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A B S T R A C T 

This thesis is an attempt to introduce a wastewater treatment system to 

treat wastewater generate in the production of Desiccated coconut in Sri 

Lanka. 

In the preparation of this method of treatment based on biological 

treatment, attention was focused on the generation of liquid, gaseous and 

solid wastes and their impacts on the environment. 

Alternative methods were discussed for ene-of-pipe treatment of waste 

water, and in-plant measures to prevent and reduce waste generation also 

considered. 

In conclusion, the proposed treatment system was evaluated in terms of 

economic and found that, it is economically viable. 
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CHAPTER 1 

INTRODUCTION 

1 . 1 PRODUCTION PROCESS AND I T S ° C O N T R I B U T I O N TO N A T I O N A L ECONOMY 

D e s i c c a t e d c o c o n u t i s m a n u f a c t u r e d f r o m t h e w h i t e i n n e r l a y e r o f 

t h e c o c o n u t i . e t h e k e r n a l . S e a s o n e d m a t u r e c o c o n u t s a r e s u p p l i e d 

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

T h e c o c o n u t s a r e h a t c h e t e d o r c u t o p e n m a n u a l l y , p r o d u c i n g c o c o n u t 

s h e l l s a s a b y p r o d u c t s . T h e s e s h e l l s a r e e i t h e r s o l d t o 

m a n u f a c t u r e s o f c h a r c o a l a n d a c t i v a t e d c a r b o n , o r t h e y a r e b u r n e d 

i n t h e f a c t o r y f u r n a c e s . T h e s e c o n d l a y e r o f t h e i n n e r s h e l l , 

b e i n g t h e t r a n s i t i o n o f t h e b r o w n c o c o n u t s h e l l t o t h e w h i t e k e r n e l 

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

w h i c h i s c a l l e d c o p r a . C o p r a h a s a v e r y h i g h o i l c o n t e n t a n d i s 

u s u a l l y s o l d t o o i l m i l l s f o r o i l - e x t r a c t i o n . O c c a s i o n a l l y c o p r a 

i s u s e d a s a n i m a l f o o d . 

T h e r e m a i n i n g k e r n e l i s f i n a l l y c u t o p e n i n t o s e v e r a l p i e c e s . T h e 

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

T h e w h i t e k e r n e l p i e c e s a r e s u b s e q u e n t l y w a s h e d w i t h c h l o r i n a t e d 

w a t e r ( c a l c i u m h y p o c h l o r i t e , 2 m g / l ) . W a s h i n g i s a l s o a m a j o r 

s o u r c e o f w a s t e w a t e r . T h e n , t h e c o c o n u t p i e c e s a r e s t e r i l i z e d . 

G e n e r a l l y s t e r i l i z i n g i s c a r r i e d o u t b y b o i l i n g i n w a t e r f o r 1 t o 

2 m i n u t e s . a f t e r s t e r i l i z i n g t h e k e r n e l p i e c e s a r e c u t o r g r i n e d 

m e c h a n i c a l l y i n t o s m a l l p a r t i c l e s . 



I n o n e o f t h e m o d e r n l a r g e - s c a l e DC m i l l s , t h e p r o c e s s o f 

s t e r i l i z i n g i s c a r r i e d o u t d i f f e r e n t l y . H e r e , t h e s t e r i l i z a t i o n 

t a k e s p l a c e a f t e r g r i n d i n g o f t h e k e r n e l i n t o s m a l l p a r t i c l e s . T h e 

p a r t i c l e s a r e n o t b o i l e d i n w a t e r , b u t t r e a t e d w i t h s t e a m f o r 1 o r 

2 m i n u t e s i n a c o n t i n u o u s p r o c e s s . T h i s t y p e o f s t e r i l i z i n g w i t h 

^ s t e a m g e n e r a t e s l e s s w a s t e w a t e r t h a n s t e r i l i z a t i o n i n b o i l i n g 

w a t e r . 

A f t e r s t e r i l i z a t i o n t h e f i n e p a r t i c l e s a r e d r i e d a t 9 0 - 9 5 C i n o r d e r 

* t o r e d u c e t h e m o i s t u r e c o n t e n t f r o m 55% t o 3 - 3 . 5 % . H e a t i s 

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

F i n a l l y , a m e c h a n i c a l s h i f t e r s c r e e n s t h e d e s i c c a t e d c o c o n u t i n t o 

f r a c t i o n s o f f i n e , m e d i u m a n d l a r g e s i z e p a r t i c l e s . T h e l a r g e s t 

f r a c t i o n i s r e - c u t . f i n e a n d m e d i u m s i z e p a r t i c l e s a r e p a c k e d 

s e p a r a t e l y i n b a g s c o n t a i n i n g 5 0 k g . 

a 

2 
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« 
S e a s o n e d m a t u r e c o c o n u t 

H a t c h e t i n g > P a r i n g > W a s h i n g w i t h 
c h l o r i n a t e d w a t e r 

4 

W a s h i n g w i t h 
c h l o r i n a t e d w a t e r 

D i s i n t e g r a t i o n < P a s t e u r i z a t i o n 

D r y i n g 

S c r e e n i n g 

Pac : k i n g 

I 
C o n t a i n e r i s a t i o n 

I 

F i g 1 . 1 : D e s i c c a t e d C o c o n u t M a n u f a c t u r i n g P r o c e s s 

r 

S o u r c e : C o c o n u t D e v e l o p m e n t A u t h o r i t y 1 9 9 0 

S t o r a g e 



T h e S r i L a n k a n c o c o n u t p r o c e s s i n g i n d u s t r i e s p r o d u c e 5 0 , 0 0 0 t o n n e s 

o f d e s i c c a t e d c o c o n u t [DC] p e r y e a r , a c c o u n t i n g f o r a l m o s t 4 0 % o f 

t h e w o r l d w i d e p r o d u c t i o n o f D e s i c c a t e d C o c o n u t . T h e p r o d u c t i o n i s 

s t i l l i n c r e a s i n g . C u r r e n t l y t h e i n s t a l l e d p r o d u c t i o n c a p a c i t y 

a m o u n t s t o 7 5 , 0 0 0 m e t r i c t o n n e s o f D e s i c c a t e d C o c o n u t p e r a n n u m . 

T h e r e i s n o l o c a l m a r k e t f o r D e s i c c a t e d C o c o n u t i n S r i L a n k a , 

a l l o f i t i s e x p o r t e d . 

T h e m a n u f a t u r e o f D e s i c c a t e d C o c o n u t i n S r i L a n k a f i r s t b e g a n i n 

1 8 9 1 , w h e n a p p r o x i m a t r l y 6 0 0 t o n n e s o f t h e p r o d u c t w e r e e x p o r t e d 

f r o m t h e c o u n t r y . I n t h e 1 9 3 0 s a n n u a l D e s i c c a t e d C o c o n u t e x p o r t s 

a v e r a g e a r o u n d 3 5 , 0 0 0 t o n n e s a n d b y t h e 1 9 5 0 s e x p o r t s i n c r e a s e d 

t o a p p r o x i m a t e l y 5 2 , 0 0 0 t o n n e s p e r a n n u m w i t h a p e a k o f 7 0 , 0 0 0 

t o n n e s i n 1 9 6 8 . 

I n t e r m s o f f o r e i g n e x c h a n g e , t h e D e s i c c a t e d C o c o n u t i n d u s t r y 

e a r n s a p p r o x i m a t e l y U S $ 5 0 m i l l i o n p e r a n n u m a n d c o n s t i t u t e s a n 

i m p o r t a n t p a r t o f S r i L a n k a ' s e x p o r t e a r n i n g s . T h e C o c o n u t i n d u s t r y 

a s a w h o l e e a r n s a r o u n d U S $ 1 0 0 m i l l i o n a n n u a l l y . 

4 



1 . 2 W a s t e g e n e r a t i o n a n d E n v i r o n m e n t a l I m p a c t s 

1 . 2 . 1 W a s t e w a t e r 

T h e r e a r e 3 m a j o r s o u r c e s o f w a s t e w a t e r i n t h i s 

p r o c e s s a n d a s 

I W a s h i n g o f w h i t e k e r n e l p i e c e s - 4 0 0 0 0 

l i t r e s 

I I C o c o n u t w a t e r - ( 2 0 0 m l x 5 0 0 0 0 ) - 1 0 0 0 0 l i t 

I I I S t e r l i z a t i o n o f g r o u n d k e r n e l p a r t i c l e s -

2 7 0 0 l i t r e s 

T h e t o t a l w a s t e w a t e r g e n e r a t i o n o f a n a v e r a g e s i z e f a c t o r y , 

p r o c e s s i n g 5 0 0 0 0 c o c o n u t s p e r d a y a m o u n t s t o a b o u t 5 0 m 3 . 

T h e c o m b i n e d w a s t e w a t e r g e n e r a l l y h a s f o l l o w i n g 

c h a r a c t e r i s t i c s . 

p H 4 . 0 -

BOD 1 0 0 0 

COD 4 0 0 0 

O i l 

5 . 5 

- 5 0 0 0 m g / 1 

- 8 0 0 0 m g / 1 

4 0 0 0 m g / 1 

( C E A , 1 9 9 2 ) 
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S o l i d w a s t e 

A t t h e b e g i n i n g o f t h e p r o c e s s , c o c o n u t s a r e 

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

p r o d u c e d , a m o u n t i n g 2 0 0 0 - 0 k g / d i n a n a v e r a g e 

s i z e f a c t o r y p r o c e s s i n g 5 0 0 0 0 n u t s / d a y 

H o w e v e r , t h e c o c o n u t s h e l l s a r e e i t h e r s o l d t o 

p r o d u c e r s o f a c t i v a t e d c a r b o n o r u s e d a s a f u e l 

i n t h e f a c t o r y , a n d t h e r e f o r e d o e s n o t c r e a t e a 

s o l i d w a s t e p r o b l e m . 

T h e s e c o n d l a y e r o f t h e i n n e r s h e l l , b e i n g t h e 

t r a n s i t i o n o f t h e b r o w n c o c o n u t s h e l l t o t h e 

w h i t e k e r n e l i s a l s o r e m o v e d m a n u a l l y a n d 

a c c u m u l a t e d a s a b y p r o d u c t w h i c h i s c a l l e d 

c o p r a . I n a v e r a g e s i z e f a c o t r y a m o u n t o f c o p r a 

g e n e r a t e d i s a p p r o x i m a t e l y 2 5 0 0 k g / d . C o p r a t o o 

fras a r e a d y m a r k e t a n d d o e s n o t u s u a l y c r e a t e a 

s o l i d w a s t e d i s p o s a l p r o b l e m . 

I f t h e r e i s a w a s t e w a t e r t r e a t m e n t p l a n t i n 

operation, dewatered sludge is generated a s a 

r e s u l t o f a e r o b i c a n d a n a e r o b i c p r o c e s s e s . T h e s e 

s l u d g e h a v e t o b e d i s p o s e d of w i t h o u t p o l l u t i n g 

e n v i r o n m e n t . 



A i r E m i s s i o n s 

A i r e m i s s i o n s a r e c a u s e d b y f u r n a c e s , w h i c h a r e m o s t l y 

f u l l e d b y f i r e w o o d a n d c o c o n u t s h e l l s . W h e n w e t 

c o c o n u t s h e l l s i n p a r t i c u l a r , a r e b u r n e d , b l a c k s m o k e , 

f l y a s h a n d v o l a t i l e s a r e g e n e r a t e d . 

E n v i r o n m e n t a l I m p a c t s 

T h e w a s t e w a t e r f r o m d e s i c c a t e d c o c o n u t m i l l s i s 

g e n e r a l l y d i s c h a r g e d w i t h o u t t r e a t m e n t i n t o n e a r b y 

s t r e a m s , p i t s , p a d d y f i e l d s , o r u n c u l t i v a t e d l a n d s . 

T h e s e d i s c h a r g e s m a y r e s u l t i n d e p l e t i o n o f d i s s o l v e d 

o x y g e n i n r e c e i v i n g w a t e r b o d i e s a n d i n e m i s s i o n o f 

t h e b a d o d o u r s c a u s e d b y a n a e r o b i c d e g r a d a t i o n o f 

o r g a n i c s u b s t a n c e s . 

T h e p r e s e n c e o f o i l y s u b s t a n c e s i n t h e d i s c h a r g e d 

w a s t e w a t e r i n c o m b i n a t i o n w i t h b a d o d o u r s , m a k e s t h e 

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

T h e d i s c h a r g e o f w a s t e w a t e r i n t o p a d d y f i e l d s m a y 

c a u s e c r o p d a m a g e s d u e t o t h e l o w p H o f t h e 

w a s t e w a t e r . 



E m i s s i o n o f b l a c k s m o k e a n d f l u e g a s e s f r o m t h e 

b o i l e r s m a y c a u s e e n o r m o u s n u i s a n c e t o 

n e i g h b o u r i n g r e s i d e n t s . — 

D e p l e t i o n o f g r o u n d w a t e r i s a l s o a n e g a t i v e 

i m p a c t t o t h e e n v i r o n m e n t w h i c h i s c a u s e d a s a 

r e s u l t o f m a s s i v e a b s t r a c t i o n o f g r o u n d w a t e r i n 

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

6 3 , 0 0 0 l i t / d a y o f g r o u n d w a t e r i s c o n s u m e d f o r 

d o m e s t i c a c t i v i t i e s a n d p r o d u c t i o n p r o c e s s e s , a s 

n o o t h e r a l t e r n a t i v e s o u r c e o f w a t e r i s a v a i l a b l e 

n e a r b y . A s m o s t f a c t o r i e s a r e l o c a t e d i n r u r a l 

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

a c t i v i t i e s w i t h l o w y i e l d o f g r o u n d w a t e r . 
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1 . 3 Legislation and Institutional Frame Work. 

1 . 3 . 1 E n v i r o n m e n t a l L e g i s l a t i o n & r e l a t e d O r d i n a n c e s 

E n v i r o n m e n t a l L e g i s l a t i o n ~* 

S r i L a n k a h a s a n u m b e r o f l a w s d e a l i n g w i t h v a r i o u s 

a s p e c t s o f e n v i r o n m e n t a l p r o t e c t i o n a n d m a n a g e m e n t . 

H o w e v e r , i n t h e p r e s e n t c o n t e x t o f d e v e l o p m e n t t a k i n g 

p l a c e i n t h e c o u n t r y , m o s t o f t h e s e l a w s h a v e , t i m e 

a n d a g a i n , p r o v e d i n a d e q u a t e t o a d d r e s s t h e 

e n v i r o n m e n t a l c h a l l e n g e s b r o u g h t d o w n b y t h i s v e r y 

s a m e d e v e l o p m e n t . 

T h e N a t i o n a l l a w o n E n v i r o n m e n t , t i t l e d " N a t i o n a l 

E n v i r o n m e n t a l A c t , N o 4 7 o f 1 9 8 0 " c a m e i n t o o p e r a t i o n 

i n 1 9 8 8 . T h i s A c t c r e a t e d t h e C e n t r a l E n v i r o n m e n t a l 

A u t h o r i t y (CEA) a s a p o l i c y m a k i n g a n d c o o r d i n a t i n g 

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

o f t h e e n v i r o n m e n t a n d f i l l e d a l o n g s t a n d i n g g a p 

c r e a t e d b y t h e a b s e n c e o f i n s t i t u t i o n a l f r a m e w o r k t o 

c o o r d i n a t e e n v i r o n m e n t a l p o l i c y m a k i n g a n d p r o g r a m m i n g 

i n S r i L a n k a . 
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T h e N a t i o n a l E n v i r o n m e n t a l A c t w a s a m e n d e d i n 1 9 8 8 t o 

i n t r o d u c e a l i c e n s i n g p r o c e d u r e a n d g i v e n l - e g i s l a t i v e 

b a c k i n g t o a n e n v i r o n m e n t a l i m p a c t a s s e s s m e n t 

p r o c e d u r e f o r d e v e l o p m e n t p r o j e c t s , w h i c h i n c o r p o r a t e d 

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

n e w w a t e r , s o i l a i r a n d n o i s e p o l l u t i o n c o n t r o l 

s t a n d a r d s . 

T h e C e n t r a l E n v i r o n m e n t a l A u t h o r i t y i s p r i m a r i l y 

r e s p o n s i b l e f o r d e v e l o p i n g N a t i o n a l e n v i r o n m e n t a l a n d 

n a t u r a l r e s o u r c e s p o l i c i e s a n d p o l l u t i o n c o n t r o l b y 

w a y o f i s s u i n g o f w a s t e e m i s s i o n l i c e n c e s a n d o v e r a l l 

a d m i n i s t r a t i o n o f t h e E I A p r o c e d u r e . 

U n d e r t h e a m e n d m e n t t o t h e N E A , t h e CEA h a s b e c o m e t h e 

s o l e a u t h o r i t y f o r a s s e s s i n g a n d d e v e l o p i n g S r i 

L a n k a ' s e n v i r o n m e n t a l p o l l u t i o n c o n t r o l s t r a t e g y . I n 

c o n t r a s t , t h e CEA m a y o n l y r e c o m m e n d ' . . ' t o t h e M i n i s t e r 

w i t h r e g a r d t o n a t u r a l r e s o u r c e s , l a n d u s e p l a n n i n g , 

f o r e s t r y , w i l d l i f e , a q u a t i c r e s o u r c e s a n d f i s h e r i e s 

a n d S o i l C o n s e r v a t i o n , w h i c h a r e t h e r e s p o n s i b i l i t i e s 

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

S r i L a n k a h a s a n u m b e r o f o r d i n a n c e s , l a w s , a c t s 

regulations a n d by - laws together f o r r v i n g Sri L a n k a ' s 

e n v i r o n m e n t a l l e g i s l a t i o n w h i c h are i n o n e w a y o r 

a n o t h e r , r e l a t e d t o t h e e n v i r o n m e n t T h e s e c o v e r a 

w i d e a r e a a n d v a r i e t y o f s i t u a t i o n s a n d s o m e o f t h e 

i m p o r t a n t p i e c e s o f l e g i s l a t i o n a n d a s f o l l o w s . 
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N u i s a n c e s O e s i n a n c e - 1 5 / 1 8 6 2 

P r o v i s i o n s o n p o l l u t i n g a n y w a t e r w a y , t a n k r e s e r v o i r , 

w e l l , d r a i n 

P r o v i s i o n o n o f f e n s i v e s m e l l s 

L o c a l G o v e r n m e n t L a w s 

• M u n i c i p a l C o u n c i l O r d i n a n c e N o . 2 9 / 1 4 9 7 

• U r b a n C o u n c i l O r d i n a n c e N o . 6 1 / 1 9 3 9 

• P r a d e s h i y a S a b h a s A c t N o . 1 5 / 1 9 8 7 

I n g e n e r a l , c o n t a i n s p r o v i s i o n s o n d e t e c t i o n a n d a b a t e m e n t 

o f n u i s a n c e s , c o n t r o l a n d a d m i n i s t r a t i o n o f a l l m a t t e r s 

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

a b a t e m e n t - o f i n d u s t r i a l p o l l u t i o n . 

W a t e r R e s o u r c e s B o a r d A c t N o . 2 9 / 1 9 6 4 

P r o v i d e s f o r t h e p r e v e n t i o n o f p o l l u t i o n o f r i v e r s , s t r e a m s 

a n d o t h e r w a t e r c o u r s e s . 

U r b a n D e v e l o p m e n t A u t h o r i t y L a w N o . 4 1 / 1 9 7 8 

C o n t a i n s p r o v i s i o n s o n w a t e r s u p p l y , d r a i n a g e a n d s e w a g e , 

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

e n v i r o n m e n t a l q u a l i t y . 



1 . 3 . 2 E n v i r o n m e n t a l P r o t e c t i o n L i c e n c i n g p r o c e d u r e f o r 

i n d u s t r i e s 

T h e C e n t r a l E n v i r o n m e n t a l A u t h o r i t y i s i m p l e m e n t i n g a 

m a j o r p r o g r a m m e f o r t h e i s s u e o f E n v i r o n m e n t a l 

P r o t e c t i o n L i c e n c e t o i n d u s t r i e s . T h e E P L i s s u e d t o 

i n d u s t r i e s s e t s o u t c e r t a i n c o n d i t i o n s t o b e a d h e r e d 

t o b y t h e i n d u s t r y i n o r d e r t o m i n i m i z e p o l l u t i o n . 

T h e l i c e n c e f u r t h e r s t i p u l a t e s t h e s t a n d a r d s t o b e m e t 

b y w a s t e e f f l u e n t s g e n e r a t e d b y s u c h i n d u s t r i e s b e f o r e 

b e i n g d i s c h a r g e d i n t o t h e e n v i r o n m e n t . 

I n d u s t r i e s a r e m o n i t o r e d a s r e g u l a r l y a s p o s s i b l e w i t h 

t h e l i m i t e d s t a f f a v a i l a b l e , i n o r d e r t o e n s u r e 

c o m p l i a n c e w i t h c o n d i t i o n s s e t o u t i n t h e l i c e n c e , u p 

t o 3 0 t h S e p t e m b e r 1 9 9 6 a t o t a l o f 2 7 4 6 i n d u s t r i e s h a v e 

a p p l i ° e d f o r t h e l i c e n c e o u t o f w h i c h 1 4 1 1 l i c e n c e s 

h a v e a l r e a d y b e e n i s s u e d . 
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D e v e l o p m e n t o f G u i d e l i n e s a n d s t a n d a r d s f o r p o l l u t i o n 

C o n t r o l . 

T h e CEA h a s e s t a b l i s h e d * s t a n d a r d s a n d c r i t e r i a t o b e 

m e t b y i n d u s t r i e s i n o r d e r t o m i n i m i z e p o l l u t i o n 

a r i s i n g f r o m t h e i r o p e r a t i o n s . I n d u s t r i e s w h i c h 

d i s c h a r g e w a s t e e f f l u e n t s i n t o t h e e n v i r o n m e n t a r e 

r e q u i r e d t o m e e t t h e s e s t a n d a r d s b e f o r e d i s c h a r g e i n 
i 

o r d e r t o e n s u r e p o l l u t i o n f r e e o p e r a t i o n s . I n 

a d d i t i o n . t h e CEA h a s d e v e l o p e d a s e r i e s o f 

c o m p r e h e n s i v e g u i d e l i n e s t o b e f o l l o w e d b y d i f f e r e n t 

t y p e s o f i n d u s t r i e s , f o r p o l l u t i o n m i t i g a t i o n . 

F o r t h e f o l l o w i n g t y p e s o f i n d u s t r i e s g u i d e l i n e s w e r e 

p r e p a r e d . 

1 . N a t u r a l R u b b e r I n d u s t r y 

2 . C o n c e n t r a t e d L a t e x I n d u s t r y 

3 . D e s i c c a t e d C o c o n u t I n d u s t r y 

4 . L e a t h e r I n d u s t r y 

5 . D a i r y I n d u s t r y 

6 . T e x t i l e P r o c e s s i n g I n d u s t r y 

7 . P e s t i c i d e F o r m u l a t i n g I n d u s t r y 

8 . M e t a l F i n i s h i n g I n d u s t r y 



O b j e c t i v e a n d S c o p e o f t h e P r o j e c t 

B e f o r e a c h i e v i n g t o t h e m a i n o b j e c t i v e o f t h e p r o j e c t , 

f i n d i n g t h e m o s t s u i t a l b e t r e a t m e n t s y s t e m , f o l l o w i n g s t e p s 

h a v e t o b e - c o n s i d e r e d c a r e f u l l y . 

1 . C h a r a c t e r i s a t i o n o f w a s t e w a t e r ( E s t i m a t i n g t h e O r g a n i c 

C o n t e n t ) . T h i s s h o u l d c o n s i d e r t h e f o r m o f t h e 

p o l l u t a n t w h e t h e r i t i s i n 

a . S u s p e n d e d f o r m 

b . C o l l o i d a l f o r m 

c . D i s s o l v e d f o r m , a n d B i o d e g r a d a b i l i t y a n d 

t o x i c i t y . 

2 . T h e r e q u i r e d e f f l u e n t q u a l i t y . 

3 . T h e c o s t s a n d a v a i l a b i l i t y o f l a n d f o r t h e t r e a t m e n t 

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

t h e d e s i r e d e f f l u e n t . 

4 . A d e t a i l e d c o s t a n a l y s i s s h o u l d b e m a d e b e f o r e f i n a l 

p r o c e s s d e s i g n s e l e c t i o n . 

S c o p e o f t h e p r o j e c t 

1 . E v a l u a t i n g t h e r e m o v a l e f f i c i e c y o f o r g a n i c m a t t e r o f 

t r e a t m e n t u n i t s . 

2 . E v a l u a t i n g H y d r a u l i c R e t e n t i o n t i m e f o r A n a e r o b i c 

t r e a t m e n t u n i t a n d A e r o b i c t r e a t m e n t a s w e l l . 

3 . E v a l u a t i n g a p r o p e r o r g a n i c l o a d i n g r a t e f o r A n a e r o b i c 

t r e a t m e n t a n d p r o p e r F / M . r a t i o f o r A e r o b i c 

t r e a t m e n t . 



CHAPTER 2 

L I T R E A T U R E REVIEW AND THEORTICAL C O N S I D E R A T I O N S 

2 . 1 G e n e r a l 

T h e i n d u s t r i a l r e v o l u t i o n i n d e v e l o p e d c o u n t r i e s h a s c o n c e n t r a t e d 

u r b a n a r e a s w i t h a h i g h d e n s i t y o f i n d u s t r i e s a n d f a c t o r i e s w h i c h 

a r e d i s c h a r g i n g l a r g e a m o u n t o f w a s t e s i n t o t h e e n v i r o n m e n t , 

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

h a b i t a t i o n . I f d e v e l o p m e n t t a k e s p l a c e p r o p e r l y p l a n n e d a n d 

p r o g r a m m e d w i t h s c i e n t i f i c a l l y d e v e l o p e d s t r a t e g i e s t o c o m p r o m i s e 

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

s u s t a i n a b l e d e v e l o p m e n t , t h e S r i L a n k a s i t u a t i o n c o u l d b e b r o u g h t 

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

g e n e r a t i o n s t o c o m e . H o w e v e r t o a c h i e v e s u c h a g o a l , a s t r o n g 

p o l i c y a n d s t a t u a t o r y c o n t r o l s h o u l d b e i n p l a c e t o g e t h e r w i t h 

n e c e s s a r y i n s t i t u t i o n a l s u p p o r t a n d p r o p e r l i n k a g e b e t w e e n r e l e v a n t 

a u t h o r i t i e s . 

E n v i r o n m e n t a l d e g r a d a t i o n c a u s e d b y i n d u s t r i e s d i s c h a r g i n g 

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

c o n c e r n a m o n g t h e a u t h o r i t i e s a n d a s a r e s u l t t h e S r i L a n k a n 

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

E n v i r o n m e n t a l A c t ) t o e n h a n c e e n v i r o n m e n t a l p r o t e c t i o n a n d c o n t r o l . 
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C e n t r a l E n v i r o n m e n t a l A u t h o r i t y i s t h e l e a d , a g e n c y i n t h e 

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

u n d e r w h i c h t h e e n v i r o n m e n t a l • p r o t e c t i o n l i c e n s i n g s c h e m e w a s 

i n t r o d u c e d . A c c o r d i n g t o t h e N a t i o n a l E n v i r o n m e n t a l A c t 

( a p p e n d i x 1 ) ' ^ —- • 

O b t a i n i n g a n E n v i r o n m e n t a l P r o t e c t i o n L i c e n c e f o r i n d u s t r i e s i s a 

l e g a l r e q u i r e m e n t s i n c e J u l y 1 9 9 0 a n d t h e r e f o r e w a s t e w a t e r 

g e n e r a t e d h a s t o b e t r e a t e d t o a s u c h l i m i t t h a t i t m e e t s s t a n d a r d s 

( a p p e n d i x 1 ) s t i p u l a t e d b y t h e ~ C e n t r a l E n v i r o n m e n t a l A u t h o r i t y . 

T h e r e f o r e i t i s a b s o l u t e l y e s s e n t i a l t h a t a l l DC M i l l s h a v e t o 

i n s t a l l w a s t e w a t e r t r e a t m e n t p l a n t s a n d t r e a t e d e f f l u e n t s b e 

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

a c c e p t a b l e m a n n e r . 

T h e p r o d u c t i o n o f d e s i c c a t e d c o c o n u t g e n e r a t e s w a s t e w a t e r w i t h 

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

c a r b o h y d r a t e s , o i l a n d g r e a s e ' s . W i t h c o m p a r i s o n o f o t h e r 

i n d u s t r i e s , m o s t d e s c i d a t e d c o c o n u t i n d u s t r i e s a r e l o c a t e d i n r u r a l 

a r e a s a n d d i s c h a r g e t h e i r w a s t e w a t e r i n t o n e a r b y s t r e a m s o r p i t s 

w i t h l i t t l e o r n o t r e a t m e n t t o r e d u c e t h e p o l l u t i o n a l l o a d o n t h e 

e n v i r o n m e n t . 



U n f o r t u n a t e l y , t h e r e i s n o t r e a t m e n t m e t h o d available*!in. Sri Lanka 

a s y e t , t h a t c o u l d c o v e r t h e e n t i r e s p e c t r u m o f w a s t e w a t e r 

g e n e r a t e d f r o m t h i s i n d u s t r y . 1 H o w e v e r , B i o l o g i c a l t r e a t m e n t h a s 

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

d e s i c c t e d c o c o n u t - i n d u s t r y p r e p a r e d b y t h e C e n t r a l E n v i r o n m e n t a l 

A u t h o r i t y i n 1 9 9 2 w i t h t e c h n i c a l a s s i s t a n c e f r o m t h e G o v e r n m e n t 

o f ' t h e N e t h e r l a n d s . A s c o c o n u t w a t e r c o n t a i n s h i g h 

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

C a r b o h y d r a t e s , O i l a n d G r e a s e s , a b i o l o g i c a l t r e a t m e n t p r o c e s s 

c a n b e e m p l o y e d . 

A p p r o x i m a t e c o m p o s i t i o n o f c o c o n u t w a t e r f r o m t e n d e r n u t s 

W a t e r , p e r c e n t 9 5 . 5 

C a r b o h y d r a t e s , p e r c e n t 4 . 0 

P r o t e i n , p e r c e n t 0 . 1 

F a t , p e r c e n t < 0 . 1 

M i n e r a l , p e r c e n t 0 . 4 

S o u r c e : I n d i a n c o c o n u t J o u r n a l 1 9 8 0 

B i o l o g i c a l t r e a t m e n t m a y b e a e r o b i c ( O x y g e n r e q u i r e d ) o r 

a n a e r o b i c ( O x y g e n a b s e n t ) , p r o c e s s a n d t h e r e a r e i n s t a n c e s w h e r e 

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

t h e o t h e r d e p e n d i n g o n t h e s t r e n g t h o f t h e w a s t e w a t e r , a c h i e v e s 

m a x i m u m r e m o v a l e f f i c i e n c y o f BOD o r COD. 



P r e s e n t l y 6 3 d e s i c a t e d c o c o n u t i n d u s t r i e s a r e i n o p e r a t i o n o f ^ w h i c h 

5 m i l l s a r e l a r g e s c a l e f a c t o r i e s , p r o c e s s i n g o v e r 1 0 0 , 0 0 0 n u t s p e r 

d a y . T h e r e m a i n i n g 4 8 m i l l s a r e s m a l l a n d m e d i u m s c a l e p r o c e s s i n g 

l e s s t h a n 5 0 , 0 0 0 - n u t s p e r d a y . V i r t u a l l y n o w a s t e w a t e r t r e a t m e n t 

f a c i l i t i e s e x i s t a t t h e DC m i l l s i n S r i L a n k a . 

H o w e v e r i n s t i t u t i o n a l f r a m e w o r k a n d l e g i s l a t i o n c o v e r i n g 

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

a t t e n t i o n h a s b e e n p a i d b y D e s s i c a t e d c o c o n u t m i l l e r s i n t h i s 

r e g a r d , m a i n l y d u e t o l a c k i n g o f 

1 . p r o p e r f i n a n c i a l r e s o u r c e s 

2 . w a s t e w a t e r t r e a t m e n t t e c h n o l o g y a v a i l a b l e t o t h e m a n d 

3 . s i g n i f i c a n t i n c r e a s e i n c o s t o f p r o d u c t i o n w i t h w a s t e t r e a t m e n t 

C o n s i d e r i n g a b o v e f a c t s i t w a s t h e m a i n o b j e c t i v e t o m a k e t h i s 

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

s o l u t i o n w i t h e c o n m i c a l i y v i a b l e a n d e n v i r o n m e n t a l l y s o u n d . 
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gefa) stages 

P o l l u t i o n C o n t r o l M e a s u r e s 

P r o c e s s m o d i f i c a t i o n a n d i n - p l a n t p o l l u t i o n c o n t r o l T h e 

w a s t e w a t e r g e n e r a t i o n f r o m s t e r i l i z i n g a n d w a s h i n g 

o p e r a t i o n s c o u l d b e r e d u c e d b y g o o d h o u s e k e e p i n g m e t h o d s 

a n d b y p r o c e s s i n t e g r a t e d m e a s u r e s . 

C o c o n u t w a t e r h a s - a n o i l c o n t e n t o f a r o u n d 2% a n d m o s t o f 

t h e o i l c a n b e s e p a r a t e d s i g n i f i c a n t l y b y r e c o v e r i n g t h e 

o i l f r o m c o c o n u t w a t e r t h r o u g h g r a v i t y s e t t l i n g f o l l o w e d b y 

m e c h a n i c a l o r m a n u a l s k i m m i n g , d e p e n d i n g o n t h e s i z e o f t h e 

f a c t o r y . 

P r o c e s s m o d i f i c a t i o n a l s o e n h a n c e s t o m i n i m i z e w a s t e w a t e r 

g e n e r a t i o n o f t h i s i n d u s t r y . I n o n e o f t h e l a r g e s c a l e 

d e s i c c a t e d c o c o n u t m i l l s i n S r i L a n k a , ( I n d u s t r i a l 

P o l l u t i o n C o n t r o l V o l . 3 , CEA) t h e p r o c e s s o f s t e r i l i z i n g 

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

n o t b o i l e d i n w a t e r b u t t r e a t e d w i t h s t e a m f o r 1 o r 2 

m i n u t e s i n a c o n t i n u o u s p r o c e s s , g e n e r a t i n g l e s s a m o u n t o f 

wastewater c o m p a r i n g with conventional Desiccated Coconut 

p r o d u c t i o n p r o c e s s . 
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2 . 2 . 1 P r e - t r e a t m e n t o f c o c o n u t w a t e r 

O i l c o n t e n t o f c o c o n u t w a t e r i s r e l a t i v e l y h i g h a n d 

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

o i l t r a p , w i t h a r e t e n t i o n t i m e o f a p p r o x i m a t e l y 3 

h o u r s . O i l i s s k i m m e d o f f a t t h e s u r f a c e o f t h e t a n k 

b y m e a n s o f a n u m b e r o f b a f f l e s i n t h e t a n k . 

S u s p e n d e d s o l i d s s e t t l e d a t t h e b o t t o m o f t h e t a n k 

a r e r e m o v e d r e g u l a r l y b y m e a n s o f a n o u t l e t . 

T a b l e 2 . 1 

C h a r a c t e r i s t i c s o f c o c o n u t w a t e r b e f o r e a n d a f t e r o i l t r a p / 

s e d i m e n t a t i o n t a n k (CEA 1 9 9 2 ) 

P a r a m e t e r s B e f o r e O i l t r a p A f t e r O i l t r a p 

p H ( m g / L ) 4 . 8 4 . 8 

COD ( m g / L ) • 4 0 0 0 0 2 8 0 0 0 

BOD ( m g / L ) 1 0 0 0 0 6 0 0 0 

O i l ( m g / L ) 2 0 0 0 1 0 0 

S u s p e n d s o l i d s 

( m g / L ) 

7 5 0 

T o t a l N i t r o g e n 

( m g / L ) 

2 2 5 2 0 0 

20 _ 

7 * 



2 . 2 . 2 A n a e r o b i c p r o c e s s e s . 

a . U p f l o w a n a e r o b i c s l u d g e B l a n k e t ( U A S B ) 

b . A n a e r o b i c P o n d s 

I f s u f f i c i e n t l a n d i s a v a i l a b l e a n a n a e r o b i c p o n d 

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

I n t h i s s y s t e m t h e O r g a n i c m a t t e r i n t h e w a s t e w a t e r i s 

b i o d e g r a d e d b y a n a e r o b i c b a c t e r i a i n t o g a s e s , s u c h a s 

m e t h a n e , h y d r o g e n s u l p h i d e , a m m o n i a a n d C a r b o n 

d i o x i d e . S o l i d s s e t t l e i n t o a s l u d g e l a y e r a t t h e 

b o t t o m o f t h e p o n d w h i c h h a s t o b e r e m o v e d 

p e r i o d i c a l l y . 
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I n t h e U A S B r e a c t o r t h e w a s t e w a t e r f l o w s u p w a r d s 

t h r o u g h a b l a n k e t o f a n a e r o b i c b a c t e r i a , w h i c h b i o 

d e g r a d e p a r t o f t h e O r g a n i c m a t e r i a l i n t o g a s e s s u c h 

a s m e t h a n e , c a r b o n d i o x i d e , a m m o n i a a n d h y d r o g e n 

s u l p h i d e . T h e g a s e s a r e c o l l e c t e d i n t h e u p p e r 

s e c t i o n o f t h e r e a c t o r b y a g a s c o l l e c t o r . T h e 

o p t i m u m t e m p e r a t u r e f o r t h e a n a e r o b i c p r o c e s s i s 3 5 ° c . 

T h e a d v a n t a g e o f t h i s s y s t e m i s t h a t n o e n e r g y i n p u t 

i s n e e d e d u n d e r t r o p i c a l c o n d i t i o n s . 



c . F i x e d b e d u p f l o w / d o w n f l o w a n a e r o b i c f i l t e r 

I n t h e a t t a c h e d g r o w t h u p f l o w a n d d o w n f l o w a n a e r o b i c 

f i l t e r s o r i n o t h e r w o r d s a n a e r o b i c t r i c k l i n g f i l t e r , 

t h e l i q u i d p a s s e s t h r o u g h s t a t i c m e d i a o f r o c k o r 

s y n t h e t i c m a t e r i a l o v e r w h i c h a b i o m a s s o f f a c u l t a t i v e 

a n d o b l i g a t e a n a e r o b i c o r g a n i s m s a r e f o r m e d . T h e s e 

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

i n t e r m e d i a t e p r o d u c t s a n d f i n a l l y t o c a r b o n d i o x i d e 

a n d m e t h a n e . 

2 . 2 . 3 A e r o b i c p r o c e s s e s 

* U n d e r t h e a e r o b i c p r o c e s s a b i o l o g i c a l r e a c t o r i s 

( a e r a t i o n t a n k ) i s a l w a y s s u p p l i e d w i t h a i r ( O x y g e n ) , 

e i t h e r m e c h a n i c a l l y o r u n d e r n a t u r a l c o n d i t i o n s , 

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

a l g a e i n a n o x i d a t i o n p o n d . M o s t i m p o r t a n t a e r o b i c 

p r o c e s s e s w h i c h c a n b e a p p l i e d i n c o c o n u t w a t e r 

t r e a t m e n t s y s t e m s a r e a s f o l l o w s . 

a . A c t i v a t e d s l u d g e p r o c e s s 

I n t h e a c t i v a t e d s l u d g e s y s t e m t h e w a s t e w a t e r i s l e d 

i n t o a n a e r a t i o n t a n k w h e r e i t i s m i x e d w i t h f l o e s o f 

a e r o b i c m i c r o o r g a n i s m s ( a c t i v a t e d s l u d g e ) . T h e 

m i x t u r e o f a c t i v a t e d s l u d g e a n d 

w a s t e w a t e r i s a e r a t e d v i g o r o u s l y . 

« 
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r. 

O r g a n i c s u b s t a n c e s i n t h e w a s t e w a t e r a r e a b s o r b e d b y t h e 

a c t i v e m i c r o o r g a n i s m s , w h i c h b i o d e g r a d e t h e o r g a n i c 

m a t t e r , u t i l i z i n g t h e b r e a k d o w n p r o d u c t s a s a s u b s t r a t e f o r 

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

q u a n t i t y i n t h e a e r a t i o n t a n k i s i n c r e a s e d . M i c r o o r g a n i s m s 

d i e o f f i n t h e a e r a t i o n t a n k , t h e d e a d c e l l s b e i n g o x i d i z e d 

i n t o i n e r t m a t e r i a l s ( m i n e r a l i z a t i o n ) . T h e m i x t u r e i s l e d 

f r o m t h e a e r a t i o n t a n k i n t o a s e d i m e n t a t i o n t a n k w h e r e t h e 

f l o e s s e t t l e i n t o a s l u d g e . A p a r t o f t h i s s l u d g e i s 

r e t u r n e d t o t h e a e r a t i o n t a n k , i n o r d e r t o m a i n t a i n a 

c o n s t a n t c o n c e n t r a t i o n o f a c t i v a t e d s l u d g e i n i t . T h e 

r e m a i n d e r o f t h e s l u d g e ( s u r p l u s s l u d g e ) h a s t o b e r e m o v e d . 

T h e s u r p l u s s l u d g e i s o f t e n d e w a t e r e d i n a s l u d g e d r y i n g 

b e d t o d e c r e a s e i t s v o l u m e . 

H i g h l o a d a c t i v a t e d s l u d g e s y s t e m w i t h a h i g h l o a d i n g r a t e 

o f o r g a n i c m a t t e r p e r q u a n t i t y a c t i v a t e d s l u d g e ( k g BOD 

p e r k g s l u d g e s o l i d s p e r d a y ) a n d l o w l o a d a c t i v a t e d s l u d g e 

s y s t e m s a r e u s e d i n w a s t e w a t e r t r e a t m e n t . 

BOD r e m o v a l e f f i c i e n c y o f t h i s s y s t e m i s 9 5 - 98% 

( P o l l u t i o n C o n t r o l V o l u m e 3 , C E A ) 

2 3 



R o t a t i n g B i o l o g i c a l c o n t a c t o r s S y s t e m (RBC) 

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

a s e r i e s o f b i o r o t o r s , a b i o r o t o r b e i n g a c e n t r a l 

h o r i z o n t a l s h a f t t o w h i c h a c o n t a c t s u r f a c e h a s b e e n 

a t t a c h e d . t h e b i o r a t o r i s f i t t e d i n t o t h e t a n k , i n t o 

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

( i n c l u d i n g e q u a l i z a t i o n ) i s l e d . T h e s u b m e r s i o n d e p t h 

o f t h e b i o r o t o r i n t h e t a n k i s 40% o f t h e b i o r o t o r 

d i a m e t e r . T h e b i o r o t o r r o t a t e s s l o w l y , a b o u t 1 - 2 

r o t a t i o n s p e r m i n u t e , a n d a f i l m o f s l u d g e c o n t a i n i n g 

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

o f t h e b i o r a t o r . W h i l e r o t a t i n g i n t h e t a n k t h e 

b i o r a t o r l i f t s u p a q u a n t i t y o f w a s t e w a t e r , c a u s i n g 

i n t e n s i v e c o n t a c t b e t w e e n w a s t e w a t e r , m i c r o o r g a n i s m s 

a n d o x y g e n f r o m t h e a i r . 

T h e s l u d g e f i l m a b s o r b s o r g a n i c m a t t e r , w h i c h i s 

b i o d e g r a d e d a e r o b i c a l l y i n t h e p r o c e s s o f s u b s t r a t e 

u t i l i z a t i o n b y t h e m i c r o o r g a n i s m s f o r g r o w t h a n d 

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

o f f f r o m t h e c o n t a c t s u r f a c e . 

T h e e f f l u e n t o f t h e b i o r a t o r t a n k s i s l e d i n t o a 

s e d i m e n t a t i o n t a n k i n w h i c h t h e e x c e s s s l u d g e s e t t l e s . 

BOD r e m o v a l e f f i c i e n c y o f t h i s s y s t e m i s 9 0 - 9 5 % 



F a c u l t a t i v e P o n d s 

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

O r g a n i c m a t t e r i s b i o d e g r a d e d a e r o b i c a l l y i n t h e u p p e r 

l a y e r s o f t h e p o n d . O x y g e n f o r t h i s p r o c e s s i s m a i n l y 

s u p p l i e d b y a l g a e . S o m e a n a e r o b i c b i o d e g r a d a t i o n o f 

s e t t l e d O r g a n i c m a t e r i a l t a k e s p l a c e a t t h e b o t t o m o f t h e 

f a c u l t a t i v e p o n d . BOD r e m o v a l e f f i c i e n c y i s 8 0 - 90% 

( P o l l u t i o n C o n t r o l V o l u m e 3 , CEA) 

F a c u l t a t i v e p o n d s a r e u s u a l l y a p p l i e d i n s e r i e s o f 2 o r 

m o r e p o n d s . T h e l a s t p o n d f u n c t i o n s a s a p o l i s h i n g o r 

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

s e t t l e t o t h e b o t t o m . 

d . M e c h a n i c a l l y a e r a t e d p o n d s 

A n a l t e r n a t i v e f o r t h e f a c u l t a t i v e p o n d i s a m e c h a n i c a l l y 

a e r a t e d p o n d w h e r e o x y g e n f o r a e r o b i c b i o d e g r a d a t i o n i s 

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

a e r a t e d p o n d s , 

( I ) C o m p l e t e l y m i x e d a e r a t e d p o n d 

( I I ) F a c u l t a t i v e a e r a t e d p o n d 



C o m p l e t e l y M i x e d A e r a t e d P o n d S y s t e m 

I n t h e c o m p l e t e l y m i x e d a e r a t e d p o n d t h e c o n t e n t s a r e 

c o m p l e t e l y m i x e d , a n d t h e w h o l e s y s t e m i s a e r o b i c . T h e 

e f f l u e n t f r o m t h i s p o n d i s l e d i n t o a s e d i m e n t a t i o n t a n k o r 

p o n d i n w h i c h s o l i d s s e t t l e i n t o a s l u d g e . 

A m e c h a n i c a l l y a e r a t e d p o n d i s u s u a l l y f o l l o w e d b y a 

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

BOD r e m o v a l e f f i c i e n c y i s 8 0 - 9 0 % ( P o l l u t i o n C o n t r o l V o l u m e 

3 , CEA) 

F a c u l t a t i v e A e r a t e d P o n d S y s t e m 

I n a f a c u l t a t i v e a e r a t e d p o n d o n l y t h e t o p l a y e r s a r e k e p t 

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

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

b i o d e g r a d a t i o n t a k e s p l a c e . 

BOD r e m o v a l e f f i c i e n c y i s 8 0 - 9 0 % ( P o l l u t i o n C o n t r o l V o l u m e 

3 , CEA) 

F a c u l t a t i v e a e r a t e d p o n d s a r e u s u a l l y f o l l o w e d b y a 

m a t u r a t i o n p o n d . 



2 . 3 P r o c e s s t h e o r y I n v o l v e d 

2 . 3 . 1 T e r m i n o l o g y a n d D e f i n i t i o n s 

B i o c h e m i c a l O x y g e n D e m a n d (BOD) 

BOD i s u s u a l l y d e f i n e d a s t h e a m o u n t o f o x y g e n r e q u i r e d b y 

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

a e r o b i c c o n d i t i o n s . 

C h e m i c a l O x u g e n D e m a n d (COD) 

COD t e s t i s w i d e l y u s e d , a s a m e a n s o f m e a s u r i n g t h e 

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

D u r i n g t h e d e t e r m i n a t i o n o f COD, o r g a n i c m a t t e r i s 

c o n v e r t e d t o c a r b o n d i o x i d e a n d w a t e r r e g a r d l e s s o f t h e 

b i o l o g i c a l a s s i m i l a b i l i t y o f t h e s u b s t a n c e s . A s a r e s u l t 

COD v a l u e s a r e g r e a t e r t h a n B O D . V a l u e s a n d m a y b e m u c h 

g r e a t e r w h e n s i g n i f i c a n t a m o u n t s o f b i o l o g i c a l l y r e s i s t a n t 

o r g a n i c m a t t e r i s p r e s e n t . 

T h e m a j o r a d v a n t a g e o f t h e COD t e s t i s t h e s h o r t t i m e 

r e q u i r e d f o r e v a l u a t i o n . t h e d e t e r m i n a t i o n c a n b e m a d e i n 

a b o u t 3 h o u r r a t h e r t h a n 5 d a y s r e q u i r e d f o r t h e 

m e a s u r e m e n t o f B O D . 

COD d a t a c a n o f t e n b e i n t e r p r e t e d i n t e r m s o f BOD v a l u e s 

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

e s t a b l u s h r e l i a b l e c o r r e l a t i o n f a c t o r s . 



R e a c t o r s 
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R e a c t o r i s a v e s s e l i n w h i c h c h e m i c a l o r b i o l o g i c a l 

r e a c t i o n s a r e t a k i n g p l a c e . A e r a t i o n t a n k s a n d 

a n a e r o b i c f i l t e r s a r e r e a c t o r s u s e d i n e n v i r o n m e n t a l 

e n g i n e e r i n g p r a c t i c e s . 

O x i d a t i o n 

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

r e d u c e d s u b s t a n c e t e r m e d t h e e l e c t r o n d o n o r t o a n 

o x i d i z i n g m a t e r i a l t e r m e d t h e e l e c t r o n a c c e p t o r . 

G e n e r a l l y w e t h i n k o f t h e e l e c t r o n d o n o r a s b e i n g t h e 

f o o d f o r t h e o r g a n i s m s . O r g a n i c m a t t e r i s g e n e r a l l y 

u s e d a s f o o d b y b a c t e r i a a n d f u n g i a s w e l l a s f o r 

a n i m a l s . 

H o w e v e r , w i t h s o m e b a c t e r i a , r e d u c e d i n o r g a n i c 

m a t e r i a l s s u c h a s a m m o n i a , s u l p h i d e , m o l e c u l a r 

h y d r o g e n a n d f e r r o u s i r o n m a y a l s o s e r v e a s e l e c t r o n 

d o n o r s , a n d t h u s a n e n e r g y s o u r c e . 

S u b s t r a t e 

s u b s t r a t e i s d e f i n e d a s t h e s o u r c e o f e n e r g y . I t c a n 
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D e n i t r i f i c a t i o n 

D e n i t r i f i c a t i o n i s t h e m i c r o b i o l o g i c a l p r o c e s s b y w h i c h 
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(K) R a t e c o e f f i c i e n t ( F u n c t i o n o f t h e 

b i o d e g r a d a b i l i t y o f t h e o r g a n i c i n t h e w a s t e 

w a t e r ) 

( a 1 ) F r a c t i o n o f t h e o r g a n i c s r e m o v e d t h a t i s 

o x i d i z e d t o e n d p r o d u c t s f o r e n e r g y 

( a ) F r a c t i o n o f t h e o r g a n i c s r e m o v e d t h a t i s 

s y n t h e s i z e d t o c e l l m a s s 

( b ) F r a c t i o n p e r d a y o f d e g r a d a b l e b i o m a s s 

o x i d i z e d 

( b 1 ) O x y g e n r e q u i r e d 
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M a t h e m a t i c a l R e l a t i o n s h i p o f BOD r e m o v a l a c c o r d i n g t o 

. E c k e n f e l d e r , 1 9 8 9 

M o n o d r e l a t i o n s h i p 

- 1 s = M S 

X d t a K a + S 

S S u b s t r a t e C o n c e n t r a t i o n 
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K 3 M o n o d ' s c o n s t a n t ( s u b s t r a t e c o n c e n t r a t i o n w h e n 

r a t e = 1 / 2 m a x i m u m r a t e ) 

a b i a m a s s y i e l d c o e f f i c i e n t 

t h e k i n e t i c s o f t h e o x i d a t i o n c a n t h e r e f o r e b e e x p r e s s e d 
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S 0 - S K S 

X v t S Q 

S Q - I n i t i a l s u b a t r a t e c o n c e n t r a t i o n 
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A s a e r a t i o n p r o c e e d s t h e d e g r a d a b l e p o r t i o n o f t h e b i o m a s s 

i s o x i d i z e d , r e s u l t i n g i n a d e c r e a s e i n t h e d e g r a d a b l e 

f r a c t i o n . T h r o u g h k i n e t i c a n d m a s s b a l a n c e s t h e d e g r a d a b l e 
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X x d D e g r a d a b l e f r a c t i o n o f t h e V S S a t g e n e r a t i o n 

X x
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f f r a c t i o n n o t d e g r a d e d 

a x g V S S p r o d u c e d / f V S S r e m o v e d 
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( H e t e r o t r o p h s ) f o r f o o d a n d r e p r o d u c t i o n . I n t u r n n e w 

b a c t e r i a l g r o w t h i s c o n s u m e d b y p r o t o z o a ( U n i 

c e l l u l a r ) a n d R o t i f e r s ( M u l t i C e l l u l a r ) . 

T h e i n c r e a s e d b a c t e r i a l g r o w t h r e s u l t s a c c e l e r a t e d 

e x t r a c t i o n o f w a s t e s f r o m s o l u t i o n , i m p r o v e d 

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

s y s t e m a n d a b i o l o g i c a l f l o e w i t h i m p r o v e d s e t t l i n g 

c h a r a c t e r i s t i c a s s h o w n i n f i g u r e 2 . 1 a n d f i g u r e 2 . 2 . 



Bocleriol 
population 

Dispersed 
(loc region 

Free-swimming 
ciliotes 

^ /Stolked ciliotes 
\ i 

^ R o t i f e r s 

Time 

Figure 1 : 1 : . : Phases of m i c r o o r g a n i s m d e v e l o p m e n t 

Approximate F/M ratio 

2 .0 1.0 

Declining 
growth 
phase 

0 . 5 0 .2 0.1 

Logarithmic 
growth phase 

Endogenous 
respiration 

High rate > < Conventionale^—Extended oerali ion 

Time 
Figure 2.2 R e l a c o n s h i p of bacter ia l g r o w t h p h a s e to food s u p p l y in 
an a e r a t e d sys tem, ' 

38 



A n e x a m i n a t i o n o f t h e c h a r a c t e r i s t i c s o f t h e s p e c i f i c w a s t e w a t e r 

t o b e t r e a t e d c a n p r o v i d e v a l u a b l e i n f o r m a t i o n f o r s c r e e n i n g t h e 
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CHAPTER 3 

EXPERIMENTAL PROCEDURE -

* 3 . 1 G e n e r a l 

I n w o r k i n g w i t h w a s t e w a t e r c o n t a i n i n g o r g a n i c m a t t e r 

o f a n u n d e f i n e d n a t u r e , b e n c h t e s t i n g f o l l o w e d b y 

p i l o t p a i n t t e s t i n g i s a b s o l u t e l y e s s e n t i a l f o r 

o b t a i n i n g d a t a n e e d e d t o d e s i g n t h e b i o l o g i c a l 

t r e a t m e n t s y s t e m . 

B e f o r e t h i s : w o r k c a n c o m m e n c e , t h e w a s t e w a t e r f l o w 

m u s t b e s t u d i e d o v e r a s u f f i c i e n t p e r i o d o f t i m e t o 

i n d i c a t e t h e v a r i a t i o n s t h a t c a n b e e x p e c t e d i n 

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

m a d e f o r e q u a l i z a t i o n , w h i c h i s u s u a l l y r e q u i r e d . 

A s a m p l i n g s y s t e m s h o u l d t h e n b e i n s t a l l e d t o w i t h d r a w 

a s a m p l e o f t h e w a s t e w a t e r f l o w a t r e g u l a r i n t e r v a l s , 

d e l i v e r i t t o a m i n i a t u r e e q u a l i z a t i o n b a s i n , a n d 

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

r e p r e s e n t a t i v e o f t h e t o t a l f l o w a n d c a n b e d r a w n a s 

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

s a m p l e t o d e t e r m i n e t h e m i n e r a l a n a l y s i s a n d a l s o 

o r g a n i c m a t e r i a l a s d e t e r m i n e d b y BOD, COD a n d T O C ' 

T h e M i n e r a l a n a l y s i s m u s t i n c l u d e t h e d e t e r m i n a t i o n o f 

t o t a l N i t r o g e n . a n d P h o s p h o r o u s t o d e t e r m i n e w h e t h e r 

t h e r e i s a n e e d : f o r n u t r i e n t a d d i t i o n . O n c e t h i s h a s 

b e e n d o n e a m i n i a t u r e b i o l o g i c a l d i g e s t i o n s y s t e m i s 

s e t u p t o o p e r a t e o n a b a t c h b a s i s . 

S i n c e A n a e r o b i c s y s t e m s a r e u s u a l l y c o n f i n e d t o s t r o n g 

o r g a n i c w a s t e s ( w i t h v e r y h i g h BOD V a l u e s ) , f o r t h e 

t r e a t m e n t o f C o c o n u t W a t e r , a s u i t a b l e A n a e r o b i c 

t r e a t m e n t p r o c e s s i s r e c o m m e n d e d f o l l o w e d b y A e r o b i c 

t r e a t m e n t p r o c e s s i n o r d e r t o a c h i e v e d e s i g n a t e d w a t e r -

q u a l i t y s t a n d a r d s . 



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

a n y e x p e r i m e n t a l w o r k s . 

1 . T h e r e i s n o t o x i c e l e m e n t s i n t h e w a s t e 

2 . T h e r e i s n o b i g f l o a t i n g p a r t i c l e o r c o a r s e p a r t i c l e 

i n t h e w a s t e e g . w o o d , s t o n e e t c . 

3 . O i l t r a p i s w o r k i n g p r o p e r l y u p t o i t s s t a n d a r d s 

4 . D o m e s t i c w a s t e w a t e r / s e w a g e i s n o t m i x e d w i t h c o c o n u t 

w a s t e w a t e r . 

5 . N i t r o g e n a n d P h o s p h o r u s a r e p r e s e n t i n s u f f i c i e n t 

a m o u n t w i t h o t h e r n u t r i e n t s t o a s s i s t b i o l o g i c a l 

g r o w t h . 

6 . T h e r e i s n o m u c h m o r e s i g n i f i c a n t f l o w v a r i a t i o n s i n 

i n f l u e n t . ( 5 0 0 0 0 n u t s / d a y ) 

a n d 

I . A l l c h e m i c a l a n a l y s i s t o b e c a r r i e d o u t a s s p e c i f i e d 

i n s t a n d a r d m e t h o d s f o r t h e e x a m i n a t i o n o f w a t e r a n d 

w a s t e w a t e r ( 1 6 t h E d i t i o n ) 

I I . C o c o n u t w a t e r w e r e c o l l e c t e d f r o m t h e B a n d a r a w a t t a 

D e s i c c a t e d C o c o n u t M i l l , G a m p a h a . 

I I I . V a r i a b l e s p e r t a i c h i n g t o A e r o b i c a n d A n a e r o b i c 

t r e a t m e n t p r o c e s s e s w e r e e v a l u a t e d , u n d e r p i l o t p l a n t 

s t u d y 

I V . E q u a l i z a t i o n f o l l o w e d b y b i o l o g i c a l 

p r o c e s s e s 

t r e a t m e n t , 
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t h e p u r p o s e o f e q u a l i z a t i o n a r e 

% 

1 . T o p r o v i d e a d e q u a t e p H c o n t r o l 

j r 

2 . T o p r o v i d e a d e q u a t e d a m p e n i n g o f a r g a n i c f l u c t u a t i o n s 

e i n o r d e r t o p r e v e n t s h o c k l o a d i n g o f b i o l o g i c a l 

s y s t e m . 

3 . T o p r o v i d e c o n t i n u o u s f e e d t o b i o l o g i c a l s y s t e m o v e r 

» p e r i o d s w h e n t h e d e s i c c a t e d c o c o n u t m i l l i s n o t 

o p e r a t i n g . ( 1 0 h r s p r o d u c t i o n p e r d a y ) 

4 . T o p r e v e n t h i g h c o n c e n t r a t i o n s o f t o x i c m a t e r i a l s f r o m 

e n t e r i n g t h e b i o l o g i c a l t r e a t m e n t p l a n t . 

• 
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3 . 2 Laboratory and pilot plant procedure for the 

development of process design criteria. 

L a b o r a t o r y a n d p i l o t p l a n t p r o c e d u r e i n v o l v e s p r o c e s s 

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

p r o j e c t o f w a s t e w a t e r t r e a t m e n t p r o c e s s , i n c l u d i n g s o l i d s 

h a n d l i n g , a n d d i s p o s a l p r o c e s s e s . 

E f f l u e n t C r i t e r i a 

D e s i g n i n g o f w a s t e w a t e r t r e a t m e n t p l a n t i s t o m e e t 

e f f l u e n t s t a n d a r d s s e t u p b y t h e s t a t e r e g u l a t o r y a g e n c i e s 

f r o m t i m e t o t i m e . 

* 



CHAPTER 04 

RESULTS 

4 . 1 C o c o n u t W a t e r C h a r a c t e r i s t i c s 

P a r a m e t e r A v e r a g e 

c o n c e n t r a t i o n 

pH 4 . 8 

C h e m i c a l o x y g e n D e m a n d ( m g / L ) 4 0 0 0 0 

C h e m i c a l o x y g e n D e m a n d ( o i l 

r e m o v e d ) ( m g / L ) 

2 8 0 0 0 

S u s p e n d e d s o l i d s ( m g / L ) 7 6 0 

T o t a l N i t r o g e n ( m g / L ) 2 3 0 

T o t a l P h o s p h o r o u s ( m g / L ) 3 6 

O i l ( m g / L ) 2 0 0 0 

T e m p e r a t u r e (°C) 2 9 . 6 

COD : N : P 7 8 0 : 6 : 1 

( 4 6 ) 

T a b l e . 4 . 1 A v e r a g e c h a r a c t e r i s t i c s o f C o c o n u t w a t e r b e f o r e 

o i l i s r e m o v e d a t o i l t r a p . 



T a b l e 4 . 2 P i l o t P l a n t p e r f o r m a n c e s a n d e f f l u e n t 

Q u a l i t y d u r i n g f i x e d b e d A n a e r o b i c T r e a t m e n t o f 

C o c o n u t W a t e r 

M i x e d L i q u e r 

s u s p e n d e d 

s o l i d s 

( m g / L ) 

COD ( m g / L ) 

S a m p l i n g 

T i m e 

( d ) 

R e m o v a l s % 

4 5 0 2 8 0 0 0 S t a r t u p -

2 1 3 0 0 0 . 5 2 4 

9 8 0 1 4 0 0 0 1 . 0 5 0 

1 1 2 0 0 1 . 5 6 0 

1 3 0 0 9 6 0 0 2 . 0 6 6 

8 2 0 0 2 . 5 7 0 

1 3 3 0 7 6 0 0 3 . 0 7 3 

7 3 0 0 3 . 5 7 4 

1 4 0 0 7 0 0 0 4 . 0 7 5 

( 4 7 ) 



0 
1.5 2.5 3.5 

Time day 

Fig 4 . 1 CCD V a r i a t i o n w i t h time 
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R e a c t o r w a s f e d w i t h c o c o n u t w a t e r j u s t a f t e r o i l i s r e m o v e d a n d 

COD w a s d e t e r m i n d a s 2 8 , 0 0 0 m g / L 

COD l o a d i n g ( k g 

C O D / m 3 d ) 1 4 9 . 3 7 

H y d r a u l i c R e t e n t i o n 

t i m e ( d ) 2 3 4 

COD R e m o v a l (%) 6 5 7 2 7 5 

E f f l u e n t COD ( m g / L ) 9 6 0 0 7 6 0 0 7 0 0 0 

E f f l u e n t M L S S ( m g / L ) 1 3 0 0 1 3 3 0 1 4 0 0 

T a b l e 4 . 3 : R e s u l t s a t d i f f e r e n t l o a d i n g r a t e s . 

F o l l o w i n g P a r a m e n t e r s w e r e m a i n t a i n e d a s s u c h d u r i n g t h e s t u d y . 

T e m p e r a t u r e 2 9 °C 

pH 7 . 2 ' 

A l k a l i n i t y ( B i c a r b o n a t e ) ( m g / L ) 2 6 0 0 

A l k a l i n i t y w a s m a i n t a i n e d a t a b o v e l e v e l b y a d d i n g o f 

S o d i u m B i c a r b o n a t e t o w a s t e w a t e r . 

A g r a p h w a s p l o t t e d ( f i g u r e 4 . 1 ) a n d ' i n k e e p i p n g w i t h 

a b o v e r e s u l t s , H u d r a u l i c R e t e n t i o n T i m e (HRT) w a s 

s e l e c t e d a s 3 d a y s . 

( 4 9 ) 



T a b l e 4 . 4 A v e r a g e C h a r a c t e r i s t i c o f P a r t i a l l y t r e a t e d 

( A n a e r o b i c P r o c e s s ) C o c o n u t W a t e r a f t e r 1 : 6 

d i l u t i o n 

P a r a m e t e r A v e r a g e C o n c e n t r a t i o n 

p H 7 . 2 

T e m p e r a t u r e (°C) 2 8 . 

COD ( m g / L ) 1 2 0 0 . 

S u s p e n d e d S o l i d s ( m g / L ) 2 2 0 . 

T o t a l N i t r o g e n ( m g / L ) 3 4 . 

T o t a l P h o s p h o r o u s ( m g / L ) 1 1 . 

P a r t i a l l y t r e a t e d ( A n a e r o b i c a l l y ) w a s t e w a t e r w a s m i x e d w i t h 

o t h e r w a s t e w a t e r s a s s u c h t o o b t a i n 1 : 6 d i l u t i o n r a t i o . 

A f t e r m i x i n g o f p a r t i a l l y t r e a t e d w a s t e w a t e r w i t h o t h e r 

w a t e r , i t w a s t r e a t e d u n d e r A e r o b i c P r o c e s s a n d p e r f o r m a n c e s 

w e r e r e c o r d e d . 

( 5 0 ) 



B e n c h S c a l e s t u d y f o r A e r o b i c t r e a t m e n t p r o c e s s 

T i m e ( h r s ) COD ( m g / L ) 

0 8 3 3 0 

1 0 3 1 5 

1 5 3 1 0 

2 0 2 7 0 

2 4 2 4 0 

F o l l o w i n g p a r a m e t e r s w e r e m a i n t a i n e d d u r i n g a b o v e s t u d y 

M i l e d L i q u o r v o l a t i l e S u s p e n d e d 

D i s s o l v e d O x y g e n 

COD : N : P 

S o l i d s (MLSS) - 1 5 0 0 m g / L 

(DO) - 1 . 5 m g / L 

- 9 8 : 3 : 1 

( 5 1 ) 

T a b l e 4 . 5 v a r i a t i o n o f COD w i t h t i m e 



T a b l e 4 . 6 D a t a d e v e l o p e d f r o m b e n c h s c a l e s t u d y 

F / M , ( d " 1 ) M L V S S , m g / l 

x v 

COD i n ( m g / l ) 

s o 

COD o u t 

( m g / l ) s e 

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

0 . 9 1 4 5 0 1 2 0 0 2 7 0 

1 . 2 1 5 5 0 1 2 0 0 3 1 0 

1 . 9 1 4 6 0 1 2 0 0 3 1 5 

2 . 4 1 5 0 0 1 2 0 0 3 3 0 

A v e r a g e t e m p e r a t u r e 2 9 °C 

( 5 2 ) 



A n a e r o b i c t r e a t m e n t P i l o t P l a n t S t u d y 

T h e r e a c t o r w a s a p l a s t i c c y l i n d r i c a l b u c k e t a n d 

c o c o n u t w a t e r w a s f e d t o t h e r e a c t o r f r o m t h e t o p a n d 

r e m o v e d b y a v a l v e a t t h e b o t t o m . 

T h e r e a c t o r w a s p a c k e d w i t h 6 0 0 r u b b e r b u s h e s t h a t 

w e r e i n s t a l l e d s o a s t o c r e a t e a v o i d a r e a . E a c h 

r u b b e r b u s h o f R a v i n g d i m e n s i o n s o f 4 c m x 3 c m 

( d i a m e t e r ) . 

A p p r o x i m a t e s u r f a c e a r e a p r o v i d e d b y b u s h e s = 0 . 4 5 m 2 

T h e t o t a l e m p t y b e d r e a c t o r v o l u m e = 0 . 0 2 7 m 3 ( 2 7 l i t ) 

I n i t i a l s u r f a c e t o v o l u m e r a t i o = 1 7 m 2 /m 3 

P r i o r t o s t a r t u p , t h e i n i t i a l v o i d v o l u m e 

w i t h t h e p a c k i n g i n p l a c e w a s = 4 L i t r e s 

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

1 9 9 6 b y s e e d i n g w i t h c o w d a n g a n d c o c o n u t w a t e r . S t a r t 

u p p e r i o d w a s o n e w e e k a n d o b s e r v e d e m i s s i o n o f g a s e s 

a t t h e t o p o f t h e r e a c t o r . C o c o n u t w a t e r w h i c h h a s 

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

i n t o t h e r e a c t o r . T h i s p r o c e d u r e w a s r e p e a t e d f o r 4 

t i m e s . 



• 

4 

F o l l o w i n g p a r a m e t e r e w e r e e v a l u a t e d a n d c o n t r o l l e d t o r e q u i r e d 

l e v e l t a k i n g n e c e s s a r y s t e p s t h r o u g h o u t t h e a n a e r a b i c p r o c e s s 

b e i n g o p e r a t e d - t o e n s u r e a h i g h r a t e o f m e t h a n e p r o d u c t i o n . 

pH 

A l k a l i n i t y ( B i c a r b o n a t e ) 

T e m p e r a t u r e 

C o c o n u t w a t e r w a s a n a l y z e d f o r COD b e f o r e b e i n g f e d t o t h e 

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

s a m p l i n g s w e r e c a r r i e d o u t a t v a r i o u s t i m e i n t e r v a l s a n d r e s u l t s 

w e r e r e c o r d e d t o s e l e c t l e v e l s o f t h e f o l l o w i n g p a r a m e t e r s . 

• H y d r a u t i c R e t e n t i o n T i m e (HRT) • 

• V o l u m e t r i c o r g a n i c l o a d i n g r a t e ( B v ) 

T h e v a r i a t i o n o f COD r e m o v a l w a s s t u d i e d w i t h v a r y i n g o r g a n i c 

l o a d i n g r a t e , i n o r d e r t o s e l e c t s u i t a b l e d e s i g n c r i t e r i a 
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F o r A n a e r o b i c p r o c e s s d e s i g n p u r p o s e s , i t i s b e s t t o d e t e r m i n e 

t h e p o t e n t i a l a n a e r o b i c t r e a t m e n t e f f i c i e n c y b y d i r e c t 

b i o d e g r a d a b i l i t y t e s t i n g i n b a t c h o r c o n t i n u o u s f l o w r e a c t o r s . 

H o w e v e r , f o r t h e i n i t i a l s c r e e n i n g o f t r e a t m e n t p r o c e s s 

a l t e r n a t i v e s f o r w a s t e w a t e r t h a t a r e p r i m a r i l y s o l u b l e , i t i s 

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

t r e a t m e n t p e r f o r m a n c e s a s M a l i n a J o s e p h F ( 1 9 9 2 ) . 

T r e a t m e n t p a r a m e t e r T y p i c a l V a l u e 

BOD r e m o v a l % 8 0 90% 

COD r e m o v a l ( m g / L ) 1 . 5 x B O D r e m o v e d 

B i o g a s p r o d u c t i o n 0 . 5 m 3 / k g COD r e m o v e d 

M e t h a n e p r o d u c t i o n 0 . 3 5 m 3 / k g COD r e m o v e d 

S l u d g e p r o d u c t i o n 0 . 0 5 - 0 . 1 0 k g V S S / K g COD 

r e m o v e d 

T a b l e 4 . 7 

• 
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C o c o n u t w a t e r c h a r a c t e r i s t i c a f t e r o i l t r a p a n d e q u a l i s a t i o n 

f o l l o w e d b y n e u t r a l i s a t i o n a s i n d u s t r i a l p o l l u t i o n c o n t r o l v o l u m e 

3 , CEA. 

• W a s t e w a t e r f l o w r a t e t o t h e r e a c t o r ( A s s u m i n g 5 0 0 0 0 / n u t s 

a r e p r o c e s s e d p e r d a y ) - 1 0 m 3 / d 

• B i o d e g r a d a b l e COD C o n c e n t r a t i o n o f w a s t e w a t e r ( a s s u m i n g 80% 

i s b i o d e g r a b l e ) - 2 2 4 0 0 m g / L 

• pH 6 . 7 - 7 . 3 

• O i l 1 0 0 m g / L 

T o t a l N i t r o g e n 2 0 0 m g / L 



4 . 3 Aerobic Treatment Bench Scale Study 

A B e n c h s c a l e A e r a t i o n c h a m b e r c o n s i s t i n g o f a f i v e g a l l o n 

c o n t a i n e r w i t h a n a e r a t i o n d e v i c e , s u c h a s a n a q u a r i u m a e r a t o r 

o b t a i n e d f r o m a p e t s u p p l y s t o r e w a s u s e d , a s r e c o m m e n d e d i n 

N a l c o H a n d b o o k 1 9 8 9 . 

F e e d i n g w a s t e t o t h e a e r a t i o n v e s s e l w a s o n a b a t c h b a s i s s i n c e 

n o n a v a i l a b i l i t y o f a l a b o r a t o r y p u m p . A e r a t i o n V o l u m e w a s 1 5 

l i t r e s o f w a s t e w a t e r c o n s i s t i n g o f 1 0 l i t e r s o f p a r t i a l l y t r e a t e d 

w a s t e w a t e r w i t h 5 l i t r e s o f s l u d g e o b t a i n e d f r o m o u t s i d e . 

F e e d P o r t i o n v o l u m e w a s 8 0 0 m l 

S l u d g e A c c l i m a t i z a t i o n a s N a l c o H a n d b o o k 1 9 8 9 

T h e s l u d g e w a s a c c l i m a t i s e d t o t h e a n a r o b i c a l y t r e a t e d C o c o n u t 

w a t e r f o l l o w e d b y 1 : 6 d i l u t i o n . A c c l i m a t i s a t i o n w e r e c a r r i e d o u t 

w h e n a s a m p l e o f 1 0 0 0 m l w i t h d r e w f r o m t h e a e r a t i o n v e s s e l a n d 

s e t t l e d f o r 3 0 m i n u t e s i n a 1 0 0 0 m l C y l i n d e r t o r e c o r e d s e t t l e d 

s l u d g e , f o l l o w e d b y d a c a n t i n g a n d d i s c a r d i n g o f 8 0 0 m l o f 

w a s t e w a t e r a n d r e f i l l c y l i n d e r t o 1 0 0 0 m l w i t h f r e s h w a s t e a n d 

r e t u r n i n g t o a e r a t i o n v e s s e l . 

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

a f t e r t h e p e r i o d o f s l u d g e a c c l i m a t i z a t i o n . 
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Off - Gases 

Wastewater 

Effluent 

Fig 4.2 Fixed Bed Type anaerobic Pilot Plant 

Wastewater Mixed with Sludge 

i • 

5 Gal Bucket 

SVI Determination 

1000 ml Mec*£-. Cylinder 

Fig 4.3 Equipment for Aerobic Bench scale Study 



T h i s p r o c e d u r e w a s r e p e a t e d u n t i l t h e s l u d g e v o l u m e i n d e x ( S V I ) 

i s r e a c h e d 1 0 0 m l / g a n d p e r f o r m a n c e s w e r e r e c o r d e d i n t e r m s o f 

• F o o d t o M i c r o o r g a n i s m s r a t i o ( F / M ) (D" 1 ) 

• M i x e d l i q u o r v o l a t i l e s u s p e n d e d s o l i d s (MLVSS) ( m s / L ) 

• C h e m i c a l O x y g e n D e m a n d (COD) ( m s / L ) 

• R e m o v a l E f f i c i e n c y o f COD 

• H y d r a l i c R e t e n t i o n T i m e ( d ) 

• COD : N : P 

• T e m p e r a t u r e 

M o n i t o r i n g t h e a e r a t o r p e r f o r m a n c e s 

F o l l o w i n g p a r a m e t e r s w e r e e v a l u a t e d a n d m a i n t a i n e d t o r e q u i r e d 

l e v e l t a k i n g a p p r o p r i a t e s t e p s t o e n s u r e a h i g h d e g r e e o f 

a g g l o m e r a t i o n . 

pH 

D i s s o l v e d O x y g e n 

M i c r o s c o p i c e x a m i n a t i o n 

T h i s b e n c h s c a l e s t u d y w a s r e p e a t e d f o r s e v e r a l t i m e s w i t h a v i e w 

t o o b t a i n m o r e r e l i a b l e p e r f o r m a n c e s . 



C o c o n u t W a t e r 

O i l T r a p 

E q u a l i z a t i o n T a n k 

A n a e r o b i c T r e a t m e n t U n i t 

A e r o b i c T r e a t m e n t U n i t 

F i n a l C l a r i f i e r 

F i g u r e 4 . 4 P r o p o s e d W a s t e W a t e r T r e a t m e n t P r o c e s s F l o w 
D i a g r a m 
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4 . 4 A n a e r o b i c t r e a t m e n t U n i t 

W h e n i t h a s b e e n d e c i d e d t o a p p l y a n a e r o b i c t r e a t m e n t p r o c e s s 

s i z i n g t h e s y s t e m s o t h a t r e l i a b l e p e r f o r m a n c e s c a n b e d e l i v e r e d 

a t m i n i m a l c a p i t a l a n d o p e r a t i n g c o s t w i l l b e t h e m a j o r t a s k i n 

d e s i g n i n g p a r t . 

S e l e c t i n g a d e s i g n v o l u m e t r i c o r g a n i c l o a d i n g r a t e ( B v ) c a n b e 

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

a n a e r o b i c r e a c t o r . 

C o m p u t a t i o n f o r A n a e r o b i c r e a c t o r V o l u m e 

V o l u m e t r i c o r g a n i c l o a d i n g r a t e i s ( B v ) i s c a l c u l a t e d a s J o s e p h 

F M a l i n a ( 1 9 9 2 ) 

B v = C i . Q / V - E q u a t i o n 1 

B v i s t h e v o l u m e t r i c o r g a n i c l o a d i n g r a t e ( k g C O D / m 3 d ) 

C± i s t h e u n t r e a t e d w a s t e w a t e r b i o d e g r a d a b l e COD c o n c e n t r a t i o n 

( k g C O D / m 3 ) 

Q i s t h e w a s t e w a t e r f l o w r a t e ( m 3 / D ) 

V i s t h e b i o r e a c t o r V o l u m e ( m 3 ) 

F r o m t h e r e s u l t s o f A n a e r o b i c t r e a t m e n t p r o c e s s , h y d a r l i c 

r e t e n t i o n t i m e t o a c h i e v e 72% r e m o v a l o f COD i s 3 d a y s . 
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* 

H e n c e , V o l u m e t r i c O r g a n i c l o a d i n g r a t e ( B v ) f o r t h e p i l o t p l a n t 

i s 

• 

2 8 0 0 0 x 1 0 0 0 

1 0 0 0 x 1 0 0 0 x 4 *' = 9 . 3 k g C O D / m 3 d 

f o r t h e f u l l s c a l e u n i t , 

« W a s t e w a t e r f l o w r a t e (Q) = 1 0 m 3 / d 

B i o d e g r a d a b l e COD c o n c e n t r a t i o n (CL) = 2 2 . 4 k g / m 3 ( A s s u m i n g 

8 0 % B i o d e g r a d a b l e ) 

« 

S u b s t i t u t i n g a b o v e v a l u e s i n t h e e q u a t i o n 1 , w e g e t 

V o l u m e o f t h e R e a c t o r (V) = 2 4 m 3 

U s i n g a f a c t o r o f s a f e t y o f 1 . 5 , 

V o l u m e o f r e a c t o r = 1 . 5 x 2 4 = 3 6 m 3 

r 
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4.5 Aerob ic T r e a t m e n t Un i t 

Evaluation of Reaction Rate Coefficient under Aerobic Treatment Process as 

Eckenfelder Wes l ey (1989) 

The data obta ined can be correlated as shown in Fig. 4 .4 and the rate 

coeff ic ient determined from this plot. Notat ions as defined in chapter 2 .3 .2 

Se 
i 

So (So - Se)/x vt 

i 

2 4 0 7 2 0 

2 7 0 9 6 2 

3 1 0 1 1 4 8 

3 1 5 1 8 1 8 

3 3 0 2 3 2 0 

Table 4 .4 
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3000 
So(So - Se^vt day 

2500 

2000 

1500 

1000 

500 

0 
240 270 310 315 

Se mg / l 

330 

Fig -4-5 T a n e = S o ( S o - S Q ) / x v t S e 
-l 

K = Tan k = 12d 
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A e r a t i o n T a n k ( R e a c t o r ) D e s i g n 

B a s e d o n B e n c h S c a l e s t u d y f o l l o w i n g p a r a m e t e r s u s e d t o s i z e 

a e r a t i o n t a n k . 

A v e r a g e f l o w r a t e = 7 0 0 0 0 1 / d 

C h e m i c a l O x y g e n D e m a n d COD ( I n l e t ) = 1 2 0 0 m g / L 

C h e m i c a l O x y g e n D e m a n d COD ( O u t l e t ) = 3 3 0 m g / L 

H y d a r u l i c R e t e n t i o n T i m e (HRT) = 8 H r s 

H e n c e r e q u i r e d a e r a t i o n v o l u m e = 2 4 m 3 

C o n s i d e r i n g f a c t o r o f s a f e t y a n d , R e t u r n f l o w f r o m t h e 

c l a r i f i e r , a e r a t i o n v o l u m e i s p r o p o s e d t o 3 0 m 3 

F a c t o r s s u c h a s S o l i d R e t e n t i o n T i m e , S l u d g e w a s t e d , 

R e t u r n S l u d g e R a t e , S l u d g e A g e a r e t o b e c o n s i d e r e d 

w h e n e v a l u a t i o n A e r a t i o n t a n k v o l u m e . 

H o w e v e r , s u c h f a c t o r s , c a n b e w e l l d e t e r m i n e d a n d s e t 

f o r o p e r a t i o n a f t e r c o m m i s s i o n i n g t h e p l a n t . 



CHAPTER 5 

DISCUSSION 

* 5 . 1 D i s c u s s i o n o f R e s u l t s 

5 . 1 . 1 R e s u l t s o f A n a e r o b i c T e a t m e n t P r o c e s s P i l o t P l a n t S t u d y 

o 

D u r i n g t h e p i l o t p l a n t s t u d y t h e p e r f o r m a n c e s o f A n a e r o b i c 

r e a c t o r ( F i x e d b e d ) w a s d e t e r m i n e d a s 3 d a y s c o n s i d e r i n g 

f o l l o w i n g f a c t o r s . 

1 . L e a s t t i m e t a k e n t o r e a c h i t s p e a k l e v e l o f COD 

r e m o v a l % 

2 . M i n i m u m A n a e r o b i c r e a c t o r v o l u m e 

D u r i n g t h e s t u d y , i t w a s p o s s i b e t o m a i n t a i n p H a n d 

A l k a l i n i t y ( B i c a r b o n a t e ) t o d e s i r a b l e s t a n d a r d s . C a u t i o n 

w a s t a k e n t o a p p l y S o d i u m b i c a r b o n a t e f o r r a i s e p H d u r i n g 

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

p r e c i p i t a t i o n o f c a l c i u m c a r b o n a t e . 

H o w e v e r , t e m p e r a t u r e w a s a t 2 9°C a n d a n a e r o b i c 

( M e s o p h i l i c ) p r o c e s s e s w i l l e f f e c t i v e l y f u n c i t o n a t t h e 

t e m p e r a t u r e r a n g e o f 2 9 ° t o 3 8 ° C . 

G a s p r o d u c t i o n w a s n o t t a k e n i n t o a c c o u n t s i n c e n o n 

a v a i l a b i l i t y o f a g a s f l o w m e a s u r i n g d e v i c e . 
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N u t r i e n t s r a t i o i . e . COD .- N : ' P w a s c o m p u t e d a t 

t h e b e g i n n i n g o f t h e t r i a l a n d w a s f o u n d t h a t i t i s 

. k e e p i n g w i t h t h e r e q u i r e d l e v e l . 

s l u d g e R e t e n t i o n t i m e ( S R T ) w a s n o t d e t e r m i n e d d u e t o -

t i m e c o n s t r a i n t s . H o w e v e r , i t s h o u l d e s s e n t i a l l y b e 

g r e a t e r t h a n HRT s o a s t o p r e v e n t s u s p e n d e d b i o m a s s 

w a s h o u t . 

W i t h l o n g r u n n i n g o f t r i a l , s l u d g e h a s t o b e r e t u r n e d 

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

r e a l i s t i c v a l u e f o r t h e H y d r a u l i c R e t e n t i o n T i m e (HRT) 

i s p o s s i b l e . 

. 2 R e s u l t s o f A e r o b i c P r o c e s s 

D u r i n g a e r o b i c b e n c h s c a l e s t u d y , f o l l o w i n g p a r a m e t e r s 

w e r e d e t e r m i n e d w i t h r e s p e c t t o t i m e , i n o r d e r t o 

o b t a i n a s u i t a b l e H y d r a u l i c R e t e n t i o n t i m e i n t h e 

A e r o b i c t r e a t m e n t p r o c e s s . - a l o n g w i t h m a i n t a i n i n g 

a d d i t i o n t o k e e p i n g c o n t r o l p a r a m e t e r s ( a s D . O ) t o t h e 

r e q u i r e d l e v e l s . 

1 . C h e m i c a l O x y g e n D e m a n d 

2 . M i x e d l i q u o r V o l a t i l e s u s p e n d e d S o l i d s . 

3 . S l u d g e v o l u m e I n d e x ( S V I ) 



A c c o r d i n g t o t h e r e s u l t s o b t a i n e d i n b e n c h s c a l e s t u d y -

H y d r a u l i c R e t e n t i o n T i m e (HRT) w a s d e t e r m i n e d a s 0 8 

h o u r s a n d a l o n g w i t h a H i g h R e t e n t i o n t i m e , f o l l o w i n g 

f a c t o r s w i l l i n c r e a s e , 

1 . C o s t f a c t o r f o r c o n s t r u c t i o n , o p e r a t i o n s a n d 

M a i n t e n a n c e . 

2 . R e q u i r e d - L a n d S p a c e f o r t r e a t m e n t f a c i l i t y 

3 . A e r a t i o n t a n k V o l u m e 

4 . O x y g e n r e q u i r e d t o m a i n t a i n d e s i r e d l e v e l o f 

D i s s o l v e d O x y g e n 

5 . R e q u i r e d E n e r g y t o r u n m o t o r s a n d a e r a t o r s 

H o w e v e r , a c c o r d i n g t o t h e b e n c h s c a l e s t u d y , F / M r a t i o 

o b t a i n e d w a s a t a l e v e l o f 2 . 4 d " 1 . 

A c c o r d i n g t o t h e M i c r o s c o p i c a n a l y s i s c a r r i e d o u t a t 

8 h r s t i m e , i t w a s o b s e r v e d t h a t P r o t o z o a n P o p u l a t i o n 

w e r e a c t i v e a n d f a i r l y h i g h . 

R a t e C o e f f i c i e n t (K) 

R a t e C o e f f i c i e n t (K) w a s c o m p u t e d u s i n g t h e g r a p h a t 

F i g 4 . 5 
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A e r a t i o n t a n k v o l u m e w a s d e t e r m i n e d a s 3 0 m 3 , u s i n g 

H y d r a u l i c R e t e n t i o n t i m e a n d C h e m i c a l O x y g e n D e m a n d 

r e m o v a l s . H o w e v e r , f o l l o w i n g p a r a m e t e r s a r e i m p o r t a n t t o 

d e t e r m i n e t h e v o l u m e o f a e r a t i o n t a n k . ( V a ) W W e s l e y ( 1 9 8 9 ) 

S o l i d s R e t e n t i o n T i m e ( S R T ) - 6 

W a s t e W a t e r f l o w ( e x c l u s i v e o f r e t u r n s l u d g e ) - Q a 

T o t a l BOD t o a e r a t i o n , - C± 

S o l i d s Y i e l d - Y 

M i x e d L i q u o r S u s p e n d e d S o l i d s - X a 

V a = 9 Q a C ± Y / X a 
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5 . 2 O p e r a t i o n s a n d M a i n t e n a n c e o f t h e P l a n t 

T h e p r i m a r y a i m o f w a s t e t r e a t m e n t p l a n t o p e r a t i o n i s t h e 

m a i n t e n a n c e a n d r u n n i n g o f t h e p l a n t e f f i c i e n t l y a n d 

e c o n o m i c a l l y , s o t h a t t h e e f f l u e n t s f r o m t h e p l a n t m e e t s 

t h e r e g u l a t o r y s t a n d a r d s a n d c o u l d b e d i s c h a r g e d s a f e t y o n 

l a n d o r i n t o w a t e r b o d i e s . 

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

o p e r a t i o n a n d m a i n t e n a n c e o f t h e p l a n t . 

1 . A t h r o u g h k n o w l e d g e o f t h e p r o c e s s e s a n d e q u i p m e n t s 

2 . P r o p e r a n d a d e q u a t e t o o l s 

3 . A d e q u a t e s t o c k o f s p a r e p a r t s a n d c h e m i c a l s 

4 . A s s i g n m e n t o f s p e c i f i c m a i n t e n a n c e r e s p o n s i b i l i t i e s t o 

o p e r a t i n g s t a f f . 

5 . T r a i n i n g o f a l l o p e r a t i n g s t a f f i n p r o p e r o p e r a t i n g 

p r o c e d u r e s a n d m a i n t e n a n c e p r a c t i c e s . 

6 . G o o d h o u s e k e e p i n g 

» 



P r o c e s s C o n t r o l 

P r o c e s s c o n t r o l i s a k e y f a c t o r i n b e t t e r p l a n t o p e r a t i o n s . 

F o l l o w i n g v a r i a b l e s h a v e t o b e m a i n t a i n e d a t s e t p o i n t s a n d 

m o n i t o r i n g o f t h e m a r e r e q u i r e d a t p r e d e t e r m i n e d t i m e 

i n t e r v a l s . 

W a s t e w a t e r f l o w r a t e i n t o u n i t s 

T r e a t e d w a s t e w a t e r f l o w r a t e 

R e t u r n A c t i v a t e d s l u d g e f l o w r a t e s 

W a s t e f l o w r a t e s 

T e m p e r a t u r e a n d p H v a l u e s a t d i f f e r e n t u n i t s 

A e r a t o r p e r f o r m a n c e s 

Q u a l i t y C o n t r o l 

Q u a l i t y c o n t r o l i s a l s o e s s e n t i a l t o m a i n t a i n r e q u i r e d 

w a t e r q u a l i t y a t d i f f e r e n t t r e a t m e n t u n i t s . A w e l l 

e q u i p p e d l a b o r a t o r y w i t h q u a l i f i e d s t a f f i s n e e d e d t o 

a n a l y z e d w a t e r a n d s l u d g e c h a r a c t e r i s t i c s g r o w t h a n d 

a c t i v a t i o n o f M i c r o o r g a n i s m s . 

B e t t e r p l a n t o p e r a t i o n i s p o s s i b l e o n l y w h e n t h e o p e r a t o r 

i s f u l l y c o n v e r s a n t w i t h t h e c h a r a c t e r i s t i c s a n d 

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

e a c h s t a g e o r u n i t o f t h e t r e a t m e n t p r o c e s s . 



P r e v e n t i v e m a i n t e n a n c e f o r f l o w m e a s u r i n g d e v i c e s , m e t e r s , 

p u m p s , v a l v e s , A e r a t o r s i s t o b e a d o p t e d a l l t h e t i m e s t o 

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

A l s o , p r e v e n t i v e m a i n t e n a n c e o f s e v e r a l t r e a t m e n t u n i t s a n d 

f r e q u e n c y o f c l e a n i n g , l u b r i c a t i o n o f m e c h a n i c a l e q u i p m e n t 

e t c a r e t o b e s t r i c t l y a d h e r e d t o i f o p t i m u m r e s u l t s a r e t o 

b e e x p e c t e d . 



E c o n o m i c E v a l u a t i o n o f t h e p r o p o s e d p l a n t 

T h i s d e s i g n s t u d y h a s b e e n c o n c e r n e d w i t h t h e 

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

D e s i c c a t e d c o c o n u t t o s t a n d a r d s s e t b y r e g u l a t o r y 

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

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

H o w e v e r , i n t h e f i n a l a n a l y s i s , t h e p r o p o s e d d e s i g n 

c a n o n l y b e a c c e p t a b l e i f t h e p r o c e s s i s e c o n o m i c a l l y 

v i a b l e . 

T o p o g r a p h y o f t h e s i t e p l a y s a n i m p o r t a n t r o l e i n t h e 

o p e r a t i o n o f p l a n t . G e n e r a l l y t o m i n i m i z e t h e p u m p i n g 

c o s t t h e l e v e l o f t h e g r o u n d s h o u l d b e s l o p i n g f r o m 

t h e p r i m a r y t r e a t m e n t , u n i t s s u c h a s O i l t r a p , 

N e u t r a l i z a t i o n t a n k e t c . T h e d r y i n g b e d s g e t t h e 

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

S e d i m e n t a t i o n t a n k . H e n c e l o c a t i o n s h o u l d b e w e l l 

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

C o n s t r u c t i o n o f A e r a t i o n t a n k a n d f i n a l c l a r i f i e r t o 

o p e r a t e a s u n i t s h o u l d a l s o b e c o n s i d e r e d i n o r d e r t o 

e c o n o m i s e t h e p r o c e s s . 

I t i s c o m m o n p r a c t i c e t o e x p r e s s t h e t o t a l o p e r a t i n g 

c o s t i n t e r m s o f t h e r a w m a t e r i a l , d i r e c t L a b o u r , 

e n e r g y a n d f i x e d c a p i t a l c o s t s . 



F i x e d c a p i t a l i s t h e t o t a l c o s t o f t h e p l a n t r e a d y f o r 

s t a r t u p . I t i s t h e c o s t p a i d t o t h e c o n t r a c t o r s . 

I t i n c l u d e s t h e c o s t o f , 

1 . D e s i g n a n d o t h e r e n g i n e e r i n g a n d c o n s t r u c t i o n 

S u p e r v i s i o n 

2 . A l l i t e m s o f e q u i p m e n t a n d t h e i r i n s t a l l a t i o n 

3 . A l l p i p i n g , i n s t r u m e n t a t i o n a n d c o n t r o l s y s t e m s . 

4 . T r e a t m e n t u n i t s 

5 . L a n d a n d c i v i l e n g i n e e r i n g w o r k , L a b o u r . 
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C a l c u l a t i o n o f A n n u a l b e n e f i t s 

T o t a l C o s t 0 . 5 m 

F o r t h i s d e s i g n p r o j e c t , i t w a s a s s u m e d t h a t 5 0 , 0 0 0 

n u t s a r e u s e d p e r d a y f o r t h e p r o d u c t i o n o f D e s i c c a t e d 

c o c o n u t . 

A c c o r d i n g t o t h e C o c o n u t C o n v e r s i o n f a c t o r , ( c o c o n u t 

s t a t i s t i c s , CDA 1 9 9 0 ) 6 8 0 0 n u t s e q u i v a l e n t t o 1 M . T . 

o f D e s i c c a t e d C o c o n u t , a n d h e n c e a m o u n t o f D e s i c c a t e d 

c o c o n u t p r o d u c t i o n i s a p p r o x i m a t e l y 7 M . T . / d a y . 

A c c o r d i n g t o C o c o n u t D e v e l o p m e n t A u t h o r i t y S o u r c e s , 

85% o f o p e r a t i n g c o s t f o r r a w m a t e r i a l s 

5% o f o p e r a t i n g c o s t f o r p o w e r 

5% o f o p e r a t i n g c o s t f o r L a b o u r 

5% o f o p e r a t i n g c o s t f o r O v e r h e a d s 

F o r a w a s t e w a t e r t r e a t m e n t p l a n t 

A n n u a l C o s t f o r p o w e r ( P ) = 0 . 3 m 

A n n u a l C o s t f o r L a b o u r ( L ) = 0 . 1 m 

A n n u a l C o s t f o r O v e r h e a d s ( 0 ) = 0 . 1 m 



S e l l i n g p r i c e o f 1 M . T . o f 

D e s i c c a t e d c o c o n u t = R s 7 4 2 0 0 

F o r 7 M . T . o f D e s i c c a t e d C o c o n u t i t i s R s 5 1 9 4 0 0 

: . A n n u a l b e n e f i t f r o m s e l l i n g o f D e s i c c a t e d C o c o n u t = 

R s 1 6 2 m ( S o u r c e , CDA) 

I f a C o u r t C a s e i s f i l e d u n d e r t h e N a t i o n a l 

E n v i r o n m e n t a l A c t , c o u r t r u l i n g w i l l b e t o c o n s t r u c t 

a w a s t e w a t e r t r e a t m e n t p l a n t w i t h i n 3 m o n t h s p e r i o d 

& m a y p r o b a b l y b e s h u t d o w n u n t i l t h e t r e a t m e n t p l a n t 

i s c o m m i s s i o n e d . 

A n n u a l b e n e f i t f r o m t h e W a s t e w a t e r T r e a t m e n t P l a n t = 

3m ( S o u r c e , CEA) 

C o n s i d e r i n g a b o v e a n n u a l b e n e f i t f o r a D e s i c c a t e d 

I n d u s t r y i s a p p r o x i m a t e l y R s . 1 6 5 M i l l i o n . 

C a l c u l a t i o n o f a n n u a l c o s t 

R o w m a t e r i a l c o s t = R s 6 2 . 4 m ( f o r 5 0 , 0 0 0 n u t s / d a y ) 

P o w e r ( P ) = 3 . 9 m + 0 . 3 m = 4 . 2 m 

L a b o u r (L) = 3 . 9 m + 0 . 1 m = 4 . 0 m 

O v e r h e a d s ( 0 ) = 3 . 9 m + 0 . 1 m = 4 . 0 m 

T o t a l C o s t = R s . 1 2 . 2 m i l l i o n 
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R e q u i r e d i n i t i a l i n v e s t m e n t (CEA) 

: . E q u i v a l e n t A n n u a l c o s t = 

= ( 6 2 ) ( 0 . 1 2 3 2 9 ) + 1 2 . 2 

= 7 . 6 4 + 1 2 . 2 = 1 9 . 8 m 

T h e r e f o r e p r o p o s e d p r o j e c t i s e c o n o m i c a l l y v i a b l e a n d 

e n v i r o n m e n t a l l y s o u n d . 

F o r D e s i c c a t e d C o c o n u t m i l l = R s . 6 0 m 

F o r w a s t e w a t e r T r e a t m e n t s P l a n t = R s . 2 m 

S i n c e i n d u s t r i a l i s t i s e l i g i b l e t o o b t a i n a s o f t l o a n 

u n d e r p o l l u t i o n a b a t e m e n t f u n d . 

N = 1 0 i = 4% . : ( A / P , i , n ) = 0 . 1 2 3 2 9 

E q u i v a l e n t a n n u a l c o s t = ( i n i t i a l i n v e s t m e n t ) ( A / P , i , n ) 

+ o t h e r a n n u a l c o s t . ( 0 + P + R ) 



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS. 

6 . 1 . ' C o n c l u s i o n s . 

T h e p r o p o s e d t r e a t m e n t p l a n t c o n s i s t o f a n u m b e r o f 

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

e s s e n t i a l l y t h e d e t e r m i n a t i o n o f t h e s i z e o f t h e v a r i o u s u n i t s i n 

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

A c c o r d i n g t o t h e p i l o t p l a n t s t u d y c a r r i e d o u t f o r a n a e r o b i c 

t r e a t m e n t o f c o c o n u t w a t e r i n a f i x e d b e d t y p e r e a c t o r , 7 2 % r e m o v a l 

o f COD h a s b e e n r e c o r d e d i n t h r e e d a y s o f h y d r a u l i c r e t e n t i o n t i m e . 

A c c o r d i n g t o t h e a e r o b i c t r e a t m e n t b e n c h s c a l e s t u d y c a r r i e d o u t 

f o r p a r t i a l l y t r e a t e d c o c o n u t w a t e r , i t w a s o b s e r v e d t h a t , o r g a n i c 

l o a d c o u l d b e b r o u g h t d o w n t o a n a c c e p t a b l e v a l u e i n e i g h t h o u r s 

H y d r a u l i c r e t e n t i o n t i m e . I t h a s b e e n p r o p o s e d i n i n d u s t r i a l 

p o l l u t i o n c o n t r o l g u i d e l i n e s f o r d e s i c c a t e d c o c o n u t i n d u s t r y , 

p r e p a r e d b y t h e C e n t r a l E n v i r o n m e n t a l A u t h o r i t y , t o r e l a x C h e m i c a l 

O x y g e n D e m a n d o f f i n a l t r e a t e d e f f l u e n t t o 3 0 0 m g / l . 

I t s h o u l d n o t b e t h o u g h t t h a t t h e w o r k o u t l i n e d i n r e p o r t c o v e r s 

a l l t h e f u n c t i o n s o f e n v i r o n m e n t a l e n g i n e e r , o r t h a t s u f f i c i e n t 

d e t a i l e d i n f o r m a t i o n h a s b e e n e v a l u a t e d a n d g i v e n f o r t h e p l a n t t o 

b e b u i l t . I f t h e p l a n t w a s b e i n g e r e c t e d d e t a i l e d p l a c i n g o f u n i t s 

w o u l d h a v e t o b e c o n s i d e r e d a n d t h e n e c e s s a r y s c h e d u l e s o f p i p e s , 

e l e c t r i c a l f i t t i n g s , v a l e s , l i q u i d f l o w m e t e r s p r e p a r e d . 
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I n c o n c l u s i o n i t s h o u l d b e s t a t e d t h a t t h e f o l l o w i n g d e s i g n 

f e a t u r e s s h o u l d e s s e n t i a l l y b e i n c l u d e d i n t h e f i n a l f o r m o f t h e 

d e s i g n . 

1 . F i x e d b e d t y p e a n a e r o b i c r e a c t o r h a v i n g a m i n i m u m t h r e e 

d a y s h y d r a u l i c r e t e n t i o n t i m e f o r a w a s t e w a t e r f l o w a t a r a t e o f 

1 0 m 3 / d a y . 

2 . o r g a n i c l o r d i n g r a t e s h o u l d b e c o n t r o l l e d t o a l e v e l o f 

9 . 3 k g C O D / m 3 d a y . 

3 . A n a e r a t i o n t a n k h a v i n g a m i n i m u m e i g h t h o u r s o r m o r e 

h y d r a u l i c r e t e n t i o n t i m e f o r w a s t e w a t e r f l o w a t a r a t e o f 7 0 

m 3 / d a y . 

4 . F / M r a t i o s h o u l d b e m a i n t a i n i n a r a n g e o f 1 . 0 - 2 . 0 D - l 



R e c o m m e n d a t i o n s f o r f u r t h e r s t u d y 

T h e f o l l o w i n g i s s u e s w e r e n o t w e l l a d d r e s s e d d u r i n g 

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

1 . A m o u n t s o f o x y g e n a n d n u t r i e n t s r e q u i r e d , a n d t h e 

q u a n t i t y o f b i o l o g i c a l s l u d g e t h e y p r o d u c e . 

2 . C o e f f i c i e n t s r e l a t e d t o b i o d e g r a d a t i o n . A f u l l s c a l e 

s t u d y s h o u l d b e c a r r i e d o u t t o a s c e r t a i n t h e 

c o e f f i c i e n t s o f a , a 1 , b a n d b 1 . 

3 . P r e s e n c e o f F i l a m e n t o u s m i c r o o r g a n i s m s w h i c h l e a d t o 

b u l k i n g i n A e r o b i c t r e a t m e n t p r o c e s s . A s w e l l a s 

A n a e r o b i c t r e a t m e n t p r o c e s s . H o w e v e r , i n A e r o b i c -

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

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

c h l o r i n a t e d w a t e r t o m a k e 1 : 6 d i l u t i o n r a t i o . 

4 . S p e c i f i c m i c r o o r g a n i s m s i n v o l v e i n b i o d e g r a d a t i o n o f 

C o c o n u t w a t e r s h o u l d b e i d e n t i f i e d a n d c u l t u r e d . 

5 . S l u d g e h a n d l i n g a n d i t s f e r t i l i z e r v a l u e 

6 . A m a t h e m a t i c a l m o d e l o f d y n a m i c t y p e s h o u l d b e 

d e v e l o p e d . 

7 . U s i n g M e t h a n e a s a f u e l a n d s u p p l y i n g o f h e a t f o r 

A n a e r o b i c t r e a t m e n t p r o c e s s t o o b t a i n b e t t e r 

p e r f o r m a n c e s . 
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PART I : SECTION (I) - GENERAL 
Government Notification 

NATIONAL ENVIRONMENTAL ACT , No. 47 OF 1980 

REGULATIONS made by the President under section 32 of the National Environmental Act, No. 47 of 1980. as amended by Act No. 
of 1988, read with Article 44(2) of trie Constitution. 

R. Pre .maoasa , \ 

President. 
Colombo. 08.01.1990 

Regulations 

1. These regulations may be cited as the National Environmental (Protection & Quality) Regulations, No. i of 1990. 

2. No person shall, on or after the relevant date discharge, deposit or emit waste into the environmen; which will cause pollution, orct 
noise pollution, except: 

(a) under the authority of a licence issued by the Central Environmental Authority (hereinafter referred to as "the Authority ); ^ 

(b) in accordance with die standards and criteria specified in Schedule I hereto: 
Provided thai, where a licensee who does not conform to the standards or criteria specified herein, is at the discretion of the ^uihoHSj 

directed in implement a programme of action within a sj^ccificd period, so as to conform to the aforesaid standards
 aj)4^'tu?''3,iS| 

to observe certain conditions during such period such licensee shall, so long as ho observes such conditions, Ix-. deemded lo ccenQ 
with the preceding provisions of this regulation. //'"-' C jJtl 
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PART I : Sec : I - GAZETTE EXTRAORDINARY OF THE DEMOCRATIC SOCIALIST REPUBLIC OF SRI L A N K A - 1990.02.02 

'3. Notwithstanding anything contained in regulation 2, the Authority may, by a direction issued under regulation 13, impose more stringent 
standards and criteria than those specified in Schedule I hereto in respect of any particular L-.dustry, operation or process, having regard 
to the need to protect the receiving environment. . - • • 

4. Where an acti vi ty in respect of which an application for a licence is made is not covered by the standards and criteria speci fied in Schedule 
1 hereto, the Authority will decide on such application on its merits and the applicant shall comply with all such directions as may be 
issued to him by the Authority for the protection of the environment. 

5. The licence issued under these regulations shall be known as the "Environmental Protection Licence" (hereinafter referred to as "the 
licence"). 

6. (1) An application for the licence shall be made :-
(a) separately, in respect of each premises at which the acts authorized by the licence are carried out; 

(b) Substantially in Form A in Schedule II hereto ; 

(c) accompanied by a receipt for the payment of the fee specified in Schedule III hereto; 

(rf) at least 30 days prior to the relevant date or to the date on which the applicant is required to have the licence, whichever is earlier. 
'"x For the purpose of these regulations "premises" means the totality of buildings and installations used separately or in combination 

to carry out the acts authorired by the licence. 

(3) Every applicant shall furnish all such particulars as may be required to be stated in the'aforesaid Form A and any other information 
that may be called for by the Authority for the purpose of deciding on the application. 

fl. Every licence issued by the A uthority shall be :-

(a) in Form B in ScheduleTJ hereto; 

(t>) valid for a period of one year, subject to any suspension or cancellation of the licence under section 23D of the Act; and 

[The Authority'shall issue the licence only if it is satisfied that:-

(a) the licence will not be used to contravene the provisions of the Act or these regulations; 

(b) no irreversible damage or hazard to man and environment or any nuisance will result from the acts authorized by the licence; 

(c) the applicant has taken adequate steps for the protection of the environment in accordance with the requirements of the Law. 

;(1) An application for a renewal of a licence shall be made:-
(a) at least one month before the dateof expiry of the licence or one month before effecting any changes, alterations, or extensions 

to the premises at which the acts authorized by the licence are carried out, as the case may be ; 
(b) substantially in Form C in Schedule II hereto; 
(c) accompanied by a receipt for the payment of the fee' for the renewal of licence specified in Schedule m hereto. 

(2) Every applicant for a renewal of the licence shall furnish all such particulars as may be required to be stated in the aforesaid Form 
C and any other information that may be called for by the Authority for the purpose of deciding on the application. 

0. The Authority may, before issuing an order suspending or cancel ling a licence under section 23 D of the Act give the holder of the 1 icence 
an opportunity to show cause why such order should not be issued: 
Provided that, where, since the issue of the licence, the receiving environment has been altered or changed due to natural factors or 
otherwise or where continued discharge, deposition or emission of waste into the environment under the licence will or could affect 
any beneficial use adversely, the Authority shall forthwith issue an order suspending the 1 icence for a period to be speci fied in the order 
or cancel such licence. 

J. (1) Any applicant for a licence who is aggrieved by the refusal of the Authority to grant a licence, or, any holder of a licence who is 
aggrieved by the suspension or cancellation of a licence or the refusal to renew a licence may, within thirty days after the dale of 
notification of such decision to him, appeal in writing against such refusal, suspension, cancel laiion or refusal to renew, to die Secretary 
of the Ministry in-chargc of the subject of Policy Planning and Implementation. 

(2) Such applicant shall be given an opportunity of making representations in person or by authorized rcprcscntaiive-in connection 
with his appeal.' 

(3) The Secretary may set aside, vary or confirm the decision appealed from, and the Authority shall give effect to the Secretary's 
decision. .1 ^ \ 

(4) The decision of the Secretary shall be final and conclusive. • N ^ ' .. <• ' 

(c) renewable. 
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\2.The holder o]'a licenceshallforthwtih notify the Authority of:- . -'''Ĵ -;*.* 
..(a) any changes made or proposed to be made in the particulars furnished in connection with+ds application for a licence;-

(fc) any decision to terminate any activity to.which the licence relates; 

and shall comply with any directions that may be issued by the Authority to prevent or mitigate environmental pollution and hazards 
' ' ' • ' • ' . ' ' • • • • • • • • ' :•• i ^ -

13. Every applicant or every holder of a licence shall comply with any direction given by or on behalf of the Authority for the purposed 
protecting the environment. 

14. Every person who acts in contravention of any regulations commits an offence punishable under section 31 of the Act. 

15. In these regulations :- • -
"The Act" means the National Environmental Act, No. 47 of 1980 as amended by Act No. 56 of 1988: 

•'if 

Schedule I 

GENERAL STANDARDS FOR DISCHARGE OF 
EFFLUENTS INTO INLAND SURFACE WATERS 

No. 
1. 
2. 
3 . 
4. 

Determinant 
"Total Suspended Solids, mg/l, max 
»Particle size of total suspended solids 
.pH value at ambient temperature 

^Biochemical Oxygen Demand-BOD 3 in 5 days 

. •Temperature or discharge 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

24. 

•• Oils and greases, mg/l max 
^Phenolic Compounds (as phenolic OH)mg/l, max' 
'Cyandes as (CN) mg/l. max 
^Sulfides, mg/l, max 
sFlourides, mg/l, max 
Total residual chlorine mg/l, max 
•Arsenic, mg/l, max 
Cadmium total, mg/l, max 

* Chromium'total, mg/l, max 
vCopper total, mg/L max 
Lead, total, mg/l, max 
Mercury total, mg/l, max 
Nickel total, mg/l, max 
Selenium total, mg/l max 

''Zinc total, mg/l, max 
•Ammoniacal nitrogen, mg/l, max 
Pesticides 
Radio active material 
(a) Alpha emitters micro curie/ml , 
(b) Beta-emitters micro curie/ml 

•> Chemical Oxygen Demand 
(COD), mg/l. max 

Tolerance limit 
50 
shall pass sieve of aperture size 850 micro m. 
6.0 to 8.5 

shall notexceed40'Cin any Sectionof theStream within 1 
stream from the effluent outlet. 
10.0 
1.0 
0.2 
2.0 
2.0 
1.0 
0.2 
0.1 
0.1 
3.0 
0.1 
0.0005 
3.0 
0.05 
5.0 
50.0 
undetectable 

i o - 7 

10" 

250 

Note 1 : All efforts should be made io remove colour and unpleasant odour as far as practicable. 

Note 2 : These values are based on dilution of effluents by al least 8 volumes of clean receiving water. If the dilution is below 8 
permissible limits arc multiplied by 1/8 of the actual dilution. 

Note 3 : The above mentioned General Standards shall cease to apply with regard to a particular industry when industry specific 
arc notified for that industry. 

i m c s . U]1 

stand an 
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Sec: I-.GAZETTE EXTRAORDINARY OF THE DEMOCRATIC SOCIALIST REPUBLIC OF SRI LANKA - 1990.02.02 PART I 

TOLERANCE LIMITS FOR INDUSTRIAL EFFLUENTS 
DISCHARGED ON LAND FOR IRRIGATION PURPOSE 

No. Delerminanl Tolerance Limit 

1 Total dissolved solid, mg/L, max 2100 

2 pH vaJue at ambient temperature 5.5 ip 9.0 

3 Biochemical Oxygen Demand (BOD 5 ) in 5 
days at 20 °C. mg/1, max 250 

4 Oils and grease, mg/1. max. 10.0 
5 Chloride (as CI), mg/1, max. 600 
6 Sulfate (as S 0 4 ) , mg/1, max. 1000 
7 Boron (as B), mg/L max. 2.0 

8 Arsenic (as As), mg/1, max. 0.2 

9 Cadmium (as Cd), mg/L max. 2.0 
10 Chromium (as Cr), mg/1, max. 1.0 
11 Lead (as Pb), mg/L max. 1.0 
12 Mercury (as Hg), mg/1, max. 0.01 
13 Sodium adsorption ratio : (S AR) 10 to 15 
14 Residual Sodium Carbonate, mol/1, max. 2.5 
15 Radio active material: 

(a) Alpha emitters, micro curie/ml 10"' 
(b) Beta emitters, micro curie/ml 10-" 

• No. 

TOLERANCE LIMITS FOR INDUSTRIAL AND DOMESTIC 
EFFLUENTS DISCHARGED INTO MARINE COASTAL AREAS 

Determinant f^aranceCumi 

1. Total Suspended Solids, mg/1, max. 
(a) For process waste waters 
(b) For cooling water effluents 

2. Particle size of -
(a) Floatable Solids, max 
(b) Settlable solids, max 

3. pH range at ambient temperature 
4. Biochemical Oxygen Demand (BODj) 

in 5 days at 20°C, mg/1, max. 
5. Tcmpcature, max 
6. Oils and grease, mg/1, max'. 
7. Residual Chlorine, mg/L max. 
8. Ammonical Nitrogen mg/1, max. 
9. Chemical Oxygen Demand (COD) mg/1, max. 

10. Phenolic compounds (as phenolic OH) mg/1, max. 
11. Cyanides (as CN) mg/1, max'. 
12. Sulfides (as S), mg/1. max. 
13. Fluorides (as F), mg/1, max. 
14. Arsenic (as As) mg/1, max. 
15.' Cadmium (as Cd) Total, mg/1, max. 
16. Chromium (as Cr) Total, mg/1, max. 
17. Copper (as Cu) total, mg/1, max. 
18. Lead (as Pb) total. mg/L max. • 
19. Mercury (as Hg) total, mg/1, max. 
20. Nickel (as Ni) total, mg/1, max. 

150 
Total suspended matter content of influent cooling water plus 10 

r per cent. 

3 mm 
850 micro m. 
6 . 0 - 8 . 5 

100 
45°C at the point of discharge 
20 
1.0 
50:0 
250 
5.0 '•• 
0.2 
5.0 
15 
0.2 
2.0 
1.0 
3.0 
1.0 
0.01 
5.0 
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A p p e n d i x 2 

DATA SHEET - 1 
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t D a t e o f S a m p l e s : 

D a t e o f A n a l y s i s : 

L o c a t i o n o f S a m p l e s : 

p H 

T e m p e r a t u r e ( ° C ) 

T o t a l S u s p e n d e d S o l i d s ( m g / L ) 

* C h e m i c a l O x y g e n D e m a n d ( m g / L ) 

B i o c h e m i c a l O x y g e n D e m a n d ( m g / L ) 

M i x e d L i q u o r S u s p e n d e d S o l i d ( m g / L ) 

^ A m m o n i a - N i t r o g e n ( m g / L ) 

N i t r a t e - N i t r o g e n ( m g / L ) 

N i t r i t e - N i t r o g e n ( m g / L ) 

A l k a l i n i t y ( B i c a r b o n a t e ) ( m g / L ) 

COD : N : P 

, F / M R a t i o ( d " 1 ) 

S l u d g e V o l u m e I n d e x ( m l / g ) 

A n a l y s e d by : A p p r o v e d by 



PLANT OPERATION - DATA SHEET 2 

D a t e o f S a m p l e : 

D a t e o f A n a l y s i s : 

L o c a t i o n o f S a m p l e : ' 

A p p e n d i x 3, 

P a r a m e t e r M e a s u r e m e n t 

S a m p l i n g 

P o i n t 

T S S 

WT. D i s h , F i l t e r R e s i d u e -

T S S 

WT. D i s h , F i l t e r 

T S S 

WT. R e s i d u e 

T S S 

S a m p l e U s e d ( m l ) 

T V S S T V S S T V S S T V S S 

R S S R S S R S S R S S 

R V S S R V S S R V S S R V S S 

i<7 

'oil £4 

P r e p a r e d B y A p p r o v e d B y 
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A p p e n d i x 4 

D I S S O L V E D OXYGEN AND TEMPERATURE 

P a r a m e t e r 8 h r s 1 2 h r s 1 6 h r s 2 0 h r s 2 4 h r s 

DO ( m g / L ) 

T e m p e r a t u r e 

( ° C ) 

D a t e 

I O p e r a t o r ' s N a m e 

X 

DATA S H E E T - 3 
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A p p e d i x 5 

L o c a t i o n D a t e 

MICROORGANISM F I E L D NUMBER * T Y P E - TOTAL 

GROUP 1 AMOEBAE \ 1 2 3 4 

A R a d i o s a 

E u g l u p h a L e w i s 

A m o e b a e J3PS 

GROUP 2 FLAGELLATES 

GROUP 3 F S C I L I A T E S 

P a r a m e c i u m 

GROUP 4 STALKED C I L I A T E C 

V o r t i c e l l a . 

GROUPS 5 R O T I F E R S 

GROUP 6 OTERS 
, " > . ' • ' '• 
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