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ABSTRACT

I n v e s t i g a t i o n s  concern ing  t h e  re sponses  o f  domest ic  w a s te 

w a te r  t r e a t e d  a t  e l e v a t e d  p r e s s u r e s  have dem ons t ra ted  an 

a c c e l e r a t i o n  in  t h e  r a t e  o f  b i o l o g i c a l  a s s i m i l a t i o n  o f  t h e  

w as te  m a t e r i a l .  The l i t e r a t u r e  i s  n o t  e x t e n s i v e ,  b u t  p r e s e n t s  

much c o n f l i c t i n g  d a t a .  There  has been a l a c k  o f  a c o h e re n t  

approach  t o  t h e  i n v e s t i g a t i o n  o f  p r e s s u r e  in w as tew a te r  t r e a t m e n t .  

This  dem ons t r a te s  t h e  need f o r  s t a n d a r d  t e s t i n g  a p p a ra tu s  and 

p ro c e d u re s .

A bench s c a l e  p r e s s u r i z e d  a c t i v a t e d  s ludge  p roces s  was de

s igned  and c o n s t r u c t e d .  The a p p a ra tu s  was t e s t e d  o v e r  a broad 

range  o f  c o n d i t i o n s  and was found to  g iv e  r e p r o d u c i b l e  r e s u l t s .  

K in e t i c  re s p o n s es  o f  t h e  p r e s s u r i z e d  p ro ces s  a r e  p r e s e n t e d .
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I .  INTRODUCTION

Advances in  w a te r  p o l l u t i o n  c o n t ro l  te chno logy  can o c c u r  in  two 

a r e a s .  The f i r s t ,  equipment o r  hardw are ,  o f f e r s  l e s s  scope  f o r  

change than  does th e  second,  p rocess  a l t e r a t i o n .  F r e q u e n t l y ,  th e  

i n t r o d u c t i o n  o f  b a s i c  changes in  p rocess  b r ings  abou t  t h e  need f o r  

new hardware.  The use o f  e l e v a t e d  p r e s s u r e s  in  th e  t r e a t m e n t  o f  

domest ic  w as tew a te r  has g o t t e n  l i t t l e  a t t e n t i o n .  The few i n v e s t i g a 

t i o n s  on i t s  use have p r e s e n te d  c o n f l i c t i n g  o b s e r v a t i o n s .  The need 

f o r  a more u n d e r s tan d a b le  approach t o  i n v e s t i g a t i o n  was overdue .

Wastewater  t r e a tm e n t  r e s e a r c h  beg ins  w ith  th e  des ign  and 

o p e r a t i o n  o f  a model from which th e  p ro to ty p e  i s  l a t e r  developed .  

F u r t h e r  i n v e s t i g a t i o n s  o f  t h e  responses  o f  domest ic  w as tew a te r  

t r e a t e d  a t  e l e v a t e d  p r e s s u r e s  i s  an a r e a  o f  w as tew a te r  t r e a t m e n t  

r e s e a r c h  r e q u i r i n g  th e  need f o r  a l a b o r a t o r y  model i f  i t s  p r a c t i c a l  

a p p l i c a t i o n s  a r e  t o  be examined.

The major o p e r a t i o n a l  p a ram e te r  by which w a s tew a te r  t r e a m e n t  

p l a n t  e f f i c i e n c y  i s  e v a l u a t e d  i s  Biochemical  Oxygen Demand (BOD). 

E f f i c i e n c y  i s  d e r iv e d  from th e  p e r c e n t  r e d u c t io n  in  5-day  BOD (BODg) 

between th e  u n t r e a t e d  and t r e a t e d  w as tew a te r .  P rev ious  work in v o lv in g  

th e  a p p l i c a t i o n  o f  p r e s s u r e  to  w as tew a te r  i n d i c a t e d  t h a t  t h e  r a t e  a t  

which o r g a n ic  m a te r i a l  i s  decomposed i s  in c re a s e d  by as much as 36%. 

This dem ons t ra te s  a p o s s i b l e  u t i l i t y  in  w as tew a te r  t r e a t m e n t  because  

more o f  t h e  oxygen r e q u i r e d  f o r  t h e  a e r o b i c  decomposi t ion  o f  o r g a n ic  

m a t e r i a l  can be s u p p l i e d  d u r ing  th e  w as tew ate r  r e t e n t i o n  p e r io d  w i th in
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t h e  t r e a t m e n t  p l a n t ,  thus  reduc ing  th e  oxygen demand upon d i s c h a r g e  

i n t o  t h e  r e c e i v i n g  w a te r  ( s t r e a m  o r  r i v e r ) .

The work r e p o r t e d  in  t h i s  paper  was approached in  two d i s t i n c t  

phases .  The f i r s t  p o r t i o n  was t h e  s e l e c t i o n  o f  th e  t r e a t m e n t  p rocess  

to  be used in  th e  i n v e s t i g a t i o n .  For t h i s ,  t h e  a c t i v a t e d  s ludge  

p rocess  was chosen.  Among th e  des ign  c o n s i d e r a t i o n s  were t h a t  i t  

be a comple te -mix ,  f l o w - th ro u g h ,  p r e s s u r i z e d  p ro c e s s .  The second 

phase commenced upon complet ion o f  t h e  l a b o r a t o r y  model.  I t  

invo lved  a d e s c r i p t i o n  o f  t h e  r e a c t i o n  k i n e t i c s  o f  t h e  e f f l u e n t  

w as tew a te r  f o r  o p e r a t i n g  p r e s s u r e s  o f  0 to  40 p s ig  and Mixed Liquor 

Suspended S o l id s  (MLSS) c o n c e n t r a t i o n s  o f  1000 mg/L t o  3000 mg/L.

The MLSS i s  a measure o f  t h e  c o n c e n t r a t i o n  o f  organisms making up the  

a c t i v a t e d  s lu d g e .

The d a t a  p r e s e n te d  in  t h i s  pape r  a r e  no t  to  be c o n s id e re d  as the  

r e s o l u t i o n  o f  a l l  con fus ions  app ea r in g  in  t h e  l i t e r a t u r e ,  bu t  as a 

s t a r t i n g  p o i n t  f o r  a more cohes ive  approach to  f u t u r e  i n v e s t i g a t i o n s .
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I I .  LITERATURE REVIEW

There i s  n o t  an e x t e n s i v e  l i t e r a t u r e  on p re s s u r e  e f f e c t s  in  

w as tew a te r  t r e a t m e n t .  P ub l ished  and unpub l i shed  r e p o r t s  a r e  more 

q u a l i t a t i v e  than  q u a n t i t a t i v e  and c o n t a in  much c o n f l i c t i n g  d a t a .  Below 

a r e  d i s c u s s e d  t h e  p rev ious  works and th e  c o n f l i c t s  t h a t  e x i s t .

PRESENTATION OF PREVIOUS WORK EXAMINING THE EFFECTS OF ELEVATED PRESSURES 
TO WASTEWATER TREATMENT

Jannach

An i n v e s t i g a t i o n ,  by Jannach ( 1 ) ,  examining th e  e f f e c t s  o f  p r e s s u r e  

on a b i o l o g i c a l  environment  was i n s p i r e d  by th e  lack  o f  d e g r a d a t io n  in 

the  food m a t e r i a l s  r ecove red  a f t e r  one y e a r  from th e  Woods Hole 

Oceanographic  I n s t i t u t e ' s  subm ers ib le  ALVIN which sank in  about  

5000 f t .  (2165 p s ig )  o f  w a te r ,  135 m i les  s o u t h e a s t  o f  Woods Hole,  

M assa ch u se t t s .  When food from th e  s u b m ers ib l e  was p la ced  in  a 

r e f r i g e r a t o r  a t  3°C, i t  s p o i l e d  in  on ly  a few weeks.  Subsequent  t o  

th e se  d i s c o v e r i e s ,  t e s t s  were conducted  in  which o r g a n ic  m a t e r i a l s  were 

submerged a t  depths  o f  5000 f t .  (2165 p s ig )  f o r  p e r io d s  o f  two t o  f i v e  

months.  These t e s t s  i n d i c a t e d  t h a t  m ic ro b ia l  d e g ra d a t io n  was 10 to  

100 t imes  s low er  in  t h e  deep s e a .  I t  was p o s t u l a t e d  t h a t  t h i s  s low

down i s  caused  by p r e s s u r e  e x e r t i n g  an e f f e c t  on th e  c e l l s ,  which in  

t u r n  r a i s e s  t h e i r  minimal growth t e m p e r a t u r e .  In an envi ronment o f  low 

te m p era tu re  and e l e v a t e d  p r e s s u r e  as found in  t h e  deep s e a ,  m ic ro b ia l  

a c t i v i t y  w i l l  d e c re a s e  and e v e n t u a l l y  c e a s e ;  i n c r e a s e d  p r e s s u r e  causes  

the  minimal growth t e m p era tu re  t o  r i s e  and f i n a l l y  s u rp a s s  th e  e n v i r o n 

mental t e m p e ra tu r e .
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Lawrence

Lawrence (2) i n v e s t i g a t e d  t h e  e f f e c t s  o f  p r e s s u r e  on th e  b i o 

l o g i c a l  d e g ra d a t io n  o f  o r g a n ic  w a s te s .  P r i o r  t o  Lawrence (2),, 

Anderson (3)  examined th e  e f f e c t s  o f  p o s i t i v e  and n e g a t i v e  p r e s s u r e s  

on th e  a n a e ro b ic  m ic rob ia l  decomposi t ion  o f  sewage s lu d g e .  pH 

c o r respond ing  t o  maximum m ic ro b ia l  a c t i v i t y  was found t o  l i e  between 

6 .4  and 7 . 3 ;  a t  a p r e s s u r e  o f  5 .3  p s i g ,  t h e  pH i s  7 .2 .

Based on Anderson 's  (3)  o b s e r v a t i o n  o f  pH c o n t ro l  w ith  p r e s s u r e ,  

Lawrence (2)  had c o n s t r u c t e d  t h r e e  p r e s s u r e  c y l i n d e r s  from 3 inch 

s t a n d a r d  b lack  p ipe  18 inches  h igh .  Each c y l i n d e r  was equipped with  

a h y d r a u l i c  r e l e a s e  v a l v e ,  an a i r  r e l e a s e  v a l v e ,  a p r e s s u r e  r e g u l a t o r  

and a p r e s s u r e  gauge as shown in  F igure  1.

Waste s ludge  from a nearby  t r e a t m e n t  p l a n t  was c o l l e c t e d  and 

d i l u t e d  with  d i s t i l l e d  w a te r .  Two weeks o f  a e r a t i o n  were n e c e s s a ry  to  

a c c l im a te  t h e  organisms b e f o r e  t e s t i n g .  The p r e s s u r e  c y l i n d e r s  were 

f i l l e d  w i th  a m ix tu re  o f  w as tew a te r  and a c t i v a t e d  s lu d g e  and p r e s s u r 

iz ed  to  one ,  two and t h r e e  atmospheres  ( 1 4 .7 ,  20 .4  and 44 .10  p s ig )  

r e s p e c t i v e l y .  At r e g u l a r  t ime i n t e r v a l s  o f  30 m in u te s ,  samples were 

withdrawn and ana lyzed  f o r  COD (Chemical Oxygen Demand). Each run 

l a s t e d  about  t h r e e  hours a f t e r  t h e  f i r s t  sample was t a k e n .  Runs were 

s e p a r a t e d  by t h r e e  t o  f o u r  days t o  a l low  th e  system to  r e t u r n  to  the  

c o n d i t i o n s  e x i s t i n g  a t  a tm ospher ic  p r e s s u r e  b e fo re  p r e s s u r i z i n g  aga in .

F igure  2 i l l u s t r a t e s  th e  r e s u l t s  o b ta in e d  by Lawrence ( 2 ) .  A 

b e n e f i c i a l  e f f e c t  caused by p r e s s u r e  i s  seen  in  t h e  d e g r a d a t io n  o f
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o r g a n ic  w as te  by th e  microorgan isms .  At p r e s s u r e s  o f  two and t h r e e  

a tm ospheres ,  th e  p e rc e n ta g e  o f  COD removed i s  g r e a t e r  than  t h a t  a t  

one atmosphere (56% a t  two atmospheres  and 38% a t  t h r e e  a tm osphe re s ) .

Kaplan and Klei

An i n v e s t i g a t i o n  o f  r e a c t i o n  k i n e t i c s  o f  a complete-rnix a c t i v a t e d  

s ludge  p roces s  o p e r a t i n g  a t  p r e s s u r e s  o f  0 t o  100 p s ig  was conducted  

by Kaplan and Klei ( 4 ) .  The f lo w - th rough  p r e s s u r e  c y l i n d e r  was con

s t r u c t e d  from s t a i n l e s s  s t e e l  and was equipped w i th  in s t ru m e n ts  f o r  

m o n i to r ing  d i s s o lv e d  oxygen,  t e m p e ra tu re ,  pH and f l o w r a t e .  A c t iv a te d  

s ludge  from a w as tew ate r  t r e a t m e n t  p l a n t  was a d j u s t e d  to  pH 6 .8  t o  

7 .2  and te m pera tu re  o f  68°F t o  72°F and p laced  in  th e  p r e s s u r e  

c y l i n d e r .  Samples o f  i n f l u e n t  and e f f l u e n t  w as tes  were ana lyzed  f o r  

COD. Deten t ion  t imes o f  1 t o  2 hours r e s u l t e d  in  th e  b e s t  o p e r a t i n g  

c o n d i t i o n s .  Kaplan and Klei (4)  r e p o r t e d  t h a t  l i t t l e  q u a n t i t a t i v e  

da t a  was o b ta in e d  due t o  t h e  uns teady  s t a t e  c o n d i t i o n s  in  the  

r e a c t o r .  However, i t  was concluded t h a t  th e  growth y i e l d  c o e f f i c i e n t  

dec re ase d  w i th  i n c r e a s e d  p r e s s u r e  and t h a t  t h e  k i n e t i c s  o f  th e  b i o 

l o g i c a l  r e a c t i o n  with  p r e s s u r e  seemed to  fo l lo w  second o r d e r  k i n e t i c s .

Chack

The o b s e rv a t io n s  made by Lawrence (2) and th e  team o f  Kaplan and 

Klei (4)  a r e  in  comple te d isag reem en t .  Chack (5) i n v e s t i g a t e d  t h e  

e f f e c t s  o f  high p r e s s u r e s  (100 p s ig  t o  400 p s ig )  on th e  b i o 

d e g r a d a t io n  o f  o rg a n ic  w as te  m a te r i a l  and c o l i f o r m - b a c t e r i a  die-away 

in  t h e  ocean environment in  an e f f o r t  to  r e s o l v e  t h i s  c o n f l i c t .
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His work was performed in  t h r e e  phases :

1. The e f f e c t s  o f  p r e s s u r e  on sewage samples d i l u t e d  in 

prepa red  n u t r i e n t  w a te r .

2. The e f f e c t s  o f  p r e s s u r e  on sewage samples d i l u t e d  in 

s e a w a te r ,  and

3. The e f f e c t s  o f  p r e s s u r e  on c o l i f o rm  die -away.

In each phase ,  p r e s s u r i z e d  and u n p re s s u r i z e d  samples were compared.

Sewage samples d i l u t e d  in  n u t r i e n t  w a te r  were p r e s s u r i z e d  from 

100 t o  400 p s ig  f o r  one ,  t h r e e  and f i v e  days .  Samples were then  

ana lyzed  f o r  BOD. Maximum BOD removal o c c u r r e d  a t  100 p s ig  and 

dec re ase d  s l i g h t l y  w i th  i n c r e a s i n g  p r e s s u r e  up to  400 p s ig  as shown 

in  F igure  3. In t im e ,  t h e  t o t a l  BOD e x e r t e d  was r e l a t i v e l y  the  same 

f o r  p r e s s u r i z e d  and u n p r e s s u r i z e d  samples.  F igure  4 shows the  

d i f f e r e n c e  in  BOD e x e r t i o n  between an u n p r e s s u r i z e d  sample and one 

p r e s s u r i z e d  f o r  one day.  The r a t e  o f  BOD e x e r t i o n  i s  seen to  be 

f a s t e r  f o r  th e  p r e s s u r i z e d  sample and to  have a comple te absence o f  

th e  tw o - s ta g e  BOD c h a r a c t e r i s t i c .

The second phase o f  Chack's  (5)  work was th e  i n v e s t i g a t i o n  o f  

th e  e f f e c t s  o f  p r e s s u r e  on sewage samples d i l u t e d  in  s e aw a te r .  A 

comparison was made between samples d i l u t e d  in  f r e s h w a t e r  and s e a 

w a te r .  Higher BOD v a lues  were o b ta in e d  f o r  t h e  f r e s h w a t e r  samples 

a t  a tm ospher ic  p r e s s u r e  w h i le  a t  100 p s ig  t h e  se a w a te r  samples had 

h ig h e r  BOD v a lu es .
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In t h e  f i n a l  p o r t i o n ,  e s t i m a t e s  o f  c o l i f o rm  die-away were made 

by th e  Most-Probable-Number (MPN) method f o r  organ ism enum era t ion .  

Sewage samples d i l u t e d  in  f r e s h w a t e r  and s eaw a te r  were s u b j e c t e d  to  

p r e s s u r e s  from 0 t o  400 p s ig  f o r  two,  f o u r  and e i g h t  days .  At 0 p s i g ,  

f r e s h w a t e r  samples c o n ta in ed  a g r e a t e r  number o f  organisms than  d id  

t h e  s e a w a te r  samples .  Enumerations made on the  samples a t  100 p s ig  

and 400 p s ig  showed o v e r a l l  d e c r e a s e  w i th  i n c r e a s i n g  p r e s s u r e .  Also ,  

o p p o s i t e  t o  what  o ccu r red  w i th  t h e  0 p s ig  samples ,  t h e  e l e v a t e d  

p r e s s u r e  samples had MPN v a lues  which showed more b a c t e r i a  p r e s e n t  

in th e  s eaw a te r  samples than  in  t h e  f r e s h w a t e r  sam ples .  This  i s  

shown in  F igure  5.

Chack 's  (5) work, r a t h e r  than  su p p o r t in g  any p rev ious  i n v e s t i g a 

t i o n ,  added b u t  a n o t h e r  o b s e r v a t i o n ;  t h i s  be ing th e  i n c r e a s e  in  th e  

r a t e  o f  BOD e x e r t i o n  with  p r e s s u r e s  o f  100 p s ig  and 400 p s i g .

Nusser

Nusser  ( 6 ) a t t em p ted  t o  complete  th e  s tudy  s t a r t e d  by Chack (5)  

by o b s e rv in g  th e  responses  t o  p r e s s u r e s  from 29.4  t o  100 p s i g .  This 

p r e s s u r e  range  in c lu d ed  th e  range  s t u d i e d  by Lawrence ( 2 ) .  Nusser

(6 ) used a S o i l s  T r i a x i a l  T e s t i n g  C y l inde r  t o  p r e s s u r i z e  w as tew a te r .  

All samples were compared t o  s i m i l a r  u n p re s s u r i z e d  samples .

The f i r s t  s e r i e s  o f  samples were p r e s s u r i z e d  a t  100 p s ig  f o r  

10, 30,  60 minutes  and s i x  h o u r s .  At 10 minutes t h e r e  was no 

r e d u c t io n  o f  BOD. Reduct ions o f  12% and 16% were observed  with  

p r e s s u r i z a t i o n  p e r io d s  o f  30 minutes  and 60 m in u te s ,  r e s p e c t i v e l y .
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COLIFORM DIE-AWAY IN FRESHWATER AND SEAWATER AT PRESSURES OF 0 ,

100 AND 400 PSIG -  CHACK

1 1 F reshw a te r  

B Seawate r

4900

%-o

oCJ
M-O

1000

900 _

800 

700 

600

500 _ 

400 -

j j  300

200

100

0

0 p s ig  100 p s ig  

P r e s s u r e

400 ps ig

FIGURE 5



Also ,  th e  o c c u r r e n c e  o f  the  s e c o n d - s t a g e  BOD was t h r e e  days e a r l i e r  

than in  t h e  u n p r e s s u r i z e d  samples in  both  c a s e s .  The s i x  hour 

p r e s s u r i z a t i o n  p e r io d  caused a 19% r e d u c t io n  in  BOD w i th  a complete 

absence o f  t h e  tw o -s ta g e  d i s t i n c t i o n .  This  i s  shown in  F igure  6 .

Another  p o r t i o n  o f  N u s s e r ' s  ( 6 ) work i n v e s t i g a t e d  t h e  responses  

o f  w as tew a te r  to  p r e s s u r e s  o f  1 4 . 7 ,  2 9 . 4 ,  and 73.5 p s ig  ( two,  t h r e e  

and f i v e  a tmospheres )  a p p l i e d  f o r  one hour .  A 12.5% r e d u c t io n  was 

o b ta in e d  w i th  73.5 p s i g ,  w hi le  21.3% and 25% re d u c t io n s  were o b ta in e d  

with  14.7% p s ig  and 29.4 p s i g ,  r e s p e c t i v e l y .  These o b s e r v a t i o n s  a re  

p r e s e n te d  in  F igu res  7,  8 , and 9.

N u s s e r ' s  ( 6 ) f i n a l  s e t  o f  t e s t s  were des igned  t o  obse rve  th e  

e f f e c t s  o f  va ry ing  th e  a i r / w a s t e w a t e r  r a t i o  ( a i r  to  w as tew a te r  r a t i o )  

w i th in  t h e  p r e s s u r e  c y l i n d e r .  Ra t io s  o f  0 . 0 0 ,  0 .4 5 ,  and 0 .90  were 

used.  Wastewater  p r e s s u r i z e d  in  t h e  absence  o f  a i r  ( a i r / w a s t e w a t e r  

r a t i o  = 0 . 0 0 ) showed no s i g n i f i c a n t  d i f f e r e n c e  in u l t i m a t e  f i r s t -  

s t a g e  BOD between p r e s s u r i z e d  and u n p r e s s u r i z e d  samples .  When 

p r e s s u r i z e d  w i th  a i r ,  t h e  s e c o n d - s ta g e  BOD appeared up t o  t h r e e  days 

e a r l i e r  than  w as tew a te r  samples exposed t o  a i r  a t  a tm o sp h e r ic  p r e s s u r e .  

No a p p r e c i a b l e  r e d u c t io n  in  BOD was g o t t e n  by in c r e a s i n g  th e  amount 

o f  a v a i l a b l e  a i r .

Mezei

Two model a c t i v a t e d  s ludge  p ro ces s e s  were c o n s t r u c t e d  by Mezei

(7) in o r d e r  to  i n v e s t i g a t e  t h e  p rocess  responses  t o  a p r e s s u r i z e d  

i n f l u e n t .  One p rocess  was fed  an u n p r e s s u r i z e d  w a s te w a te r ,  w h i le  the
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o t h e r  was fed  a p r e s s u r i z e d  p o r t i o n  o f  t h e  same w as te .  An o v e r a l l  

2% r e d u c t io n  in  u l t i m a t e  f i r s t - s t a g e  BOD was o b ta in e d  w i th  t h e  use 

o f  p r e s s u r e .  T h i s ,  Mezei c o n c lu d e s ,  cou ld  be due t o  exper im en ta l  

e r r o r .

Mazzei

Mazzei ( 8 ) i n v e s t i g a t e d  the  enumera tion  o f  genera l  and n i t r i f y i n g  

b a c t e r i a  in  p r e s s u r i z e d  and u n p re s s u r i z e d  w a s te w a te r s .  This  work i s  

an e x t e n s io n  o f  t h a t  begun by Chack (5)  on c o l i f o rm  b a c t e r i a  d ie -away .  

Although M azze i ' s  d a t a  i s  very  e r r a t i c ,  i t  does show th e  growth o f  

n i t r i f y i n g  b a c t e r i a  and th e  appea rance  o f  s e c o n d - s ta g e  BOD t o  be 

co n c u r r e n t .

DISCUSSION OF PREVIOUS WORK EXAMINING THE EFFECTS OF ELEVATED PRESSURES 
TO WASTEWATER TREATMENT

S tu d ie s  i n v e s t i g a t i n g  the  r e sponses  o f  w as tew a te r  t o  e l e v a t e d  

p r e s s u re s  appea r  in  t h e  l i t e r a t u r e  as i n d i v i d u a l  s t u d i e s  n o t  ex ten d in g  

any p r e v io u s l y  conducted  work. Although some o f  t h e  works o v e r l a p  in  

c o n t e n t ,  t h e i r  co n c lu s io n s  a re  b u t  co n v in c in g .  A d i s c u s s i o n  o f  t h e  

c o n f l i c t s ,  a long  with  th e  s i m i l a r i t i e s ,  i s  p r e s e n te d .

Lawrence (2) observed  t h a t  a t  a p r e s s u r e  o f  14.7 p s ig  (2 atmos

p h e r e s ) ,  t h e  g r e a t e s t  r e d u c t io n  in  COD i s  g o t t e n  (56%). This  could  

i n d i c a t e  t h a t  microorgan ism a c t i v i t y  i s  s t i m u l a t e d  by p r e s s u r e .

However, COD i s  a measure o f  th e  oxygen consumption f o r  t h e  o x i d a t i o n  

o f  b i o l o g i c a l l y  o x i d i z a b l e  and b i o l o g i c a l l y  i n e r t  o r g a n ic  m a t t e r .

No t e s t s  were performed by Lawrence (2) to  s u p p o r t  th e  c o n c lu s io n  t h a t
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oxygen was s t r i c t l y  u t i l i z e d  by microorganisms f o r  t h e  o x i d a t i o n  

o f  b i o l o g i c a l l y  o x i d i z a b l e  m a t t e r  and n o t  f o r  th e  o x i d a t i o n  o f  b i o 

l o g i c a l l y  i n e r t  m a t t e r .  At t h e  same p r e s s u r e ,  Nusser  (6 ) i n d i c a t e s  

a 21.3% r e d u c t i o n  in  BOD and a 25% r e d u c t i o n  a t  29 .4  p s ig  (3 atmos

p h e r e s ) .  Lawrence (2)  and Nusser  (5)  drew th e  same c o n c lu s io n s  from 

t h e i r  i n v e s t i g a t i o n s .  The r a t e  a t  which w as te  m a te r i a l  i s  o x id i z e d  

i s  f a s t e r  when p r e s s u r e  i s  a p p l i e d .  Kaplan and Klei ( 4 ) ,  however, 

i n v e s t i g a t e d  t h e  use o f  p r e s s u r e  i n  t h e  a c t i v a t e d  s ludge  p rocess  in  

th e  same p r e s s u r e  range as Lawrence (2) and Nusser  ( 6 ) and concluded 

t h a t  i n c r e a s e d  p r e s s u r e  te nds  t o  slow th e  r a t e  o f  o x i d a t i o n .

The manner in  which p r e s s u r e  was a p p l i e d  in  w as tew a te r  t r e a t m e n t  

i s  d i f f e r e n t  in  each work r e p o r t e d .  Lawrence (2)  mixed w as tew a te r  

and a c t i v a t e d  s lu d g e  and p laced  i t  i n  a p r e s s u r e  c y l i n d e r  where i t  

was p r e s s u r i z e d  as a ba tch  p r o c e s s .  Nusser  ( 6 ) d id  n o t  mix a c t i v a t e d  

s ludge  with  w a s te w a te r .  Here,  w a s tew a te r  r e c e i v i n g  on ly  g r a v i t y  

s e t t l i n g  (p r im ary  e f f l u e n t )  was p r e s s u r i z e d  as a b a t c h .  Kaplan and 

Klei (4) p r e s s u r i z e d  a m ix ture  o f  pr im ary  e f f l u e n t  and a c t i v a t e d  

s ludge  in  a f low - th rough  r e a c t o r .

T e s t s  per formed by Lawrence (2)  and Nusser  ( 6 ) exposed m ic ro 

organisms t o  p r e s s u r e  f o r  s h o r t e r  p e r io d s  o f  t ime than  d id  th e  t e s t s  

by Kaplan and Klei ( 4 ) .  Here ,  organisms remained in  t h e  p r e s s u r e  

environment f o r  as  much as 20 days .

I t  i s  p o s s i b l e  t h a t  organisms s u b j e c t e d  to  long p e r io d s  o f  

p r e s s u r e  e v e n t u a l l y  d i e .  Kaplan and Klei (4) p r e s e n t  no a t t e m p t  to
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i n v e s t i g a t e  t h i s  m a t t e r .

P r e s s u r e s  i n v e s t i g a t e d  by Chack (5) were in  t h e  range  o f  100 ps ig  

to  400 p s i g .  The h i g h e s t  p r e s s u r e  i n v e s t i g a t e d  by Nusser  ( 6 ) was 100 

p s ig .  At t h i s  p r e s s u r e ,  he observed  a 16% re d u c t io n  in  BOD f o r  a 

p r e s s u r i z a t i o n  pe r io d  o f  one hour .  At t h e s e  same c o n d i t i o n s ,  Chack 

(5) r e p o r t e d  a BOD re d u c t io n  o f  36%. According t o  Nusser  (6 ) ,  t h e  

g r e a t e s t  BOD re d u c t io n  was 25% and o c c u r r e d  a t  29 .4  p s ig  (3 atmos

p heres )  a p p l i e d  f o r  one hour .  Tab le  1 i s  p re s e n te d  as an a i d  to  

summarize t h e  r e p o r t e d  f i n d i n g s .

The model a c t i v a t e d  s ludge  p ro cess  c o n s t r u c t e d  by Mezei (7) 

a t t em p ted  t o  dem ons t ra te  t h e  u t i l i t y  o f  p r e s s u r e  in  a w as tew a te r  

t r e a t m e n t  p ro c e s s .  Although o n ly  a 2% re d u c t io n  in  BOD was o b ta i n e d ,  

t h i s  shou ld  n o t  d i s co u rag e  t h e  use o f  p r e s s u r e  in  w a s tew a te r  t r e a t 

ment. The p o s i t i o n  o f  p r e s s u r i z a t i o n  in  t h e  t r e a t m e n t  p ro ces s  i s  an 

unknown which needs f u r t h e r  c o n s i d e r a t i o n .  P rev ious  work has 

emphasized th e  s t i m u l a t i o n  o f  m ic ro b ia l  a c t i v i t y  by p r e s s u r e .  I f  

t h i s  i s  c o n s id e re d  c o r r e c t ,  Mezei (7) shou ld  have p r e s s u r i z e d  the  

a c t i v a t e  s lu d g e  t a n k ;  thus  s t i m u l a t i n g  a l a r g e r  number o f  organisms 

than  c o n ta in e d  in  th e  i n f l u e n t  w as tew a te r .

At t h i s  t im e ,  r e p o r t s  i n d i c a t e  t h a t  w as tew a te r  has a d e f i n i t e  

response  t o  p r e s s u r e .  However, t h e r e  a r e  too  many c o n f l i c t i n g  con

c l u s i o n s  and a too  d i v e r s e  r e s e a r c h  approach t o  t h e  i n v e s t i g a t i o n .
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I I I .  SIGNIFICANCE OF FUTURE INVESTIGATION

F ind ings  r e p o r t e d  in  t h e  l i t e r a t u r e  on th e  re sponse  o f  w a s t e 

w a te r  t o  e l e v a t e d  p re s s u r e s  i n d i c a t e s  t h a t  p r e s s u r e  s a t i s f i e s  an 

immediate oxygen demand as seen by the  i n c r e a s e d  r a t e  o f  b io d e g ra d a 

t i o n .  I f ,  in  f a c t ,  p r e s s u r e  does s t i m u l a t e  microorgan ism a c t i v i t y  

t o  a l e v e l  which would w a r r a n t  i t s  use in  a t r e a t m e n t  p r o c e s s ,  then 

f u r t h e r  i n v e s t i g a t i o n  i s  n e c e s s a r y .  The d a t a  r e p o r t e d  t o  d a t e  

s u p p o r t s  t h i s  need.

In o r d e r  t h a t  p r e s s u r e  be viewed as a p r a c t i c a l  approach to  

w as tew a te r  t r e a t m e n t ,  a new p rocess  o r  p rocess  m o d i f i c a t i o n  must be 

i n v e s t i g a t e d .  The work performed by Mezei examined t h e  re sponses  o f  

an a c t i v a t e d  s ludge  p rocess  t o  p r e s s u r i z e d  i n f l u e n t .  I t  i s  f e l t  t h a t  

th e  p ro p e r  l o c a t i o n  o f  p r e s s u r e  i s  no t  to  th e  i n f l u e n t  w a s te w a te r ,  bu t  

t o  t h e  a c t i v a t e d  s lu d g e .  Although th e  i n f l u e n t  w as tew a te r  does con

t a i n  m icroorgan ism s ,  t h e i r  numbers a r e  g r e a t e r  in  t h e  a c t i v a t e d  

s lu d g e .  S ince  more organisms can be s t i m u l a t e d  by t h e  a p p l i c a t i o n  

o f  p r e s s u r e  t o  t h e  a c t i v a t e d  s l u d g e ,  t h e  i n v e s t i g a t i o n  r e p o r t e d  he re  

w i l l  on ly  examine t h a t  l o c a t i o n  o f  p r e s s u r e .
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IV. OBJECTIVE

The s t i m u l a t i o n  o f  m ic rob ia l  a c t i v i t y ,  and in  t u r n ,  t h e  

f a s t e r  removal o f  o r g a n ic  m a t t e r ,  by p r e s s u r e ,  p r e s e n t s  a phenomenon 

which w a r r a n t s  f u r t h e r  i n v e s t i g a t i o n  o f  i t s  u t i l i t y  in  w as tew a te r  

t r e a t m e n t .  The o b j e c t i v e  o f  t h i s  s tu d y  was tw o - fo ld :  F i r s t ,  the

development o f  t h e  t e s t i n g  a p p a ra tu s  which would s im u l a t e  a w a s t e 

w a te r  t r e a t m e n t  p ro c e s s .  For t h i s ,  a comple te -mix ,  f l o w - th ro u g h ,  

p r e s s u r i z e d  a c t i v a t e d  s ludge  c y l i n d e r  was c o n s t r u c t e d .  Secondly ,  

a d e s c r i p t i o n  o f  t h e  f i r s t  o r d e r  Biochemical  Oxygen Demand r a t e  con

s t a n t ,  k-j, o f  th e  e f f l u e n t  w as te  s t ream  f o r  v a r ious  c y l i n d e r  p r e s s u r e s .

The s p e c i f i c a t i o n s  f o r  t h e  t e s t i n g  ap p a ra tu s  were drawn from th e  

examinat ion  o f  many p i l o t - p l a n t  w as tew a te r  t r e a t m e n t  p r o c e s s e s .  (9 ,  

1 0 , 1 1 , 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8 , 1 9 , 2 0 , 2 1 , 2 2 , 2 3 , 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 , 3 1 , 3 2 ,

33) .  Below a r e  t h e  s p e c i f i c a t i o n s :

1. S im u la t io n  o f  t h e  complete -mix  a c t i v a t e d  s ludge  p ro c e s s .

(The a c t i v a t e d  s ludge  p roces s  was s e l e c t e d  o ve r  t h e  t r i c k l i n g  f i l t e r  

p rocess  because  o f  t h e  e a s e  o f  p r e s s u r i z i n g  and i t s  a b i l i t y  

to  handle  l a r g e r  volumes o f  w ide ly  v a r i e d  was te  c o n c e n t r a 

t i o n s ) .

2.  P r e s s u r i z a t i o n  o f  th e  a c t i v a t e d  s lu d g e .

3. Control  o f  th e  p r e s s u r e  w i t h i n  th e  a c t i v a t e d  s lu d g e  c y l i n d e r .

4 .  Use o f  gases  o t h e r  than  a i r  f o r  f u t u r e  i n v e s t i g a t i o n s .

5. Contro l  o f  a i r  ( o r  o t h e r  ga se s )  f l o w r a t e  i n t o  th e  c y l i n d e r .
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6 . H y d r a u l i c a l l y  m a in ta in  a f low - th rough  p ro c e s s .

7. Measurement o f  a i r  and w as tew a te r  f l o w r a t e s .

8 . Measurement o f  the  d i s s o l v e d  oxygen c o n c e n t r a t i o n  o f  

t h e  c y l i n d e r ' s  c o n t e n t .

9.  Measurement o f  th e  c o n t e n t s  pH.

10. Mixing paddle  o f  v a r i a b l e  speed .

The work performed in  t h i s  s tu d y  was n o t  meant t o  r e s o l v e  a l l

confus ions  e x i s t i n g  about  th e  use o f  p r e s s u r e  in  w as tew a te r  t r e a t m e n t .  

However, t h e  purpose  was t o  deve lop th e  n e c e ss a ry  l a b o r a t o r y  equipment 

f o r  a more p r a c t i c a l  and u n d e r s t a n d a b le  approach to  th e  use o f  p r e s s u r e

in  w as tew a te r  t r e a t m e n t  and t o  d e s c r i b e  th e  k i n e t i c  r e sponses  o f  t h e

t r e a t e d  e f f l u e n t .
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V. THE COMPLETE-MIX ACTIVATED SLUDGE PROCESS

The a c t i v a t e d  s lu d g e  p rocess  can be d e s c r ib e d  as an a e r o b i c  

b i o l o g i c a l  p rocess  in  which microorganisms decompose a p o r t i o n  o f  

o r g a n ic  w as te  m a te r i a l  i n t o  carbon d io x i d e  and u t i l i z e  t h e  remain ing  

p o r t i o n  f o r  t h e  p ro d u c t io n  o f  new microorgan isms .  P roper  a e r a t i o n  

causes  a mass o f  s e t t l e a b l e  s o l i d s .  Th is  m ic ro b ia l  mass i s  rega rded  

as a c t i v a t e d  s lu d g e .  A schem at ic  o f  t h e  b a s i c  p rocess  i s  shown in 

F igure  10.

The a c t i v a t e d  s ludge  p rocess  has ex p e r i e n c e d  only  minor m o d i f i c a 

t i o n s  in  des ign  s i n c e  i t s  i n c e p t i o n  in  1913. Among the  v a r io u s  

a c t i v a t e d  s ludge  p ro c e s s e s  a v a i l a b l e  a r e :

Convent ional  

S tep  A era t ion  

Modified A era t ion  

Tapered A era t ion  

Contac t  S t a b i l i z a t i o n  

Extended A era t ion  

Krauss Process  

Pure Oxygen

High Rate/Complete-Mix

The h y d r a u l i c s  o f  a complete -mix a c t i v a t e d  s ludge  p roces s  

p a r a l l e l s  t h a t  o f  a m e chan ic a l ly  s t i r r e d  r e a c t o r .  Primary e f f l u e n t  

and r e t u r n  a c t i v a t e d  s ludge  a r e  mixed and in t ro d u c e d  i n t o  t h e  a e r a t i o n  

tank  in  a manner which w i l l  r e s u l t  in  optimum c o n t a c t  between m ic ro 

organisms and w as te  m a t e r i a l  (commonly r e f e r r e d  t o  as s u b s t r a t e ) .  As
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t h e  m ix ture  o f  a c t i v a t e d  s ludge  and primary  e f f l u e n t  passes  th rough 

th e  a e r a t i o n  t a n k ,  t h e  d i s s o lv e d  and c o l l o i d a l  o rg a n ic  c o n t e n t  

d e c re a s e s .

E f f l u e n t  d r a in e d  from th e  a e r a t i o n  ta n k  e n t e r s  t h e  sed im e n ta t io n  

ta n k  (secondary  c l a r i f i e r )  where f l o c c u l a t i o n  o f  th e  a c t i v a t e d  s ludge  

occurs  and e v e n t u a l l y  s e t t l e s .  F l o c c u l a t i o n  i s  caused by a r e d u c t io n  

in  organism energy .  The c l a r i f i e d  l i q u i d  which remains i s  r ega rded  as 

secondary  e f f l u e n t  and i s  low in  o r g a n ic  c o n t e n t .  The s e t t l e d  a c t i v a 

t e d  s ludge  i s  e i t h e r  used as r e t u r n  s ludge  t o  mix with  t h e  pr imary 

e f f l u e n t  o r  i s  wasted  t o  th e  s ludge  d i g e s t e r  where i t  i s  decomposed 

under a n ae ro b ic  c o n d i t i o n s .

A. Theory o f  O pera t ion

The a v a i l a b i l i t y  o f  s u b s t r a t e  t o  t h e  m ic ro b ia l  mass de te rm ines  

th e  q u a l i t y  o f  t r e a t m e n t  ach ieved .  At t h e  a e r a t i o n  tank  i n l e t  p o r t ,  

t h e  food-microorganism ( food to  microorganism) r a t i o  i s  l a r g e .

I n i t i a l l y ,  due t o  t h e  a v a i l a b i l i t y  o f  fo o d ,  t h e  microorganism p o p u la 

t i o n  i n c r e a s e s .  This  i s  regarded  as l o g a r i t h m i c  growth,  o r  s im p ly ,  log  

growth and i s  i l l u s t r a t e d  in  Figure 11. During th e  log  growth phase ,  

o rg a n ic  m a t t e r  i s  u t i l i z e d  a t  i t s  maximum r a t e  f o r  th e  p ro d u c t io n  o f  

o rganisms.  A p o i n t  i s  reached  a t  which th e  a v a i l a b i l i t y  o f  s u b s t r a t e  

i s  l i m i t e d .  P o pu la t ion  growth w i l l  n o t  proceed a t  t h e  same r a t e  as when 

s u b s t r a t e  i s  in  abundance.  The growth i s  s a i d  t o  have passed  from log  

growth t o  d e c l i n i n g  growth .  F u r th e r  growth i s  now d i r e c t l y  p r o p o r t i o n 

al  t o  th e  s u b s t r a t e  rem ain ing .  As more and more organisms la c k  th e
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s u f f i c i e n t  energy  to  overcome th e  f o r c e s  o f  a t t r a c t i o n ,  a f l o e  

deve lops .

In a well  o p e ra t e d  a c t i v a t e d  s lu d g e  p r o c e s s ,  organisms w i l l  be 

in  e q u i l i b r i u m  with  th e  remaining s u b s t r a t e .  Th is  en su re s  t h a t  

organisms w i l l  f l o c c u l a t e  upon e n t r a n c e  t o  t h e  secondary  c l a r i f i e r .

B. N u t r i t i o n a l  Requirements and Environmental  F ac to rs

A l l t b i o l o g i c a l  w as te  t r e a t m e n t  p r o c e s s e s  r e q u i r e  t h a t  t h e  m ic ro 

b i a l  mass have a l l  t h e  n e c e ss a ry  e lements  t o  form p ro top lasm .  The 

pr imary n u t r i t i o n a l  elements  a r e  n i t r o g e n  and phosphorus.  A p a r t i a l l y  

n i t r o g e n - d e f i c i e n t  w as te  w i l l  s t i m u l a t e  fungi  growth over  b a c t e r i a l  

g rowth ,  s i n c e  fungi  form pro toplasm w i th  a lower  n i t r o g e n  c o n t e n t  

than  b a c t e r i a .  Fungi a r e  f i l am en tous  and p r e v e n t  good s e t t l i n g .  The 

same i s  t r u e  o f  a phosphorus d e f i c i e n c y .

Environmental f a c t o r s  o f  im por tance in  th e  a c t i v a t e d  s lu d g e  

p rocess  a r e  t e m p e ra tu r e  and pH. I n c r e a s e s  in  t e m p era tu re  o f  5 to  

10°C above th e  d e s i r a b l e  o p e r a t i n g  t e m p e ra tu r e  o f  20°C h a s te n s  the  

b i o l o g i c a l  r e a c t i o n s .  G re a te r  i n c r e a s e s  cause  organism dea th  th us  

slowing th e  r e a c t i o n .  The d e s i r a b l e  pH range  i s  between 6 .5  and 9 . 0 .  

Below pH 6 . 5 ,  fungi  fo rm at ion  occurs  and above pH 9 .0  m e ta b o l i c  

r e t a r d a t i o n  i s  observed .
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VI. EQUIPMENT DESIGN AND OPERATION

C o n s t ru c t io n  o f  th e  comple te -mix ,  f lo w - th ro u g h ,  p r e s s u r i z e d  

a c t i v a t e  s ludge  p rocess  fo l lowed  th e  s p e c i f i c a t i o n s  o u t l i n e d  in  th e  

OBJECTIVE. The a c t i v a t e d  s ludge  c y l i n d e r  was c o n s t r u c t e d  from a 

c l e a r  p l a s t i c  c y l i n d e r  1 f o o t  in  d ia m e te r  and 3 f e e t  in  h e i g h t .

C le a r  p l a s t i c  p l a t e s  2 inches  t h i c k  were grooved and 0 - r i n g e d  t o  

s e c u r e l y  cap each ends o f  t h e  c y l i n d e r .  The c y l i n d e r  was s u ppo r ted  

u p r i g h t  on f o u r  aluminum legs  which passed  th rough  th e  lower p l a t e  

to  t h e  upper p l a t e .  The upper ends o f  th e  le g s  were th re a d e d  so t h a t  

nu ts  could be f a s t e n e d  in  o r d e r  to  compress t h e  end p l a t e s  a g a i n s t  

th e  c y l i n d e r .

The c y l i n d e r  was p a r t i t i o n e d  i n t o  an a e r a t i o n  chamber and s e t t l 

ing chamber by mounting o n e - h a l f  o f  a l o n g i t u d i n a l l y  c u t  6 inch 

d ia m e te r  c l e a r  p l a s t i c  c y l i n d e r  t o  t h e  i n n e r  w a l l .  The s e t t l i n g  

chamber ex tended  from th e  f l u i d  s u r f a c e  to  6 inches  above th e  f l o o r  

o f  th e  c y l i n d e r .  An i n c l i n e d  chu te  on th e  bottom o f  t h e  s e t t l i n g  

chamber d i r e c t e d  s e t t l e d  s ludge  t o  t h e  c e n t e r  o f  t h e  a e r a t i o n  chamber 

where i t  was resuspended by a v a r i a b l e  speed padd le .  A schem a t ic  

o f  t h e  a c t i v a t e d  s ludge  c y l i n d e r  i s  i l l u s t r a t e d  in  F igure  12.

Wastewater  was s t o r e d  in  a 55 g a l l o n  feed  ta nk  (drum) and de

l i v e r e d  t o  t h e  a c t i v a t e d  s ludge  c y l i n d e r  v ia  a pump and s o l e n o i d  va lve  

mechanism. A diagram o f  th e  process  l a y o u t  i s  shown in  F igure  13. 

Because o f  t h e  p r e s s u r e  w i th in  th e  c y l i n d e r  t h e  i n f l u e n t  w as tew a te r  

had to  be pumped in .  A h  inch p l a s t i c  tube  ro u te d  th e  i n f l u e n t  from
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t h e  feed  ta n k  t o  t h e  i n f l u e n t  pump. This pump was a g e a r - d r i v e n  type  

w ith  a Net Discharge  Head o f  350 p s i g .  Beyond the  pump was a T - 

connec t ion  where t h e  i n f l u e n t  l i n e  d iv id e d  in two. One l i n e  r e t u r n e d  

t o  t h e  feed  ta n k  w h i le  th e  o t h e r  s e c t i o n  o f  l i n e  conveyed w as tew a te r  

t o  t h e  a c t i v a t e d  s ludge  c y l i n d e r .  A s o l e n o i d  va lve  on t h e  r e t u r n  l i n e  

o p e ra t e d  in  p a r a l l e l  w ith  th e  s o l e n o i d  va lve  on th e  c y l i n d e r .  As t h e  

s o l e n o i d  va lve  on th e  c y l i n d e r  opened t o  a l low  w as tew a te r  t o  e n t e r ,  

t h e  s o l e n o i d  va lve  on th e  r e t u r n  l i n e  c l o s e d .  A f t e r  f i l l i n g  th e  

c y l i n d e r  to  a p rede te rm ined  l e v e l ,  t h e  s o l e n o i d  va lves  d i r e c t e d  th e  

f low o f  w as tew a te r  back t o  t h e  Feed Tank. This  mechanism m a in ta ined  

a con t inuous  f low o f  w as tew a te r  th rough  th e  i n f l u e n t  pump, thus  

e l i m i n a t i n g  e x c e s s iv e  o n - o f f  c y c l in g .

The i n f l u e n t  l i n e ,  from T-connec t ion  t o  c y l i n d e r ,  in c lu d e d  a % 

inch p o ly u re th a n e  c o i l ,  s o l e n o i d  va lve  with  a % inch o r i f i c e  and a 

check va lve  w i th  opening p re s s u r e  o f  3 p s i g .  An 8 inch s e c t i o n  o f  

% inch t u b i n g ,  f a s t e n e d  to  th e  i n n e r  s i d e  o f  t h e  upper p l a t e ,  

d e p o s i t e d  w as tew a te r  a t  t h e  mixed l i q u o r  s u r f a c e  so t h a t  a e r a t i o n  

p r i o r  to  c o n t a c t  w i th  t h e  a c t i v a t e d  s ludge  would no t  o c c u r .  Capac i ty  

o f  th e  a e r a t i o n  chamber was ten  g a l lo n s  and s e t t l i n g  chamber c a p a c i t y  

was two g a l l o n s .

Wastewater  f low in  t h e  p r e s s u r e  c y l i n d e r  p a r a l l e l e d  t h a t  o f  an 

a c t i v a t e d  s ludge  t r e a t m e n t  p l a n t .  As w as tew a te r  e n t e r e d  t h e  c y l i n d e r ,  

i t  was com ple te ly  mixed with  t h e  c o n t e n t s  (mixed Tiquor)  and a e r a t e d .  

A f t e r  r e t e n t i o n  in  t h e  a e r a t i o n  chamber,  t h e  mixed l i q u o r  e n t e r e d  the
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s e t t l i n g  chamber. C l a r i f i e d  e f f l u e n t  was g a t h e r e d  a t  an e f f l u e n t  

s iphon  l o c a t e d  1 inch  below th e  l i q u i d  s u r f a c e  in  th e  s e t t l i n g  

chamber. The 1 inch  d e p re s s io n  was needed so t h a t  p r e s s u r e  was no t  

r e l e a s e d .

A p l a s t i c  tube  connec ted between th e  e f f l u e n t  s iphon and e f f l u e n t  

p o r t  a t  t h e  bottom o f  t h e  c y l i n d e r  in c lu d e d  a f lowmeter  as  shown in  

F igure  13. The m e te r  was mounted t o  t h e  wall  o f  t h e  c y l i n d e r  so t h a t  

i t  could be read  from th e  o u t s i d e .  The r a t e  o f  f low through th e  c y l 

i n d e r  was c o n t r o l l e d  by an e x t e r n a l l y  mounted g a t e  va lve  on th e  

e f f l u e n t  l i n e .  As t h e  l e v e l  o f  f l u i d  in  th e  c y l i n d e r  lowered ,  a f l o a t  

swi tch  opened t h e  s o l e n o i d  va lve  on th e  i n f l u e n t  l i n e  so t h a t  w a s t e 

w a te r  e n t e r e d  t h e  c y l i n d e r  t o  r e f i l l .  Once r e f i l l e d ,  t h e  f l o a t  swi tch  

c lo se d  the  s o l e n o i d  v a l v e ,  d i r e c t i n g  w as tew a te r  back t o  t h e  feed  

r e s e r v o i r .  I t  was found n ece ss a ry  t o  mount a pump between th e  e f f l u e n t  

p o r t  and g a t e  va lve  in  o r d e r  to  c r e a t e  s u c t i o n  in  th e  e f f l u e n t  l i n e  to  

p rev en t  s o l i d s  from s e t t l i n g .

A ir  was s u p p l i e d  by an a i r  compressor .  The a i r  l i n e ,  from a i r  

compressor to  a e r a t i o n  s t o n e s ,  in c lu d ed  a p r e s s u r e  r e g u l a t o r ,  p r e s s u r e  

gauge and f lowmeter .  A i r  was d i f f u s e d  th rough  porous s to n e s  p la ced  

on th e  bottom o f  t h e  c y l i n d e r .  In o r d e r  th&t a con t inuous  f low o f  a i r  

be m a in ta ined  th rough  th e  a c t i v a t e d  s lu d g e ,  a r e l i e f  va lve  was mounted 

on th e  upper p l a t e .
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VII. EXPERIMENTAL PROCEDURE

A study  o f  an e n g in e e r in g  p rocess  r e q u i r e s  t h a t  o p e r a t i o n a l  

and t e s t i n g  p rocedu res  p a r a l l e l  th o s e  o f  t h e  f u l l  s c a l e  system in  

o r d e r  t h a t  an a c c u r a t e  a ssessm en t  o f  i t s  u t i l i t y  be made. There 

f o r e ,  in  t h i s  i n v e s t i g a t i o n ,  a c t i v a t e d  s lu d g e  from a nearby 

a c t i v a t e d  s ludge  t r e a t m e n t  p l a n t  was c o l l e c t e d  and s t o r e d  in  a 

l a b o r a t o r y  a e r a t i o n  ta n k .  This m a te r i a l  was ready f o r  use in  th e  

l a b o r a t o r y  as r e q u i r e d .  Because o f  t h e  problem encoun te red  w i th  t h e  

v a r i a t i o n  o f  p o l l u t i o n a l  s t r e n g t h  o f  t h e  w as tew a te r  taken  from th e  

t r e a t m e n t  p l a n t ,  a s y n t h e t i c  w as tew a te r  was p repa red  ( s ee  Table  2 ) .

The f lo w r a t e  was m a in ta in ed  a t  2 g a l lo n s  per  hour f o r  a l l  t e s t i n g .

Before a c t i v a t e d  s ludge  was pumped t o  t h e  p r e s s u r e  c y l i n d e r ,  

i t  was a c c l im a ted  t o  t h e  s y n t h e t i c  w as tew a te r  f o r  one week. A p o r t i o n  

o f  t h e  a c t i v a t e d  s lu d g e  was then  pumped i n t o  t h e  c y l i n d e r .  Once f i l l e d ,  

was tew ate r  pumping began.

The param ete rs  r o u t i n e l y  monitored  were d i s s o l v e d  oxygen,  

t e m p e r a t u r e ,  MLSS c o n c e n t r a t i o n  and p r e s s u r e  w i t h i n  t h e  c y l i n d e r .  The 

MLSS c o n c e n t r a t i o n  was v a r i e d  from 1000 mg/L t o  3000 mg/L in  i n c r e 

ments o f  500 mg/L f o r  each o f  t h e  c y l i n d e r  p r e s s u r e s  0 ,  10,  20,  30,  

and 40 p s ig .  Each p r e s s u r e  was m a in ta ined  f o r  s e v e ra l  days b e fo re  

da t a  was t aken .  Between r u n s ,  t h e  p r e s s u r e  w i th i n  t h e  c y l i n d e r  was 

r e l e a s e d .  I t  was n e c e s s a ry  t o  r e a d j u s t  th e  MLSS c o n c e n t r a t i o n s  

dur ing  t h i s  t im e .  Fresh s ludge  was in t ro d u c e d  as r e q u i r e d .  This 

procedure  y i e l d e d  adequa te  d a t a  f o r  p rocess  d e s c r i p t i o n .
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TABLE 2 

SYNTHETIC WASTEWATER

Ammonium S u l f a t e 9 .00 grams
Potass ium Monobasic 2.50 grams
F e r r i c  Ch lo r ide 0 .25 grams
Magnesium S u l f a t e 7.50 grams
Sodium Carbonate 9 .00 grams
Sodium N i t r a t e 2 .70 grams
Succrose 45.00 grams

(P e r  50 g a l lo n s  o f  t a p  w a te r )

A f t e r  much d a t a  was g a th e re d  w i th  use o f  t h e  s y n t h e t i c  w a s t e 

w a t e r ,  w as tew a te r  which r e c e iv e d  only pr imary t r e a t m e n t  was b rought  

t o  th e  l a b o r a t o r y  from a nearby domestic  w as tew a te r  t r e a t m e n t  p l a n t .  

The p roces s  o p e r a t i o n a l  procedure  was fo l low ed  with  t h e  domestic  

w as tew a te r  as had been fo l lowed  with  t h e  s y n t h e t i c  w as tew a te r .  Because 

o f  th e  d i f f i c u l t y  in  t r a n s p o r t i n g  l a r g e  volumes o f  domest ic  w a s t e 

w a te r  t o  t h e  l a b o r a t o r y ,  only  one MLSS c o n c e n t r a t i o n  (2160 mg/L) was 

i n v e s t i g a t e d .  The d a t a  g a th e r e d  with  t h e  use o f  domest ic  w as tew a te r  

fo l low ed  very c l o s e l y  t h a t  o b ta in e d  w i th  t h e  s y n t h e t i c  w as tew a te r .
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VIII. DATA ANALYSIS

The 5-day BOD i s  th e  accep ted  param ete r  by which th e  s t r e n g t h  

o f  a p o l l u t i o n a l  w as te  i s  measured.  I t  i s  e s s e n t i a l l y  a measure o f  

t h e  oxygen u t i l i z a t i o n  in  t h e  s t a b i l i z a t i o n  o f  t h e  o r g a n ic  w as te  

by th e  microorganisms o ver  a 5-day pe r io d  a t  20°C. With domest ic  

sewage,  t h e  5-day BOD va lues  r e p r e s e n t  65 t o  70 p e r c e n t  o f  t h e  t o t a l  

b i o l o g i c a l l y  o x i d i z a b l e  o r g a n ic  m a t t e r  o f  t h e  carbonaceous  phase.

The BOD t e s t  i s  c o n s id e r e d  t o  be a wet o x i d a t i o n  procedure  in  which 

l i v i n g  organisms s e r v e  as t h e  means o f  o x i d a t i o n  o f  t h e  o rg a n ic  

m a t t e r  t o  carbon d i o x i d e ,  w a te r  and new organ ism s.  The o x i d a t i v e  r e 

a c t i o n  invo lved  i s  a r e s u l t  o f  b i o l o g i c a l  a c t i v i t y ,  and the  r a t e  a t  

which th e  r e a c t i o n  proceeds  i s  governed by t h e  a v a i l a b i l i t y  o f  s u b s t r a t e ,  

m ic ro b ia l  p o p u la t io n  which i s  dependent  on th e  a v a i l a b i l i t y  o f  s u b 

s t r a t e  and t e m p e ra tu r e .

BOD i s  no t  a s i n g l e  r e sponse .  Domestic w as tew a te r  co n ta in s  

n i t r i f y i n g  b a c t e r i a  which o x id i z e  ammonia-ni trogen t o  n i t r a t e -  

n i t r o g e n .  At 20°C, t h e i r  r e p r o d u c t i v e  r a t e  i s  such t h a t  t h e i r  

p o p u la t io n s  do n o t  become s u f f i c i e n t l y  l a r g e  t o  e x e r t  an a p p r e c i a b l e  

demand f o r  oxygen u n t i l  abou t  8 t o  10 days have e l a p s e d  in  the  

r e g u l a r  BOD t e s t .

The fo l low ing  two eq u a t io n s  (1 and 2) d e s c r i b e  t h e  mechanism by 

which n i t r i f y i n g  b a c t e r i a  o x i d i z e  ammonia-n it rogen t o  n i t r i t e - n i t r o g e n  

and then  to  n i t r a t e - n i t r o g e n .
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2NH3 + 302 N i t r i t e - f o r m i n g 2N02 + 2H+ + 2H20 ( 1)B a c t e r i a

2N02 + 02 + 2H+ N i t r i t e - f o r m i n q 2N03 + 2H+ ( 2 )B a c t e r i a

The BOD r e a c t i o n  can be f a i r l y  well  d e s c r ib e d  as " f i r s t  o rde r "  

in  c h a r a c t e r ,  o r  t h e  r a t e  o f  t h e  r e a c t i o n  i s  p r o p o r t i o n a l  to  th e  

amount o f  o x id i z a b l e  o r g a n ic  m a t t e r  remain ing a t  any t im e .  This  r e 

a c t i o n  may be expressed  as shown in  Equat ion  (3 ) :

k'  = Reaction Rate Cons tan t
1

L = U l t imate  F i r s t  S tage  BOD

y = BOD e x e r t e d  in  t ime t

I n t e g r a t i o n  o f  t h i s  e q u a t io n  y i e l d s :

(3)

= BOD e x e r t i o n  in  th e  t ime inc re ment d t

y = L ( 1 -  e _kl t  ) (4)

o r
y = L ( 1 -  10"kl t ) (5)
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In t h e  work r e p o r t e d  h e r e ,  va lues  o f  k-j were c a l c u l a t e d  f o r  the  

e f f l u e n t  w as te s t rea m .  Data a r e  n o t  always well  behaved in  the  re a l  

wor ld and pure f i r s t  o r d e r  responses  can seldom be ex p ec ted .  This  

i s  p a r t i c u l a r l y  t r u e  when th e  n i t ro g en o u s  phase fo l low s  th e  carbonaceous 

phase .  F o r t u n a t e l y ,  t h e  e a r l y  s t a g e s  o f  t h e  carbonaceous  phase do 

r e a s o n a b ly  well  fo l lo w  a f i r s t  o r d e r .  I t  i s  n e c e s s a r y ,  t h e r e f o r e ,  

t o  use as t h e  b a s i s  o f  a n a l y s i s  t h e  "well behaved" p o r t i o n  o f  the  

cu rve .  The va lue  o f  L a s s o c i a t e d  w i th  t h i s  curve  was s e l e c t e d  as to  

produce a s t r a i g h t  l i n e  on a sem i - log  p l o t .

For t h e  b i o l o g i c a l  r e sponse :

y = L ( 1 - 10”kl t  ) (6)

t a k in g  loga r i thm s  o f  both  s i d e s  and r e a r r a n g i n g :

log  ( 1  -  y /L  ) = k j t  (7)

A t y p i c a l  p l o t  o f  log  (1 -y /L)  versus  t ,  t h e  e l a p s e d  t im e ,  i s  

d i s p l a y e d  as a semi log  p l o t .  The more c l o s e l y  a s t r a i g h t  l i n e  i s  

fo l lo w ed ,  th e  more c l o s e l y  a pure f i r s t  o r d e r  e x p o n en t ia l  response  

i s  i n d i c a t e d .  In a n a l y s i s  o f  exper imenta l  d a t a  va lues  o f  L were 

assumed and sem i- log  p l o t s  o f  th e  q u a n t i t y  log  (1 -y /L)  a g a i n s t  

a r i t h m e t i c  t ime were p rep a red  f o r  each combinat ion o f  p r e s s u r e  and 

MLSS c o n c e n t r a t i o n  p r e v i o u s l y  mentioned.  These p l o t s  a r e  shown in  

Appendix C. The s lo p e  o f  t h e  s t r a i g h t  l i n e  g ives  t h e  r e a c t i o n  r a t e  

c o n s t a n t  k-| and can be d i r e c t l y  c a l c u l a t e d  in  t h e  fo l l o w in g  manner.

I f  a t ime i n t e r v a l  t j  i s  t aken  such t h a t  th e  va lue  o f  (1 -  y/L) f a l l s
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to  o n e - h a l f  i t s  i n i t i a l  v a l u e ,  t h e  r a t e  c o n s t a n t  i s  ex p re s s e d  as 

shown in  Equa t ion 8.

k Ml . {8)

This was proposed by Roots and h i s  co-workers ( 3 4 ) .  Rate 

c o n s t a n t s  f o r  t h e  pure f i r s t  o r d e r  re sponse  were c a l c u l a t e d .  All 

exper im en ta l  p o in t s  were c a l c u l a t e d  us ing  th e  va lues  o f  k-j and L as 

o u t l i n e d  above.  In a d d i t i o n ,  the  t r a d i t i o n a l  Method o f  Moments 

proposed  by Moore, Thomas and Snow (35) was used as an independen t  

check o f  th e  va lues  o b ta in e d  from th e  above p rocedu re .
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IX. DISCUSSION OF EQUIPMENT OPERATION

The model comple te -mix ,  f l o w - th ro u g h ,  p r e s s u r i z e d  a c t i v a t e d  

s ludge  p rocess  c o n s t r u c t e d  f o r  t h e  i n v e s t i g a t i o n  o f  t h e  re sponses  o f  

th e  a c t i v a t e d  s ludge  p rocess  t o  e l e v a t e d  p r e s s u r e s  o p e r a t e d  s a t i s f a c t 

o r i l y .  F u tu re  ap p a ra tu s  c o n s t r u c t i o n  w i l l  r e q u i r e  m o d i f i c a t i o n s  be 

made and a r e  o u t l i n e d  in  FUTURE INVESTIGATIONS.

Bulking o f  t h e  s ludge  ( f l o a t i n g  s ludge)  p r e s e n te d  a problem bu t  

was l a t e r  found t o  be caused by th e  high oxygen c o n c e n t r a t i o n  o f  th e  

a c t i v a t e d  s lu d g e  and was tewate r  in  t h e  p r e s s u r e  c y l i n d e r ,  t h e  s e t t l i n g  

chamber l o c a t e d  in  t h e  p r e s s u r e  c y l i n d e r  and th e  speed  o f  mixing.

S topp ing  t h e  mixing paddle  f o r  10 minu tes  each h a l f  hour 

al lowed th e  s ludge  enough t ime t o  f l o c c u l a t e  and s e t t l e ,  t hus  c r e a t 

ing a c l e a r  e f f l u e n t .  During m ix ing ,  however, th e  s lu d g e  would 

c o l l e c t  a t  t h e  s u r f a c e  o f  t h e  s e t t l i n g  chamber where i t  would e n t e r  

th e  e f f l u e n t  s iphon .  The s iphon  tube  was o n e - h a l f  inch  in  d ia m e te r  

and was e a s i l y  c logged .  An e f f l u e n t  pump was mounted e x t e r n a l l y  a t  

the  e f f l u e n t  p o r t  in  o r d e r  t o  c r e a t e  enough s u c t i o n  so t h a t  t h e  s ludge  

would n o t  s e t t l e  in  th e  l i n e .

Two a i r  s to n e s  a t  th e  bottom o f  t h e  a e r a t i o n  chamber unevenly 

d i s t r i b u t e d  d i s s o l v e d  oxygen th rough t h e  Mixed Liquor.  Four 

a d d i t i o n a l  a i r  s t o n e s  were in c lu d ed  and appeared  to  more even ly  d i s 

t r i b u t e  t h e  d i s s o l v e d  oxygen.  D isso lved  oxygen p r o f i l e s  w i th i n  th e  

Mixed Liquor cou ld  n o t  be p l o t t e d  because t h e  probe and m e te r  used in
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t h e  c y l i n d e r  des ign  was in c a p a b le  o f  measuring  d i s s o lv e d  oxygen 

c o n c e n t r a t i o n s  in  excess  o f  15 mg/L.

Mechanical mixing o f  th e  s ludge  i s  n e c e ss a ry  f o r  s u f f i c i e n t  

c o n t a c t  between microorganisms and w a s te .  However, too  much mixing 

can c r e a t e  a h ig h l y  t u r b u l e n t  environment in  which microorganism and 

waste  c o n t a c t  i s  d im in ished  t o  t h e  p o i n t  where no decomposi t ion  o f  

th e  was te  t a k e s  p l a c e .  A paddle  speed  o f  30 rpm's was used f o r  th e  

f i r s t  few runs bu t  was q u ic k ly  lowered t o  18 rpm's where b e t t e r  con

t a c t  was made.

Except  f o r  t h e  few problems d i s c u s s e d  above ,  i t  o p e r a t e d  w e l l .  

D u p l i c a t io n  o f  d a t a  was o b t a i n a b l e  from i t s  o p e r a t i o n .



X. DISCUSSION OF EXPERIMENTAL WORK AND CONCLUSIONS

E va lua t ion  o f  an e n g in e e r in g  p ro cess  o f t e n  in c lu d e s  an exam

i n a t i o n  o f  i t s  e f f i c i e n c y .  However, i n c r e a s e s  in  e f f i c i e n c y  may be 

p r o h i b i t i v e  due t o  economic r e a s o n s .  The a s se s sm en t  o f  a new 

process  o r  an improvement o f  an e x i s t i n g  p ro c e s s  can i n i t i a l l y  r e 

q u i r e  s u b s t a n t i a l  in v e s tm en t .  I t  i s  on ly  a f t e r  much i n v e s t i g a t i o n  

o f  a p roces s  c a p a b i l i t y  t h a t  economic f e a s i b i l i t y  can be c o n s id e r e d .

The work r e p o r t e d  in  t h i s  paper  examines t h e  re sponses  o f  th e  

a c t i v a t e d  s lu d g e  p roces s  t o  e l e v a t e d  p r e s s u r e s  and does n o t  c o n s id e r  

t h e  economic f e a s i b i l i t y  o f  i t s  u t i l i t y .  The p r e s s u r i z e d  a c t i v a t e d  

s lu d g e  p ro c e s s  was des igned  with  r e g a r d  to  s i m i l a r i t y  in o p e r a t i o n  

t o  t h e  complete -mix  a c t i v a t e d  s ludge  p ro c e s s  found in  domest ic  w a s t e 

w a te r  t r e a t m e n t  p l a n t s .  The equipment used in  t h e  c o n s t r u c t i o n  o f  

t h e  p r e s s u r i z e d  p ro cess  was s e l e c t e d  on ly  f o r  i t s  o p e r a t i o n a l  

c a p a b i l i t i e s  w h i l e  o p t i m i z a t i o n  o f  des ign  was n o t  c o n s id e r e d .

Exper imental  i n v e s t i g a t i o n  o f  th e  o p e r a t i o n a l  pa ram ete rs  o f  

t h e  complete-mix p r e s s u r i z e d  a c t i v a t e d  s lu d g e  p ro ces s  was under taken  

upon comple t ion  o f  t h e  l a b o r a t o r y  model .  The purpose o f  t h i s  i n 

v e s t i g a t i o n  was t h r e e - f o l d :

1. To d e s c r i b e  t h e  o p e r a t i o n  o f  a com ple te -mix ,  f low th ro u g h ,  

p r e s s u r i z e d  a c t i v a t e d  s lu d g e .

2. D esc r ibe  t h e  k i n e t i c  responses  o f  an a t i v a t e d  s lu d g e  p rocess  

t o  e l e v a t e d  p r e s s u r e .
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3.  Observe any changes in p rocess  e f f i c i e n c y  o b ta in ed  

th rough t h e  use o f  p r e s s u r e .

The work under taken  in  t h i s  i n v e s t i g a t i o n  i s  unique in t h a t  

based  on th e  r e s u l t s  o b ta in e d  by p rev ious  i n v e s t i g a t o r s ,  t e s t i n g  

a p p a ra tu s  n e c e s s a ry  f o r  a more u n d e r s t a n d a b le  approach to  t h e  use 

o f  p r e s s u r e  in  w as tew a te r  t r e a t m e n t  was deve loped .  No i n v e s t i g a t i o n  

had c o n s id e re d  t h e  p r a c t i c a l  a p p l i c a t i o n  o f  p r e s s u r e  to  domestic  

w as tew a te r  t r e a t m e n t .  The most im p o r ta n t  p a r t  o f  work r e p o r t e d  

in  t h i s  paper  i s  t h e  s y s t e m a t i c  approach used t o  c o l l e c t  t h e  da ta  

n e c e ss a ry  f o r  d e s c r i b i n g  th e  k i n e t i c  r e sponses  o f  t h e  a c t i v a t e d  

s ludge  p ro cess  t o  p r e s s u r e .  In t h e  fo l l o w in g  p a r a g r a p h s ,  th e  

r e s u l t s  a r e  d i s c u s s e d .

K in e t i c  responses  o f  t h e  e f f l u e n t  s y n t h e t i c  w as tew a te r  t r e a t e d  

in  t h e  p r e s s u r i z e d  a c t i v a t e d  s ludge  p ro cess  was o b ta in e d  by BOD 

a n a l y s i s .  For each sample t a k e n ,  t h r e e  d i l u t i o n s  were made. In 

t h r e e  300 ml BOD b o t t l e s  were p laced  5 ,  10,  and 15 mis o f  w as tew a te r  

r e s p e c t i v e l y ,  and d i l u t e d  w i th  n u t r i e n t  w a te r  u n t i l  f u l l .  D isso lved  

oxygen c o n c e n t r a t i o n s  were taken  d a i l y  f o r  f o u r t e e n  days .  The 

curves  p r e s e n te d  in Appendix I i l l u s t r a t e  t h e  p e r c e n t  r e d u c t io n  in  

E f f l u e n t  BOD between th e  p r e s s u r i z e d  and u n p r e s s u r i z e d  samples o f  t h e  

s y n t h e t i c  w as tew a te r .  The MLSS c o n c e n t r a t i o n s  w i th i n  th e  c y l i n d e r  

were 1000,  1500,  2000,  2500,  and 3000 mg/L. Tab le 3 summarizes t h e  

r e d u c t i o n s .  Each MLSS c o n c e n t r a t i o n  examined i n d i c a t e s  an i n c r e a s e  

in  BOD removal w ith  an i n c r e a s e  in p r e s s u r e .  The g r e a t e s t  removal 

(45.9%) o ccu r red  a t  2500 mg/L and 40 p s i g .
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G r e a t e r  removals  o f  BOD in  a g iven  p e r io d  o f  t ime co r responds  

t o  an a c c e l e r a t i o n  in  t h e  r a t e  o f  o r g a n ic  decom posi t ion .  The 

r e a c t i o n  r a t e  was q u a n t i f i e d  by computing v a lues  o f  t h e  f i r s t  o r d e r  

r e a c t i o n  r a t e  c o n s t a n t ,  k^. Appendix I I  p r e s e n t s  sem i- log  p l o t s  

o f  t h e  q u a n t i t i e s  (1 -y /L)  v s .  t ime f o r  t h e  d e t e r m in a t io n  o f  k-| as  

e x p la in e d  in  th e  DATA ANALYSIS. A summary o f  th e  r e a c t i o n  r a t e  

c o n s t a n t s  i s  g iven  in  Tab le  4.  F igure  14 g r a p h i c a l l y  i l l u s t r a t e s  

t h e  d a t a  p r e s e n t e d  in  Tab le  4.  Appendix I I I  c o n t a i n s  th e  i n d i v i d u a l  

curves  which a r e  shown as a composite  in  F igu re  14.

Reac t ion  r a t e  c o n s t a n t s  f o r  t h e  t r e a t e d  s y n t h e t i c  w as tew a te r  

v a r i e d  from 0.170 p e r  day a t  0 p s ig  to  0 .295  p e r  day a t  40 p s ig .

The g r e a t e s t  i n c r e a s e  in  t h e  r e a c t i o n  r a t e  from 0 p s ig  to  40 p s ig  

was observed  a t  a MLSS c o n c e n t r a t i o n  o f  2500 mg/L - -  t h e  r a t e  

c o n s t a n t  o f  0.170  p e r  day a t  0 ps ig  i n c r e a s e d  t o  0 .288  per  day a t  

40 p s i g .  All i n c r e a s e s  in r e a c t i o n  r a t e  were accompanied by r e 

d u c t io n s  in F i r s t - S t a g e  BOD.

Tab le 5 p r e s e n t s  t h e  r e s u l t s  o f  t h e  o v e r a l l  p ro cess  e f f i c i e n c y  

f o r  t h e  v a r io u s  p r e s s u r e s  and MLSS com bina t ions  examined.  P rocess  

e f f i c i e n c y  in c r e a s e d  w i th  i n c r e a s i n g  p r e s s u r e .  The g r e a t e s t  o v e r a l l  

i n c r e a s e  observed  was 90.90% which was o b t a in e d  a t  40 p s i g ,  and 

2500 mg/L. This  r e f l e c t s  a 10% i n c r e a s e  in  p ro ces s  e f f i c i e n c y .

Tables  6 , 7 ,  and 8 p r e s e n t s  domest ic  w as tew a te r  d a t a  s i m i l a r  

t o  t h a t  p r e s e n t e d  in  Tab les  3 ,  4 ,  and 5. At a MLSS c o n c e n t r a t i o n  o f  

2160 mg/L, and a p r e s s u r e  o f  40 p s i g ,  a 20% r e d u c t i o n  in  e f f l u e n t
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BOD was o b ta in e d .  The f a s t e s t  r e a c t i o n  r a t e  o c cu r red  a t  a p r e s s u r e  

o f  40 p s ig  s i m i l a r  t o  t h e  s y n t h e t i c  w as tew a te r  o b s e r v a t i o n .  

P roces s  e f f i c i e n c y  d id  n o t  i n c r e a s e  as much w i th  t h e  domest ic  w a s t e 

w a te r  as  i t  d id  w i th  t h e  s y n t h e t i c  w as tew a te r .  Here,  on ly  a 4% 

i n c r e a s e  in e f f i c i e n c y  was obse rved .  The o v e r a l l  p rocess  e f f i c i e n c y  

a t  40 p s i g  was 84.18% as compared to  90.90% w i th  th e  s y n t h e t i c  

w as tew a te r .

The equipment n e c e s s a ry  to  i n v e s t i g a t e  t h e  use o f  p r e s s u r e  in  

t h e  a c t i v a t e  s lu d g e  p ro ces s  has been c o n s t r u c t e d  and shown to  have 

o p e r a t e d  s a t i s f a c t o r i l y .  The d a t a  o b ta in e d  from t h e  model p rocess  

o f f e r s  a p r e l i m i n a r y  d e s c r i p t i o n  o f  i t s  c a p a b i l i t i e s .  Ex tens ive  

o p e r a t i o n  o f  t h e  equipment i s  n e c e s s a r y .
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TABLE 3

PERCENT REDUCTION IN 

EFFLUENT ULTIMATE FIRST-STAGE BOD AT ELEVATED PRESSURE

SYNTHETIC WASTEWATER

0 PSIG VS.
MLSS ELEVATED PRESSURE REDUCTION

(mg/L) (PSIG) %

1000 0 - 10 20.90
0 - 20 23.10
0 - 30 32.00
0 - 40 40.00

1500 0 10 15.00
0 - 20 18.00
0 - 30 27.00
0 - 40 35.00

2000 0 wm 10 20.60
0 - 20 23.30
0 - 30 28.20
0 - 40 31.20

2500 0 10 20 .70
0 _ 20 28.10
0 - 30 35.70
0 - 40 45.90

3000 0 10 27 .00
0 - 20 37.80
0 - 30 43.00
0 - 40 44.80



49

TABLE 4
REACTION RATE CONSTANTS FOR 

SYNTHETIC WASTEWATER

MLSS

(mg/L)

PRESSURE

(PSIG)

REACTION RATE 

( Day-1 )

1000 00.00 0.170
10.00 0.193
20.00 0.214
30.00 0.244
40.00 0.256

1500 00.00 0.170
10.00 0.198
20.00 0.214
30.00 0.278
40.00 0.280

2000 00.00 0.190
10.00 0.208
20.00 0.225
30.00 0.249
40.00 0.285

2500 00.00 0.170
10.00 0.198
20.00 0.239
30.00 0.278
40.00 0.288

3000 00.00 0.209
10.00 0.218
20.00 0.247
30.00 0.267
40.00 0.295
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TABLE 5

ACTIVATED SLUDGE PROCESS EFFICIENCY AT ELEVATED PRESSURE
SYNTHETIC WASTEWATER

MLSS

(mg/L)

PRESSURE

(PSIG)

EFFICIENCY

%

1000 0 82.02
10 85.79
20 86 .18
30 87.75
40 89.21

1500 0 82.02
10 84.72
20 85 .28
30 86.85
40 88.31

2000 0 81.46
10 85.28
20 85.79
30 86.69
40 87.25

2500 0 83.15
10 86.63
20 87.87
30 89.16
40 90.90

3000 0 82.02
10 86.85
20 88.82
30 89.78
40 90.06
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TABLE 6

PERCENT REDUCTION IN 

EFFLUENT ULTIMATE FIRST-STAGE BOD AT ELEVATED PRESSURES

DOMESTIC WASTEWATER

MLSS 0 PSIG VS. REDUCTION

(mg/L) ELEVATED PRESSURES %

2160 0 - 1 0  9.44

0 - 2 0  12.50

0 - 3 0  16.94

0 - 40 20.00
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TABLE 7

REACTION RATE CONSTANTS FOR 

DOMESTIC WASTEWATER

MLSS PRESSURE REACTION RATE

(mg/L) (PSIG) ( Day-1 )

2160 00.00 0.150

10.00 0.180

20.00  0.220

30.00 0.250

40.00  0.270
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ACTIVATED SLUDGE

TABLE 8 

PROCESS EFFICIENCY AT ELEVATED PRESSURE

DOMESTIC WASTEWATER

MLSS PRESSURE EFFICIENCY

(mg/1) (PSIG) %

2160 0 80.22

10 81.81

20 82.69

30 83.57

40 84.18
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XI. FUTURE INVESTIGATION

I n v e s t i g a t i o n  o f  t h e  responses  o f  w as tew a te r  t r e a t e d  in  a 

p r e s s u r i z e d  a c t i v a t e d  s ludge  process  s u p p o r t s  t h e  need f o r  f u r t h e r  

work.  Control  o f  t h e  r a t e  o f  o rg a n ic  w as te  decomposi t ion  appea rs  

t o  be o b t a i n a b l e  by th e  MLSS c o n c e n t r a t i o n  and th e  p r e s s u r e  w i t h i n  th e  

a c t i v a t e d  s ludge  c y l i n d e r .

The l a b o r a t o r y  model a c t i v a t e d  s ludge  p rocess  c o n s t r u c t e d  f o r  

t h e  i n v e s t i g a t i o n  r e p o r t e d  h e r e i n  has mainly  t r e a t e d  s y n t h e t i c  w a s t e 

w a te r  with  only  l i m i t e d  o p e r a t i o n  w i th  domest ic  w as tew a te r .  Fu ture  

o p e r a t i o n  shou ld  be made w i th  domest ic  w a s tew a te r .  However, s i n c e  

th e  volume o f  w as tew a te r  r e q u i r e d  t o  o p e r a t e  t h e  process  24 hours each 

day i s  so g r e a t ,  i t  i s  recommended t h a t  t h e  model be taken  t o  a t r e a t 

ment p l a n t .  I n i t i a l l y ,  a da ta  b a s e l i n e  shou ld  be e s t a b l i s h e d  by 

o p e r a t i n g  t h e  ap p a ra tu s  a t  a tm ospher ic  c o n d i t i o n s  w ith  e l e v a t e d  

p r e s s u r e s  be ing  examined l a t e r .

The model a c t i v a t e d  s ludge  p rocess  o p e ra t e d  with  on ly  a few 

d i f f i c u l t i e s .  The most  s i g n i f i c a n t  d i f f i c u l t y  was th e  model s i z e .

The 10 g a l lo n  c y l i n d e r  c a p a c i t y  d i c t a t e d  t h a t  t h e  f l o w r a t e  th rough  

th e  c y l i n d e r  be s m a l l ,  th us  r e q u i r i n g  th e  p e r i o d i c  f i l l i n g  p rocess  

as d e s c r ib e d  in  t h e  EQUIPMENT DESIGN AND OPERATION. Although th e  

p rocess  o p e r a t i o n  p a r a l l e l e d  t h a t  o f  an a c t i v a t e d  s ludge  p r o c e s s ,  

i t  i s  f e l t  t h a t  a l a r g e r  volume would a l low  h ig h e r  f l o w r a t e s  so t h a t  

con t inuous  f low could  be ach ieved .  The plumbing on th e  model o f t e n
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clogged due t o  i t s  s i z e  and could  be e l i m i n a t e d  with  a l a r g e r  

p ro c e s s .

A working l a b o r a t o r y  model o f  a comple te -mix ,  f l o w - th ro u g h ,  

p r e s s u r i z e d  a c t i v a t e d  s ludge  p rocess  has been developed and t e s t e d .  

I t s  o p e r a t i o n  p a r a l l e l s  t h a t  o f  e x i s t i n g  a c t i v a t e d  s ludge  p r o c e s s e s .  

The da ta  g a th e re d  c l e a r l y  i n d i c a t e s  t h a t  p r e s s u r e  causes a d e f i n i t e  

response  in  t h e  r a t e  o f  oxygen u t i l i z a t i o n .  F u r th e r  i n v e s t i g a t i o n  

i s  needed to  de te rm ine  t h e  mechanism c aus ing  t h i s  re sponse .
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APPENDIX I

THE FOLLOWING GRAPHS ILLUSTRATE THE DIFFERENCE IN 

EFFLUENT BOD FOR A SYNTHETIC WASTEWATER TREATED 

AT 0 PSIG AND PRESSURES GREATER THAN 0 PSIG
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APPENDIX I I

THE FOLLOWING GRAPHS ILLUSTRATE THE PLOTS USED TO 

DETERMINE THE "FIRST-ORDER" REACTION RATE CONSTANT, k] 

FOR THE EFFLUENT SYNTHETIC WASTEWATER
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APPENDIX I I I

THE FOLLOWING GRAPHS ILLUSTRATE THE INDIVIDUAL CURVES 

SHOWN AS A COMPOSITE IN FIGURE 14 - 

CURVES INDICATE INCREASE IN REACTION RATE WITH AN INCREASE IN PRESSURE
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APPENDIX IV

THE FOLLOWING GRAPHS ILLUSTRATE THE DIFFERENCE IN 

EFFLUENT BOD FOR DOMESTIC WASTEWATER TREATED AT 

0 PSIG AND PRESSURES GREATER THAN 0 PSIG
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APPENDIX V

THE FOLLOWING GRAPHS ILLUSTRATE THE PLOTS USED 

TO DETERMINE THE "FIRST-ORDER" REACTION RATE CONSTANT, 

FOR THE EFFLUENT DOMESTIC WASTEWATER
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FIRST ORDER REACTION RATE CONSTANT
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FIRST ORDER REACTION RATE CONSTANT
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FIRST ORDER REACTION RATE CONSTANT

PRESSURE = 20 p s ig  
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f ir s t  order reaction rate constant
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FIRST ORDER REACTION RATE CONSTANT
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