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i m EFFKCTS OF DESIGN ANL OPERATING VARIABLES 

Jame s C. Lamb I I I 

INTRODUCTION 

The c ^ i v c I s of the <hangeover f r u t the use o f AbS to I A S compounds 

m d e t e r g e n t f o r m u l a t i o n s were s t u d i e d e x t e n s i v e l y b e f o r e , duj i n g , and r.«fter 

c o n v e r s i o n oy the d e t e r g e n t i n d u s t r y . The many i n v e s t i g a t i o n : ^ inc luded 

l a b o r a t o r y , p i l o t p l a n t , and f u l l - s c a l e f i e l d s t u d i e s o f a w i . c v a r i e t y >f 

b i o l o g i c a l t r e a t m e n t f a c i l i t i e s and i n d i c a t e c l e a r l y t h a t t he changeover to 

LAS was f o l l o w e d by v e r y s i g n i f i c a n t improvements i n r e m o v a l s o f methylene 

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

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

Many a u t h o r s have i v u l i c a t e d t h a t e f f i c enc o f Lr\ r e m o v a l i s r e l a t e d to 

o v e r a l l q u a l i t y o f t r e a t m e n t , and i t has been s u g g e s t e d t n a t i-. d i r e c t r e l a t i o n ­

s h i p f r e q u e n t l y may e x i s t i i v b i o l o g i c a l t r e a t m e n t between the degrees o f LAS 

and BOD r e m o v a l s . However, t h i s c o r r e l a t i o n a p p e a r s t o v a r y s i g n i f i c a n t l y 

among d i f f e r e n t b i o l o g i c a l t r e a t m e n t f a c i l i t i e s , some typ€»s p l a n t s i n h e r e n t l y 

g i v i n g more e f f i c i e n t LAS r e m o v a l s t h a n o t h e r s . 

The r e s u l t s o f f i e l d s a m p l i n g programs i n d i c a t e d t h a c t he d e g r e e s o f LAS 

rem o v a l a t t a i n e d i n d i f f e r e n t t r i c k l i n g f i l t e r p l a n t s may appear to be i n c o n ­

s i s t e n t a t t i m e s . F o r example, the h i g h - r a t e t i c k l i n g f i l t e r p l a n t i n C h a p e l 

H i l l , N o r t h C a r o l i n a , t y p i c a l l y g i v e s I A S r e m o v a l s o f about 4 0 % , w i t h BOD removal 

o f 75-80%. On the o t h e r hand, many o t h e r t r i c k l i n g f i l t e r i n s t a l l a t i o n s i n the 

U.S.A., and more e s p e c i a l l y i n E n g l a n d , c o n s i s t e n t l y produce much h i g h e r LAS 
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r e m o v a l s , n u m e r i c a l l y a p p r o x i m a t i n g the d e g r e e s o f BOD removal by th o s e same 

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

f r e q u e n t l y have shown h i g h e r LAS r e m o v a l s t h a n those o b s e r v e d i n the Ch. p e l 

H i l l p l - n t . 

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

c o u l d have r a d i c a l i n f l u e n c e on e f f i c i e n c i e s o f U\.3 r e m o v a l s i n t i i c k l i n g 

f i l t e r i n s t a l l a t i o n s . C o n t i n u e d i n t e r e s t o f the So^rp and D e t e r g e n t A s s o c i a t i o n 

i n i m p r o v i n g Lf\ r e m o v a l s i n w a s t e s t r e tment f n c i l l t ? : . e s l e d to e s t a b l i s n r a e n t 

o f t h i s p r o j e c t i n the hope t h a t i d e n t i f i c a t i o n and e v a l u a t i o n o f the k e y p r o ­

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

f i l t e r p l a n t s v/hich c o u l d improve e f f i c i e n c i e s o f the e f a c l l i t i e G . 

PURPOSE AND SCOPE OF XdE INVESIIGATIOH 

The o v e r a l l purpose o f t h i s p r o j e t was to p v a l u a t e the e f f e c t s o f s e v e r a l 

v a r i a b l e s on r e m o v a l e f f i c i e n c i e s o f LAS and BO ? by t r i c k l i n g f i l t e r s . More 

s p e c i f i c a l l y , tne v a r i a b l ^ ^ s i n v e s t i g a t e i I n c l u d e d : ( ) f r e q u e n c y of d o s i n g , 

( b ) r e c y c l e r a t i o , ( c ) BOD l o a d i n g , and ( d ) f i l t e r d epth. 

The e f f e c t o f e a c h v a r i a b l e was i n v e s t i g a t e d o v r i a wide r a n g e , u s i n g two 

r e l a t i v e l y l a r g e p i l o t p l a n t s c o n s t r u c t e d a t the Mason Farm Sewage T r e a t m e n t 

p l a n t o f the town o f C h a p e l H i l l . T h i s arrangement p r o v i d e d , i n e f f e c t , t h r e e 

u n i t s from w h i c h e x p e r i m e n t a l i n f o r m a t i o n c o u l d be o b t a I n e d - - t h e C h a p e l H i l l 

sewage t r e a c m e r t p l a n t i c s e l f , and the two p i l o c u n i t s d e s i g n e d to o p e r a t e on 

the same f l o w s h e e t w i t h the same i n f l u e n t . 

CH/>.?£L H I L L WASTEWATER T R E A W J T PL^.NT 

The C h a p e l H i l l , North C a r o l i n a , vvastewatc;: Tre.'tmenr f a c i l i t y i s ̂  

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

i s shown a c r o s s the top o f F i g u r e 1 . I n f l u e n t w a s t e w a t e r p a s s e s through 3 
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m e c h a n i c a l l y c l e a n e d s c r e e n f o r r e m o v a l o f l a r g e suspended m a t e r i a l s w h i c h 

c o u l d i n t e r f e r e w i t h p l a n t o p e r a t i o n . S u b s e q u e n t l y , s c r e e n e d sewage p a s s e s 

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

f i l t e r e f f l u e n t . 

D e s i g n p a r a m e t e r s f o r the p l a n t , summarized i n T a b l e 1 , a r e based on 1.50 

mgd o f u n t r e a t e d w a s t e w a t e r and a r e c y c l e r a t e o f 3.00 mgd. The 70 f o o t 

d i a m e t e r p r i m a r y c l a r i f i e r p r o v i d e s a d e t e n t i o n o f 1.8 h o u r s a t d e s i g n f l o w 

f o r mixed i n f l u e n t and r e c y c l e . The t r i c k l i n g f i l t e r i s 120 f e e t i n d i a m e t e r , 

w i t h a s t o n e depth o f 4.25 f e e t , p r o v i d i n g a l o a d i n g o f 53 l b s . o f BOD/day/1000 

c f and a h y d r a u l i c a p p l i c a t i o n r a t e o f 17.4 MGAD. E f f l u e n t from the t r i c k l i n g 

f i l t e r p a s s e s through a wet w e l l from w h i c h r e c y c l e i s w i t h d r a w n a t d e s i r e d 

r a t e s up t o 3.0 mgd. The p l a n t t h roughput p a s s e s to the f i n a l c l a r i f i e r , w h i c h 

i s 45 f t . i n d i a m e t e r and p r o v i d e s a d e t e n t i o n o f 1.9 h o u r s . The p l a n t a l s o 

i n c l u d e s a s i n g l e 50 f t . d i a m e t e r a n a e r o b i c d i g e s t e r , equipped w i t h f l o a t i n g 

c o v e r and h e a t e x c h a n g e r . Sludge d r y i n g i s by open sand beds. 

The f a c i l i t y r e c e i v e s w a s t e w a t e r from the Town o f C h a p e l H i l l . T h i s i s 

p r e d o m i n a n t l y d o m e s t i c sewage, w i t h no i n d u s t r i a l type o f c o n t r i b u t i o n e x c e p t 

f o r a h o s p i t a l and l a b o r a t o r i e s c o n n e c t e d w i t h the U n i v e r s i t y . O p e r a t i o n o f the 

t r e a t m e n t p l a n t r o u t i n e l y was performed on a p a r t - t i m e b a s i s by p e r s o n n e l i n the 

P u b l i c Works department o f the Town. 

DESIGN AND OPERATION OF PILOT UNITS 

A f t e r c a r e f u l a n a l y s e s o f a l t e r n a t i v e s i t was d e c i d e d t h a t the most d e s i r a b l e 

a pproach f o r t h i s i n v e s t i g a t i o n would be t o b u i l d and o p e r a t e two r e l a t i v e l y 

l a r g e p i l o t p l a n t s , g e n e r a l l y s i m i l a r to the f u l l - s c a l e C h a p e l H i l l f a c i l i t y . 

H i e s e s h o u l d be o f s u f f i c i e n t s i z e and o p e r a t e d i n a f a s h i o n t o i n s u r e performance 

e q u i v a l e n t t o the f u l l - s c a l e u n i t , r e q u i r i n g t h a t t h e y be c o n s t r u c t e d a t the 

sewage t r e a t m e n t p l a n t . 



TABLE 1 

DESIGN PARAMETERS FOR CHAPEL H I L L 

WASTEWATER TREATMENT PLANT 

Average D e s i g n F l o w , mgd 1.50 
R e c y c l e , mgd 3.00 
P r i m a r y C l a r i f i e r : 

D i a m e t e r , f e e t 70 
Water Depth, f e e t 12 
O v e r f l o w R a t e , g a l s / f t /day 1180 
D e t e n t i o n , Hours 1.8 

T r i c k l i n g F i l t e r : 
D i a m e t e r , f e e t 120 
Stone Depth, f e e t 4.25 
*BOD Lo a d , l b s / d a y 2550 
>VBOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . 53 
H y d r a u l i c L o a d i n g , MCAD 17.4 

F i n a l C l a r i f i e r s : 
D i a m e t e r , f e e t 45 
Water Depth, f e e t 10 
O v e r f l o w R a t e , g a l s / f t /day 960 
D e t e n t i o n , Hours 1.9 

* N e g l e c t i n g r e m o v a l i n p r i m a r y s e t t l i n g . 
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The p i l o t u n i t s were d e s i g n e d t o p r o v i d e maximum e x p e r i m e n t a l f l e x i b i l i t y , 

u s i n g a b a s i c f l o w s h e e t i d e n t i c a l w i t h t h a t f o r the C h a p e l H i l l p l a n t , a s 

shown i n F i g u r e 1 . A c e n t r i f u g a l pump c o n t i n u o u s l y c i r c u l a t e d s c r e e n e d but 

u n s e t t l e d sewage from the i n f l u e n t o f Morgan C r e e k sewage t r e a t m e n t p l a n t to 

the s i t e o f the p i l o t f a c i l i t y and b a c k to the s c r e e n chamber. The f l o w i n t h i s 

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

v e l o c i t y and s h o r t d e t e n t i o n time i n the p i p e l i n e . A p o r t i o n o f t h e f l o w (5-10 

gpm) was a l l o w e d to p a s s i n t o a 5 0 - g a l l o n t a n k , l o c a t e d i n a b u i l d i n g a d j a c e n t 

to the p i l o t f a c i l i t y , and sewage i n e x c e s s o f t h a t r e q u i r e d by the two p i l o t 

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

The drum was c o n t i n u o u s l y mixed to p r e v e n t s e t t l i n g o f s o l i d s and i n f l u e n t 

sewage to the p i l o t u n i t s was w i t h d r a w n through a s c r e e n w i t h openings o f 1/8 

i n c h to p r e v e n t c l o g g i n g o f s m a l l pumps and p i p e l i n e s . T h i s s c r e e n had no 

s i g n i f i c a n t e f f e c t on LAS, BOD, or suspended s o l i d s c o n t e n t o f w a s t e s a p p l i e d 

to the p i l o t u n i t s . 

E a c h p i l o t p l a n t r e p r e s e n t e d a s c a l e o f 0 . 1 1 % o f the f u l l C h a p e l H i l l 

p l a n t and d e s i g n i n f l u e n t f l o w was a p p r o x i m a t e l y 1.2 gpm. O t h e r d e s i g n c r i t e r i a 

a r e shown i n T a b l e 2. A l l f l o w s were c o n t r o l l e d through use o f v a r i a b l e speed 

pumps, w i t h D.C. motors r e g u l a t e d by s i l i c o n c o n t r o l l e d r e c t i f i e r s . P i l o t p l a n t 

i n f l u e n t was d i s c h a r g e d i n t o the i n l e t o f the p r i m a r y c l a r i f i e r and d a i l y measure­

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

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

The p r i m a r y s e t t l i n g t a n k p r o v i d e d the same d e t e n t i o n time a t d e s i g n f l o w 

a s i n the C h a p e l H i l l p l a n t . To a v o i d g e o m e t r i c d i s t o r t i o n o f the u n i t , i t s 

depth was r e d u c e d to 5 f e e t 6 i n c h e s from the 12 f o o t w a t e r depth o f the 

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

r a t e s u b s t a n t i a l l y l o w e r t h a n t h a t f o r the C h a p e l H i l l p l a n t . The 

raw sewage and e f f l u e n t from th e t r i c k l i n g f i l t e r w ere mixed j u s t 
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TABLE 2 

DESIGN PARAMETERS FOR PILOT PLANTS 

V o l u m e t r i c S c a l e F a c t o r : P i l o t / C h a p e l H i l l 0 . 1 1 % 
D e s i g n F l o w , gpm 1.16 
R e c y c l e , gpm 2.32 
P r i m a r y C l a r i f i e r : 

D i a m e t e r , f e e t 3.75 
Water Depth, f e e t 5.5 
Volume, g a l l o n s ^ 385 
O v e r f l o w R a t e , g a l s / f t /day 460 
D e t e n t i o n , Hours 1.8 

T r i c k l i n g F i l t e r : 
D i a m e t e r , f e e t 4.0 
Stone Depth, f e e t 4.25 
*BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . 53 
H y d r a u l i c L o a d i n g , MCAD 17.4 

F i n a l C l a r i f i e r : 
D i a m e t e r , f e e t 2.25 
Water Depth, f e e t 5.3 
Volume, g a l l o n s ^ 132 
O v e r f l o w R a t e , g a l s / f t " / d a y 420 
De te 111 i o n , Hour s 1.9 

* N e g l e c t i n g r e m o v a l i n p r i m a r y s e t t l i n g . 
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p r i o r to e n t e r i n g the c l a r i f i e r , a s i n the f u l l - s c a l e p l a n t . 

The p l a n t throughput was c o n t r o l l e d by a l l o w i n g e f f l u e n t from t h e t r i c k ­

l i n g f i l t e r t o o v e r f l o w i n t o the i n l e t o t the f i n a l s e t t l i n g t a n k . T h i s b a s i n 

a l s o was d e s i g n e d on the b a s i s o f p r o v i d i n g the same d e t e n t i o n t i m e , b u t 

an o v e r f l o w r a t e s u b s t a n t i a l l y l o w e r t h a n t h a t o f the C h a p e l H i l l p l a n t , because 

o f s h a l l o w e r depth. A l l s e t t l i n g t a n k s were equipped w i t h s l u d g e d r a w o f f l i n e s 

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

S e t t l e d e f f l u e n t from the p r i m a r y t a n k , i n c l u d i n g both sewage and r e c y c l e , 

was pumped to the t r i c k l i n g f i l t e r . Because one o f the v a r i a b l e s to be i n v e s ­

t i g a t e d was f r e q u e n c y o f l i q u i d a p p l i c a t i o n , a n a u t o m a t i c , h y d r a u l i c a l l y - a c t u a t e d , 

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

onto the f i l t e r . Upon dumping, the i n f l u e n t p a s s e d r a p i d l y down through a 

f u n n e l and f l o w s p l i t t i n g d e v i c e to a m o t o r i z e d r o t a r y d i s t r i b u t o r . The l a t t e r 

o p e r a t e d a t 30 rpm and was c a r e f u l l y d e s i g n e d to d i s t r i b u t e i n f l u e n t f l o w u n i ­

f o r m l y o v e r the s t o n e i n p r o p o r t i o n to s u r f a c e a r e a s e r v e d by each segment o f the 

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

the dumping u n i t o v e r s u r f a c e o f the f i l t e r was about t h r e e seconds. 

The f i l t e r s were d e s i g n e d to o p e r a t e under c o n d i t i o n s s i m u l a t i n g , a s c l o s e l y 

a s p o s s i b l e , a t y p i c a l s e c t i o n o r " c o r e " o t the C h a p e l H i l l f i l t e r . A d i a m e t e r 

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

a b l y s a f e f o r m i n i m i z i n g w a l l e f f e c t s . C o n v e n t i o n a i f i l t e r u n d e r d r a i n s were u s e d , 

a s m a n u f a c t u r e d by Pomona P i p e P r o d u c t s Company, i d e n t i c a l w i t h those used i n 

the f u l l - s c a l e p l a n t . • F i l t e r e f f l u e n t f l o w e d i n t o an open c h a n n e l l e a d i n g to 

the i n f l u e n t o f t h e p r i m a r y c l a r i f i e r and e f f l u e n t i n e x c e s s o f t h a t needed 

f o r r e c y c l e to the f i l t e r o v e r f l o w e d by g r a v i t y to the f i n a l t a n k . 

I n n e r and o u t e r w a l l s o f the f i l t e r c o n s i s t e d o f two v e r t i c a l c o n c e n t r i c 

s e c t i o n s o f Armco c o r r u g a t e d s t e e l p i p e , s i x f e e t l o n g and 48 and 54 i n c h e s i n 

d i a m e t e r , r e s p e c t i v e l y . The a n n u l a r space between t h e s e s e c t i o n s o f p i p e was 
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f i l l e d w i t h r o c k wool i n s u l a t i o n to reduce h e a t l o s s e s d u r i n g c o l d - w e a t h e r 

o p e r a t i o n . Stone p l a c e d i n the f i l t e r was s e l e c t e d to meet s p e c i f i c a t i o n s o f 

the N.C. Stream P o l l u t i o n C o n t r o l a u t h o r i t i e s , r e q u i r i n g t h a t i t be r e t a i n e d 

on a two-inch s q u a r e s c r e e n and pas s a 3k i n c h s q u a r e s c r e e n , w i t h l e s s t h a n 

4 5 % p a s s i n g a 2h i n c h s c r e e n . Stone r e c e i v e d a t the s i t e was m a n u a l l y p a s s e d 

o v e r a two i n c h mesh to i n s u r e e x c l u s i o n o f p a r t i c l e s s m a l l e r than the a l l o w ­

a b l e minimum. S u b s e q u e n t l y , i t was h a n d - p l a c e d i n the f i l t e r s to a depth o f 

4.25 f e e t , w h i c h i s the same a s t h a t o f the Ch a p e l H i l l f i l t e r s . D e s i g n o f 

the p i l o t f i l t e r s p e r m i t t e d f u t u r e i n c r e a s e s i n depth w i t h minimum d i f f i c u l t y . 

B ecause i t was d e s i r e d to o b t a i n d a t a on a y e a r round b a s i s , a l l u n i t s 

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

i o u s l y . The s e t t l i n g t a n k s , pumps, f l o w c o n t r o l equipment, and s a m p l i n g e q u i p ­

ment a l l were i n s t a l l e d i n a b u i l d i n g c o n s t r u c t e d f o r the purpose and e l e c t r i c 

h e a t e r s made i t p o s s i b l e to m a i n t a i n l i q u i d t e m p e r a t u r e s o f a t l e a s t 12^ C a t 

a l l t i m e s , e x c e p t d u r i n g one o r two u n u s u a l l y c o l d s p e l l s . 

Samples were t a k e n a u t o m a t i c a l l y a t h o u r l y i n t e r v a l s and composited i n t o 

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

i n f l u e n t . C h a p e l H i l l p l a n t e f f l u e n t , and e f f l u e n t from each o f the two p i l o t 

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

o f each sample. Based on p a s t e x p e r i e n c e , i t was not deemed w o r t h w h i l e to 

a n a l y z e samples on a d a i l y b a s i s ; b u t w e e k l y c o m p o s i t e s would have r e q u i r e d 

much too l o n g on each f l o w p a t t e r n b e f o r e c o l l e c t i o n o f enough d a t a to p e r m i t 

r e a l i s t i c c o n c l u s i o n s . A c c o r d i n g l y , the d a i l y r e f r i g e r a t e d samples were com­

p o s i t e d b e f o r e a n a l y s e s to p r o v i d e one o f each type o f sample c o v e r i n g Monday 

and T u e s d a y , one c o v e r i n g Wednesday and T h u r s d a y , and one c o v e r i n g F r i d a y , S a t u r ­

day, and Sunday. 
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CORRELATION BETWEEN THE DIFFERENT PLANTS 

C o n s t r u c t i o n o f the p i l o t f a c i l i t i e s was i n i t i a t e d i n J u n e , 1966, and 

completed i n September, Sewage and r e c y c l e f l o w s were a p p l i e d b e g i n n i n g about 

September 15 and c o n t i n u e d f o r a p p r o x i m a t e l y f i v e weeks t h e r e a f t e r b e f o r e samples 

were c o l l e c t e d f o r a n a l y s e s . T h i s p e r i o d o f p r e i i m i n a r y o p e r a t i o n was c o n s i d e r e d 

the mill3.mum n e c e s s a r y to a l l o w e s t a b l i s h m e n t o f b i o l o g i c a l growth. A l s o d u r i n g 

t h a t t i m e , c e r t a i n p l a n t s m o d i f i c a t i o n s were made to i n s u r e a r e l i a b l e , t r o u b l e -

f r e e i n s t a 1 l a t i o n . 

The f i r s t t e s r p e r i o d c o n s i s t e d of s e v e r a l weeks of o p e r a t i o n i n p a r a l l e l 

w i t h the C h a p e l H i l l f a c i l i t y to d e t e r m i n e w h e t h e r performance o f the p i l o t u n i t s 

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

samples were a n a l y z e d f o r methylene b l u e a c t i v e s u b s t a n c e s (MBAS), f i v e - d a y BOD, 

and suspended s o l i d s , i n a c c o r d a n c e w i t h p r o c e d u r e s p e c i f i e d i n S t a n d a r d Methods 

f o r the E x a m i n a t i o n o f Water and Wastev/ater ( 1 2 t h E d i t i o n ) . 

T a b l e 3 summarizes the o p e r a t i n g o i ca f o r c l l t'-ree p l a n t s from November 14 

to December 13. The p e i .od from October 2:'- to November 13 was e l i m i n a t e d from 

the a v e r a g e s because o f o c c a f : i o n a l minor o p e r a t i n g d i f f i c u l t i e s . U n f o r t u n a t e l y , 

the C h a pel H i l l p l a n t was i n c a p a b l e o f m a i n t a i n i n g a r e c y c l e r a t i o o f 2.0 d u r i n g 

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

i n g l y , i t i s not f e a s i b l e to compare d i r e c t l y r e s u l t s from the p i l o t p l a n t s and 

the C h a p e l H i l l p l a n t and no f i r m c o n c l u s i o n s can be r e a c h e d c o n c e r n i n g t h e i r 

c o r r e l a t i o n . On the o t h e r hc:nd, the d i f f e r e n c e i n performance appear to be 

e n t i r e l y r e a s o n a b l e , when c o n s i d e r e d i n the l i g h t o f lower r e c y c l e r a t i o and tem­

p e r a t u r e i n the C h a p e l H i l l p l a n t . F u r t h e r , the l e v e l o f MBAS removal by the 

p i l o t p l a n t s i s w e l l v«7ichln the r ingo f r e q u e n t l y observed f o r :he Chape .. Hi i I 

plan:: a t h i g h e r t e m p e r a t u r e s and r e c y c l e , when bOD remove:..s had been comparable 
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TABLE 3 

SUMMARY OF DATA - PERIOD NO. 1 

PERFORMANCE OF PILOT PLANTS I N PARALLEL OPERATION 

OCTOBER 23 - DECEMBER 13, 1966* 

P a r a m e t e r P i l o t Pl«nt P . l o t P l a n t C h a p e l H i l l 
No. 1 No. 2 P l a n t 

I n f l u e n t MBAS, mg/I 5.0 5.0 5.0 
E f f l u e n t MBAS, mg/1 2.8 2.7 3.3 
MBAS Removal. % 44 46 34 

I n f l u e n t BOD, mg/1 157 157 157 
E f f l u e n t BOD, mg/1 31 26 47 
BOD Removal, % 80 83 70 

I n f l u e n t S.S., mg/1 175 175 175 
E f f l u e n t S.S., mg/1 38 23 66 
S.S. Removal, % 78 87 64 

I n f l u e n t Temp. °C 20 20 20 
E f f l u e n t Temp. °C 16 16 13 

I n f l u e n t F l o w , gpm 1.19 1.20 1230 
R e c y c l e , gpm 2.35 2.36 1110 
R e c y c l e R a t i o 1.97 1.98 J.89 

BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . 42 4^ 4S 
H y d r a u l i c L o a d i n g , MGAD 17.7 17.8 13.1 

D o s i n g F r e q u e n c y , Sec. '5 15 22 

P r i m a r y D e t e n t i o n , H r s . 1 . 2 1.79 2.45 
P r i m a r y O v e r f l o w , G a l s / f t /day 460 470 880 

F i n a l D e t e n t i o n , H r s . 1.85 1.83 1.59 
F i n a l O v e r f l o w , G a l s / f t ^ / d a y '30 440 1130 

* R e s u l t s based on d a t a c o l l e c t e d Nov. 14 - Dec. 13 
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w i t h t hose o b s e r v e d i n the p i l o t u n i t s d u r i n g t h i s p e r i o d (summarized i n 

F i g u r e s 2 and 3, pages 36 and 3 8 ) . 

Data from the two p i l o t p l a n t s i n d i c a t e s u b s t a n t i a l agreement w i t h e a c h 

o t h e r i n MBAS and BOD r e m o v a l s . A l t h o u g h the performance o f p i l o t p l a n t No.2 

app e a r s t o be s l i g h t l y b e t t e r t h a n t h a t o f No. 1 , the margin o f d i f f e r e n c e i s 

too s m a l l to be c o n s i d e r e d s i g n i f i c a n t i n v i e w o f v a r i a b i l i t y n o r m a l l y e x p e c t e d 

i n s uch s y s t e m s . 

T a b l e 4 s u m m a r i z e s . a d d i t i o n a l d a t a o b t a i n e d d u r i n g a n o t h e r p e r i o d o f 

p a r a l l e l o p e r a t i o n o f the p i l o t p l a n t s about a y e a r l a t e r , b u t a t h i g h e r oper­

a t i n g t e m p e r a t u r e s . These d a t a a l s o r e v e a l comparable performance o f two p l a n t s 

when o p e r a t e d under i d e n t i c a l c o n d i t i o n s . Improved BOD and MBAS r e m o v a l s i n 

T a b l e 4 c a n be a t t r i b u t e d to h i g h e r o p e r a t i n g t e m p e r a t u r e s . 

The d a t a i n T a b l e s 3 and 4, and o t h e r s to be p r e s e n t e d s u b s e q u e n t l y , i n d i ­

c a t e c l e a r l y t h a t the two p i l o t p l a n t s produced e q u i v a l e n t performance when 

o p e r a t e d under comparable c o n d i t i o n s . 

EFFECT OF DOSING FREQUENCY 

I t h a s been noted t h a t LAS r e m o v a l s by the C h a p e l H i l l sew^ige t r e a t m e n t 

p l a n t a r e s u b s t a n t i a l l y l o w e r t h a n some w h i c h have been d e s c r i b e d i n the l i t e r a ­

t u r e f o r p i l o t i n v e s t i g a t i o n s . One o b v i o u s d i f f e r e n c e between p i l o t and f u l l -

s c a l e t r i c k l i n g f i l t e r s i s t h a t w a l l e f f e c t s i n a s m a l l u n i t may be s u b s t a n t i a l . 

A d e t r i m e n t a l e f f e c t c o u l d be e n c o u n t e r e d because o f s h o r t c i r c u i t i n g a l o n g the 

w a l l , o r a b e n e f i c i a l one because o f the a d d i t i o n a l a r e a a v a i l a b l e f o r acc u m u l a ­

t i o n o f b i o l o g i c a l g r o w t h . I n t h e s e i n v e s t i g a t i o n s , w a l l e f f e c t s were m i n i m i z e d 

by u s i n g l a r g e - 4 f o o t d i a m e t e r - f i l t e r s . 

A n o t h e r o b v i o u s d i f f e r e n c e i s the method o f d o s i n g . I n a f u l l - s c a l e t r i c k l i n g 

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

a s the d i s t r i b u t o r arms pass o v e r i t . I n the C h a p e l H i l l p l a n t the i n t e r v a l 

between a p p l i c a t i o n s may v a r y from about 15 s e c o n d s , a t a r e c y c l e r a t i o o f 2.0, 
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TABLE 4 

SUMMARY OF DATA - PERIOD NO. 6 

PLANTS I N PARALLEL OPERATION 

SEPTEMBER 1 - OCTOBER 25, 1967* 

P a r a m e t e r PILOT I'LAK-. MO. f I L O T PLANi NO. 2 

I n f l u e n t MBAS, mg/1 3.9 3.9 
E f f l u e n t MI^AS, mg/1 1.5 1.6 
MBAS Removal, \ 61 59 

I n f l u e n t BOD, mg/1 218 218 
E f f l u e n t 301), mg/1 24 23 
BOU Removal, X 89 89 

I n f l u e n t S.S. , mg/1 243 243 
E f f l u e n t S.S., mg/1 46 4 1 
S.S. Removal, % o l 83 

I n f l u e n t Temp, '""c 25 25 
E f f l u e n t Temp. '̂ C 21 21 

I n f l u e n t F l o w , gpm i . I / 1.21 
R e c y c l e , gpm 2.46 2.46 
R e c y c l e R a t i o 2.0 2.0 

BOD L o a d i n g , l b s / d a y / 1 0 0 0 ; . f . * * 6 a 60 
H y d r a u l i c L o a d i n g , MCAD i • - 14 

P r i m a r y D e t e n t i o n , H r n . i.7o 1.74 
P r i m a r y O v e r f l o ' / , G a l a / f t l / d a y 4. 4fcr 

F i n a l D e t e n t i o n , H r s . ^ \.'.^': 1.80 
F i n a l O v e r f l o w , G a l s / f t ' ^ / d a y 44 • 440 

^ R e s u l t s based on d a t a c o i l e c c e d bc pe.e,): ̂ .x 7a - O - X L O I ) ' : : ; 25 
^ * N e g l e c t i n g r e m o v a l i n p r i m a r y s e L L l d ng 
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to o v e r 40 seconds w i t h no r e c y c l e . T h u s , i n s p i t e o f c o n t i n u o u s f l o w to the 

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

f l o w w i t h i n 1-2 s e c o n d s , or l e s s , a t a f r e q u e n c y o f 15-40 s e c o n d s . T h i s c o u l d 

r e s u l t i n a f l o w p a t t e r n down through the bed s i g n i f i c a n t l y d i f f e r e n t f f o i x 

t h a t i n most s m a l l p i l o t u n i t s , where the a p p l i c a t i o n u s u a l l y i s i n s m a l l e r 

i n c r e m e n t s a t more f r e q u e n t i n t e r v a l s . 

T h i s c o n s i d e r a t i o n l e d to development o f a h y p o t h e s i s t h a t the removal ot 

LAS by a f i l t e r c o u l d be s i g n i f i c a n t l y a f f e c t e d by the d o s i n g p a t t e r n . Because 

t h i s v a r i a b l e would be p r e s e n t i n a l l o f the s t u d i e s , and c o u l d be v e r y d i f f i ­

c u l t to c o n t r o l , i t was s e l e c t e d a s the f i r s t f o r i n v e s t i g a t i o n . The h y d r a u l ­

i c a l l y - a c t u a t e d dumping d e v i c e on p i l o t p l a n t No. 2 was i n a c t i v a t e d , a l l o w i n g 

the f l o w to pass c o n t i n u o u s l y through the d i s t r i b u t o r . W ith a d i s t r i b u t o r speed 

o f 39 rpm, t h i s gave an a c t u a l d o s i n g i n t e r v a l o f two seconds on any s p e c i f i c 

a r e a o f s t o n e . The dumping u n i t on plant: No. 1 was a d j u s t e d f o r a c o n v e n i e n t , 

r e l a t i v e l y l o n g p e r i o d - - i n t h i s i n s t a n c e about 25 seconds. 

The two p i l o t p l a n t s were o p e r a t e d i n t h i s f a s h i o n a p p r o x i m a t e l y a t d e s i g n 

f l o w , a s shown i n T a b l e 5, from December 14 through F e b r u a r y 2.1, 1967. From 

F e b r u a r y 22 through March 19 t h e y were r e v e r s e d i n f u n c t i o n , No. 1 b e i n g dosed 

c o n t i n u o u s l y w h i l e No. 2 r e c e i v e d i n t e r m i t t e n t a p p l i c a t i o n o f i n f l u e n t a s shown 

i n T a b l e 6. T h i s was done t o i n s u r e t h a t r e s u l t s o b t a i n e d d u r i n g the f i r s t t e s t 

p e r i o d were not a r t i f a c t s o f the two s y s t e m s , b u t t r u l y r e p r e s e n t e d the e f f e c t 

o f d o s i n g f r e q u e n c y . The r e l a t i v e l y l o n g i n v e s t i g a t i o n , a p p r o x i m a t e l y t h r e e 

months, was adopted to i n s u r e t h a t the p i l o t p l a n t s had s t a b i l i z e d i n p e r f o r m a n c e . 

R e s u l t s f o r the two p e r i o d s a r e summarized i n d i v i d u a l l y i n T a b l e s 5 and 6. T a b l e 

7 summarizes a l l o f the d a t a f o r both e x p e r i m e n t a l p e r i o d s , from December 14 

through March 19. 

T a b l e 5 i n d i c a t e s s l i g h t l y b e t t e r performance o f the u n i t r e c e i v i n g c o n t i n ­

uous a p p l i c a t i o n o f sewage and r e c y c l e , but t h i s o b s e r v a t i o n i s n u l l i f i e d i n 
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XABLh; 5 

SUMHw?Y OF DATA ~ PERIOD KO. 2 

EFFECT OF DOSIEG FREQU^ : N C Y ON PLAN;- PEKFOIlMi^ a;.< •'"!? 

L )F ( EMBER 14, 1966 -• F E B R U A R Y 2 1 , I d o ' J ^ 

F a r a rue ::er P I L O T PL/.NT DO. 1 PILOT PL'.NT KO. 2 

I n f l u e n t MBAS, rng/i 4.6 4.6 
E f f l u e n t MBAS, mg/1 . < : 2.6 
MBAS Reraovai, % 39 42 

I n f l u e n t BOD, mg/1 129 129 
E f f l u e n t BOD, mg/1 33 28 
BOD Removal, % 7'i 7S 

I n f l u e n t S.S., mg/1 166 166 
E f f l u e n t S.S., mg/1 31 28 
S.S. Removal, % 81 83 

I n f l u e n t Temp. 16 16 
E f f l u e n t Temp. 16 16 

I n f l u e n t F l o w , gpm 1.17 l . l K 
R e c y c l e , gpm 2.40 2.39 
R e c y c l e R a t i o 2.05 2.03 

BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . 34 34 
H y d r a u l i c L o a d i n g , MGAD 17.9 17.9 

Dosing F r e q u e n c y , S e c . 27 Continuou.s 

P r i ma r y De t e n t i on, Hr s . ^ 1.80 1.80 
P r i m a r y O v e r f l o w , G a l s / f t /day 470 470 

F i n a l D e t e n t i o n , K r s . 1.88 1.87 
F i n a l O v e r f l o w , G a l s / f t / ' / d a y 430 430 

•'•Tesults ba;;ed on a l l d a t a , except Jar.. 13-22 
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TABLE 6 

SUMMARY OF DATA - PERIOD NO. 3 

ADDITIONf'vL STUDIES OF EFFECT OF DOSIHG FRF lOUENCY 

FEBRUARY 22 - MARUi 19, 11.. /* 

Pa r a m e t e r P I L O T ^'L d i NO, 1 F l L C l PL7NT NO. 2 

I n f l u e n t MBAS, mg/1 3.1 5.1 
E f f l u e n t MBAS, mg/1 2.9 2.7 
MMS R o i n o v i l , % 43 47 

I n f l u e n t BOD, mg/l 177 177 
E f f l u e n t BOD, nig/1 40 33 
BOD Removal, % 77 8 1 

I n f l u e n t S.S., mg/1 180 180 
E f f l u e n t S.S., mg/I 29 27 
S.S. Removal, 7. 84 85 

I n f l x i e n t Temp. '̂ C 17 1 / 
E f f l u e n t T?mp. '̂"C l o 

I n f l u e n t F l o w , gpm 1.18 1.1 
Rec y - . l c , ;;pin .3'.. .3: 
R e c y c l e ;io 2,02 2.00 

BOD L o a d i n g , lb«/i • y / l 2 c J c f . 47 47 
H y d r a i t l l c Loadin,:',, MGAD ! . . . 1.7.9 

D o s i n g F r e q u e n c y , Sec. Conti n u o u s 22 

P r i m a r y D e t e n t i o n , R r s . 1.80 l.oO 
P r i m a r y O v e r f l o w , G ' I s / i t ^ / d a y 470 47'> 

F i n a l D e t e n t i o n , H r s . 1.86 1.85 
F i n a l O v e r f l o w , G a l s / f t ^ / d a y 430 430 

* R e s u i t s based on d a t a c l l e c t e d h a r . 3-19 
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T a b l e 6 w h i c h shows the o p p o s i t e . I t a p p e a r s t h a t the v a r i a t i o n s i n performance 

may be r e l a t e d more to i n h e r e n t d i f f e r e n c e between the two p l a n t s t h a n t o f r e ­

quency o f d o s i n g . I n a l l i n s t a n c e s , the MBAS rem o v a l was w e l l w i t h i n the range 

commonly obse r v e d i n the f u l l - s c a l e p l a n t when BOD re m o v a l s i n t h a t f a c i l i t y 

were comparable w i t h those i n T a b l e s 5 and 6. 

T a b l e 7 was p r e p a r e d by a v e r a g i n g a l l d a t a f o r both e x p e r i m e n t a l p e r i o d s 

to p e r m i t o v e r a l l e v a l u a t i o n o f the e f f e c t o f d o s i n g f r e q u e n c y . The f i r s t 

column i n T a b l e 7 was d e r i v e d by a v e r a g i n g a l l r e s u l t s f o r p l a n t No. 2 i n 

T a b l e 5 and p l a n t No. 1 i n T a b l e 6. 

i t i s c o n c l u d e d t h a t the re m o v a l s o f MBAS, BOD, and suspended s o l i d s were 

not i n f l u e n c e d s i g n i f i c a n t l y by d o s i n g f r e q u e n c y w i t h i n the range i n v e s t i g a t e d . 

Of c o u r s e , i t would be r e a s o n a b l e t o e x p e c t t h a t e x t e n s i o n o f d o s i n g f r e q u e n c y 

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

t i v e l y r e c e n t s t u d i e s i n E n g l a n d . However, the range o f d o s i n g f r e q u e n c y 

i n v e s t i g a t e d h e r e c o v e r s t h a t w h i c h would be e x p e r i e n c e d i n the C h a p e l H i l l 

p l a n t , i n most o f t h i s p i l o t p l a n t work, and p r o b a b l y i n most f u l l - s c a l e r o t a r y 

d i s t r i b u t o r t r i c k l i n g f i l t e r s . H i u s , f o r the purpose o f t h e s e s t u d i e s , i t may 

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

between I A S r e m o v a l s o b s e r v e d i n the C h a p e l H i l l p l a n t and h i g h e r r e m o v a l s 

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

EFFECT OF RECIRCULATION 

The n e x t v a r i a b l e s e l e c t e d f o r i n v e s t i g a t i o n was r e c i r c u l a t i o n . Based on 

o b s e r v a t i o n s by o t h e r s c o n c e r n i n g e f f e c t s o f v a r i a b l e s on r e m o v a l s o f BOD and 

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

r a t i o . 

On A p r i l 14, 1967, the r e c y c l e i n P l a n t 1 was i n c r e a s e d to a r a t i o o f 

3.75:1 and r e c y c l e was e l i m i n a t e d e n t i r e l y i n P l a n t 2 by d e l i v e r i n g sewage i n 
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TABLE 7 

EFFECT OF DOSING FREQUENCY ON PLANT PERFORMANCE 

SUMMARY OF ALL DATA, PERIODS 2 AND 3 

Pa r a m e t e r C o n t i n u o u s D o s i n g I n t e r m i t t e n t D o s i n g 

I n f l u e n t MBAS, mg/1 4.7 4.7 
E f f l u e n t MBAS, mg/1 2.7 2.8 
MBAS Removal, % 42 40 

I n f l u e n t BOD, mg/1 138 138 
E f f l u e n t BOD, mg/1 30 33 
BOD Removal, % 78 76 

I n f l u e n t S.S., mg/1 169 169 
E f f l u e n t S.S., mg/1 28 30 
S.S. Removal, % 83 82 

E f f l u e n t Temp. °C 16 16 
R e c y c l e R a t i o 2.03 2.04 
BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . 37 37 
H y d r a u l i c L o a d i n g , MGAD 17.9 17.9 
Dosing F r e q u e n c y , S e c . C o n t i n u o u s 26 

- 1 8 -



e x c e s s to t h e p r i m a r y c l a r i f i e r and pumping s e t t l e d sewage to the t r i c k l i n g 

f i l t e r a t a f l o w e q u a l t o the r a t e o f a p p l i c a t i o n o f raw sewage to P l a n t 1 . 

E f f l u e n t from t r i c k l i n g f i l t e r No. 2 was d i v e r t e d d i r e c t l y t o the f i n a l s e t t l i n g 

t a n k . T h u s , P l a n t No. 2 o p e r a t e d on a once-through p a t t e r n , s i m i l a r t o a low-

r a t e t r i c k l i n g f i l t e r a t BOD and MBAS l o a d i n g s e q u i v a l e n t t o P l a n t 1 . 

T a b l e 8 summarizes d a t a o b t a i n e d under t h i s o p e r a t i n g mode from A p r i l 14 

through May 23. BOD and suspended s o l i d s r e m o v a l s responded t o d i f f e r e n c e s i n 

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

i n c r e a s e i n r e c i r c u l a t i o n from z e r o to 3.75:1 i n c r e a s e d BOD re m o v a l from 8 0 % to 

89%, a c o r r e s p o n d i n g r e s p o n s e was n o t o b s e r v e d i n MBAS r e m o v a l w h i c h r e m a i n e d 

7 2 % f o r both p l a n t s i n s p i t e o f the r a d i c a l d i f f e r e n c e i n r e c y c l e r a t i o . I n ­

s p e c t i o n o f d a t a and o p e r a t i n g l o g s r e v e a l e d no c l e a r r e a s o n f o r t h i s phenomenon, 

and i t was d e c i d e d t o r e v e r s e the two p l a n t s to e x p l o r e t he p o s s i b i l i t y o f oper­

a t i o n a l a r t i f a c t s i n the two s y s t e m s . A c c o r d i n g l y , P l a n t No. 2 was c o n v e r t e d 

t o a r e c y c l e r a t i o o f 3.68:1 and r e c y c l e was e l i m i n a t e d on P l a n t 1 , w i t h r a t e 

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

T a b l e 9 summarizes the r e s u l t s o b t a i n e d from J u n e 14 through A u g u s t 3 1 , 1967 

and shows c l e a r l y a f a v o r a b l e e f f e c t o f h i g h e r r e c y c l e on MBAS, BOD, and s u s ­

pended s o l i d s r e m o v a l s . A s u b s t a n t i a l s p r e a d i s ob s e r v e d i n MBAS r e m o v a l s f o r 

the two p l a n t s , w i t h a s p r e a d i n BOD r e m o v a l s g r e a t e r t h a n t h a t i n T a b l e 8. Compari­

son o f d a t a i n T a b l e s 8 and 9 ap p e a r e d to be c o n s i s t e n t w i t h t he p o s s i b l e h y p o t h e s i s 

t h a t P l a n t No. 2 c o u l d be i n h e r e n t l y more e f f i c i e n t t h a n P l a n t No. 1 f o r MBAS 

r e m o v a l , c a u s i n g e q u a l p e r f o r m a n c e s i n T a b l e 8 and w i d e l y s p r e a d p e r f o r m a n c e s i n 

T a b l e 9. A l t h o u g h t h i s h y p o t h e s i s was i n c o n s i s t e n t w i t h e a r l i e r o b s e r v a t i o n s , i t 

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

a g a i n t h e i r e q u i v a l e n c e i n pe r f o r m a n c e . 
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TABLE 8 

SUMMARY OF DATA - PERIOD NO. 4 

EFFECT OF RECIRCULATION ON PLANT PERFORMANCE 

A P R I L 14 - MAY 2 3 , 1967* 

P a r a m e t e r P I L O T PLANT NO. 1 PIL O T PLANT NO. 2 

I n f l u e n t MBAS, mg/I 3.9 3.9 
E f f l u e n t MBAS, mg/1 1.1 1.1 
MBAS Removal. % 72 72 

I n f l u e n t BOD, mg/1 326 326 
E f f l u e n t BOD, mg/1 37 65 
BOD Removal, % 89 80 

I n f l u e n t S.S., mg/1 263 263 
E f f l u e n t S.S., mg/1 48 86 
S.S. Removal, % 82 67 

I n f l u e n t Temp. °C 20 20 
E f f l u e n t Temp. °C 18 18 

I n f l u e n t F l o w , gpm 1.18 1.27 
R e c y c l e , gpm 4.43 None 
R e c y c l e R a t i o 3.75 0 

BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . * * 87 93 
H y d r a u l i c L o a d i n g , MGAD 28.1 6.4 

D o s i n g F r e q u e n c y , S e c. 18 15 

P r i m a r y D e t e n t i o n , H r s . 1.15 4.43 
P r i m a r y O v e r f l o w , G a l s / f t ^ / d a y 735 165 

F i n a l D e t e n t i o n , H r s . 1.86 1.73 
F i n a l O v e r f l o w , G a l s / f t ^ / d a y 430 460 

* R e s u l t s based on d a t a c o l l e c t e d May 3-23 
* * N e g l e c t i n g r e m o v a l i n p r i m a r y s e t t l i n g 

-20-



TABLE 9 

SUMMARY OF DATA - PERIOD NO. 5 

EFFECT OF RECIRCULATION ON PLANT PERFORMANCE 

JUNE 14 - AUG. 3 1 , 1967* 

P a r a m e t e r PILOT PLANT NO. 1 PIL O T PLANT NO. 2 

I n f l u e n t MBAS, mg/1 3.2 3.2 
E f f l u e n t MBAS, mg/1 1.8 0.7 
MBAS Rsmoval, % 44 78 

I n f l u e n t BOD, mg/1 212 212 
E f f l u e n t BOD, mg/1 69 17 
BOD Removal, % 67 92 

I n f l u e n t S.S., mg/1 357 357 
E f f l u e n t S.S., mg/1 121 78 
S.S. Removal, % 66 78 

I n f l u e n t Temp. °C 25 25 
E f f l u e n t Temp. °C 21 21 

I n f l u e n t F l o w , gpm 1.26 1.19 
R e c y c l e , gpm None 4.39 
R e c y c l e R a t i o 0 3.68 

BOD L o a d i n g , l b s / d a y / 1 0 0 0 c f . * * 60 57 
H y d r a u l i c L o a d i n g , NBGAD 6.3 27.9 

Dosing F r e q u e n c y , S e c 22 16 

P r i m a r y D e t e n t i o n , H r s . ^ 4.42 1.38 
P r i m a r y O v e r f l o w , g a l s / f t /day 180 730 

F i n a l D e t e n t i o n , H r s . 1.75 1.85 
F i n a l O v e r f l o w , g a l s / f t ^ / d a y 460 430 

* R e s u l t s based on d a t a c o l l e c t e d J u n e 21 - August 3 1 
* * N e g l e c t i n g r e m o v a l i n p r i m a r y s e t t l i n g 
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On September 1, 1967, the plants were again placed in p a r a l l e l operation 

with i d e n t i c a l rates of sewage application and recycle r a t i o of 2.0, as summar­

ized e a r l i e r i n Table 4. This i s b a s i c a l l y the same operational mode as that 

reported i n Table 3. Also, since dosing frequency in the range investigated 

was found to have no s i g n i f i c a n t e f f e c t , these data also are comparable with 

those reported in Tables 5 and 6. I n such comparisons, however, i t should be 

noted that the operating temperatures were several degrees higher for data re­

ported in Table 4, which accounts for higher BOD and MBAS removals. I t i s 

obvious from Table 4 that there was no s i g n i f i c a n t difference i n performance 

with the two plants in p a r a l l e l operation during a period of almost two months. 

This reconfirms the e a r l i e r conclusion and e f f e c t i v e l y cancels the hypothesis 

concerning d i s p a r i t i e s between r e s u l t s reported in Tables 8 and 9. 

Because of the di s p a r i t y in r e s u l t s , data for Table 9 had been collected 

over several weeks to assure s t a b i l i t y of operation as contrasted with Table 8, 

which covered a sub s t a n t i a l l y shorter term while the f i l t e r s were undergoing 

tr a n s i t i o n from cold to warm operating conditions. Thus, i t was f e l t that 

r e s u l t s i n Table 8 constituted the weaker link and the plants were returned 

to that operating mode for further study. Table 10 summarizes r e s u l t s obtained 

from October 26 - December 6, with 4.0:1 recycle on Plant 1 and no recycle on 

Plant 2. This mode of operation was not continued longer because r e s u l t s 

appeared to be very consistent, without recognizable trends away from the data 

reported i n Table 10. A d i s t i n c t b e n e f i c i a l e f f e c t was observed by higher 

r e c i r c u l a t i o n and this e f f e c t applied to both MBAS and BOD removals. The 

difference i n general l e v e l s of performance between Tables 9 and 10 appear to 

be reasonable when attributed to temperature e f f e c t s . 

Comparison of Table 10 with Table 8, representing s i m i l a r operating 

conditions including temperature, creates something of a s c i e n t i f i c dilemma. 
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TABLE 10 

SUMMARY OF DATA - PERIOD NO. 7 

EFFECT OF RECIRCULATION ON PLANT PERFORMANCE 

OCTOBER 26 - DECEMBER 6, 1967* 

Parameter PILOT PLANT NO. I PILOT PLANT NO. 2 

Infiuent MBAS, mg/I 3.5 3.5 
Effluent MBAS, mg/I 1.7 2.3 
MBAS Removal, % 51 34 

Influent BOD, mg/I 172 172 
Effluent BOD, mg/I 32 55 
BOD Removal, % 81 68 

Influent Temp. °C 21 21 
Effluent Temp. 17 17 

Influent Flow, gpm 1.23 1.21 
Recycle, gpm 4.92 None 
Recycle Ratio 4.0 0 

BOD Loading, Ibs/day/IOOO c . f . * * 48 47 
Hydraulic Loading, MCAD 31 6.1 

Primary Detention, Hrs. 1.04 5.3 
Primary Overflow, Cals/ft^/day 810 160 

F i n a l Detention, Hrs. 1.79 1.82 
F i n a l Overflow, C a l s / f t /day 450 440 

*Results based on data collected Nov. 9 - Dec. 6 
**Neglecting removal i n primary s e t t l i n g 

-23-



Under i d e n t i c a l operating patterns, several months apart, e n t i r e l y d i f f e r e n t 

levels of performance were obtained and dif f e r e n t r e c i r c u l a t i o n e f f e c t s were 

noted. The author frankly i s a t a loss to explain these discrepancies, but i s 

more inclined to accept data i n Table 10 in preference to those i n Table 8. 

One reason for this decision i s that r e s u l t s reported i n Table 8 for Plant 2 

are highly inconsistent with MBAS removals observed e a r l i e r at Chapel H i l l , 

which indicate that at BOD removals around 80%, MBAS removals t y p i c a l l y approx­

imate 40% - 50%, never experiencing removals as high as 72%. Results for Plant 

1, on the other hand, do not appear to be unreasonable with respect to the 

re i i t i o n s h i p between BOD and MBAS removals. A second reason for being more 

inclined to accept the data i n Table 10 i s that during March - May the pumps 

o r i g i n a l l y i n s t a l l e d in the plant began to give occasional e l e c t r i c a l and 

mechanical problems. They were replaced during the summer with new u n i t s , 

giving improved hydraulic control. Further, the several p a r a l l e l runs described 

e a r l i e r indicated c l e a r l y that the two plants were indeed comparable in perfor­

mance, which i s inconsistent with Table 8. 

Thus, r e s u l t s in Tables 9 and 10 appear to be much more consistent with 

the o v e r a l l mass of data than those i n Table 8 and lead to the conclusion that 

r e c i r c u l a t i o n has a b e n e f i c i a l e f f e c t on removal of MBAS, as i t does on BOD 

removal. 

EFFECT OF INFLUENT LOADING 

Results of the e a r l i e r studies in this program indicated c l e a r l y that 

obtaining of consistently high MBAS removals i n high rate t r i c k l i n g f i l t e r 

plants would require design and operational modifications beyond mere increases 

in recycle r a t i o within ranges commonly employed i n practice. Accordingly, the 

investigation was continued to evaluate the e f f e c t s of rate of influent application 

to the f i l t e r on e f f i c i e n c y of MBAS removal. 
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On January 20, Plant No. 1 was returned to the "design" influent flow rate 

of 1.25 gpm and a recycle r a t i o of 2.0, which produce loadings s u b s t a n t i a l l y 

equivalent to those i n the Chapel H i l l plant. The influent to Plant No. 2 

was reduced to 0.30 gpm, and recycle r a t i o was set at 2.0 (0.60 gpm). Table 

11 summarizes data obtained between February 8 and March 18 under those opera­

ting conditions. B.O.D. and M.B.A.S. removals by Plant No. 1 are consistent 

with r e s u l t s obtained e a r l i e r under comparable conditions. Plant No. 2 produced 

subs t a n t i a l l y higher BOD and MBAS removals, indicating c l e a r l y a substantial 

b e n e f i c i a l e f f e c t from reduction i n influent loading. 

From March 19 to May 29, the flows applied to Plant No. 2 were increased 

to a l e v e l to one-half of those for Plant No. 1 to obtain further information 

on the e f f e c t of loading on M.B.A.S. removals, while Plant No. 1 was continued 

under the "design" conditions as a control. Improved BOD and M.B.A.S. removals 

i n Table 12 for Plant No. 1, over those reported i n Table 11, can be attributed 

to increased temperatures and appear to be generally consistent with e f f e c t s 

observed e a r l i e r . Table 12 shows removals of M.B.A.S. and BOD for Plant No. 2 

comparable with those in Table 11, i n spite of doubling the rate of influent 

application, which may be attributed to increased operating temperature. I t 

w i l l be noted that the difference i n performance between Plants 1 and 2 was 

subst a n t i a l l y l e s s than that reported in Table 11 which appears to be consistent 

with the changes in operating conditions (loading and temperature) between the 

two periods. 

On June 1, the two plants were reversed in operating mode u n t i l June 26 

to provide a b r i e f confirmation that differences in performance noted e a r l i e r 

a c t u a l l y could be attributed to differences in loadings, as opposed to a r t i f a c t s 

of the two treatment f a c i l i t i e s . Table 13 summarizes r e s u l t s for th i s period, 

which are consistent with those reported i n Table 12. I t i s concluded that 
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TABLE 11 

SUMMARY OF DATA - PERIOD NO. 8 

EFFECT OF INFLUENT LOADING ON PLANT PERFORMANCE 

JANUARY 20 - MARCH 18, 1968* 

Parameter PILOT PLANT NO. 1 PILOT PLANT NO. 2 

Influent MBAS, mg/1 3.7 3.7 
Effluent MBAS, mf/1 2.1 1.0 
MBAS Removal, % 43 73 

Influent BOD, mg/1 159 159 
Effluent BOD, mg/l 43 16 
BOD Removal, % 73 90 

Influent S.S., mg/1 320 320 
Effluent S.S., mg/1 58 14 
S.S. Removal. % 82 96 

Inf l u e n t Temp. °C 9 9 
Effluent Temp. °C 8 8 

Influent Flew , gpm 1.25 0.30 
Recycle, gpm 2.50 0.60 
Recycle Ratio 2.0 2.0 

BOD Loading, lbs/day/1000 c . f . * i t 48 11 
Hydraulic Loading, MGAD 19 4.5 

Primary Detention, Hours 1.70 6.2 
Primary Overflow, g a l s / f t /day 490 120 

F i n a l Detention, Hours . 1.76 7.3 
F i n a l Overflow, g a l s / f t /day 460 110 

•Results based on data collected Feb. 8 - March 18 
**Neglecting removal i n primary s e t t l i n g 
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TABLE 12 

SUMMARY OF DATA - PERIOD NO. 9 

EFFECT OF INFLUENT LOADING ON PLANT PERFORMANCE 

MARCH 19 - MAY 29, 1968 

Parameter PILOT PLANT NO. 1 PILOT PLANT NO. 2 

Influent MBAS, mg/1 
Effluent MBAS, mg/1 
MBAS Removal, 7, 

2.9 
1.0 
66 

2.9 
0.8 
73 

Influent BOD, mg/1 
Effluent BOD, mg/1 
BOD Removal 

160 
22 
86 

160 
17 
89 

Influent S.S., mg/1 
Effluent S.S., mg/1 
S.S. Removal, 7. 

198 
19 
90 

198 
17 
92 

Influent Temp. °C 
Effluent Temp. °C 

19 
18 

19 
18 

Influent Flow, gpm 
Recycle, gpm 
Recycle Ratio 

1.30 
2.50 
1.9 

0.60 
1.20 
2.0 

BOD Loading, Ibs/day/lOOO c . f . * 
Hydraulic Loading, tR̂ AD 

47 
19 

22 
9 

Primary Detention, Hours 
Primary Overflow, gals/ft^/day 

1.7 
500 

3.1 
240 

F i n a l Detention, Hours 
F i n a l Overflow, g a l s / f t /day 

1.8 
470 

3.6 
220 

*Neglecting removal i n primary s e t t l i n g 
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TABLE 13 

SUMMARY OF DATA - PERIOD NO. 10 

EFFECT OF INFLUENT LOADING ON PLANT PERFORMANCE 

JUNE 1 - JUNE 26, 1968 

Parameter PILOT PLANT NO. 1 PILOT PLANT NO. 2 

Influent MBAS, mg/1 2.8 2.8 
Effluent MBAS, mg/1 0.8 1.0 
MBAS Removal, % 72 64 

Influent BOD, mg/1 108 108 
Effluent BOD, mg/1 13 10 
BOD Removal, % 88 91 

Influent Temp. °C 23 23 
Effluent Temp. °C 22 22 

Influent Flow, gpm 0.6 1.2 
Recycle, gpm 1.2 2.4 
Recycle Ratio 2.0 2.0 

BOD Loading, Ibs/day/lOOO c . f . * 15 29 
Hydraulic Loading, MGAD 9 18 

Primary Detention, Hours 3.1 1.6 
Primary Overflow, g a l s / f t /day 240 470 

Fi n a l Detention, Hours 3.6 1.8 
F i n a l Overflow, g a l s / f t /day 220 440 

•Neglecting removal in primary s e t t l i n g 
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differences on performance discussed e a r l i e r can be attributed to differences 

in loading. 

Results in Tables 11, 12 and 13 are summarized in Table 14 and indicate 

c l e a r l y that e f f i c i e n c y of M.B.A.S. and BOD removals are responsive to f i l t e r 

loadings. Also, they appear to indicate greater influence of loading on MBAS 

removal than on BOD removal, in the ranges investigated. This w i l l be d i s ­

cussed in more d e t a i l in subsequent sections of this report. 

EFFECT OF FILTER DEPTH 

In the l a t t e r part of June, the operation of Plant No. 1 was discontinued 

and the t r i c k l i n g f i l t e r increased in height to provide a stone depth of 12 

feet* The two plants then were placed in p a r a l l e l operation, with 1.2 gpm 

of sewage applied to each and a recycle r a t i o of 2.0. Operation was resumed 

about July 1st and a period of 3-4 weeks provided for development of growth 

on new stone in the upper zone of F i l t e r No. 1. 

Table 15 summarizes data obtained during the period August 1 - September 

16, when unusually low influent MBAS concentrations were experienced. I t has 

been impossible to es t a b l i s h s p e c i f i c reasons for the r a d i c a l drop in MBAS 

concentrations, other than to point out that the Town of Chapel H i l l was 

undergoing a severe water shortage at that time, e n t a i l i n g r e s t r i c t i o n s on water 

use and encouragement of the population to minimize home laundry or to travel 

to nearby communities for that purpose. 

Data i n Table 15 indicate a s i g n i f i c a n t e f f e c t of depth (loading) on MBAS 

removal, although BOD removal was not influenced appreciably. Table 16 summarizes 

data from September 17 - October 16, when influent MBAS had returned to a s l i g h t l y 

higher mean concentration. Results obtained during this period were s t r i k i n g l y 

similar to those in Table 15 and lead to the same conclusions. Table 17 

summarizes data from a subsequent period, at s i i g h t l y lower temperature and higher 

influent MBAS concentration. Again, i t i s noted that increased depth of the 
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TABLE 14 

SUMMARY - EFFECT OF LOADING ON PERFORMANCE 

Period MBAS REMOVAL BOD REMOVAL 
Standard \d \d Standard k Load \d 

1/20 - 3/18/68 43 73 73 90 

3/19 - 5/29/68 66 73 86 89 

6/1 - 6/26/68* 64 72 91 88 

* Pattern of second period reversed. 
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TABLE 15 

SUMMARY OF DATA - PERIOD NO. 12 

EFFECT OF FILTER DEPTH ON PLANT PERFORMANCE 

JULY 1 - SEPTEMBER 16, 1968*** 

Parameter PILOT PLANT NO. 1* PILOT PLANT NO. 2 

Influent MBAS, mg/1 1.3 1.3 
Effluent MBAS, mg/1 0.5 0.7 
MBAS Removal, % 62 46 

Influent BOD, mg/1 185 185 
Effluent BOD, mg/1 41 36 
BOD Removal, % 78 80 

Influent Temp. °C 23 23 
Effluent Temp. °C 22 22 

Influent Flow, gpm 1.22 1.22 
Recycle, gpm 2.38 2.38 
Recycle Ratio 1.95 1.95 

BOD Loading, lbs/day/1000 c . f . * * 17 51 
Hydraulic Loading, MGAD 18 18 

Primary Detention, Hours 1.8 1.8 
Primary Overflow, g a l s / f t /day 470 470 

F i n a l Detention, Hours 1.8 1.8 
Fi n a l Overflow, gals/ft^/day 440 440 

*12 f t . Stone Depth 
**Neglecting removal i n primary s e t t l i n g 

***Based on data collected August 1 - September 16 
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TABLE 16 

SUMMARY OF DATA - PERIOD NO. 13 

EFFECT OF FILTER DEPTH ON PLANT PERFORMANCE 

SEPTEMBER 17 - OCTOBER 16, 1968 

Parameter PILOT PLANT NO. 1* PILOT PLANT NO. 2 

Influent MBAS, mg/1 2.0 2.0 
Effluent MBAS, mg/1 0.8 1.0 
MBAS Removal. % 60 50 

Influent BOD, mg/1 205 205 
Effluent BOD, mg/1 34 32 
BOD Removal, % 83 84 

influent Temp. °C 22 22 
Effluent Temp, oc 21 21 

Influent Flow, gpm 1.2 1.2 
Recycle, gpm 2.4 2.4 
Recycle Ratio 2.0 2.0 

BOD Loading, lbs/day/1000 c . f . * * 19 56 
Hydraulic Loading, MGAD 18 18 

Primary Detention, Hours 2 1.8 1.8 
Primary Overflow, g a l s / f t /day 470 470 

F i n a l Detention, Hours 1.8 1.8 
F i n a l Overflow, gals/ft^/day 440 440 

*12 f t . Stone Depth 
**Neglecting removal i n primary s e t t l i n g 
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TABLE 17 

SUMMARY OF DATA - PERIOD NO. 14 

EFFECT OF FILTER DEPTH ON PLANT PERFORMANCE 

OCTOBER 17 - NOVEMBER 25, 1968 

Parameter PILOT PLANT NO. 1 * PILOT PLANT NO. 2 

Influent MBAS, mg/1 2.3 2.3 
Effluent MBAS, mg/1 1.0 1.4 
MBAS Removal, % 57 39 

Influent BOD, mg/1 143 143 
Effluent BOD, mg/1 29 33 
BOD Removal, % 80 77 

Influent Temp. °C 20 20 
Effluent Temp. °C 19 19 

Influent Flow, gpm 1.2 1.2 
Recycle, gpm 2.4 2.4 
Recycle Ratio 2.0 2.0 

BOD Loading, lbs/day/1000 c . f . * * 13 39 
Hydraulic Loading, MGAD 18 18 

Primary Detention, Hours 1.8 1.8 
Primary Overflow, gals/ft^/day 470 470 

F i n a l Detention, Hours 1.8 1.8 
F i n a l Overflow, g a l s / f t /day 440 440 

f t stone Depth 
**Neglecting removal in primary s e t t l i n g . 
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stone exerted l i t t l e influence on BOD removal but appeared to improve MBAS 

removal s i g n i f i c a n t l y . 

Table 18 summarizes data from November 26 - January 1, 1969,when e f f o r t s 

were made to obtain very high BOD and MBAS removals through reducing the influent 

loading on the twelve foot deep f i l t e r to one quarter of the "design" value 

and by "spiking" influent to both plants with IAS supplied by The Soap and 

Detergent Association. The data indicate that the attempt to obtain very high 

BOD removal in Plant No. 1 was unsuccessful, probably because of the sharp drop 

in temperature to l l ^ C . The impact of reducing the loading i s evident, however, 

because BOD removal was s l i g h t l y higher than i n the preceding period (Table 17), 

in spite of a 9̂ C drop in temperature, and MBAS removal also was sub s t a n t i a l l y 

higher at the lower loading. The MBAS removal during this period was 48% in 

Plant No. 2, which corresponds reasonably well or i s s l i g h t l y higher than MBAS 

removals observed in past studies when operating conditions produced BOD removals 

approximating 75% (see Figure 2 ) . Thus, i t i s concluded that addition of the 

"spike" had l i t t l e influence on e f f i c i e n c y of MBAS removal, c e r t a i n l y too l i t t l e 

influence to account for the r e l a t i v e l y low MBAS removals A7hich have been observed 

consistently i n the Chapel H i l l sewage treatment plant and i n t:he two t r i c k l i n g 

f i l t e r p i l o t plants operated during th i s program. 

Results obtained during this phase of the i n v e s t i g a t i o n Indicate tliot 

increased depth exerts a b e n e f i c i a l e f f e c t on renioval of MBAS and that th.e 

benefit exceeds that which i s observed In BOD renoval under comparable conditions. 

Addition of a "spike" of known c h a r a c t e r i s t i c s did not appear to exert r a d i c a l 

influence on the ef f i c i e n c y of MBAS removal by tiie p i l o t plants. 

RELATIONSHIP BETWEEN mhS AND m) REMOVALS 

Figure 2 summarizes a l l of the re s u l t s obtained during t h i s investigation 

using four foot deep f i l t e r s at various recycle r a t i o s , influent loadings, and 

-34-



TABLE 18 

SUMMARY OF DATA - PERIOD NO. 15 

EFFECTS OF LOADING AND SPIKING ON PLANT PERFORMANCE 

NOVEMBER 26, 1968 - JANUARY 1, 1969 

Parameter PILOT PLANT NO. 1* PILOT PLANT NO. 2 

Influent MBAS, mg/1*** 6.8 6.9 
Effluent MBAS, mg/1 2.3 3.6 
MBAS Removal, % 66 48 

Influent BOD, mg/1 150 150 
Effluent BOD, mg/1 27 38 
BOD Removal, % 82 75 

Influent Temp. °C 12 12 
Effluent Temp. °C 11 11 

Influent Flow, gpm 0.3 1.2 
Recycle, gpm 0.6 2.4 
Recycle Ratio 2.0 2.0 

BOD Loading, lbs/day/1000 c . f . * * 3.4 41 
Hydraulic Loading, MGAD 4.5 18 

Primary Detention, Hours 7.2 1.8 
Primary Overflow, gals/ft^/day 120 470 

F i n a l Detention, Hours 7.2 1.8 
F i n a l Overflow, gals/ft^/day 110 440 

*12 f t . Stone Depth 
**Neglecting removal i n primary s e t t l i n g 

***Influent MBAS before spike addition was 2.3 mg/1 
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temperatures. A l l of the data are presented, regardless of the magnitude of 

var i a b l e s , to show the relationship between MBAS and BOD removals. 

The f i r s t point which i s obvious i n examining Figure 2 i s that, when com­

pared i n this fashion, the two p i l o t plants were equivalent in performance. 

Also, a r e l a t i v e l y c l e a r relationship e x i s t s between MBAS removals by the 

plants and BOD removals attained by the same f a c i l i t i e s . The nature of this 

relationship indicates that MBAS removals are only about 40% at BOD removals 

approximating 75%, but with increase i n BOD removals above 75%, MBAS removals 

increase sharply. The shape of the trend l i n e suggests that MBAS removals 

consistently in the range of 80-90% could be attained only at very high BOD 

removals (well above 90%). 

Figure 3 shows the trend l i n e reproduced from Figure 2 and summarizing 

the relationship between MBAS and BOD removals i n the p i l o t plants. Superimposed 

upon that trend l i n e are data obtained from (a) the f u l l scale Chapel H i l l 

t r i c k l i n g f i l t e r plant; (b) the Durham, N.C., Third Fork Treatment Plant (two 

stage, t r i c k l i n g f i l t e r ) ; (c) the Durham, N.C, Northside Treatment Plant 

( t r i c k l i n g f i l t e r s followed by activated sludge); (d) the Coven Heath Sewage 

Works ( t r i c k l i n g f i l t e r s ) ; and (e) Coisley H i l l Works, Sheffield (activated 

sludge); the l a t t e r two as reported i n B r i t i s h l i t e r a t u r e ( 1 ) . The fiv e f u l l - s c a l e 

i n s t a l l a t i o n s include a va r i e t y of bi o l o g i c a l treatment f a c i l i t i e s operating 

over a very wide range of BOD and MBAS removals. 

I n spite of wide variations i n geography, plant types, construction and 

operation techniques, and other c h a r a c t e r i s t i c s , there i s a very s t r i k i n g 

c o rrelation between BOD and MBAS removals i n a l l of the plants when plotted i n 

this fashion. Also, i t appears evident that data obtained from the p i l o t plants 

operated during this investigation are e n t i r e l y consistent with operating data 

from the several f u l l scale plants. Further, the grouping of points from the 
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several i n s t a l l a t i o n s about the trend l i n e suggests strongly that the type of 

relationship between BOD and MBAS removals observed during th i s investigation 

have broader implications than merely to t r i c k l i n g f i l t e r i n s t a l l a t i o n s . I n 

fact, Figure 3 suggests strongly that r e l a t i v e l y high BOD removal i s required 

to insure even moderate removals of MBAS, regardless of type of plant. Thus, 

MBAS removals of 50% or higher are suggested only i n instances where BOD re­

movals exceed, perhaps, 80% and MBAS removals of 80-90% could not be expected 

through b i o l o g i c a l treatment unless BOD removals approximate 90-95%. Figure 3 

implies that MBAS i s *5omewhat more refractory to bi o l o g i c a l treatment than BOD 

in general. The grouping of points i n Figure 3 also suggests further that 

reported differences i n MBAS removals between t r i c k l i n g f i l t e r and activated 

sludge plants may be attributed to a large extent to higher BOD removals cus­

tomarily attained i n activated sludge plants. I t appears at le a s t doubtful that 

the t r i c k l i n g f i l t e r process i s inherently l e s s e f f i c i e n t for removing MBAS 

than activated sludge. 
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