 5.36-14 
24- 1-85 9 5.28-14 

10 5.3E-14 

U s l r u r s  mouennes 
SD 

1 
2 
3 

Filement 4 
3 5 

6 
D4t. de 7 
Mesurr 8 

10 
4- 2-es 9 

Valourr  mo~ennes 
ED 

233/238 
0 ,000020  
0.000019 
0 +000020 
0,000021 
0.000010 
0.000015 
0 000020 
0.000016 
0,000024 
0.000027% 

0+000019 
0 .000003  

0 *000026 
0.000019 
0 000023 
0.000022 
0.000016 
0,0000l6 
0 *000023  
0,000019 
0 00002 1 
0 t 000023 

0*000021 
0 e 000003 

0 * 000022 
0.000019 
0*000021 
0.000022 
0 6 000023 
0 *000020 
0 t 0000 16s 
0 r000023 
0 r000022 
0.000026 

0.000022 
0.000002 

234/238 
0 4 000056 
0.000052 
0.000051 
O,OOOO51 
0 000058 
0 4 000055 
0 ,000058 
0 * ooooso 
O.OO0060 
0.000058 

0 *00005S 
0 000004 

0.000048% 
0 .OOOOS6 
0.000051 
0,000052 
0 a 000054 
0 .OOOOS5 
0 000056 
0 .  ooooss 
0 000056 
11 t 000056 

0 e 000055 
D.Ob0002 

O,OOOOSl 
0 000052 
0 .O00058 
0 * 000055 
0.0000631t 
0.000055 
0+000052 

0.000051 
0 *0000'9;3 

o.oooo4e 

0 000053 
0 e 000003 

235/238 
0 e007324 
0 I 007240 
0.007278 
0 + 007389 
0.007273 
0 I 007329 
0.007223 
0.007229 
0.007197 
0 +007300 

0 . 0 0 7 2 7 8  
0.000059 

0.007234 
0.007277 
0.00733Y 
0 t 00731 2 
0*007432 
0+007414 

0 4 007309 

Oe007378 

0,007332 
0.000060 

0.007313 

0.0073 17 

0*0073S2 
0.007420 
0 007409 
0 + 007345 
0 007349 
0,007304 

0.007359 
0,007310 
0,007312 

0.007315 

0.007346 
0.000041 

2 3 6 m e  
0 .000005  
0 *000009 
0 ~ 0 0 0 0 1 0  
0.000010 
0 + 0000 11 
0 00001 0 
0 000014 
0.000010 
0 * 0 0 0 0 0 7  
a ' 000008 
0 .000009  
0 .000002  

0 *000010 
0.00001 1 
0.000011 
0 * OOOOl3 
0 * 000007 
0.0000 11 
0 000007 
0*000010 
0.000010 
0+000008 

0 L 00001 0 
0.000002 

0+000009 
0 000008 
0 *000013 
0.00000P 
0+000007 
0 .000008 
0.000011 
0 *000012 
0.000008 
0~000009 

0 * 000009 
0.000002 

&zLIio~.lt. FR 

Elerrnt U 

E 1 eaent  
US/*  
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Laborrtoirc QRNL Echantillon E015 

Sirnature _ _ _ _ _ _ _  11- 9-85 Correction UITHOUT 
Dvtc 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date de 7 
Hasure 8 

25- 1-65 9 
10 

Intsnsite 
P r i nci p a  1 

5.2E-14 
4.8E-14 
4.4E-14 
5. OE- 14 
4 3E-14 
3.8E-14 
5.OE-14 
4 2€-14 
4 .5E-14  
3.7E-14 

1 
2 
3 

Filaacnt 4 
2 5 

6 
Date de 7 
Herure 8 

28- 1-85 9 
10 

5e2E-14 
4.9E-14 
4 * 6 E -_ 1 4 
5.2E-14 
4.9E-14 
4.7E-14 
4 .JE-14  

5.6E-14 
5.3E-14 

4.2E-14 

Vslcurr aawcnner 
SD 

Filsaent 
3 

Dbtv de 
Hasure 
4- 2-85 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

5e2E-14 
4.8E-14 
3.8E-14 

5.X-14 
5.2E-14 
5.2E-14 
S.2E-14 
4.8E-14 
5.3E-14 

S+3E-14 

2331238 
0 * 000000 
0 . 0 0 0 0 0 0  
0 .oooooo 
0 ,  000050 
0 e 000000 
0 .000000  
0 .000000  
0 * 000001 
0 , 0 0 0 0 0 0  
0 .  OOOOOQ 

0 .000000  
0 0 000000 

0 , 0 0 0 0 0 0  
0 .oooooo 
0 .000000  
0 000001 
o+oooooo 
0.000009 
0 .000000  
0 000000 
0 .oooooo 
0 .oooooo 

0 .000000  
0 * 000000 

0.000001 
0 *000001 
0.000001 
0 .000000  
0 .000000  
0 .000003  
0.000000 
0 ~ 0 0 0 0 0 0  
0 ~ 0 0 0 0 0 0  
0 .oooooo 

0,000001 
O*Q00001 

2341238 

0 +000144 
0.000157 
0 000 142 
0+000139 
0+000152  
0+000159 
Q *OQ0145 
0 000149 
0 a000140 

0 + 000146 
0.000008 

o .00013a 

0 *000162$ 
0.000145 
0.000150 
0 * 000143 
0 + 000 148 
0.000140 
0.000142 
0 IO00 i 50 
0 * O O O X 4 3  
0 * 000132 

0.000144 
0 OOOOO6 

0.000147 
0 * 000158 
0.000151 
0 000152 
0 *000154 
0 * O O O l 5 3  
0 *000149 
0*0001S4 
0 *000160 
0,000145 

0.000152 
0 e 000005 

2351238 

0.008952 
0.008995 
0 008935 

0 +009061 

0,008998 
0*009049  

0,009008 
0.008973 

0 008974 
0 008983 

0.008993 
0 t 000039 

0 *009071 
0 6 00919?rl 
0,009068 
0,009046 

0.00901 0 
0 ,0091  19 

0+009024  

0 009069 
0.009004 
0.009048 

0.009051 
0 t 000036 

0 009174 

0.009109 
0 * 009199 

0 I 009102 
0 009 191 
0.009177 

0.0091 17 
0 -009056 
0 009072 

0.009135 
0*000051 

0 *009155 

236/236 
0.003076 
0 003068 
0 + 0031 15 
0.003104 
0.003129 
0 003129 
0.0031 16 
0 003085 
0 *003089 
0.003176# 

0.003101 
0 000023 

0 +003170 
0+003172 
0 ,0031  11 
0 003087 
0.003138 
0.003 127 
0.003165 

0.003067 
0 003164 

0.003 133 

0.003133 
0 000034 

0.003160 
0+003107 
0*003212$ 

0,003145 
0.003161 
0 e 003142 
0.003143 
0.003184 
0.003167 

0.003134 

0,003149 
0 * 000022 

Hethoda GR 

Elemwit  U 

Element 
U # / $  
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Laboratoirr ORNL €chant i 1 lon P215 

Sitnature ____--- 11- 9-65 Correction UITHOUT 
nuto 

Bloc 
1 
2 
3 

Fil8ment 4 
1 5 

6 
D8tu de 7 
Hesure 8 
28- 1-83 9 

10 

Ualeurs ruvennes 
SD 

1 
2 
3 

FilbaQnt 4 
2 5 

6 
Dot. de 7 
MQSUP. 8 
5- 2-85 9 

10 
11 
12 

S .3E-14 
S I  4E-14 
Si8E-14 
5+8E-14 
5+4E-14 
3 7E-14 
S*SE-14 
SeSE-14 
S t 3E-14 
5 e5E-14 
3*4E-14 
4.98-14 

233/238 
0.803123 
0.802319 
0.803930 
0*802540 
0 ,802682 
0 * 802068 
0,801976 
0.800S3i 

0 e799614 

0 001 997 
0.001263 

0.801190 

0.803991 
0 * 804383 
0*8027?9 
0.803989 
01805420 
0 802042 

0*802610 

0 .BO1876 
0.802224 
0+801731 

0 t 802990 
0 e 000845 

0 .  eo3237 

o .eo2797 

234/230 
01003973 
0 + 603980 
0 *004026 
0,003977 
0.003969 
0.003996 
0*004029 
0.003946 
0 *003913 
0 ,003959 

0 +003?77 
0,000035 

0.0039S5 
0.003989 
0,003970 
0 t 004030% 
0 0039?0 
0*003951 
0.003944 
0 003996 
0+003925 
Oe003918 
0 e 003976 
0 e 003960 

0 * 003959 
Oe000024 

235/238 
0.042956 
0.043063 
0,042785 
0*042988 
0 * 042896 
0.042696 
0 * 042867 
0,042752 

0.042769 

0.042862 
0.000116 

0.042850 

0.042688 
0 042637 
0.042534 
0 0431 34t 
0+042953 
0.0426)13 
0 I 042850 
0 * 042702 
0 ,042715 
0+042780 
Oe04.2925 
0+042??8 

0.042762 
0+Q00124 

Hathodo OW 

Element u 

2361238 
0 334950 
0 n 335062 
0.336047 
0 e 333530 
0 t 335931 
0.334815 
0 334696 
0 * 335547 
0 334730 
04 334929 

0.335225 
a .  000500 

0 * 335749 

0.334633 
0.334940 
0 33581 1 
0*334505 
0 t 335583 
0.335575 
0,333251 
0.333061 
0 335 156 
0*335151 

0.335288 
0 000425 

0.335040 

Element 
Ud/S 

1446.7576 

1448 5374 
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Ceborataire ORNL Echankillan P315 

Sisnaturc _ _ _ _ _ _ _  11- 9-85 Correction WITHOUT 
Date 

BlOC 
1 
2 
3 

Filement 4 
1 9 

6 
D4te de 7 
Masure B 

29- 1-8s 9 
10 

Intensi tc 
F r i n c i r a l  

5.3E-14 
S.2E-14 
5.1E-14 
4.98-14 
4 *7E-14 
4eSE-14 
5.3E-14 
4+9€-14 
4.4E-14 

'i 4E-14 

Valeurs mouenncs 
SR 

1 
2 
3 

Filrmcnt 4 
2 5 

6 
Date de 7 
Hrsurt 8 
29- 1-85 9 

10 

Valeurs mowennes 
SO 

233/238 
0.809720 
0 .808895  
0.888848 
0.807438 

0.804622 
0 805325 

0 I 804440  
0 800191 
0.79a830 
0.797372 

0 804568 
0.004425 

0 0806412 

0,804297 
0.805742 
0.80391 1 
0.803663 

0 I E05431 

0 803137 
0,802745 

0 804392 

0.804106 

0.801326 

0.001514 

2341238 
o ,003962 
0.004006 

0.003955 
0*003967 

0 * 003933 

0 ,003968 

0.00391? 

0.003927 
0.003932 
0 003991 

0 + 003956 
0.00002P 

0 * 009943 

0 e 003963 
0 t 003930 

0.0040163 

0.003943 

0,003975 

0,003918 

0,003877 

0.003932 
0 I 003950 

0,003937 
0 * 000028 

235/238 
0 -043023 
0.042861 
0.042790 
0.04267e 
0.042818 
0.042899 
0.042841 
Oe042740 
0.042749 
0,042597 

0.042802 
0,000120 

0 042826 
0.042866 
0.0430493 
0 042839 

0.042878 

0.042834 
0.042833 
0.042776 

0.042658 

0 042634 

0.042794 
0.000089 

2361238 
0.336031 
0.335475 
0.335456 
0 335606 
0,336028 
0.334836 

0,334643 
0.334341 
0.334086 

0 335143 
0.000679 

0,334929 

0.335339 
0.335589 
0,335340 

0.335272 

0 335456 
0.33491 6 

0 t 335365 

0 334900 

0+334144$ 
0.335528 

0.335301 
0,000244 

fiethodu O R  

Elurent U 

E 1 en en t 
US/d 

1453 * 0905 

1452.2510 
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Laborrtoire ORNL €chantillon P415 

Sidnature _____-_ 11- 9-85 Correction UITHOUT 
Date 

Rloc 
1 
2 
3 

Filament 4 

6 
Date de 7 
Hesure 8 
4- 2-85 9 

10 

1 e 

Intansite 
P r i n c i p a l  
5.5E-14 
4+6€-14 
4.36-14 
5+7E-14 
5 412-14 
5.OE-14 
5,OE-14 
6.OE-14 
5+5E-14 
4.8E-14 

Ualaurli aovenner 
Sa 

1 
2 
3 

Filament 4 
2 5 

6 
Date de 7 
Hesure 8 
4- 2-05 9 

10 

5 t 2E-14 
SeiE-14 
4.9E-14 
4+7€-14 
4.6E-14 
5.58-14 
562E-14 
5+1€-14 
5.OE-14 
4.9E-14 

Valcurs mouennec 
sn 

233/238 

0,964094 

0.960675 

0.961906 
0.962868 
0,962981 
0.962870 

0,963223 

0.962753 

0 + 961 265 

0 962791 

0.962563 
0,000954 

0 +965 109 
0.963393 
0,963891 
0.964031 
0,961773 
0,960619 
0,962065 
0.961747 
0.962426 
0+959574 

0,962463 
0 + 001675 

234/238 
0.004703 
0,004716 
0.004706 
0.004770 
0.004739 
0.004741 
0,004701 
0.004757 
0.004719 
0.004664 

0.004724 
0.000027 

0+004750 

0.004794 
0 +004811 

0.004747 
0 00471 1 
0,004749 
0.004724 

0.004774 
0.0047W 

0.004752 
0.000035 

0.004701 

235/238 

0.049907 
0,049901 

0.049749 
0.049978 
0*049618 
0.049a41 
0.049740 
0,049866 
0 049682 
0.049952 

0.049823 
0.000120 

0.049830 

0.049695 

0 049736 

0.049659 

0 049080 

0.04979a 
0.549625 
0 049609 
0,049689 
0 049040 

0,049737 
0,000098 

Hethode OR 

Elererat U 

236/238 
0.400314 
D * 400603 
0 *399571$ 
0 * 400156 

0.400432 
0 400627 
0 401 199 
0 400782 
0.401006 

0,400987 

0 6 400679 
0*000346 

0 * 400797 
0.400632 
0 * 400600 
0*4015673 
0 + 400323 
0.400371 
0.401030 
0.400 195 
0 I 400934 
04400246 

0+400570 
0.000305 

E 1 em en t 
U 3 / 4  

1455.4614 

1455 I 3094 



48 

Laborato i  r e  DRNL Echentillon Mll5 

Sis inaturc  _____I_ 11- 9-85 Correction LlITMOUT 
Date 

Bloc 
1 
2 
3 

F i l a a e n t  4 
1 5 

6 
Date de 7 
nesur@ 8 
30- 1-85 9 

10 

I n t e n c i  te 
Principal 
5.3E-14 
4 I 8E-14 
4 ,6E-14  
4.3E-14 
3 *7E-14 
5 I 5E-14 

5 B 7E-14 
5,OE-14 
4+3E-14 

4.m-14 

233/238 
0.937459 
0,935584 
0.934259 
0.933596 
0.932942 
0 I 939476 

0.935043 

0 935183 

0,939840 

0 * 936168 

234/238 

0.004671 
0,004728 
0.004738 
0,004922 
0,004739 
0.004725 
0.004932 
0.004705 
0,004732 

o , 0 0 4 6 3 ~  
2351238 
0.050490 
0+050237 
0,050317 
0 050176 
0 + 050138 
O.OS0672 
0 .OS0478 
0.050215 

0 .OS0587 
0.050445 

2361238 
0 393050 
0 I 392994 
0 P 392434 
0 -392370 

0 t 394335t 
0 393686 
0.392461 
0,393257 
0 I 392991 

0,592448 

Valeurs  monrnnes 0.935955 0.004721 0.050376 0.392852 
SD 0.002330 0.000022 0.000184 0.000455 

1 
2 
3 

Filaacnt 4 
2 5 

6 
Date  ode 7 
Mesure 8 
31- 1-85 9 

10 

4.9E-14 
4.4E-14 
4.2E-14 
5 3E-14 
4.6E-14 
4 + 4E-14 
4.1E-14 
Se4E-14 
5.OE-14 
4.4E-14 

0,931373 
0.930427 
0.930123 
0.931046 

0.933163 
0.931315 

0,933437 
0 933019 
0.932817 
0,933375 

0,00471 2 
0,004699 
0.004707 
0,004726 
0,004647 
0.004719 
0,004598( 
0,004684 
0.004642 
0.004683 

0 .OS0305 
0.0'3023 4 
0 * OS0245 
0,050439 

0.050449 

0+050381 
0*050164 
0.050471 

0,050408 

0 *050191 

0.392494 
0.392018 

0 39 1934 
0.391690 
0 + 392775 
0.393004 
0.392693 
0 s 393400* 
0.392934 

o .391a09 

V a l s u r s  ~ a o ~ c n n r c  0.932009 0.004691 0,050327 0,392367 
SD 0,001282 0,000030 0.000117 0.000510 

hethodr OR 

E l . r r l l t  u 
E 1 e men t 

u s / s  

873.2128 

876,9290 



L a b o f a t o i r s  O R H L  E c h m t  i 1 lon H215 

S i s l n e t u r e  _ _ _ _ _ _ _  11- 9-85 Correction WITHOUT 
Dote 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
D a t e  ds 7 
Heaui*e 8 
31- 1-85 9 

10 

Intencitc 
P r i ne i r a  1 

5 t 4 E - 1 4  
4 e6E-14 

5 t 3E-14 
4e9E-14 
4 . 3 E ~ - 1 4  
4.2E-14 
5 4E-14 
5 + 2E-14 
5.OE-14 

3.8E-14 

1 
2 
3 

Filament 4 
2 5 

6 
Pstr de 7 
Heeuro 8 
5- 2-83 9 

10 

Veleurs monennes 
SD 

2331238 
0 ,990395 
0.977a94 
0,978393 

0.979975 
0.979933 

0,978147 
0.977302 

0.979931 

0,9a0879 

0.976646 

0.978949 
0+001449 

0.978954 

0.980701 

0,980429 

0 6 980872 

0 I 981578 

Q ,98291 4 
0 + 982740 
0.977356 

0+977263 
0.977301 

0.9aooi i 
0 002180 

234/238 
0.004937 
0+004987 
0 e004960 
01004329 
0 a 004914 
0+004913 
0.004ea7 
0.004950 
0.004921 
0+004962 

0 004926 
0.000041 

0 +004966 
0 a OOS004 
0 + 004834 
Oe004906 

0 e004841 
0.004960 

0.004975 
0,004929 
0,004874 
0 I 004879 

0.00491 7 
0 0000S9 

2351236 

0,052489 
0 I 052560 

0.052418 

0.052646 
0.052469 

0.0~24ia 

0,052285 

0,052376 

0 +OS2168 
0,05?124 

0.052395 
0 +O00165 

0 )r 052590 
0 032282 
0,0524 19 
0 I OS2256 
0.052439 

0 I) 052667 

0 (. 052166 
0,052433 

0,052404 
0.000163 

0 a OZ?S46 

0 e OS2251 

236/ma 
0,4t0461* 
0*411011 
0.411175 
0.411041 
0*411032 
0.410880 
0 41 1227 
0,4114Y 5 
0 n410909 
0.410633 

0 41 1025 
0.000234 

0.410845 
044122938 
0 ~ 1 0 6 7 8  
0.4 1.073 8 
0.411347 
0 + 41 I S 6 1  
0.410851 
0.410429 
0+411106 
0+410797 

0.410928 
0 000351 

Eluthodu G H  

E lur*r \ t  u 
Element 

ui/9 

873.5443 

872.5942 
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L a b o r d t u i r e  ONNL Eshsntillon H395 

S i #n a t u r D - - - - - - 11- 9-83 Correction UITHOUT 
D a t e  

Intenri te 
Bloc Princirel 2331238 2341238 2351238 

i 3.8~-14 0.946204 0.004706 0.o5oaw 
2 6eOE-14 0,945935 0.004733 0,0506263 
3 6e2E-14 0,946612 0,004795 0.050739 

Fi l a m e n t  4 6.2E-14 0.943483 0,004717 0+050917 
1 5 6.3E-14 0,944591 0.004718 0.050848 

6 644E-14 0,945605 0 , 0 0 4 6 8 4  0.050949 

tIP8ure 8 Je3E-14 0.943678 0.004743 0.050715 
1 -  2-85 9 5.3E-14 0.945390 0,004742 0*050784 

10 5.3E-14 0.944424 0.004748 0*050965 
1 1  5t3E-14 0.943975 0+004758 Oe050817 

Valeurs monennes 0.944920 0.004742 0.050847 
SD 0,001074 0+000038 0.000083 

Date de 7 5.4E-14 0,944219 0,004817 O6OS0817 

1 
2 
3 

Filament 4 
2 5 

6 
Date de 7 
Hesure 8 
1- 2-85 9 

10 
1 1  
12 

Valrurr mo~ennes 
SD 

6+6E-14 
7.OE-14 
7.4E-14 
6*0E-14 
5.4E-14 
5,5E-14 
5 2E-14 
6.7E-14 
6.OE-14 
5.8E-14 
5 BE-14 
5.3E-14 

0.94a152 
0.949815 
0 + 949322 
0.946608 
0,944353 
0.947941 
0.944475 
0.944803 
0 e 945308 

0.944548 
0,943712 

0 + 944344 

0,945096 

0,002044 

0,004783 
0.004813 
0 004772 
0+004745 
0 * 00471 1 
0.004760 
0.004743 
0.004824 
0 -004775 
0 e 004680 
0.004727 
0.004752 

0+004757 
0.000041 

0 OS1 186 
0 0508 14 
0,05109 1 
0.050907 
0+050746 
0*051026 

0 t OS0804 
0 ,051024 
0 e 050966 
0.050863 
0.090844 

0+050937 
0.000131 

0.050975 

236/238 

0.396516 
0,396477 

0.396452 
0 0 3 w 3 6  
0,395922 
0,396159 
0 I 395907 
0 + 39562 1 
0 396759 
0.396393 
0 e 396542 

0.396226 
0 6 000376 

0 B 397209 
0,397294 
0.396842 
0 *396174 

0.396397 
0 e 396227 

0 e 396142 
0.396518 

0 e 396406 

0.396409 

0.396308 

0 395907 

0 395409 

0.000527 

tIethodk OR 

E l e r r t i t  U 

Elencnt 
Ud/d 

871.8127 

870,4949 
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Appendix 2: Results using Average Bias Carrect ion 





53 

Lshoratoire ORHL Echentillon T O l S  
Date 

Sidnoturc _-_____ 11- 9-05 Correction DXSCRI 

Intensi t e  
Bloc F p i n c i r a l  

1 l.lE-14 
2 7.8E-15 
3 1.8E-14 

Filament 4 1.3E-14 
1 5 1.4E-14 

6 9.9E-15 
Data do 7 1.3E-14 
Hesure 8 6+8E-15 
22-10-84 9 8+3€-15 

10 1.9E-15 

238/239 
0 -709714 
0.708818 
0.719988 

0 709887 
0,740368 
0,729418 

0.678505 

0.743929 

0.761837 

0.719650 

240/239 
3 * 4562801 
3,547873 
3,575430 
3 +551374 
3.576166 
3 -588090 

3 659660 
3 *603519 
3.606803 

3.601479 

2411239 
1.511519 
1.538284 
i ,542778 
1,543683 
i .527012 
1,578739 
1,531837 
1 ,6174591: 
1 *561113 
1 0 5 3 9 1 5 4 t  

242/239 

136.077209 
134.0230871 

137,885803 
137.267975 
156+670731 
139,068165 
138.799454 
141,570251 
138,5414431 
140+52931? 

Mrtliudr GR 

Elr lnrnt  F'u 

E 1 em en t 
244/239 Ud/9 

59t9190791 
60,883797 

61.572422 
61.933790 

61,535141 
62.405155 
62,543003 
64.004562 
63*103764$ 
63 352608 

Valwrs rnobleftnes Oe722211 3,590044 1.544373 138.482620 62.266312 
sn 0.023173 0.033770 0.021964 1*891970 1.029001 

1 
2 
3 

Filament 4 

6 
Date de 7 
thsure 8 
22-10-84 9 

10 

2 c 

1.6E-14 
1 4 4 E - 1 4  
1.2E-14 
1.7E-14 
1.SE-14 
1 b4E-14 
1.3E-14 
1 +7E-14 
1.6E-14 
1 .5E-14  

0+700773 
0 + 706078 
0,733861 
0,703927 

0.713048 

0,717402 

o -716383 

0,704784 

0 725998 
0.716475 

3,608091 
3 545925 
3.593687 
3 547030 
3 n 578154 
3.590382 
3 1553754 
3 582799 
3 I 572003 
3,55038S 

1*554893 
1 e51 6456 
1 ,516018 
1.534634 
1 *547019 
1,549752 
1 ,511353 
1 ,503594 
1*530999 
1.546185 

137.853897 
136.649597 
137.789948 
135,716995 
137.612656 

135,879227 
137,072296 

138,367218 

137.775665 
136.939560 

62.106987 
61.542244 
62.129230 

62.10781'5 
62,423153 

61,969078 

61 *I1 5799 

61.344578 

42.172146 
61,781986 

Ueleure movennes 0.713873 3.572221 1.531090 137.165710 61.869301 
SD 0*010470 0.022031 0*018245 0.879315 0,414603 



Laborstoira ORHL Echantillon R O l S  

Siansture ------- 1 1 -  9-85 Correction DIBCRI 
DDtO 

Intensi ts 
Bloc P r i n c i r a l  

1 1t6E-14 
2 1.4E-14 
3 lelE-14 

1 5 le8E-14 
6 166E-14 

Filsncnt 4 1.8E-14 

Date de  9 1 .4E-14  
Mesure 8 l.6E-14 
22-10-84 9 1e3E-14 

10 1eSE-14 

2381239 
0*001610 

-0.001233 
-0,002334 
-0,001 158 
-0.001022 
0 000122 
-0 vOO1593 
O.OOO795 
-0.001144 
-0 000424 

Valeurs movennes -0*000638 
SD 0.001 181 

1 2,4E-16 
2 2.9E-16 
3 6e5E-16 

2 5 1.7E-15 
6 1.5E-15 

Filament 4 6.7E-16 

Date de 7 5 ,4E-15  
Mesure 8 4,7E-15 
22-10-84 9 1.3E-14 

11 1.7E-14 
12 1.2E-14 

10 l*lE-14 

-0,015219 
-0.009553 
-0.001452 
-06005547 

0 007986 
-0,003373 
0.015510 
0.001705 
0.009745 
0.048042 
0,026232 

0.003303 

V a 1 D u 1% s n ~ o  sen n c I 0,006448 
SEI 0.017261 

1 1 + 6 E - 1 4  
2 1.4E-14 
3 1*3E-14 

Filament 4 1.3E-14 
3 5 1.7E-14 

6 1.6E-14 
Date de 7 1.7E-14 
Hesure 8 1.7E-14 
22-10-84 9 1.6E-14 

10 le6E-14 

-0.000149 
0.000013 
0.00001E 
0.000816 
0 +OOO027 

-0 0 000230 

-0.000624 
- O + O O O 2 9 2  
0 00006S 

o .000148 

V a l e u r s  rnovunnes -0.000001 
SI! 0.000339 

240/239 

0.04941 2 
0.047257 

0 e 046885 
0 e 047044 
0 047097 
0 e 049092 
0.049222 
0,047330 
0.047316 
0,047517 

0,047215 
0.0001?1 

0.047144 

0 I 047373 

0.047091 

0.048807 

0 047336 

0 e 048934 

0,047445 

0 + 047 160 
0.046489 
0.046518 
0.046718$ 
0.047152 

0 * 047O37 
0 I 000323 

0.046976 
0.047084 
0.046926 

0.047161 

0.046669 

0,046721 

0+047171 

0.046559 

0*046?90 

0,046714 

0.048877 
0,000219 

2411239 
0 e 001355 
0 +001311 
0 eOQ130? 
0 +00142?* 
0 a 001373 
0.001369 
0 00135S 

0 e 001366 
0.001361 

0 001356 
0 +000030 

0.001402 

0 e 00160St 
0 00 1539 
0.001329 
0 001402 
0,001374 
0 I 001335 
0.001342 
0 I 001333 
0 t 001308 
0 001360 
0 t 001324 
0 001385 

0,001367 
0 +000064 

0.001357 
0 -00133S 
0 $001367 
0 * 001348 
0 *001331 
0 2001397 
0+001414 
0,001407 
0.001356 
0,001326 

0,001364 
0 e 000032 

2421239 
0 v 000070 
0.000065 
0 .000095 
0*000071 
0~000079 
0 I 000076 
0 .000089  
0.000097 
0 .000080  
0.000082 

0+000078 
0 +OOOQ09 

0 00016 IS 
0+000131 
0 *000108 
0+000083  
0.000067 
0 * 000080 
0.000080 
0+000071 
0 000074 
0 * 0 0 0 0 8 0  
0 000066 
0+000065 

0.000082 
0 *000020 

0 000067 
0.000084 
0 000086 
0+000084 
0 *000080  
0 000095 
0,000081 
0 .000099$  
0.000078 
0.000076 

0.000079 
0 e 000006 

244/239 
0.000002 
0 .oooooo 
0*000004 
0 * 000000 
0 * 0 0 0 0 0 2  
0.000000 
0 *000004 
0.000000 
0 .oooooo 
0 ,  Q00004 

0.000002 
0.000002 

0 000089$ 
0.000052( 
0 +000027 
0 00001 1 
0.000001 
0.000004 
0 000003 
0.000000 
0.00000 1 
o*oooooo 
0 * 000000 
0.000002 

0.000005 
0.000008 

0 *000007 
0 s 000006 
0,000003 
0 * 000000 
0.000005 
0.000002 
0.000000 
0,000003 
0 .OO0000 
0.000001 

0 000003 
0 *000003 
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Laburrtoire DRNL Echant i 1 I o n  E015 

Gistnature -_---__ 11- 9-85 Correction DI6CRI 
Data 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Dsta de 7 
Heuure 8 
22-10-84 9 

10 

238/239 
0,021901 
0.021643 
Ot021989 
0,021005 
0*021822 
0 t 022005 
0 +022514 
0.022402 
0.022 151 
0+021964 

240/239 
0.392012 
0 392399 
0,391732 
0.390917 

0,392228 
0.391356 
0 s 391885 
0 < 392698 
0 -392601 

0,390673 

2431239 
0,163S46 
0*1631X! 
0.162923 
0 162590 
0,16314S 
0 162420 
0.163295 
0 e 1&3311 
0.163137 
0,1643208 

242/239 
0 + 076467 
0*077132* 
0,076136 
0*075833 
0 t 075519 
0 I 075861 
0*075933 
0 076065 
0 076270 
0.076854 

flcthoda GR 

Element F U  

244/289 
Or000008 
0 000805 
0 * 0 0 0 0 0 3  
0 *000001 
0 ~000009 
0 I 000009 
0 * 000005 
0.000005 
0 *000008 
0.000014 

Ualeurv mosennes 0.021940 0.391849 0.163058 0.076104 0*000007 
SP O*OOO418 0 . 0 0 0 6 8 8  Oe000358 0*000392 0.000004 

1 
2 
3 

Filament 4 
2 5 

6 
Date do 7 
Mesure 8 

22-10-84 9 
10 
11 

0.021302 
0.021353 
0 ~ 0 2 1 2 5 1  
0 021406 
0,021616 
0.021527 
Or021692 
0 021832 
0,021345 
0 1021841 
0 I020850 

0,391506 
0 393094 
0 39 1246 
0.393462 
0.393151 
0 I 392959 
0 392928 
0.392995 
0.392738 
0.391988 
0 393908 

0.1634$7 
0,163913 
0 * 162957 
0.164362 
0,163342 
0.163860 
0.163623 
0.163968 
0,163103 
0.163490 
0 + 163234 

0 t 075950 
0.076221 

0.076336 
0 ~ 0 7 6 6 1 0  
0+076648 
0.075671 
0 076198 
0,076713 
OeO7669S 
0,076857 

0.076141 

0~000007 
0.000001 
0 e 000005 
0*000004 
0 +000003 
0 * 00000s 
0 * 00000s 
0.000004 
0,00000IJ 
0,000004 
0.000010 

Ualeurs mo'dennas 0.021456 0.392725 0.163574 0.076367 0 + 0 0 0 0 0 5  
sn 010002a9 o.oooai5 o.ooo42i 0.000369 0.000002 

1 
2 
3 

Filament 4 
3 5 

6 

t+Qsure 8 
22-10-84 9 

10 

Date 7 

0+020791 

0.021810 
0 I 022350 
0.021343 
0,021359 
0.021626 
0 L 021474 
0.022186 
Oa022198 

0,0214ao 
0 4390940 
0,391793 
0+391611 
0.391 125 
0 I391359 
0.391394 
0.392751 
0,392629 
0 + 392900 
0 * 392202 

01162323 0.075976 0,000009 
0.362461 0.076368 Ot000007 
0 .162166  0,075572 0 + 0 0 0 0 0 2  
0.162869 0.076291 0 + 0 0 0 0 0 5  
0.163225 0*076463 0 + 0 0 0 0 0 6  
0+162089 0+075603 0+000009 
0.1642158 0.076162 0.000008 
0*163212 0.076566 0 + 0 0 0 0 0 5  
0.163340 0+076076 0.000005 
0.162257 0.077266$ 0 ~ 0 0 0 0 0 9  

Element 
U d / *  

Waleurn noyennes 0.021662 0,391870 0.162727 0.076120 0~000007 
SD Oa000481 0*000707 0+000467 0*000353 0 + 0 0 0 0 0 2  



56 

Laboretoire ORNL Echantillan P Z l 5  
Date 

Sidnature _____I_ 11- 9-Ea5 Correction DlISkRX 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date ds 7 
Hesure 8 

22-10-84 9 
10 

Intensite 
Frincirel 
1.7E-14 
1e7E-14 
1$6E-14 
1 t6E-14 
1.X-14 
1a4E-14 
1.4E-14 
1.7E-14 
115E-14 
1 -4E-14 

1 
2 
3 

Filarent 4 
2 5 

6 
Date de 7 
Hesure 8 
22-10-84 9 

10 
1 1  
12 

U a l a u r s  moyennes 
SD 

1 eSE-14 
1.4E-14 
1.3E-14 
1.7E-14 
1 .SE-14 

1.5E-14 
1 $4E-14 

9+9E-15 
1.6E-14 
1 e4E-14 
1 e6E-14 
1 e3E-14 

238/239 
0.004420 

0,003785 
0.004502 

0*004041 
0 e004493 
0.005189 
0.002927 
0 004125 
0 + 0 0 5 3 6 5  
0,003689 

0 004254 
0 000716 

0,004724 
0*004018 
0.0045QO 
0 e 00441 7 
0 eOOS146 
0.004833 
0+004604 
0.004252 
0.004220 
0.004312 
0.004247 
0,005432 

0.004559 
0*000415 

240/239 
0 0700N 
0,0499 15 
0,069989 

0.070160 
0,070029 
0,070204 
0 e 070(56 1 I 

0 e 069861 

Oe070013 
0 e 070369 

0 v 070064 
0.000156 

0,070299 
0 * 069857 
0,069678 
0,070047 
0.069966 

OD070058 
0 070250 

0.070372 
0*070456 
0 0705'iS 
Oe070178 
0,070528 

0.070187 
0 e 000274 

24 i /239 
0 +311229 
0,011274 
0 ~ 0 1 1 4 1 0  
0+011184 

0.011247 
0*011513$ 
0.011379 
0 I 01 1296 
0.011319 

0 901 1293 
0*000071 

o 4 0 ~  1298 

0 eo1 1185 
0 *011306 
0.011208 
0.01 1266 

0.011373 
0,011371 
0 e 01 1437 
0 mol 136s 
0.011256 
0 I 01 1309 
0 01 135s 

0,011370 

0.011317 
0 00007S 

242/239 
0*890911 
0*892004 
0+890101 

0.890479 
0.893184 
0.891901 
0.89658O 
0,897734 
0 89471 6 

0 .  w o o a i  

0.892769 
0*002739 

0.888034 
0+885983 
0,887499 
0,890563 
0 892034 
0.894144 
0 -893320 
0 .e96521 

0.895340 
0 t 89665 1 
0.896338 

0.892661 
0 +0038IO 

0,895508 

Hathitdo OH 

Element FU 

244/239 
0+401257 
0.402349 
0,401254 

0,403057 
0.401764 
0.401777 
0 405598 
0 + 406576 
0 I 406357 

0.402284 

0,403228 
0 * 0021 17 

0 t 401400 
0.399483 

0+402600 
0 t 403584 
0.402786 
0.404479 
0.40cJ409 
0 + 407394 
0,404921 
0.406749 
0.405324 

0 403635 
0.002584 

o ,399488 

E 1 smcnt 
us/s 

10,2281 

10.2269 



57 

Lsburatoire ORNL Echantillon P315 
Date 

5 i Anature -______ 11- 9-85 Correction DISCRI 

Bloc 
1 
I 
3 

Filament 4 
1 5 

6 
Date de 7 
Mesurr 8 
22-10-84 9 

10 

Intensite 
P rinci+al 

1 7.5-14 
1.7E-14 
1 +6E-14 
1.6E-14 
1.6E-14 
1.6E-14 
1.5E-14 
1,SE-14 
1.5E-14 
1.C-14 

Ueleur.; mo~ennes 
SD 

1 1.6E-14 
2 1.4E-14 
3 le2E-14 

Filaacnt 4 1.6E-14 
2 5 1.4E-14 

6 1,6E-14 
Date de 7 1.4E-14 
f iesure 8 1.2E-14 
22-10-84 9 1.7E-14 

10 1a4E-14 

Valeurs muwennes 
SB 

238f239 
0.004623 
0.004717 

0.004328 
0*004702 

0 004640 
00004723 
0,004712 
0 6 004683 
0.004854 
0.004789 

0*004697 
0.000089 

0 ,004598 
0 0013 123 
0.004319 
0.004633 
0.004940 
0 004859 

0+004199 
0.004069 

0.005431 
0,004983 

0.004715 
0,000432 

2 4 0 / 2 3 9 
0 *070318$ 
0 I 069549 

0.069916 
0.06981Q 

0 069995 
0.069477 
0.069853 
0.070O74 
0.069486 
0.070221 

0.069820 
0 +000267 

0.070209 
0 069953 
0+070169 
0.06991 1 
0 *070074 
0 I 070022 
0 v 070307 
0 069996 
0.070130 
0 +069661 I 

0,070086 
0.000129 

241/239 
0.011318 
0.01 1081 
0.01 1251 
0 *Oil199 
0 +011283 
0 + 01 1031 
0.011159 
0+011325 
0 011259 
0 0 1  1251 

0.011216 
0 I 000098 

0 *011113 
0.01 1286 
0 *011445t 
0.01 1190 
0.01 1232 
0.01 1293 
0.011313 
0*011199 

0*011144 

0.011207 
0.000080 

0.011097 

242/239 

0.883828 
0.883775 

0 684506 
0 885388 
0 4 885848 

0 + 886823 

0+887477 

0.884168 

0,887589 

0.888952 

0 + 885835 
0.001810 

0 887899 
0+890984 
0 4 890598 

0 $887601 
0 8 889880 
0.887861 

0.087374 

0.889202 

0.800934 

0 888536 

0.888886 
0 e001270 

f iethodr GR 

Elrmriit t'U 

244/239 
0.395876 
0 396636 
0.397090 
0 397449 
0.398932 
0+398013 
0,397767 
0.399682 
0 399303 
0.401 346 

0 * 398210 
0+001623 

0,399623 
0.400633 
0 + 400338 
0.399432 
0 e 399202 
0.402322 
0 + 400463 
0.407785 
0.400733 
0.402784 

0.400851 
0.001343 

Element 
US/$ 

10.1596 

10.1948 



Labol'dtulru ORNL Echontillon P415 

Sianature _ _ _ _ _ _ _  11- 9-85 Correction DIBCRI 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date de 7 
Hesure 8 

22-10-84 9 
10 
11 
12 

Intcnsi te 
Frincipol 

1 + S E - 1 4  
1 e 2 E - 1 4  
1.6E-14 
1+4E-14 
1.3E-14 
1+8E-14 
1 e7E-14 
1 -6E-14 
1.7E-14 
1 t 7E-14 
1.7E-14 
1 * 6 E - 1 4  

Filament 
2 

Date de 
Mesure 

22- 10-84 

1 
2 
3 
4 
5 
6 
7 

9 
10 

e 

2.OE-14 
2.1E-14 
2.2E-14 
1.7E-14 
1 e7E-14 
1 e7E-14 
1.7E-14 
1 +6E-14 
1 e6E-14 
1.6E-14 

238/23? 

0.005757 
0.005541 
0 .O05570 
0,005858 

0.005730 

0.005796 

0.005701 
0 e 005720 

0,005681 

0 0055JO 

0 +005713 

0 * 005895 

0 6005543 

0 *OOOL06 

0+005607 
0.005743 
0.005409 
Ot005316 
0 +OOS545 
0*005540 
0 e005564 
0 .005490 
0 e006100 
0.005761 

0 . 0 0 5 6 0 8  
0*000219 

2401239 
0.074118 
0.074411 
0.074038 
0 4  074130 
0.074631 
0.073867 
0.074181 
0.074470 
0 I 074390 
0.074048 
0.074277 
0.074192 

0,074229 
0.000215 

0 e 074536 
0 I 07434s 
0.074229 
0.074269 
0,074580 
0.074364 
0.073925 
0.074349 
0,074077 
0 0747'38 

0.074343 
0 000243 

241/239 
0 t Qi3810# 
0,013145 
0 3013167 
0 ,013408 
0,013231 
0.013108 
0 e013087 
0.013146 

0.013186 
0.013230 
0.013102 

0.013070 

0.013171 
0 .OQOO9S 

0.013074 

0,013209 
0.013132 

0.013191 
0 e013200 
0 013010 
0.013114 
0+013264  
0.013198 
0.01 3354 

0*013174  
0 000097 

242/239 

1.060764 
1 I 053004 
1 , OS2789 

1.057155 

i ,05815e  
i .os'ia21 
1.058220 
1 .OS8195 
1 0054078 
1.056378 
1 +056045  
1,059723 

1,056694 
0*002517  

1.059526 
1 ,058660 
1.058479 
1.058165 
1,060150 
l.OrJ9980 

1.058337 

1,0627621 

1.059375 
0 00103S 

1.059824 

1.061250 

flethodr OR 

E1unan.L F'U 

244/239 
0 474346 
0 + 476563 
0,471905 
0 + 4721 13 
0 475557 
0 472360 
0,474900 
0 4741 64 
0.471660 
0 0 474096 
0.475434 
0 475508 

0 474050 
Ot001662 

0.477257 
0.477313 
0 4 476245 
0.477493 
0 477420 
0 t 478515 
0,478322 
0.4 7808 6 

0.478763 
0.477989 

0.477740 
0.000744 

10.1470 

10,1748 



59 

Lsboratoirr  ORNL Eehsntillon B l l 5  
Dstc 

Sisniture _ _ _ _ _ _ _  11- 9-85 C u r r r e L i o n  DISCRI 

I n  t en o i t B 
Bloc Prineirsl 

1 1b7E-14 
2 1.3E-14 
3 166E-14  

1 5 l+lE-14 
b 1.8E-14 

DatQ de 7 1+5E-14 

30- 1-85 9 1*7E-14 
10 1 .4E-14  

Filament 4 1,3E-14 

tiesure B 1.3E-14 

Ualaurr mouvnnes 
SD 

1 1.6E-14 

3 1.3E-14 

2 3 l66E-14 
b 1.9E-14 

tiQSure 8 Ie7E-14 
31- 1-8s 9 1 ~ 5 E - 1 4  

10 1*4E-14 

2 1.5E-14 

Filammnt 4 1.7E-14 

Date d e  7 1.K-14 

Ua 1 Qu r s nw sennen 
sn 

238/239 
0.020493 
0 * 028784 
0.027944 
0 t 027677 
0,027664 
0 0290 15 
0.028680 
0.029184 
0.029053 
Qe027471 

0.028417 
0 000627 

0 028803 
0.025371 
0 028709 
0 t 028872 
0 * 028729 
0.028669 
0 029070 
0 028950 
0.028439 
0+029037 

o .02a765 
0*000233 

2401239 
0.424049 
0.425447 
0,424797 
0.425374 
0.4290521 
0 42594 I 
0.425146 
0 + 423236 
0.427964 
0,424919 

0 e 425210 
0 *001309 

0.426255 

0 425709 
0.4260a6 

0.425341 
0.425479 
0.426045 
0+427857$ 
0.426593 
0.425532 
0 425368 

0.425823 
0.000441 

241/239 
0 t 178225$ 
0 e 177702 
0.177198 
0 177979 
0*178198 
0 177347 
0 177659 
0.17?953 
0 178634 
0+178414 

0 177908 
0 e 000484 

0 178101 
0 (r 178218 
Oe.178345 
0 + 177867 
04178041 
0.177968 
0+178218 

0*178022 
0*176150 

0 178099 
0 * 000136 

0.176058 

242/239 
1.493838 
1.497395 
1.499632 
1 .SO4722 
1 -505547 
1 *SO0197 
1 *SO2539 
1 *50l041 
1.513282 
1+310192 

1.502900 
0 *005761 

1 505733 
1.502477 
1 *SOS471 
1.501923 
1 .SO4877 
1 *505i24 
1 .SO9024 
1.307122 

1 s"s3174 

1.S05466 
0.002b01 

1 .SO9731 

nethodr GR 

244/239 
0 . 4 3 5 6 9 5  
0 L 6361 16 

0+640995 
0 I 643265 
0.640026 
0-641025 
0 639783 
0,647444 
0 e640101 

0 i) 441333 
0 *004088 

o .64oa78 

0.644588 
0 + 64 1712 

0,643978 
0.642470 
0.642767 
0,444161 
0,646550 
0.646345 
0.644491 

0.643898 
0e001707 

o .6418a6 

E 1 elrent 
US/$ 

4.3818 

4.3702 



69 

L a b o r a t o i r r  ORNL E c h a n t i l l o n  H215 

Si l lnature _ _ _ _ _ _ _  11- 9-85 C o r r e c t i o n  DISCRI 
Date  

I n t e n r i t e  
Bloc P r i n c i p a l  

1 1,BE-14 
2 1.8E-14 
3 1.8E-14 

Filament 4 1.7E-14 
1 5 1.6E-14 

6 1.7E-14 
Date de 7 1,5E-14 
Mesure 8 1,4E-14 

31- 1-85 9 1.7E-14 
10 1e5E-14 

238/239 
0.029050 
0 OTLP385 
0,028843 

0.028742 
0 e02891 7 
0,028912 
0 028765 

0,028e95 

0.029473 
0.029190 

240/239 

0.427303 
0.425882 

0.427194 
0.427136 
0 -427366 

0.427245 
0 -425696$ 
0 428834 
0 s 428836 

0 I 427404 

241/239 
0.177397 
0.178081 
0.178374 
0.178820 

0.178235 
0 * 178363 
0 * 179425 

0.178885 

0.178593 

0 .  ieo6ooa 

242/239 
1.563408 
1 570256 
1.568435 
1.548387 
1.574358 
1.567862 
1,572702 
1 *E570532 
1.577649 
1.373839 

Hethodr OR 

Elumwtt YU 

244/239 
0.6670991 
0.672584 
0.673062 
0 * 673527 
0 * 673316 
0.673024 
0.673254 
0.674635 
0.674226 
0 I 675765 

V a 1 eu I. now en ne s 0-029017  0,427469 0.178464 1.570745 0.673933 
Sn 0,000254 0.000907 0+000570 0.004046 00001300  

1 
2 
3 

F i l a n e n t  4 
2 5 

b 
Date  de 7 
Mesure 8 
5- 2-85 9 

10 
11 
12 

0.028981 
0.028965 
0.02a673 
0.029187 

0.026776 
0,029024 

0 028672 
0 029155 
0.029046 
0 ,028888  
0,029227 
0+029008 

0 a 426456 
0.427366 
0.42a137 
0 B 426463 
0,428493 
0.426715 
0.428414 
0,427894 
0 +428363 
0 + 426448 

0 e 427109 
0,426878 

0 * 1821941 
0.179167 
0,178978 
0 179636 
0.178426 
0.178795 
0 > 178667 
0 e 178397 

0,178842 
0 B 178244 
0 o 179098 

0 .17a i06  

1.571917 
1.573614 
1.573493 

1.573248 
1 +574849 

1.575564 
1.576696 
1.574433 
1.573989 
1+376032 
1.576147 
1 .'J76353 

0 a 67231 1 
0 -672400 
0.673459 
0+677900  
0.674996 
0,673442 
0.676932 
0.67741 4 
0 675903 
0,676970 
0.678613 
0.675524 

Valeuvri i iownnes 0.028967 0.427395 0.178760 1.594695 0.675655 
SD Oe000186 0.000822 0.000452 0.001490 0.002076 

Element 
u*/* 

6 .3731  

6.3568 



61 

L a b o r d t o i  I** ORNL Ech%nt i I 1 on H3 15 

6 a snatu re I----_- 11- 9-85 C o r r e c t i o n  IIIISCRI 
D%tc 

Bloc 
1 
2 
3 

Filaaent 4 
1 5 

6 
Date de 7 
f iesure  8 
1- 2-85 9 

10 

In  t a ns i t e 
F r i nc irrl 
lr7E-14 
1.6E-14 
1.6E-14 
1 e6E-14 
1+6€-14 
1.M-14 
1.6E-14 
1.5E-14 
1 *6E-14 
1 e6E-14 

V a l e u r s  mowennes 
sa 

1 1.7E-14 
2 l*6E-14 
3 1.6E-14 

2 S lb6E-14 
6 1.6E-14 

Date de 7 1.6E-14 
fiesure 8 1.5E-14 

Filament 4 1.6E-14 

22-10-84 9 1.6E-14 
10 le6E-14 

Vsleura mosennes 
SD 

238/239 
o .02a912 
0+028768 
0.028435 
0 a 028967 
0+029161 
0 e 028536 
0.029100 
0.028850 
0.028521 
0 028827 

0.028808 
0 * 000246 

0.028912 
0 028768 
0.028435 
0 rn 028967 
0*029161 
o + 029536 
0.029100 
0 b 028850 
0.028521 
o +02a~27 

0.028808 
0 e 000246 

2k0/239 
0.425593 
0 a 424572 
0.426193 
0 I 424397 
0,425764 
0 e 425986 
0 426106 
0.425238 
0 424171 
0 424672 

0.425269 
0.000762 

0.425593 

0.426193 

0.425764 
0.425906 

0,424572 

0.424397 

0.426106 
0.425236 
0,424171 
0.424672 

0,425269 
0 + 000762 

241/239 
0.177606 
0 )I 178794 
0 I 178570 
0.178118 
0 )I 177652 
0 177567 
0.177920 
0 178562 
0.177302 
0 177224 

0,177931 
0 Ir 000558 

0 177606 
0 178794 
0 0 178570 
0 1781 18 
0.177652 
0.177567 
0.177920 
0 + 178362 
0 I 177302 
0 177224 

0.177931 
0.000558 

2421239 
1 t 509453 
1 *SO6941 
1.S10800 
1,513346 
1.312223 
1+515913 
1.516145 
1 +51440~ 
1.512647 
1.511344 

I .512242 
0 a002978 

1 *SO8453 
1 *SO6941 
1 .S10800 
14913346 
I .512223 
1 *SI 3913 
1.516145 
1 .514405  
1.512647 
1 +S11544 

1.512242 
0+002978 

fiothodr OR 

Elenal l t  PU 

2441239 
0,642977 
0.641002 
0,644772 

0.644823 
0 I 642542 

0 646551 
0.645057 
0.644123 
0.643344 
0,646440 

0.644164 
0,001738 

0.642977 

0.644772 
0 64 1002 

0.642542 
0.644823 
0.646S5l 
0,645057 
0.644129 
0.643344 
0.646440 

0 644164 
0 I 001738 

6.3908 

6 * 3697 



L a b o r d t o i r r  OHNL E c h a n t i l l o n  T O 1 5  

Sianir ture _ _ _ _ _ _ _  11- 9-85 C o r r e c t i o n  DIBCRI 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date du 7 
Merrrre B 

24- 1-85 9 
10 

V a 1 eu 1.5 mow en n 
SIJ 

1 
2 
3 

F i lament  4 
2 5 

6 
Date de 7 
Mesure 8 

28- 1-85 9 
10 
11 

I n t e n r i t e  
P r i n c i p a l  2331238 

5.7E-14 154*045334 
6.lE-14 151.427597 
S.2E-14 155.320541 
4.5E-14 154.959442 
3.8E-14 151.153900 
5,OE-14 152,622650 
4.OE-14 152-963821 
4 * 7 E - 1 4  154,063766 
3.5E-14 151.70135J 
5.3E-14 154+324493$ 

le5 153*139%12 
1.540431 

5.5E-14 153.075562 
5,4E-14 151.839081 
4.8E-14 150,992416 
4.5E-14 153a702057 
4.3E-14 151.797272 
4.OE-14 150,906860 
5.3E-14 153.274979 
4.7E-14 150,330505 
4.6E-14 150.706070 

4.8E-14 153,146820 
s . ~ E - I ~  i s , 7 a 3 6 9 1  

V a l e u r r  moyennes 152.141403 
SD 1.292087 

234/238 2351238 
0.743420 6.856415 
0*7314?5 6.735717 
0.763559 6,895607 
0.747223 6.919634 
0.733412 6.71a556 
0.747079 6.805693 
0,749966 6.806298 

0 . 7 ~ 9 9 6 5  6.a34965 

0.749653 6,797889t  
0 .746743  6.723279 

0.747252 6.810240 
0.009975 0.073056 

0 ,749356 
0*737312  
0 + 7 3 5 3 5 5  
0 .756872  
0*7460S1 
0,735229 

0 +74108? 
Oe732516 
0.743360 
0 ,748450 

0,75529a 

0 7437 17 
0 e 008260 

6.797892 
6.747573 
6 707026 
6.822681 
6.707099 
4,69?7Q1 
6.825367 
6.699052 
6.714110 

6.853445 

6.769710 

6.812848 

0,057686 

236/238 
64.623901 
63 -535130 
65,102913 
65e019625 
63 0398037 

6 4  148064 
64,619820 
63.606726 
64,5188608 

64.03‘5522 

64.241081 
0 633065 

64 B 346275 
64.034355 
63.662790 
64 * 761 169 
63,876373 
6 3  6 575325 
64 G 367287 
63 + 240192 
63.362946 
64.573906 
64 e 336693 

64,012482 
0 506043 

E 1 eaent  
u* /*  
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L e b o r a t o i r e  ORffL E c h a n t i l l a n  R015 
Date 

S isneture  _ _ _ _ _ _ _  11- 9-85 Correction DJGCRI 

Bloc 
1 
2 
3 

Fi lament  4 
1 5 

6 
Dete d e  7 
Mrrure  8 
24- 1-85 9 

10 

I n t e n s i  t e  
P r i n c i p a l  

4.9E-14 
4e7E-3.4 
4 4E-14 
5.3E-14 
4 a8E-14 
4.1E-14 
3 e 4E-14 
4.7E-14 
3elE-14 
4 + 1E-14 

233/238 
0 .000020  
0 00001 9 
0 n000019 
0 +000020 
0.000018 
0 *000015 
0 I000020 
0.000015 
0 t 000024 
0 I )  000027X 

234/238 
0.000055 
0.000051 
0.000050 
0.000050 
0 000057 
0 I 000054 
0.000057 
0,000049 
0.000059 
0 + 000057 

235/238 
0 007244 

0.007198 

0,007193 
0.007248 
0.007143 
0,007149 
0.007117 
0,007219 

On007160 

0,007308 

2361238 
0 + 0 0 0 0 0 5  
0.000009 
0.00001 0 
0 0000 1 0 
0.000011 
0.000010 
0 ~ 0 0 0 0 1 3  
0.000010 
0.000007 
0 .000008 

Veleurs mo+dertnes 0+000019  0,000054 0+007198  0.000009 
SD 0 ~ 0 0 0 0 0 3  0+000004 0 ~ 0 0 0 0 5 8  0 . 0 0 0 0 0 2  

1 5 .8€ -14  
2 6.1E-14 
3 6 * 6 € - 1 4  

F i lament  4 5.4E-14 
2 5 5+4E-14 

6 'i.4E-14 
Date de 7 5,4€-14 
Hesure 8 5.3E-14 

24- 1-85 9 3,2E-14 
IO 5.3E-14 

0 t 000025 
0,000018 
0 *0000?3 
0.000021 
0.000016 
0.000016 
0 +000023 
0.00001 9 
0 t 000021 
0 .000023  

0.00004711 
0 * 0 0 0 0 5 s  
0 * 000050 
0.000052 
0 *000055 
0.000054 
0 *000056 
0 000054 
0,OOOOS~ 
0 000055 

0 , 0 0 7  157 
0 e b07 199 
0.0072&0 
0,007234 
0.007353 

0.007236 
0.007232 
0.007240 
0.007301 

0.007335 

0.000010 
(I *O(t0011 
0.0000 11 
0*000013 
0+000007 
0.00001 1 
0.000007 
0.000010 
0.000010 
0.000008 

Valeui*(r momennes 0*000021 0.000054 0.007255 0.000010 
Sn 0.000003 0*000002 0.000060 0.000002 

1 
2 
3 

F i lament  4 
3 5 

4 
Date de 7 
M e w r e  8 
4- 2-85 9 

10 

5eOE-14 
4.7E-14 
4.5E-14 
5.2E-14 
5.OE-1.4 
4 t 7E-14 
4.5E-14 
5.6E-14 
5 + &E-14 
5+3€-14  

0 t 00002 1 
0 t 0000 1 8 
0 * 00002 1 
0.000022 
0.000022 
6.000020 
0.000015X 
0+006023 
0.000022 
0.000025 

0.00005 1 
0.000051 
0.000057 
0 e OOOOS4 

0.00005J 
0.000051 
0 e000047 
0.000050 
0.000052 

o.ooo0~2a 

0.007251 

0 I 007 327 
0.007338 

0.007264 
0 , 0 0 7 2 6 6  
0 007223 
0,007234 
0 I 007278 
0+007230  
0 007232 

0 *000009 
0.000008 
0 *000013 
0 + O00009 
0 t 000007 
0 t 000008 
0 .OOOOl1 

0.000008 
0 .O00009 

0.000012 

E lement  
US/$ 

V a l e u r r  (rouonnes 0*000022  0+000052  0 .007263  0*000009  
SD 0.000002 0.000003 0.000040 0*000002 



64 

Laboratoire ORNL Echsntillon EO15 

Sisnature __-____ 11- 9-85 Correction DPSCRI 
Date 

RXac 
1 
2 
3 

Filament 4 
1 5 

6 
Date 7 
n r s u r e  8 
25- 1-85 9 

10 

Intensite 
Princiral 
5e2E-14 
4 .BE-14 
4.4E-14 
5 OE-14 
4.3E-14 
3 -8E-14 
5,OE-14 
4.28-14 
4 * SE-14 
3 7E-14 

Va l e u  re m a y  ennos 
SD 

1 
2 
3 

Filament 4 
2 5 

6 
Dote de 7 
Mrsure 8 
28- 1-85 9 

10 

Valeurs moys+nnes 
SD 

5.2E-14 
4 9E-14 
4.6E-14 
5 2E-14 
4 .9E-14  
4.7E-14 
4.5E-14 
4 t ZE-14 
3e6E-14 
J.3E-14 

1 5.2E-14 

3 3.88-14 
Filaacnt 4 S.3E-14 

6 5.2E-14 

tiesure 8 S.2E-14 

2 4 e 8 E - 1 4  

3 S 5e3E-14 

DJte do 7 5.2E-14 

4- 2-85 9 4 + 8 E - 1 4  
10 5.3E-14 

Valeure maweones 
SD 

233/238 
0 t 000000 
0 * ooooldo 
0 0 000000 
0 * 000000 
0*000000 
0 t 000000 
0 t 000000 
0.000001 
0,000000 
0 ,  000000 

0 ~ 0 0 0 0 0 0  
0 . 0 0 0 0 0 0  

o,ooaooo 
0 * 000000 
0 *000000 
O.OOQOO1 
0 000000 
0,000000 
0 ~ 0 0 Q O 0 0  
0 , 0 0 0 0 0 0  
0 000000 
0 .  OOOOOO 

0 . 0 0 0 0 0 0  
0 .000000  

0.00000 1 
0 8 000001 
0 * 000001 
0 . 0 0 0 0 0 0  
0 .oooooo 
0 000003 
0.000000 
0.000000 
0 .  000000 
0 OOOQOQ 

0.000001 
0.000001 

234f 238 
0 000136 
0.000142 
0 a000154 
0.0001 4Q 
0 * 000 137 
0.000150 
0,000157 
0.000143 
O*OOO 147 
0.000138 

0 * 000144 
0,000007 

0 *000160$ 
0 e000143 
Q 000148 
0 0001 4 1 
0 sOOO146 
0,000137 
0,000140 
0 000148 
0 000141 
0.000130 

0,000142 
0 000006 

0 000 145 
0.000155 
0.000149 
0 ~ooo1so 
0 *000152 
0.000150 
0 +000147 
0,000153 
0 1 OOOlJ? 
0 000143 

0.000150 
0 . 0 0 0 0 0 s  

235/238 
0.008961 
0.006853 
0.001895 
0.008836 
0.008898 
0+008949 
0 -008874 
0 +008909 
0,008877 
0+008884 

o.ooa894 
0.000039 

0 -000971 
0+00909lt 
0 t 008968 
0*008945 
0 00892J 
o.ooa31i 
0 .009019  
0,008969 
0 e 008904 
0 ,008948 

0.008951 
0+000036 

0 009073 
0 009098 
o .0090oa 
0 e 009002 
0 ,009089 
0 +009075 
Oe009054 
0 00901 7 
0 008956 
0.008972 

0.009034 
0 I ooooso 

2 3 6 f  238 
0 e 003053 
0 003046 
0 e 003092 
0 003081 
0*003106 
0.003106 
0+003093 
0 003062 
0 +003066 
0.0031538 

0 003078 
0 s 000023 

0.003146 
0 t 003149 
0 0 003088 
0 003064 
0+00311S 
0 003l04 
0 003141 
0.003141 
0.003044 
0 -0031 10 

0.003110 
0 B O00036 

0.003136 
0 ,003084 
0.0031898 
0,003111 
0.003122 

0*003119 
0.003119 
0.003161 
0.003143 

0 0031 26 
0.000022 

0,00313e 

El enen t 
U*f* 
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Laborotoiro ORWL Echantillon P215 
Date 

Sidnrture -___--- 11- 9-8s Covruction B I S C R I  

Intencite 
Bloc Princival 

1 S.4E-14 
2 5+5E-14 
3 5+2E-14 

1 3 &OLE-14 
4 6.1E-14 

Filament 4 5.68-14 

DJte de 7 5,3E-14 
nrsurr  8 6.lE-14 

28- 1-85 9 7+1€-14 
10 7.3E-14 

233/238 

0 787668 

0.787886 

0.788458 

0,789249 

0 788025 
01787422 

0 785913 
0 + 786560 

0.787331 

0.785013 

234/238 
0,00391S 
0 I 003122 

0.003919 

0.003938 

0 4 003969 

0+003911 

0*003970 
0.003888 
0.0038'56 
0,003901 

236/238 2351238 
0,042485 08332504 
0+042591 0,332619 
0.042316 0,333593 
0*042517 0.333079 
0.042426 0,333477 
0.04222a 0.332379 
0.042397 0,332251 
0+042284 0,333096 
0.042381 0,332285 
0 042300 0 e 332483 

Valeurs wsennes 0,787352 0.003919 0,042393 0.332776 
SD 0.001240 0,000035 0,000115 0.000496 

1 
2 
3 

Filament 4 
2 5 

6 
Date de 7 
Hesure 8 
5- 2-85 9 

10 
l i  
12 

0 I 7893 10 
0.789694 
0 e 7881 20 
0 a 789307 
0.788749 

0 r)  788569 

0,788137 
0 I 787233 
0.787575 
0.787091 

0.788181 

0,797954 

0.0038V7 
0,003931 
0,003912 
0+003951L 
0.00391 1 
0.003893 
0.003ae6 
Q ,00393a 
0 t 003868 
0.003861 
0.003917 
0 e 003902 

0 $042220 
0 + 042170 

0 * 042661$ 
0,042482 

0.042381 

0.042068 

0.042344 

0.042234 
0.042247 

0.042454 
0.042320 

0,042310 

0 333297 
0.333387 
0 G 332387 

0 6333359 

0,333131 
0.333123 

0 )I 532494 

0.332061 

0.332802 
0.332413 
0,33270a 
0 332703 

Valeurs mouenncs 0.788327 0.003902 0.042294 0,332639 
SD 0,000829 0.000024 0*000122 0.000422 

Element 
Ull/ i l  

1420 I 2003 

1421.96bY 



66 

Laburatuiru ORNL Echcntillon P315 

S i d na t u re - - ~ - - - - 11- 9-85 Correction DISCRI 
Dote 

Blac 
1 
2 
3 

Filsmcnt 4 
1 5 

6 
Date de 7 
ne6UrQ 8 

29- 1-85 9 
10 

I rl t e n s  i t e 
Principal 

5.4E-14 
5.3E-14 
S.2E-14 
5.1E-14 
4.9E-14 
4.7E-14 
4.5E-14 
S .  3E-14 
4.9E-14 
4 4 E - 1 4  

2331230 
0 794825 
0,794013 

0 t 792585 
0 e 790511 

0 $789642 

0 784135 

0 793969 

0.789821 

0,7.8S4?2 

0,782704 

234/238 
0 e003904 
0 * 0 0 3 9 9 7  
0 003910 
0 ,003897 
0.00390Y 
0.003B39 
0,003895 
0 003869 
0.003874 
0.003933 

2351238 
0.042S48 
0 e 042388 
0+042318  
0 I 042207 
0,042345 
0 I 042426  
0,042388 
0.042260 

0.042127 
0.042277 

Valcurs muvennzs o . 7 ~ 7 6 ~ 1  0.003e98 0,042329 
SD 0.004344 0.000028 0.000119 

1 5e3E-14 
2 4.6E-14 
3 4.6E-14 

2 S S+6€-14 
6 5+0E-14 

DJtu d e  7 4 + 8 E - 1 4  

29- 1-85 9 4.2E-14 
10 5, lE-14 

filament 4 4.9E-14 

Hrsurs  8 4.6E-14 

Valeurs  mo'dennes 
SD 

0.791578 
0 79061 5 
0.789SO2 

0.789123 
0 788880 
0.788363 
0 787978 
0,786S85 

0.790920 

0 + 789593 

0.7e9314 
0.001486 

Q ,0038e5 
0.0039i6 
0.003904 
0*003872  
0+003861  
0+003956$ 
0*003820  
0 003885 
0 003874 
0+003892 

0,003879 
0*000028  

0.042353 
0,042393 
0.042574$ 
0.042366 
0 042187 
0 042404 
Or042164 
0.042362 
0.042360 
0 B 042303 

0 a 04232 1 
0 I0000B8 

236/238 
0 * 333558 
0 333007 
0 t 332988 
0 333136 
0 333556 
0.332372 
0 t 332465 
0 -332181 
0 * 331 88 1 
0.331428 

0 332677 
0.000674 

0 t 332872 
0.333120 
0.332873 
0 6 332897 
0,332805 
0,332436 
0,332988 
0 332452 
0,331686L 
0 333059 

0 332034 
0+000242 

Method*, OR 

Eleaant U 

E 1 beri t 
UW/d 

1426.2263 

1425 4028 
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Laboratui re ORNL Echantillon P415  

Sidnature _ _ _ _ _ _ _  11- 9-85 Correction DfSCRI 
m t e  

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date de 7 
Hesure 8 
4- 2-85 9 

10 

Intenci te 
Principal 

515E-14 
4+8E-14 
4 +3E-14 
5+7E-14 
5 t4E-14 
5.OE-14 
S L OE-14 
6.OE-14 
5.5E-14 
4.88-34 

Ua1eui.s mouelines 
SD 

1 5,2E-14 
2 5.1E-14 
3 419E-14 

Filament 4 4.78-14 
2 5 4.6E-14 

6 5.5E-14 
Date de 7 5+2E-14 
nosure 8 5 . 1 ~ - 1 4  
4- 2-85 9 S40E-14 

10 4.9E-14 

Ualeurs m o w n n e s  
SD 

2331238 
0 L 945505 
0 946360 
0,945043 
0 e 943200 
0.943583 
0.944212 

0,945267 
0 945168 
0 945000 

0.945157 

0,944856 
0 roo0937 

0.947356 
0 94567 1 
0+946160  

0 944081 

0,944368 
0,944055 
0.944722 
0,941923 

0,944758 
0 a 001 644 

0,946297 

0,942948 

234/238 
0,004634 
0,904649 
0.004637 
0.004699 
0.004669 
0 + 004671 
0,004632 
0.004687 

0.004615 

0.004654 
0.000027 

0,004649 

0*004680 
0 * 004740 
0.004724 
0.004677 
0.604642 
0 s 004679 
0*004655  
0 aOO4631 

0 004685 
0.004704 

0.004682 
0 4 000034 

23W238  
0 o 049350 
O+049356 
0+049200  
0.049426 
0.049070 

0.049191 
0.049316 
0.049134 
0,049400 

0,049291 

0,049274 
0 t OOOi 19 

0.049280 
0 0491 11 
0.049 146 
0.049338 
0.049187 
0.049249 
0.049077 
0.019061 
0.049137 
0 049290 

0 ,049188 
0 .OOO097 

Hethodc GR 

Ela*rot u 

236/23a 
0.397369 
0.3V7655 
0 9 39663 1 L 
0 I 397214 
0.3?8037 
0,397486 
0.397679 
0.398247 
0 a397833 
0.398055 

0.397731 
0 000343 

0 4397848 
0.397685 
0*3?7652 
0.398612a 
0.397377 

0.398079 
0.397425 

0 397251 
0 397983 
0+3?7303 

0,397623 
0 4 000303 

E 1 f! ut@ n t 
url/* 

1428,5201 

I 4 2 8  3795 
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L 8 b u r ra t o i re 0 RN  b Echantillm HllS 

Sianeture _ _ _ _ _ _ _  11- 9-8s Correction DISCRS 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date do 7 
H8rurc 8 

30- 1-85 9 
10 

Intansite 
Principal 

5 . X - 1 4  
4.98-14 
4.7E-14 
4.3E-14 
3.  BE-14 
5.SE-14 
4,8E-14 

5 SO€-14 
4.38-14 

S.8E-14 

Ualeurs norvnner 
SD 

1 
2 
3 

Filament 4 
2 5 

6 
Data d e  7 
Hesure 8 

31- 1-85 9 
10 

Uirlsurs mouennes 
SD 

4.98-14 
4.58-14 
4.2E-14 
5 t 3E-14 
4.6E-14 
4.K-14 
4.18-14 
5.58-14 
5tOE-14 
4*4E-14 

2331238 
o .92033a 
0 e918499 
0*91719E 
Ob916548 

0,922320 
0,922677 
0 6 81 7969 

0.915995 

0,919073 
0.918104 

0 e 9 18863 
0.002288 

0 914366 

0.913139 
0.913436 

0.914044 
0,914308 
0.916122 
0,916391 
0.915982 

0 916331 
0.915783 

0,914990 
0.001258 

234/238 
0.00457Qt 
0 e004602 
0+004659 
0 t 00466? 
0 4 004653 
0 + 004670 

0 e004662 
0 e004636 

0.004636 

0,004663 

0 * 004652 
0.000021 

0,004643 
0 004630 

0 s 004659 
0.004579 
0 004650 
0.004530f  
0 ~ 0 0 4 6 1 5  
0*004574 
0,004614 

0 a 004623 
0 * 000030 

0.004639 

235/238 

0.049686 
0.049766 
0.049626 

0.050117 

0.04966S 

0.049937 

0.049380 

0 -049923 

0 049892 
0 059033 

0 t 049824 
0 t 000182 

0.0497S4 
0 r049664 
0.049695 
0.049886 
0,0498S6 
0 049896 
0 04964 1 
0.049029 
0.049615 
0*049918  

0+0497?5 
0.0001 15 

236/%38 
0+390178  
0+390103 
o 389567 
0.389504 
0.389582 
0.391 454f  
0.390810 
0.389594 
0 0 390385 
0+390121  

0 389983 
0.000452 

0 389627 
0 3891% 
0 388947 
0 t 389061 
0 e 388829 
0.389906 
0.390134 

0 I 390S26t 
0 390064 

0.3~197es 

0.3e9501 
0 0000506 

E 1 e men t 
Uri /Y  

894 I 6888 
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Latoratoire ORHL Eehantillon Ha15 

SiSnrture _--____ 11- 9-85 Correction DISCRI 
DJta 

In t ens i t e 
Bloc Principal 

1 5 .48 -14  
2 4 .6E-14  
3 3.8E-14 

1 5 4*9E-14 
6 4+5E-14 

Filament 4 S.3E-14 

Date de 7 4.2E-14 
Hrsuro  8 5.5E-14 
31- 1-65 9 5e2E-14 

10 5,OE-14 

Velours mowennes 
SD 

233/238 
0.962492 
0 960037 
0*960526 
0 * 962036 
0 e 962000 

0 962967 
0 + 960285 
0*95?455 

0 962038 

0,95a6iz 

0.961073 
0,001422 

0*961077 
0.962961 
04962792 
0 963653 
0.962526 
On9b4965 
0 964794 
0 e 959509 
0,959455 
a. 959418 
01962115 
0.002140 

2341’230 
0 * 00488S 
0 B 004915 

0 tQ04857 
0.004842 
0.004841 
0 + 004815 
0*00477Q 
0.004850 
0.0048e9 

0,004856 
0 *000040 

0.004887 

0 004894 
0.004931 
0.004763 
0 -004834 
0+004888 

0 +004902 
0.004837 
0 eOQ48OS 
0 *004807 

0 e004045 
0.000058 

0.004770 

235/238 
0 *OS1843 
0,05191 4 
09051984 
0.051712 
0 051844 
0.051804 
0 OS2069 
0.0SL89S 
0 +OS1596 
0+051SS2 

0,051821 
0,000163 

0 +OS2004 
0 *051709 
0.051845 
0 -051683 
0.051865 
0 a OS197 1 
0,052090 
0.051679 
0,051594 
0 4 051859 

0 .051830 
0*000161 

Wothode GR 

Elereill U 

236/238 
0.4074631( 
0 408009 
0 )r 4081 72 
0,408039 
0 408030 
0 407879 
0 * 408223 
0*408410 
0.407807 
0,407633 

0.408022 
0.000232 

0,407844 
0.409281$ 
0.407678 
0 t 407737 
0 408342 
0 6 408G35 
0 407850 
0.407431 
0.408103 
0.407796 

0.407926 
0 +OOOJ4B 

Element 
us/* 

891.2349 

890 2655 



Lahoratoiru ORNL Echsntfllon H315 

Sianaturc ____--_ 11- 9-85 Correction DISCRI: 
DJtQ 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
DJtb d e  7 
Hesure 8 
1- 2-85 9 

10 
1 1  

I n t cn s i te 
Principal 
5.3E-14 
6.1E-14 
6e2E-14 
6+2€-14 
6 * 4E-14 
6.4E-14 
5 4E-14 
5.4E-14 
5.3E-14 
5.4E-14 
S+4E-14 

Valcurs mauennes 
SD 

1 
2 
3 

Filament 4 
2 5 

6 
Data de 7 
nerure 8 
1- 2-874 9 

10 
1 1  
12 

6 + 7E-14 
7 *OE-14 
7.4E-14 
6+lE-14 
S 4E-14 
5.6E-14 
5 I 2E-14 
6*7E-14 

5.9E-14 
5 + 5E-14 

6. OE- 14 

5.4E-14 

Vslcurr mo~ennes 
3D 

233123% 
0 ,928923 
0.928659 
0.929323 
00926252 
0+92?340 
0.928335 
0.926974 
0,926442 
0.920123 
0 e 9271 75 
0.926733 

0 3 27 662 
0 + OQIQS? 

0 e 930838 
0.932471 
0.931986 
0.929322 
0.927108 
0 rn 930631 
0.929192 
0 t 927550 

0.927838 
0 927300 
0.926479 

0.929063 
0 + 002006 

0 928046 

234/238 
0.004638 
0.004665 
0.004725 
0.004648 
0.004649 

0.004747 
0.004673 
0,004673 
0.004679 
0.004689 

0,0046?3 
0,000038 

OhQO4616 

0 .OQ4?14 
0.004743 
0 .Om703 
0,004675 

0,004691 
0,0046f3 
0.004754 
0.004705 
0.00461 2 
0.004658 
0,004683 

0,004688 
0.000040 

Oe004642 

235/23S 
o.osa337 
0 t OS0072$ 
0,050202 
0 e OS0339 
0 .OS0291 
0.050391 
0 050260 
0 I OS0159 
0,050228 
0 eO'i0407 
0 +050260 

0 OS0269 
0 e 000082 

Oe050626 
0+050257 
0 a OS0532 
01050349 
0 + 0501 90 
0+050467 
0 ~050416 
0 Q 050245 
0 e050465 
0 OS0407 
0 a 050306 
0 ,050287 

0 t 050379 
0 + 000129 

236/238 
0 393580 
0,393619 
0 393555 
0,392544 
0 e 393023 
Or393265 
0.393014 
0.392730 
0 L 393859 
0 * 393496 
0.393644 

0.393331 
0 000373 

0 e 394308 
0.394392 
0,393943 
0 t 393280 
0 e 393413 
0*393S01 
0.393333 
0.393016 
0 0 393248 
0.393622 
0,392521 
0 393590 

0.393514 
0 I 000523 

E 1 enen t 
US/S 

889.4764 

888 a 3822 
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Appendix 3: Results using I n t e r n a l  Standards 
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Lsborrtoire ORNL Eehantillon PO15 
Date 

Sisnaturr .._--_.._ 11- 9-85 C o r v e c t i o n  XNfERNkL 

Bloc 
1 
2 
3 

Filrrent 4 
1 S 

6 
DJt9 de 7 
t4wsurm 8 
22-10-84 9 

10 

238)/239 
0 + 718763 
0*731182 
0.712481 
0 s 695608 
0.722812 
0.709383 
0 + 718936 
0 t 7082% 
0.725163 
0 t 730029 

240/239 
3 t SBll69 
3 +600544 
3.575350 
3.582434 
3 575406 
3 492383 
3.604654 
3.582249 
3 520029 
3.652730 

241/239 
1.5601S8 
1 527949 
I .!%11673 
1.510847 

1 4 497852 
1eS50712 
1 *536146 
1.516943 
1 5922731 

I .sa9024 

242/239 
137,385590 
I38 187469 
136.096634 
130*642090L 
136.324826 
135.149216 
137.974319 
138.551392 
136*376541 
139,752441 

nethod* OR 

Elrewilt PU 

Element 
244i239 Uii/S! 

61,781883 
62.142326 
61 202286 
62,3469351 
61.334726 
60.776093 
62.046814 
62 -306492 
61,328144 
62 8 046429 

Vrleurs moucnnes 0,717265 3,576694 1,526814 137.333160 61,758354 
sn 0~011001 0.044145 0,023133 1.429503 0.642933 

1 
2 
3 

Filment 4 
2 5 

6 
DJte de 7 
Hrrure 0 
22-10-84 9 

10 

0 e 725SP5 
0.726923 
0,721396 
0 738764 
0.719367 
0 71 1565 
0.71 4591 
0.7231 15 
01720r02 
0.707891 

3.si78~ 
3.572320 
3*565702 
3 557059 
3 569364 
3.632668 
3.554692 
3 + 623860 
3.502915 
3.498163 

1.525577 
1+490986 
le532130 
1 .SO6630 
1 e538518 
1 ,534663 
1.512104 
1.532714 
1e51234S 
1 * 506577 

136*593140 
136e626038 
138*017776 
136.!504074 
135.923950 
138.4473271 
136*315353 
136.642365 
13&*428070 
135,702637 

61.425a12 
61.440483 
62 066433 
61 03BS6Zii 
61 6 124044 
62e2596781 
61*300861 
61 448002 
61 r35171'i 
61.022326 

Uoleurs aowennes 0.721131 3.559464 1,3111229 136+528152 61,396564 
SD 0.008782 0.045363 0.015682 0.646940 0,290924 
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L a b u r s t u l r u  ORNL Echcntillet* P215 

Si*nature _ _ _ _ _ _ _  11- 9-85 Correction IEdTERYllL 
Data 

Bloc 
1 
2 
3 

Filaaent 4 
1 5 

6 
Data de 7 
Hesure 8 

22-10-84 9 
10 

I n t e n s i t e  
Princiral 

1.7E-14 

1.6E-14 
1 +7E-14 

1 6E-14 
1.5E-14 
1 -4E-14 
1 e4E-14 
1.7E-14 
1+5E-14 
1.4E-14 

238/239 
0.804497 
0*004560 

0.004075 
0+004506  
0+005282 
0 ~ 0 0 3 0 1 9  
0 004152 

0 003658 

0.005368 
0 003401 

240/239 

0,069805 
0.569900 

0.069924 

0 069976 

0 e 069680 

0 070020 
0 *070141 
0.0704438 
0 068757 
0*070011 

2411234 
0.011211 
0 0 0 1 1 239 
0 e 0 1  1381 
0.011126 
0.011223 
0 e01 1244 
0.011493'4 
0 0 1  1309 
0.011214 
0 .01  1204 

Ualeurb uoyei'mes 0 +004292 0.069913 0 -011239 
SD 0+000719 0*000145  0*000071 

1 
2 
3 

Filarsent 4 
2 5 

6 
Datu de 7 
Hesure 8 

22-10-84 9 
10 
11 
12 

1 ~ 5 E - 1 4  
1 + 4E-14 
1.3E-14 
1 r7E-14 
1.5E-14 
1.4E-14 
1.5E-14 
1 .OE-14 
1.6E-14 
1.4E-14 
1 e 6E-14 
1.3E-14 

Ualrurs Iruucnnac 
60 

0.004739 
0eOQ4040 
0 +804528 
0.004433 
0 005159 
0+004849 
0.004609 
0.004264 
0.004166 
0.004327 
0+004215 
0,005453 

0 8004567 
0,000425 

0.070 108 
0 069760 
5.069643 
0 069356 
0.069747 
0 ,070187 
0 . 0 6 9 8 l l  
0 e070170 
0+070040  
0 e 070348 
0.069844 
0 e 070326 

0 I 069988 
0 a000239 

0.011126 
0.011275 
Oe011197 
0 e01 1205 
0 t 01 1300 
0 0 1  1352 
0 01 I 2 9 1  
0 0 1  1372 
0.011231 
0.011191 
0.011208 
0 $ 0 1  1290 

0*011253  
0 e 000092 

2421239 
0 ,888791  
0 t 88784 1 
0.886749 
0.883221 
0.881632 
0+892824 
0 869527 

0 -888033 
0.881263 

0.886829 
0.003636 

0 . 8 ~ a 4 0 7  

0.881051 

0.886162 
0.883371 

0.891766 
0.883992 
0 888894 
0 879835 
0,887969 
0 884767 
0.888717 

0.885189 
0 e003527 

0 .  as2357 

0.883760 

2441239 
0.399685 
0.399258 
0 398967 
0 397180 
0 396464 
0.401499 
0.400016 
0.39951 2 
0 399344 
0 396300 

0 398803 
0 s 001663 

0+396205 
0 e 396792 
0 398512 
0.397248 
0.397423 
0*402023  
0.397527 
0.399732 
0 e 395658 
0 399136 
0 397876 
0 $399652 

0,398065 
0 .OOI386 

Elaaent 
U t / d  

10.1596 

10.1338 
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Latorotoire DRNL Eehontil lon 8313 

Signature _ _ _ _ _ _ _  11- 9-85 Corrsction INTERNAL 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Date de 7 
flesure 8 
22-10-84 9 

10 

I n  t en s i t e 
Princiral 

1.7E-14 
1.6E-14 
1 .&E-14 
1.6E-14 
I . & - 1 4  
1 ,SE-14 
1.5E-14 
1.5E-14 

1.7E-14 

1 +SE-14 

238/239 

0.0047i2 
0 ~004615 

0+004698 
0.004526 
0.004644 
0+004726 
0.004705 

0.004856 
0 004799 

0,004687 

240/239 
0 bo70463 
0,069624 
0.069871 
0*069981 
0.069943 
0 6069440 
0 bo69948 
0 070025 
0 + 069468 
0.07007? 

241/239 

0.01 1104 
0.01 1271 
0.01 1220 
0.01 1266 
0.0110190 
0.011189 
0 .Oll309 
0.011253 
0 4  01 120s 

0 ,011365 
242/239 
0 G 809175 
0.886655 
0 ,886815 
0.887829 
0.883890 
0.882765 
0 890403 
0.885747 

0 ,883540 
o .a86761 

10,1656 

2441239 

0.398725 
0.598797 
0 399253 
0,397482 
0.396975 
0.4004IO 

0,398773 
0.397324 

0.399858 

0.398316 

U8lrur. i  mouennes 0.004697 0.069884 0.011242 0.886358 0.398591 
5 D  0.000092 0.000307 0+000075 0.002455 0 ~ 0 0 1 1 0 4  

1 1e6E-14 
2 1.4E-14 
3 1.2E-14 

Filament 4 1.6E-14 
2 5 1.4E-14 

6 le&€-14 
P a t s  de 7 1.4E-14 
flrrurr 8 1,2E-14 
22-10-84 9 1.7E-14 

10 1.3E-14 

Oe004618 
0.005147 
0 004352 
0*004676 
0 ,004980 
0 6004854 
0 r004096 
0.004136 
0 1005444 
0 $004950 

0 t 070178 
0 4 06W57 
0.070184 
0.069951 
0.070069 
0.069828 
OII070l80 
0 069723 
0.069977 
0 ,0693740 

0.011103 0.886737 
0.011287 0.891116 
o.oit449z 0.891148 
0.011203 o.av07i7 
0.011230 0.a87423 
o.oii23i 0.a82388 
0.011273 0,883097 
0.011112 0.878683 
0+011049 0,881636 
0 r( 0 1 IO53 0 e 87 767 4 

0.398762 
0 400731 

0.400:icJ 1 
0,399070 
0.396896 

0 4  400745 

0 397125 
0.395140 

O*SY4684 
0 396468 

Valsuru mouennas 0+004723 0,070009 0.011171 0.883082 0.398017 
SD 0.000438 0+000163 0.000093 0.005067 0*002278 

10,1509 



Luboratoiru ORNL Eehintillon P415 

Sidnature _ _ _ _ _ _ _  11- 9-85 Correction INTERNAL 
Date 

Bloc 
1 
2 
3 

Filaaent 4 
1 S 

6 
Date du 7 
Hesure 8 

22-10-84 9 
10 
11 
12 

Intensi te 
Princiril 

1+5E-14 
1.2E-14 
1 r 6 E - 1 4  
1.4E-14 
1.3E-14 
1 * 8 E - 1 4  
1 *7E-14 
1.6E-14 
1 e7E-14 
1 t 7 E - 1 4  

1.6E-14 
1.7E-14 

23W239  
0 eOOSS46 
0 OQS7S6 
0+005536  
0 005564 
0 * 005858 
0 8 0057OI 
0.005725 
O.OOS689 
0 eOOS787 
0,005S42 
0 + OOS706 
0 . O O 5 7 9 8  

240/239 
0*074204 
0.074448 
0,074172 

0.074655 

0.074261 
0.074611 

0,074126 
0.074233 
0 0 074278 

0,074239 

0,074067 

0.074586 

241/239 
0.013842$ 
0.013158 
0.013214 
0.013447 
0 t 013240 
0.Q13179 
0+013115  
0.013195 
0.013138 
0.013213 
0.013215 
0+013132 

Valeurs aoueiines 0,005677 0.074323 0.013204 
SD 0.000106 0.000200 0.000090 

1 2+0E-14 
2 2.1E-14 
3 2.2E-14 

Date de 7 1*7E-14 

22-10-84 9 1.6E-14 
Neeure 8 1.6E-14 

10 1.6E-14 

Ualuurs aouunnes 
8D 

0.005617 
0.005753 
0 e 005420 
0,005326 
0 0 005555 
0 OOSS50 
0.005574 
0.005500 
0.006110 
0 +005773 

0 * 0 0 5 6 1 8  
0.000219 

0.074471 
0.074245 
0,074208 
0.074136 
0.074525 
0.074215 

0+07417S 
0 e074016 

0 073786 

0 074689 

0.074247 
0 ~ 0 0 0 2 6 0  

0*0130S2 
0 t 01 3096 
0 sol3202 
0,013145 
0.013181 
0 +0129S8 
0 +013066 
0.013203 
0 +013166 
0.013330 

0*013140  
0.000102 

242/239 
1.060797 
1,062344 
1 n OS0650 
1 .OW368 
1.059163 
1.064326 
1.061601 
11044108 
1.062283 
1 +Os9676 
1 *OS4208 
1.063339 

1 *060655 
0.002994 

1*056809 
1 e OW427 
1*057614 
1 ,052368 
1.057834 
1 ,053684 
1.053944 
1.050998 
1*058680  
1aOS9873 

1 o OS5643 
0.002913 

2441239 
0 477036 
0.477731 

0.475494 
0.476301 
0.470623 
0.477397 
0,478525 

0 t 476532 
0.474072 
0 e 978179 

0,476972 
0*001346  

0,476070 

0.477704 

0.475242 
0 , 4 7 4 1 7 1  
0+475604 
0.473335 
0.475703 
0 I 473837 
0.473954 
0.472629 
0 476083 
0 476620 

0+001310 0 B 474718 

Element 
Ud/d 

1061843 

10.1387 



77 

L r b u r a t o i r r  QRNL Echrnti 1 1 ~ 1  l i l 5  

S i 0 n r t u r e  _ _ _ _ _ _ _  11- 9-85 C a r r e c t i u n  ZHTERWAL 
Date 

Bloc 
1 
2 
3 

F i l c m r n t  4 
1 5 

6 
Date de 7 
Hecure B 

22-10-84 9 
10 

I n t e n s  i t e  
Principal 

i .3E-14 
1.6E-14 

1.7E-14 

1 +3E-14 
1 e 1E-I4 
148E-14 
1 +5E-14 

1+7E-14 
1.3E-14 

1.4E-14 

Uo1euc.s aournne6 
SD 

1 1.6E-14 
2 1.5E-14 

F i lament  4 1.7E-14 
3 1+3E-14  

2 5 te6E-14 
6 1.5E-14 

Dote de 7 1 . K - 1 4  
Hesurr 8 1.7E-14 

22-10-04 9 lb56-14 
10 1.4E-14 

V11eurs mownnes 
SD 

238/239 
0.028449 
04020497 
0.027963 
Or027662 
0.027802 
U+029014 
0 v 028490 

0 029092 
0+027531  

0 B 028416 
0 00061 4 

o ,029178 

Or028039 
0 020373 
0.028602 

0.028725 
0+020469  
0 -029063 
0.029021 
0.028478 
0.029 101 

0 e 028789 
0 000247 

0.028936 

240/239 
0,424866 
0~414818 

0.426031 
0 I 428993a 

0.425440 
0 423723 

0.423B50 

0 4 42346 7 
0 +00132? 

0.424636 

0 426196 

0.429645 

0 I 425735 
0 426692 
0,426156 
0,424413 
0 t 425605 
01 426100 
0 4280501 
0 L 425568 
0 423029 
0 e 424458 

0 425462 
0.000679 

241/239 
0*178910$  
0 . 1 7 ~ 4 3  
0 179065 
0.378527 
0 1 78 1 SO 
0+177559 

O +  17834 1 

0 I 7 7 3 2 2  

0.177917 

0.170430 

Q. lV8042 
0.000572 

0 177669 
0.178224 
0.178719 
0.177O9S 

0.178036 
0 170379 
0.177200 

0.177373 

0.177046 

0.17a147 

0 177605 

0 OOOS37 

242/239 
1 ,502430 
1+512362  
1.497969 
1 ,511645 
1 .J049S8 
1 ,502887 
I eSQS440 
1 .SO6199 
1.509961 
1.498947 

1 b503280 
0 s 004955 

1 .SO0302 
1 -502364 
1 *S10189 
f ~ 4 9 2 2 1 8  
1 I 506228 
1,505745 
1*511067 
1,496407 
i ,5044613 
1 493640 

1.502295 
0.0065:jl 

244/239 
0,641731 
0.646200 
0.659724 
0.645870 
0 .642069 
0 I 641937 
0 t 643006 
0.643427 
0.64S12O 
0.640164 

0 -643014 
0.002229 

0.640774 
0.641792 
0.645223 
0,637137 
0.643441 
0,643223 
0,645618 
0,639022 
0.642649 
0.637786 

0.641666 
0.002947 

Element 
UT/S 

6.3518 

6 * 3653 



Lwbarataire ORWL Echwntillon 91215 

Sirnature _-_I___ 11- 9-85 Correcticm IHTERIBAL 
Datr 

I n  tens i te 
Bloc Principal 

1 1.8E-14 
2 1.8E-14 
3 1.8E-14 

1 5 1.6E-14 
6 lr7E-14 

Filaarnt 4 1.7E-14 

Data de 7 1.SE-14 
Hesure 0 1,4E-14 
22-10-84 9 1*7E-14 

10 145E-14 

Ua1eui.s nuuennes 
SD 

1 1.4E-14 
2 1.4E-14 
3 l+lE-14 

2 5 8.7E-15 
6 1e8E-14 

Date de  7 1.9E-14 

Filament 4 1,2E-14 

Hesure 0 1.7E-14 
22-10-04 9 1.7E-14 

10 1.7E-14 
11 1.7E-14 
12 1.6E-14 

U a l s u r c  mout?nnrs 
SD 

2501239 
0 029003 
0 e029395 
0 * 028883 
0.028947 
0,028726 
0,028963 
0.028913 
0 I 02BBTd 
0 * 023492 
0 4 029237 

0 02903% 
0 000252 

0 e 02897L 
0.028942 
0 8 028679 
0.029264 
0 * 02907 1 
0 e 028B 1 B 
0.028724 
0 1029223 

0 e 028945 
0,029297 
01029054 

0.029007 
0 I 000201 

0,029100 

240/239 

0.427175 
0 t 426621 

0 -426607 
0.426373 
0 427636 
0.426735 
0.427268 
0.424887rC 
0 428613 
0.428149 

0.427242 
0.000764 

0 426692 
0 4 4 27 645 
0,428216 
0,425194 
0,427984 
0.426420 
0 ~427771 
0.426725 
0 e 427652 
0,425690 
0.425564 
0.42691 1 

0.426889 
0 *001026 

241/239 
0.178010 
0.177975 

0.178106 
0 178818 
0 177681 
0 6 178385 
0,178748 
0 160399% 
0 178316 

0,177887 

0 178223 
0 t 000384 

2421239 
1.571486 
1 .5M4879 
1 t 562078 
1 e560103 
1 577337 
1 I 560605 
1 e 573003 
1.561700 
1,575045 
1 e 366383 

1 I 567662 
0*006395 

0*182395$ 1,574520 
0.179568 1.578077 
0.179045 1.574385 
01178573 1.560969 
0.170006 1.567734 
0+1785cJ1 10372360 
0.178134 1.569701 
0.177428 1.561697 
0+177519 1.566265 
0+178210 1,567739 
0*177154 1,561780 
0.178934 1.374212 

0.170204 1.569187 
0.000742 0.005049 

Hrthudc OR 

Elemurat Pe) 

2441239 
0 0.672803 67 1630 

0 * 660570 
0 *66768l 
0,675436 
0.667907 
0.673485 
0,668400 
0 * 674405 
0.670508 

0,671083 
0 t 002879 

0,674172 
0.676129 
0 674108 
0*66807l 
0 671 115 
0.673196 
0*672000 
0,668399 
0,670454 
0167il I7 
0 B 668436 
0.674029 

0.671769 
0.002632 

6 3670 

6.3640 



79 

LPboratoirr ORNL Eshrntillon N31S 
Dote 

Siinoture I___-__ ll- 9-85 Correction INTERNAL 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Datb) de 7 
Mesure 8 

22-10-84 9 
10 
11 
12 

230/239 
0.0289 19 
0,028977 
0.028801 
0.028278 
0.028716 
0+028989 
0 028735 
6.028435 
0.028981 
0.029063 
0 t 028690 
0 4 0291 7 1 

240/239 
0 4262% 
0 I 425620 

0 427907X 

0.427181 
0.424730 

0 426026 

0.424669 
0 426520 

0.426247 

0.426048 

0.426518 

0 I 425844$ 

241/239 
0 e 178991 
0*178049 
0 e 177976 
0.178366 
0 + 178641 
0 t 178982 
0.177815 
0 177930 

0 177326 
0,177351 
0,176764t 

0.1778e5 

Va1eur.j mownnev Oi028813 0.425981 0*178119 
SD 0.000261 0.000788 0*000571 

% 

1 1.7E-14 
2 le6E-14 
3 lb6E-14 

2 9 1.6E-14 
6 1*6E-14 

Filsnent 4 1.6E-14 

Data de 7 le&€-14 
Hesuro 8 1.5E-14 

22-10-84 9 1+6E-14 
10 l*bE-14 

Valruru *oyennes 
SD 

0 4 028879 
0.028702 
0.028422 
0 ,028867 
0*029128 
0 028509 
0.029036 
0.02~8 i 
0.028451 
0 e 028845 

0.028762 
0 8 000240 

0,426133 
0 9 425603 
0 426455 
0.425933 
0 426247 
0 426443 
0 I 427166 
0 6 426352 
0.425281 
0.9244373 

0 L 426 179 
0.000543 

0 0 178055 
0,179658 
0 178789 
0 179402 
0 t 178053 
0.177946 
0 + 178801 
0.179494 
0.178227 
0+177030 

0 178546 
0+000832 

2421239 
1.519285 
1.515514 
1 .St8150 
I e528196rL 
1.520827 
1.523473 
1 .510420 
1 e517J60 
1 .S17778 
1*509!561 
1 * 513922 
I +317870 

1.516651 
0.004123 

1.514164 
I +817028 
1.513583 
leS29641 
1.517337 
1,520761 
1.527367 
1.526211 
1.524432 
1.509091 

1+520041 
OvO06766 

Hethodo GR 

El*ruot FU 

E 1men t 
244/239 U!!l/d 
0.648866 
0.647618 
0.64880S 
0.6'33325$ 

Oa651200 

0.640449 

0.644940 
Or646902 

0.650009 

0.645327 

0.640638 

0,648679 

0 648130 
0 t 001855 

0.647011 
0 * 648660 
0.6467SO 

0,848439 
0 m 649980 
0.652952 
0 652432 
0.651631 
0.644729 

0 ~649b56 
0*003044 

0.653975 

6.3474 

6.3366 



Laborrtoire O R N L  EchJntillon T O 1 5  

Sifnrturo _ _ _ _ _ _ _  11- 9-85 Correction XWTERHRL 
Date 

Intensite 
Bloc Principal 233/238 

1 3.7E-14 152.651596 
2 bel€-14 150e047362 
3 5.2E-14 153.681946 

FilJamt 4 4.5E-14 153.532623 
1 5 3e8E-14 149+&96182 

6 5.OE-14 151.240784 
Date d e  7 4.OE-14 156.485443 
H . 8 U r e  8 4.7E-14 152.6307681 
24- 1-95 9 3.5E-14 150,475990 

10 6.2E-14 152.015930 

Valeurs mowennes 151+647537 
SD 1.447799 

1 
2 
3 

Filament 4 
2 5 

6 
Date de 7 

28- 1-85 9 
10 
11 

ncsurc B 

505E-14 152.197311 
5.4E-14 151.752747 
4.9E-14 156+865051 
4.5E-14 153a379791 
4.4E-14 151.132058 
4.OE-14 150,544434 

4 t 7 E - 1 4  149.596115 

5.3E-14 152+600113 
4.8E-14 152.072403 

s,3~-14 is2.09600a 

4.6~-14 149,ai59~4 

Valrurc mouennes 151.459290 
SD 1 177749 

234/238 
0.738143 
0 I 7262x6 
0 t 7S72il 
0.741751 
0.727018 
0.741739 
0 0 744268 
0 744  189 
0.741988 
0 e 750946 

0.741427 
0 009328 

0*746019 
0 + 737038 
0.734938 
0 755665 
0.743475 
0 733862 
0.750701 
0.738231 
0.72?078 
0 e 738860 
0 e 744312 

0 t 741 107 
0 007805 

235/258 
6+821004 
6+6997?4 
6.853540 
6*8?7919 
6.60073? 
6 4 769894 
6.768496 
6 7610833 
6.691045 
6.774693 

6 e 770800 
0.070931 

6.776237 

6.704980 
6 746340 

6.815146 
6 769897 
6.690825 
6 794683 
6+680040 
6 690672 
6.782688 
6.825633 

6 I 752469 
0 +052?1? 

fiethoda OR 

Elemuis1 U 

Eloaent 
ua/a 236/238 

64.413673 
63.314896 
64.848442 
64 m 786645 

63.818424 
63.921574 

63.495728 
64 e 145576 

63.166687 

. i ~ .4048oam 

63.9Q0070 
0 I 61 0912 

I 
64.222008 
64.034447 
63.653782 
64 e 726993 
63,772617 
630524624 

bJ.124616 
63.217354 
64,391991 
64 169365 

63.910641 
0 496933 

64 173359 



81 

Labormtoire ORNL Echantillon P215 
Date 

Sil lnature __-_--- 11- 9-85 Correction PNTERIIAL 

Bloc 
1 
2 
3 

Fils8ent 4 
1 5 

6 
Date de 7 
Hrsure 8 
28- 1-03 9 

10 

233/238 
0 I 787678 
0 e 708625 
0.791450 
0+7?0310 

0 + 707865 
0 4707420 
0 + 791 681 
0 a 780061 
0 a 769859 

0.791 704 

234/230 
Q ,003912 
0.003926 
0 003971 
0 +003?28 
0 003726 

0 * 00397 1 
04003911 
0,003862t 

0 003?40 

0.003920 

2351238 
0+0*2460 
0,042622 
0.042386 
Oe042595 
0 042Ei47 
0.042242$ 
0+042400 
0 t 042469 
0.042429 
0.042456 

1 
2 
3 

Filmacnt 4 
2 9 

6 
Date de 7 
Nesure 8 
5- 2-85 9 

10 
11 
12 

5+3E-14 
5 t 4E-14 
5 9E-14 
5 I 9E-14 
5 .SE-i4 
5 7E-14 
5 .  SE-14 
5 + SE-14 
5.49-14 
5 6E-14 
5.5E-14 
4.9E-14 

0 t 790226 
01 790327 
0 787437 
0 + 787082 
0 e 790837 
0.786121 
0 e 790063 
0,796436 
0 + 789054 
0 788905 
0+789054 
0 769353 

0 + 003901 
0 003933 

0,003962 
0 *003920 
0 e 003085 

0 t 003948 
0,403872 
0 t 003868 
0.003923 
0.00391 1 

0.003909 

0.003892 

0.042250 
0 6 0421 90 
0.042046 
0 s 042590 
0,042549 
04042278 
0 -042428 
0+012313 
0.042276 
0.042373 
0,042502 
0,042302 

Ualeurs mouennes 0.789075 0+003910 0.042348 
SD 0*001487 0.000029 0.000156 

2361238 
0,332375 
0,332775 
0.333959 
0 333486 
0 4334108 
0 332454 
0 * 332266 

0.332137 
0.333296 

0,333132 
0*000739 

0.334064 

0 I 333450 
0 I333493 
Q 332274 
0.332124 
0 333706 
0 t 331 71 8 
0 ,  333381 
0.333539 
0,332956 
0 * 332893 
0 -332956 
0 333082 

0 t 332964 
0 * 000627 

Hattiode GR 

El*rnttflL u 
E 1 erne rl t 

us/* 

1424+ 1007 

1423.3812 



82 

Laboratoiro ORNL Echrntillon P315 

SiJnature _ _ _ _ _ _ _  11- 9-85 Correction INTERMAL 
Date 

I n ten 6 i t e 
Bloc Principal 233/238 234/238 235/238 

1 5.5E-14 0.787668 0.003876 0.042320 
2 5.4E-14 0.786039 0,003915 0.042134 
3 5.3E-14 0.785996 0.00387EI 0.04206S 

1 3 4.9E-14 0.7904541 0.003908 0.042343 
6 4.8E-14 0.786274 0.003845 0.042312 

D4te d e  7 4.5E-14 0.786750 0,003865 0.042295 

29- 1-85 9 4.9E-14 0,788068 0.003890 0.042404 
10 4.5E-14 0.788017 0.0039541 0.042297 

Va 1 e u r s u OY en ne s 0.787183 0.003882 0.042258 
SD 0.000930 0.000021 0.000128 

Filament 4 5,lE-14 0,787467 0.005877 0.042045 

Hesure 8 5.3E-14 0.788367 0,003880 0,042361 

1 
2 
3 

Filsnent 4 
2 5 

6 
Dato du 7 
Hesure 8 
29- 1-85 9 

10 

5.3E-14 
4.7E-14 
4.6E-14 
5,OE-14 
5*6E-14 
5.OE-14 
4+8E-14 
4,7E-14 
4.2E-14 
5 * 2E-14 

Valeurf mawennos 
SD 

0 t 787086 
0 I 788679 

0 78761 i 
0.788419 
0 787134 
0 e 789634 
0 I 787785 
0 + 7856931 
0.789107 

0.788210 
0 000874 

0 . 7 8 e w  

0 ~ 0 0 3 8 6 8  
0.003909 
0 003900 
0.003559 
0 e 003858 
0 003950t 
0 003825 
0 003884 
Oe003871 
0 +003$90 

0.003874 
0+000026 

0.042210 
0.042331 
0*042540t 
0.042260 
0*042165 
0.042349 
0 042204 
0.04235S 
0.042332 
0.04228e 

0.042277 
0.000071 

236/238 
0.332371 
0.331684 
0.331666 
0 * 332286 
0.333547$ 
0.331783 

0,332666 

0.332518 

0.332166 

0.331984 

0 332540 

0.000393 

0.332125 
0 e 332797 
0.332696 
0 * 331347 
0 332680 
0.332146 
0 333201 
0.332420 

0 e 332978 

0 332600 
0 000369 

0.33153m 

HethoJe OR 

Elcacrilt U 

E 1 or en t 
UtJ/fi 

1421,5858 

1423.4509 



83 

Laboratoire ORNL Echrntillon P413 

Eiillnsture _____r_  11- 9-8s Correction IWTERNAL 
Date 

Bloc 
1 
2 
3 

filament 4 
1 5 

6 
Date d e  7 
Hemure E 
4- 2-83 9 

10 

2331236 
0 .939233 
0.939797 
0 a 9366SSa 
0.940122 
0.943093 
0 e94052S 
0 940670 
0*942181? 
0+941271 
0 942190 

2341238 
0+004609 
0 4004623 
0.004604 
0 004667 
Oe004667 
0 I 004657 
01064614 
0.004677 
0,004634 
0 * 004403 

2 3 5 ~ ~  
0 4049133 
0.049152 
0t048940 
0 6 049330 
0.049053 
0 049176 
4.049052 
0.04?239 
0 * 049014 
0*049310 

236/238 
0.396327 
01396565 
0 395239a 
0 1396702 
0 397955 
0 396872 
0 396933 
0 ,397840 
Ot397187 
0 ~397574 

U4lruro mousnnen 0.9410SO 0.004&58 Q.049143 0,397106 
5D 0*001360 0.000032 0.000128 0.000574 

1 J.3E-14 
2 5.1E-14 
3 4.9E-14 

2 5 4*6€-14 
6 S+SE-14 

Date du 7 5.3E-14 
He8ure 8 SrlE-14 
4- 2-85 9 SoOE-14 

10 4.9E-14 

Filarcnt 4 4.W-14 

0.939909 
0,940359 
0,939916 
01943576 
0 t94Oi88 
Or941 i 11 
0 942748 
0 1  939713 
0.942144 
0 1  941305 

0 004650 
0 * 004719 
0 +OO4699 
0*004466 
0*004627 
01004672 
0 e 004646 
0 + 004415 
O.OO4693 
01004482 

0.049049 
0.040946 
0 048953 
0 -049253 
0+049061 
0 *049$9l 
0.049027 
0.048927 
0 r04V057 
0,049279 

01396612 
0 * 396002 
4.396615 
0~39S159 
0.396730 
0 3971 19 
0*397810 
0 L 396529 
0.397555 
0 397201 

Umluurc mwcnnes 0.941097 01004667 0.049675 01397113 
5D 01001338 0 ~ 0 0 0 0 3 3  01000i26 0*000544 

E lelrent 
U$/#  

1422,8274 

1422 o 8533 



4 

Loboi-atui re  DRNL Echrntillon H l l 5  

Sirnature _ _ _ _ _ _ _  11- 9-85 Curruction IWTERWIL 
Dato 

Bloc 
1 
2 
3 

Filnaent 4 
1 5 

6 
Dntv du 7 
Hesure 8 

30- 1-85 9 
10 

Ualcuru mouenn 
SD 

1 
2 
3 

F i l m e n t  4 
2 5 

6 
Dnte de 7 
Hesura 8 

31- 1-85 9 
10 

In tensi te 
Princiral 

5.4E-14 
4.9E-14 

4.3E-14 

5 t 5E-14 
4.8E-14 

5.0E-14 

4.7E-14 

3 . 8 ~ - 1 4  

5 I BE- 14 

4.3E-14 

+c 

4.9E-14 

4.2E-14 
5 3E-14 
4 6E-14 
4 * 4 E - 1 4  
4,lE-14 
5 5E-14 
5 OE-14 
4.4E-14 

4.5E-14 

233/238 
0 ,915387 
0.916303 

0 915235 
0 9 15966 
0.919097a 
0.916336 
0.914652 

0 e 316634 

Oe915815 
0.000803 

0.915054 

0.917035 

0,917172 
0,915924 
0*915304 
0.915150 
0 9 9 14060 
0.917102 
0 9 17822 
0 916717 
0.919779 
0.917585 

0 t 9 16661 
0 001626 

234/238 
0 t 004S511 
0 +004594 
O.OO4651 
0+004863 
0 e 004654 
0 t 004657 
0*004631 
0*004649  
0 004628 
0.004657 

0*004643  
0 t 000022 

0 004654 
0 I 004640 
0.004647 
0 004663 
0 004578 
0 v 004654 

0 00461 8 
0.004590 
0 e 00461 9 

0*004629 
0 .OOOO30 

0.004536t 

235/23% 
0.049777 
0 049616 
0.049696 
0 049584 
0.049590 
0 10SO013 
0 049721 
0.0495'i% 
0.049827 
0.049985 

0.049737 
0 0001 64 

0 * 04984s 
0 049745 
0 049765 
0 043922 
0.049848 
0,049928 
0 I 049687 
01049852 

0+04995? 

0.049829 

0.049744 

0.00009 1 

236/230 
0 589348 
0 9 383734 
0 389207 
0 389284 
0.389592 
0 +3909138 
0 + 389748 
0 ,389038 
0 390043 
0.3a9874 

0.389541 
0*000338  

0.390101 
0 389574 
0.389313 
0.389248 

00390071  
0+390375 
0 e 389909 
0 1391201 
0 e 390275 

0.389885 
0.000606 

0.3e8788 

E 1 rmont 
Ud/d 

894 e 9120 

834 1119 



85 

Laburatoire ORNt Echantillon N215 

Silinaturc ______- 11- 9-85 Correcticrn INTERMA1 
bate 

Bloc 
1 
2 
3 

Filrmrnt 4 
1 5 

6 
Date de 7 
Hceure 8 

31- 1-05 9 
10 

In t en s i t o  
Principal 

S 4E-14 

3.8E-14 
5.3E-14 
4.3E-14 
445E-14 
4.2E-14 
5.SE-14 
5 * 2E-14 
SsOE-14 

4.6E-14 

2331238 
0.955574t 

0.959652 
0.958 134 
0 958067 
0.957504 
0,958245 
0 -960753 
0 0 958926 
0.950666 

0 s 959334 

2541236 
Ot004857 
0.004912 
0 004684 
0.004841 
0+004826 
0.004823 
0 004796 
o .0047ai 
0 ,004847 
0 t 004889 

23W238 
0.031621 
0.051892 
0.051956 
0 . 0 5 i S 8 7  
O . O S t 7 t S  
0.051659 
0.0519 17 
0.051910 
0 + 051579 
0 .#51340 

236/?36 
0 * 4Q63058 
0.407891 

0.407385 
0 407356 
0 t 4071 19 
0 + 407432 
0 6408490 
0 407719 
0 4O760V 

0.408025 

Urlrurs mowmnrli 0,9sa809 0,00484s o.osi738 0.407670 
68 0 .000989 0.000041 0.000162 0.000417 

1 5.5E-14 
2 541E-14 
3 4.6E-14 

2 5 sol€-14 
6 4,7E-14 

Datu dr 7 4.1E-14 

5- 2-85 9 S.3E-14 
10 5.5E-14 

Filament 4 4.3E-14 

Hrsure 8 5.5E-14 

0.957997 
0.962409t 
0.956222 
0.955893 

0 950238 
0.955589 
0 957410 
0 I 960091 
0.358907 

0.959004 

0.004881 
0 9004929 
0.004737 
0 *004803 
0.004673 
0*004743 
0.004065 
0 e 004848 
0 004805 
0+004005 

0.05 1905 
0.051692 
0,051434 
0.05143Jt 
0.031 752 
0.051755 
O.OSt794 
0 t 05161 1 
0.651615 
o 051842 

0.407328 
0 *4Q9190* 
0 406379 
0 406439 
0,407752 
0 407429 
0 +406311 
0 407079 
0 t 408210 
0 40771 1 

Urleure mowennes 0,9w=06 0.004a29 0.0~1733 0.407204 
SD 0+001551 0~000061 0.000104 0.000654 

HetiioJr GR 

Elewot U 

Element 
US/*  

894,4104 

895 4478 



86 

Laboratoire ORNL Echantillan MS15 

Sirnatura _ _ _  _ _ _ _ _  11- 9-85 Correction INTERNAL 
Date 

Bloc 
1 
2 
3 

Filament 4 
1 5 

6 
Dslte de 7 
nosurc 8 
1- 2-85 9 

10 
11 

Ualeurs mo~cnn 
SD 

1 
2 
3 

Filament 4 
2 S 

6 
Date de 7 
Mo.urc 8 
1- 2-05 9 

10 
11 
12 

In tens i to 
Principal 

5.9E-14 
6.1E-14 
6.3E-14 
6b2E-14 
6 4E-14 
6r4E-14 
5 t 4E-14 
5 I 4E-14 
5.3E-14 
5.4E-14 
5.4E-14 

ms 

Ualoors mouennes 
SD 

2331238 

0 I 923430 

0,921970 
0.921979 
0 e 922252 
0.922161 
0 92 139 1 
0.924723 
0.923922 
0.924792 

0 ~ 9 2 3 1 0 6  

0 e 922743 

0.922952 
0.001150 

0 e 924708 
0,923973 
0.922530 
0,921671 
0 I 923645 
0.921689 
0.921967 
0.921794 
0.922381 
0.923904 
0 920020 
0.924756 

0 t 922760 
0.001450 

2341238 
0 e004614 
0+004645 
0 004499 
0+004631  
0 004628 
0 ,004592 
0.004727 
0,004653 
0.004659 
0 s 004664 
0 *00460i 

0 e004654 
0.000039 

0 t 004689 
0 *004700 
0.004665 
0 004645 
0*004629  
0+004653 
0.004644 

0.004683 
0.004597 
0 004629 
0.004676 

0 B 004662 
0 t 000037 

0.004730 

2351236 
0 0501 49 
0 049904 
0.049991 
0.050221 

0.050194 
0.050105 
0.049997 
0 * 0501 18 
0 e U3030l 
OeO50197 

0 .  0501 18 
0 .0001  16 

0 .  o s o i  i a  

0 050427 
0.049984 
0 t 050226 
0.050102 
0 a 050079 
0 050178 
0.050183 
0+050062 
0 I 050282 
0.050283 
0 .o'j0070 
0+050232  

0 050176 
0.000123 

236/238 
0 392606 
0 392743 
0,392454 
0,392127 
0.392131 
0,392246 
0 * 392208 
0 .a91063 
0,393209 
0.392951 
0.393318 

0.392541 
0 e00048S 

0.393281 
0,392971 
0.392362 
0.391999 
0 e 392032 
0.392007 
0.392124 
0 392051 
0.392299 
0.392975 
0.391302 
0 393301 

0 392499 
0 0006 12 

E 1 oaen t 
Ud/P 

895,0897 

895 2385 
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