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A N N E X E S



SAMPLES OF CALCULATION

In  t h i s  p a r t ,  t h e  m e t h o d  o f  p r o c e s s i n g  t h e  d a t a  o b t a i n e d  f r o m  

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

o f  a number o f  c h a n n e l s  r e g i s t e r e d  t h e  r a d i a t i o n  c o u n t s  a nd  r a d i a t i o n  

c o u n t s .  D a t a  o b t a i n e d  fr o m  b o t h  b a t c h  m i x i n g  a n d  c o n t i n u o u s  m i x i n g  

e x p e r i m e n t  w e r e  p r o c e s s e d .  Some o f  th em a r e  sh o wn  i n  T a b l e  A . 1 f o r  

b a t c h  m i x i n g  e x p e r i m e n t  a n d  i n  T a b l e  A . 2 f o r  c o n t i n u o u s  f l o w  

e x p e r i m e n t .

The  f o l l o w i n g  i s  a b r i f e  e x p l a n a t i o n  how t h o s e  d a t a  w e r e  

p r o c e s s e d .

A . 1 D a t a  P r e p r o c e s s i n g

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

d a t a  w e r e  p r e p r o c e s s e d  a s  f o l l o w s :

A . 1 . 1  The r e g i s t e r e d  c h a n n e l  a n d  r a d i a t i o n  c o u n t s  w e r e  

t r a n s f e r e d  t o  a  c o m p u t a b l e  pr o g r a m m e  ( c o l u m n  A a n d  c o l u m n  D 

r e s p e c t i v e l y ) .  In  t h i s  w o r k ,  Symphony  r e l e a s e  2 . 0  was  u s e d .

A . 1 . 2  The c h a n n e l s  was  c o n v e r t e d  t o  t i m e  ( c o l u m n  B ) .  

B e c a u s e  t h e  c o u n t i n g  t i m e  was  s e t  a t  0 . 5  s e c o n d ,  s o  o n e  c h a n n e l  

i n c r e m e n t  c o r r e s p o n d s  t o  0 . 5  s e c o n d .  And t h e  t i m e  o f  i n j e c t i o n  was  

s e t  t o  b e  z e r o  ( c e l l  B i ) .

A . 1 . 3  The m i d d l e  t i m e  o f  e a c h  c o u n t i n g  i n t e r v a l  w e r e  

s e l e c t e d  t o  r e p r e s e n t  t h e  t i m e  a f t e r  i n j e c t i o n  ( c o l u m n  C ) .
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A . 1 . 4  The mean v a l u e  o f  a  s e t  o f  o n e  h u n d r e d  d a t a  o f  

t h e  r a d i a t i o n  c o u n t s  b e f o r e  t h e  t i m e  o f  i n j e c t i o n  ( t h e s e  d a t a  w e r e  

n o t  sh o wn  h e r e )  was c o m p u t e d  ( c e l l  D l )  t o  r e p r e s e n t  t h e  b a c k g r o u n d  

r a d i a t i o n .

A . 1 . 5  The r a d i a t i o n  c o u n t s  a f t e r  t h e  t i m e  o f  i n j e c t i o n  

w e r e  c o r r e c t e d  by  b o t h  b a c k g r o u n d  c o r e c t i o n  t o  o b t a i n  n e t  c o u n t s  

( c o l u m n  E ) ,  a n d  d e c a y  c o r r e c t i o n  ( c o l u m n  F) t o  b r i n g  th em  b a c k  t o  t h e  

t i m e  o f  i n j e c t i o n .  F o r  b a c k g r o u n d  c o r r e c t i o n ,  t h e  c o u n t s  was  

s u b t r a c t e d  by  t h e  b a c k g r o u n d .  The  d e c a y  c o r r e c t i o n  was  c o m p u t e d  by  

u s i n g  d e c a y  e q u a t i o n  i n  Eq.  ( A . l ) < i e ) .

Ac = A ' e " Nt

X ะะ 0 . 6 9 3 / t 1 / e

w h e r e ;  A0 c o u n t s  a t  t i m e  o f  i n j e c t i o n

A c o u n t s  a t  t i m e  t  a f t e r  i n j e t i o n
X d e c a y  c o n s t a n t

t t i m e  a f t e r  i n j e c t i o n

^ l / E  = h a f e - l i f e  o f  r a d i o a c t i v e  m a t e r i a l

A . 2 F u r t h e r  d a t a  p r o c e s s i n g  f o r  b a t c h  m i x i n g

F o r  b a t c h  e x p e r i m e n t ,  t h e  p r e p r o c e s s e d  d a t a  w e r e  f u r t h e r  

p r o c e s s e d  a s  f o l l o w s :

A . 2 . 1  The mean an d s t a n d a r d  d e v i a t i o n  o f  a s e t  o f  o n e  

h u n d r e d  d a t a  a f t e r  i n j e c t i o n  50 s e c o n d  was e v a l a t e d  ( c e l l  B20 6  an d  

B 2 0 7  r e c p e c t i v e l y ) t o  s e t  u p p e r  an d  l o w e r  l i m i t s .
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A. 2 . 2  A l l  d a t a  w e r e  n o r m a l i z e d  b y  d i v i d i n g  w i t h  t h e  

mean ( c o l u m n  G, H an d I ) .

A . 2 . 3  The u p p e r  l i m i t ,  i t s  mean p l u s  3 t i m e  o f  i t s  

s t a n d a r d  d e v i a t i o n  ( c e l l  B 2 1 0 ) ,  a n d  t h e  l o w e r  l i m i t ,  i t s  mean m i n u s  3 

t i m e  o f  i t s  s t a n d a r d  d e v i a t i o n  ( c e l l  B 2 0 9 )  w e r e  c o m p u t e d .  T h e s e  

l i m i t  w e r e  e x t e n d e d  b a c k  t o  t h e  t i m e  o f  i n j e c t i o n  ( c o l u m n  H a n d  I ) .

A . 2 . 4  The  s h o r t e s t  t i m e  t h a t  c o u n t s  a t  t h a t  t i m e  and  

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

F o r  a n o t h e r  m e t h o d  o f  d e t e r m i n i n g ,  t h e  f o l l o w i n g s  s t e p  ha d  

b e e n  d o n e .

A . 2 . 5  The s t a n d a r d  d e v i a t i o n  o f  a s e t  o f  o n e  h a n d r e d  

d a t a  was c a l c u l a t e d  ( c o l u m n  J )  by  m o v i n g  a v e r a g e  m e t h o d c z o ) . The  

f i r s t  s e t  o f  d a t a  s t a r t e d  fr o m  t h e  t i m e  o f  i n j e c t i o n  ( c e l l  FI  t o  

F 1 0 0 ) .  Then  t h e  s e c o n d  s e t  o f  d a t a  s h i f t e d  t o  t h e  n e x t  t i m e ,  0 . 5  

s e c o n d  a f t e r  i n j e c t i o n  (F2 t o  F 1 0 1 )  an d  s o  o n .

A . 2 . 6  The s h o r t e s t  t i m e  t h a t  t h e  s t a n d a r d  d e v e a t i o n  a t  

t h a t  t i m e  an d  a f t e r  was f a i r l y  c o n s t a n t  was v e r i f i e d .

The f o r m u l a r  o f  some c e l l s  i n  T a b l e  A . l  a r e  sh o w n  b e l o w :
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C e l l Forum l a r

A25

B25

C25

D25

E25

F25

G25

H25

125

J 2 5

B206

B207

B208

B209

+A24+1  

+ B 2 4 + 0 . 5  

+ ( B 2 4 + B 2 5 ) / 2

2 3 0 0  ( e n t e r e d  by  k e y b o a r d ;

+D25-S DS1

(FO) + E 2 5 * ( 8 E X P ( 0 . 6 8 9 3 / ( 6 . 0 2 * 6 0 * 6 0 ) + C 2 5 ) )

(F 2 )  + F 2 5 / S B S 2 0 6

( F 2 )  + 3 C S 2 0 9 / S B 3 2 0 6

<F2> + 3 C 3 2 1 0 / S B 3 2 0 6

êSTD ( F25. . F214) +0SQRT( 1 0 0 / 9 9 )
ê A V G ( F 1 0 4 . . F 2 0 3 )

ê S T D ( F 1 0 4 . . F 2 0 3 )

+ B 2 0 6 - 3 * B 2 0 7

+ B 2 0 6 + 3 + B 2 0 7
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A. 3 F u r t h e r  d a t a  p r o c e s s i n g  f o r  c o n t i n u o u s  f l o w

F o r  c o n t i n u o u s  m i x i n g  e x p e r i m e n t ,  t h e  p r e p r o c e s s e d  d a t a  

w e r e  f u r t h e r  p r o c e s s e d  a s  f o l l o w s :

A . 3 . 1  The  - c o r r e c t e d  c o u n t s  w e r e  n o r m a l i z e d  b y  d i v i i d n g  

w i t h  t h e  maximum c o u n t s ( c o l u m n  G 1 .

A . 3 . 2  The t h e  p r o d u c t  o f  t i m e ,  n o r m a l i z e d  c o r r e c t e d  

c o u n t s  a t  t h a t  t i m e  an d  c o u n t i n g  t i m e  i n t e r v a l  wa s  c a l c u l a t e d  ( c o l u m n  

H) s t a r t i n g  fro m  t h e  t i m e  o f  i n j e c t i o n .

A . 3 . 3  The p r o d u c t  o f  n o r m a l i z e d  c o r r e c t e d  c o u n t  and  

c o u n t i n g  t i m e  i n t e r v a l  was c a l c u l a t e d  ( c o l u m n  I ) .

A . 3 . 4  The  r e s i d e n c e  t i m e  was  c a l c u l a t e d  ( D 2 5 0 )  U s i n g  

Eq .  < A. 2 ) c 213 ( b y  d i v i d i n g  t h e  sum o f  p r o d u c t  o b t a i n e d  i n  ( A . 3 . 2 )  by  

t h e  p r o d u c t  o b t a i n e d  i n  ( A . 3 . 3 ) .

t = ( c ■ t d t) c d t

w h e r e  ; c = n o r m a l i z e d  c o r r e c t e d  c o u n t s

t = t i m e

d t ะะ c o u n t i n g  t i m e  i n t e r v a l

The f o r m u l a r  o f  so me c e l l s  i n  T a b l e  A. 2 a r e  sh o wn  b e l o w 1:



I l l

C e l l  F o r m u l a r

A25 +A24+1
B25 +B24+Û.5
C25 + ( B24+B25 ) เ 2
D25 46 ( e n t e r e d  by  k e y b o a r d ;
E25 + D25--SD31
F25 (FO) + E 2 5 * ( § E X P ( 0 . 6 8 9 3 / < 6 . 0 2 * 6 0 * 6 0 ) * C 2 5 1)
G25 (F3) + F 2 5 / ê M A X ( S F S l . . S F S 2 1 4 )
H25 ( F2 ) + F 2 5 * C 2 5 * ( C 2 5 - C 2 4 )
125 (F2) + F 2 5 * ( C 2 5 - C 2 4 )
D250 (F 2) ê S U M i H l . . H 2 1 4 ) / 6 S U M ( I 1 .  . 1 2 1 4 )
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Table A.l  Analyzed data from a batch experiment

A D c 1) E F G H I JChunnr 1 T i a e a f ter Middle Tiao counts Uacka round Decay NoranlIzed Upper Lower StandardNil a lier 1 ทjectIon < Sim: . I Corrected Corrected counts Liai t Liai t Deviation
l r > 6 0 7 1 0 0 0 . 0 0 0 . 9 5 1 . 0 5 9 2 5 . 3 97. 1 5 7 0 . 5 0 . 2 5 1 0 2 2 8 2 8 0 . 0 1 0 ว ') 1 . 0 5 8 9  1 . 8 7’ 1 5 8 1 0 . 7 5 1 2 9 /  - 1 2 2 3 1 2 2 3 ง .  5 3 0 . 9 5 1 . 0 5 863.431 1 5 9 1 . 5 1 . 2 5 2 5 0 5 2 4 3 1 2 4 3 1 1 . 0 6 0 . 9 5 1 . 0 5 8 5 5 . 5 4โ) 1 6 0 2 1 . 7 5 8 6 9  1 8 6 2 0 8 6 2 0 3 . 7 5 0 . 9 5 1 . 0 5 8 5 ๖ . 5 46 1 6 1 2 . 5 2 . 2 5 7 8 8  1 7 8 0 7 7 8 0 8 3 . 3 9 0 . 9 5 1 . 0 5 5 7 9 . 6 27 1 6 2 3 2 . 7  5 3 6 8  1 3 6 0 9 3 6 0 9 1 . 5 7 0 . 9 5 1 . 0 5 1 7 2 . 0 28 1 6 3 3 . 5 3 . 2 5 2 3 7 6 2 3 0 2 2 3 0 2 1 . 0 0 0 . 9 5 1 . 0 5 1 0 6 . 6 29 1 6  1 4 3 . 7 5 2 0 6 8 1 9 9 4 1 9 9 4 0 . 8 7 0 . 9 5 1 . 0 5 1 0 6 . 9 11 0 1 6 5 4 . 5 4 . 2 5 2 0 2 9 1 9 5 5 1 ° 5 5 0 . 8 5 0 . 9 5 1 . 0 5 1 0 3 . 5 71 1 1 6 6 5 4 . 7 5 1 8 7 3 1 7 9 9 1 7 9 9 0 . 7 8 0 . 9 5 1 . 0 5 9 9 . 4 112 1 6 7 5 . 5 5 . 2 5 1 8 0 6 1 8 1 2 1 8 1 2 0 . 7 9 0 . 9 5 1 . 0 5 8 7 . 5 11 3 1 6 8 6 5 . 7 5 2 0 1 3 1 9 3 9 1 9 3 9 0 . 8 4 0 . 9 5 1 . 0 5 7 4 . 5 6M 1 6 9 6 . 5 6 . 2 5 2 0 0 3 1 9 2 9 1 9 2 9 0 . 8 4 0 . 9 5 1 . 0 5 6 6 . 8 7

1 5 1 7 0 7 6 . 7 5 2 1 6  1 2 0 9 0 2 0 9 0 0 . 9 1 0 . 9 5 1 . 0 5 5 6 . 7 51 6 1 7 1 7 . 5 7 . 2 5 2 2 5 0 2 1 7 6 2 1 7 7 0 . 9 5 0 . 9 5 1 . 0 5 5 3 . 2 61 7 1 7 2 8 7 . 7 5 2 2 1 8 2 1 4 4 2 1 4 5 0 . 9 3 0 . 9 5 1 . 0 5 5 2 . 1 61 8 1 7 3 8 . 5 8 . 2 5 2 2 5 0 2 1 7 6 2 1 7 7 0 . 9 5 0 . 9 5 1 . 0 5 5 0 . 1 61 9 1 7 4 9 8 . 7 5 2 2 7 9 2 2 0 5 2 2 0 6 0 . 9 6 0 . 9 5 1 . 0 5 4 8 . 8 82 0 1 7 5 9 . 5 9 . 2 5 2 3 2  1 2 2 5 0 2 2 5 1 0 . 9 8 0 . 9 5 1 . 0 5 1 8 . 1 421 1 7 6 1 0 9 . 7 5 2 3 3  1 2 2 6 0 2 2 6 1 0 . 9 8 0 . 9 5 1 . 0 5 4 8 . 0 42 2 1 7 7 1 0 . 5 1 0 . 2 5 2 4 2  1 2 3 5 0 2 3 5 1 1 . 0 2 0 . 9 5 1 . 0 5 4 8 . 7 22 3 1 7 8 1 1 1 0 . 7 5 2 3 1 6 2 2 4 2 2 2 4 3 0 . 9 7 0 . 9 5 1 . 0 5 4 8  . 4 02 4 1 7 9 1 1 . 5 1 1 . 2 5 2 3 5  1 2 2 8 0 2 2 8 1 0 . 9 9 0 . 9 5 1 . 0 5 4 8 . 3 32 5 1 8 0 1 2 1 1 . 7 5 2 3 0 0 2 2 2 6 2 2 2 7 0 . 9 7 0 . 9 5 1 . 0 5 4 8 . 3 1

1 8 1 3 3 6 9 0 8 9 . 7 5 2 3 6 8 2 2 9 4 2 3 0 1
1 82 3 3 7 9 0 . 5 9 0 . 2 5 2 3 4  1 2 2 6 7 2 2 7 4
1 8 3 3 3 8 9 1 9 0 . 7 5 2 4  2 7 2 3 5 3 2 3 6 0
1 8 1 3 3 9 9 1 . 5 9 1  . 2 5 2 3 6  1 2 2 9 0 2 2 9 7
1 8 5 3 4 0 9 2 9 1 . 7 5 2 3 3 9 2 2 6 5 2 2 7 2
1 8 6 3 4 1 9 2 . 5 9 2 . 2 5 2 4 0 2 2 3 2 8 2 3 3 5
1 8 7 3 1 2 9 3 9 2 . 7 5 2 3 9 0 2 3 1 6 2 3 2 3
1 8 8 3 4 3 9 3 . 5 9 3 . 2 5 2 3 8 0 2 3 0 6 2 3 1 3
1 8 9 3 1 4 9 4 9 3 . 7 5 2 3 3 9 2 2 6 5 2 2 7 2
1 9 0 3 15 9 4 . 5 9 4 . 2 5 2 3 7 2 2 2 9 8 2 3 0 5
1 9 1 3 4 6 9 5 9 4 . 7 5 2 3 1 3 2 2 3 9 2 2 4 6
1 9 2 3 4 7 9 5 . 5 9 5 . 2 5 2 3 7 9 2 3 0 5 2 3 1 2
1 9 3 3 4 8 9 6 9 5 . 7 5 2 4 0 6 2 3 3 2 2 3 3 9
1 9 4 3 4 9 9 6 . 5 9 6 . 2 5 2 2 8 3 2 2 0 9 2 2 1 6
1 9 5 3 5 0 9 7 9 6 . 7 5 2 3 1 3 2 2 3 9 2 2 4 6
1 9 6 3 5 1 9 7 . 5 9 7 . 2 5 2 3 2 9 2 2 5 5 2 2 6 2
1 9 7 3 5 2 9 8 9 7 . 7 5 2 4 2 3 2 3 4 9 2 3 5 6
1 9 8 3 5 3 9 8 . 5 9 8 . 2 5 2 3 6 0 2 2 8 6 2 2 9 3
1 9 9 3 5 4 9 9 9 8 . 7 5 2 3 6 9 2 2 9 5 2 3 0 2
2 0 0 3 5 5 9 9 . 5 9 9 . 2 5 2 3 3 6 2 2 6 2 2 2 6 9
2 0 1 3 5 6 1 0 0 9 9 . 7 5 2 3 3 1 2 2 6 0 2 2 6 7

2 0 6 m e a n  2 3 0 0 . 8 3
2 0 7 STANDARD 4 1 . 3 1

2 0 8 P I V I A T I O M

2 0 9 LOWER L I M I T  0 . 9 5 < 2 1 7 7 )
2 1 0 U P P E R  L I M I T  1 . 0 5 < 2 4 2 5  >
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Table A. 2 Analyzed data, from a continuous experiment

A ท c ท ธ F G II I
Channel Tiae  n f t e r Hiddle Tine count.*» Naokfjround Decay Nor»»1ized c* t#d t c*dtNuaber I ทj o c t i o n ' - ( s e c . > Corrected Cor rec t ed counts

( sec .  ) 1
1 256 0 32 0 0 0 . 0 0 0 0 . 0 0 0 . 0 0 0
2 257 0 . 5 0 . 2 5 3ก 6 6 0 . 0 0 5 0 . 3 8 1 . 50C
3 258 1 0 . 7 5 33 1 1 0 . 0 0 1 0 . 3 8 0 . 5 0 0
4 259 1 . 5 1 . 2 5 37 5 5 0 . 0 0 5 3 . 1 3 2 . 50C
5 260 2 1 . 7 5 33 1 1 0 . 0 0 1 0 . 8 8 0 . 5 0 0
6 261 2 . 5 2 . 2 5 3 4 2 2 0 . 0 0 2 2 . 2 5 1 . 0 0 0
7 262 3 2 . 7 5 35 3 3 0 . 0 0 3 4 . 1 3 1 . 5 0 0
8 263 3 . 5 3 . 2 5 60 28 28 0 . 0 2 5 4 5 . 5 0 1 4 . 0 0 1
9 264 4 3 . 7 5 52 20 20 0 . 0 1 8 3 7 . 5 0 1 0 . 0 0 1

10 265 4 . 5 4 . 2 5 35 3 3 0 . 0 0 3 6 . 3 8 1 . 5 0 0
11 •266 5 4 . 7 5 27 - 5 - 5 - 0 . 0 0 5 - 1 1 . 8 8 - 2 . 5 0 C
12 267 5 . 5 5 . 2 5 41 9 9 O.0C8 2 3 . 6 3 4 . 5 0 1
13 268 6 5 . 7 5 27 - 5 - 5 - 0 . 0 0 5 - 1 4 . 3 8 2 . 5 0 0
14 269 6 . 5 6 . 2 5 39 7 7 0 006 2 1 . 8 8 3 . 5 0 1
15 270 7 6 . 7 5 45 13 1 3 0 . 0 1 2 4 3 . 8 8 6 . 5 0 1
16 271 7 . 5 7 . 2 5 34 2 2 0 . 0 0 2 7 . 2 5 1 . 0 0 0
17 272 8 7 . 7 5 38 6 6 0 . 0 0 5 2 3 . 2 6 3 . 0 0 1
10 273 8 . 5 8 . 2 5 35 3 3 0 . 0 0 3 1 2 . 3 8 1 . 5 0 0
19 274 9 8 . 7 5 40 8 8 0 . 0 0 7 3 5 . 0 1 4 . 0 0 1
20 275 9 . 5 9 . 2 5 38 6 6 0 . 0 0 5 2 7 . 7 6 3 . 0 0 1
21 276 10 9 . 7 5 46 1 1 14 0 . 0 1 3 6 8 . 2 7 7 . 0 0 2
22 277 1 0 . 5 1 0 . 2 5 48 16 16 0 . 0 1 4 8 2 . 0 3 8 . 0 0 3
23 278 11 1 0 . 7 5 39 7 7 0 . 0 0 6 3 7 . 6 4 3 . 5 0 1
24 279 1 1 . 5 11 . 2 5 29 - 3 - 3 - 0 . 0 0 3 - 1 6 . 8 8 - 1 . 5 0 1
25 280 12 1 1 . 7 5 16 14 14 0 . 0 1 3 8 2 . 2 8 7 . 0 0 3

187
♦

442 93 9 2 . 7 5 35 3 3 0 . 0 0 3 1 3 9 . 5 4 1 . 5 0 4
188 443 9 3 . 5 9 3 . 2 5 38 6 6 0 . 0 0 5 2 8 0 . 5 9 3 . 0 0 9
189 444 94 9 3 . 7 5 35 3 3 0 . 0 0 3 1 4 1 . 0 5 1 . 5 0 5
190 445 9 4 . 5 9 4 . 2 5 42 10 10 0 . 0 0 9 4 7 2 . 6 7 5 . 0 1 5
191 446 95 9 4 . 7 5 40 8 8 0 . 0 0 7 3 8 0 . 1 5 4 . 0 1 2
192 447 9 5 . 5 9 5 . 2 5 51 19 19 0 . 0 1 7 9 0 7 . 6 4 9 . 5 2 9
193 448 96 9 5 . 7 5 33 1 1 0 . 0 0 1 4 8 . 0 2 0 . 5 0 2
194 449 9 6 . 5 9 6 . 2 5 39 7 7 0 . 0 0 6 3 3 7 . 9 1 3 . 5 1 1
195 450 97 9 6 . 7 5 37 5 5 0 . 0 0 5 2 4 2 . 6 2 2 . 5 0 8
196 451 9 7 . 5 9 7 . 2 5 48 16 16 0 . 0 1 4 7 8 0 . 4 2 8 . 0 2 5
197 452 98 9 7 . 7 5 40 8 8 0 . 0 0 7 3 9 2 . 2 2 4 . 0 1 3
198 4 53 9 8 . 5 9 8 . 2 5 49 17 17 0 . 0 1 5 8 3 7 . 7 5 8 . 5 2 7
199 454 99 9 8 . 7 5 47 15 15 0 . 0 1 4 7 4 2 . 9 7 7 . 5 2 4
200 455 9 9 . 5 9 9 . 2 5 20 - 4 -4 จ . 004  - 1 9 9 . 1 3 - 2 . 0 0 6
201 456 100 9 9 . 7 5 33 1 1 0 . 0 0 1 5 0 . 0 3 0 . 5 C 2
202 457 1 0 0 . 5 1 0 0 . 2 5 46 14 14 0 . 0 1 3 7 0 4 . 0 0 7 . 0 2 2
203 458 101 1 0 0 . 7 5 30 - 2 - 2 - 0 . 0 0 2  - 1 0 1 . 0 8 - 1 . 0 0 3
204 459 1 0 1 . 5 1 0 1 . 2 5 38 6 6 0 . 0 0 5 3 0 4 . 7 4 3 . 0 1 0
205 460 102 1 0 1 . 7 5 35 3 3 0 . 0 0 3 1 5 3 . 1 2 1 . 5 0 5
206 461 1 0 2 . 5 1 0 2 . 2 5 37 5 5 0 . 0 0 5 2 5 6 . 4 6 2 . 5 0 3

250 MEAN RES1 PENCE TIME 4 6 . 9 7 SEC.



114

AUTOBIOGRAPHY

Pipop Thamtharai was born on January 27, 1958 in Bangkok, 
Thailand. He rece ived  h is  Bachelor of Science Degree in Chemical 
Engineering from chulalongkorn U nivers i ty ,  Bangkok, Thailand, in 
1980. He has worked at o f f i c e  of Atomic Energy for  Peace,  Ministry  
of Sc ience Technology and Energy s in c e  1980.


	REFERENCES
	ANNEXES
	SAMPLES OF CALCULATION
	AUTOBIOGRAPHY

