
CHAPTER I I I

EXPERIMENTATION

3.1 The Appara tus
The expe r im en ta l  a p p a ra tu s  as shown in F ig u re  3.4  and

F ig ure  3.5 can be d iv id e d  in  3 p a r t s :  mixing system; r a d i a t i o n
d e t e c t i o n  and rec o r d in g  system; and c o n d u c t i v i t y  measurement and 
r e c o r d in g  system.

3 .1 .1  Mixing System
The mixing system used c o n s i s t s  of t h e  fo l lo w in g :

Mixing t a n k  : A 24 cm in d iam e te r  and 33 cm h igh  f l a t
bottom c y l i n d r i c a l  t ank  equipped w ith  4 d e t a c h a b l e  b a f f l e s  a r ranged  
as shown in  F ig u re  3 .1 .  The b a f f l e  were 2 .4  cm wide and 30 cm
h igh .  The m a t e r i a l  used  in t h e  c o n s t r u c t i o n  of a l l  p a r t s  was 
s t a i n l e s s  s t e e l .  For t h e  c o n d u c t i v i t y  measurement purpose ,  two 
p la t inum e l e c t r o d e  h o ld e r s  were i n s t a l l e d  a t  2 .5  cm and 21.5 cm 
above the  bottom of t h e  t ank  on o p p o s i t e  s i d e s  as shown in 
F ig u re  3 .2 .  At t h e  c e n t e r  of t h e  bottom of t h e  t an k  an e l e c t r i c  
c o n t r o l l e d  va lve  was connec ted  t o  minimize exposure  of r a d i a t i o n  when 
d r a i n i n g  r a d i o a c t i v e  t r a c e r  con tam ina ted  wate r .

A g i t a to r  : A US made S t i r r - P a k  v a r i a b l e  speed  motor model
C-4550 equipped with  a c o n t r o l l e r  u n i t ,  0 .8  cm in  d ia m e te r  d r i v e  
s h a f t  and i n t e r c h a n g e a b le  im p e l l e r  a t  t he  o th e r  end of t h e  s h a f t  was
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used .  Three ty p e s  of im p e l l e r  as shown in  F ig u r e  3 .3  were used ,  i . e .  
6 b laded  d i s c  t u r b i n e ,  6 b laded  open t u r b i n e ,  and 6 b laded  45 degree  
p i t c h  t u r b i n e .

3 .1 .2  R a d ia t io n  D e te c t io n  and Recording
R a d ia t io n  d e t e c t i o n  and r e c o r d in g  c o n s i s t  of t he

fo l lo w ing  ะ
D etec to r  ะ A US made EG&.G ORTEC model 266, 2 i n .x 2  in .  

Nal (T l)  s c i n t i l l a t i o n  c r y s t a l  equ ipped with  p h o t o m u l t i p l i e r  tube  and 
s h i e l d e d  with  l e a d  c y l i n d e r  w i th  an opening of 10 mm d ia m e te r .

M ul t ichanne l  Analyzer ะ A US made Canberra  m u l t i channe l  
a n a l y z e r  model 8100 equipped w i th  s e r i a l  p r i n t e r .

3 .1 .3  C on d uc t iv i ty  Measurement and Recording 
C on d uc t iv i ty  measurement and r e c o r d in g  c o n s i s t s  of t he

fo l lo w in g  ะ
E le c t r o d e s  ะ Two 0.1  mm in  d iam e te r  and 2 cm long p la t inum 

w ires  with  1 cm c o n t a c t i n g  l e n g th .
Conductimeter  ะ A Swiss made Metrohm H er isau  conduc t im e te r

type  518
Recorder ะ A US made Quantachrome r e c o r d e r  model SR-4 

equipped with  con t inuous  r e c o r d in g  p ape r .
3 .1 .4  A u x i l l i a r y
Tachometer ะ A US made Lutron ,  d i g i t a l  t achom ete r  model

DT-2232
I n j e c t o r  ะ 5 ml. l ead  s h i e l d e d  s y r i n g e .



40
3.2 M a te r i a l s  Used

The m a t e r i a l  used in t h i s  s tudy  were ะ
Water ะ D e- ion ized  water  t o  minimize i n f l u e n c e  of ion con ten t  

in water  e s p e c i a l l y  in t he  experiment  using  c o n d u c t i v i t y  method.
T racer  ะ There a re  v a r io u s  t r a c e r s ,  bo th  r a d i o a c t i v e  and 

chemical  s u b s t a n c e s ,  can be used so i t  was n e c e s s a r y  t o  comply with  
t h e  fo l lowing  r equ i rem en ts  ะ<18' 103

I t  shou ld  mixed e a s i l y  w ith  water .
I t  shou ld  cause  only n e g l i g i b l e  d i s t u r b a n c e  or

m o d i f i c a t io n  of t h e  system.
I t  shou ld  be d e t e c t a b l e  and ana lyzed  a c c u r a t e l y  a t  low 

c o n c e n t r a t i o n .
I t  shou ld  only be p r e s e n t  in t he  w ate r  a t  a n e g l i g i b l e  or 

c o n s t a n t  c o n c e n t r a t i o n .
- I t  shou ld  not  r e a c t  w i th  t h e  water  or  any o th e r  su bs ta n ce  

in such a way as t o  a f f e c t  t h e  measurement.
I t  shou ld  be cheap.

a. R a d io ac t iv e  t r a c e r  ะ Tc-99m in t h e  form of NaTc04 in  2% 
s a l i n e  s o l u t i o n  was s e l e c t e d  f o r  use as r a d i o a c t i v e  t r a c e r  because  
i t s  p r o p e r t i e s  f i t  t h e  r equ i rem en ts  and fo r  t h e  fo l lo w in g  re a so n s  ะ

- H a l f - l i f e  ะ w i th  h a l f - l i f e  of 6.02 hour ,  i t  i s  long enough 
t o  al low t ime to  t r a n f e r  from t h e  chemical  l a b o r a t o r y  t o  t h e  work 
s i t e  and to  conduct  t h e  experiment  f o r  t he  whole day.  On t h e  o th e r  
hand,  i t  r e q u i r e s  a s h o r t  s t o r a g e  t ime b e f o r e  be ing  r e l e a s e d  t o  the
environment .
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-  R a d ia t io n  ะ Tc-99m emi ts  gamma rays  wi th  energy of 136 keV 

and a l though  t h e  energy i s  r e l a t i v e l y  low i t  can s t i l l  p e n e t r a t e  t he  
wal l  of t he  mixing t ank  and t h e  s h e l l  of t h e  d e t e c t o r .  In s a f e t y  
a s p e c t s  i t  t h e r e f o r e  does not  r e q u i r e  t h i c k  and bulky  s h i e l d i n g  
m a t e r i a l s .  The d e t e c t i o n  e f f i c i e n c y  (photo peak) a t  t h i s  energy  i s  
h ig h e r  than  80 % ( f o r  2 i n . *2 i n .  NaKTl)  d e t e c t o r ) .

- P h y s i c a l s  and Chemicals  ะ Tc-99m in t h e  form of NaTcO^ 
e a s i l y  d i s s o l v e  in wate r .

- Others  ะ In a d d i t i o n ,  Tc-99m in t h a t  form i s  a l r e a d y  used 
in  medical  a p p l i c a t i o n s  and i t  has been p re p a re d  f o r  t h a t  purpose  by 
t h e  O f f i c e  of Atomic Energy f o r  Peace .

The t o t a l  a c t i v i t y  of t h e  t r a c e r  used  in  each experiment  was 
about 10 t o  20 mCi.

b. Chemical t r a c e r  ะ There a re  many chemical  t r a c e r s  t h a t  
f i t  t h e  above requ i rem en ts  as shown in Table  3 .1 .  A n a l y t i c a l  g rade  
N a d  was s e l e c t e d  because  i t s  p r o p e r t i e s  f i t  t h e  above r equ i rem en ts  
and f o r  t he  fo l low ing  r e a s o n s :

I t s  c o n d u c t i v i t y  i s  p r o p o r t i o n a l  t o  i t s  c o n c e n t r a t i o n  over 
a wide range .

I t  i s  commonly used  in t h e  l a b o r a t o r y  and i s  r e l a t i v e l y
cheap.

The c o n c e n t r a t i o n  of NaCl used was 30 % (w t /vo l )
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( 18, 10)Table 3.1 Some p r o p e r t i e s  of main chemical t r a c e r .

Chemical D e te c t ion  l i m i t Remark
NaeCr807 . 2He0 2*10 1 m g . / l with  d i r e c t  a n a l y s i s

2+10-3 m g . / l a f t e r  r e c o n c e n t r a t i o n
NaCl 1-10 m g . / l depending  on o r i g i n a l

c o n d u c t i v i t y
Rhodamine B 2+10-4 m g . / l

(C. « 31clNe° 3)
F lu o r e s c e in 5*10 3 m g . / l

(C20H10° A )

o th e r  chemical t r a c e r s  a r e  Rhodamine wt,  NaNOe , MgS0A.4HE0,
su i fo - rhodam ine  G, L i d ,  e t c .

3.3 The Procedure
The o b j e c t  of t h i s  exper iment  was t o  o b t a in  t r a c e r  re sponse  

a f t e r  i n j e c t i o n  of t he  t r a c e r  and then  obse rve  or  t e s t  t h e  q u a l i t y  of 
homogeneity of t h e  t r a c e r  in o r d e r  to  de te rm ine  r e q u i r e d  mixing t im e.

The p rocedure  may be summarized i n t o  two p a r t s ,  r a d i o a c t i v e  
t r a c e r  method and c o n d u c t i v i t y  method.
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3 .3 .1  R a d io ac t iv e  T race r  Method 

a.  The c a l i b r a t i o n
In the  d e t e c t i o n  of r a d i a t i o n  i t  i s  n ece s sa ry  to  

c a l i b r a t e  t h e  measuring system because  the  r e s u l t  changes w ith  the  
su r ro und ing  and c o n f i g u r a t i o n  of t h e  system. Although in  t h i s  s tudy  
i t  i s  not  n e c e s s a ry  to  know th e  a b s o lu t e  v a lu e ,  t h e  c a l i b r a t i o n  
shou ld  s t i l l  be conducted  t o  ensure  t h a t  t h e  d e t e c t i o n  system i s  
r e l i a b l e  and t o  v e r i f y  the  a p p r o p r i a t e  window opening of t he  d e t e c t o r  
f o r  t h a t  gamma energy.  This was done by s im u la t i n g  the  d e t e c t i o n  
system as c lo s e  as t h e  a c tu a l  c a se .

In o rd e r  t o  v e r i f y  t h e  a p p r o p r i a t e  window opening and system 
c a l i b r a t i o n ,  t h e  mixing t ank  was mounted on a su p p o r t  and f i l l e d  with  
w ate r  t o  a h e ig h t  of 24 cm. The l ead  s h i e l d e d  d e t e c t o r  as shown in 
F ig u re  3.8 was p laced  p e r p e n d i c u l a r  t o  t he  wal l  of t h e  t ank  a t  l e v e l  
of 16 cm above t h e  bottom of t h e  t ank .  The m u l t i chan ne l  a n a ly z e r  
s e t  in  p u l s e  h e ig h t  a n a l y s i s  (PHA) mode and f u l l y  open window was 
t u r n e d  on and t h e  h igh  v o l t a g e  was g r a d u a l l y  i n c r e a s e d  t o  t h e  
o p e r a t in g  v o l t a g e  of t h e  d e t e c t o r .  The a g i t a t o r  was mounted on a 
su pp o r t  and t u r n e d  on. A 5 mCi of sodium p e r t e c n i t a t e  was i n j e c t e d  
i n t o  the  t ank  and mixed wel l  f o r  about  5 m inu tes .  Then the  
r a d i a t i o n  was counted f o r  20 seconds .  A f te r  a few seconds t h e  peak 
of r a d i a t i o n  would appear on the  s c reen  of t h e  mut ichannel  a n a l y z e r .  
While c o l l e c t i n g  t h e  r a d i a t i o n ,  t h e  window wid th  of t h e  m u l t i channe l  
a n a l y z e r  was i d e n t i f i e d  by a d j u s t i n g  t h e  lower and th e  upper c o n t r o l  
knob t o  the  beg inn ing  and t h e  end of t h e  peak.  The spectrum of 
Tc-99m and window width s e t t i n g  a re  shown in F ig u r e  3 .9 .
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In o rd e r  t o  c a l i b r a t e  t h e  system, th e  m u l t i channe l  a n a ly z e r  

was sw i tched  t o  mut ichannel  s c a l i n g  mode and s e t  t o  c o l l e c t i o n  t ime 
i n t e r v a l  of 0 .5  seconds.  Then t h e  r a d i a t i o n  was c o l l e c t e d  f o r  a t  
l e a s t  50 seconds (100 d a t a  would be o b t a in e d ) .  The c o l l e c t e d  d a t a  
were p r i n t e d  o u t .  Another 10 mCi was i n j e c t e d  and mixed wel l  f o r  5 
m inutes .  Then t h e  same procedure  was conducted  t o  o b ta in e d  4 s e t s  of 
c a l i b r a t i o n  in f o r m a t io n .

b.  The experiment
The mixing t an k  was mounted on a suppo r t  and 

f i l l e d  with d e - i o n i z e d  water  t o  a h e ig h t  of 24 cm. The l ead  
s h i e l d e d  d e t e c t o r  was p laced  p e r p e n d i c u l a r  t o  t h e  wal l  of t h e  t an k  a t  
t h e  d e s i r e d  l e v e l .  The a g i t a t o r  was mounted on a suppor t  a t  t he  
d e s i r e d  i m p e l l e r  l e v e l  as shown in F igure  3 .4 .  The a g i t a t o r  was 
t u r n e d  on and a d j u s t e d  t o  t he  d e s i r e d  speed .  The m u l t i channe l  
a n a l y z e r  s e t  in  mut ichannel  s c a l i n g  mode and s e t  a t  c o l l e c t i o n  t ime 
i n t e r v a l  of 0.5  second was tu r n e d  on. The v o l t a g e  supply  t o  t h e  
d e t e c t o r  was g r a d u a l l y  i n c r e a s e d  t o  t h e  o p e r a t i n g  v o l t a g e  of t h e  
d e t e c t o r .  Then the  background r a d i a t i o n  was c o l l e c t e d  f o r  a t  l e a s t  
50 seconds (100 d a t a  would be o b t a in e d ) .  A f t e r  t h e  background 
r a d i a t i o n  was o b t a in e d ,  about  10-20 mCi of sodium p e r t e c n i t a t e  was 
i n j e c t e d  u s ing  a l ead  s h i e l d  s y r i n g e  a t  h a l f  way between t h e  d r i v e  
s h a f t  and t h e  wal l  of t he  t a n k .  The r a d i a t i o n  coun t ing  of t h e  t r a c e r  
was c a r r i e d  on u n t i l  t h e r e  was no v a r i a t i o n  in t h e  r a d i a t i o n  c o u n t s .  
The coun t ing  of t h e  r a d i a t i o n  was al lowed f u r t h e r  f o r  a t  l e a s t  100 
seconds t o  ensure  g e t t i n g  a homogeneous s o l u t i o n .  A f te r  complet ion  
of t h e  exper iment ,  t h e  c o l l e c t e d  d a t a  were p r i n t e d  ou t .
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The mixing t ank  with  t h e  i n s t a l l e d  p la t inum 
e l e c t r o d e s  was mounted on a suppo r t  and f i l l e d  w ith  d e - i o n i z e d  water  
t o  a h e ig h t  of 24 cm. The c o n d u c t i v i t y  of d e - i o n i z e d  water  was 
measured us ing  a known c e l l  c o n s t a n t  c o n d u c t i v i t y  e l e c t r o d e .  Then 
c o n d u c t i v i t y  was aga in  measured using  P t  e l e c t r o d e s  and the  
c o n d u c t i v i t y  read in g  was a d j u s t e d  t o  t h e  va lue  read in g  from known 
c e l l  c o n s t a n t  by a d j u s t i n g  t h e  c e l l  c o n s t a n t  c o n t r o l  knob.  The 
a g i t a t o r  was mounted on a suppo r t  and tu r n e d  on. A 0 .5  ml. of 30 % 
sodium c h l o r i d e  was i n j e c t e d  i n t o  th e  tank  and mixed wel l  f o r  about  
5 minutes.  The c o n d u c t i v i t y  of t h e  s o l u t i o n  was measured u s ing  both  
typ es  of e l e c t r o d e .  Another 0 .5  ml .of  30 % sodium c h l o r i d e  s o l u t i o n  
was i n j e c t e d  and t h e  same p rocedure  was done t o  o b ta in e d  4 s e t s  of 
c a l i b r a t i o n  d a t a .

b. The experiment
The mixing tank  with  t h e  i n s t a l l e d  p la t inum 

e l e c t r o d s  was mounted on a su pp o r t  and f i l l e d  w ith  d e - i o n i z e d  water  
t o  a h e ig h t  of 24 cm. The e l e c t r o d e s  were connec ted  to  
conduc t im ete r  and r e c o r d e r .  The conduc t im e te r  and r e c o r d e r  s e t  a t  
c h a r t  speed  of 30 cm/min. were tu r n e d  on. The a g i t a t o r  was mounted 
on a suppor t  and a d j u s t e d  to  t he  d e s i r e d  a g i t a t o r  l e v e l  as shown in 
F ig u re  3 .5 .  The a g i t a t o r  was t u r n e d  on and a d j u s t e d  t o  t h e  d e s i r e d  
speed .  Then t h e  c o n d u c t i v i t y  of d e - i o n i z e d  w ate r  was measured and 
reco rded  t o  g e t  background l e v e l .  A 1 ml. of 30 % sodium cho r ide  
s o l u t i o n  was i n j e c t e d  a t  h a l f  way between t h e  wal l  of t h e  t an k  and
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t h e  d r i v e  s h a f t .  The changing of t he  c o n d u c t i v i t y  of t h e  mixing 
s o l u t i o n  was reco rded  u n t i l  t h e r e  was no v a r i a t i o n  of the  
c o n d u c t i v i t y  of t h e  mixing s o l u t i o n .  The measurement and the  
rec o r d in g  was a l lowed f u r t h e r  f o r  a t  l e a s t  20 seconds t o  ensure  
g e t t i n g  homogeneous s o l u t i o n .  The experiments  were conducted  in a 
c o n t r o l l e d  room tem p e ra tu r e  a t  2 6  ° c .

The i n t e r e s t e d  pa ram ete rs  in t h i s  s tudy  were e f f e c t  by the  
speed  of a g i t a t o r ,  type  of a g i t a t o r ,  c o n f i g u r a t i o n  of a g i t a t o r ,  and 
b a f f l e  on r e q u i r e d  mixing t im e .  The range of p a ram ete r s  s t u d i e d  were
t h e  fo l lows  ะ

speeds of i m p e l l e r  ะ 200, 300, and 400 rpm
types  of i m p e l l e r  ะ 6 b laded  open t u r b i n e ,  6 b laded  d i s c  

t u r b i n e ,  and 6 b la d ed  45 degree  p i t c h  
t u r b i n e

p o s i t i o n s  of im p e l l e r  ะ a t  8 cm and 12 cm above t h e  bottom 
of t h e  tank  (1 /3  and 1/2 of d iam e te r  
of t h e  t ank  r e s p e c t i v e l y )

b a f f l e s  ะ w i th ,  and .without  b a f f l e s  
i n s t a l l a t i o n

For r a d i o a c t i v e  t r a c e r  method, 3 p o s i t i o n s  of t h e  d e t e c t o r  
were conducted  to  o b t a in  t h e  v a r i a t i o n  of t r a c e r  re sp o nse  a t  
d i f f e r e n t  l e v e l s  of t he  s o l u t i o n  in  t h e  t an k .  Those l e v e l s  were t h e
fo l lo w in g  ะ
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l e v e l  of d e t e c t i o n  ะ a t  8 cm, 12 cm, and 16 cm above the

bottom of t he  t an k  (1 /3 ,  1 /2 ,  and 2/3 
of d iam e te r  of t h e  t an k  r e s p e c t i v e l y )

In o rd e r  t o  s tudy  t h e  e f f e c t  of t he  b a f f l e s ,  t h e  b a f f l e s  were 
d e tached  from th e  wal l  of t h e  t ank  then t h e  above p rocedure  was 
r e p e a t e d .

3.4  A dd i t ion a l  Work
3 .4 .1 The Apparatus

Some a d d i t i o n a l  work about the con t inuous s t i r r e d  t ank
and t u b u l a r v e s s e l  were conducted .  The con t inuous s t i r r e d  t ank
c o n s i s t s of t h e  same p a r t s  as mentioned in 3 .1 . 1 . The t u b u l a r
v e s s e l s were 10 l i t r e s  in volume a t  3 d i f f e r e n t  s i z e s of p o ly v in y l
c h l o r i d e pipe as t h e  fo l low s  ะ

nominal i n s i d e
d ia m e te r  ( i n . ) d iam e te r  (cm) l e n g th  (cm)

la r g e pipe ะ 6 15.1 60.6
medium pipe ะ 4 10.3 130.3
small p ipe ะ 3 6.8 298.9

The p ipes  a re  c lo s e d  bo th  ends by p l e x i g l a s s  f l a n g e  w i th  1/2
i n .  p ipe  connec to r .
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3 .4 .2  The Procedure
a.  Continuous s t i r r e d  t ank

The t ank  was mounted on a su pp o r t  and t h e  water  
supply  p ipe  was connec ted  t o  t h e  t an k  a t  t h e  top  of t h e  t an k  as an 
i n l e t  p ipe  and t h e  bottom of t h e  t an k  as an o u t l e t  p ipe  as shown in 
F ig u re  3 .6 .  The i n l e t  p ipe  was d r i l l e d  and s e a l e d  with  a rubber  
s t r i p  f o r  i n j e c t i o n  pu rposes .  An i n l i n e  flow meter  was i n s t a l l e d  to  
t h e  i n l e t  p ip e .  The o u t l e t  p ipe  i s  connec ted  t o  a s t o r a g e  t an k  t o  
c o l l e c t  r a d i o a c t i v e  con tam ina ted  w a te r .  The l e a d  s h i e l d e d  d e t e c t o r  
was p la c e d  p e r p e n d i c u l a r  t o  t h e  o u t l e t  p ipe  as c l o s e  as p o s i b l e  to  
t h e  e x i t  of t h e  t a n k .  The a g i t a t o r  was mounted on a su pp o r t  a t  t he
d e s i r e d  a g i t a t o r  l e v e l .  The o u t l e t  va lve  was t u r n e d  o f f  and t h e  tank
was c o n t in u o u s ly  f i l l e d  w i th  water  a t  t he  d e s i r e d  v o lu m e t r i c  flow 
r a t e  t o  a h e ig h t  of 24 cm. Then th e  o u t l e t  va lve  was tu r n e d  on to
keep t h e  water  l e v e l  in  t h e  t a n k  a t  24 cm. A f t e r  a s t e ad y  s t a t e  was
reached ,  t h e  a g i t a t o r  was t u r n e d  on and a d j u s t e d  a t  speed  of 400 
rpm. The m u l t i chan ne l  a n a ly z e r  s e t  in m u t i s c a l in g  mode and s e t  a t
0 .5  second i n t e r v a l  of c o l l e c t i o n  t ime was tu r n e d  on. The background 
r a d i a t i o n  was c o l l e c t e d  f o r  a t  l e a s t  50 seconds .  Then 20-30 mCi of 
sodium p e r t e c n i t a t e  was i n j e c t e d  u s ing  a lead  s h i e l d e d  s y r i n g e  a t  t he  
i n j e c t i o n  p o i n t .  The r a d i a t i o n  a t  t h e  o u t l e t  p ipe  was c o n t in u o u s ly  
d e t e c t e d  and reco rded  u n t i l  t h e  t h e  d e t e c t e d  r a d i a t i o n  was c l o s e  to  
t h e  background l e v e l .  The d e t e c t i o n  of r a d i a t i o n  was a l lowed f u r t h e r  
f o r  a t  l e a s t  100 seconds t o  ensu re  cover ing  t h e  t a i l  of t h e  t r a c e r .  
A f te r  complet ion  of t h e  expe r im en t ,  t he  c o l l e c t e d  d a t a  were p r i n t e d
o u t .
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b.  Tubular  v e s s e l

The t u b u l a r  v e s s e l  was mounted h o r i z o n t a l l y  on a 
s u p p o r t .  The water  supply p ipe  was connec ted  t o  v e s s e l  a t  t h e  i n l e t  
end of t he  v e s s e l .  The i n l e t  p ipe  was d r i l l e d  and s e a l e d  w ith  a 
rubber  s t r i p  f o r  i n j e c t i o n  p u rpo se s .  An i n l i n e  flow meter  was 
i n s t a l l e d  t o  t h e  i n l e t  p ipe  l i n e .  The o u t l e t  p ipe  was connec ted  t o  a 
s t o r a g e  t an k  t o  c o l l e c t  t he  r a d i o a c t i v e  con tam ina ted  wate r .  The lead  
s h i e l d e d  d e t e c t o r  was p laced  p e r p e n d i c u l a r  t o  t he  o u t l e t  p ip e  as 
c lo s e  as p o s i b l e  t o  t he  e x i t  of t h e  v e s s e l  as shown in F igu re  3 .7 .  
The o u t l e t  va lve  was p a r t i a l l y  t u r n e d  o f f  and the  v e s s e l  was 
c o n t in u o u s ly  f i l l e d  up with  water  a t  t he  d e s i r e d  v o lu m e t r i c  f low 
r a t e .  Then t h e  o u t l e t  va lve  was tu r n e d  on t o  keep the  v o lu m e t r i c  
flow r a t e  of water  a t  t he  d e s i r e d  v a lu e .  The m u l t i channe l  a n a ly z e r  
s e t  in m u l t i c h a n n e l s c a l i n g  (MCS) mode and s e t  a t  0 .5  second i n t e r v a l  
of c o l l e c t i o n  t ime was tu r n e d  on. A f te r  a s t e a d y  s t a t e  was reached ,  
t h e  background r a d i a t i o n  was c o l l e c t e d  f o r  a t  l e a s t  50 seconds .  Then 
10-20 mCi of sodium p e r t e c n i t a t e  was i n j e c t e d  u s ing  a l ead  s h i e l d e d  
s y r i n g e  a t  t h e  i n j e c t i o n  p o i n t .  The r a d i a t i o n  a t  t he  o u t l e t  p ipe  was 
c o n t in u ou s ly  d e t e c t e d  and reco rded  u n t i l  t h e  d e t e c t e d  r a d i a t i o n  was 
c lo s e  t o  t h e  background l e v e l .  The c o l l e c t i o n  of r a d i a t i o n  was 
a l lowed f u r t h e r  f o r  a t  l e a s t  100 seconds t o  ensure  cover ing  t h e  t a i l  
of t h e  t r a c e r .  A f t e r  complet ion of t h e  expe r im ent ,  t he  c o l l e c t e d  
d a t a  were p r i n t e d  ou t .
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F i g u r e 3 .1  Diagram of arrangement of i m p e l l e r  and b a f f l e s

2 1 . 5

u n i t  ะ cm

F igure  3 .2  Diagram of  e l e c t r o d e  i n s t a l l a t i o n



D is c  Turbine
พ = 0 .25 Di
L = 0 .25 Di

Open Turbine  
พ = 0 . 2 5  Di พ = 0 .1 2 5  Di

F igure  3 . 3  Diagram of  t h r e e  t y p e s  of  c o n s i d e r e d  i m p e l l e r  Di = 8 cm

cn
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1. M i x i ng  tank

2.  V a r ia b le  .speed motor 

2. Lead s h i e l d e d  d e t e c t o r  
I. Multichannel , a n a ly zer
5. P r i n t e r

F i g u r e  3 . 1  The  a p p a r a t u s  u s e d  i n  r a d i o a c t i v e  t r a c e r  t e c h n i q u e



5 3

1. Mixing tank
2. V a r ia b le  speed  motor
3. Conductimetor
4. Chart recorder

Figure 3 .5  The apparatus used in c o n d u c t i v i t y  method
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1 Continuous s t i r r e d  tank
2 V a r ia b le  speed  motor
3 Lead s h i e l d e d  d e t e c t o r  

'1 M ul t ichannel  a n a ly zer
5 P r i n t e r
6 I n l i n e  f low meter

F igure  3 .6  The apparatus used in c ont inuous  s t i r r e d  tank
u s i n g  r a d i o a c t i v e  t r a c e r  t e c h n i q u e
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1 Tubular v e s s e l
2 Lead s h i e l d e d  d e t e c t o r  
5 M ult ichannel  a n a ly zer
-1 P r in t e r
5 I n ] i n e  f low meter

F igure  3 .7  The apparatus used in tu b u la r  v e s s e l
u s i n g  r a d i o a c t i v e  t r a c e r  t e c h n i q u e
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