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I N T R O D U C T I O N  

One o f  t h e p r ima r y  f u n c t i on s  o f  a n y wa s t ewa t e r  t r e a t ­

m e n t p la n t i s  t h e r e d u c t i o n  o f  s u s p e nd e d  s o l i d s  i n  t h e  

wa s t e wa t e r  f l ow . T h e s e  s o l i d s , ma d e  u p  o f  p a r t i c u la t e s  

p r e s e nt i n  raw s ewa g e  a s  we l l  a s  t h o s e g ene r a t e d  t h r o ug h  

va r i o u s  b i o l o g i c a l  a n d  ch em i c a l t r e a t me nt p ro c e s s e s , a r e  

re move d a s  s l u d g e  b y  m e a n s o f  s e t t l i n g  t a n k s . S c r e e n i ng s  

o r  g r i t , wh i c h  a r e  h a n d l e d  s e p a ra t e l y , a r e  n o t  i n c l ud e d  

wi th t h e s lu d g e . 

T he s lu d g e  c on s i s t s  p r i ma r i l y o f  wa t e r . T h u s , a 

r e la t i ve l y  l a r g e  vo lume o f  s lu d g e  r e s u l t s  f r o m  t h e  

d i s p o s a l o f  e ve n  sma l l  q u a n t i t i e s  o f  s o l i d s . S l u dg e  

c om p o s i t i on d e p e n d s  o n  t h e raw wa s t ewa t e r  c h a ra c t e r i s t i c s  

a n d  t y p e  o f  t r e a t m e n t  p r o ce s s e s  e m p l o ye d . 

I n  m o s t ca s e s , s u s p e n d e d  s o l i d s  a r e  r e l a t ive l y  e a s y  

t o  r em ove fr o m  t h e  l i q u i d  f l ow .  H oweve r , t h e  d i s p o s a l o f  

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

fa c i ng s a n i t a r y  e n g i n e e r s  t o d a y . Wa s t ewa t e r  s lu d g e s  

c on t a i n  p a t h og e n i c  o rg a n i s m s  a s  we l l  a s  o t h e r  p o t e n t ia l l y  

ha rm f u l  ma t e r ia l s .  A p r ima r y  o bje c t ive i n  s l u d g e  d i s po s a l 

i s  t h e  p r o t e c t i on o f  t h e p u b l i c  h e a l th (1). P reve n t io n  o f  

p o l lu t i on i s  a l s o  a c o n c e r n . 

T he m o s t  f r e q u en t l y - u s e d p r o c e s s e s  f o r s l u d g e  

han d l i ng a n d d i s p o s a l i n c lu d e: t h i c k e n in g� s t a b i l i z a t i on ,  

c on d i t i on i n g , d ewa t e r i n g , h e a t  d r y i ng , r e d u c t i on , a n d  



f i n a l  d i s po s a l . A s  s h o wn i n  F i gu r e 1, t h e r e  a r e  s e v e r a l  

a l t e rn a t i v e s  a v a i l a b l e  f o r  e ach un i t  p r oce s s . Th i s  

r e s e a rch w a s  c o n fi n e d  t o  t h e  d e wa t e r i n g  a n d d i s p o s a l  

p r oce s s e s . 

N a t u r e  o f  t h e  P r o j ect 

2 

Th e S i o u x  F a l l s  Wa s t e wa t e r  Tr e a tm e n t  P l a n t p r e s e n t l y  

con s i s t s  o f  t w o  ph a s e s  o f  t r e a tm e n t a s  s e e n  i n  F i g u r e  2 .  

Th e s e  p h a s e s  a r e  r e f e r rid t o  a s  t h e  I n du s t ri a l  P l an t an d 

D om e s t ic P l a n t . Th e I n d u s t r i a l  P l an t  i nc l u d e s  p r i m a r y  

s e t t l i n g  a n d  t wo - s t a g e  t r ick l i n g  fi l t r a t i on o f  t h e  wa s t e 

f l o w  f r om a m e a t  pack i n g  com pan y , s t ock ya r d s  com p an y , 

r e n d e r i n g  f i rm an d a f e w  d ome s t ic u s e r s . T h e  i n f lu e n t  t o  

t h e  D om e s t ic P l an t  i s  a lm o s t e n t i r e l y  d om e s t ic i n  n a tu r e  

bu t d o e s i nc l u d e  s om e  f l ow from m i sce l l a n e o u s  s m a l l  

i n d u s t r i e s  i n  t h e  C i t y . Th i s  i n f l u e n t  a l s o  i nc l u d e s  t h e  

e f f l u e n t  f r om t h e I n d u s t r i a l  P l a n t. Th e D om e s t ic P l an t 

c o n s i s t s o f  p r i m a r y  s e t t l i n g , com p l e t e -m i x  act i v a t e d  

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

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

P l an t . 

T h e  e x i s t i n g  s l u d g e  faci l i t i e s  f o r  t h e  S i ou x  Fa l l s  

T r e a tm e n t P l an t  a r e  s h o wn i n  Fi g u r e  3 .  A f t e r  g r i t r em o v a l , 

t h e  r a w  s l u d g e  f l o w  f r om t h e  i n d u s t r i a l  an d d om e s t ic 

p r i m a r y  s e t t l i n g  tan k i s  t h ick e n e d ,  h e a t e d  _a n d p um pe d  i n t o  

o n e o f  t h r e e  an a e r o b i c  d i g e s t e r s . Th e d i g e s t e d  s lu d g e  
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fl o w s  b y  g r a v i t y  t o  a s e r i e s  of n i n e  s l u d g e - d r y in g  l ag o on s  

l o c a t e d  a d j a c en t  t o  t h e  t r e a tm e n t  p l an t . T h e s u p e rn a t an t  

f r om t h e  fin a l  l ag o on i s  p um p e d  t o  t h e  h e a d w o r k s  o f  t h e  

in d u s t r i a l  p l an t . T h e  s l u d g e  t h a t  c o l l e c t s  in th e l a g o on s  

i s  p um p e d  in t o  t ank e r s a t  a p p r oxi m a t e l y f o u r  p e r c en t  

s o li d s an d i s  e i t h e r a p p l i e d  t o  c r o p l an d s  o r  s lu dg e - d r y in g  

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

p l an t . F r om t h e  s l u d g e - d r y ing b e d s , t h e  d r i e d  s l u d g e  i s  

h a u l e d t o  a s o l i d  wa s t e  d i s p o s a l  s i t e . 

T h e C i t y  of S i oux F a l l s h a s  r e c en t l y  c on t r a c t e d  f o r  

t h e  d e s i gn o f  a n e w  a d vanc e d  w a s t e  t r e a tm en t  p lan t t o  b e  

l o c a t e d  f i v e  r i v e r  m i l e s  d own s t r e am f r om t h e exi s t i n g 

t r e a tm ent f a c i l i t i e s . Th i s  p r o j e c t i s  b e in g  un d e r t a k en 

t o  c om p ly w i t h  F e d e r a l  and Sta t e  w a s t e wa t e r  d i s c h a rg e  

s t an d a r d s . C on s t r u c t i on wi l l  b e  c a r r i e d  o u t  in t w o  

p h a s e s . P h a s e  I w i l l  c ons i st o f  rem o d e l in g  t h e  e xi s t ing 

p l an t  wh i c h c u r r en t l y  in c l u d e s  p r im a r y  s e c onda ry t r e at ­

m en t , c on s t r u c t in g  a c om b in e d  g r a v i ty/ f o r c em a in o u t fa l l  

l in e  t o  th e n e w  s i t e , an d bu i l d ing an a d va n c e d  w a s t e  

t r e a tm ent p l an t  a t  th e n e w  s i t e . P h a s e  I I  c on s i st s  o f  

b u i l d i n g a n e w  p r ima ry and s e c ond a ry t r e atm en t  p l an t  a t  

t h e  n e w  s it e  an d a b an d on ing the  o l d  s i t e  e n t i r e l y . Th e 

en t i r e  c on s t r u c t i on p r o c e s s , f r om in iti a l  p l an s  and 

s p e c i fi c a t i ons f o r  P h a s e  I to c om p l e t i on o f  c on s t r u cti on 

o f  P h a s e  I I  w i l l  en c om p a s s  ten y e ar s . 
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T he c ons u l t ing eng ine e r s d e s i gn ing t he p r o j e c t  h ave 

r e c o mme nd e d  a band onment of t h e  pr e s e n t  m e t h o d  o f  s l u d g e  

hand l i ng and d i s p osa l and r e m o d e l ing o f  t he e x i s t i ng p lant 

und e r  P has e I t o  inc l u d e  ins ta l la t i on o f  va c u u m  f i l t ers 

for s l u d g e  d e wa t e r i n g  and d i s p os a l  o f  t h e  s l ud g e  i n  a 

land f i l l  ( 2 ) . 

S c o p e o f  D a t a  

T h i s  r e s ear c h  was und e r take n t o  d e t e r m ine t h e f e a s i -

b i l i t y  o f  d ewa t e r ing d i ge s t e d  s l u d g e  us i ng v a c u u m  f i l t e r s  

o r  c en t r i f ug e s f o l lowe d b y  land s pr ead ing a s  o p p o s e d  t o  

t h e p r e s ent m e t h od o f  s lud ge h a u l ing a nd d i s p o s a l .  I t  was 

in t end e d  t h at t h i s  e va l uat i on b e  a c c o m p l i s h e d  b y  c om p ar ing 

t he e x i s t ing me th o d  of d i s p o s a l  t o  t h a t  o f  i ns ta l l ing 

vac u um f i l t e r s or c e nt r i fuge s and pr ov i d ing land d i s p os a l  

fac i l i t i e s  f or an o p e rat ing p e r i o d o f  t en year s . T o  o b ta i n  

data f or s e le c t i on o f  f i l t e r  o r  c en t r i f u g e  e q u i pment a nd 

c h e mi ca l  c os t s , i t  was ne c e s sar y t o  c on d u c t c e r ta in 

la b o ra t o r y  ana l y s e s  s u c h  as s u s pend e d and t o ta l  s o l i d s , 

B u c h n e r f unne l and c ent r i f u ge t e s t s . R e c or d s  f r om t h e  

S i o ux Fa l ls W a s t ewa t e r  P lant we r e  u s e d  t o  d e t e r m i n e  ex i s t -

ing c o s t s o f  s l u d ge d i s p osa l . 

T h e o b j e c t i ve s  o f  t he s e e x p e r ime n t s we r e  t o : 

1. D e t e r m in e  wh e t h e r  t h e  s lu d g e  f rom t he S i o ux 
F a l ls Was t e wa t e r  Trea t m e n t  P lant w i t h  t h e  
ad d i t i on o f  a se le c t e d  p o l y mer c o u ld b e  
d ewa t e r e d  b y  means o f  a v a c u u m  f i l t e r . 
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2. Dete rm ine wh e th e r  t h e  s l u d g e  f r om t he S i oux 
F a lls Was t e wa t e r  T r e a t me n t  P la n t w i t h t h e  
a ddi t i on o f  a s elec t e d p olyffie r c o u l d b e  
d e wa t e r e d  b y  me ans o f  a s o l i d  b ow l  c ent r i f u g e . 

3 .  E s t a b l i s h  c a p i t a l c o s t s f or s l u d ge d e wa t e r i n g  
a n d  d i s p o s a l by m e ans o f  v a c u um f i l t r a t i o n , 
c e nt r i f u ga t i on and t he e x i s t i ng me t h od o f  
la g o ons a n d d r y i ng be d s  w i t h  l and a p p l i c a t i o n . · 

4 .  E s t a b l i s h  o p e ra t i on and m a i nt e na nc e  c os t s 
f o r  s l ud ge d e wa t e r ing a nd d i sp o s a l  by we a ns 
o f  va c uum f i l t ra t i on ,  c e n t r i f u ga t i on a n d  t he 
e x i s t i n g me th o d  o f  la g o ons and d r y i n g  b e d s  
w i th land a p p l i ca t i on .  

5. C om p a r e  t he a ve r a g e  a nn ua l c o s t s  of t h e  
t h re e ment i one d d e w a t e r i n g  a n d d i s p o s a l 
me t h od s . 
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R E V I E W  O F  L I T E R A TU R E  

I n t r o d u c t i on 

S lu d g e  d i s p o sal  i s  on e o f  t h e  m o s t  c o s t ly an d c on t r o ­

v e r s i a l  p has e s  o f  was t e wa t e r  t r ea t m e n t. I n  t h e  pas t , 

san i tary e n g i n e e r s  hav e b e e n  mai n ly c on c e r n e d w i t h t h e  

r e m o va l  o f  s o l i d s fr om t h e  mai n  f l o w  s t r e am o f  s e wage an d 

hav e n o t  s h o w n  m u c h  c o n c e rn f o r  t h e  s o l i d s a f t e r  r em o val . 

A c c o r d i n g  t o  S h e a  an d S t o c k t o n (4) � a s e c on dary 

t r ea tm e n t p l an t  w i l l  g e n e ra t e  1,0 0 0  p ou n d s  o f  d ry s o l i d s  

p e r  day p e r  m i l l i o n  ga l l o n s  o f  s e wage as s um in g  t h e  s l u d g e  

f r om t h e p r i mary c lar i f i e r s  c on tai n s  f i v e  p e r c e n t  s o l i d s. 

A s e c on dary c la r i f i e r  can be e x pe c t e d  t o  g e n e ra t e 500 

p o un d s  p e r  day p e r  m i l l i on gal l on s  at t w o  p e r c e n t s o l i d s . 

Th i s  s l u d g e  has t h e  t e x t u r e o f  bu t t e r m i l k . A t o ta l  s o l i d s  

o f  t h r e e  t o  f o u r  p e r c e n t  wi l l  av e rag e on e p e r c e n t o f  t h e  

t o tal  was t e wa t e r  i n f l ow o r  10,000 ga l l on s  p e r  m i l l i on 

ga l l on s  o f  was t e wat e r  ( 1). 

Th i s  r e s ear c h  i s  c on c e rn e d  w i t h  t h e  c o s t s  i n v o l v e d  

i n  d e wa t e r i n g  an d d i s p osal o f  t h e  d i g e s t e d  s l u d g e. O n  

t h e av e rag e , s l u d g e  han d l i n g  i s  r e s p on s i b l e f o r  ab o u t  

30 t o  4 0  p e r c e n t o f  t h e  capi tal c o s t s  o f  a t r ea tm e n t  

p lan t , an d a b o u t  50 p e r c e n t o f  t h e  o p e rat i n g  c o s t s  (5)� 

Was t e wa t e r  t r ea tm e n t  p e r s o nn e l , h ow e v e r , c on t e n d  t ha t  

s l u d g e  fac i l i t i e s  r e q u i r e 80 t o  90 p e r c e n t  o f  t h e  

o p e ra t i o n an d mai n t e nan c e  t i m e  o f  a t r ea tm e n t  p lan t i f  



p r o b l em s  i n  o p e rat i on and c o n t r o l  ar e i n c l u d e d. 

Vac uum F i l t ra t i o n 

Vac uum f i l t e r s hav e many advan tag e s  i n  han d l in g  

s l u d g e . Am ong t h e  p r inc i p a l  advan tag e s  ar e (6): 

1. P lan t  area r e q u i r em en t s  ar e g r eat ly 
r e d u c e d  when a smal l s l u d g e  d e wat e r ing 
b u i l d ing i s  s u b s t i t u t e d f o r  d rying b e d s  
o r  lag o ons. 

2 .  M e c han i ca l  d ewat e r i n g  can be p lac e d  o n  
a r o u t ine s c h e d u l e , c o o r d inat e d  wi t h  t h e  
r e s t  o f  t h e  p lan t , and u na f fe c t e d  by 
weat h e r  c ond i t i ons. 

3. I m p r o v e d p lan t o p e rat i on i s  p e rm i t t e d  
an d a g r eat e r  d e g r e e  of f l e x i b i l i ty in 
o p e rat i on is a f f o r d e d. 

4 .  D i g e s t e r  r e q u i r em en t s  may b e  r e d u c e d  
s i n c e  ca pac i ty . n e e d  n o t  b e  d e s i gn e d  
in t o  t h em f o r  win t e r  s t o r a g e , o r  i t  
i s  p o s s i b l e  t hat d i g e s t e r s  may b e  
e l i m i nat e d  en t i r e ly w i t h  t h e d ewa t e r ing 
o f  fr e s h s l u d g e . 

1 0 

In ad d i t i on t o  t h e s e , t h e  Bat t e l l e  M e m o r ia l  I n s t i t u t e  ( 7) 

l i s t s  th e ad d i t i onal a d van tage s o f , 1) an inc r ea s e in t h e  

v a r i o u s  typ e s  o f  s l u d g e s tha t c an b e  d e wat e r e d  an d ,  2 )  . t h e  

p e r c en t  o f  s o l i d s  cap t u r e i s  h i gh. Th e a b i l i ty t o  d e wat e r  

d i f f e r en t  k in d s  o f  s l u d ge s i s  a n e c e s s i ty b e cau s e  any 

t r eatm en t p lan t wi l l  p r o d u c e  a var i e ty o f  s lu d g e s d u e  t o  

va r i a t i on s  in in f l u en t  q ua l i ty .  

O b j e c t i v e s. In t h e  o p e rat i on o f  a va c u um f i l t e r , i t  

i s  d e s i ra b l e  t o  max i m ize t h e  s o l i d s cap t u r e , f i l t e r  cak e 

yi e l d , and f i l t e r  cak e s o l i d s  c on t e n t t h e r eby r e d u c in g  



1 1 

o p e r a t i o n a l c o s t s t o  a m i n im um ( 2 ) � ( 6 ) . T h e  r e l a t ive 

i m p o r t an c e o f  t h e s e  o b j e c t ive s w i l l  v a ry d e p e n d i n g  on t h e  

m e t h o d  o f  f i l t e r  c ak e  d i s p o s a l . U s u a l ly ,  i t  i s  n o t  

p o s s i b l e t o  s im u l t an e o u s ly a c c om p l i s h  a l l t h r e e  o f  t h e 

o b j e c t iv e s . I f  t h e  sl u d g e  c ak e  i s  t o  b e  i n c i n e r a t e d , t h e n  

a s l u d ge c a k e  w i t h  t h e  l o w e s t  p o s s i b l e m oi s t u r e  c on t e n t  

i s  d e s i r a b l e . I f  u l tim a t e  d i s p o s a l  o f  t h e  s l u dg e  c a k e  i s  

a l a n d fi l l, t h e n  t h e  o b j e c t ive wo u l d  b e  t o  o b t a i n  t h e  

h i gh e s t  p o s s i b l e  c ak e  s o l i d s  c o n t e n t. M ax i m u m  s o l i d s 

c a p t u r e  is o f  p r i m e  im p or t a n c e  i n  m i n i m iz i n g  t h e  am o un t 

o f  f i l t r a t e  s o l i d s  r e t u rn e d  t o  t h e  h e a d w o r k s  o f  t h e  p lan t. 

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

p r ev i ou s ly-m e n t i on e d  o b j e c t ive s w o u l d h a v e  t o  b e  c om p r o -

m i s e d  t o  s om e  d e g r e e . Fu r t h e rm o r e , f o r  s u c c e s s fu l  

p e r f o rm a n c e, o p e r a t i on o f  t he v a c uum f i l t e r s  m u s t b e  

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

fi l t e r e d . 

D e s c r i p t i o n o f  a V a c u um F i l t e r. A s e c t i o n a l  v i e w  o f  

a r o t a ry f i l t e r  c o n s i s t i n g o f  a cyl i n d r ica l d r um r o t a tin g 

p ar t i al ly s u bm e r g e d i n  a va t o r  t r ay o f  c o n d i t i on e d  s l u d g e  

c an b e  s e e n i n  F i g u r e  4. T h e  d r um i s  d i v i d e d  i n t o  a 

n um b e r  o f  s e c t i on s  c on n e c t e d  by in t e r n a l  p i p i n g  t o  t h e  

va lv e  p l a t e a t  t h e  h u b .  Th i s  p l a t e r o t a t e s  i n  c on t a c t  

w i th a f i x e d  v a lv e  p l a t e  which i s  c on n e c t e d  t o  a v a c u um 

s u p p ly, a c om p r e s s e d  a i r  s u p p ly, an d a n  a tmos p h e r i c v e n t. 
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A s  t h e  d r um r o ta te s , e a c h  s e c t i o n be c om e s  a l i g n e d w i t h  t he 

a pp r o p r ia te s e r v i c e  s o  that d u r i ng a c om p le t e  r e v o l u t i on 

of t h e  drum , cyc les c o n s i s t i ng of a p i c k -up o r  f o rm z o n e , 

a cak e - d ryi n g  z o ne a n d  d i sch a r ge  z on e  a r e  e n c o u n t e r e d .  

Th e s e  o p e ra t i n g  z o n e s a r e  de p i c t e d  i n  F i g ur e  5. I n  t he 

f o r m  z o n e , a vac uum i s  a p p l ied t o  d raw t he l i q u i d  t h r o ugh 

t he fi l t e r me d i um to  f orm a cake  of  par t ia l ly - d e wa t e r e d  

s l u d g e  o n  t he s ur fac e . T h e  va c u um i s  ma i n ta i ne d  t h r ough ­

ou t t h e  cake - d ry in g  z on e  wh i c h c om me nc e s  a s  t he ca ke 

em e r ge s  fr om t h e s l u d g e  va t .  T he va c u um i s  t hen b r o k e n  

an d i n  m o s t  c a se s  c o m p r e s s ed a i r  i s  a p p li e d t o  a i d  i n  t h e  

r e lease o f  t h e  ca ke  f r om t he m e d i um ( 2 ) . 

T h e re a r e  t h r e e  ba s i c  typ e s  o f  va c uum f i l t e r s : d r um , 

b e l t a n d  c o i l ( 8) . T h e  d rum fi l t e r  u s e s a s c ra pe r  t o  

r e mo ve  s l u d g e  cake f r om th e me d ium . T he s c ra pe r  i s  a i d e d  

b y  a p r e s sure b lo w - ba c k  u s ing c om p r e s s e d  a i r . T h e  fi l ter 

me d i um a l ways r ema i n s  in  c o n t a c t  w i th  t he d r um i n  c o n t ra s t  

t o  th e be l t  f i l ter i n  wh i c h  t h e  m e d i u m  leave s  t he d r um 

a n d  t rave l s  o ve r  s ma l l  d iame t e r  r o l le r s  t o  separa t e  t h e  

s l u d g e  ca k e . S c r a p e r s  a r e  s om e t im e s u s e d  i n  t h e l a t t e r  

type an d th e f i l t e r  m e d i u m  i s  wa s hed o n  b o t h  s i des b e f or e  

r e t u r n i n g  t o  t h e d r um . 

A c o r d ur oy a r ra n g e m e n t  o f  s ta i n l e s s  s tee l c o i l  

s p r in g s i s  u sed o n  th e c o i l typ e  f i l t e r  i n  p la c e  o f  th e 

med i um . H e re a ga i n , t h e  s p r i n g s  lea v e  t he d r um f o r  cake 

332373 SOUTH DAKOTA STATE UNl'(ERSITY LIBRARY 
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d i s c ha r g e  an d ar e was h e d  t h o r ou g h l y  b ef o r e  r e t u rn i ng t o  

t h e  d r um ( 8 ) . 

1 5 

O p e ra t i o n of a Va c u um F i l t e r . T h e  ch e m i ca l s  u s e d  t o  

c on d i t i on t h e  s l u d g e  and ma k e  i t  eas i e r t o  f i l t e r , ar e c om ­

b ine d w i t h t h e  fe e d  s l udg e p r i o r  t o  d i s c harg e  i n t o t h e  

s l u d g e  va t .  T h e vac u um ins i d e t he d r um d raws f i l t rat e 

fr om t he s l ud g e  t h r o ug h  t h e me d i um . T h e  f i l t ra t e  i s  

p um p e d fr om th e d r um . T h e  s o l i d s t ha t  can n o t  pa s s  t h r o u gh 

th e m e d i u m  ar e d e p o s i t e d  o n  t h e s u rfac e  an d ma ke  u p  th e 

fi l t e r  ca ke ( 5 ) . 

S e ve ra l  var ia b l e s  aff e c t i ng fi l t e r  c a k e  c h a ra c t e r i s ­

t i c s a r e  l i s t e d  in Ta b le 1. V e s i land ( 5 ) _ha s g r o u p e d  

t h e s e  var ia b l e s i n  a d iffe r e n t  way b y  c o n s i d e r in g  t he 

s lu d g e  c hara c t e r i s t i c s a s  an o p e rat i ona l  var i a b l e  s in c e  

t he s l u d g e  c o nd i t i on can b e  c o n t r o l le d  b y  th e o p e ra t o r . 

In th i s  c la s s if i ca t i o n , a s  s h o wn i n  Ta b l e 2 ,  va c u um 

p r e s s u r e , d r um s ub m e r g e n c e , d r um s p e e d , ag i ta t i o n an d 

f i l t e r  m e d i u m  a r e  l i s t e d  und e r  a s e c o n d  ma j o r  gr o u p  a s  

mac h ine var ia b l e s . 

S l u d ge C hara c t e r i s t i c s . Th e s i z e  an d s ha p e  o f  t h e  

s o l i d s  pa r t i c le s  in t h e  fe e d  s l udg e w i l l  aff e c t  t h e 

o p e rat i on of t h e  f i l t e r . By a c h i e v ing a h i gh. s o l i d s  

cap t ur e , t h e  a c c um u lat i on of r e cy c l e d  f i n e s  can b e  m i n i ­

m ize d . W h e n t h e  le v e l of fine p a r t i c le s  b e c om e s  e x c e s s i ve , 

fi l t e r  b l i n d i ng {p lugg ing of t h e  h o le s i n  t he fi l t e r  



T A B L E  1 

Var ia b le s  Affe c t i ng F i l t e r Cak e  Chara c t e r i s t i c s  ( 9) 

S l u dge C ha ra c t e r i s t i c s  
1 . S ize a n d  sha p e  of s o l i d  par t i c l e s  
2 .  C on c e n t ra t i o n  o f  s u s p e n d e d  s o l i d s  i n  t he f i l t e r  

fe e d  
3. C om pr e s s i b i l i t y  o f  t h e  s l u d ge par t i c l e s  
4 .  Ch e m i ca l  c om p os i t i on & par t i c l e  c har g e  w i t h i n  

t h e  s l u d g e  s o l i d s  
5 .  S l u d g e  ag e an d t e m p e ra t ur e  
6 .  S l u d g e  a n d  fi l t rat e v isc o s i t y  

1 6 

7 .  O r i g i n  o f  t h e  s l u d g e  as t o  p r i mar y , s e c o n da r y  o r  
d i g e s t e d  

Ma j o r O p e rat i ona l  Va r ia b le s  
1 . Vac u um l e v e ls d ur in g  t h e form a n d d r y i n g c y c le 
2 .  F o r m  an d d ry i n g  t im e s  
3. A m o u n t  o f  d r um s ub m e rge n c e  
4 .  D r um s p e e d  
5 .  C ha ra c t e r i s t i c s  o f  t h e fi l t e r  m e d ia 
6. D e g r e e  o f  ag i ta t i on d ur i ng t h e  a f t e r  c h e m i ca l  

ad d i t i o n 

T A B L E  2 

Vac u um F i l t e r  Var ia b l e s  (5 ) 

Ma ch i n e  Va r ia b l e s  

Vac uum p r e s s u r e  
D r um s u bm e r g e n c e  
D r um s p e e d  
A g i ta t i on 
F i l t e r  m e d i um 

O pe rat i o na l  Va r ia b le s  

T y pe and c on d i t i o n  o f  s lu d g e 
c h e m i ca l  c on d i t i on e r s  

S lu dg e  chara c t e r i s t i c s 



med i um ) o c c ur s . H i gh le ve l s  o f  f i n e s  w i l l  a ls o  u p s e t  

o t he r  p r o c e s s i ng un i t s  i n  t h e  t re a t me n t  p la n t  i n c l u d i ng 

c la r ifi c a t i o n a n d B O D  r e mo va l ( 8 ) .  

17 

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

s i g n i f i c a n t  i nf l ue nc e  o n  t he f i l t e r y i e l d . A n  i ncr e a s e  i n  

t h e  fe e d  s l u d g e  s o l i d s c o n c e n t r a t i o n u s u a l ly r e s u l t s  i n  a 

s u b s t a n t i a l i nc r e a s e  i n  f i lt e r  y i e ld; i n  fa c t , t he f i lt e r  

y i e l d , i n  p o u n d s  p e r s q ua r e  fo o t  p e r  h o ur , i s  o ft e n  

nume r i c a l ly e q ua l  t o  t h e  p e rc e n t  s o l i d s  i n  t h e  f e e d  

s lud ge  ( 5). I t  i s  a ls o  n o t e d  t h a t  m or e  c o n c e n t r a t e d 

s l ud g e s  w i l l  f i l t e r  a nd r e l e a s e  mo re e a s i ly t ha n  t h i n  

s lu d g e s ( 8) . 

C o m p r e s s i b i l i t y o f  a s l udg e w i l l  d i r e c t ly a ff e c t  t h e  

va c u um t ha t  c a n  b e  i m p os e d  o n  s l u d ge . Ve s i la n d r e p o r t e d  

t h a t t h e  va c u um t ha t  c a n  b e  a p p l i e d  t o  a s l ud g e  h a s  a 

max im um p r a c t i c a l l i mi t o f  15 i n c h e s  Hg ( 5). O t h e r s h a v e  

re p or t e d  vac u u m  f i l t e r s  n o r ma l ly o pe ra t e  w i t h  a s  m u ch 

va c u um a s  c a n  b e  o b t a i n e d  ( 8 ) . I t  ha s b e e n  r e c omme n d e d  

t ha t a va c uum of 20 t o  25 i n c h e s  b e  ma i n t a i n e d ( 10). 

Pa r k h u r s t , � a l . , r e p o r t e d ly us e d  a va c u um 20 t o  25 

i n c h e s Hg i n  p i l o t  s t ud i e s  (11) . 

T h e  c h e m i c a l c o m p os i t i o n , p a r t i c le c ha r g e  a n d o r i g i n  

of t h e  s l u d g e  ( p r i mary , se c onda ry o r  d i g e s t e d ) a f fe c t  

va c uum f i l t ra t i o n . B r oad ex p e r i e nc e  i nd i c a t e s  t ha t  

p r o pe r ly c o nd i t io ne d  raw pr ima ry s l ud g e  i s  ge n e r a l ly t he 



m os t r ea d i l y d e wa t e ra b le , w i t h  c o nd i t i on e d , d i ge s te d , an d 

a c t i va t e d  s l u d ge s i n c rea s i n g l y  m o r e  d i f f i c ul t  t o  f i l t e r  

(2) � (7) . T he c har g e  o f  t h e s lu d g e  par t i c l e s  w i l l  a f f e c t  

t he t y p e  an d am o u n t  o f  c on d i t i o n e r  t o  b e  u s e d . 

F i l t e ra b i l i t y  a p p ear s t o  d e c r eas e w i th i n c r eas e s  i n  

t he t ime b e t w e e n  slu d g e  d raw - o f f and s u b s e q u e n t  f i l t e r­

i n g  (5). Al s o ,  d i ge s t e d  s l u d g e  t ha t  has b e e n  a ll ow e d t o  

c o o l  d oe s  n o t  s e em t o  f i l t e r as we l l  as s l u d g e  tak e n  

d i r e c t l y  ou t o f  t h e d i ge s t e r . T h e  v i s c o s i t y  o f  s lu d g e  i s  

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

s i g n i f i ca n t l y  af f e c t  s lu d ge f i l t e ra b i l i t y  (5) � 
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Mac h i n e  Var ia b l e s . Mach i ne var ia b l e s  imp or tan t i n  

t h e  o p e ra t i on o f  va c u um f i l t e r s  a r e  l i s t e d  i n  Ta bl e 2 (5). 

I n c r eas e s  i n  d r um s ub m e r g e n c e p r o v i d e  m o r e  t ime f o r  p i c k u p  

o f  s o li d s . T h i s  r e s u l t s  i n  t h i c k e r , we t t e r  s l u d g e  cak e s . 

I n c reas i n g t h e  d r um s p e e d  r edu c e s  t he c o n ta c t t im e  b e t w e e n  

th e  s lu d g e  a n d  t h e  f i l t e r . T h i s  al s o  r e s u l t s  i n  w e t t e r  

ca k es . A r e duc t i on i n  d rum s p e e d  w i l l  p r o d u c e  a d r i e r  

cak e b u t  l ow e r  f i l t e r  y i e l d . 

O p e ra t i o na l  p r o b l ems can oc c u r i f  s o l i d s a r e  al l ow e d  

t o set t le i n  t h e  t r o ugh . Ag i tat i o n p r e v e n t s t h i s  fr om 

o c c u r r i n g . H ow e v e r , e x c e s s i v e  ag i ta t i o n w il l  ca u s e  t h e  

f l oe t o  b r eak u p  an d re s u l t i n  p o o r  fi l t ra t i o n . 

O n e  o f  t h e mo s t  im po r tan t mach i n e var ia b l e s  i s  t h e  

s e le c t i on o f  t h e p r o p e r  f i l te r  me d i um . E i t h e r  o p e n o r  
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t i g h t - w eav e d  me d i a ar e ava i la b le . T he t i gh t e r t he w e a ve 

t he f e w e r t he f i n e s  t ha t  pas s t hr o ugh w i t h  t h e  f i l t r ate , 

b u t  t he gr e a t e r  t he p ot e n t i a l f o r  f i lt e r  b i n d i ng . A v a i l-

a b le me d ia r a n ge f r om ra y o n  a c r y l i c , p o l y o le f i n s , and 

p o lye s t e r s , t o  w i r e  s c re e n s a n d  s ta i n le s s  s t e e l c o i ls (1 2). 

F i g u r e  6 i s  a c ha r t  s h ow i ng a n  a r ra y  o f  t e x t i le f i be r s  

f r om w h i c h  va r i o u s  w o ve n  o r  n o n - wo v e n  f i l t e r  m e d i a c a n  b e  

mad e . 

C e n t r i f u ga t i o n  

I n c r eas e d  o p e r a t i o na l  c on t r o l  a n d  u s e  o f  n e w  o r ga n i c  

p o l ye l e c t r o l y t e s  f o r s l ud ge c o nd i t i o n i ng h a v e  e nhanc e d  

t h e  fe a s i b i l i t y o f  c e n t r i f uga t i o n  a s  an a l t e r na t i ve t o  

va c u um f i l t ra t i o n . A c c o r d i ng t o  B a r l ow ( 1 ) , t he u s e  o f  

c e nt r i f u g e s i n s t e a d  o f  va c uum f i l t e r s  i s  g r ow i ng . 

�cme o f  t h e  a d va n t a g e s o f  ce n t r i fu g a t i o n a r e  a s  

f o l l o ws ( 7 )  : 

1 .  sma l l  ar ea r e q u i r eme n t s  
2. r a p i d  s t a r t - u p  a n d s h ut - d ow n  c a p a b i l i t i e s  
3. e a s y  a d a p t i on t o  c h a n g i n g  f e e d  c o n d i t i o n s  
4 .  p o t e n t i a l o f  l ow ma i n t e na n c e  c o s t s wh e n  

p r o pe r g r i t  p r o t e c t i o n i s  p r ov i d e d  
5 .  i nd e p e nd e n c e  f r om c l ima t i c c o nd i t i o n s 

I n a d d i t i o n t o  t h e s e , N i e ls e n , e t  a l . , ( 13) a ls o  i nc l ud e d : 

1 .  g r e a t e r  f le x i b i l i t y  o f  o p e r a t i o n w i t h  a 
w i d e  range o f  c a ke s o l i d s  

2. l ow i n i t i a l  ca p i ta l  i nv e s tme n t  a n d  a n n u a l 
c o s t s 

3. o pe ra t i on re q u i r e s  a m i nimum amo un t o f  
s u r ve i l la nc e  
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D e s c ri pti on o f  a C en t r i fug e. T h e  s o l i d b ow l  o r  

d e c an t e r  ty p e  c en t r i f uge i s  t h e  m a c h in e  u s e d  in w a s t e wa t e r  

t r e a tm e n t .  T h i s  m a c h ine h a s  t h e  a b i l i ty t o  s e pa r a t e  any 

s o l i d s  f r om any l i q u i d  a s  l ong a s  t h e  s o l i d s  a r e  h e a v i e r  

. ( 5) • Th e r e  a r e  t h r e e  m a jor c om p on en t s  o f  t h e s o l i d  b ow l  

m a c h in e. Th e s e  c om p onen t s inc l u d e  a r o t a t ing s o l i d  b ow l  

h a v ing th e s h a p e  o f  a t r un c a t e d  c one , an inn e r  s c r e w  

c on v ey o r , an d a ge a r  r e d u c ing unit . M i n o r  c om p on en t s  

in c l u d e  t h e  s t e e l b a s e  p l a t e , p i l l ow b l o c k  b e a r i ngs , 

m ot o r , e t c . T h e s e p a r t s  c an b e  s e en in F igu r e s  .7 and 8. 

T h e  cyl ind r i c a l  b ow l  h a s  a c on i ca l s e c t i on a t  one 

en d f r om w h i c h  t h e  s o l i d s  a r e  d i s c h a rge d . T h i s  b ow l  

r ota t e s  a t  a s p e e d  s u f fi c i en t  t o  gene r ate eno ugh c en­

t r i fuga l f o r c e  to  c au s e  a s e p a r a t i on o f  s o l i d s  f r o m  th e 

l i q u i d. Th e l i q u i d  i s  r e t ai n e d  in t h e  b o w l  by w e i r s  a t  

t h e l a rg e  en d an d t h e  s l o p e o f  t h e  c on i c a l  s e c t i on at t h e  

o t h e r  en d. 

Th e s c r e w  c onv ey o r  i s  m o un t e d  on t h e  i n s i d e o f  th e 

b o w l  an d r o t a t e s  at a s l igh t ly l ow e r  s p e e d  t h an t h e  b o w l . 

Th i s  d i f f e r en t i a l  s p e e d  c a u s e s  t h e s e t t l e d  s o l i d s  t o  be  

p u s h e d t o w a r d  t h e  sma l l  end  of  the  b o w l . Thus , t h e  

s o l i d s  a r e  m o v e d  u p  t h e  in c l ine , o u t  o f  t h e  l i q u i d  and 

d i s c h a rg e d fr om t h e  m a c h i n e. T h e  t h i r d  m a j o r  c om p onent 

i s  t h e  g e a r  un i t  l o c a t e d  a t  t h e  end o f  t h e  b ow l  u s e d  to 

d r i v e t h e  s c r e w  c on v ey o r  (15 ). 
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T h e r e  a r e  tw o ba s i c  ty p e s o f  f l o w  s c h e m e s i n  t he 

s o l i d  b ow l  c e ntr i fuge . T he f i r st ty p e  i s  th e c on v e nt i o na l 

o r  c ou nte r c u r r e nt ma c h i n e . In th i s  ty p e , fe e d  i s  i nt r o ­

d u c e d n e a r th e s m a l l  e n d  o f  the  b ow l . A fte r l e a v i ng th e 

f e e d  p i p e , it f l ow s  t o  a p r e a c c e le rati o n  c h a m b e r  a n d th e n  

i nt o  th e b ow l . T he s o l i d s  s p u n  o ut b y  c e ntr i f uga l f o r c e  

a re p i c k e d  u p  a n d  c o n v e y e d fr om th e ma c h i n e . T h e  l i q u i d  

f l ow s  t o  the  o p p o s it e  e nd o f  t he b ow l  a n d o ut o f  t h e  

m a c h i n e b y  f o l l ow i ng th e lo ng s p i r a l path c r e ate d b y  th e 

b la d e s  or t h e  c o nv e y o r  (15) . 

T h e  oth e r  t y pe o f  c e ntr i fuge i s  the  c o n c u rr e nt f l o w  

ma c h i n e . In  th i s  u n it , s l u dge i s  i ntr o d u c e d  a t  t h e la rge 

e nd o f  th e ma c h i n e . He r e , th e l i q u i d  a n d  s o l i d s  f l ow i n  

th e s a m e  d i r e ct i o n . T h e  l i q u i d  i s  i nte r c e pte d a n d  f l o w s  

i nt o  a n  e f f l u e nt c h am b e r  an d i s  s k imm e d o f f f o r  d i s c h a rge . 

T he s o l i d s  c o nti n u e  onwa r d  a n d  a r e  c o n v e y e d o ut o f  th e 

sma l l  e n d . T h i s  ty p e  o f  fl ow p atte rn r e d u c e s  tu r b u le n c e  

a n d  p r e v e nt s  d i stu rb a n c e  o f  th e s ett l e d  s l u dge . A l s o , 

th e w e i r s  f o r  r em o va l  o f  th e l i q u i d  c a n  b e  a d j u ste d wh i l e  

th e ma c h i n e i s  i n  o p e rati on . (15 ) . 

S o l i d  b ow l  m a c h i n e s  a c c o m m o d ate t y p i c a l i n l et f l o w s  

u p to 300 ga l l o n s  p e r m i nute . T h e y  c a n  a c c om m o d ate 

part i c le s ize s u p  to o ne - h a l f  inch  i n  d ia mete r . S o l i d s 

c o n c e ntrat i o n s  i n  the  out p ut , ra nge b etw e e n  20 a nd 4 5  

p e r c e nt ,  w ith s o l i d s  r e c o v e r y  u s ua l l y i n  th e 6 0  t o  95 



pe r ce n t  r a nge . C oag u la n t s  a r e  r e q ui r e d  t o  o b t a i n t he 

h ig h e r  le v e l s  ( 16) . 
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O pe r a t i on o f  a C e n t r i fuge . S lu dge i s  pum pe d i n t o  t h e  

c on v en t i ona l s o l i d  b ow l  c e n t r i fuge t h r oug h  a c e n t ra l  p i pe 

an d h ugs t h e  i n s i d e  wa l l s o f  t h e  o u t e r b ow l  d ue t o  t he 

c e n t r i f uga l f o r c e  ge n e ra t e d  b y  r o t a t i on o f  t he b ow l . A s  

r o t a t i on c o n t i n ue s , t h e he a v i e r  s o l i d s s in k  t o  t h e b o t t om 

an d t he l igh t e r l i q u i d  r e ma i n s  p o o le d  o n  t o p . Ba s i c a l ly , 

t h e  b ow l  c e n t r i f uge a c t s  a s  a h igh l y  e f fe c t i v e  s e t t li ng 

t a n k . T h e  s o l i d s  re m o v a l pr o c e s s  i s  a c c o m p li s he d  b y  t he 

s c r o l l  w h i c h  r o t a t e s  a t  a s l igh t l y d i f f e r e n t s pe e d  t ha n  

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

en d o f  t h e b o w l  ( c a l l e d  t h e b e a c h ) an d o u t  t he na r r ow 

c o n e d e n d . T h e  c le a r  l i q u i d , or c e n t r a t e , f lo w s  o ut t h e  

o t h e r  e n d  v i a  t h e  we i r  p or t s  ( 17 )  � T h e  o pe r a t i on p r i n ci p le 

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

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

Fa c t or s  a f f e c t i ng c e n t r i fuga l d e wa t e r i ng c a n  b e  

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

f i l t r a t i o n . A l i s t of t h e s e  va r i a b le s is s h ow n  i n  

Ta b le  3 ( 5) • 

Re s i d e n c e  T ime . R e s i de n ce t i me is  c o n t r o l le d  b y  

a d j us t i ng t he f low r a t e  o f  s lu dge t o  t h e  c e n t r i f ug e . 

In c r e a s e s  i n  r e s i d e nc e  t ime r e s u lt i n  i n c r e a s e d  s o l i d s  

re c ov e r y  a t  t he e x p e n s e  o f  c a ke d r y n e s s  (5) · 



T A BL E  3 

Va r i a b l e s  A f f e c t ing C en t r i fuge P e r f o rman c e  (5) 

Ma c h ine V a r i a b l e s  

B ow l d ia me t e r  
B ow l leng t h 
B ow l r o t a t i o na l  s p e e d  
Be a c h  ang l e  
Be a c h  l e ng t h 
P o o l  d e pth 
S c r o l l r o t a t i ona l s p e e d  
S c r o l l  p i t c h 
F e e d  p o in t  o f  s lu dge 
F e e d  p o in t  of  c h e m i ca l s  
C on d i t i on o f  s c r o l l  b la d e s  

O p e ra t i o na l Va r ia b le s  

R e s i d en c e t im e  
S ludge c ha r a c t e r i s t i c s  

( i n c l u d ing s lu dge 
c on d i t i on i ng )  

26 
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S l u dge C h a r a c t e r i s t i c s. In gene ra l , t h e  f r e s h e r  t h e  

s l u dg e , t h e  m o r e  e a s i l y i t  c an b e  d e wa t e r e d  ( 2) . T h e  

d e wa t e r ing c h a r a c t e r i s t i c s  o f  m i x e d  d ige s t e d  s l u dge s 

d e p en d  on t h e  ty p e  o f  s e c on d a ry s l u dge p r o d u c e d. S e c on d -

a ry s l u dge s w i t h  h igh slu dge v o l u m e  i n d e x e s  a r e  m or e  

d i f f i c u l t  t o  d e wa t e r  t h an s l u dge s w i th l ow i n d e x e s. 

M a c h in e  V a r i a b l e s. S e t t l ing t im e  an d s u rfa c e  a r e a  

c an b e  i n c r e a s e d  f o r  a g i v en d i am e t e r  b o w l b y  in c r e a s i ng 

th e l e ng t h / d i am e t e r  ra t i o. Inc r e a s i ng t h e  b ow l  d i am e t e r 

and m a inta ini ng t h e s a m e  c ent r i fuga l f o r c e  w i l l  r e s u l t in 

a l onge r r e t e n t i on t im e  wi th in t h e  m a c h i n e. T h i s  w i l l  

r e s u lt i n  h igh e r  s o l i d s  r e c o ve r i e s  b u t  w e tte r s l u dge 

c a k e s . Ch ang ing t h e  l eng th o f  th e b ow l  w i l l  a l s o  inc r e a s e  

t h e  r e ten t i on t i m e  b u t  t h e  c a k e  d ryne s s  t h e n  b e c om e s 

uns t a b l e. C u s t om a r i ly ,  l eng th / d i am e t e r  r a t i o s  o f  2. 5 t o  

3. 5  a r e  em p l oy e d  ( 2) � 

B ow l  s p e e d  i s  e s t a b l i s h e d  by s e l e c t i on o f  th e p r o p e r  

ge a r  r a t i o. I n c r e a s i ng t h e  b ow l  s p e e d  w i l l  in c r e a s e  t h e 

s o l i d s  r e c o v e ry and p o s s i b ly t h e  c ak e  s o l i d s  a s  w el l. 

Th e ne w e r c en t r i f uge s , h owe ve r , a r e c om i ng o u t w i t h  l ow e r  

r ota t i ng s p e e d s  t o  e x t end c onvey o r  l i fe (18) .  

Th e p o o l  d e p th c an b e  c h ang e d  in s om e  ma c hi ne s  d u r ing 

o p e r a t i on w h i l e  in o t h e r s t h e  m a c h ine m u s t. b e  s t o p pe d. 

In c r e a s i ng t h e p o o l d e p th inc r e a s e s  t h e  r e t en t i o n  t i m e  

whi c h  in t u rn e n han c e s  s o l i d s  r e c ov e ry b u t  · p r o d u c e s  a 
' ' 
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wet t e r  ca ke . Inc r e a s ing t he r o t a t i ona l s p e e d  o f  the  s cr e w  

conv e y o r  (scr o l l ) w i l l  inc r e a s e t h e s o l i d s  c oncentra t i on 

in t h e  c a ke b ut d ecr e a s e  t he s o l i d s  r ec o ve r y  b e ca u s e  on l y  

the  la rge r , h e a v i e r  s o l i d s  w i l l  b e  r e m o v e d . S im i la r l y , 

incr e a s i ng t h e  scr o l l  p itch w i l l  r e s u lt in t h e  r e m o va l o f  

on ly th e l a rge r a nd h e a v ie r s o l i d s . 

I f  t h e  f e e d  p o int o f  t h e  s l u dge i s  ch ange d s o  t hat 

it is  ne a r e r  t he b e ach , s o l i d s  r e c o ve r y  w i l l  inc r e a s e  at 

the e x pens e of a w e t t e r  c a ke . T h i s  is d u e  t o  t h e  l onge r  

tra v e l t i m e  r e q u i r e d  f or t h e  s l udge (5 ). 

C h e m ica l c ond i t i one rs can e ithe r b e  a d d e d b e f or e  t he 

s l udge e nte r s  th e ce ntr i fuge o r  f e d  d i r ect ly int o  th e 

mach ine . P a r k h u r s t , � a l .  (11) '· f o und t hat h ig h e r  s o l i ds 

r e co v e r i e s  we r e  ach i e ve d  wh en p o lyme r s  we r e  i n j e cte d 

d i r e c t ly int o t he b ow l  ra t h e r th an t h e  s l ud ge stre a m  

ente r ing th e b o w l . 

T h e  s c r o l l  b la d e s  a re s u b j e c t  t o  s e v e r e  w e a r  and 

te a r f r o m  c onstant gr ind ing aga ins t s and and gr itt y  

mate r i a ls i n  t h e  s l udge . When t h e  c onv e y or w e a r s  d own , 

s o l i d s  r e c o ve r y  d e c r e a s e s  s i nce many f ine s a r e n ot p i c ke d  

u p  (5 ) .  

Cond it i on ing S l ud ge P r i o r t o  D ewa t e r ing 

C ond it i oning s l udge p r i o r t o  d ewate r ing can b e  

acc om p l i s h e d  a num be r o f  wa y s . T a b le 4 l i s t s. f i v e  o f  the 

us ua l  c ond it i oning m e t h od s  and t h e ir  f unct i ons (2) · T h e  
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TABLE 4· 

Conditioning Meth ods and Purposes (2) 

Conditioning Method 

Polymer Addition 

Inorganic Chemical 

Elutriation 

Heat Treatment 

Ash Addition 

-

Unit Process Function 

Dewatering Improve production 
rate, cake solids 
content, and solids 
capture . 

Dewatering Improve production 
rate, cake solids 
content, and solids 
capture·. 

Dewatering Decrease acidic 
chemical conditioner 
demand and increase 
degree of concentra­
tion . 

Dewatering Eliminate or decrease 
chemical use, improve 
production rate, cake 
solids content, and 
stabilization . Some 
conversion may also 
occur . 

Dewatering Provide improved cake 
release from belt 
type vacuum filters 
and facilitate filter 
pressing. It can 
also result in higher 
filter yields and 
reduced chemical 
requirements . 
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f i r st tw o m e th o d s inv o l v e  che m ica l c o n d it i on ing . T h e s e  

me th o d s  d o  n o t  m a t e r ia l l y change t h e  n at u r e  o f  th e s l udge . 

A lth o ugh in t h e  pa st, f e r r ic ch l or i d e  and l im e  h a ve b e en 

th e p r inc i p a l c ond i t i on ing ch e m ica l s  us e d  p r i or t o  

d e wate r ing, p o l yme r cond i t i oning i s  b e c om ing m uch m or e  

w i d e s p r e a d . E l u t r i a t i on wa s or ig ina l l y d e ve l o p e d  t o  

d e cr e a s e  th e a lk a l in i t y  o f  ana e r o b ica l l y - d ig e s t e d  s l u dge s 

t o  r e d uce t h e  d e mand f or ac i d ic me t a l s a lts . He at t r e a t -

ment faci l itate s d e wa t e r ing and w i l l b e  e m p l oye d in a 

num b e r  o f  p lants cu r r ent l y  und e r  d e s ign in th e Uni t e d  

State s (2 ) . 

L im e  a n d  I r on S a l t s . H y d ra t e d  l i me s  i nc lu d i ng b o t h  

ca lci um l im e  ( C a(O H ) 2 ) and d o l om i t ic l im e  ( C a(O H ) 2 · 8Mg0 ) 

h a v e  a p p l ica t i on a s  cond i t i one rs e i th e r  a l one o r  in 

con j unct i on w ith oth e r cond i t i oning agen t s . T h e  act i v e  

agent i n  s l udge c ond i t i on ing i s  t h e  s t r ong a lka l ine 

ca lci u m  f ract i on of t h e  l ime . The ca lci um i on r e l e a s e d  

by d i s s o l u t i on o f  l ime i s  e f fect i v e  i n  the p r e c i p i t a t i on 

o f  ca r b ona t e s , p h os pha t e s  and s oa ps a s  s e en b e l ow .  

C a(O H ) 2 + H 2co3 ______... � 3 + 2 H20 (1) 

C a ( O H ) 2 + C a(H C03 ) 2-----. 2 C a C03 + 2 H20 (2 ) 

T h e  m o d e r a t e  e f fect i v ene s s  o f  l ime a s  a s l u d ge c ond i t i one r 

h a s  b e en a t t r i b u t e d t o  t h e d e h y d r a t ing and c o l l o i d ­

s h r ink ing e f f ect s o f  t h e  ca lc i um h y d r o x i d e . 



3 1 

Ferr i c  s a l t s  s u c h  a s  F ec1 3 an d F e 2(so4 ) 3 are s a l t s  

t h at re l e a s e  t r i v a l e n t  ferr i c i on s  wh e n  d i s s o lv e d i n  

wa t er . Th e s e  f e rr i c  i on s  are h igh l y  r e a c t i v e  a n d f orm 

s l igh t l y s o l u b l e  pre c i p i t a t e s  w i t h  h ydr o x i d e s , c a r b ona t e s , 

p h o s p h a t e s , a n d  s oa p s a s  s e e n  be l ow . 

2Fe C13 + 3 C a ( H C03 ) 2 __. 

2Fe( O H ) 3 + 3 C a C12 + 6 C02 

Fe 2(so4 ) 3 + 3 C a(H C03 ) 2 __. 

2Fe( O H ) 3 + 3 Caso4 + 6 C02 

( 3 )  

( 4 ) 

Ferr o u s  s a l t s  re l e a s e  d i va l e n t  f err o u s  i on s  w h i c h  t e n d  t o  

b e  le s s  a c t i v e  t h a n  ferr i c i ons  a n d  t e n d t o  f orm c om p o u n d s  

o f  gre a t er s o l u b i l i t y . 

F eso 4 • 7 H 2o + C a ( H C03 ) 2 _____. 

F e (H C03 ) 2 + Caso4 + 7 H2o 

F e ( H C03 ) 2 + 2 C a ( O H ) 2 � 

F e ( O H ) 2 + 2 Ca C03 + 2 H20 

( 5 )  

( 6 )  

Ferr o u s  pre c i p i t a t e s  ma y prom o t e  aggrega t i on o f  s l u dge 

p ar t i c u la t e s  ( 10 ) • 

P o l ym e rs . P o lymers are l o ng - c ha i n , wa t e r  s o l u b le , 

orga n i c  m o le c u l e s  w i th h igh m o le c u lar we igh t s  t h a t a b o u n d  

w i t h a c t i v e  f u n c t i on a l gr o u ps a l ong t h e  e n t ire  l e ng t h  o f  

th e  c h a i n . Orga n i c  p o lymers can s erve a s  pri ma ry 

c oag u la n t s  a n d / or c oag u la n t  a i d s . F ur t h e rm ore , p o l ymers 

m i n i m i z e  d e p e n d e n c e  on the  c omm on i n orga n i c c oagu la n t s  

s u c h  a s  a l um a n d  iron sa l t s  ( 1 9 ) .  
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T h e r e  a r e  t h r e e  b a s i c  ty p e s  o f  p olym e r s  u s e d: 

a n i on i c , c a t i on i c  a n d  n on i on i c (11). N on i on i c  p o lyme r s  

d o  n o t  i o n ize i n  s o l u t i on . H owe v e r , t h ey d o  c on ta i n  

a c t i v e  s u r fa c e  s i t e s  a l ong t h e  c ha i n  t h a t a s s i s t  i n  c r os s -

l in k  b i n d i ng o f  slu dge pa r t i cle s i n t o agg r e ga t e s . N on i on i c  

p o lyme r s  a r e ge ne r al ly us e d  i n  c on j u n c t i o n w i th o t h e r  

s lu dge c on d i t i on i ng age n t s . A n i on i c  p o lyme r s  b e c ome 

nega t i ve ly c h a rge d o n  t he o rga n i c  p or t i o n s  of m o le c ule s 

a f t e r  i o n iza t i o n o f  f u n c t i ona l gr o u p s  h a s  r e l e a s e d  ca t i on s  

t o  t h e  s o l u t i on . T h i s  re a c t i on r e s u l t s  i n  l ong ,  f i b r o u s , 

p o lyva le n t  o rga n i c  i on s  wh i c h  a re e f f e c t i v e  i n  c olle c t i ng 

and b i n d i ng p os i t i v e ly c h a rge d p a r t i c le s . T h e  pa r t i c l e s  

i n  wa s t e wa t e r  a r e  ge ne r a l ly nega t i v e ly c h a rge d . C a t i on i c  

p o lym e r s  p os s e s s  a p os i t i v e  c h a rge on t h e  o rga n i c  p or t i on 

o f  t h e  m ole c u l e a f t e r  i o n iza t i on ( 10 ) . 

S pe c i f i c R e s i s t a n c e  a s  a M e a s u r e  o f  Slu dge F i l t e ra b il i ty 

T h i s  t e s t  i n v o l v e s  f i l t ra t i on o f  a g i v e n v o l ume o f  

sludge u s i ng a B u c hne r f u n ne l .  T h e  t im e  a t  w h i ch t h e  

va c uu m  b r e a ks d u e t o  c r a c k i ng o f  t h e  c a k e i s  m e a s ur e d  

a l ong w i t h t h e  v o lume o f  f i l t r a t e . T h e s e  v a l u e s  a r e u s e d  

t o  d e t e r m i ne t h e  s pe c i f i c  r e s i s t a n c e  o f  t h e  s lu dge . T h e  

t ime unt i l  t h e  va c uum b r e a ks d e p e n d s  u p on a n um b e r  o f  
' 

v a r i a b le s .  
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Th e s e  v a r i a b l e s  i n c lu d e  t he ( 2 0 ) :  

1 .  i n i t i a l s o li d s c on t e n t  o f  t h e  s lu dg e  
2 .  vo l u me o f  s l u dge f i l t e r e d  
3. a r e a  o f  fi l t e r i ng s u r f a c e  
4. p r e s s u r e  a t  w h i c h  f i l t ra t i on i s  c a r r i e d  o ut 

T he a n a l y s i s  o f  f i l t r a t i on of s l u dge s b a s e d  on  t h e 

l i q u i d f low t h rough porous  me d i a  w a s  f i r s t r e po r t e d b y  

D a r c y . C a r m a n  a d a p t e d  D a r c y's e q ua t ion to f i l t ra t ion a n d  

Coa c k l e y a n d  J on e s  (2 0 )  a da p t e d C a r man's ana l y s i s  t o  t h e  

o p e ra tion o f  a v a c u um f i l t e r . 

T h e  b a s i c  f i l t r a t i on e q ua t i o n  i s : 

d V  
= ( 7 )  

d Q  u ( w r V  + R fA )  

w h e r e: v = v o l um e  o f  f i l t ra t e , m l  
Q = t i m e  e a c h  f i l t ra t e  vo l um e  i s  m e a s u r e d , 

s e con d s  
d V  = ra t e  o f  f low , v o lume p e r  u n i t t im e  
d Q 

N / cm 2 p = a p p l i e d vac uum� 
A = f i l t e r a r ea , m 

N - s e c / m2 u = v i s c o s i t y o f  f i l t r a t e , 
r = s p e c i f i c  r e s i s t a n c e , s e c2/gr . 
w = we igh t o f  d r y c a k e so l i d s  p e r  u n i t  

vo l ume o f  f i l t ra t e  
R f = r e s i s t a n c e  o f  f i l t e r  m e d i um 

I f  E q ua t ion (7 )  i s  i n t egra t e d a s s um i ng p r e s s ur e  i s  

c on s t an t  d ur ing t he f i l t r a t ion t i me , t he f o l low i ng 

e x p r e s s io n  i s  o b t a i n e d  ( 2 ) :  

Q = r wV + Rr ( 8 ) 

v P A  
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T h i s  e x pr e s s i on i s  in t h e  f orm o f  a s tra igh t l ine w h e n  

Q/ V i s  p l o t t e d  v ers u s  V ob t a ine d b y  m e a s u r ing t h e  v o l ume 

of the f i l t r a t e , V, a t  va r i o u s  t i me s , Q .  T h e  s l o pe o f  

th i s  l ine , b ,  i s: 

b = 
urw ( 9 )  

B y  r e a rrangi ng E q ua t i on ( 9 ) � an e x pre s s i on i s  o b t a ine d 

f r om wh i c h t h e  s pe c i f i c  r e s i s t an c e , r ,  w h i c h  i s  a me a s ure 

of s l u dg e f i l t e r a b i l i t y , can b e  c a l c u la t e d : 

2P A2b r = 

u w  
( 1 0 )  

T y p i c a l  s pe c i f i c  r e s i s t ance va l ue s f or var i ou s  b i o l og i ca l 

s l u dge s are p r e s en t e d in T a b le  5 ( 2 1 ) � A l s o s h own in t h i s  

t a b le  are s pe c i f i c  re s i s tanc e va l u e s fr o m  S i s k  ( 22 ) and 

M i l l er ( 23 ) . 

T h e  s l u dge c a ke , re p or t e d a s  dry s o l i d s  p e r uni t  

v o l um e  o f  f i l t r a t e , w ,  c an b e  a p pr o x i ma t e d b y  t h e  fe e d  

l.d . . k I 3 s o  i s c on c e n tr a ti on in g m . E q ua t i on ( 1 1 )  a l s o  c an b e  

u s e d  t o  a c c ura t e ly c a l c u la t e w ( 5): 

where : 

w = ( 1 1 ) 

C k = c a ke s o l i d s  c onc entra t i on ,  p er c en t  
C0. = f e e d  s o l i d s  c o·ncen t r a t i on ,  perc e n t 

F or re l i a b l e  re s u l t s  i t  i s  ne c e s s ary t h a t ( 20 ) : 

1 )  t h e  f i l t er a re a  b e  a c c u ra t e ly kn ow n , 2 ) _ t h e  p r e s s ure 
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TABLE 5 

Ty p i c a l S pe c i f i c  R e s i s tance Va l u e s 
F or Va r i o u s  Slu dge s 

S l u dge Ty pe  S pe c i f i c  R e s i s tanc e , r  
(s e c 2 /g ) 

P r i mary 1.5 - 5.0 x 1010 

A c t i va t e d  1 - 10 x 1 o9 

D ige s t e d 1 - 6 x 10 10 

D ige s t e d  + e l u t r i a t e d  wi t h  l im e  s l u dge 3 - 3 3  x 108 

Dige s ted + e lu t r ia t ed w i t h lim e s l udge + p o lyme r  1 - 14 x 10
8 

D ige s t e d  + elu t r ia t e d  w i t h  ta p wa t e r  + l ime slu dge 
108 + p o lym e r  0 . 7 - 5 x 

D ige s t e d  + e lu t r ia t e d  w i t h  l ime s l udge + fe r r i c  
10

8 ch lor ide 0.25 - 4 x 

D ige s t e d  + elu t r ia t e d  w i t h  ta p wa t e r  + fe rr i c  
108 ch lor i d e  and l im e  0.7 - 0.84 x 

R e fe r en c e  

( 2 1 ) 

( 2 1 ) 

( 2 1 ) 

(2 2 )  

( 2 2 ) 

(2 2 ) 

(2 3 ) 

(23) 

w 
Ul 
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a t  w h i c h  t h e  fi l t r a t i on is  c a rr i e d  o u t  b e  k n own, 3) _ t h e  

v o lum e  o f  fi l tra t e  b e  me a s ur e d  a t  va r i o u s  t im e  i n c re m e n t s  

s t a r t i n g  a t  t h e c ommenc e m e n t  o f  t h e  f i l t r a t i on t e s t, 4 )  

t h e  r a t i o  'w' b e  d e t e r m in e d, and 5) t he v i s c o s i ty o f  t he 

f i l t r a t e  b e  k n ow n  ( t h i s ma y, e x c e p t  i n  t h e  c a s e  o f  v e r y  

a c c ur a t e  w or k, b e  t a ken a s  t ha t  o f  wa t e r  a t  t h e  s a me 

t e m pe r a t ur e ) .  

A f t e r  a v a c u um br e a k  h a s  oc c ur r e d o r  a f t e r  2 0  minu t e s  

e la p s e d t im e ,  t h e  v o l ume o f  f i l t r a t e  c a n b e  d e t e r m ine d 

dir e c t ly. T h e  v o l ume o f  s l u d g e  c a ke can a ls o  b e  

d e t e rm i n e d d i r e c t ly. T h e  s o l i d s  in t he s l u d g e  c a k e c a n  

b e  d e t e r mine d a s  m e n t i one d e a r l i e r  o r  b y  u s ing a s t a n d a r d 

t o t a l s o l i d s  t e s t . 

La b C en t r i f uge a s  a M e a s u r e  o f  S l u d g e  C e nt r i f uge 
P e r f or m a n c e  

S o l i d s  r e t e nt i on t ime ( f l ow ra t e  t o  t h e  m a c h ine ) a nd 

c e nt r i f ug a l f or c e a r e  tw o o f  t h e  m os t  im p or t ant i n f luenc e s  

o n  c en t r i f ug e  pe r f or manc e .  ·A �enc h -s c a l e  me t h od f or 

e va l ua t ing t h e s e  pa r a me t e r s h a s  b e e n d e v is e d  us ing a 

la b or a t o r y  c ent r i f ug e  ( 2 4 ) .  

I t  i s  p os s i b le t o  d e f ine t h e  e ff i c i ency o f  c e n t r i -

f u ga t i on a s  (5): 

P e r c en t  R e c ov e r y  = 
c - c o c· x 1 0 0 ( 1 2 )  



w h e r e: C = s o l i d s  c o n c e n t ra t i on o f  t h e c en t ra t e  c 
C = fe e d  s o l i d s  c on c e n t r a t i on 

0 

Th i s  e q ua t i on i s  n o t  a p r o p e r  m e a s ur e  o f  c en t r i f uge 

37 

p e r f orman c e  s in c e  i t  d o e s  n o t  mea s u r e  t h e a m o u nt o f  s o l i d s  

d e pos i t e d  a s  c a ke . H ow e v e r , t h e  e q ua t i o n  d o e s  yi e l d 

re s u lt s  t ha t  a r e  v e ry s im i la r . L e t t i ng C' d e s ig na t e t h e c 
c e n t r a t e  s o l i d s c on c e n t ra t i o n ob t a in e d w i t h  t h e la b o ra t o r y  

c e n t r i f uge , t h e  e f f i c iency f o r  a la b o r a t o ry ana ly s i s 

b e come s ( C  - C ' ) / C an d wo u l d r e p r e s e n t  a q u an i t a t i ve 
0 c . 0 

e s t im a t e  o f  t he s l u dge s e t t l ing c h a ra c t e r i s t i c s i n  t h e 

la bor a tory c e n t r i f uge . T h e  fe e d  s o l i d s  c o n c e n t ra t i o n C , 0 

w o u l d  b e  i d ent i c a l f o r  b o t h  t he la b or a t o ry a na ly s i s  a nd 

t h e  p r o t o ty p e . Th e la b o r a t o ry c e nt r i f uge t e rm C � , i s  

e v a l ua t e d  b y  c e n t r i f ug i ng a s am p l e o f  s l u dge a t  t he s a me 

a c c e le ra t i on a n d  r e s i d e n c e  t i me c on t e m p la t e d  f o r  t h e  

p r o t o ty p e . C e n t r i f uga l a c c e l e ra t ion  ( C . A . )  i s  ca l c u la te d  

a s  f o l lows ( 5) : 

C A ( · t ) = 
r 1 + 

r 2 w 2 . . x gra  v i  y 
2 g 

( 1 3) 

w h e r e : r 1 = r a d i a l  d i s t an -c e  fr om t h e  c e n t e r o f  t he 
c e n t r i f ug e  t o  t h e  t o p  o f  t h e  s l u dge , cm 

r 2 = r a d i a  1 d i s tan c e  t o  t h e  b o t t o m  o f  t h e  
c e n t r i f uge t ub e  or  i nne r wa l l  o f  t h e  
b ow l , c m  

w = r a d ia l  v e l o c i ty ,  ra d ia n s p e r  s e c on d  
g = g ra v i ta t i ona l c ons t a n t  

T h e  r e s i d e n c e  t i me f or t he la b o r a t ory c e n t r i f uge c an 

b e  e s t ima t e d by t h e ' p o w e r  o n' t im e  i f  t h e s t a r t i ng and 
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s t o p p i ng t im e s are a p p r ox ima te l y  e q ua l  a n d i t  i s  a s s ume d 

t h a t t h e  l os s  i n  c e n tr i fuga t i o n  d ur i ng s t a r t - u p  i s  

c om pe n s a t e d b y  t h e t ime re q u ire d t o  s t o p  t h e  ma c h ine  (24) . 

A f t er s p i n n i ng ,  t h e  v o l um e  o f  c e n tra t e , s o l i d s  c o nc e n ­

tra t i on i n  t h e c e n tra t e , a n d  v o l ume o f  s o l i d s  c a n  be 

d e t e rm i n e d d ire c t l y .  T h e  c a ke s o l i d s  c a n  be d e t e rm i ne d  

a s  pre v i ou s l y  m e n t i o ne d or by ru n n i ng a s t a n d ar d  t o t a l 

s o l i d s  t e s t . 



E X P E R I M E N T A L  M E T HODS A ND T E S T  P R O C E DU R E S 

T h i s  st u dy wa s c ond u c t e d  t o  d e t e r m i ne wh e t he r  t he 

c os t  o f  va c uum f i l t r a t i on or  c ent r i fuga t i on w o u ld b e  le s s  

e x p ens i ve t h a n t h e  e x i s t ing s l udge d i s p o s a l me t h o d s u s e d  

a t  t he S i o u x  Fa l ls Wa t e r  R e c la ma t i on P lant . L a b or a t o ry ­

s c a le e x pe r i me n t s  we r e  u s e d  t o  s i m u la t e  va c uum f i l t e r  and 

c e n t r i fuge o p e ra t i o ns . T he s l udge wa s c ond i t i one d w i t h  

p o lyme r s  p r i o r t o  d e wa t e r ing .  We l l- d e f ine d m e t h od s  o f  

s a mp l ing a nd a na lyz i ng t h e  s l udge a s  r e c o mme n d e d  i n  

S t and a r d  M e t h o d s  f o r  t he E xa mi na t i o n  o f  Wa t e r  a nd Wa s t e ­

w a t� a n d a s  i nd i c a t e d  in t h e f o l l ow ing s e c t i on s , w e r e  

e s t a b l i sh e d  t o  o b t a in r e pr o d uc i b le a n d c om pa ra b le d a ta . 

S lu dge Sa m p l ing and C o nd i t i o n ing 
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D i ge s t e d  s l udge s a m p le s  w e r e  c o l le c t e d  d i r e c t ly f r om 

t h e  d ige s t e r  o v e r f l o w . T e s t ing wa s ini t ia t e d  a s  s o on a s  

p os s i b le a f t e r s a m p ling .  E a c h  s a m p le wa s c on t inua l ly 

s t i r r e d wh i le t he t e s t s  w e r e  c ond uc t e d . T h e s l udge -m i x ing 

a p pa ra t u s  i s  s h ow n  in Figure 9 . 

T he p o lyme r s  w e r e  o b ta in e d  f r om t h e  N a l c o C h e m i c a l 

C om p any , S i o ux Fa l ls . P r e l i m ina ry s t ud i e s  we r e  c ond u c t e d  

by p e r s o nne l a t  t he Wa t e r  R e c lama t i on P lant L a b o ra t o ry 

a n d  Na l c o t c  i d ent i fy t he p o l yme r s  mos t l i ke ly t o  

s u c c e s s f u l ly and e c onom i c a lly c ond i t i on t he s l u dge . 

U l t � ma t e ly ,  f o ur p o lyme rs w e r e  s e le c t e d  f o r  u s e  in t he s e  
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4 1  

s t ud i e s . P o lym e r  7 1 2 0 wa s r e c o mmend e d  a s  t h e  p o lyme r  t h a t 

w o u l d b e  t h e  m o s t s u c c e s s fu l  and e c on o m i c a l in c ond i t i oning 

t h e  s l u d g e .  T he r e s u l t s  o f  t he s e  p r e l i m ina ry s t u d i e s  may 

be f o und in A p p end i x  I .  

E v en w i t h  t h e  r e c o mmend a t i on o f  p o lyme r  7 1 2 0 ,  i t  wa s 

d e c i d e d  t h a t  a l l f ou r  p o lyme r s  w o u ld b e  ini t i a l ly t e s t e d  

t o  ve r i fy t ha t  p o lyme r  7 1 2 0  wa s t he b e s t c h o i c e  f o r  S i o ux 

Fa l l s . T he f o u r  s e le c t e d  p o lyme rs  w e r e  d i l u t e d t o  c oncen­

t r a t i ons r e c omm end e d  for  u s e  a t  t he t im e  o f  s l u d g e  a d d i t i o n. 

T he d i l u t e d  p o lym e r  s o l u t i ons we r e  a l l ow e d  t o  m i x  f o r  one 

t o  t w o  h o u r s  b e f o r e  a d d i ng t o  t h e  s lu d g e  s a m p le . T he 

s a m p le s  w e r e  c on t inu o u s ly m ix e d  d u r ing p o lyme r a d d i t i on .  

A f t e r  2 0  t o  3 0  s e c ond s o f  m ix ing , t he c ond i t i one d s lu d ge 

wa s t e s t e d . T he a p p a r a t u s  u s e d  f or d i l u t ing t h e  p o lyme r 

and m i x ing t h e  p o lym e r  w i t h  t h e  s l u d g e  c an b e  s e e n in 

F i g u r e 9 .  

La b or a t ory C e nt r i f uge T e s t  P r o c e d u re 

T h e  la b o r a t o ry c en t r i fu g e  a p pa ra t u s  u s e d  in d e t e r min­

ing t h e d e wa t e r ing c h a r a c t e r i s t i c s  o f  c ent r i fu ge d  s l u d g e  

a n d  o p t i m um p o lyme r d o s a ge i s  s h own in F i gu r e  1 0 .  T h i s  

a p pa r a t us inc l ud e s  a d e s k - t o p  c en t r i f u g e  w i t h  h e a d s  t o  

h o ld a minim um t ub e  s i z e  o f  15 m l . , me t a l t u b e  h o l d e r s , 

15 m l . s p in t u b e s , t i me r , and a c c e s s ory e q u i p ment f or 

d e t e r m ina t i on o f  c en t ra t e  and c a ke s o l i d s . T he p r o c e d ur e  
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f or t h i s t e s t  i s  a m o d i f i c a t i o n  o f  t h e  p r o c e d ur e  o u tl i ne d  

b y  Ve s i la n d (5 ) d e s c r i be d  a s  f o l lows : 

1 .  Ca l i b ra t e  t he c e n t r i f ug e  a t  a s pe e d  pr o d uc ­
i ng a b o u t  5 0 0 - 1 , 0 0 0  t i m e s t he a c c e le ra t i o n 
o f  gra v i t y . 

2 .  P la c e 1 2 . 5  m l . o f  d i ge s t e d  s lu dge i n  ea c h  
o f  t h e  s i x 1 5  m l . t ub e s . 

3 . S t a r t  t h e  s pin . 

4 3  

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

5 .  R e a d  t he s l ud ge - liq u i d l e v e l a n d  r e c or d  a s  
p e r c e n t o f  t o t a l (i . e . 1 2 . 5  m l . c or r e s p o n d s  
t o  1 0 0 p e r c e n t ) . 

6 .  P o u r  o f f  a n d  me a s u r e  c e n t r a t e  v o l um e . 

7 .  D e t e r m i ne s o l i d s  c o n t e n t  o f  c e n t ra t e . 

8 .  S l i d e  s l u d g e  i n t o  t a r e d a l um i n u m  d i s h  t o  
d e t e r m i ne d ry we igh t  o f  c a ke . 

9 . R e p e a t  s t e p s 2 - 8 f o r  va r y i ng d os a ge s  o f  
e a c h  p o l yme r u s e d . 

A s p i n  ( r e s i d e nc e ) t im e  o f  t w o  m i n ut e s  wa s u s e d . T he 

c e n t r i fuge w a s  o pe ra te d a t  2 , 4 0 0  r . p . m .  ( 5 0 0  G } . T h i s  

r e la t i ve l y l ow c e n t r i f uga l f o r c e  wa s u s e d t o  p r e ve n t  

d i s r u p t i on o f  t he s lu dge f l o e  f or me d  b y  t h e  p o lyme r 

a d d i t i on . A ls o ,  h igh e r  c e n t r i fuga l s p e e d s  a r e  n or ma l l y 

a s s oc i a t e d  w i t h  h igh e r  ma i n t e na n c e  a n d re p a i r  c os t s ( 1 6 } . 

T h e  s ol i d s  c o n t e n t s  o f  t h e  f e e d s l udge , c e n t r a t e  a nd 

s ludge c a ke w e r e  d e t e r m i ne d  b y  t h e  p r oc e d u r e s  o u t l i n e d  in 

S t a nd a r d  M e t h o d s  ( 2 5 ) . 

J 
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B u c h n e r  F un ne l T e s t P r o c e d u r e s 

T h e  B u c h ne r f u nne l a p p a r a t u s us e d  i n  d e t e r m i n ing t h e 

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

o p t imum p o lym e r  d o s a ge f or b e s t  d ewa t e r ing i s  s h ow n  i n  

F i g u re 1 1 . T h i s  a p p a ra t us i nc l u d e s  a B uc h ne r  f u n n e l ,  

v a c u um s o ur c e , va c uu m  ga uge , t i m e r , 25 0 m l .  gr a d u a t e d  

cy l i nd e r  a nd m i s c e l la ne o u s  t ub ing a nd va l v e s f o r  p r e s s u r e 

r e g u la t i o n . Wh a t ma n N o . _ 2 f i l t e r pa p e r , e le ve n  c e n t i -

m e t e r s  i n  d i a me t e r , wa s u s e d  i n  t h e  B uc h ne r f u nne l .  

T he p r o c e d u r e  f o r t h i s  t e s t  i s  s i m i la r  t o  t h a t 

f o l l owe d by S i s k  ( 22 )  . a nd M i l le r  ( 23 )  .w i t h  s l i g h t  m o d i f i -

c a t io ns t a ke n f r om V e s i la n d  ( 5 ) . T he m od i f i e d  pr o c e d ur e s  

we r e  a s  f o l l ows : 

1 .  T he s o l i d s  c o n t ent  a n d t e m pe ra t u r e  o f  t he 
fe e d  s l u d g e  we r e  d e t e r m i ne d . 

2 .  A v a c u u m  wa s a p p l i e d t o  a m o i s t e ne d  f i l t e r  
pa p e r  t o  o b ta i n  a s e a l . 

3 .  T h e  va c u u m  wa s t u rne d o f f  a nd a 1 0 0 m l . 
s l u d ge s a m p l e wa s p o ur e d  i n t o t h e  f u n ne l .  

4 . T h e  va c uu m  wa s le f t  o f f  f or o n e  m i n u t e  t o  
a l l ow f o r  c a ke f or ma t i o n . 

5. Af t e r  o ne minu t e , r e c o r d e d  a s  t im e  z e r o , 
t h e  l i q u i d  le ve l in t h e  g ra d ua t e d  c y l i n d e r 
wa s r e a d  and r e c or d e d  a n d a v a c u um o f  22 
inc h e s  o f  me r c u ry ( 1 0 . 8  p s i ) wa s a p p l i e d . 

45 

6 �  T h e  f i l t r a t e  v o lume wa s r e c or d e d  a t  f r e q ue n t  
i nt e rv a ls  u n t i l t h e  c a ke c ra c ke d  and a 
v a c u um b r e a k  o c c ur re d  or  u n t i l  t we n ty 
m i n u t e s  h a d  e la ps e d . 



7 .  T he s o li d s c on t e n t  o f  t h e  f i na l c a ke wa s 
d e t e rm i ne d . 

8. S t e p s 3 - 7 w e r e  r e p e a t e d f o r  s l u d g e  s a m p le s  
t r e a t e d  w i th var y i ng d o s a g e s  o f  p o l y me r . 

T h e  v o l um e  o f  f i l t ra t e  wa s re c or d e d  a t  3 0 - s e c o n d  

46 

i n t e r va ls  f o r  t he f i r s t t h r e e  m i n u t e s , 6 0 - s e c o nd i n t e r va l s  

f o r  t h e  n e x t  f i ve m i nu t e s , 2 - m i n u t e  i n t e r va l s  f or t h e  n e x t  

f o u r m i n u t e s  a nd 4 - m i n u t e  i n t e r va ls un t i l  t h e  va c u u m  

bre a k  o c c u r r e d o r  u n t i l 2 0  m i n u t e s  h a d  e la p s e d . T h e  

s o l i d s  c o n t e n t s  o f  t h e  i n i t i a l  s lu d g e  s a m p le a nd f i na l 

f i l t e r c a ke w e r e  d e t e r m i n e d a c c o r d i ng t o  me t h od s  d e s c r i be d  

i n  S t a nd a r d  M e t h od s  ( 2 5 ) . T h e s e  r e s u l t s  w e r e  u s e d  i n  

d e t e r m i n i ng t he s pe c i f i c  r e s i s t a n c e  o f  t h e  s l u d g e . 

S a m p le c a l c u la t i o ns f o r  t h e  d e t e r m i na t i o n  o f  s pe c i f i c  

r e s i s t a nc e  a r e  i nc l ud e d  i n  A p p e n d i x  I I . 

E va l ua t i ng C o s t s  o f  E x i s t i ng S lu d g e  D e wa t e r i n g  Me t h od s  

A s  p r e v i ou s l y  me n t i o n e d , t h e  e x i s t i ng s l ud g e - d e w a t e r -

i n g  a nd d i s p os a l m e t h od c o ns i s t s o f  l a g o o n s  a nd d r y i ng 

b e d s . T he l i q u i d  i s  s p r e a d  o v e r  c r o p l a nd wh i le t h e  c a ke 

fr om t h e  d r y i ng b e d s  i s  h a u le d  t o  a la nd f i l l  fo r d i s p o s a l .  

F i g ur e  1 2  s h o w s  a n  o v e ra l l  v i e w of  t h e s l u d g e  la g o o ns . 

C le a n i ng o f  a p or t i o n  o f  t h e  s l udge - d r y i ng b e d s  i s  d e p i c t e d  

i n  F i g u r e  1 3. A ma j or p o r t i o n of  t he ma i n t e na nc e  c os t s 

a re i nc u r r e d  i n  t he u p ke e p  o f  t h e  lag o on s  ( 2 7 a c r e s ) a nd 

d r y i n g  b e d s  ( 3 3 a c r e s ) . T a n ke r s  w i t h  a l i q u i d ca p a c i t y  

o f 8 , 0 0 0  ga l l on s  a re u s e d  for t r a ns p or t i ng l i q u i d  s l u d g e  
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fr om t he la g o o ns t o  t he d r y i ng be d s  a nd / or c r o p  la n d s . 

O p e n  b ox d um p  t r u c ks a r e  u s e d  f o r  t r a n s p or t i ng d r i e d  

s l u d g e  t o  t he s a n i ta r y  l a nd f i l l . 

O p e r a t i o n a l c os t s i nc l ud e  1 )  e le c t r i c i t y  f o r  p um p i ng 

t he l i q u i d  s l u d g e  i n t o  t h e  t a n ke r s , 2 )  f u e l f or t h e  

t a nk e r s , d ump t r u c ks a nd a d d i t i ona l l o a d i ng e q u i pm e n t  a t  

t h e  d r y i ng b e d s  ( i . e .  r oa d  gr a d e r , b u l ld o z e r , fr o n t - e n d  

l oa d e r , e t c . ) , 3 )  e q u i pme n t  r e n t a l  wh e n  n e c e s s i t a t e d , 4 )  
w a g e s  f o r  t he o p e r a t i o na l pe r s o n ne l ,  5) m i s c e l la n e o us 

4 9 

i t e m s  n o t  c o v e re d a b ove . Ma i n t e na n c e  i t e m s i n c l u d e  1 )  

u p ke e p o f  t h e  la g o o n s  a nd d r y i ng b e d s  i nc l u d i ng w e e d  

c on t r o l ,  c le a n i n g  ov e r f l ow p i pe s , e t c . , 2 )  r e pa i r o f  t he 

s l u d g e  p um p s , t a n ke r s , d um p  t r u c ks a nd a c c e s s or y  e q u i pm e n t , 

3 )  wa g e s f o r  ma i n t e n a nc e  pe r s onne l ,  4 )  m i s c e l la ne o us 

r e p a i r s  a n d ma i n t e na nc e . 

I t  s h o u ld b e  n o t e d  t ha t  t he am o u n t  a nd q ua li t y  o f  

s u pe r n a ta n t t r a ns f e r r e d  fr om t h e  s ludg e l a g o o n s  t o  t h e  

h e a dw o r ks o f  t h e  t r e a t me n t  p la n t d e pe nd s  o n  t h e  am o un t o f  

l i q u i d  s l u d g e  p um pe d t o  t he la g o o ns a l ong w i t h t h e  w e a t h e r  

c o nd i t i o n s  d u r i ng t h e  t i me t he s l udge  i s  i n  t h e  la g o o ns . 

F o r  e x a m p le , t h e  d r y  s umm e r  o f  1 9 7 6 r e s u l t e d  i n  v i r t ua l l y 

n o  s u pe r na t a n t  r e t ur n  t o  t he h e a d  o f  t h e  p la nt . I n  a w e t 

y e a r t he r e t ur n  o f  s u pe r na t a n t  h a s  s ome t i m e s b e e n  c o n t i nu ­

o u s . A n o t h e r  ma j o r p o i n t t h a t ha d t o  b e  c on s i d e r e d  w a s  

t h e  r e v e n ue a s p e c t . L i q u i d  s l u d g e  t ha t  i s  t r a ns p or t e d  t o  

• 



c r o p  la n d  i s  p ur c h a s e d  b y  t he f a r m e r a t  t w e n t y  c e n t s  p e r  

m i le r o u n d  t r i p  f r o m  t he la g o o ns t o  t he d i s p os a l f i e ld  

a nd ba c k  in  S i o ux F a l ls . At  t he p r e s e n t t i me t he r e  i s  n o  

ma r k e t  f o r  t he d r i e d  s l u d g e  i n  t he S i o ux F a l ls a r e a . 
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P R E S E NT A T I O N O F  R E S UL T S 

P r e l im i na r y  T e s t s  

T h e  d i g e s t e d  s l udge fr om t he S i o u x  F a l l s  Wa s t e wa t e r  

P la n t w a s or i g i na l l y s am p le d  a n d  a na l yz e d  f or t o t a l a nd 

v o la t i le s o l i d s  c o n t e n t . The da i l y s l u d ge f l o w  wa s e s t i -

ma t e d  b a s e d  o n  f l ow re c o r d s  f r om A p r i l  a nd M a y o f  1 9 7 6 .  

S am p l i n g  w a s c a r r i e d  o u t  f or f o u r t e e n c o n s e c u t i ve d a y s  i n  

J u n e o f  1 9 7 6  a n d  t w o  d a ys i n  A ug us t o f  1 9 7 7 . T h e s e  d a ta  

are  p r e s e n t e d  i n  Ta b le 6 .  

T A B L E  6 

C om p os i t i on o f  D i ge s t e d  S l ud g e  
fr om S i o ux F a l ls Wa s t e w a t e r  T r e a t me n t P la n t  

F l ow 

S o l i d s  c o n c e n t r a t i on 

We t s l u d g e  c on c e n t r a t i on 

D r y  s lu d g e  c on c e n t ra t i on 

V o la t i le s o l i d s  c o n c e n t r a t i o n 

V o la t i le s o l i d s  i n  c a k e  

M e a n  
1 7 5 , 0 0 0  

( 6 6 2  c u . m / da y )  
1 . 9 %  b y  w t . 

8 . 4 7 l b / ga l  
( 1 O 1 3  gm / 1 )  
0 .  1 6 1 b /  g a  1 · 
( 1 9  gm / 1 )  
0 . 1 0 l b / ga 1  
( 1 2  gm / 1 )  
6 4 . 0 % 

S ta nda r d  
D e v i a t i o n 

8 3 , 0 0 0  

0 . 1 

0 . 7 8 

0 . 0 1  

0 . 0 0 4  

1 .  0 6  

5 1  

T he f l ow r a n g e wa s n orma l l y 1 0 0 , 0 0 0  t o  2 5 0 , 0 0 0  g a l lo ns p � r 

d a y . F lo w  w a s me a s u r e d on t he b a s i s  o f  s l ud g e  p u m p  o p e r a ­

t i o n  t im e . U s i n g  t he a ve rag e f l ow va l ue o f  1 7 5 , 0 0 0  ga l l o n s  

p e r  d a y ,  1 4  t on s  o f  d r y  s o l i d s  w e r e  p r o d u c e d e a c h  d a y .  

• 



5 2  

E s t ima t e d  Ch e m i c a l C os t s f o r  S l u d g e  C e n t r i f uga t i on 

D i g e s t e d  s l u d g e  w i t h  a nd w i t h o u t  p o l ym e r a d d i t i on wa s 

s ub j e c t e d t o  t h e  c e n t r i f u g e  t e s t t o  d e t e r m i ne t h e m o s t 

c o s t - e f fe c t i v e  p o l ym e r  a n d  a p pr ox ima t e  c o s t  o f  d e wa t e r i n g 

a n d  d i s p o s a l f o r  s l u d g e  us i n g c e n t r i f u ga t i on . T he r e s u l t s  

o f  t h e s e  t e s t s  f o r t he d i ge s t e d  s l u d g e  a r e  s umma r i z e d  i n  

A p p e n d i x  I I I , T a b le I I I - 1 a n d  d e p i c t e d g r a p h i c a l l y  f o r  

c on d i t i o n e d  s l ud g e  i n  A p p e nd i x I I I , F i g u r e s  I I I - 1 t hr o u gh 

I I I - 4 . C a l c u la t i o ns  t o  d e t e rm i n e  t he am o u n t  of p o l y me r 

a d d e d  t o  e a c h  s am p le a r e  s h own i n  A p p e n d i x  I V . T he d o s a g e  

ra n g e  f or e a c h  o f  t h e  f o ur p r e - s e l e c t e d  p o l yme r s  w a s  

r e c om me nd e d  b y  t he ma n u fa c t ur e r a s  n o t e d i n  A p p e n d i x I .  

T o  d e t e r m i n e t h e  m o s t c o s t - e f f e c t i v e  p o l yme r s , t h e  c o s t  

o f  e a c h  p o l ym e r  p e r  t on o f  d r y  s o l i d s  c on d i t i o n e d  wa s 

c a l c u l a t e d  us i ng t h e  o p t imum d os a g e  a l o n g  w i t h  t h e  u n i t  

c o s t s  o b t a i ne d  f r om t he N a lc o  C om pa n y  ( A p p e n d i x  V ) . T h e 

c os t s a r e  b a s e d  on t h e  lea s t  e x p e n s i v e  s h i p p i n g q ua n t i t y  

w h i c h  i s  3 , 0 0 0  g a l lon s f or l i q u i d  a n d 1 2 - t o n t r u c k l oa d s  f o r  

p u l ve r i z e d . Th e re s u.l ta n t  p o lym e r  c os t s  r a ng e d  f r om $ 1 . 4 8 

p e r  t on u p  t o  $ 1 8 . 9 6  pe r t on w i t h  p o l ym e r  7 1 3 2 t h e m o s t 

e x p e n s i ve a n d 7 7 6 3  t he le a s t  e x p e n s i v e . H ow e v e r , p o l ym e r  

7 7 6 3  d e m o n s t r a t e d t h e  h i gh e s t  c e n t r a t e  s o l i d s  a nd lowe s t  

c a k e  s o l i d s  c on c e n t ra t i o n .  F u r t h e r  i n s p e c t i o n  o f  F i g u r e  

I I I - 4  r e v e a ls t h a t  a l t h ough p o lym e r  7 1 2 0 a n d 7 1 3 2 we r e  

q u i t e  s im i la r  i n  th e i r i n f l u e n c e s  o n  c e n t r i f u ga t i o n , 

• 



p o l ym e r 7 1 3 2 wa s t h r e e  t ime s m o r e  e x p e n s i ve . A l s o , i n  
c om pa r i ng t h e e f f e c t s  o f  va r y i n g  d o s a g e s  f or t h e f o ur 
p o l ym e r s  un d e r  c o ns i d e ra t i on ( A p pe nd i x I I I ) � i t  c a n b e  

5 3  

s e e n  t ha t  p o l yme r 7 1 2 0  g e n e ra l l y e xh i b i t e d  l e s s  s e n s i t i v i t y  

t o  c h a ng e s i n  d o s a ge s  ne a r  t he o p t imum . 

E s t i ma t e d  C he m i c a l C o s t s f o r  V a c uum F i l t r a t i o n 

S p e c i f i c r e s i s t a n c e  d e t e r m i na t io n s  w e r e  r un o n  t he 

d i ge s t e d  s l u d g e  w i t h  a nd w i t h o u t  p o ly me r s  t o  d e t e r m i ne t he 

e f fe c t  o f  p o l yme r c o n d i t i o n i ng a nd t he o p t i mu m  p o l yme r  a n d  

i t s  d o s a g e s h o u ld c h e mi c a l c on d i t i o n i n g  a p p e a r  t o  b e  

w o r t hwh i le . T he unc o nd i t i o n e d  s l u d g e  b e c a me s o  c o m pa c t 

a f t e r  2 0  m i n ut e s  o f  a p p l i e d  va c u um t ha t  v i r t ua l l y n o  

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

s l udge , le s s  t ha n  o n e - h a l f  t h e i n i t ia l 1 0 0 m l . s a m p l e  

v o l ume pa s s e d t hr o u gh t h e  f i l t e r d u r i ng t h e  t e s t  p e r i o d . 

O n  t h e  b a s i s o f  r e c omme n d a t i o n s  f r om t h e  N a l c o  C om­

pa ny a n d t h e p o l ym e r  e va lu a t i o n f o r  c o n d i t i o n i ng s l ud g e  

p r i or t o  c e n t r i f uga t i o n , p o l ym e r  7 1 2 0  wa s u s e d  f or t h e  

va c uum f i l t r a t i o n  s t ud i e s . T o  d e t e r m i n e  t he o p t i mum 

d o s a ge , s pe c i f i c  r e s i s t a nc e s  we r e  d e t e r m i n e d  o n  f i ve 

d i ge s t e d  s l u d g e  s a m p le s c o nd i t i o ne d  a t  s e ve r a l d i f fe r e n t  

p o l yme r d os a g e s . T h e r e s u l t o f  t h e s e  t e s t s  h a ve b e e n  

p l o t t e d  i n  F i g ur e  1 4 . I t  ca n be  s e e n f r o m  t h i s  f i g u r e  

t h a t s p e c i f i c  r e s i s t a nc e  i n c r e a s e s  w i t h  a n  i n c r e a s e  i n  

p o ly me r  d o s a g e . A t  a p p r ox ima t e l y t h e  t hr e e p e r c e n t  d o s a g e , 

• 
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1 • 0 2 .0 

P o lyme r D os a ge  ( % ) 

F IG U R E  1 4  

C o m pa r i s o n  o f  t h e  A ve rage  S p e c i f i c R e s i s t a n c e  o f  
S l u d g e s a t  S e v e ra l P o l yme r D o s a ge s U s i ng D i ge s t e d 
S l u d g e  

• 



t he s p e c i f i c  r e s i s t a n c e  s h ow e d  a s l i g h t  d e c l i n e  b e f o re 
r i s i ng t o  a p e a k va l u e  of 1 4 9 x 1 0 1 2  m / k g . 

A l e a s t  s q ua r e s  a na lys i s  o f  va r ia nc e  wa s r u n o n  t h e  

s a m p le r e s u l t s  t o  d e t e rm i n e wha t e f f e c t s , i f  a ny , t h e r e 

w e r e  b y  t h e va r i o u s p o lyme r d o s a ge s  o r  d i f f e r e n t  d a y s o f  

s a m p l i n g . T h e  r e s u l t s  ( s ee  T a b le 7 )  i n d i c a t e d  t h a t 

va r y i ng t he p o lyme r d o s a ge h a d  n o  s i g n i f i c a n t  e f f e c t  o n  

t h e s p e c i f i c  r e s i s ta n c e  o f  t h e  s l ud g e . C om pa r i ng t he 

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

d i f fe r e n t  d a y s , t he a na lys i s  o f  va r ia n c e  b a s e d o n  t h e  

5 5  

F - t e s t r e ve a le d a s i g n i f i c a n t  d i f f e r e n c e  a t  t h e C . 0 1  l e v e l . 

T he i n t e r a c t i o n · e f f e c t s o f  t h e a mo u n t  o f  p o lyme r d os a ge 

a nd t h e  d a y t h e s a m p l i ng wa s d o ne  h a d  n o  s i g n i f i c a n t  e f fe c t  

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

F or a d o s a g e o f  s i x p e r c e n t p o lyme r a n d 6 9  p e r c e n t 

l ime s o l i d s , S i s k  ( 2 1 ) o b t a i ne d  a s p e c i f i c r e s i s t a n c e o f  

0 . 7 1  x 1 0 8 s e c2 / g r a m . I n  t h i s  s a me i n v e s t i ga t i o n a 

s p e c i f i c  r e s i s t a n c e  o f  0 . 6 9 x 1 0 8 s e c 2 / g r a m  r e s u l t e d fr om 

t h e  u s e of a t e n  pe r c e n t  d os a ge o f  fe r r i c  c h l or i d e  t o  a 

l i me s l u d g e  c o n t a i n i ng 7 3  pe r c e n t  s o l i d s . C omp a r i ng t he 

r e s u l t s  o b t a i ne d  u s i ng d i ge s t e d  s l u d ge a n d p o l ym e r 7 1 2 0  

w h i c h  r a n g e d f r o m  9 4  x 1 0 8 s e c 2 / gr a m  t o  2 6 0  x 1 0 8 s e c 2 / gra m ,  

w i t h  t h e  va l ue s  r e p or t e d b y  S i s k  a n d i n  T a b le 5 ,  i t  w o u l d 

a p p e a r  t h a t t h e  va l ue s  o b t a i ne d w i t h  p o l yme r 7 1 2 0  we r e 

s ub s t a n t i a l l y h i g he r . 

.. 



T A BL E  7 

S umma r y  T a b le f o r  A na ly s i s o f  Va r i a nc e  
o n  S p e c i f i c  R e s i s ta n c e  a n d F i l t e r  Y i e l d  

S o u r c e  

Da t e  
T r e a tm e n t  
D a t e  x t r e a t me n t 
R e ma i n d e r  

S o ur c e  

D a t e  
T r e a t m e n t  
D a t e  x t r e a t me n t 
R e ma i nd e r  

F� ( 1 , 1 5 )  
Foe; ( 4 , 1 5 ) 

S pe c i f i c  R e s i s t a n c e  

D . F .  S um o f  S q ua r e s  

1 2 2 , 5 3 8 . 7 8 
4 3 , 6 7 5 . 5 6 
4 4 , 6 2 8 . 6 6 

1 5  1 3 , 0 4 9 . 4 1 

F i l t e r Y i e l d  

D . F .  S um 

1 
4 
4 

1 5  

-· - � -0 . 0 5  0 . 0 1 
4 . 5 4  8 . 6 8  
3 . 0 6  4 . 8 9  

o f  S g  ua r e s  

0 . 0 0 8 7 7  
0 . 0 0 0 3 2  
0 . 0 0 0 2 6  
0 . 0 0 1 7 7  

* S i g n i f i c a n t  a t  t h e  0 . 0 1 le v e l 

M e a n  S q ua r e s  

2 2 , 5 3 8 . 7 8 
9 1 8 .  8' 9  

1 , 1 5 7 . 1 7 
8 6 9 . 9 6  

M e a n  S q ua r e s  

0 . 0 0 87 7 1  
0 . 0 0 0 0 8 0  
0 . 0 0 0 0 6 5  
0 . 0 0 0 1 1 8  

5 6  

F 

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

F 

7 4 . 2 1 * 
0 . 6 8  
0 . 5 5  

• 



5 7  . 

I n  f j g u r e  1 5 , f i l t e r y i e ld i s  p l o t t e d v e r s us p o l yme r 

d os a g e . F r o m  t he s e  p l o t s  i t  i s  e v i d e n t  t h a t t he ma x i mum 
y i e ld s we re o b ta i ne d  a t  p o l yme r d os a g e s  of a b o u t one a nd 

t h re e - f o u r t h s  p e r c e n t  or 3 0  p ou n d s  o f  p o ly m e r p e r t o n o f  

d r y  s o l i d s . 

A g a i n , a n  a na l y s i s  o f  va r ia nc e  w a s  r u n  t o  d e t e r m i ne 

wh a t  e f fe c t  i f  a ny t h e d a te  o f  s a m p l i n g , t he a m o un t  o f  

p o l yme r o r  b o t h  p a r a me t e r s  c o mb i n e d h a d  o n  t h e  r e s u l t a n t  

f i l t e r  y i e l d a na l ys i s . T h e s e  r e s u l t s  a r e  s h ow n  i n  T a b le 7 .  

T he a na l ys i s  o f  va r ia n c e  b a s e d  o n  t he F - t e s t  i n d i c a t e d  t ha t  

t h e  a m o u n t  o f  p o l y me r  a n d  t h e i n t e ra c t i o n e ff e c t s o f  t he 

c omb i n e d  va r i a b le s  o f  p o l yme r d os a ge a nd s a m p l i n g  d a t e s  

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

o f  t h e  s a m p li ng d a t e  on  t h e  f i l t e r  y i e l d  w a s , h owe ve r , 

q u i t e  s i gn i f i c a n t a t  the  0 . 0 5 le ve l .  

T h e  v a l ue s  f or f i l t e r  y i e ld s h ow n  i n  F i g u r e  1 5  ( 0 . 1 0  

t o  0 . 1 5 p o und s pe r s q ua r e f o o t  pe r h o ur ) a p p e a r  t o  b e  a b o u t  

t he s am e  a s  t h o s e  ob t a i n e d  b y  S i s k  ( 2 1 ) u s i n g  v a r i o u s 

p o l yme r d o s a g e s w i t h  l i me s l u d ge ( 0 . 0 5 t o  0 . 1 5 p o u n d s  d r y  

s o l i d s / f t 2 / h o u r a t  t h e low e r  l ime d o s ag e s u p  t o  0 . 5 l bs / 

f t 2 / h o ur a t  t h e  h i gh e r  l i me d os a ge s ) . M i l le r  ( 2 2 )  r e p or t e d  

h ig he r  f i l t e r  y i e ld s ( a s h i gh a s  2 . 4 p o un d s  p e r s q ua r e f o o t  

p e r  h o ur ) w i t h  l im e  s l u d ge c o nd i t i one d w i t h  fe r r i c  c h l o r i d e . 

E ve n t h o u gh t h e s l udge  c o nd i t i o n i ng s h owe d a n  i mp r ov e me n t  

i n  f i l t e r  y i e ld s ove r u nc o nd i t i o ne d s l u d g e , t h e  Ba t t e l le 

.. 
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5 8  

• 1 3 5 

• 1 3  0 

• 1 2 5 

. 1 2 0 

. 1 1 5 

. 1 1  0 

. 1 0 5  

. 1 0 0 l ' 
! 

J . 0 9 5 1 
. 0 9 0 � I 

I 1 1 1  
1 • 0 2 . 0 3 . 0 4 . 0  

P o l y me r  D os a g e  ( % ) 

F IG U R E  1 5  

C om pa r i s o n  o f  A v e r a g e  F i l t e r Y i e l d s  a t  S e ve ra l 
P o lyme r D os a ge s U s i ng D i ge s t e d  S l u dg e s 

-



I n s t i t u t e  ( 6 } _ a d v oc a t e d  t y p i c a l va c u u m  f i l t e r  y ie l d s  o f  

4 t o  5 p o u n d s  p e r  s q ua r e  f o o t  p e r  h o u r  f o r  pr i ma ry a n d  

a c t i va t e d  d i g e s t e d  s l udge  w i t h o r  w i t h o u t  e l u t r ia t i o n . 

T �e y i e l d s  o b t a i ne d  i n  t h e a na l y s e s  c o n d u c t e d  a s  a p a r t  

o f  t h e  i n ve s t i ga t i o n s  d e s c r i be d  h e r e i n  a r e  r e la t i ve l y  l ow 

w h e n c om pa r e d  t o  th i s  r a nge . 

T h e  c h e m i c a l c o s t s  f or a n  o p t im u m  d os ag e  r a t e  o f  3 0  

t o  6 0  l bs . o f  p o l yme r pe r t o n o f  d r y  s o l i d s  f or va c u u m  

f i l t ra t i o n  wa s $ 3 . 4 5 t o  $ 7 . 0 8 pe r t o n o f  d r y  s o l i d s b a s e d  

o n  t h e  $ 0 . 1 1 8 pe r p o und c o s t  o f  p o l yme r 7 1 2 0 a s  q u o t e d  b y  

N a l c o C h e m i c a l C om pa n y  ( A p pe nd i x  V } . 

C os t  E va l ua t i o n  

T he p r e s e n t  me t h od o f  s l ud ge d i s p os a l c o n s i s t s  o f  

5 9  

t r uc k i ng t h e  d i ge s t e d  s l ud ge fr om t h e  la g o o n s  t o  d ry i ng 

b e d s  a nd / or a g r i c u l t ura l la n d . S l ud ge f r om t h e  d r y i ng 

b e d s  i s  u t i l i z e d  f or c o ve r a t  t h e  s a n i t a ry l a n d f i l l . 

F a r me r s p ur c h a s e  l i q u i d  s l ud ge f r om t h e  C i t y  f o r  c r o p  la n d  

a p p l i c a t i o n . T he C i t y  c h a r g e s $ 0 . 2 0 p e r m i le  r o un d  t r i p  

f o r  d e l i ve r y a n d s p r e a d i n g  e a ch 8 , 0 0 0 -ga l l o n  t r u c k l o a d o f  

s l u d g e . 

C o ns e q ue n t l y , a s  l o ng a s  t h i s  a rr a ng e me n t  c o nt i nu e s  

i t  w i l l  b e  u n ne c e s s a r y  f or t he C i t y  t o  p ur c h a s e  a ny la n d  

f o r t h i s me t h o d  o f  d i s p o s a l . A l s o , a c a p i t a l o u t la y  i s  

n o t  r e q u i r e d  f or a la nd f i l l  s i n c e  t he e x i s t i n g s a n i t a r y  

l a n d f i l l i s  ow n e d  a nd o pe r a t e d  b y  t he C i t y  a nd a d e q ua t e 

.. 



6 0  

r o om i s  a va i la b le f or h a n d l i ng t h e  s l u d g e  f r o m  t h e  d r y i ng 

be d s . A d d i t i o na l l y , t he e x i s t i ng d r y i ng b e d s a n d la g o o n s  

u s e d  i n  t he la nd d i s p os a l s c h e me a r e  a l s o  ow n e d b y  t h e C i t y 

o f  S i o ux Fa l ls . S i n c e h e a vy e q u i pme n t  a nd d um p  t r u c ks f or 

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

tw i c e  a y e a r  ( t h e  d ry i ng b e d s  ne e d  c le a n i ng s e m i -a n nu a l ly 

a t  t h e  m o s t ) ,  t h e y  c a n  b e  r e n t e d f r om t h e  p r i va t e  s e c t or 

o r  b or r ow e d  f r om o t h e r C � t y  d e pa r t me nt s . A n o t h e r p o s s i ­

b i l i t y  w o u ld b e  t o  p ur c h a s e  t h e  e q u i pme n t  t hr o u g h  a j o i n t 

ve n t ur e  p r o g r a m w i t h  o t h e r  C i t y  d e pa r t me n t s . H ow e ve r , 

c a p i t a l e x p e nd i t u r e s  w i l l  be re q u ir e d t o  p ur c h a s e  a d d i ­

t i o n a l s l u d g e  h a u l i ng e q u i pme n t . 

S lu d g e  h a u l i ng e q u i pme n t , u s e d  s l u d g e  t a n ke r s  a n d  

t ra c t o r s , ha ve  b e e n  p u rc h a s e d  fr om a l ow b id d e r  a t  a c os t  

o f  a p p r ox i ma t e l y $ 1 0 , 0 0 0  t o  $ 1 2 , 0 0 0  p e r  t a n k e r a nd t ra c t or 

u n i t . I n  1 9 7 5  t he S i o ux Fa l l s T r e a t me n t  P la n t a ve r a g e d  

2 . 3 t a n ke r s o n  t h e  r oa d  p e r  d a y  o ve r  2 2 5  w or k i ng d a ys p e r  

y e a r . T h i s  r e s u l t e d  i n  a p p r ox ima t e ly 2 , 2 6 8 l oa d s  o r  

4 6 , 0 0 0 ga l l o n s  p � r  d a y ba s e d  o n  3 6 5  d a y s  o f  s l u d g e  f l ow 

b e i n g h a u le d . o u t  o f  t h e la g o o ns . O f  t h e  t o t a l a m o u n t 

h a u l e d ,  a p p r ox i ma t e l y  2 5  p e r c e n t  wa s s pr e a d  o n  c r o p  la n d  

a n d  7 5  p e r c e n t w e n t  i n t o  t he d r y i ng b e d s . T he s l u d ge wa s 

h a � l e d a t  4 %  s o l i d s  w i t h  l i m i t e d  s u p e r n a t a n t  f l ow t o  t h e  

h e a d w o r k s  o f  t h e  I nd u s t r i a l P la n t . 

-
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S i nc e  t he t r e a t me n t  p la n t  owne d f i v e  t a n ke r s a n d  
ma i n t a i ne d  2 . 3 o n  t h e  r oa d  d u r i n g  w o r k i ng d a ys , i t  c a n  b e  
a s s u me d t ha t  e i gh t ta n ke r s  e q u i va l e n t  t o  e x i s t i n g  e q u i p -

me n t  w o u l d b e  ne e d e d  t o  ma j n t a i n  a p p r o x i ma t e l y  f i ve 

ta n ke r s  o n  t h e  r oa d . T he t o ta l d ow n  t i me o f  t he t a n ke r s  

wa s n o t  j u s t  ma i n t e na n c e  p r o b le ms , b u t  i n c l u d e d  la c k  o f  

o p e r a t or s a n d  w e a t he r  c o n d i t i o n s . U s i n g  f i v e t a n ke r s 

u n d e r t h e c o n d i t i o ns  o f  7 J 5 0 0 ga l l o n s  p e r l oa d  a n d f i ve 

l o a d s  p e r  da y p e r  ta n k e r , a p p r ox i ma t e l y  1 8 7 , 5 0 0  g a l l o n s 

p e r  w or k i ng d a y  c o u l d b e  h a u le d . T h i s 1 8 7 , 5 0 0  ga l l o n s  p e r  

w or k i n g d a y , u s i n g 2 2 5  w or k i ng d a ys , a ve r a g e s o u t t o  

1 1 5 , 6 0 0  ga l lo n s  p e r c a le n d a r  d a y  f o r  t he y e a r . T h i s  f i g u r e  

i s  a ls o  b a s e d  o n  t h e  f o l l ow i ng a s s um p t i o n s : 

1. T h e  r o u n d  t r i p  ha u l  d i s t a nc e  fr om t h e  
t r e a tm e n t  p la n t  t o  t h e d r y i ng b e d s  i s  
t e n  m i les . 

2 .  T h e  a v e ra ge r o und t r i p  h a u l  d i s t a n c e  fr om 
t he t r e a tme n t  p la n t t o  t he c r o p  la nd 
d i s p o s a l a r e a s  is 3 0  m i le s . 

3 .  D i s p o s a l o f  s l ud ge o n  c r o p  la n d s  w o u l d b e  
m o r e  e f f i c i e n t  s i nc e  t he s e  d a ta  w e r e  
c o l l e c t e d  b e f or e  a r e g u la r  r o u t i ne h a d  
b e e n  d e v e l o p e d . 

T h e  a nnua l e va p o ra t i o n i n  t h e  S i o ux F a l ls a r e a  e x c e e d s 

t h e  a n n ua l p r e c i p i ta t i o n b y  e le v e n  i n c h e s  p e r y e a r  ( 2 6 ) .  

A d d i ng t o  t h i s  a ny s e e pa g e  tha t ma y o c c ur a t  o n e  i nc h p e r  

y e a r ,  t o t a l l i q u i d  l o s s  i n  t h e  2 7  a c re s  c f  la g o o ns a m o u n t s  

t o  o v e r e i g h t  m i l l i o n ga l l o ns p e r  y e a r . T h i s . a ve r a g e s o u t  

t o  2 4 , 0 0 0 ga l l o n s  p e r  ca le nda r da y . A d d i ng t h i s t o  t h e  

.. 
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1 1 5 , 6 0 0 g a l l o n s  t a n k e d  o u t  p e r  c a le nd a r  d a y , s l i g ht l y  m o re  

s l u d ge is  b e i ng r e m ov e d t ha n  w o u ld b e  e n t e r i ng . T h e  

c a p i t a l c o s t  f or a n  a d d i t i ona l t hr e e  u n i t s t o  a d d  t o  t h e  

e x i s t i n g  f i ve t a n k e r  u n i t s  w o u l d b e  $ 3 6 , 0 0 0  o r  $ 1 2 , 0 0 0  p e r  

u n i t . T h e  a ve r a ge l i fe f o r  t h e s e  u s e d  u n i t s  w i l l  be  

e s t i ma t e d  to  be  f i ve y e a r s . T h e r e f o r e , a s s u m i n g t h e  

e x i s t i n g f i v e t a nke r u n i t s w i l l b e  s u p p le me n t e d  w i t h  t h r e e  

a d d i t i o na l u n i t s  a n d a l l - u n i t s  w i l l  b e  r e p la c e d  i n  f i ve  

y e a r s , the  c a p i t a l c os t  for  t h e  e x i s t i ng m e t h od of  d i s p o s a l 

w o u ld b e  $ 1 3 2 , 0 0 0  p l u s  $ 5 , 0 0 0  p e r y e a r  f or m i s c e l la ne o u s 

e q u i pm e n t . 

A s  me n t i o ne d  e a r l i e r , o pe r a t i o na l c os t s i n c l u d e  

e le c t r i c i t y , f u e l ,  o i l , ma i n t e na nc e  a n d r e pa i r , w a g e s a nd 

m i s c e l la ne o us i t e ms . Ba s e d  on  p a s t r e c or d s a t  t h e  t r e a t ­

me nt  p la n t , t h e s e  c a n  b e  b r o k e n d ow n  a s  s h ow n  i n  T a b le 8 .  

.. 
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O p e r a t i on a n d Ma i n t e na n c e  C o s t s  f or S l u d g e  
D i s p os a l a t  t h e  Wa s t e wa t e r  T r e a t me n t  P la n t 

S i o u x  Fa l ls , S o u t h D a k o ta 
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La g o o n  ma i n t e na n c e  
Ta n k  t r u c k : d r i v e r  wage s 

A n n  ua 1 C os t  ( $ )  
6 , 0 0 0  

4 0 , 0 0 0 
fu e l ,  o i l ,  ma i n t e na n c e  

a n d r e p a i r s  
D r y i ng b e d  ma i n t e na n c e  
Wa g e s 
T r u c k  o p e ra t i o n a nd ma i n t e na nc e  
M i s c e l la n e o u s 

L e s s r e ve n u e  fr o m  s l ud ge sa le s 
S UB T O T A L  

T O T A L  

2 5 , 0 0 0  
3 , 0 0 0  
8 , 0 0 0  

2 5 , 0 0 0  
7 , 0 0 0 

$ 1 1 4 , 0 0 0 
8 , 5 0 0  

$ 1 0 5 , 5 0 0  

T h e  c o s t s i n  T a b le 8 w e r e  b a s e d  o n  a c t ua l  1 9 7 5  o pe ra t i o n 

a n d  rr.a i n t e na nc e  c o s t s  a n d i n c re a s e d  a c c or d i ng t o  t h e  

a d d i t i o na l a mo u n t  of e q u i pme nt  n e e d e d . I t  i s  p o s s i b le 

th a t  d ump t r u c k s  w o u ld n e e d t o  b e  re n t e d  a t  t he r a t e  o f  

$ 2 0 p e r  h o ur  a t  a ma x i m um o f  s i x t y  d a y s . I f  c o nd i t io ns 

wa r ra n t  t h a t C i t y  d u m p  t r u c ks we r e  n o t a va i la b le f or 

h a u l i ng t h e  d r i e d  s l u d ge t o  t h e  s o l i d  wa s t e d i s po s a l 

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

dry i ng b e d s  u n t i l  t h e  s l u d ge c o u l d b e  t ra ns p o r t e d . Th i s  

w o u l d  r e s u l t i n  r e mo v i ng t h e  s l ud g e  f r o m  t h e  d r y i ng b e d s 

w i t h a m i n i mum o f  c o s t  i n  r e nta l e q u i pm e n t . 

T o r e c o n s t r u c t  t h e  e x i s t i ng fa c i l i t i e s  t o  a d a p t  e i th e r  

va c uu m f i l t r a t i o n  o r  c e n t r i fu ga t i o n  w i l l  i n v o l ve c a p i t a l  

-



6 4  

i m p r o v e me n t s  o n  a lm os t t h e  s a me o r d e r . T h e  s l u d g e  q ua n t i ­

t i e s , t h i c ke n e r s  a n d a na e r ob i c  d i g e s t e r s  w o u l d r e ma i n t he 

s a me  f o r  a ny o f  t h e  t h r e e  me t h o d s  u n d e r  s t u dy ( va c u um 

f i l t r a t i o n , c e n t r i fu ga t i o n  o r  t he e x i s t i ng me t h od o f  

la g oo n i ng a nd la nd  s pr e a d i ng w i t h  d r y i ng b e d s ) . T h i s 

w o u l d m e a n  t h a t  t h e  d i ge s t e r  o ve r f lo w  w o u l d b e  p um p e d  

d i r e c t ly i n t o  t h e  me c h a n i c a l d e wa t e r i ng d e v i c e  t o  b e  u s e d . 

T h e  b u i l d i n g  u s e d  t o  h o u s e  t h e  d e wa t e r i ng e q u i p m e n t , t h e  

t r uc ks f o r  h a u l i ng t h e  s l ud ge c a ke , t h e  s l u d g e  p um p i ng 

s t a t i o n  a nd m i s c e l la ne o us p i p i ng a nd e q u i pm e nt  w o u ld b e  

n e a r l y i d e n t i c a l c a p i t a l e x p e nd i t ur e s  .f o r  e i t h e r  o f  t h e  

me c ha n i c a l d e wa t e r i ng d e v i c e s . T h e  ma j or d i f f e r e nc e  i n  

c a p i ta l e x p e n d i t ur e  f o r  e i t h e r  me c h a n i c a l d e wa t e r i ng 

d e v i c e  w o u l d b e  t h e d e wa t e r i ng me c ha n i s m  i t s e l f . A s s u m i ng 

t h e s e  d ew a t e r i ng d e v i c e s  w o u l d n o t  va r y  c o n s i d e r a b ly i n  

c o s t , t h e  c o s t  e va l ua t i o n  d o ne i n  t h e  2 0 1  W a s t e wa t e r  

F a c i l i t i e s  P la n  f or S i o ux Fa l ls , S o u t h  D a k o t a  ( 2 )  wh i c h  

i s  s h own i n  T a b le 9 w o u l d b e  a p p r o pr i a t e . 

.. 
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C a p i t a l C o s t  S umma r y  f or S l u d g e  
D e wa t e r i n g Fa c i l i t i e s  a t  

S i o u x Fa l ls , S o u t h  D a ko t a  ( 2 )  
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V a c u um f i lt e r s  
B u i l d i ng 

$ 6 0 7 , 5 0 0 

S l u d g e  h a u l i ng t r u c k s  
S l ud g e  p um p i ng s t a t i o n  w i t h 

m i s c e l la n e o us e q u i p me n t 

4 0 0 , 5 0 0 
1 0 0 , 0 0 0  

1 2 2 , 0 0 0  

T O T A L  $ 1  , 2 3 0 , 0 0 0 

I t  h a s  b e e n  a s s ume d t h a t  t h r e e  va c u um f i l t e r s  w e r e  t o  

b e  i n s t a l le d  a nd o p e ra t e  a p p r ox ima t e l y  3 6  h o ur s p e r  we e k . 

O t h e r  a s s um p t i o n s  i n c l ud e  t h e  f o l l ow i n g : 

1 .  1 3 8 , 0 0 0  ga l l on s  p e r da y a t  f o u r  p e r c e n t  
s o l i d s  u n d e r f l ow f r o m  t he t h i c ke ne r s . 

2 .  T o t a l s u s p e n d e d  s o l i d s  f e e d  t o  t h e  d i g e s t e r s  
o f  4 6 , 2 8 0 p o u nd s p e r  da y a t  f o ur p e r c e n t  
s o l i d s  a n d 3 9 , 7 0 5  p o u n d s  p e r  d a y o f  v o la t i le 
s o l i d s . 

3 .  S l ud g e  fe e d  t o  f i l t e r s  o f  f o u r  p e r c e n t 
s o l i d s . 

4 .  F i l t e r  y i e ld o f  f o u r  p o u n d s  p e r h o ur p e r  
s q ua r e  f o o t  w i t h  a c a ke s o l i d s  o f  2 0  p e r -
c e n t . 

I t  s h o u ld b e  n o t e d a ga i n  t h a t  t h e s e num be r s  a r e  o n ly 

p r e l i m i na r y  va l ue s  us e d  t o  de t e r m i ne e s t i ma t e d  c a p i ta l , 

o p e r a t i o na l a nd ma i n t e na n c e  c o s t s . 

S i n c e  e a r l i e r t e s t s  h a ve i n d i c a t e d t ha t  t h e  f l ow 

f r om t h e  d i ge s t e r s  is  a c t ua l ly 1 . 9 p e r c e n t s o l i d s  a n d  

n o t f o u r p e r c e n t , s ome  t y pe o f  t h i c ke n i ng d e v i c e  w o u l d b e  

-
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ne e d e d . I t  h a s  b e e n  a s s ume d tha t t h e  f o ur t h d i ge s t e r  

( o n l y t h r e e  a r e  pr e s e n t l y  b e i ng us e d )  c a n  b e  u s e d  a s  a 

s e c o nd a r y  d i ge s t e r  a t  a c a p i t a l c o s t o f  $ 1 5 0 , 0 0 0 . I nc r e a s ­

i ng t h e  s o l i d s  i n  t he fe e d  s l u d g e  t o  t h e  f i l te r  w i l l  

i nc r e a s e  t h e  f i l t e r  y i e l d t o  t he pr o j e c t e d  f o ur p o un d s  p e r  

h o ur  p e r s q ua r e f o o t . 

T he F a c i l i t i e s  P la n  a ls o  e va lua t e d  p r o ba b le o p e r a ­

t i o na l  a n d  ma i n t e na n c e  c os t s t ha t  w o u ld b e  i n v o l v e d i n  

t h e  o p e r a t i o n p r e v i o us l y  d e s c r i be d . T he s e  e s t i ma t e d  

o p e ra t i o n a nd ma i n t e na nc e  c os t s c a n  b e  s e e n  i n  T a b le 1 0 .  

A l l c o s t s  a re b a s e d  o n  o ne y e a r ' s  o p e r a t i o n  u n d e r  t h e  

p r e v i o us l y - me n t i o ne d  c o n d i t i o ns . 

... 



T A B L E  1 0  

O pe ra t i on a n d M a i n t e na n c e  C os t s 
F or P r o p o s e d  S l u d g e  D e wa t e r i n g  F a c i l i t i e s  

A t  S i o ux Fa l ls , S o u t h  D a k o t a  ( 2 ) 

S l u d g e  D e wa t e r i ng 
P ow e r c o s t s 
L a b or 
C he m i c a l 
R e p a ir a nd m i s c e l la ne o u s  

Ha u l i ng a n d L a nd f i l l i ng 
L a b o r  
T r uc k  o p e ra t i on a nd ma i n t e na n c e  

T O T AL 

$ 4 , 0 0 0  
1 5 , 0 0 0  

1 1 8 , 0 0 0  
1 1 ' 1 0 0  

4 4 , 6 0 0 
2 3 , 2 0 0  

$ 2 1 5 , 9 0 0 

T he la nd f i l l  c h a rg e s h a ve b e e n  le f t  o f f  t h i s  l i s t a s  

c om pa r e d  t o  t h e  F a c i l i t i e s  P la n  fr om wh i ch t he l i s t wa s 

ma d e . S i n c e t h e C i t y ow ns t he la nd f i l l , i t  i s  a s s ume d 

t ha t , a s  i s  p r e s e n t ly d o ne , d e wa t e r e d s l u d g e  i s  u s e d  a s  a 
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f i na l c ov e r  a t  t he la n d f i l l  a n d , t he r e f or e , i s  n o t  c h a r g e d  

a s  t h e  s o l i d  wa s t e . O t h e r  a s s um p t i o n s  i nc l ud e  s lu d ge 

t r u c k  c a p a c i t i e s  o f  s i x c u b ic  ya � d s , 4 0 -m i l e r o un d  t r i ps 

a n d 1 5  c e nt s  p e r  m i le f o r  f ue l ,  o i l a nd t r u c k  ma i n t e na nc e  

a nd r e p a i r . 

T he ma j o r e x p e n d i t u re i n  T a b le 1 0  wa s f or t he 

c h e m i c a ls . P r e v i o us ly i n  t h i s  r e p o r t  i t  w a s s h ow n  t ha t 

c h e m i c a l c os t s w e r e  $ 6 . 5 0 p e r  t o n o f  d r y  s o l i d s  w i th a 

c e n t r i f u g e  a n d  u p  t o  $ 7 . 1 0 pe r t o n o f  d r y  s o l i d s  w i t h a 

va c u u m  f i l t e r . T he s e  v a l u e s  we r e  b a s e d  o n  a . d i ge s t e d  

s l u d g e  f l ow o f  1 7 5 , 0 0 0  ga l l o ns p e r  d a y  a t  1 . 9  p e r c e n t 

... 



s o l i d s  c o nc e n t ra t i o n . A t  1 4  t o ns o f  d r y  s o l i d s  p e r  d a y , 

c h e m i c a l c os t s  w o u ld b e  i n  t he r a nge o f  $ 3 5 , 0 0 0  p e r y e a r  

a nd n o t  $ 1 1 8 , 0 0 0 . T h e r e f or e , t he t o t a l o pe r a t i o n a nd 

ma i n t e na n c e  c os t s w o u ld b e  n e a r e r $ 1 3 2 , 9 0 0  p e r  y e a r . 

T A BL E  1 1  

S umma r y  o f  C os t s f or S l ud ge D e wa t e r i ng 
a n d  D i s p o s a l a t  S i o ux Fa l ls , S o u t h D a ko t a  

S l u d ge la g o o ns a nd d r y i ng be d s  
O p e r a t i o n a nd ma in t e na n c e  
Ca p i t a l 

Va c u um f i l t e r s  
O p e r a t i o n a nd ma i n t e �a nc e  
Ca p i t a l 

C e n t r i f uge s 
O p e r a t i o n  a nd ma i n t e na nc e  
C a p i t a l 

$ 1 0 5 , 5 0 0  
1 82 , 0 0 0  

1 3 2 , 9 0 0 
1 , 2 3 0  , o o o  

1 3 2 , 9 0 0  
1 , 2 3 0 , 0 0 0  

A s  i n d i c a t e d  i n  Ta b le 1 1 , t he e x i s t i ng m e t h o d  o f  

s l u d g e  d e wa t e r i ng a nd d i s p o s a l b y  l a g oo n i ng i s  s l i g ht l y  

le s s  t ha n  t h e  pr o p o s e d  me t h o d s  o f  v a c u um f i l t r a t io n  a nd 

6 8  

c e nt r i fuga t i o n . Th i s  a l o ne w o u ld n o t  b e  a m a j or i n f l u e n c e  

u p o n  t h e  c h o i c e . H ow e ve r , w he n  c o m pa r i ng t h e  c a p i ta l c o s t s  

o f  t h e  va r i o us me t h o d s , e x p a nd i n g  t h e  s c o p e o f  t he e x i s t i ng 

d e wa t e r i n g  s c he me i s  c o ns i d e r a b ly le s s  e x p e n s i v e  t ha n  

c ha ng i n g  o v e r t o  va c uum f i l t r a t i o n  or  c e n t r i f u ga t i on . 

-



C O N C L U S IO N S  

T h e  f o l lo w i n g c o n c l us i o ns w e r e  d ra w n f r o m  t h e  

la b o ra t o r y  r e s u l t s  u s e d  t o  e va l ua t e t h e  f e a s i b i l i t y  a nd 

c o s t s  o f  me c h a n i c a l d e wa t e r i ng o f  d i ge s t e d  s l u d g e  w i th 

d i s p o s a l a s  o p p o s e d  t o  t he e x i s t i n g  m e t h o d s  o f  d i s p o sa l :  
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1 .  T h e c o mb i n e d p r i ma r y  a n d s e c o nd a ry a na e r ob i c a l l y  

d i g e s t e d  s l udge  p r o d u c e d  a t  t h e  S i o ux F a l l s  

Wa s t e wa t e r  T r e a t me n t  P la n t  r e q u i r e s  c o n d i t io n i n g  

b e f or e  d e wa t e r i ng w i th a v ac u u m  f i l t e r o r  

c e n t r i f uge . 

2 .  T h e  a d d i t i o n  o f  a c a t i on i c  po l y me r t o  t h e  

wa s t e wa t e r  s l u d g e  wa s b e ne f ic i a l i n  t he d e wa t e r -

i ng p r o c e s s . 

3 .  T h e  a d d i t io n  of  a c a t io n i c  p o l ym e r d i d n o t  a i d  

t h e  d e wa t e r i ng p r oc e s s  f o r  v a c u u m  f i l t e r i ng a s 

m uch a s  i t  d i d f o r  t he ce n t r i f ug e . 

4 .  T h e  o p e r a t i o n  a n d  ma i nt e na n c e  a nd c a p i t a l c o s t s  

f or de wa t e r i ng b y  me c h a n i ca l me a ns i s  h igh l y  

d e p e nd e nt o n  t h e  c o n c e n t ra t i o n  o f  s o l i d s i n  t h e  

f e e d  s l udge a n d t he s l udge y i e l d s  d e s i re d . 

5 .  T h e  e s t i ma t e d  ca p i t a l c o s t s  f o r  c o nt i n ui ng w i t h  

t he p r e s e n t me t h od  o f  s l ud g e  d e wa t e r i ng a nd 

d i s p o s a l i s  c o n s i d e r a b ly le s s  t h a n t h e  c a p i t a l 

c o s t s  r e q u i r e d  f or a va c u um f i l t r a t io n  o r  

c e nt r i f uga t i o n  t y p e  p r o ce s s . 

... 



1 0 

6 .  T h e  o p e ra t i o n  a n d  ma i n t e na n c e  c os t s  f o r  c o nt i n u i ng 

w i t h  t h e  pr e s e n t me t h o d o f  s l u d g e  d i s p o s a l  a s  

c om p a r e d t o  va c uu m  f i l t r a t i o n  o r  c e n t r i f uga t i o n  

i s  s l i g h t l y  le s s . 

.... 
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F U T U R E  S T U D Y  

D ur i ng t h e s e  s t u d i e s t o  e va l ua t e t he c om p a r a t i v e  

c o s t s  o f  p o s s i b le d e wa t e r i ng s ch e me s  a s  o p po s e d  t o  t h e  

p r e s e n t  m e t h od , s e ve ra l a l t e r na t i y e s w e re n o t e d  t ha t  ma y 

w a r r a n t  f u t ur e  i nv e s t ig a t i o ns : 

1 .  A p i l o t  p la nt c o u ld b e  s e t  u p  ut i l i z i ng a va c uu m  

f i l t e r a n d  a c e nt r i f ug e  t o  mo r e  a cc ur a t e l y  

e va l ua t e  t h e i r  o pe r a t i o n  a nd ma i n t e na nc e  c o s t s  

a s  w e l l  a s  t h e i r  e f f i c i e n c y . 

2 .  F u t u r e  s l ud g e  s t ud i e s  s h o u l d b e  c om p le t e d  t o  

d e t e r m i ne t h e  e f fe c t  o f  c on t i n ue d  a pp l i c a t i o n  

o f  s l u d g e  t o  a g r i c u l t ur a l l a n d . 

3 .  F u t ur e  s t u d i e s  c o u l d  b e  d o n e  t o  d e t e r m i ne t he 

e ff e c t  o f  va r y i ng t he f e e d  s l u d g e  s o li d s 

c o nc e n t r a t i o n  b e f o r e  me c h a n i ca l d e wa t e r i ng . 

4 .  F ut ur e  s t ud i e s  c o u l d  b e  d o n e  t o  d e t e r mi ne t he 

e f f e c t  o f  va r y i ng t he t e mp e r a t ur e  o f  t h e  s l u dge  

b e f o r e  me c h a n i c a l  d e wa t e r i ng . 

.... 
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A P P EN D I X  I 
L e t t e r  o f  R e c omme n d a t i o n  f r om t h e  N a l c o  Ch e m i c a l C om pan y 

on t h e  T y p e  a n d Am o u n t o f  P o lym e r  t o  U s e  

/J>� N A L C O  C H E M I C A L  C O M P A N Y  ,.. 14100 COU NTY ROAD S a M I N N EAPOLIS, M I N N ESOTA 55441 0 A R EA 612-559-3 ; 9 1  

Water Rec lamat ion Plant 
5 0 1  E .  O l i ve 
S ioux Fa l ls , S out h Dakota 

At t e n t ion : Mr .  B i l l  Br inke r 

De a r  B i l l :  

June 3 ,  1 9 7 6  

The fo l low ing p o l ymer s  were j udge d t o  g i ve s ome de gree o f  
ac t iv i t y  i n  j ar t e s t s  c onduc t e d  a t  your p l an t . The t e s t s  
we r e  pe r forme d b y  mys e l f  and your c hemis t ,  Gor don Ge rry , 

-: 

on June 1 ,  1 9 7 6 . F loe format ion and supernate c l a r i t y  w e r e  
t he pr ime c r iter ia i n  our se le c t ion o f  the four p r o duc t s . 

PRODUCT DOSAGES EVALUATE D 

Na l c o  7 1 32 2 0 - 100 Lb /Ton Dry S o l i d s  

Na l c o  6 10 3- 7 Lb /Ton Dr y S o l i ds 

Nalc o 7 7 6 3  0 . 2 - 6  Lb /Ton Dry S o l ids 

Na lc o 7 120 20- 100 Lb /Ton Dr y S o l i ds 

It i s  my e s t imat i on that any of t he four p r o duc t s  c ou l d  be 
us e d  in your p lant w ith s ome de gree of s uc c e s s . Howe ver , I 
would rec ommend that you conc entrate any future s tudie s on 
the Na lc o 7 1 20 . This recommendat ion is b a s e d  on two fac t s . 
The fir s t  is the muc h h ighe r degree o f  ac t iv i t y  ob s e rve d 
o ve r  the o ther three produc t s  in the j ar te s t s . S ec ond l y , 
t he Na l c o  7 12 0  is a newer produc t and has s hown t o  be muc h  
more c o s t  e f fe c t i ve i n  s imi l ar app l ic a t ions at other w a s te 
t re atment p lant s . 

I f  you s hould have any que s t ions regarding the a p p l ic at i on 
o f  t he s e  produc t s ,  p le a s e  fe e l  free t o  contac t  me . 

Ve ry tru ly yours , 

� 7&7� 
Monte R .  Kr i e r  
Di s t r i c t  Repre s en t at ive 

MRK : ds 
C O F'I PO .. ATE O F FIC E S: 0! 901 BUT TE F'I F• Et.. 0 F'IO A O  0 C A O(  e .. o o oc. 11..1..I N O• S 1!10�0!1 0 A .. E A :112-ea?-� 
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A P P E N D I X I I  
Sa m p l e  Ca l c u la t i o n f o r  t h e  

D e t e rm i n a t i o n o f  S pe c i f i c  R e s i s t a n c e 

C o n d i t i o n i n g  A g e n t  - Na l c o p o lym e r  7 1 2 0 
D o s a g e  - 1 . 7 5 %  

v 
s e c  m l  

- 6 0  1 2  
0 1 3  

3 0  3 9  

R e s u l t s  o f  B u c h n e r  F u n n e l T e s t  

V ( c o r r ) Q / V  c o r r  
m l  s e c / m l  

0 
2 6  1 . 1 5  

y = - 4 . 9 1  
6 

7 6  

+ 0 . 1 8 3 x  

6 0  4 6  
9 0  5 1 

1 2 0 5 5  

3 3 1 . 8 2  
3 8  2 . 3 7 
4 2  2 . 8 6 

5 I 
;C 4 ::> 

......... 0 
. . 

1 3 . 6 4 
G p 3 0 1 2 0 0  1 0 1  8 8  

s l o p e  b y  l e a s t  s q ua r e s  
m e t h od - n = 1 5  

s l o p e b = S S x y  = 0 . 1 8 3 
S S x  

i n t e r c e p t  a = y bx = - 4 . 9 1  

b e s t  f i t l i n e  
y = - 4 . 9 1 + 0 . 1 8 3 x  

2 o/ 0 

1 I 
0 I 
I /  

0 2 5  

V o l um e  ( m 1 )  

D e t e rm i na t i on o f  S pe c i f i c  R e s i s t a n c e 

p 
A 
u 
b 
w 

w 

= 
= 
= 
= 
= 

= 

1 0 . 8  � s i  = 7 . 4 6 x2 1 0 4 N / m 2 
9 5  cm = 0 . 0 0 9 5  m 2 0 . 0 1 1 p o i s e  = . 0 . 0 0 1 1  N s / m  
0 . 1 8 3 x 1 0 1 2  s e c / m 6  
1 . 7 5  g r  d ry s o l i d s  in c a k e  

8 8  m l  o f  f i l t ra t e  
0 . 0 1 9 7 5  g / m l = 1 9 . 7 5 k g / m3 

S p e c i f i c  R e s i s t a n c e = r = 2 b PA 2 = 1 1 3 . 4 x 1 0 1 2 m / k g o r  
uw 

1 1 5 x 1 0 8 � e c 2 / g ram 

I 
5 0  

-



A P P E N D I X I I I  

Ve r i f i ca t i o n o f  P o l yme r R e c om m e n d a t i o n 
b y  t h e  Na l c o C he m i ca l  C om pa n y  

T A B L E  I I I - 1 . R e s u l t s o f  t he c e n t r i f uge t e s t s  o n  t he 
d i ge s t e d  s l u d ge wi t h o u t  p o ly m e r  a d d i t i on . 

FI G U R E  I I I - 1 . E f fe c t  o f  P o l ym e r  D o s a g e  o n  C a k e V o l um e . 
W i t h  t h e  e x c e p t i on o f  p o l ym e r  7 7 6 3 ,  t he c a k e  v o l um e  d e ­
c r e a s e d  a s  t h e p o l ym e r  d os a ge i nc r e a s e d . I t  s h ou ld b e  
n o t e d  t ha t  t h e  p o lym e r  t e s t e d  s l u d ge - c a k e v o l um e s we r e  a l l 
l e s s  t h a n  t ha t  o f  un t r e a t e d  s l u d g e . 

F I G U R E  I I I - 2 . E f fe c t  o f  P o l ym e r D o s a g e o n  C e n t ra t e S o l i d s  
C o nc e n t r a t i on .  

7 7 

P o l yme r 7 1 3 2 wa s t he o n ly one i n  wh i c h c e n t ra t e  s o l i d s  
c on c e n t ra t i o n s  we r e  r e d uc e d a s  t h e  p o l y m e r  d os a ge i n cr e a s e d . 
A l s o , t he c e n t ra t e  s o l i d s  f o r  a l l o f  t h e  p o l ym e r t r e a tm e n t s  
w e r e  l e s s  t ha n  t h e  c e n t ra t e  s o l i d s  f o r  t h e  u n c o n d i t i on e d  
s l u d ge . 

F I GU R E  I I I - 3 . E f f e c t  o f  P o lym e r  D os a ge o n  C a k e  S o l i ds 
C on c e n t ra t i o n . 

� o nd i t i o n i ng t h e s l u d g e  p r i o r t o  c e n t r i f u ga t i o n r e s u l t e d i n  
a s lu d g e  c ak e  h i gh e r  i n  s o l i d s  c o n c e n t ra t i o n t h a n  c o u l d b e  
o b ta i n e d  b y  c e n t r i f u g i ng u n c ond i t i on e d s l u d ge . 

TA BL E I I I - 2 . O p t i m um P o l yme r D o s a ge f o r  C o n d i t i o n i n g  
D i ge s t e d  S l u d g e  P r i or t o  C e n t r i f u ga t i on . 

S e l e c t i o n wa s m a d e  o n  t h e  b a s i s  o f  a l ow c a k e  v o l ume , a l ow 
c e n t ra t e s o l i d s  c on c e n t ra t i o n , a n d  a h i gh c a ke s o li d s 
c o n c e n t ra t i on . T o  m i n i mi z e  c h e m i c a l c os t s , t he l owe s t  
e f fe c t i ve d o s a g e o f  e a c h  p o lym e r  wa s ch o s e n  a s  t he o p t im um .  

F I G U R E  I I I - 4 . C om pa r i s on o f  O p t i m um P o l ym e r  D os a ge s . 
I t  i s  e v i d e n t  t ha t t he c a k e  v o l ume s a nd s o l i d s  c o n c e n t r a ­
t i on s  a r e  ge n e ra l l y  o f  t h e  sam e m a g n i t u d e  wh e r ea s  c o n s i d e r­
a b l e  d i f f e r e n c e s  a re a p pa r e n t  i n  c e n t ra t e s o l i d s .  
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.A P P E ND I X  I V  
Sam p le C a l c u la t i on o f  P o l ym e r D o s a g e i n  m ls .  

t o  1 0 0 m l s . o f  T e s t  S a m p l e o f  S l u d g e  

8 3  

D e s i r e d  P o ly m e r D o s a ge - - - - - - - - - - 3 5 # / t on d r y  s o l i d s  ( 1  . 7 5 % )  
V o l um e  o f  S l u d g e  S a m p le - - - - - - - - - 1 0 0  m l . 
S o l i d s  i n  S lu d g e  S am p le - - - - - - - - - 1 . 9 %  
P e r c e n t  P o lym e r  S o lu t i o n - - - - - - - - - - 5 % 

V o lum e  o f  p o lym e r  
i n  1 0 0 m l . s lu dg e  = 

s am p le 

3 5 # / t on ( 1 0 0  m l . ) 1 . 9 %  
5 %  ( 2 , 0 0 0 ) 

V o lum e o f  p o lym e r  = 0 . 7  m l .  
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