
CHAPTER 1 
INTRODUCTION

1.1 General

In  a  w a s te w a te r  tre a tm e n t sy stem , th e  c o n s id e ra tio n  to  c o n se rv e  en e rg y  is  a  
m u st. D e ta ile d  e n e rg y  an a ly se s  are  n o w  b e c o m in g  an  im p o rta n t p a r t o f  e v e ry  p ro je c t 
an a ly s is  in c lu d in g  o p e ra tio n a l c o s t an d  m a in te n a n c e  co st. M o re  a tte n tio n  is  b e in g  
g iv e n  to  th e  s e le c tio n  o f  p ro c e ss  th a t co n se rv es  en e rg y  a n d  re so u rc e s  (M e tc a lf  an d  
E d d y , 1991). B io lo g ic a l w a s te w a te r  tre a tm e n t is on e , w h ic h  is  u se d  to  re m e d y  th e  
w a s te w a te r  fro m  a  d o m e s tic  o r  in d u s tria l w astew a te r.

A e ro b ic  p ro c e ss  is  a  b io lo g ic a l tre a tm en t p ro cess  th a t o c c u rs  in  th e  p re se n c e  o f  
o x y g e n  (M e tc a lf  an d  E d d y , 1991). A n  a e ra tio n  p ro c e ss  is  n e e d e d  in  ae ro b ic  
w a s te w a te r  tre a tm e n t sy s tem . It is  an  en tity  p ro c e ss  fo r  a e ro b ic  sy s tem  b e c a u se  th e  
ae ro b ic  m ic ro o rg a n ism  u se s  o x y g e n  as an  e lec tro n  re c e p to r  to  d ig e s t o rg an ic  m a tte r  in  
th e  w a s te w a te r . F o r  th is  re a so n , th e  ae ra tio n  sy stem  is  n e c e ssa ry  to  p ro v id e  o x y g e n  
fo r m ic ro o rg a n ism s  in  th e  ae ro b ic  p ro cess . T h ere fo re , d is so lv e d  o x y g e n  (D O ) in  th e  
w a te r  is  an  in flu e n tia l fa c to r  in  th e  e ffic ien cy  o f  w a s te w a te r  tre a tm e n t sy stem .

In  e v e ry  p ro c e ss , o p e ra tio n  and  m a in ten an ce  c o s ts  a re  e x tre m e ly  im p o rtan t. 
T h e re  is  an  in c re a s in g  tre n d  to  m in im ize  p o w e r  u se  in  th e  d e s ig n  o f  w a s te w a te r  
tre a tm e n t p la n ts  b y  p a y in g  m o re  ca re fu l a tte n tio n  to  re c o v e r  en e rg y  fo r p o w e r  
g e n e ra tio n  (M e tc a lf  a n d  E d d y , 1991). G en era lly , th e  a e ra tio n  p ro c e ss  is  u su a lly  th e  
m o s t en e rg y  in te n s iv e  p ro c e ss  in  a  w as te w a te r  tre a tm e n t sy s tem , su ch  as a c tiv a te d  
slu dg e . It c o n su m e s  a b o u t 6 0 -7 0 %  o f  p o w e r  in pu t. T o  re d u c e  th is  co st, th e  m o s t 
su itab le  o x y g e n  tra n s fe r  ra te  o f  th e  ae ra tio n  p ro cess  sh o u ld  c re a te  o p tim u m  co n d itio n s
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in the aeration system and therefore reduce power consumption, which is the main
contribution for operational cost.

O x y g e n  tra n s fe r  is  th e  m o s t im p o rta n t m e c h a n ism  in  th e  ae ra tio n  p rocess. 
M a n y  fac to rs  a f fe c t th e  o x y g e n  tra n s fe r  ra te  su ch  as c o n ta m in a n ts , te m p e ra tu re , D O  
co n c e n tra tio n , ty p e  o f  a e ra tio n  d ev ice , an d  p o w e r  in p u t. T h e se  fa c to rs  red u ce  th e  
o x y g en  tra n s fe r  ra te s  d o w n  to  4 0 %  to  7 0 %  in  w a s te w a te r  c o m p a re d  w ith  c lean  w a te r  
c o n d itio n s . T h e  p re se n c e  o f  su rfac tan ts  in  w a s te w a te r  is  o n e  o f  th e  m a in  reaso n s  fo r 
in fe r io r  an d  th e re fo re  u n e c o n o m ic a l p e rfo rm a n c e  (W a g n e r  e t a l. ,  1996). O x yg en  
tra n s fe r  c a n  b e  p re se n te d  b y  u s in g  th e  o x y g en  tra n s fe r  c o e f f ic ie n t (K La) as an  
in d ica to r.

T h e re  are  sev e ra l re a so n s  to  u se  an io n ic  su rfa c ta n ts . G en era lly , th e  
w a s te w a te r  c o n s is ts  o f  su rfa c ta n ts , w h ic h  are  im p o rtan t in g re d ie n ts  in  w a sh in g  agen ts  
an d  so ap s . A f te r  w a sh in g  o r c le a n in g  p ro cesse s , su rfa c ta n ts  f ro m  h o u se h o ld  are 
d is tr ib u te d  in  th e  w a s te w a te r . M o stly , an  an io n ic  s u r fa c ta n t ty p e  is  u se d  and  
p re se n te d  in  th e  w a s te w a te r . T h e  co n c e n tra tio n s  o f  th e  o th e r  ty p e s  o f  su rfac tan t are  
v e ry  lo w  an d  th e re fo re  o f  n o  im p o rta n c e  w ith  reg a rd  to  th e  o x y g e n  tra n s fe r  p ro cess . 
T h e  m e a su re d  av e ra g e  c o n c e n tra tio n s  o f  an io n ic  su rfa c ta n ts  in  th e  w a s te w a te r  are  
b e tw e e n  6 .6  to  11 .9  m g /L  (W a g n e r  et a l.,  1996). A n o th e r  re a so n  is th a t, th e  su rfac tan t 
is u se d  to  c h a n g e  th e  p ro p e rtie s  o f  tap  w a te r  to  m o re  c lo se ly  a p p ro a c h  th e  p ro p e rtie s  
o f  w a s te w a te r , an d  to  m a sk  th e  e ffec ts  o f  trace  c o n ta m in a n ts  in  tap  w a te r  (S ten stro m . 
et a l ,  1981). T h e re fo re , th e  an io n ic  su rfac tan t is u sed  in  th is  re se a rc h  to  co n s id e r  th e  
e ffec t o f  su rfa c ta n ts  o n  o x y g en  tran sfe r.
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T h e  p re se n t p ro b le m  o f  th is  re se a rc h  is  th e  p re se n c e  o f  su rfa c ta n ts  in  th e  
w a s te w a te r , w h ic h  is  s ti ll  th e  o n e  o f  th e  m a in  re a so n s  fo r an  a e ra tio n  sy stem . O v e r  o r 
u n d e r  e s tim a tio n  o f  th e  o x y g e n  tra n s fe r  ra te  d ec rea se s  th e  p ro c e ss  e ff ic ie n c y  o r 
in c re a se s  th e  c o s t o f  e n e rg y  c o n su m p tio n  w h e n  o p e ra te s  th e  sy stem . T h e  m o re  o r  th e  
le ss  o f  D O  w h ic h  is  n o t  su itab le , th e  h ig h e r  th e  o p e ra tio n a l c o s t to  th e  w a s te w a te r  
tre a tm e n t sy s tem  w ill  b e . T h e  o p tim u m  o x y g e n  tra n s fe r  ra te  sh o u ld  b e  s tu d ie d  b y  
u s in g  o x y g e n  tra n s fe r  c o e ff ic ie n t (K La) to  f in d  th e  b e s t e ff ic ie n c y  w ith  a  su itab le  
p o w e r  in p u t an d  co st. F o r  th e se  rea so n s , th e  f in an c ia l c o n c e rn  a b o u t c o s t c a n  b e  
red u ced .

1.2 Objectives

T h e  m a in  o b je c t iv e  o f  th is  re se a rc h  is  to  in v e s tig a te  th e  e ffe c t o f  th e  p re sen ce  
o f  su rfa c ta n ts  o n  th e  o x y g e n  tra n s fe r  b y  d e te rm in in g  th e  v o lu m e tric  o x y g e n  tra n s fe r  
c o e ffic ien t. T h e  sp ec ific  o b je c tiv e s  are  as fo llow :

1. T o  e s tim a te  th e  o p tim u m  o x y g en  tra n s fe r  c o e ff ic ie n ts  in  w a te r  in  th e  p re se n c e  
o f  su rfa c ta n ts  th ro u g h  th e  v a r ia tio n  o f  p o w e r  in pu t.

2. T o  d e te rm in e  th e  e ffe c t o f  tu rb u le n t c o n d itio n  o n  o x y g e n  tra n s fe r  co effic ien t.

3. T o  d e m o n s tra te  p h e n o m e n o n  th a t is  o b se rv e d  in  th e  f ie ld , in  a  co n tro lle d  
la b o ra to ry  c o n d itio n  so th a t it  c an  b e  q u a n tif ie d  an d  d o cu m en ted .
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1.3 Scopes of the Study

T h e  re se a rc h  is  c o n d u c te d  to  d e te rm in e  th e  o x y g e n  tra n s fe r  ra te  (OTR) w h e n

su rfa c ta n ts  a re  p re se n te d . P o w e r  in p u ts  are  v a r ie d  b y  a d ju s tin g  re v o lu tio n  p e r  m in u te s  
(R P M s). M o re o v e r , th e  a s su m p tio n s  o f  th is  re se a rch  are

1. T h e  b a ff le d  ta n k , 50 0  lite rs , is  u sed  as a  re a c to r  b y  f ill in g  th e  w a te r  sam p le  
a p p ro x im a te ly  4 0 0  lite rs  in  o rd e r to  c o m p ly  w ith  ta n k  s ta n d a rd  c r ite r ia  
(M e tc a lf  a n d  E d d y , 1991).

2. T h e  su rfa c e  a e ra to r  is se lec ted  to  p e rfo rm  th e  e x p e rim e n t in  th is  re sea rch .

3. T w o  s iz e s  o f  p ro p e lle r , w h ic h  are  10.7 cm  an d  15 cm , are  u sed .

4. D o d ecy l S o d iu m  S u lfa te  (D S S ) is u sed  as a  su rfa c ta n t an d  th e  o p tim u m  
o x y g en  tra n s fe r  c o e ff ic ie n t in  th e  p re sen ce  o f  su rfa c ta n ts  is  te s te d  b y  
v a r ia b le  c o n c e n tra tio n s  and  p o w e r  in pu ts.

5. C le a n  w a te r  an d  w a te r  w ith  su rfac tan t a t d iffe re n t c o n c e n tra tio n s  are  u sed . 
E a c h  ty p e  o f  w a te r  sam p le  is tre a ted  b y  th e  sa m e  m e th o d . T ap  w a te r  is  
u se d  as c le a n  w a te r.

6. T h e  A N S I/A S C E -2 -9 1 stan d ard  (1 9 9 3 ), “T h e  m e a su re m e n t o f  o x y g e n  
tra n s fe r  ra te  in  c le a n  w a te r” , is u sed  to  d e te rm in e  th e  o x y g e n  tra n s fe r  
c o e ff ic ie n t (A m e ric a n  S o c ie ty  o f  C iv il E n g in ee rs  [A S C E ], 1993).

7. A S C E  D O  p a ra m e te r  e s tim a tio n  p ro g ra m  (D O _ P A R ) is  u se d  to  c a lcu la te  
th e  o p tim u m  KLa fro m  th e  ex p erim en ta l d a ta  (L ee  et a l ,  1997).
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