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ABSTRACT 

The proposed SRC-I Demonstrat ion P l a n t  i n  Newman, Kentucky, w i l l  generate 

s ludges i n  i t s  wastewater t rea tment  f a c i l i t i e s .  A number o f  these sludges 

have been produced d u r i n g  l a b o r a t o r y  t r e a t a b i l i t y  t e s t i n g  o f  s imu la ted  process 

waste streams. As an ex tens ion  o f  t h a t  work, t h i s  s tudy  presents  t h e  r e s u l t s  

o f  a  t e s t  program conducted on these s ludges.  Chemical c o n d i t i o n i n g ,  aerob ic  

d i g e s t i o n ,  g r a v i t y  t h i c ken ing ,  and dewate r ing  a r e  eva luated,  bo th  f o r  

i n d i v i d u a l  s ludges and combinat ions t h e r e o f .  The t e s t  r e s u l t s  have i d e n t i f i e d  

r e q u i s i t e  des ign  changes f o r  t h e  proposed wastewater t rea tment  f a c i l i t i e s .  



SUMMARY 1. - . .  

The SRC-I Demonstrat ion P l a n t  i n  Newman, Kentucky, w i l l  generate  severa l  

d i f f e r e n t  s ludges as a  r e s u l t  o f  p r o v i d i n g  ex tens ive  wastewater t rea tment .  

Because c o n s t r u c t i o n  o f  t h i s  p l a n t  has been postponed i n d e f i n i t e l y ,  t h e r e  has 

been an o p p o r t u n i t y  t o  generate  a d d i t i o n a l  da ta  p e r t i n e n t  t o  waste t rea tment .  

Accord ing ly ,  t h i s  r e p o r t  presents  t h e  r e s u l t s  of a  s tudy  on t h e  t h i c k e n i n g  and 

dewate r ing  c h a r a c t e r i s t i c s  o f  seve ra l  o f  t h e  wastewater t rea tment  s ludges. 

The study Inc luded :  

o E v a l u a t i o n  o f  chemical  c o n d i t i o n i n g  agents .  

o  Aerob ic  d i g e s t i o n  o f  b i o l o g i c a l  s ludges. 

o  G r a v i t y  t h i c k e n i n g .  

o  The r e l a t i v e  e f f e c t i v e n e s s  o f  dewater ing by c e n t r i f u g e ,  vacuum 

f i l t e r ,  b e l t  f i l t e r ,  and p ressure  f i l t e r .  

Sludges were t e s t e d  i n d i v i d u a l l y  and i n  combinat ion.  The r e s u l t s  i n d i c a t e d  

t h a t  t h e  b l o ' l o g i c a l  s ludge cou ld  be b e s t  dewatered by  pressure f i l t r a t i o n .  

The chemical  s ludges should  be combined p r i o r  t o  dewater ing,  which should be 

p rov i ded  by a  b e l t  f i l t e r .  

The t a r  a c i d  s ludge w i l l  be kep t  separate,  due t o  i t s  low pH, and 

u l t i m a t e  d i sposa l  w i l l  be by  i n c i n e r a t i o n .  The t a r  a c i d  s ludge was more 

concen t ra ted  than  had been expected. As a r e s u l t ,  t h i c ken ing ,  r a t h e r  than  

c e n t r i f u g i n g ,  i s  t h e  recommended t rea tment  f o r  t h i s  s ludge. 

A l l  s ludges were t e s t e d  f o r  l eacha te  t o x i c i t y  by t h e  e x t r a c t i o n  procedure 

method. The r e s u l t s  were negat ive,  i n d i c a t i n g  t h e  s ludges a re  non-hazardous 

i n  heavy meta l  concen t ra t ions ,  accord ing  t o  RCRA c l a s s i f i c a t i o n .  



11. INTRODUCTION 

To reduce America's dependence on impor ted petroleum, t h e  U.S. Department 

o f  Energy (DOE) i n i t i a t e d  t h e  Solvent -Ref ined Coal (SRC-I) D i r e c t  Coal 

L i q u e f a c t i o n  P r o j e c t .  The purpose was t o  demonstrate t h e  t e c h n i c a l  and 

economic / f e a s i b i l i t y  o f  coa l  l i q u e f a c t i o n .  A pr ime f a c t o r  i n  e s t a b l i s h i n g  

t h i s  f e a s i b i l i t y  was t h e  o v e r a l l  env i ronmenta l  a c c e p t a b i l i t y  o f  t h e  process, 

i n c l u d i n g  c o n t r o l  o f  gaseous, l i q u i d ,  and s o l i d  wastes. Under i t s  pr ime 

c o n t r a c t  (No. DE-AC05-78-ORO-3054) w i t h  DOE, t h e  I n t e r n a t i o n a l  Coal R e f i n i n g  

Company (ICRC) completed t h e  b a s e l i n e  des ign  o f  a  6000-TPD demonst ra t ion p l a n t  

i n  A p r i l ,  1982. 

DOE has subsequent ly decided t o  postpone i n d e f i n i t e l y  t h e  c o n s t r u c t i o n  of 

t h e  demonst ra t ion p l a n t .  Th is  postponement has p rov ided  an o p p o r t u n i t y  t o  

upgrade t h e  b a s e l i n e  design, and a  ma jo r  e f f o r t  has s i nce  been made t o  

generate  a d d i t i o n a l  des ign i n f o r m a t i o n  f o r  t h e  wastewater and s o l i d  wastes 

t rea tment  f a c i l i t i e s .  Th is  pos t -base l ine  work i nc l uded  ex tens ive  l a b o r a t o r y  

t r e a t a b i l i t y  s t ud ies .  The purposes were t o  eva lua te  a l t e r n a t e  t rea tment  

schemes and t o  e s t a b l i s h  des ign c r i t e r i a  f o r  i n d i v i d u a l  u n i t  processes. 

Var ious s ludges were generated d u r i n g  t h e  course o f  t h e  t r e a t a b i l i t y  t e s t i n g .  

The waste t rea tment  f a c i l i t y  des ign i nc l uded  t h i cken ing ,  dewater ing,  and 

l a n d f i l l i n g  o f  a l l  wastewater s ludges. When t h e  des ign  c r i t e r i a  were prepared 

f o r  t h e  r ev i sed  base l i ne  design, ve r y  l i t t l e  da ta  was a v a i l a b l e  on t h e  

c h a r a c t e r i s t i c s  of t h e  sludges, e s p e c i a l l y  when combined. Th is  r e p o r t  

documents t h e  r e s u l t s  o f  subsequent t e s t i n g ,  which b e t t e r  d e f i n e s  t h e  

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



I I I. BACKGROUND 

One p r ima ry  o b j e c t i v e  o f  ICRCts pos t -base l ine  env i ronmenta l  program was 

t o  compare two a l t e r n a t i v e  wastewater t rea tment  schemes. One inc luded  phenol 

e x t r a c t i o n  b e f o r e  b i o l o g i c a l  t rea tment ,  and t h e  o t h e r  d i d  no t .  Under a  

p rev i ous  work agreement, C a t a l y t i c ,  Inc . ,  a  subcon t rac to r  t o  I n t e r n a t i o n a l  

Coal R e f i n i n g  Company (ICRC), operated a  number of b i o l o g i c a l  r eac tn r c  

u t i l l z l n g  a s t r o n g  SRC-I sour  wa te r  c o l l e c t e d  f rom t h e  F o r t  Lewis, Washington, 

p i l o t  p l a n t .  The impacts of phenol e x t r a c t i o n  on secondary ( b i o o x i d a t i o n )  and 

t e r t l a r y  ( coagu la t i on ,  f i l t r a t i o n ,  carbon adsorp t ion ,  and ozonat ion)  t rea tment  

processes were assessed. A lso under t h a t  work agreement, samples f o r  

t o x i c o l o g i c a l  t e s t i n g s  a t  SH I - I n te rna t i ona l  were produced. A l l  r e s u l t s  a re  

documented i n  a  r e p o r t  ( 1 )  issued i n  March, 1984. 

I n  t h a t  r e p o r t ,  i t  was recommended t h a t  phenol e x t r a c t i o n  be employed. 

Phenol e x t r a c t i o n  has been i nco rpo ra ted  i n  t h e  r ev i sed  des ign o f  t h e  waste 

t r ea tmen t  system, as s p e c i f i e d  i n  a  document prepared by I C R C  ( 2 ) .  E f f l u e n t  

l i m i t a t i o n s  a r e  a l s o  l i s t e d  t h e r e i n .  The a c t u a l  system des ign was by 

I ; a t d l y t i c  and i s  documented i n  ano ther  r e p o r t  ( 3 ) .  Under t h a t  ruevised design,  

t h e  t r ea tmen t  p l a n t  e f f l u e n t  i s  d ischarged  t o  t h e  r i v e r .  I n  con t ras t ,  t h e  

b a s e l i n e  des ign  i nco rpo ra tes  a  zero-discharge t rea tment  system. 

The r e v i s e d  b a s e l i n e  des ign  prepared by Cat .a ly t i c  i nc l uded  a p r w e s s  f l o w  

d iagram and mass balance. Th is  q u a n t i f i e d  a11 sludges, and s p e c i f i e d  t h e  

equipment r e q u i r e d  f o r  t h i c k e n i n g  and dewater ing.  The o v e r a l l  t rea tment  

system i s  shown as a  b l ock  f l ow  diagram on F igu re  1 .  F i gu re  2 shows j u s t  

t hose  p o r t i o n s  o f  t h e  t rea tment  system r e l e v a n t  t o  s ludge t rea tment .  The 

q u a n t i t i e s  of these sludges, on bo th  a  wet and d r y  we igh t  bas is ,  a r e  l i s t e d  i n  

Table  1. 





FIGURE 2 

BLOCK FLOW DIAGRAM - SLUDGE TREATMENT AFID DISPOSAL. 
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T a b l e  1 

Wastewater  Sl  udqes  

Type 

T a r  Acid p r e c i p i t a t i o n C  

Vanadium-bear ing  s l  udge 

S c r u b b e r  s l u d g e  

Coal/SRC p i l e s  r u n o f f  

s o l  i d s  

B i o l o g i c a l  s o l  i d s  

( u n d i g e s t e d  ) 

1 s t .  S t a g e  B io r*eac to r  

2nd S t a g e  B i o r e a c t o r  

C o a g u l a t i o n  s l u d g e  

S o f t e n i n g  s l  udge d 

1 b/ h r  d r y  

Notes :  a .  Based on 2 5 - y e a r ,  24-hr  s t o r m ,  e q u a l i z e d  o v e r  2-week p e r i o d .  
b. Annual i z e d  v a l u e s .  
c .  H igh ly  v a r i a b l e .  
d .  E x i s t s  o n l y  i n  z e r o  d i s c h a r g e  mode. 
e. Assumed. 



The p r ima ry  o b j e c t i v e  i n  t h e  p rev ious  s tudy  ( 1 )  was t o  generate  da ta  f o r  

comparison of '  t h e  two a l t e r n a t i v e  t rea tment  schemes ( w i t h  and w i t h o u t  phenol 

e x t r a c t i o n ) .  As p a r t  o f  t h i s  comparison, c l a r i f i c a t i o n  and t h i c k e n i n g  t e s t s  

were conducted, p r i m a r i l y  on b i o l o g i c a l  s ludges. V i r t u a l l y  no dewater ing 

t e s t s  were performed, and dewater ing equipment was s i zed  based on p rev ious  

exper ience  and 1 i t e r a t u r e  re ferences.  

The o v e r a l l  o b j e c t i v e  of t h i s  s tudy  i s  t o  qenerate  e m p i r i c a l  data  f o r  

s ludge  t h i c k e n i n g  and dewater ing.  Th i s  da ta  can be used t o  s e l e c t  p roper  

s ludge h a n d l i n g  and dewater ing equipment, as w e l l  as t o  e s t a b l i s h  p r a c t i c a l  

l oad ing  r a t e s  ( i . e . ,  equipment s i z i n g ) .  I n  a d d i t i o n ,  t h e  e f f e c t i v e n e s s  o f  

v a r i o u s  c o n d i t i o n i n g  chemicals w i l l  be eva lua ted  over  a  range o f  dosages. 



I V .  TREATMENT REQUIREMENTS 

As shown on Figure 2, the u l t i m a t e  d isposal  o f  a l l  sludges w i l l  be 

on-s i te .  L a n d f i l l i n g  w i l l  be used i n  a l l  cases, w i t h  the s ing le  except ion o f  

t he  t a r  a c i d  sludge, which w i l l  be i nc ine ra ted .  Sludge treatment must be 

s u f f i c i e n t  t o  insure  t h a t  these d isposa l  methods are  p r a c t i c a l .  

The pr imary ob jec t  o f  sludge t reatment  i s  s imply t o  remove water. This 

i s  necessary f o r  two reasons. F i r s t ,  t he  d rye r  t he  sludge cake, the  smal ler  

the  requ i red  l a n d f i l l  volume. Obviously, l a n d f i l l  costs w i l l  be i nve rse l y  

re la ted  t o  s o l i d s  content.  Second, t he  sludge must be i n  a  cond i t i on  s u i t a b l e  

f o r  l a n d f i l l i n g ;  i t  must be capable of being discharged from a dump t ruck ,  

spread, and compacted. No f r e e  water should be present.  No s p e c i f i c  s o l i d s  

content  i s  requi red;  ease o f  hand l ing  i s  as much a  func t i on  o f  sludge type as 

o f  cake dryness. For t he  t a r  a c i d  sludge, where the  proposed d isposal  method 

i s  v i a  i nc ine ra t i on ,  t he  sludge should be maintained i n  a  l i q u i d  o r  

semi- l iqu id s ta te ,  because i t  w i l l  be t ranspor ted  i n  a  tank t ruck  and pumped 

t o  the  i n c i n e r a t o r .  Therefore, t h i s  sludge should be concentrated as much as 

p r a c t i c a l ,  b u t  remain f l u i d  enough t o  a l l o w  pumping. Cent r i fugat ion  i s  the 

an t i c i pa ted  treatment step. 

For the  b i o l o g i c a l  sludges, t h i cken ing  and dewatering are  no t  the  on ly  

treatments requi red.  These sludges a re  putrescent  a t  ambient temperatures and 

should no t  be l a n d f i l l e d  d i r e c t l y .  Consequently, a  b i o l o g i c a l  aerobic 

d iges t i on  step must be provided t o  f i r s t  reduce the  v o l a t i l e  so l i ds  content.  

The degree o f  treatment i s  a r b i t r a r y ,  as the re  i s  no spec i f i ed  e f f i c i e n c y  

requ i red  f o r  d iges t i on .  Rather, v o l a t i l e  s o l i d s  l e v e l s  a re  measured d a i l y  i n  

a  l abo ra to ry  t e s t .  The d a i l y  and cumulat ive removals a re  then evaluated t o  

choose a  d i g e s t i o n  per iod.  



The t rea tment  requi rements  f o r  a l l  o t h e r  s ludges a r e  t h i c k e n i n g  and/or 

dewate r ing .  The coa l  p i l e  r uno f f ,  vanadium, and t e r t i a r y  coagula t i 'on s ludges 

w i l l  be combined, th i ckened ,  and dewatered. The s o f t e n i n g  sludge ( f o r  zero 

d i scha rge  on l y )  and t h e  SO2 scrubber  s ludge can be dewatered w i t h o u t  an 

i n t e r m e d i a t e  t h i c k e n i n g  s tep .  

Because t h e  l a n d f i l l s  w i l l  be designed accord ing  t o  RCRA s p e c i f i c a t i o n s  

(doub le  l i n e d ) ,  a l l  l eacha te  w i l l  be c o l l e c t e d  and recyc l ed  t o  t h e  wastewater 

t r e a t m e n t  f a c i  1 i t i e s  . t h e r e f o r e ,  t h e r e  a r e  no 1  i m i t a t i o n s  on l eacha te  

q u a n t i t i e s  o r  c o n s t i t u e n t s .  However, i t  i s  p ruden t  eng ineer ing  p r a c t i c e  t o  

i d e n t i f y  hazardous wastes. Therefore,  l each ing  t e s t s  were conducted i n  t h i s  

s tudy,  us i ng  t h e  EPA e x t r a c t i o n  procedure f o r  hazardous waste c l a s s i f i c a t i o n .  



V .  INVESTIGATIVE STUDY 

A. CHARACTERIZATION 

As shown on F igure  2, s i x  s ludges a r e  produced by t h e  var ious  

wastewater t rea tment  f a c i l i t i e s .  To these, a s o f t e n i n g  sludge i s  an 

a d d i t i o n  requ i red  f o r  t h e  zero d ischarge  t rea tment  scheme. (The rev i sed  

design, as shown on F igure  1, i s  based on a cons tan t  d ischarge t o  t h e  

Green R i ve r ) .  Not a l l  o f  t h e  sludges were a v a i l a b l e ,  and t e s t i n g  was 

con f i ned  t o  t h e  f o l l o w i n g  ones, p l u s  combinat ions t he reo f :  

Tar Ac id  

Vanad i urn 

B i o l o g i c a l  

T e r t i a r y  Coagulat ion 

So f t en ing  

The sludges f o r  which no samples were a v a i l a b l e  were t he  SO2 scrubber  

blowdown and t h e  coa l  pile/SRC p i l e  r u n o f f .  However, t h e  s e t t l i n g  and 

dewater ing p r o p e r t i e s  o f  these sludges (predominant ly  ca lc ium s u l f a t e  and 

i r o n  hydrox ides)  a r e  w e l l  known, so t h e i r  absence i s  n o t  c r u c i a l .  

The f i v e  sludges t e s t e d  were generated i n  t h e  f o l l o w i n g  ways: 

1. Tar Ac id  

Tar a c i d  s ludge i s  generated by a chemical p r e c i p i . t a t i o n  

step, which i s  p a r t  o f  t h e  p re t rea tment  o f  t h e  main process 

waste stream. The wastewater used t o  s imu la te  t h i s  stream was 

obta ined f rom t h e  DOE-owned coa l  l i q u e f a c t i o n  p i l o t  p l a n t  a t  



F o r t  Lewis,' Washington. Samples o f  t h e  Process Recycle Water 

(PRW) were c o l l e c t e d  f rom August 12 t o  14, 1980, when t h e  p i l o t  

p l a n t  was runn ing  i n  t h e  SRC-I mode. (The p l a n t  was des.igned 

t o  p r i m a r i l y  run  i.n t h e  SRC-I1 mode). Th i s  wastewater has been 

t ho rough l y  cha rac te r i zed  i n  an e a r l i e r  s tudy  ( 4 ) .  

The s ludge was generated by  t h e  f o l l o w i n g  t rea tment  

sequence. F i r s t ,  t h e  wastewater was t r e a t e d  by  s o l v e n t  

e x t r a c t i o n  t o  remove pheno l i c s .  Then i t  was steam s t r i ~ ~ e d  t~ 
remove ammonia and hydrogen s u l f i d e .  The pH was then  lowered 

t o  2.5, caus ing a  p r e c i p i t a t i o n  o f  d i s s o l v e d  o rgan ics .  These 

s o l i d s ,  known as t a r  ac i ds ,  w i l l  r e s o l u b i l i z e  i f  t h e  pH i s  

r a i s e d  t o  a  n e u t r a l  l e v e l .  These t rea tment  s teps a re  d e t a i l e d  

i n  a  p rev ious  s tudy  ( 1 ) .  

Vanad i um 

The SRC-I process b o t h  removes and recovers s u l f u r  f rom 

coa l .  As p a r t  o f  t h e  recovery  process, a  vanadium s a l t  i s  used 

t o  o x i d i z e  hydrogen s u l f i d e .  A blowdown f rom t h i s  s tep  i s  

known as t h e  S t r e t f o r d  purge, and t h i s  stream rece ives  

segregated t rea tment  b e f o r e  be ing  mixed w i t h  o t h e r  p l a n t  

wastewaters ( F i g u r e  1 ) .  Th i s  p re t rea tment  s t ep  produces an 

i r o n  vanadate s ludge. As descr ibed  i n  another  s tudy ( I ) ,  t h i s  

s ludge i s  formed by r a i s i n g  t h e  wastewater pH t o  10, then  

adding 4,000 mg/l o f  f e r r i c  s u l f a t e .  The wastewater sample 

used t o  produce t h i s  s ludge  was ob ta ined  f rom a  Beavon-St re t ford  

s u l f u r  removal u n i t  a t  t h e  Ge t t y  Re f i ne r y  i n  Delaware C i t y ,  

Delaware. Th is  u n i t  was s i m i l a r  t o  t h e  one designed f o r  t h e  

SRC-I Demonstrat ion P lan t .  



Secondary wastewater t rea tment ,  as shown on F igu re  1, i s  

p r o v i d e d ' b y  a  two-stage a c t i v a t e d  sludge system. . Under s teady 

s t a t e  c o n d i t i o n s ,  t h i s  system w i l l  produce biomass, o r  s o l i d s ,  

a t  a  r e l a t i v e l y  s teady r a t e ,  r e q u i r i n g  s ludge was t ing  on a 

r e g u l a r  bas i s .  Th i s  waste sludge, which i s  taken f rom t h e  

c l a r i f i e r  under f low,  must be th ickened,  d igested,  and 

dewatered. Dur ing  a p rev i ous  s tudy  ( I ) ,  t h e  a c t i v a t e d  s ludge 

process was s imu la ted  by bench-scale r eac to r s ,  ope ra t i ng  on a 

cont inuous f l o w  bas i s .  T h i s  i nc l uded  b o t h  s ing le -s tage  

b i o r e a c t o r s  w i t h  powdered a c t i v a t e d  carbon (PAC), and two-stage 

b i o r e a c t o r s  w i t h  ve r y  min imal  carbon a d d i t i o n  (NPAC). Dur ing  

t h a t  work, waste s ludge  f r om b o t h  t ypes  o f  b iosystems was 

a e r o b i c a l l y  d iges ted .  However, because s ludge t rea tment  was 

n o t  w i t h i n  t h e  scope o f  t h a t  p r o j e c t ,  t h e  r e s u l t s  were n o t  

i nc l uded  i n  t h e  f i n a l  s tudy  r e p o r t .  The r e s u l t s  o f  t h e  aerob ic  

d i g e s t i o n  t e s t s  a r e  i nc l uded  i n  t h i s  r e p o r t  i n  Sec t ion  V-0. 

The da ta  presented i n  Columns 3 and 4 o f  Table 2 r e f e r  t o  t h e  

s ludges generated d u r i n g  t h e  p rev ious  s tudy.  A l l  o t h e r  

t r e a t a b i l i t y  r e s u l t s  presented h e r e i n  were developed as p a r t  o f  

t h i s  s ludge s tudy.  

A t  t h e  comp le t ion  o f  t h e  above s tudy,  f o u r  o f  t h e  b i o r e a c t o r s  

(compr is ing  NPAC Systems 1 and 2) were kep t  i n  ope ra t i on  and a r e  

c u r r e n t l y  be ing  used t o  determine b i o k i n e t i c  c o e f f i c i e n t s .  

Throughout t h e  e n t i r e  o p e r a t i o n  o f  these f o u r  b i o reac to r s ,  s ludge 

was wasted r e g u l a r l y .  These sludges were mixed t oge the r  and p laced  

i n  r e f r i g e r a t e d  s to rage  a t  4 ' ~ .  The combined sludge was then  

a e r o b i c a l l y  d iges ted ,  p r i o r  t o  t h e  t h i c k e n i n g  and dewater ing t e s t s  

r epo r t ed  h e r e i n  (Column 1 on Table 2 ) .  However, n o t  a l l  t h i c k e n i n g  

t e s t s  were r u n  on d i ges ted  sludge; t h r e e  were run  on undigested 

sludge. I n  these cases, f r e s h  s ludge was used, taken f rom t h e  

b i o r e a c t o r s  f o r  the  b i o k l n e t l c  s tudy  (Column 2 on Table 2 ) .  



Table 2 
SLUDGE CHARACTERISTICS 

Parameter 

1s: ( ng / l )  
(V0l.X) 

TV!S (mg/l) 
TS (mg/ l)  
TVL (mg/l) 
pH 

Solids Texture 

Solids Color 

L iqu id  Color 

Sludge Oescrlpt lon  
Dlgested Undlgetted Digested Undigested Tar 4FAC PAC Compos l t e  Composite 

NPAC NPAC PAC PAC Acid Vanadium Sof t ln ing  Ef f .  Coag. Ef f .  Coag. Vanadium 4 Vanadium + 
Bfo log lca l  B io log lca l  B io log lca l  B i 0109 l~a l  P rec i p i t a t e  Prec tp i ta tc  S l ~ d g e  Pre: ip i tate Prec lp i ta te  NPAC E f f .  Coag. SofttNPAC Coaq 

Ve ry f f ne .  Very f lne. Very f lne. Very f lne. Very f lne ,  
small smell small smell sand l i k e  
pa r t l c l es  pa r t l c l es  part lc ' les pa r t l c l es  pa r t i c l es  

Very darb Very dark Black Very dark Chocolate- . 
brow.  a l -  brown. a l -  black brown 
most black most black s l a te  

Bma Grey-black Cloudy. Vellowlsh L lgh t  brown 
Trans- trans- grey black grey-trans- t rans- 
luscent parent trans- luscent parent 

luscent 

Sneel.blo- Aeroblc- Sweet.alo- Aeroblc- S1 Ight,  
l og l ca l  sweet l og i ca l  sweet sweet no t  
smelR b io log ica l  smell b l o l og l ca l  unpleasant . 

smell - i f  smell - I f  
sept ic  - sept lc  - 
unpleasant unpleasant 

Fine. Verb f i n e  Vm f ine. 
small small1 s d :  
pa r t l c l es  sand l i k e  Uemc 

pa r t l c l es  par t ' c les  

Oark brown Ye lbwlsh  Chocolate 
01 i ve  whlDe b m a w f t h  

s l  lhgbt ye l -  
l o *  t lnge 

Oark red Deer ReYish-  
maroon ye1 b w  brim. 

t r a r s -  t r m s -  
p a r a t  pareat 

Very strong S l ish t .  S l i gh t  
unpleasant sweet no t  ' ref inery '  
" re f inery '  unpleas- smell 
smell ant 

Thici .  
dense 
small f l n e  
pa r t l c l es  

Very dark 
brown, a l -  
m s t  black 

Greenlsh- 
grey 
trans- 
parent 

S l i gh t  
no t  un- 
pleasant 

Very flne, 
small 
pa r t l c l es  

Very dark 
chocolate 
brown 

Yellowish- 
brown 
trans- 
parent 

Yes, not 
unpleas- 
ant 

Fine. small 
pa r t l c l es  

Chocolate 
m i l k  brown 

Reddlsh- 
brown 
transparent 

Sl jght.  not 
unpleasant 

Th-ckening Tests S!;J rm;;f; 
218 42 4 02 4 10 16 4 14 4 6 

-0C b g l l )  61 1415 Z6 2 I 16 31 28 
Conduct l r l t y  ( r r . ~ h a l a @ 2 5 ~ ~ )  6549 6105 6882 8109 180375 11780 6800 6040 7548 6350 

S1.dge 
:V I R 68 26, 7 48 17 3 S O  15 236 32 
Sett leable Sol lds 

1 HR ( I  Vol.) 45 1 51% 21 ll 45% 1 OX 96% ESK 7 11% 31 1 BOX 491 
2 HR X Vol #I 43% 18% 45% 41% 90% i l K  58% 24% 63% 35% 

24 HR [I Val:\ DX 25% 14% 20% EBX 7 'I 16% 21 11 15% 

Resistivity (sec ln lP)  0.3975 0.0501 0.2FP5 0.0249 0.0068 0.0216 O.CO93 OB654 0.0440 0.0952 0.0558 



4. T e r t i a r y  Coaqulat ion 

The t e r t i a r y  wastewater t rea tment  f a c i l i t i e s  a l s o  produce 

s ludge.  Again r e f e r r i n g  t o  F i gu re  1, chemical  a d d i t i o n  and 

coagulation/clarification immediate ly  f o l l o w  secondary 

t rea tment .  The t r ea tmen t  sequence c o n s i s t s  o f  f i r s t  add ing 

f e r r i c  c h l o r i d e  a t  a  dosage o f  6,000 mg/ l ,  which causes a  drop 

i n  pH and a  p r e c i p i t a t i o n  o f  s o l i d s .  Lime i s  then added t o  

r a i s e  t h e  pH t o  n e u t r a l ,  p l u s  t o  a i d  i n  coagu la t i ng  t h e  

s o l i d s .  Polymer (Magn i f l oc  8 3 5 ~ )  i s  a l s o  added a t  a  dosage o f  

0.5 mg/l.  Th is  procedure was f o l l owed  t o  generate s ludges f rom 

two types o f  secondary e f f l u e n t s .  Both e f f l u e n t s  were produced 

i n  t h e  p r e v i o u s l y  mentioned s tudy  ( 1 ) .  One was t h e  e f f l u e n t  

f rom a  two-stage a c t i v a t e d  s ludge system, operated w i t h o u t  h i g h  

doses o f  powdered a c t i v a t e d  carbon (NPAC). The second was a  

s ing le -s tage  a c t i v a t e d - s l u d g e  u n i t ,  operated w i t h  a  h i g h  l e v e l  

o f  powdered carbon (PAC). 

5. S o f t e n i n q  

The rev i sed  b a s e l i n e  des ign  o f  t h e  wastewater t rea tment  

f a c i l i t i e s  does n o t  i n c l u d e  a  s o f t e n i n g  process. However, 

s o f t e n i n g  would be r e q u i r e d  t o  ach ieve zero d ischarge,  which i s  

s t i l l  a  v i a b l e  o p t i o n .  Therefore,  t e s t s  were run  on a  

s o f t e n i n g  sludge. Th i s  s ludge was generated by f u r t h e r  

t rea tment  o f  t h e  wastewater,  f o l l o w i n g  t h e  coagu la t i on  s t e p  

descr ibed  above. The wastewater pH was r a i s e d  t o  10, and 

6,000 mg/l o f  sodium carbonate added. Th is  p r e c i p i t a t e d  a  

ca lc ium carbonate s ludge.  

The c h a r a c t e r i s t i c s  o f  t h e  s ludges descr ibed  above a re  l i s t e d  on 

Table 2. The p l o t s  made t o ' d e t e r m i n e  r e s i s t i v i t y  a r e  inc luded  i n  t h e  

Appendix, F igures  A-1 t o  A-11 . 



A lso  i n c l u d e d  on Table 2 a r e  two composite s ludges. The f i r s t  i s  a  

combinat ion o f  t h e  vanadium and NPAC t e r t i a r y  coagu la t i on  s ludges. The 

o t h e r  composi te i s  a  combinat ion o f  t h e  above two sludges, p l u s  t h e  

s o f t e n i n g  s ludge.  These a r e  re fe renced  subsequent ly as Composites 13 and 

14, r e s p e c t i v e l y .  

B. CONDITIONING SCREENING 

The removal o f  water  f rom wastewater s ludges I s  o f t e n  g r e a t l y  

f a c i l i t a t e d  i f  t h e  s ludge i s  p re t r ea ted ,  o r  cond i t i oned .  Cond i t i on i ng  

serves t o  c r e a t e  and ma in ta i n  a  porous s t r u c t u r e  i n  t h e  sludge, a l l o w i n g  

a  more r a p i d  and complete removal o f  water .  Cond i t i on i ng  by chemical  

means i s  t h e  method most f r e q u e n t l y  employed. Both i no rgan i c  

c o n d i t i o n e r s  (such as f e r r i c  and aluminum compounds) and o rgan ic  

c o n d i t i o n e r s  ( s y n t h e t i c  p o l y e l e c t r o l y t e s ,  o r -po lymers )  a re  commonly 

used. Both t ypes  were eva luated as p a r t  o f  t h i s  study. 

C o n d i t i o n i n g  sc reen ing  t e s t s  provi.de a r a p i d  means o f  comparing t h e  

r e l a t i v e  e f f e c t i v e n e s s  o f  c o n d i t i o n i n g  agents.  The scope o f  t h i s  s tudy  

i nc l udes  se.vera1 sludges. When these  a r e  cons idered i n  r e l a t i o n  t o  

d i f f e r e n t  c o n d i t i o n i n g  agents, each a t  va r y i ng  dosages, t h e  r e s u l t i n g  

t e s t  m a t r i x  i s  prohibqi t , ive ,  b o t h  f r om  a  scheduling standpoint and, more 

i m p o r t a n t l y ,  i n  regard  t o  t h e  a v a i l a b l e  q u a n t i t i e s  o f  s ludge samples. 

P r e l i m i n a r y  sc reen ing  work shows which chemicals a r e  most e f f e c t i v e ,  thus  

reduc ing  subsequent development work t o  a  manageable l e v e l  and conserv ing  

t h e  l i m i t e d  q u a n t i t i e s  o f  samples. 

J a r  ' res ts  

A conven ien t  means o f  sc reen ing  d i f f e r e n t  polymers i s  t h e  j a r  t e s t .  

Th i s  i s  a  s imp le  procedure, t h e  f i r s t  s t ep  o f  whish i s  t o  add polymer 

s o l u t i o n s  t o  50 ml samples o f  s ludge.  Fo l l ow ing  a  30 second p e r i o d  o f  

r a p i d  m ix ing ,  t h e  samples a re  s l o w l y  a g i t a t e d  f o r  3  minutes,  caus ing an 

agglomerat ion o f  t h e  s o l i d s  i n t o  l a r g e  p a r t i c l e s ,  o r  f l o c .  



The samples a r e  then a l lowed t o  s e t t l e .  The c l a r i t y  o f  t h e  

supernatant  and t h e  appearance of  t h e  f l o c  s t r u c t u r e  a re  q u a l i t a t i v e  

i n d i c a t i o n s  o f  t h e  polymers'  e f f e c t i v e n e s s .  

Th is  j a r  t e s t  procedure was used t o  eva lua te  numerous polymers f o r  

each a v a i l a b l e  s ludge. S p e c i f i c  polymers t e s t e d  were se lec ted  based on 

p rev ious  exper ience w i t h  i n d u s t r i a l  s ludges and a r e  l i s t e d  i n  Table 3. 

P o l y e l e c t r o l y t e  s o l u t i o n s  (0.1 pe rcen t )  were added t o  s ludge samples i n  

doses rang ing  f rom 0.5 t o  2 pe rcen t  ( d r y  we igh t  b a s i s ) .  Observat ions 

n o t i n g  genera l  f l o c  s i z e  and superna tan t  q u a l i t y  were recorded; however, 

no q u a n t i t a t i v e  measurements were made. Rather,  these t e s t s  p rov ided  a  

means f o r  e v a l u a t i n g  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  many polymers, the reby  

reduc ing  t h e  number o f  c o n d i t i o n i n g  agents f o r  subsequent q u a n t i t a t i v e  

t e s t i n g .  

The j a r  t e s t s  showed a  medium mo lecu la r  weight ,  c a t i o n i c  polymer 

(Perco l  722)  t o  be a  ve r y  e f f e c t i v e  f l o c c u l e n t  f o r  a l l  s ludges. Th i s  

c o n d i t i o n e r  was prepared f rom a  d r y  micro-bead o f  medium charge d e n s i t y .  

Other  p o l y e l e c t r o l y t e s  were n e i t h e r  as e f f e c t i v e  n o r  as u n i v e r s a l l y  

a p p l i c a b l e .  Therefore,  Perco l  722 c a t i o n i c  polymer was se lec ted  f o r  a l l  

f u r t h e r  sc reen ing  and development t e s t s .  

Buchner Funnel Tests 

The Buchner funne l  t e s t  i s  ano ther  sc reen ing  procedure. Th is  was 

used t o  eva lua te  t h e  e f f e c t i v e n e s s  o f  bo th  t h e  polymer (Pe rco l  722)  and 

t h e  i no rgan i c  cond i t i one rs :  f e r r i c  c h l o r i d e ,  alum and l ime .  The t e s t  i s  

conducted by  pou r i ng  a  measured volume o f  s ludge i n t o  a  funne l  c o n t a i n i n g  

a  g l a s s  m i c r o f i b e r  f i l t e r  paper, and then  a p p l y i n g  a  vacuum. A cons tan t  

vacuum i s  mainta ined and i s  c o n s i s t e n t  f o r  each t e s t .  Measurements a re  

then  taken o f  t h e  elapsed t ime  r e q u i r e d  t o  produce d i s c r e e t  q u a n t i t i e s  o f  

f i l t r a t e .  



Brand 

Nalco - 7122 

- 7735 

- 7763 

- 7766 

Table 3 

Polymers Screened Via Jar  Test 

L i q u i d  ca t i on i c ,  h igh  MW, moderate 
charge dens i ty .  
l i q u i d  c a t i o n i c ,  moderate NW, vcry h igh  
charge dens i ty .  
L i q u i d  anionic ,  moderate MW, moderate 
charge d e r ~ s l t y .  
L i q u i d  an ion ic ,  h igh  MW, moderate 
charge dens i ty .  

A l l i e d  Co l l o ids  - Percol 722 

- Percol 728 

- Percol 757 

- Percol 763 

American .Cyanamid - Magnif l oc  577C 

- Magnif loc 835A 

- Magnlf loc 1839A 

Dry c a t i o n i c ,  moderate MW, moderate 
charge dens i ty .  
Dry ca t i on i c ,  very h igh  MW, moderate 
charge dens i ty .  
Dry c a t i o n i c ,  h igh  MW, very h igh  charge 
dens i t y  . 
Dry c a t i o n i c ,  h igh  MW, h igh  charge 
dens'! t y .  

L i q u i d  c a t i o n i c ,  mndsrate MW, h igh  
charge dens i ty .  
Dry an ion ic ,  h igh  MW, moderate charge 
dens i ty .  
L i q u i d  anionic ,  h igh  MW, low charge 
dens i t y  . 



The purpose o f  t h e  Buchner funne l  t e s t  i s  t o  d e f i n e  t h e  r e s i s t i v i t y  

f o r  each sludge w i t h  t h e  c o n d i t i o n i n g  agents i n v e s t i g a t e d .  Genera l l y ,  

t h e r e  i s  an i nve rse  r e l a t i o n s h i p  between t h e  d e w a t e r a b i l i t y  o f  t h e  s ludge 

and t h e  r e s i s t i v i t y .  A g raph ic  i n t e r p r e t a t i o n  o f  t h e  r e s i s t i v i t y  i s  

ob ta ined  by p l o t t i n g  t h e  t i m e  d i v i d e d  by t h e  f i l t r a t e  volume 

( s e c o n d s / m i l l i l i t e r s )  versus t h e  f i l t r a t e  volume ( m i l l i l i t e r s ) .  

R e s i s t i v i t y  i s  determined by  c a l c u l a t i n g  t h e  s lope  o f  t h e  l i n e  th rough  

t h i s  data.  R e s i s t i v i t y  p l o t s  f o r  each Buchner f unne l  t e s t  a r e  presented 

as F igures  A-12 t o  A-41 i n  t h e  Appendix. A comparison o f  t h e  r e s u l t s  

ob ta ined  f o r  each sludge appear i n  t h e  f o l l o w i n g  Tables 4  t o  8, as 

s p e c i f i e d  below. 
f 

Table 4  - Digested NPAC 8 i o l o g i c a l .  

Table  5 - Sof ten ing .  

Table 6 - NPAC E f f l u e n t  Coagu la t ion  P r e c i p i t a t e .  

Table 7 - NPAC E f f l u e n t  Coagu la t ion  and Vanadium P r e c i p i t a t e .  

Table  8 - NPAC E f f l u e n t  Coagulat ion,  Vanadium, and So f t en ing .  

THICKENING TESTS 

Th icken ing  i s  t y p i c a l l y  t h e  f i r s t  s t ep  i n  removing wate r  f rom 

sludges t o  reduce t h e i r  volume, and t h e  des ign  o f  g r a v i t y  t h i c kene rs  

r e q u i r e s  knowledge o f  t h e  s e t t l i n g  c h a r a c t e r i s t i c s  o f  t h e  s ludge be ing  

th ickened .  Batch s e t t l i n g  t e s t s  a r e  necessary t o  y i e l d  t h e  da ta  r equ i r ed  

f o r  r a t i o n a l  a n a l y s i s .  

Sludges a r e  s u f f i c i e n t l y  h i g h  i n  s o l i d s  concen t ra t i on  t h a t  t hey  

e x h i b i t  zone -se t t l i ng  c h a r a c t e r i s t i c s .  The appearance o f  a  d i s t i n c t  

h o r i z o n t a l  i n t e r f a c e  between t h e  s o l i d s  and t h e  l i q u i d  i s  t h e  

c h a r a c t e r i s t i c  f e a t u r e  o f  zon? subsidence and i s  t h e  bas i s  f o r  

measurement o f  s ludge s e t t l i n g  p r o p e r t i e s .  I n  l a b o r a t o r y  s e t t l i n g  t e s t s ,  

a  1,000-ml graduated c y l i n d e r  i s  f i l l e d  w i t h  a  r e p r e s e n t a t i v e  sample of 



Table 4 

Cond i t i one r  Screening - Buchner Funnel Tes t  Resu l ts  

Sludge Type: NPAC E f f .  Coag. P rec ip .  I n i t i a l  % S o l i d s :  1.3 

Dose Time (sec.)  t o  Cake % R e s i s t i y i t y  
Cond i t i one r  (w t . .  2) 4n ml F i  1  t r a t e  Sol i d s  .Ls&nll ) 

Perco l  722 0 .5  30 10.4 2 . 2  x l o - z  
1.0 26 7.6 ND 

F e r r i c  
c h l o r i d e  10 5  1 40.8 2.5 x  lo-' 

Cal c i  urn 
hydrox ide  , 10 



Tab le  5  

C o n d i t i o n e r  Sc reen ing  - Buchner Funnel T e s t  R e s u l t s  

S ludge Type: NPAC E f f .  Coag. & Vanadium P r e c i p .  I n i t i a l  % S o l i d s :  1.2 

Dose Time (sec . )  t o  Cake % R e s i s t i v i t y  
C o n d i t i o n e r  (wt .%)  40 ml F i l t r a t e  Sol  i d s  ( s e c l m l 2 )  

P e r c o l  722 1 .O 2 0 8.6 2.2 x 10-Z 

. F e r r i c  
c h l o r i d e  

Cal c ium 
h y d r o x i d e  10 80 7.7 5.2 x lo-' 



Table 6 

Cond i t ioner  Screening - Buchner Funnel Test Resul ts  

Slude Type: NPAC Coag. & Vanadium & Sof ten ing  I n i t i a l  % So l i ds :  10.3 

Dose Time (sec.) t o  Cake % R e s i s t i  i t y  
Cond i t ioner  (wt  . %)  30 - m l  F i l t r a t e  So l i ds  

5 (sec lml  ) 

Percol  722 0.1 14 31.8 1.8 x lo-' 

F e r r i  c 
c h l o r i d e  10 5 2 35.1 4.1 x lo-' 

Cal c i  urn 
hydrox ide 10 29 33.0 2.2 x lo-2 



Table 7 

Cond i t ioner  Screening - Buchner Funnel Tes t  Resu l ts  

Sludge Type: Digested NPAC B io .  

Dose Time (sec.)  t o  
Cond i t i one r  (wt.%) 30 ml F i l t r a t e  

Perco l  722 0.5 42 

1.0 9 5 

F e r r i c  5  3 0  
c h l o r i d e  

10 2  0  

Cal cium 5  5 0  
hydrox ide  

10 45 

I n i t i a l  % So l i ds :  2.7 

Cake % R e s i s t i v i t y  
Sol i d s  (secIml2)  



Table 8 

Cond i t ioner  Screening - Buchner Funnel Test Resul ts  

Sludge Type: Sof ten ing  I n i t i a l  % So l ids :  27.5 

Dose Time (sec . )  t o  Cakc % R e s i s t i v i t y  
Cond i t ioner  (wt .%) 20 m l  F i l t r a t e  Sol i d s  (sec/ml2) 

Precol 722 0.05 8 49.1 ND' 

0.2 11 53.9 7 . 2  x l o - '  

F e r r i c  5 6 50.0 N DI 
c h l o r i d e  

A1 urn 5 5 51.1 N DI 

None 0 20. 49.1 ~d 

Notes: Could n o t  be determined from 50-ml eampl e t e s t  



t he  sludge and a p l o t  o f  the  p o s i t i o n  o f  the  l i q u i d - s o l i d s  i n t e r f a c e  as a 

f u n c t i o n  o f  t ime i s  obtained. The contents o f  the  column are  s t i r r e d  

very s lowly  throughout the t e s t  t o  minimize the  w a l l  e f f e c t s  caused by 

the  small diameter o f  the c y l i n d e r .  

Batch s e t t l i n g  t e s t s  were conducted f o r  each o f  the  a v a i l a b l e  

sludges. The he igh t  (cm) o f  t he  sludge i n t e r f a c e  i s  p l o t t e d  versus t ime 

(minutes) f o r  each t e s t ;  these curves a re  inc luded i n  the Appendix 

(F igures A-42 t o  A-77). I n i t i a l  and supernatant suspended s o l i d s  

concentrat ions were analyzed, and pH, temperature and f i n a l  sludge volume 

were recorded. The Sludge Volume Index (SVI), def ined as the  volume 

occupied by a gram o f  sludge a f t e r  30 minutes o f  se t t i ng ,  was determined 

f o r  each sludge. Fresh samples o f  undigested PAC b i o l o g i c a l  sludge were 

no t  a v a i l a b l e  f o r  t es t i ng ,  and no th i cken ing  o r  dewatering r e s u l t s  f o r  

t h i s  sludge are  repor ted here in.  The cha rac te r i za t i on  data presented i n  

Table 2, Column 2, i s  based on a sample s to red du r ing  a previous 

t r e a t a b i l i t y  study (1) .  

To evaluate the  e f f e c t  o f  polymer a d d i t i o n  on th ickening,  s e t t l i n g  

t e s t s  were a l so  conducted f o r  each sludge w i t h  vary ing  doses o f  

Percol 722. This polymer was determined by j a r  t e s t i n g  t o  be an 

e f f e c t i v e  f l o c c u l e n t  f o r  a l l  sludges tes ted .  (Refer  t o  Sludge 

Cond i t ion ing  Screening Section.) Polymer s o l u t i o n  (0.1 percent) was 

added t o  each sludge sample and f l o c c u l a t e d  w i t h i n  a 1 - l i t e r  graduated 

c y l i n d e r  p r i o r  t o  t he  s t a r t  o f  each th i cken ing  t e s t .  I n t e r f a c e  p o s i t i o n  

versus t ime p l o t s  f o r  each sludge a re  presented i n  t he  Appendix (Figures 

A-42 t o  A-77) f o r  polymer doses t y p i c a l l y  ranging from 0.1 t o  0.5 percent 

on a d ry  weight basis .  

A summary o f  th icken ing  t e s t  data f o r  each sludge, w i t h  and w i thout  

polymer, i s  presented i n  Table 9, which fo l lows.  Zone s e t t l i n g  

. v e l o c i t i e s  and thickened s o l i d s  concent ra t ion  a t  selected t ime i n t e r v a l s  

a re  presented f o r  purposes o f  comparison. 



Table 9 

Thicker inq Test Results 

Sludge Polymer Dose 
Type (w t  .%) 

Undigested Nore, 
NPAC Bio.  0 .1 

0.2 

Digested Nor e 
NPAC Bio.  0 .1 

0.2 
I 
r0 0.5 
r n  
I 

Digested None 
PAC Bio.  0.04 

Tar Nor e 
Acid 
Prec ip.  0. I 

0.2 

Vanadi urn Nofie 
Prec i  p. 0.01 

0.02 

Zone S e t t l i n g  I n i t i a l  Sol i d s  
Ve loc i t y  ( f t . /day)  Conc. (%)  

Th'ckened Sol i d s  Conc. (%) 
045 min. @90 rnin. U l t ima te  

F igure 
No. 

1A-1 

1A-2 

1A-3 



Table 9 

Thickening Test Results 

S l  udge Polymer Dose 
Type jw t .%)  

Sof tening None 
Slg. 0.01 

MPAC E f  f . None 
Coag. Prec ip.  0.05 

I 
N 
V PAC E f f .  None 

I 
Coag. Prec ip.  0 .1 

Composite of None 
Vanadium & 
NPAC Coaq. 

0.04 

0.1 

Composite o f  None 
Vanadium & 
NPAC Coag. & 0.03 

Sof tening Slgs. 0.04 

0.05 

0.06 

Zone S e t t l  i ng I n i t i a l  Sol i d s  
Je loc i  t y  ( f t . l d a y )  Conc. (%) 

Thickened Sol i d s  Conc. (%)  
@45 min. @90 min. U l t ima te  

F igure  
No. 



D. AEROBIC SLUDGE DIGESTION 

Waste b i o l o g i c a l  s ludge c o n s i s t s  ma in l y  o f  excess biomass generated 

as a  r e s u l t  o f  o rgan ic  removal i n  t h e  secondary t rea tment  f a c i l i t i e s .  

T y p i c a l l y ,  b i o l o g i c a l  s ludge has a  noxious na tu re  and must be s t a b i l i z e d  

p r i o r  t o  l a n d f i l l .  The o b j e c t i v e s  of s t a b i l i z a t i o n  a r e  t o  p reven t  

o f f e n s i v e  odor cond i t i ons  and t o  reduce t h e  s o l i d s  q u a n t i t i e s  t h a t  must 

be subsequent ly handled. 

The te rm d i g e s t i o n  i s  cons idered synonymous w i t h  b i o l o g i c a l  s ludge 

s t a b i l i z a t i o n .  Both aerob5c and anaerobic d i g e s t i o n  processes a r e  w i d e l y  

used. Aerobic  d i g e s t i o n  was se lec ted  f o r  t h i s  s tudy  because i t  i s  l ess  

s u s c e p t i b l e  t o  upset cond i t i ons .  

I n  p r i n c i p l e ,  aerob ic  d i g e s t i o n  can be considered as a  c o n t i n u a t i o n  

o f  t h e  a c t i v a t e d  sludge process. I n  d i g e s t i o n ,  however, t h e  e x t e r n a l  

source o f  o rgan ic  m a t e r i a l  ( i . e . ,  s o l u b l e  BOD) has been exhausted, and 

t h e  microorganisms must e n t e r  a  s t a t e  o f  endogenous r e s p i r a t i o n  t o  

s a t i s f y  t h e  energy requ i red  f o r  c e l l u l a r  maintenance. Over an extended 

p e r i o d  of t ime ,  t h e  t o t a l  q u a n t i t y  nf  biomass i s  reduced, and t he  s t a b l c  

p o r t i o n  remain ing i s  s u i t a b l e  f o r  d i sposa l .  

Aerobic d i g e s t i o n  of two a c t i v a t e d  sludges was monitored i n  ba tch  

r e a c t o r s ;  As noted i n  t h e  Cha rac te r i za t i on  Sec t ion  o f  t h i s  r e p o r t ,  t h e  sludge 

sources were bench-scale b i o r e a c t o r s  be ing  run  as  p a r t  nf another  study. 

The d i g e s t i o n  process was moni tored by p l a c i n g  1.5 l i t e r s  o f  s ludge i n  a  

p l a s t i c  con ta ine r .  A i r  was c o n t i n u a l l y  pumped i n t o  t h e  sludge and d ispersed 

by porous stone d i f f u s e r s  a t  t h e  bot tom o f  t h e  con ta iner .  The a i r  volume was 

s u f f i c i e n . t  t o  mix t h e  sludge and ma in ta i n  t h e  s o l i d s  p a r t i c l e s  i n  suspension. 

I t  a l s o  supp l i ed  t he  oxygen necessary f o r  t h e  biochemical  d i g e s t i o n  

r e a c t i o n s .  D a i l y  measurements were taken o f  t o t a l  suspended s o l  i d s  (TSS) , 
v o l a t i l e  suspended s o l i d s  (VSS), pH, and oxygen uptake r a t e  (OUR). The t e s t s  

were conducted a t  approx imate ly  22'~. 



The da ta  f rom bo th  d i g e s t i o n  t e s t s  i s  l i s t e d  i n  Tables 10 and 11. 

The t o t a l  and v o l a t i l e  s o l i d s  a r e  o f  pr ime i n t e r e s t .  These va lues a re  

p l o t t e d  versus cumula t i ve  d i g e s t i o n  t ime  on F igures  3 and 4 f o r  t h e  NPAC 

and PAC sludges, r e s p e c t i v e l y .  As t h e  f i g u r e s  i n d i c a t e ,  t h e  s o l i d s  da ta  

f o r  t h e  PAC s ludge was s u b j e c t  t o  much g r e a t e r  f l u c t u a t i o n s  than  f o r  t h e  

NPAC sludge. These apparent changes were due t o  t h e  powdered a c t i v a t e d  
* 

carbon i n  t h e  system. The carbon was prepared by  g r i n d i n g  g r a n u l a r  

carbon i n  t h e  l a b o r a t o r y .  The r e s u l t i n g  powdered carbon was n o t  as 

u n i f o r m l y  f i n e  as commerc ia l ly  a v a i l a b l e  powdered carbons. I n  a d d i t i o n ,  

t h e  carbon p a r t i c l e s  tended t o  agglomerate due t o  a t tached  b i o l o g i c a l  

growth.  Because o f  these f a c t o r s ,  any g i ven  sample o f  s ludge m igh t  

c o n t a i n  some d i s p r o p o r t i o n a l l y  l a r g e  p a r t i c l e s ,  the reby  caus ing somewhat 

e r r a t i c  r e s u l t s  i n  measurements o f  suspended s o l i d s .  

As F igu re  3 shows, t h e  d a i l y  r educ t i ons  i n  TSS and VSS g r a d u a l l y  

decreased f o r  t h e  NPAC sludge. Th i s  i s  normal f o r  a  b i o l o g i c a l  process. 

Th i s  t r e n d  was n o t  ev i den t  f o r  t h e  PAC sludge, due t o  t h e  da ta  s c a t t e r i n g  

descr ibed  above. Presumably, t h e  same rate-dampening e f f e c t  would 

occur .  However, because i t  i s  n o t  apparent  f rom t h e  da ta  p o i n t s ,  l e a s t  

square p l o t s  a re  presented on F i g u r e  4. 

For  bo th  s ludges, t h e  r a t i o  o f  VSS t o  TSS remained r e l a t i v e l y  

cons tan t  throughout  t h e  d i g e s t i o n  process, even though t he  d i g e s t i o n  

process should o n l y  u t i l i z e  t h e  v o l a t i l e  f r a c t i o n .  However, t h i s  e f f e c t  

has been noted p r e v i o u s l y  ( 5 ) .  and i s  exp la ined  by s o l u b i l i z a t i o n  o f  t h e  

n o n - v o l a t i l e  f r a c t i o n  upon c e l l  l y s i s .  A lso  i n  regard t o  t h e  VSS t o  TSS 

r a t i o ,  t h e  va lue  f o r  t h e  NPAC s ludge was cons ide rab l y  l e s s  than t h e  PAC 

s ludge (approx imate ly  70% vs. 90%. r e s p e c t i v e l y ) .  Th is  i s  due t o  t h e  

powdered carbon, a  p o r t i o n  o f  which e v i d e n t l y  i s  measured as v o l a t i l e  

s o l i d s .  The carbon i s  supposedly n o n - v o l a t i l e ,  and t h i s  has been 

conf i rmed f o r  t h e  v i r g i n  carbon. When used i n  t h e  PAC system, however, 

i t s  v o l a t i l i t y  increases.  The reason f o r  t h i s  i s  specu la t i ve ,  b u t  i t  has 

occur red  i n  p rev ious  t r e a t a b i l i t y  work. 



T a b l e  1 0  

Aerob ic  D i g e s t i o n  - NPAC S l u d g e  

Date PH OUR TSS VSS VSS/TSS 
(mg/l /hr) (m9/1> ( m g l l )  (%)  



T a b l e  11 

A e r o b i c  D i g e s t i o n  - PAC S ludge 

Date P H OUR TSS VSS VSS/TSS 
( m g / l / h r )  ( m s / l )  ( m s / l )  (%)  



Tab le  11 (Cont . )  

Aerob ic  D i g e s t i o n  - PAC Sludge 

Date P H OUR TSS VSS VSS/TSS 
( m g / l / h r )  (mg/ l )  (ms / l )  ( %  1 



F igu re  3 

AEROBIC GIGESTION 

Figure 4 
AEROBIC DIGESTION 

PAC BIO SLUDGE 

. . 
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0 TSS + vss 

-33- 



E . VACUUM FILTRATION 

The vacuum f i l t r a t i o n  process was eva lua ted  us i ng  t h e  f i l t e r  l e a f  

t e s t .  Types and dosages o f  chemical  c o n d i t i o n e r s  were based on t h e  

r e s u l t s  o f  t h e  sc reen ing  t e s t s ,  as d iscussed i n  t h e  Cond i t i on i ng  

Screening Sec t i on  o f  t h i s  r e p o r t .  The t e s t  apparatus i s  shown on 

F igu re  5 .  

Thc procedure i s  t o  sul~~rvr .yu  Lhe f l l t e r  l e a t  i n  t h e  a q i t a t e d  sludgt! 

c o n t a i n e r  f o r  a s h o r t  t ime. The d r l v i n g  f o r c e  produced by t h e  a p p l i e d  

vacuum draws t h e  sludge t o  t h e  f i l t e r  l e a f  sur face,  where a  c l o t h  

p reven ts  t h e  s o l i d s  f rom pass ing.  The f i l t r a t e  i s  drawn through and 

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

t h e  f o rm  t ime.  The l e a f  i s  then  removed, and, s t i l l  under vacuum, t h e  

accumulated s ludge con t inues  t o  dewater u n t i l  t h e  cake cracks,  a t  which 

p o i n t  t h e  vacuum i s  e s s e n t i a l l y  l o s t .  Th is  p e r i o d  i s  known as t h e  d r y  

t ime .  Severa l  t e s t s  may be r e q u i r e d  t o  f i n d  t h e  proper  f i l t e r  c l o t h  f o r  

any g i ven  sludge. I t s  weave must be s u f f i c i e n t l y  t i g h t  t o  r e t a i n  most 

s o l i d s ,  b u t  n o t  so f i n e  t h a t  i t  c l ogs ,  o r  b l i n d s .  

The t e r t i a r y  coasu la t i on  s ludge  and t h e  c o m ~ o s i t e  s ludses cou ld  no t  

be dewatered by t h i s  method. The s o l i d s  e i t h e r  passed through t h e  f i l t e r  

c l o t h  o r  b l i n d e d  a lmost  immediate ly .  B l i n d i n g  e f f e c t i v e l y  cu t s  o f f  t h e  

a p p l i e d  vacuum and p reven ts  any f u r t h e r  cake bu i ld -up .  Fnr t h e  

c o a g u l a t i o n  s ludges, t h i s  b l i n d i n g  was n o t  caused by t h e  c l o t h ,  b u t  by  

t h e  i n i t i a l  s ludge depos i t s .  F i n a l  cake th icknesses o f  l e ss  than  1 /32  o f  

an i nch  were observed. I n  t h e  case o f  t h e  d i ges ted  PAC sludge, i t  

appears t h a t  t h e  c l o t h  i t s e l f  was b l i nded .  Th i s  was due t o  ve ry  f i n e  

carbon p a r t i c l e s  t h a t  were t rapped  i n  t h e  mesh. D i f f e r e n t  c l o t h s  were 

t e s t e d  w i t h o u t  success. 



F i g u r e  5 
F i l t e r  Lea f  T e s t  Apparatus 

RlNO STAND WITH PLATFORM TO HOLD 
TEST L M F  WHILE DRYING S E C m D  TIMER 

IR BLEED TO REDUCE 
ACUUM AT LEAF 

RUBBER HOSE 

S W  OFF COCK 

ROTOMETER READING I N  C.F.M. 
TO MEASURE AIR VE.LOCITY 

FILTRATE FLASK 
1000 CC OR LARGER 

WASH LMUOR I F  R E O P  
I N  G R A W A T E D  BEAKER 

SLURRY CONTAINER 
APPROX. 1 GAL. CAP. 

- --. 

DURING DRV T IME 



By c o n t r a s t ,  t h e  s o f t e n i n s  s ludse  was e a s i l y  dewatered by vacuum 

f i l t r a t i o n .  A f o rm  t ime  o f  30 seconds and a d r y i n g  t ime  o f  one minu te  

produced a 69% s o l i d s  cake. Chemical c o n d i t i o n i n g  was n o t  r equ i r ed ;  

a lmost  i d e n t i c a l  r e s u l t s  were ob ta ined  b o t h  w i t h  and w i t h o u t  polymer 

a d d i t i o n .  The cake was r e a d i l y  separab le  f rom t h e  c l o t h ,  f a l l i n g  o f f  

when t h e  f i l t e r  l e a f  was i n v e r t e d .  The c l o t h  used was Eimco No. 

PO-801HF, a  po l ye thy l ene  mono-f i lament w i t h  a  1/1 g l a i n  weave. 

Ihe d iges ted  NBAC b i o l o g i c a l  i l u d q e  eeu ld  a l s o  be dewdleraed by 

vacuum f i l t r a t i o n .  Form and d r y  t imes  o f  one minute each r e s u l t e d  i n  a 

25%-sol ids  cake. Two c o n d i t i o n i n g  agents (FeC13 and a polymer) were 

r equ i r ed .  The cake d i d  n o t  f a l l  o f f  t h e  c l o t h ,  as  was t h e  case w i t h  t h e  

s o f t e n i n g  sludge, n o r  cou ld  i t  be removed by b lowing.  Mechanical p r y i n g  

was necessary.  The f i l t e r  c l o t h  was Eimco No. NY-529F, 'a ny lon,  

m u l t i - f i l a m e n t  w i t h  a  2/2 t w i l l  weave. The r e s u l t s  o f  t h e  t e s t s  a r e  

summarized on Table  12, below. 

PRESSURE FILTRATION 

Pressure f i l t r a t i o n  g e n e r a l l y  prboduces a d r y e r  s ludge cake than  can 

be ach ieved by  o t h e r  mechanical dewate r ing  methods. Th i s  i s  due t o  t h e  

h i g h  p ressure  ( o v e r  150 p s i g )  used t o  d r i v e  wa te r  f rom t h e  sludge. 

Because o f  these  h i g h  pressures,  t h i s  u n i t  process may be e f f e c t i v e  i n  
cases whcre o t h e r  methods cannot be used. 

F i g u r e  6 l o  a schematic d iagram showing t h e  bench-scale p ressure  

f i l t e r  t h a t  was used i n  t h i s  s tudy.  Sludqe was pumped f rom the  qtorage 

tank  r o  t h e  p r e s s u r i z i n g  tank  u n t i l  i t  was comple te ly  f i l l e d  (as 

i n d i c a t e d  by a  d ischarge  o f  s ludge f rom t h e  r e c y c l e  l i n e ) .  The pump was 

t hen  shu t  o f f ,  and t h e  feed and r e c y c l e  va lves  c losed.  The p r e s s u r i z i n g  

va l ve  was opened, and t h e  r e g u l a t o r  was used t o  inc rease  t h e  p ressure  

f r o m  0 t o  150 p s i g  over  a  l -m inu te  pe r i od ,  t he reby  pushing t h e  s ludge 

f r om the  tank t o  t h e  t op  chamber o f  t h e  f i l t e r .  The pressure was 



T a b l e  12 

Vacuum F i l t e r  Leaf T e s t  Summary 

Chemical C o n d i t i o n e r  S l u r r y  Cake Fi 1 t r a t e  
Name Dosage Sol i d s  Sol i d s  Sol i d s  Tempgrature 

Sludge (%,DWB) (%)  ( %  (mg/l)  ( F) 

S o f t e n i n g  None - - 27.9 69.2 750 68 

S o f t e n i n g  Pe rco l  
722 

Diges ted  FeC1 1 0  2 .1  24.7 261 68 
NPAC Pe rco l  

722 1 

Diges ted  
PAC 

NPAC 
Coagul a -  
t i o n  

PAC 
Coagul a -  
t i  on 

Composi t e  
13 

Compos i t e  
14 

Would Not Dewater 

Would Not Dewater 

Would Not Dewaster 

Would Not Dewater 

Would Not Dewater 



Figure 6 

Pressure F i l t e r  Apparatus 

Air Sludge Sludge Pressur iz ing  2ressure  F i l t r a t e  
Source Starage Pump Tank F i l t  e r  Receiver 



main ta ined  a t  150 p s i  f o r  one hour ,  d u r i n g  which t ime  t h e  f i l t r a t e  was 

g r a d u a l l y  fo rced  through t h e  f i l t e r  c l o t h .  The t e s t  run  was then ended, 

and t h e  f i l t r a t e  q u a n t i t y  and s ludge cake were measured. The r e s u l t s  o f  

a l l  t e s t s  a r e  l i s t e d  below i n  Table  13. The f i l t e r  c l o t h  used was Eimco 

No. DA 755F, a Dacron m u l t i - f i l a m e n t  c l o t h  w i t h  a 3/1 cha in  weave and a 

t h read  count  o f  206 x 98. 

As t h e  r e s u l t s  show, t h e  p ressure  f i l t e r  was a b l e  t o  dewater t h e  

t e r t i a r y  coagu la t i on  sludge, which had n o t  been p o s s i b l e  w i t h  t h e  vacuum 

f i l t e r  l e a f .  Polymer a lone  and polymer i n  con junc t i on  w i t h  f e r r i c  

c h l o r i d e  were used t o  c o n d i t i o n  t h e  s ludge.  The r e s u l t s  were s i m i l a r ;  

bo th  s ludge cakes were approx imate ly  20% s o l i d s .  

Both PAC and NPAC d iges ted  b i o l o q i c a l  s ludges were a l s o  tes ted .  The 

PAC s ludge produced a d r y e r  cake than  t h e  NPAC s ludge (38% and 28% 

s o l i d s ,  r e s p e c t i v e l y ) .  Th is  d i f f e r e n c e  was due t o  t h e  carbon p a r t i c l e s ,  

and independent o f  t h e  i n i t i a l  s o l i d s  con ten t .  I d e n t i c a l  r e s u l t s  were 

ob ta ined  f o r  th i ckened  (5%) and unth ickened (1.1%) PAC sludges. A l l  o f  

t h e  b i o l o g i c a l  sludges were cond i t i oned  w i t h  polymer and f e r r i c  

c h l o r i d e .  The f i l t r a t e  s o l i d s  were low ( l e s s  than  200 mg/l) i n  a l l  t h r e e  

t e s t s .  

Two c o m ~ o s i t e  sludges were a l s o  t es ted .  The f i r s t ,  a vanadium and 

NPAC coagu la t i on  sludge, cond i t i oned  w i t h  polymer on l y ,  produced a cake 

comparable t o  t h e  coagu la t i on  s ludge a lone.  The f i l t r a t e  s o l i d s  were 

lower  w i t h  t h i s  composite than  f o r  t h e  coagu la t i on  s ludge. The o t h e r  

composi te was a combinat ion o f  vanadium, NPAC coagu la t ion ,  and s o f t e n i n g  

sludges. The s o f t e n i n g  sludge, p r i m a r i l y  composed o f  ca lc ium carbonate,  

dewaters ve ry  e a s i l y ,  as was shown by t h e  vacuum f i l t e r  l e a f  t e s t s .  Th is  

composi te was, 1 ikewise,  r e a d i l y  dewaterable.  A 56% cake was produced, 

and t h e  f i l t r a t e  s o l i d s  were o n l y  35 mg/ l .  Again, a 1% polymer dose was 

added. 



Sludge 

NPAC 
Coagulat ion 
Sludge 

NPAC 
Coagulat ion 
Sludge 

Sludge #13 
I 
P 
0 

Composite 
I 

Sludge #14 
Composite 

NPAC Digesced 
B i o  Sludge 

PAC Digested 
B i o  Sludge 

.PAC Di ges t e d  
B i o  Sludge 
(Thickened11 

Table 1 3  

Pressure F i  1 t r a t i o n  Test  Summary 

I L~  t i a l  F i  1 t r a t e  
Cond i t i on ing  Agent Sc l  i d s  Vo 1 ume 

i% Percol  722 
10% FeC13 

1% Percol  722 1.3% 270 

1% Percol  722 10.  4% 420 

1% Percol  722 2.7% 450 
10% F2CI3 

1% Percol  722 1.1% 530 
1 0 2  F2C1 

1% Percol 722 
10% F2CI3 

iFi 1 t r a t e  
Sol i d s  

Cake 
Sol i d s  



G. CENTRIFUGATION 

Centr i fuge screening t e s t s  were conducted f o r  several sludges, us ing 

a  l abo ra to ry  scale cen t r i f uge .  These t e s t s  show cake s o l i d s  as a  

func t i on  o f  both sp in  t ime and c e n t r i f u g a l  acce lera t ion ,  o r  "gu forces.  

Sludges were tes ted  both w i t h  and w i thou t  polymer. (The polymer was 

Percol 722, as noted i n  the  Cond i t ion ing  Sect ion o f  t h i s  r e p o r t ) .  

The procedure i s  a  ref inement o f  t he  normal batch sp in  t e s t  ( 6 ) .  

The sludge i s  placed i n  a  p l a s t i c  graduated cy l i nde r ,  r a t h e r  than a  t e s t  

tube. The bottom f lange o f  t h e  c y l i n d e r  i s  c u t  o f f  t o  a l l ow  i t  t o . f i t  

i n t o  the  cent r i fuge.  Also, a  s l o t  i s  c u t  i n  the metal tube holder .  

Through t h i s  s l o t ,  the  l a b  techn ic ian  can observe both the  sludge 

i n t e r f a c e  and the graduat ion marking (see Figure 7).  O f  course, t h e  tube 

cannot normal ly  be seen when spinning. Therefore, a  s t robe l i g h t  i s  

synchronized w i t h  the  t ime o f  r o t a t i o n  o f  the  cent r i fuge,  making the  

graduated c y l i n d e r  appear s t a t i o n a r y  du r ing  t h e  t e s t .  This  a l lows 

cont inua l  observat ion o f  t he  sludge l aye r .  

F igure  7 

Cent r i fuge Apparatus 



The t e s t  i s  conducted by p l a c i n g  25 m l  o f  sludge i n  a t e s t  tube and 

sp inn ing  i t  a t  a g iven "g" force.  As the t e s t  proceeds, the sludge l a y e r  

moves down the graduated c y l i n d e r  ( a c t u a l l y  outward, as the c y l i n d e r  i s  

pos i t i oned  h o r i z o n t a l l y ) .  The techn ic ian  then records the i n t e r f a c e  

l e v e l  f o r  d i f f e r e n t  t ime i n t e r v a l s .  

Centci fuge t e s t s  were conducted on several sludges. Tar ac id  sludge 

was of spec ia l  i n t e r e s t  because o f  i t s  low pH. It i s  formed by a 

chemical p r e c i p i t a t i o n  under a c i d i c  cond i t ions ,  and i t  cannot be 

n e u t r a l i z e d  w i thou t  r e s o l u b i l i z i n g  the  t a r  ac ids.  Therefore, t he  

m a t e r i a l s  o f  cons t ruc t i on  of any th i cken ing  o r  dewatering device must 

w i ths tand the co r ros i ve  nature o f  t he  sludge. Centr i fuges are commonly 

a v a i l a b l e  i n  co r ros ion - res i s tan t  a l l o y s ,  s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  

Both thickened and unthickened t a r  ac id  sludges were tested.  

The r e s u l t s  o f  a l l  sp in  t e s t s  a re  shown g r a p h i c a l l y  on Figures A-78 

t o  A-104 i n  Appendix A. On any g iven f i g u r e ,  data po in t s  may be p l o t t e d  

f o r  mare than one "g" force.  This  i s  due t o  the  nature o f  the  t e s t ,  

which a l lows the  techn ic ian  t o  see the  sludge l e v e l  wh i l e  the  cen t r i f uge  

i s  running. I f  the  l e v e l  i s  no t  dropping, the  cen t r i f uge  speed i s  

Increased. This  i s  a t ime-saving procedure t h a t  reduces the t o t a l  number 

o f  sp in  t e s t s  requi red.  The r e s u l t s  a re  summarized i n  Table 14, below. 

A l l  percentages are  shown on a d r y  weight bas is .  

The a d d i t i o n  o f  polymer had l i t t l e  e f f e c t  on the cake s o l i d s  o f  t h e  

t a r  ac id  sludges. I t  d i d  s i g n i f i c a n t l y  reduce supernatant so l i ds ,  bu t  

t h i s  i s  o f  l i t t l e  importance f o r  wastewater  sludge^. T ~ P  thickened 

sludges (approximately 9%) achieved marg ina l l y  h igher  cake s o l i d s  

contents than the  unthickened ones (1.5%). Also, the f i n a l  cake s o l i d s  

were a f fec ted  very l i t t l e  by the  "g" force.  



Tab le  14 
C e n t r i f u g e  Tes t  Summary 

S ludge 

T a r  
A c i d  

NPAC 
Coag . 

PAC 
Coag . 

NPAC 
B i o .  

I n i t i a l  
So l  i d s  
Conc. 

( %  1 

Polymer 
~ o s a g e ,  
D r y  Weight  

( % I  

C e n t r i f u g a l  
A c c e l e r a t i o n  

( X G )  

598 

593 

260 

482 

616 

252 

462 

605 

605 

Cake 
So l  i d s  
Conc. 

( %  1 

Superna tan t  
Conc. 

( m a l l  > F i g u r e  No. 



Table  1 4  

C e n t r i  fuge Test  Summary 

I n i t i a l  
So l  i d s  
Conc. 

Sludge (%)  

PAC 5.10 
B i  0. 5.10 

5.10 

5.10 

5.10 
5.10 

Vanadium 20.0 
Sludge 18.9 

Composifg 1.23 
No. 1 3  

Polymer 
Dosage, 
Dry  w e i g h t  

( % I  

C e n t r i f u g a l  
Accel  e r a  t i on 

( X G )  

Cake 
Sol  i d s  
Conc. 

( % I  

Supernatant  
Conc. 

(mgI1) F i g u r e  No. 

Cornpos ' t e  10.2 1 0.1 55 3 51 .O 3 2 C-27 
No. 1 4  2 )  

(1 ) NPAC Coagu la t ion ;  vanadium 

( 2 )  NPAC Coagula t ion;  vanadium; s o f t e n i n g  



T e r t i a r y  coagulat ion sludges from both PAC and NPAC systems were 

tested.. The r e s u l t s  were very s i m i l a r .  I n  each case, the  a d d i t i o n  o f  

polymer resu l ted  i n  a marked increase i n  cake s o l i d s  content (5% w i thout  

polymer; 7% w i t h  polymer). As w i t h  the  t a r  acids, the  "gtl f o rce  had 

l i t t l e  e f f e c t ,  except f o r  the  lowest sp in  speed. 

The d isested b i o l o s i c a l  sludges exh ib i t ed  increased cake s o l i d s  w i t h  

h igher  "g" forces. This i s  due t o  t h e  f l o c c u l e n t  nature o f  t he  sludge. 

Both NPAC and PAC sludges were tested,  a t  i n i t i a l  s o l i d s  contents o f  2.4 

and 5.1 percent,  respect ive ly .  The s o l i d s  content  o f  t he  NPAC sludge 

cake increased from 7.5 t o  11 percent  w i t h  increas ing  "g" forces.  For 

the  PAC sludge, t he  increase was from 16 t o  25.5 percent. Polymer 

a d d i t i o n  d i d  no t  s i g n i f i c a n t l y  a f f e c t  e i t h e r  sludge. 

The vanadium sludge had a h igh  i n i t i a l  s o l i d s  content (20%). and 

c e n t r i f u g i n g  approximately t r i p l e d  t h i s .  It exh ib i t ed  l i t t l e  improvement 

i n  cake s o l i d s  due t o  polymer, and a f a i r l y  f l a t  response t o  an increased 

"g" fo rce .  

H. DEWATERING BY BELT FILTRATION 

B e l t  f i l t e r  presses employ s i n g l e  o r  double moving b e l t s  t o  dewater 

sludges cont inuously. The b e l t  f i l t r a t i o n  process inc ludes th ree  basic 

opera t iona l  stages: cond i t i on ing  o f  t he  feed s l u r r y ,  g r a v i t y  d r a i n i n g  o f  

f r e e  water, and compression o f  t he  sludge f o r  removal o f  bound water. 

A l abo ra to ry  screening procedure has been developed t o  simulate- b e l t  

f i l t e r  press dewatering performance. However, the  r e s u l t s  o f  screening 

t e s t s  a re  s u f f i c i e n t  on ly  f o r  eva lua t ion  o f  sludge cond i t ion ing .  

Typ i ca l l y ,  p i l o t  scale t e s t i n g  i s  necessary t o  develop q u a n t i t a t i v e  data 

needed f o r  design. P i l o t  t e s t s  could no t  be conducted i n  our labora tory ;  

there fore ,  samples o f  several sludges were sent t o  Arus-Andritz, Inc.,  a 



manufacturer o f  b e l t  f i l t e r s .  Arus-Andri tz conducted screening and 

development t e s t i n g  o f  d igested NPAC b i o l o g i c a l  sludge, NPAC e f f l u e n t  

coagu la t ion  sludge, and two combination sludges, which have been 

described prev ious ly .  

A summary o f  t he  r e s u l t s  obtained f o r  b e l t  f i l t r a t i o n  t e s t i n g  i s  

presented i n  Table 15. Condi t ioner  screening o f  twenty organic 

p o l y e l e c t r o l y t e s  w i t h  a wide range o f  r e l a t i v e  molecular weights and 

charge dens i t y  i nd i ca ted  t h a t  Percol 728 was a very e f f e c t i v e  agent f o r  

each sludge tested.  This c a t i o n i c  polymer has a moderate charge dens i t y  

and very h igh  molecular  weight.  

P i l o t  t e s t i n g  performed by Arus-Andritz consis ted o f  a batch 

s imu la t i on  o f  each zone o f  t he  b e l t  f i l t r a t i o n  process. A f t e r  

cond i t ion ing ,  t h e  r e a d i l y  d ra inab le  water i s  separated from the  s l u r r y  by 

discharge o f  t he  condi t ioned m a t e r i a l  onto a moving b e l t  i n  a g r a v i t y  

drainage s imulat ion.  This s tep  would t y p i c a l l y  l a s t  one o r  two minutes 

i n  an ac tua l  f i e l d  i n s t a l l a t i o n .  The drained sludge i s  then compressed 

between two b e l t s  i n  a sec t ion  o f  t he  process r e f e r r e d  t o  as the  wedge 

zone. A movlng wedge i s  formed le lween the  two b e l t s  as they pass 

through r o l l e r s  of decreasing diameters. The pressure exerted i n  t h i s  

reg ion  i s  approximately 3 ps ig.  A f i n a l  tone o f  h igh  pressure i s  

s imulated by passing the semi-dewatered sludge through an S-shaped 

c o n f i g u r a t i o n  formed by seven small diameter r o l l e r s .  This path exer ts  a 
shear fo rce  which opens a d d i t i o n a l  drainage channels. The pressure i n  

t h i s  zone i s  t y p i c a l l y  18 ps ig .  The s o l i d s  content  l e v e l s  o f  t he  cake 

discharged from the  h igh  pressure zone a re  presented i n  Table 15 f o r  each 

sludge tes ted .  The throughput va111aq tabu la ted  represent a design 

load ing  t o  the  dewatering process on a d r y  s o l i d s  basis.  Re la t i ve  

f i l t r a t e  q u a l i t y  i s  summarized i n  terms o f  percent s o l i d s  capture. 



Table 15 

Be1 t F i l t e r  Tes t  Summary 

Chemical Cond i t i one r  S l u r r y  Cake Sol i d s  T h r o u ~ h p u t .  
Name Dosage Sol i d s  Sol i d s  Capture 

S l  udqe (%)  ( X )  ( % )  ( I  bs/hr/m) 
( 1 )  

(%> 

NPAC Coagulat ion Perco l  728 0.65 1.8 17 9  0  41 7  

NPAC Digested 
B i o l o g i c a l  Perco l  728 0.35 3.2 16.5 9  5  24 0 

Composite 13 Perco l  728 0.45 1.3 20.0 94 430 

Composite 14 (3 )  Perco l  728 0.20 8.9 50.0 9  5 2500 

( 1 )  Pounds d r y  so l ids /h r /mete r  of  b e l t  w i d t h  

( 2 )  NPAC t e r i j a r y  coagu la t ion ;  vanadium 

( 3 )  NPAC t e r t i a r y  coaqulat ion;  vanadium; s o f t e n i n g  



I. RCRA LEACHATE EVALUATION 

The e x t r a c t i o n  procedure (EP) t o x i c i t y  t e s t  i s  an EPA approved 

method o f  determin ing whether a sludge i s  hazardous according t o  RCRA 

c l a s s i f i c a t i o n .  I n  t h i s  t e s t ,  leachate i s  generated under a c i d i c  

cond i t i ons  and analyzed f o r  several  t o x i c  parameters. The EPA has 

es tab l ished maximum permiss ib le  EP leachate concentrat ions f o r  e i g h t  

heavy metals and s i x  p e s t i c i d e  compounds. I f  any one o f  these maximum 

permiss ib le  concentrat ions i s  exceeded, t he  waste i s  c l d s s i r i e d  as 

hazardous. 

Four sludges were tes ted  by the  EP t o x i c i t y  t e s t i n g  procedure (see 

Appendix B f o r  d e s c r i p t i o n  o f  t he  procedure). P r i o r  t o  the  t e s t ,  t he  

sludges were thickened and dewatered t o  s imulate t h e i r  ac tua l  

composit ions p r i o r  t o  d isposal  i n  a l a n d f i l l  ( o r  elsewhere). The sludges 

evaluated were as fo l l ows :  

- Digested B i o l o g i c a l  Sludge. 

- S t e t f o r d  Purge (Vanadium Bearing) Sludge. 

- Sof tening Sludge. 

- NPAC Coagulation Sludge. 

The leachates o f  the  f o u r  sludges were analyzed f o r  the e i g h t  heavy 

metals. Since no p e s t i c i d e  compounds o r  r e l a t e d  species are  inherent  t o  

any o f  t he  sludges, no p e s t i c i d e  analyses were conducted. The e i g h t  

heavy metals, t h e i r  14mit lng maximum concentrat ions, and the  ac tua l  

l e v e l s  found i n  the  fou r  sludges tes ted  are  contained i n  Table 16. The 

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

RCRA es tab l ished maximum heavy metal concentrat ions.  



Table 16 

EP T o x i c i t y  Test ( A l l  Concentrations i n  mg/l ; ND = Non-Detectable*) 

Arsenic Bar i  um Cad m i  um Chromi um Lead Mercury Selenium S i  1 ver 
S l  udge 

Maximum Permissible 5.0 100.0 1 .O 5.0 5.0 0.2 1 .O 5.0 
Concentrat ion 

Digested B i o ,  (NPAC) N D ND** N D .ND N D ND* ND' 

Vanadium P r e c i p i t a t e  N D i y p  * N D N D ND N D 0.074 

Sof tening S l  wdge N D ND*** N D ND ND ND 0.129 

NPAC Coagulation ND ND** N D ND N D 
Sl  udge 

*Non-Detectable - i . e .  Below the  l i m i t s  o f  d e t e c t a b i l i t y ,  as f o l l ows :  

Arsenic - .015 mg/l Ba r i  um - 3.0 mg/l*** 
- . 3  mg/l** 

Cadmi urn - 0.12 mg/l Chromi um - 1.5 mg/l 

,Lead - .15 mg/l Mercury - mg/ 1 

Selenium - .05 mg/l (Exc,ept Sof t .  Sludge L i m i t  i s  .07 mg/ l )  

S i  1 ver - .06 mg/l 



V I .  DISCUSSION 

A. THICKENING AND CONDITIONING 

The degree t o  which a sludge w i l l  concentrate i n  a th ickener  depends 

on both the  s o l i d s  load ing  r a t e  and the  pretreatment provided. The batch 

s e t t l i n g  t e s t s  described i n  t he  previous sec t ion  can be used t o  p r e d i c t  

t h i ckener  performance under varyfng comblnatlons o f  these fac tors .  

Table 17 shows underf low concentrat ions and corresponding u n i t  area 
2 loadings ( l bs . /day / f t .  ) f o r  d i f f e r e n t  polymer dosages. The underf low 

s o l i d s  concentrat ions are somewhat a r b i t r a r y ,  i n  t h a t  a s e t t l i n g  curve 

represents a continuous range o f  concentrat ions as a func t i on  o f  

de ten t i on  t ime, o r  load ing  ra tes .  The underf low concentrat ions shown on 

Table 17 are  reasonable values, genera l l y  t h ree  t o  f o u r  t imes the  i n i t i a l  

s o l i d s  concentrat ions.  I n  a l l  cases, o f  course, the  design underflows 

a r e  l ess  than t h e  u l t i m a t e  concentrat ions a t t a i n e d  i n  the  batch s e t t l i n g  

t e s t s .  

The u n l t  area loadings a re  no t  denlgn values, and would t y p i c a l l y  be 

decreased by a scale-up f a c t o r  o f  a t  l e a s t  150% f o r  ac tua l  operat ing 

cond i t ions .  The load ing  ra tes  shown i n  Table 17 i l l u s t r a t e  the  r e l a t i v e  

ease o r  d i f f i c u l t y  o f  t h i cken ing  the  d i f f e r e n t  sludges, as w e l l  as the  

e f f e c t s  o f  a f l o c c u l e n t  a id .  

B i o l o g i c a l  S l  udses 

The i n i t i a l  ( feed)  s o l i d s  concentrat ions o f  the  NPAC b i o l o g i c a l  sludges 

were t y p i c a l l y  one percent.  Batch t e s t i n g  i n d i c a t ~ q  t h a t  t h i s  sludge can be 

concentrated t h r e e f o l d  v i a  g r a v i t y  th icken ing .  There i s  no appreciable 

d i f f e r e n c e  i n  t h e  thickened s o l i d s  concentrat ions o f  undigested and digested 

NPAC sludges . 



Sludge 
Type 

Table 17 

Ana lys is  o f  Thickening Test  Data 

% Sol i d s  Design under f low Percol 722' Dose Design U n i t  Area 
of Feed ( %  So l i ds )  ( %  by d r y  w t .  ) Loading ( ~ b . / d a ~ / f t ~ :  

Undigested 1.1 3 
NPAC Bio. 1.0 3 

1.0 3 

Digested 
NPAC Bio. 

Digested 
PAC Bio.  

Tar Acid 
Prec i  p. 

None 8.73 

0.1 14.9 

0.3 24.3 

3 None 

3 0.1 

3 0.2 

3 0.3 

None 

0.04 

0.08 

None 

0.1 

0.2 

0.3 

Vanadi um 5.7 Would Not Thicken None 
Prec i  p. 5.7 20 0.01 

5.7 20 0.02 

Sof ten i  ng 31.4 40 
Slg. 30.0 4 0 

None 

0.01 

* Test  terminated a f t e r  90 minutes. Nc s i g n i f i c a n t  change i n  comparison t o  
no-polymer case. 



Table 1 7  

Ana l ys i s  o f  Th icken ing  Tes t  Data 

S l  udge % S o l i d s  Design Underf low Perco l  722 Dose 
Type o f  Feed ( %  S o l i d s )  ( %  by d r y  w t . )  

NPAC E f f .  '0.3 
Coag. Prec ip .  0,4 

PAC ~ f f .  0.5 
Coag. P rec ip .  0.5 

None 

0.05 

0.2 

2 None 

2 0.1 

2 0.2 

2 0.3 

2 0.4 

2 0.5 

Composi t e  o f  0.4 1 None 
NPAC ~ f f .  
Coag. and 0.4 1 0.04 

Vanadi urn 0.4 1 0.1 
P r e c i  p .  

eornpos.i tt! o f  1.8 
NPAC. Ef f . 
Coay . arid 1.8 
Vanadium and 1.8 
So f t en ing  Slg.  

None 

0.03 

0.04 

0.04 

0.06 

Design U n i t  Area 
Loading ( ~ b .  / d a y / f t 2 )  



Thickened s o l i d s  concentrat ions f o r  d igested PAC b i o l o g i c a l  sludge (6% 

s o l i d s )  were genera l l y  tw ice  those achievable f o r  NPAC sludges. This 

represents a concentrat ion o f  approximately 4.5 t imes the  feed so l i ds ,  which 

were about 1.3%. It i s  expected t h a t  a comparable thickened s o l i d s  

concentrat ion would be obtained f o r  undigested PAC sludge. However, t h i s  

could n o t  be confirmed because the  undigested sludge was not  a v a i l a b l e  f o r  

t e s t i n g .  

The a d d i t i o n  o f  an e f f e c t i v e  f l o c c u l e n t  (Percol 722 polymer) t o  the 

b i o l o g i c a l  sludges tes ted  made no appreciable impact on the  f i n a l  thickened 

s o l i d s  concentrat ions i n  the  batch t e s t s .  However, polymer a d d i t i o n  d i d  

s i g n i f i c a n t l y  increase the  s e t t l i n g  v e l o c i t y  and s o l i d s  f l u x ,  as shown on 

Tables 9 and 17, respect ive ly .  General ly,  u n i t  area s o l i d s  loading ( l i m i t i n g  

f l u x )  increased w i t h  increas ing  dosage o f  polymer. 

Tar Acid P r e c i p i t a t e  

The i n i t i a l  s o l i d s  concentrat ion o f  the  t a r  a c i d  sludge was approximately 

1.8 percent.  Batch t e s t i n g  i nd i ca ted  t h a t  a s i x  percent thickened 

concentrat ion was an achievable l e v e l ,  represent ing roughly a t h r e e f o l d  

concentrat ion v i a  g r a v i t y  th icken ing .  Polymer a d d i t i o n  t o  t a r  ac id  sludge 

made no appreciable change i n  the  achievable s o l i d s  concentrat ion.  A polymer 

dosage o f  0.2 percent ( d r y  weight bas is )  d i d  s i g n i f i c a n t l y  improve the  

l i m i t i n g  s o l i d s  f l u x ,  however. A t  a  dose l ess  than 0.2 percent, no 

improvement over the  l i m i t i n g  f l u x  f o r  uncondit ioned sludge was apparent. A 

dosage i n  excess o f  0.2 percent proved counter product ive,  decreasing t h e  

l i m i t i n g  f l u x .  

Vanadium P r e c i p i t a t e  

The vanadium-bearing sludge consis ted o f  approximately 5.7 percent s o l i d s  

p r i o r  t o  th icken ing .  Uncondit ioned vanadium sludge (w i thou t  polymer) s e t t l e d  

very p o o r l y  and e s s e n t i a l l y  would no t  th icken.  Thickening was g r e a t l y  

improved by polymer add i t ion ,  a f t e r  which concentrat ions o f  20 percent s o l i d s  



were achievable. As w i t h  the  t a r  a c i d  sludge, i t  was found t h a t  an optimum 

polymer dosage ex is ted .  A peak u n i t  area o f  load ing  was reached w i t h  a 

polymer a d d i t i o n  o f  0.01 percent.  A dosage i n  excess o f  t h i s  amount decreased 

t h e  l i m i t i n g  f l u x .  

Sof ten inq  Sludge 

The calc ium carbonate sludge produced by t h e , t e r t i a r y  so f ten ing  process 

s e t t l e d  t o  a s o l i d s  concent ra t ion  o f  approximately 30% i n  the  so f ten ing  

c l a r i f i e r .  t h e  batch t e s t s  showed t h i s  could be thickened fu r the r ,  and, as 

Table 17 ind ica tes ,  a 40% underf low concentrat ion was chosen. This represents 

o n l y  a 33% increase I n  sollds concentrat ion,  r a t h e r  Lhar~ 300-400% achieved 

w i t h  o t h e r  sludges. However, t he  na ture  o f  the  so f ten ing  sludge i s  such t h a t  

i t  s e t t l e s  so r e a d i l y  i n  t he  c l a r i f i e r  t h a t  f u r t h e r  th icken ing  i s  o f  marginal 

b e n e f i t .  Also, t o  concentrate pas t  the  40% s o l i d s  l e v e l  could cause severe 

ope ra t i ona l  probl.ems w i t h  both the  th i ckener  mechanism and pumps. Because the  

sludge th ickens so r e a d i l y ,  polymer was found t o  be de t r imenta l ,  r e s u l t i n g  i n  

a decreased. f l u x  ra te .  

T e r t i a r y  Coaqulation Sludses 

The i n i t i a l  s o l i d s  concent ra t lon  o t  the'NPAC t e r e l a r y  coagulat ion sludge 

was t y p i c a l l y  0.3-0.4 percent.  Batch th i cken ing  t e s t s  i n d i c a t e  t h a t  t h i s  can 

be concentrated t o  one percent so l i ds .  Condi t ion ing t h i s  sludge w i t h  polymer 

proved every e f f e c t i v e .  A d ry  weight dosage o f  0.05 percent increased the  

l i m i t i n g  s o l i d s  f l u x  by an order  o f  magnitude compared t o  the  uncondit ioned 

sludge f l u x .  A polymer dosage i n  excess o f  0.05 percent produced no f u r t h e r  

increase, however. 

Thickened s o l l d s  concentrat ion f o r  PAC t e r t i a r y  coagulat ion sludge were 

approximately 2 percent  so l i ds ,  which i s  tw i ce  t h a t  achievable f o r  NPAC 

coagu la t ion  sludge. This  represents a concentrat ion o f  f o u r  t imes the  feed 

s o l i d s  (0.5%) v i a  g r a v i t y  th icken ing .  I n  a d d i t i o n  t o  a h igher  underf low 

concentrat ion,  t he  PAC coagulat ion sludge exh ib i t ed  h igher  f l u x  ra tes .  This  

i s  apparent ly  due t o  the  presence o f  carbon f i n e s  no t  removed i n  the  

b i o l o g i c a l  s o l i d s  c l a r i f i e r s .  



Although po l ymer -add i t i on  increased the  f l u x  f o r  both NPAC and PAC 

coagulat ion sludges, i t  made no appreciable change i n  the  thickened 

concentrat ion obtained f o r  e i t h e r .  There was, however, one notable d i f f e r e n c e  

i n  the  e f f e c t  o f  polymer on these two sludges. As noted above, t he  NPAC 

sludge showed a decreasing f l u x  above a polymer dosage o f  0.05 percent. I n  

cont ras t ,  t he  PAC coagulat ion sludge produced h igher  f l uxes  w i t h  h igher  

polymer doses (up t o  0.5%). 

Composite Sludges 

Thickening and dewatering each sludge separate ly  would undoubtedly be the  

most expensive treatment scheme. Also, apa r t  f rom cos t  considerat ions,  mix ing  

sludges would reduce the  number o f  pieces o f  equipment, thereby s i m p l i f y i n g  

the  e n t i r e  sludge treatment process. Therefore, two composite sludges were 

tes ted  t o  conf i rm the  p r a c t i c a l i t y  o f  t h i cken ing  sludge mixtures.  

The f i r s t  composite was made from the  NPAC e f f l u e n t  coagulat ion and 

vanadium sludges. Tar ac ids were n o t  added because the  low pH o f  t h a t  stream 

mandates t h a t  i t  be segregated. B i o l o g i c a l  sludges were l i kew ise  no t  added, 

because they are  d igested fo l1owing. th icken ing .  The r e s u l t s  o f  t he  th i cken ing  

t e s t s  a r e  very s i m i l a r  t o  those f o r  t he  coagu la t ion  sludge alone. This i s  no t  

su rp r i s i ng ,  s ince the  weighted percentage o f  t he  coagulat ion sludge i s  much 

h igher  than the  vanadium sludge (mixes are  based on the  weights l i s t e d  i n  

Table 1) .  A t  feed, underflow, and polymer values corresponding t o . t h e  t e s t s  

run on the  coagulat ion sludge, t h e  composite showed a s l i g h t l y  h igher  f l u x .  

This i s  reasonable, s ince the  vanadium f l u x  was about f i v e  t imes h igher  than 

the  coagulat ion.  There d i d  n o t  appear t o  be any problems associated w i t h  

combining these two sludges. 

The second composite contained the  so f ten ing ,  NPAC coagulat ion, and 

vanadium sludges. The underf low concent ra t ion  and f l u x  were, as expected, 

w i t h i n  t h e  range o f  values of t he  i n d i v i d u a l  sludges. The sludge thickened 

from 1.8% t o  9%, a f i v e f o l d  increase. The optimum polymer dosage was 0.05%, 

a f t e r  which the  f l u x  r a t e  decreased. 



B. AEROBIC SLUDGE DIGESTION 

Diges t ion  t e s t s  conducted on both MPAC and PAC sludges showed steady 

decreases i n  t o t a l  and v o l a t i l e  suspended so l i ds .  Time p l o t s  o f  these 

values (F igures 3 and 4) show a  much smoother curve f o r  the  NPAC sludge 

than the  PAC sludge. As expla-ined i n  the  I n v e s t i g a t i v e  Section, t he  

apparent ly  e r r a t i c  s h i f t s  i n  t h e  PAC data are  due t o  the  presence o f  

a c t i v a t e d  carbon p a r t i c l e s  i n  t h e  sludge. 

Because o f  t he  ac t i va ted  carbon, the  PAC sludge was much more 

concentrated than t h c  NPAC; the i n i t i a l  suspended s o l i d s  concentrat lnnz 

were 50,200 and 12,000 mg/l, r espec t i ve l y .  As mentioned prev ious ly ,  

these d iges t i ons  were conducted as p a r t  o f  an e a r l i e r  study, and were no t  

run  on th ickened sludges. The cu r ren t  design provides th icken ing  p r i o r  

t o  d iges t i on .  

Table 18 shows reduct ions i n  VSS based on the  curves (no t  the  ac tua l  

da ta  po in t s )  i n  Figures 3 and 4. These reduct ions are  expressed i n  two 

ways: f i r s t ,  as percentage o f  t he  i n i t i a l  VSS concentrat ion, and, 

second, as absolute d i f f e rences  i n  concentrat ion.  On a  percentage basis,  

t h e  NPAC sludge i s  more r e a d i l y  s t a b i l i z e d ,  e x h i b i t i n g  a 48% reduct ion  

a f t e r  20 days, compared t o  on l y  a  32% reduct ion  f o r  the  PAC sludge. I n  

t h a t  same 20-day per iod,  however, t h e  VSS concentrat ion was reduced by 

5,800 mg/l i n  t he  NPAC system, compared t o  15,900 mg/l f o r  the  PAC 

sludge. The percentage reduct ions prov ide  the  most usefu l  data f o r  t h i s  

eva lua t ion .  Not o n l y  a re  the  i n i t i a l  concentrat ions o f  the  two sludges 

q u i t e  d i f f e r e n t ,  but,  because the  t e s t  was run on unthickened sludges, 

they  tire no t  representa t ive  o f  the cu r ren t  design scheme. 



Table 18 

Aerobic Sludge Digest ion 

NPAC Sludqe PAC Sludqe 
15 Days . 20 Days 15 Davs 20 Days 

VSS (mg/l) 7,100 6,200 38,500 34,300 

VSS Removal (%) 4  1  4  8  23 3  2 

VSS Removal (mg/l) 4,900 5,800 11,700 15,900 

The main purpose of t he  d i g e s t i o n  t e s t s  was t o  e s t a b l i s h  a  d iges t i on  

pe r iod  f o r  each sludge. For t he  NPAC sludge, the  r a t e  o f  removal o f  VSS 

decreased s t e a d i l y .  This i s  c h a r a c t e r i s t i c  o f  a  b i o l o g i c a l  system w i t h  a  

decreasing subs t ra te  concentrat ion.  As Figure 3  shows, on l y  marginal 

removals can be expected a f t e r  20 days. For the  PAC sludge, t h e  data 

s c a t t e r  makes i t  impossible t o  e s t a b l i s h  a smooth curve s i m i l a r  t o  

F igure  3. However, i t  i s  apparent t h a t  a  longer de ten t ion  i s  requi red.  

A 30-day d iges t i on  per iod  corresponds t o  a  49%.VSS removal. Although the  

data s c a t t e r  tends t o  obscure the  d i r e c t i o n  o f  t he  curve, the  l a s t  f i v e  

data po in t s  do i n d i c a t e  t h a t  minimal reduct ions occur a f t e r  30 days. 

C. DEWATERING EQUIPMENT 

The purpose of the  bench-scale dewatering t e s t s  was t o  e s t a b l i s h  the  

e f f i c a c y  o f  t he  a1 t e r n a t i v e  devices f o r  dewatering the  var ious sludges. 

As expected, some sludges could be success fu l l y  dewatered by a l l  devices, 

w h i l e  others proved more d i f f i c u l t .  As such, no method o f  dewatering a l l  

sludges i s  d i c t a t e d  on the  basis  o f  the  t e s t  r e s u l t s .  Rather, the  t e s t s  

have shown which sludges are  e a s i l y  dewatered and which are problematic.  

Also, t he  r e l a t i v e  q u a n t i t i e s  o f  cond i t i on ing  chemicals have been 

establ ished,  and f i n a l  s o l i d s  contents can be predic ted.  This 

in fo rmat ion  i s  sumar i zed  below i n  Table 19. 



Table  19 

Summary o f  Dewatering R e s u l t s  

Sludge Dewatering 
Device 

S o l i d s  Content Chemical Condi t ioner  
I n i t i a l  Final  Name Dosaqe (1 ) 

Tar  Acid C e n t r i f u g e  7.2 28 None 

NPAC C e n t r i f u g e  1 .7  7.7 Percof 722 1 . O  
Coagulat ion Vacuum F i l t e r  1 . 3  Would n o t  dewater 

Be1 t Fi 1 t e r  1.8 17 Percol 728 0.65 
Pressure Fi 1 ter' 1 . 3  18.7 Pt.r*cul 722 1 . O  

PAC Centrf fuge  1 . 5  7.0 
Coagulat ion Vacuum F i l t e r  1 .4  Woul d n o t  dewater  

S o f t e n i n g  Vacuum Fi 1 t e r  27.9 69.2 None 

Vanadi um C e n t r i f u g e  29.0 62.6 None 

NPAC Digested C e n t r i f u g e  2.4 11 . O  None 
Bio log ica l  Vacuum F i  1 t e r  2.1 24.7 {;;;;;I 722 1 . O  

10.0 

B e l t  F i l t e r  3.2 16.5  Percol 728 0,35 
P r e s s u r e  F i l t e r  2.7 27.7 {;;;;I 722 1 . O  

10 .0  

PAC D i  ges ted  C e n t r i  fuge 5.1 25.5 Percol 722 1 . O  
B io log ica l  Vacuum F i l t e r  1.7 I.!oul d n o t  dewater 

P r e s s u r e  F i l t e r  5.C Percol 722 1 . O  
37.9 iFeC13 10.0 

Composite 1 3 ( 2 )  ~ e n t r i  f u g e  1.2 5.23 Percol 722 1 .2  
Vacuum F i  1 t e r  1 . 3  Would not  dewater 
Be1 t Fi 1 t e r  1 .3  20.0 Percol 728 0.45 
P r e s s u r e  Fi l  t e r  1 .3  20.7 Percol 722 1 .O 

Composite 1 4 ' ~ )  C e n t r i  fuge  10.2 51.0 Percol 722 0.1 
Vacuum Fi 1 t e r  10.4 Would n o t  dewater  
B e l t  F i l t e r  8 .9  50.0 Percol 728 0.2 
P r e s s u r e  F i l t e r  10.4 55.7 Percol 722 1 . f l  

(1 ) Dry weight  b a s i s  
( 2 )  NPAC t e r t i a r y  c o a g u l a t i o n ;  vanadium 
( 3 )  NPAC t e r t i a r y  c o a g u l a t i o n ;  vanadi urn; s o f t e n i n g  



As noted prev iously ,  c e n t r i f u g i n g  was the  o n l y  dewatering technique 

considered f o r  the t a r  ac id  sludge. This was no t  because o ther  equipment 

would no t  be e f f e c t i v e ,  bu t  due t o  the  a c i d i c  nature o f  the  sludge. I t s  

low pH d i c t a t e s  t h a t  i t  be kept  separate from o ther  sludges, i n  o rder  t o  

prevent  t he  p r e c i p i t a t e d  t a r  ac ids  from r e s o l u b i l i z i n g .  The r e l a t i v e l y  

h igh  i n i t i a l  s o l i d s  concentrat ion (7%) i nd i ca tes  a  s i g n i f i c a n t  presence 

o f  ca lc ium su l fa te ,  i n  a d d i t i o n  t o  t h e  t a r  ac ids.  

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

However, t h e  cen t r i f uge  cake cannot be handled as a  l i q u i d ,  which was the  

o r i g i n a l  i n t e n t .  This problem might  requ i re  a  r e v i s i o n  i n  the  handl ing 

procedures f o r  the dewatered sludge, i n  order  t o  main ta in  the  cu r ren t  

d isposal  method, which i s  i n c i n e r a t i o n .  A l t e r n a t i v e l y ,  t he  sludge could 

be kept  i n  a  pumpable s t a t e  by p a r t i a l l y  by-passing the cent r i fuge,  and 

c o n t r o l l i n g  the  s o l i d s  content  based on h a n d l e a b i l i t y .  

The coagulat ion sludses a re  by f a r  t he  most d i f f i c u i t  t o  dewater. 

Vacuum f i l t r a t i o n  i s  unsuccessful, due t o  c l o t h  b l i n d i n g .  Theore t ica l l y ,  

p recoat ing  the  f i l t e r  could a l l e v i a t e  t h i s  problem. However, due t o  the  

very t h i n  cake formed (1/32 inch) ,  t h i s  process i s  s t i l l  no t  considered 

feas ib le .  The cen t r i f uge  i s  a l s o  n o t  very e f f e c t i v e ,  concentrat ing the  

s o l i d s  t o  l ess  than 8%. The b e l t  f i l t e r  and pressure f i l t e r  both produce 

acceptable cakes. The s o l i d s  contents a r e  s u r p r i s i n g l y  close; the  

pressure f i l t e r  produces an 18.7% s o l i d s  cake, versus 17% f o r  the  b e l t  

f i l t e r .  The pressure f i l t e r  does prov ide  a  much b e t t e r  s o l i d s  capture. 

The f i l t r a t e  s o l i d s  concentrat ion o f  144 mg/l i s  an order-of-magnitude 

l ess  than the  b e l t  f i l t e r  (2,000 mg/l) .  However, al though a  2,000 mg/l 

f i l t r a t e  i s  very high, i t  i s  n o t  p r o h i b i t i v e .  

The so f ten ins  sludne, p r i m a r i l y  ca lc ium carbonate, i s  t he  most 

r e a d i l y  dewaterable sludge. Because t h i s  sludge s e t t l e s  t o  almost a  30% 

s o l i d s  concentrat ion,  i t  can be fed d i r e c t l y  t o  a  dewatering device 

w i thou t  p r i o r  th ickening.  Vacuum f i l t r a t i o n  o f  t h e  unthickened sludge 



produces a cake concentrat ion o f  70% s o l i d s .  Because t h i s  sludge i s  so 

e a s i l y  dewatered, i t  was n o t  tes ted  f o r  o ther  dewatering devices. It can 

obv ious ly  be dewatered by any o f  t he  d i f f e r e n t  types o f  equipment. 

L imi ted  q u a n t i t i e s  o f  t he  vanadium sludge were ava i l ab le .  

Cen t r i f ug ing  i s  t h e  o n l y  t e s t  t h a t  was run, achiev ing a t h r e e f o l d  

concentrat ion.  The q u a n t i t i e s  o f  t h i s  sludge a re  comparat ively smal l ,  

and separate t reatment  i s  n o t  p r a c t i c a l .  Fur ther  t es t i ng ,  us ing t h e  

o the r  dewatering devices, was conducted on composite sludges conta in ing  

vanadium, as i s  discussed l a t e r  i n  t h i s  sec t ion .  

Digested b i o l o g i c a l  sludges were tes ted  by a l l  f o u r  dewatering 

devices. Both PAC and NPAC sludges were examined. The NPAC digested 

b i o l o g i c a l  sludge i s  dewaterable by any o f  the  f o u r  types o f  equipment. 

However. t he  c e n t r i f u g e  produces o n l y  an 11% s o l i d s  cake, which i s  n o t  

considered s a t i s f a c t o r y .  Best r e s u l t s  a re  achieved by the  vacuum and 

pressure f i l t e r s ,  producing 25% and 28% s o l i d s  cakes, respect ive ly .  The 

b e l t  f i l t e r  i s  a f e a s i b l e  a l t e r n a t i v e ,  bu t  t he  16% cake produced can on ly  

be considered marg ina l l y  acceptable. For t he  PAC sludge, vacuum 

f i l t r a t i o n  cannot be used, as t h e  f i n e  carbon p a r t i c l e s  tend t o  b l i n d  the  

c l o t h .  I n s u f f i c i e n t  q u a n t i t i e s  were a v a i l a b l e  f o r  t e s t i n g  by the  b e l t  

f i l t e r .  However, due t o  the  carbon, t he  cake concentrat ion can be 

expected t o  exceed t h e  16% achievable f o r  t he  NPAC sludge. Pressure 

f i l t r a t i o n  i s  t h e  most e f f e c t i v e  method tes ted  and r e s u l t s  i n  38% s o l i d s  

cake. For  both the  PAC and NPAC digested b i o l o g i c a l  sludges, 

cond i t i on ing  w i t h  f e r r i c  c h l o r i d e  (10% dosage) i s  requ i red  f o r  pressure 

f I 1  t r a t i o n .  

Due t o  t h e  obvious economic advantages o f  combining sludges p r i o r  t o  

dewatering, two c o m ~ o s i t e  sl'udqes were tes ted .  One contained NPAC 

coagu la t i on 'p lus  vanadium sludges; t h e  o ther  contained these same two 

sludges p lus  the  so f ten ing  sludge. (Sof ten ing  i s  an opt ion,  dependent 



upon the inclusion of a zero discharge design). It is assumed that the 

calciner scrubber blowdown and cool/SRC pile runoff sludges would also be 

added, but, as explained previously, these were not available for 

testing. As is the case for the coagulation sludges alone, the composite 

cannot be effectively dewatered by vacuum filtration, due to cloth 

blinding. Both pressure and belt filtration are satisfactory, and 

produce similar results. 



V I I .  CONCLUSIONS AND RECOMMENDATIONS 

A .  CONCLUSIONS 

1. With the  s i n g l e  except ion o f  t he  so f ten ing  sludge, chemical 

c o n d l t l o n i n g  of a l l  sludges tes ted  resu l ted  i n  s i g n i f i c a n t  increases 

i n  t h i ckener  load ing  ra tes .  A c a t i o n i c  p o l y e l e c t r o l y t e  o f  moderate 

molecular  weight  an4 charge dens i ty ,  such as A l l i e d  Co l l o ids  

PerCOl 7 2 2 ,  was an e f f e c t i v e  cond i t i on ing  agent f o r  th icken ing  o f  

a l l  sludges tes ted .  

2. The so f ten ing  p r e c i p i t a t e  s e t t l e s  so r e a d i l y  and t o  such a  h igh  

s o l i d s  content  t h a t  f u r t h e r  t h i cken ing  i s  unnecessary and could 

prove det r imenta l  i n  terms o f  subsequent handl ing.  

3. S t a b i l i z a t i o n  o f  NPAC b i o l o g i c a l  sludge by aerobic d iges t i on  p r i o r  

t o  sludge th i cken ing  d i d  n o t  increase the  underf low concentrat ion i n  

comparison t o  the  undigested sludge, and produced on l y  a  moderate 

increase i n  load ing  r a t c .  

4. 00th the PAC and NPAC b i o l o g i c a l  s ludges  can be s t a b i l i z e d  by 

aerobic d iges t i on .  The NPAC sludge i s  more r e a d i l y  s t a b i l i z e d ,  

r e q u i r i n g  a d iges t i on  pe r iod  o f  approximately 2 0  days, versus 30 

days f o r  t h e  PAC sludge. 

5. The t a r  a c i d  sludge was charac ter ized by a  much h igher  s o l i d s  

content  than ant ic ipa ted .  Both the  thickened (7% t o  9% ~ 0 1 i B s )  and 

unthickened (1.5% s o l i d s )  t a r  a c i d  sludges can be concentrated by 

c e n t r i f u g a t i o n .  The r e s u l t i n g  cakes (25% t o  32% s o l i d s )  cannot be 

c l a s s i f i e d  as semi- l iqu ids and are  unsu i tab le  f o r  the cur ren t  

design, based on handl ing considerat ions.  



6. The most e f f e c t i v e  dewatering devices a re  b e l t  and pressure 

f i l t e r s .  For the  chemical sludges, the  pressure f i l t e r  produces a 

s l i g h t l y  d rye r  cake than the  b e l t  f i l t e r .  For the  b i o l o g i c a l  

sludges, the  d i f ferenc.e i s  much more s i g n i f i c a n t ,  w i t h  the pressure 

f i l t e r  cake reaching almost tw i ce  the  s o l i d s  content o f  the  b e l t  

f i l t e r  cake. 

7 .  Vacuum f i l t r a t i o n  i s  no t  e f f e c t i v e  on t h e  coagulat ion o r  composite 

sludges, due t o  c l o t h  b l i n d i n g .  

8. The coagulat ion sludge i s  very d i f f i c u l t  t o  dewater, even w i t h  

pressure f i l t r a t i o n .  

9 .  The f e a s i b i l i t y  o f  combining sludges p r i o r  t o  th icken ing  and/or 

dewatering has been confirmed. 

10. The leachate f r o m  f o u r  sludges (d iges ted  b i o l o g i c a l ,  vanadium, 

sof tening,  and NPAC coagulat ion)  were tes ted  f o r  heavy metals by the  

EPA e x t r a c t i o n  procedure. A l l  concentrat ions were w e l l  below the  

RCRA l i m i t s .  

8. RECOMMENDATIONS 

1. The thickened t a r  ac id  sludge, a t  approximately 7% so l i ds ,  exceeds 

t h e  cu r ren t  design o f  2% s o l i d s  i n  t he  c e n t r i f u g e  cake. Based on 

handl ing considerat ions, t h i s  sludge should be fed d i r e c t l y  t o  the  

i n c i n e r a t o r .  Therefore, t h e  c e n t r i f u g e  should be deleted, and a 

th i cken ing  step added. 

2. Aerobic d iges t i on  should be provided f o r  the  b i o l o g i c a l  sludge. For 

t he  cu r ren t  design, based on NPAC sludge, t he  d iges t i on  per iod  

should be increased from 15  t o  20 days. 



3. The chemical sludges should be combined p r i o r  t o  dewatering, and 

b e l t  f i l t r a t i o n  i s  the recommended dewatering method. This process 

i s  l ess  energy i n tens i ve  than pressure f i l t r a t i o n ,  and produces a 

cake o f  approximately equal s o l i d s  content  (polymer doses are  

s i m i l a r )  . 

4. The b i o l o g i c a l  sludges should be dewatered by pressure f i l t r a t i o n ,  

due t o  t h e  s i g n i f i c a n t l y  h igher  s o l i d s  content  achieved. The 

cu r ren t  design provides b e l t  f i l t r a t i o n .  
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Figure  A-1  

VACUUM F1I.T.-SPECIFIC RESISTANCE 
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VFICUUM F ILTRFIT ION -. 'BUCHNER FUNNEL TEST 
CLIENT: ICRC 
SRMPLE 8 NPRC DIGESTED SLUDGE 
DFITE : JAN. 20, 1984 
VRCUUM: 28 inches Ha. 
VISCOSITY 0 .01  p o i s e  
FILTER DIWETER 7 cent  i m e t e r s  
CRKE SOLIDS 238888 mg/L 
FEED SOLIDS 8129 mg/L 
FILTER TYPE8 What. # I '  
SLUDGE TEMP. 2 1  Cent i grade 
SLUDGE pH# 6.3 
CONDITION RGENTt NONE 
DOSfiGE 8 0 m l s  p e r  108 m l s  Sludge 



Figure  A-2 

VACUUM FILT.-SPECIFIC RESISTANCE 

0 Actuol Oota 
FILTRATE WL, ml 

+ Rcgmmion Lim 

VRCUUM FILTRQTION - BUCHNER FUNNEL TEST 
CLIENT? ICRC 
SRMPLE : NPQC UNDIGESTED SLUDGE 
BFlf E t OECr 16. 1983 
VRCUUM : E7.5 inchem HQ. 
VISCOSITY 0.01 poime 
FILTER DIRMETER 7 cent imeterr 
CQKE SOLIDS E @ 8 0 0 0  mg/L 
FEED SOLIDS 1116s mg/L 
FILTER TYPE: What. O1 
SLUDGE TEMP. 19.5 Cent iprade 
SLUDGE pH: 7.4 
CONDITION RGENT: NONE 
DOSRG6 : 0 mls per 100 mls Sludge 



Figure A-3  

VACUUM FILT.-SFECIFIC RESISTANCE 
FLU= DIGESTED SLUDGE 
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VQCUUM F I L T R R T I O N  - BUCHNER FUNNEL TEST 
C L I E N T :  I C R C  
SRMPLE : PQC DIGESTED SLUDGE 
DQTE : FED. 1 1984 
VQCUUM: 28 inches Hg. 
V I S C O S I T Y  0.81 p o i s e  
F I L T E R  DIQMETER 7 cent i m e t  ers 
CQKE S O L I D S  48248@ mg/L  
FEED S O L I D S  13138 nig/L 
F I L T E R  T Y P E :  What. #l  
SLUDGE TEMP. 14 C e n t  i grade 
SLUDGE pH: 6.4  
C O N D I T I O N  RGENT: NONE 
DOSRGE : 0 m l s  p e r  100 m l s - S l u d g e  



Figure  A-4 

VACUUM FILT.-SPECIFIC RESISTANCE 
PAC UNDIGESTED SLUDGE 
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FILTRATE bOL, ml 
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VQCUUM FILTRQTION - BUCHNER FUNNEL TEST 
CLIENT: ICRC 
SQMPLE t PRC DIGESTED SLUDGE 
DFITE t DEC. 16. 1983 
VRCUUM I 27 inches Hg. 
VISCOSITY 0.01 poise 
FILTER DIQMETER 7 cent imeterc 
CAKE SOLIDS 288808 mg/L 
FEED SOLIDS 11535 mg/L 
FILTER TYPE: Mhrt .  #l  
SLUDGE TEMP. 19 Cent i prade 
SLUDGE pH: 7.5 
CONDITIBN RGENT: NONE 
DOSFlGE a 0 mlr p e r  108 mlr S l u d p o  



Figure A-5 

VACUUM FILT.-SPECIFIC RESISTANCE 
TAR ACID SLUDGE 

FILTRATE W L ,  ml 
0 k t u o l  ~ p t p  + R a g r r n i ~  L j n r  

VQCUUM FILTRFITION - BUCHNER FUNNEL' TEST 
CLIENT: ICRC 
SQMPLE r TRR,FICID SLUDGE 
DQTE : DEC. 14, 1983 
VflCUUM I 27 inches Hp. 
VISCOSITY 8.01 poise 
FILTER DIQMETER 7 cent i r n e t m r m  
CFIKE SOLIDS 375000 mp/L 
FEED SOLIDS 18095 mg/L 
FILTER TYPE8 What. 01 
SLUDGE TEMP. 19 C e n t i p r a d e  
SLUDGE pH: 4.3 
CONDITION RGENTr NONE 
DOSRGE 8 0 mlr pmr 100 mlr Sludgo 



Figure A-6 

VACUUM FILT.-SPECIFIC RESISTAI'JCE 
LANADIUM SLU OGE 
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0 ktuol Dab + R s ~ r r s i o n  Line 

VACUUM F I L T R R T I O N  - BUCHNER FUNNEL TEST 
C L I E N T :  ICRC 
SFIMPLE : VRNRDIUM SLUDGE 
DATE : FEB. 16. 1984 
VACUUM: . 20 inches Hg. 
VT SCnS I T Y  0.81 poise 
F I L T E R  DIQMETER 7 cent irneters 
CFIKE SOLIDS 548808 mg/L  
FEED S O L I D S  56880 m g / L  
F ILTER TYPE: ghat. 81 
SLUDGE TEMP. 21 Cent i g r a d e  
SLUDGE pH: 11.5 
CONDIT ION FIGENT: NONE 
DOSFIGE : 0 m l s  p e r  100 m l s  Sludge 



Figure A-7 

VACUUM FILT.-SPECIFIC RESISTANCE 
NPAC EFFLUENT SOFT. SLLU DG E 

,3.8 

FILTRATE X o L ,  ml 
O k h o l  O n b  + Rcgm=ion L i n e  

VRCUUM FILTRRTION - PUCHNER FUNNEL TEST 
CLIENT: ICRC 
SRMPLE : NPRC EFFLUENT SOFT. SLUDGE 
DQTE : JRN. 30, 1984 
V N U J M  : 27 xnches Hg. 
VISCOSITY 0.81 poise 
FILTER DIRMETER 7 cent imeters 
CRKE SOLIDS 546708 mg/L 
FEED SOLIDS 403735 mg/L 
FILTER TYPE: What. #l 
SLUDGE TEMP. 14.5 Cent igrade 
SLUDGE pH: 12 
CONDITION RGENT: NONE 
DOSRGE : 0 mls per 108 mls Sludpe 



Figure A-8 

VACUUM FILT.-SPECIFIC RESISTANCZE 
N P K  EFFLUENT 00s SLU OGE - 

FILTRATE W L ,  ml + Rcgrr?=ion Lint 

VfiCUUM F ILTMTION - BUCHNER FUNNEL TEST 
CLIENT: ICRC 
SAMPLE 8 NPAC EFFLUENT COFlG SLUDGE 
DFITE : DEC. 15, 1983 
VACUUM t i27 inchrr Hg. 
V I SCOS f TV 0 .01  poise 
FILTER DIRMETER 7 cent irnetero 
CRKE SOLIDS 267@08 mq/L 
FEED SOLIDS 2723 mp/L 
FILTER TYPE: Mhat. # l  
SLUDGE TEMP. 19 Cent i qrrde 
SLUDGE pH: 6.8 
COND I T I ON WENT : NONE 
DOSFlGE a 0 mlm per  108 mlr Sludpo 



Figure A-9 

FILTRATE W L ,  ml 
0 k t u o l  Ootn + Ragmsion Lim 

VQCUUM FILTRQTION - BUCHNER FUNNEL TEST 
CLIENT: ICRC 
SQMPLE t PQC EFFLUENT COQG SLUDGE 
DQTE : DEC. ' 14, 1983 
VC)CUUM I 27 inches  Mg. 
VISCOSITY 0 . 0 1  poise 
FILTER DIQMETER 7 cen t  imeters 
CQKE SOLIDS 229000 mg/L 
FEED SOLIDS 5215  m g / L  
FILTER TYPE: What. O l  
SLUDGE TEMP. 14 Cent i prade 
SLUDGE pH: 6.8 
CONDITION QGENT: NONE 
DOSQGE t 0 m l r  p m r  100 m l s  Sludge 



F i g u r e  A-1 0 

VACUUM FILT.-SPECIFIC RESISTANCE 
COMBINED SLUDGE 

FILTRATE W L ,  ml 
0 Actuol Ootm + Rcgrr?rsion Ljnr 

V n c l  l1lM F 1 I- TRQTXON - El-ICHNER FUNNEL TEST 
CLIENT: ICRC 
SQMPLE : COMBINED SLUDGE U13 
DRTE : FEB. 7, 1984 
VFICUUM: 28 inches Hg. 
VISCOSITY . 0.01 poise 
FILTER DIRMETER 7 cent imeters 
CQKE SOLIDS 207168rd mg/L 
FEED SOLIDS 3948 n l ~ / L  
FILTER TYPE: What. # I  
SLUDGE TEMP. 13.5 Corrt i grad@ 
SLUDGE PHI 7 .2  
CONDITION RGENT: NONE 
DOSFIGE : 0 mls per 100 mls Sludge 



Figure A-1 1 

VACULJM FILT.-SPECIFIC RESISTAIICE 
S LU OGE COMB I NUTIO N 

FILTRATE \rOL, ml 
0 k t u o l  00b + Ragm~sionLinr 

VRCUUM FILTRRTION - BUCHNER FUNNEL TEST 
CLIENT: ICRC 
SQMPLE t COMBINED SLUDGE el4 
DQTE : FEE 8, 1984 
VFICUUM : 28 inches Hg. 
VIS%bSIf Y 0.01 poise 
FILTER DIRMETER 7 cent imeters 
CQKE SOLIDS 207000 mg/L 
FEED SOLIDS 18473 mg/L 
FILTER TYPE: What. 01 
SLUDGE TEMP. 10 Cent igrade 
SLUDGE pH: 7.9 
CONDITION RGENT: NONE 
DOSFIGE : 0 mls per 108 mls Sludge 
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F igure  A-13 
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Figure A-14 

VACUUM f ILT-RESISTIVITY 
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- 
i E Oe9 - -. 
% 0.8 - 
>' > 0.7 - 

0.a - 
0.5 - 
0 1 -  

0.3 

. . -- -. 

SlYlPLE I THID(El€D D16ESTED 191Y: 810 
VCICLXCI: 2s 1- Wg. 
f ILER Dl- 9 cmt ~mtm 
W(E SOLIDS 22 a rt/rt 
FEED %ID5 2 7  * t lvol  
FILTER TV#: plrss mtmf 
W(D1TIDI LIGOn: FdI3 - 1L blutaon 
D O S E :  1.35 11s pr SO 81s Sludgm 
RESISTIVITV: LW rre/rlA2 
fW #set ban 
-8 s 11 ruplo 

8 1 T 1 I I I 
n 

0 10 20 30 4U 



Figure  A-16 

VACUUM ?lLT-RESISTIVlW 
0.47 

WLE : T H I O ( E W  DIGESTED YJIY: 010 
0.48 - -: a i ~ h r  4. 
0.45 - FILTER DllYlflER 9 mt i ~ t e n  
0.44- W E  SOLIDS 18.1 S d/wt 

FEED SOLIDS 2 7  S utlvol 
0.r3 - FILTER TYPE: ~ l r s s  8icrofiQr 
OerZ - CO)(DITION EM: Fd13 - 10S Solution 
0.41 - DaSCIGE: 2 81s per 59 rls Sludge - 

E 0 . b -  RESISTIVITY: 0.8852 rcc/rlA2 
CIY(E EX: kPlR ' 0-s9 - -5: JI Y 81 w l r  

0.38 - 
5 

0.37 - 
0.38 - 
0.35 - 
0.34 - 
0.33 - 

FILTRATE WL. ml 

Figure A-17 
VACUUM FILT- RE EIETIVITT 

1.7 - 
1 .8 - 
1 .5  - 
1 .4 - 

- 1 .S - 
E -- 
Y 
Y) 

1 .1  

> 
1 - 

0.9 - 
0.1 - 
0.7 - 
0.8 

- - .  - . -  

W m E  : T H I m  DIGESTU) m BID 
~~: a iRChor 4. 
FILTER Dl-R 9 nnt lr ters  
WE SOLIDS 11.2 s d1.t 
FEED WlDs 2.7 s utlvol 
FILTER TV#: nlrss 8 i m f i b r  
CWITlOW 116011: Ca(M)2 - 101 Solut~on 
WSIIGE: C67 81s pr 59 81s Sludpe 
RESISTIVIIY: L a  nc/rlA2 

1.2-CIY(ED€sc, rm cracks 
rlmlw: Y 1 1  rvplr 

, I I I I 

0 1 B 1 2  1 6  20 2C 



Figure A-18 

FILTRATE *La ml 

VACUUM FILT-RESIST lVlW 

Figure A-1 9 

1 . 7  

1 . 6  - 
1  .s - 
1.4 

- 1 .J - 
E ' 1 . 2 -  Y 
Y) 

>- 1 . 1 -  

> 
1 - 

0.9 - 
0.0 - 
0.7 - 
0.B 

W O L E  8 THIWWU) D1ESm) 191Y: DIO 1 

WUM: 28 inches Hg. 
FILTER DIlYYTER 9 centimeters 
CIWE SOLIDS 12 l r t l ~ t  
m0 SOLIDS 2.7 l utlvol 
FILTER TY#: plass 8 imfiQr 
CONDITION m: Ca(M)2 - l@ Solution 
WSCI6E: 1.33 81s per 59 81s Sludge 
RESISTIVITY: 4.9444 S ~ C I ~ I * ~  
CIMDESC: 
RDYIW(S : 54 81 w l r  

" 
- .  

I I v 
0 A B 1 2  1 6  20 24 28 

VACUUM FILT-RESISTlVlTT 

W L E  : T H I O U D  DIGESTED IQ#: BID 
# indm Hg. c 
9 cmtirterr 

, . , , 
- 
E -. 1  - 
Y 
Y) 

5 0.9 - > 
0.1 - 
f.7 - 
0.8 

CIWE SOLIDS 15.5 l r t l d  
FEED m1Ds Z7 s rtlvol 
FILTER lW€: plrss mimf ik 
CONDITION A60n: - Ca(M12 - lW Solution 
WSIIGE: 2 81s w 59 els Sldpe 
~ I S T I V I T Y :  LUl2 wrl.12 
WE #E: 
IIDYW(S: Y rl w p l e  

" 
1 1 I 1 7 I I I I I I I 

o o B 1 2  i a 20 24 28 



F i g u r e  A-20 

Figure A-21 

40 

VACUUM f ILT-RESlSflVlTY 

FILTRATE V6L, d 

2.3 

2.z - 
2. - 
2 - 

1 .Q , 

1 . 1  - 
1.7 - 
1 .e - 
l.5 - 1 I . & -  

5 > 1 . 3 -  

1..2 - 
1.1  - 

1 - 
0.0 - 
0 ,B  - 
0.7 - 
0.8 ., 

VACUUM ~ I L ~ - - R C ~ I S T I ~ T T '  

4 

WQLE : TnlNCD DIGESTED W B10 c1 

VACUll: 20 i- h. 
FILTER DICYeTER 9 cmt irters  
CCKE SOLIDS 15.6 1 rt /ut 
FEED SOLIDS 2.7 1 rtlv01 
FILTER TV#: plrss microfikt 
CLP(D1TIW &EM: alum - 1& Solution 
w: 0.67 81s per 50 81s Sludge 
WSISTIVITY: L63 clc/rlA2 
W(E DESC: mny mall cracks 
REmKs : Y 81 u r p l r  

CI 

1 T I 1 I I I 

1 - 

0.9 - 

O.B - - 
E .. 
8 0.7 - 
5 
'5. 

0.6 - 

0.1 - 

0.4 

0 10 20 34 

WLE : THIOUU DIESTED m BIO 
VaCWW: a idm Hj. 
FILTER DIMETER 9 n n t i v t m  
W(E SOLIDS 11 a r t l a  
Fm) SQIDS 2.7 S rtlvol 
FILTER TYPE: plrrs microfiber 
WWDITIOII 116MT: alum - 1R Solution 
KWE: 1.33 61s prr 3 81s Sludge 
L S l S ~ l u ? ~ t  LU wl.lV 
UWE #fC: u n y  mll 
-2 $0 81 rvplr 

I I I a 

(5 A B 12 18 20 24 28 



Figure A-22 

Figure A-23 

VACUUM FILT-RE SISTIVIW 

VACUUM F ILT-RE SISTIVlW 
0.35 8 

SCYQLT I scfTENl# 
WUM: 29 inches 4. 
FILTER D I m R  9 n n t i w t m  

1 WE SOLIOS 49.1 5 rtlwt 
O a J 4  FEED SOLIDS 27.5' 5 rtlvol 

FILTER TYPE: glrw aimfiber 
UINDITIOI W: mne 
DOWjE: 81s pcr 58 81s Sludpe 

0.33 ESISTIVITY: 6tc/m1-2 -. 
Y tAKE Dm: thick 
Y) ElWG: 3 rl  rrplr 
5 

WLE : S[IFTEIIIIIG 
VLYXIIII: a i&us IQ. 
FILTER DImTER 9 m t i w t n  
WKE SOLIDS 49.1 S dld 
FEED SOLIDS n.s r a / ~ l  
FILTER TYPE: plrrs m i m f  iber 
MWITlW W: Perm1 722 - L l S  Solution 
WSCIGE: 7 rlr per 58 mls Sldpe 
UESISTIVIN: ~ ~ 1 1 1 ~ 2  
CIY(E #SC: thick 
EmKS: SQ a1 

> 0.32 

0.31 - 

0.3 

FILTRATE WL,  ml 

-83- 

I 
" 

1 1 1 1 1 1 1 1 1 ~ 1 ~ 1 ~ 1 ~  1 1  1  1 
o 2 4 B B t o  12 1 4  1% 1 e 20 



Figure A-24 

VACUUM FlLT-RESISTIVIW 

FILTRATE =to ml 

SmLE : SOrNIIWG L 
YAUU: HI indm Hp. 
FILTER DIlYlETER 9 cent inters  
W(E SOLID5 S7.9 5 d/wt 
FEED SOLIDS 27.5 % ut/vol 

1 
FILTER TYPE: l lass  a i m f i k r  

0 
COWDITI011 -1: Rrcol 722 - 0.1% Solution 
KXXE: 13.75 mls per 50 11s Sludpe 
RESISTIVITT: wc/mla2 
CCKE DEX: thick 
RUApI(5: 3 ml w l e  

Figure A-25 

- 
- 

" 

0.74 - m1t16 

e 7 3  - 
O.? - 

0 . c ~  - 
- 
e 0.66 - 
1 OA4 - 

0.12 - s 
.5. 0.6 - 

0.58 - 
0.SC - 
0.56 - 
0.62 - 

0.5 

WJLM: i r r h ~  tQ. 
FILTE! D!-R 9 m t i w t m  
'WE %IDS s3.9 % ut /d  
mP SOLIDS 27.5 %. d/vol  
FILTER 'TYK: l lass  a i m f i b w  
CDWITIOr MI kc01 m - 0.1% Solution 
m: 27.5 11s pr 58 11s Sludpe 
RESIST IVITV: 8. @I72 m/riA2 
WE m: thick 
-: I 11 W ~ C  

, 
0 20 



Figure  A-26 

VloCUUM FILT-REEIETlVlVY 

F igure  A-27 + 

0.4 

I 

0.3 
0 

VACUUM FILT- RE SISTIVlW 
0.44 

0.43 Ywu : SOFTENIYG 
VIYUI: 8 inches Hp. 

FILTRATE WL,  ml 

YW4.E r rnEWIYG 
W: imfm Hg. 
FILTER D I M R  9 cmt iwters 
W(E SCLIDS 5s S rtlwt 
FEED. =IDS 8 . 5  s rt/voi 
FILTER TV#: glass mimfikr 
CONDITION W: F d 1 3  -10X solution 
D O S E :  7 01s per 58 mls Sludpe 
15!STIVIN: sec/mlA2 
f.W. FSC: thick,reddirh b m  
I W i K s :  s9 el Mmplc 

CI 
1 1 1 1 1 1 1 1 1 v 1 1 1 1 1 1 1 1 1  

2 4 0 B 10 12 ld 16 1 8 20 

0.42 

0.41 - 
0.4 - 
0.39 - 
0.38 - - 8.37 - < 0.3. - 

y 0.35 - 
" 0.34 - 
5 0.33 - 

0.32 - 
0.31 - 
0.3 - 

0.29 - 
0.28 - 
0.27 - 
0.28 - 
0.25 

f!LTWATC W L ,  r r J  

FILER DINEER 9 ant i r t m  
WE SOLIDS .Sl.l s rt/d 
FED %IDS 27.5 1 rtIv01 
FILTER fY#: 0116s ricrofikr 
QWITIOW ISM; Jw - 10r: wlution 
=: 7 rlr per 50 rls Sludge 
ESISTlV1Tlr  wclrlA2 

thick, grayish lhite 
-8 SO d suplr 

CI 

I I I I I I I I I v I I I 1  

0 A B 12 1 B 20 24 2B 



Figure A-28 

VACUUM FILT-RESBTIVIIY 

FILTRATE W L ,  m l  

0.7s 

0.7 - 
o.ee - 

- 0.6 - 
E 

'* Q.?,  4 

Figure A-29 
VACUUM FILT-RESISTIVITY 

SIYPLE:ntIMW191Y:m~ 
UIYUII: 20 inches Hp. 
FILTER DII~KTER 9 cmt iwtcrs 
WE SOLIDS 18.4 Z ut/& 
FEED 5a1~ 1.3 s rtlv01 
FILTER TW€: :.::as; s i c a f i k r  
LWITIOI m: jlkcal 722 -0.11 Solution 
DOSE: 3.B rls per 59 rls Sludpe 
RESISTIVITY: Lei' seC/mlnZ 

0.68 

0-6 - 
0.3s - 

0.5 - 
Z ' 0.45 - 
it 
Y, 

r 0.r - 
C 

0.38 - 
0.3 - 

0.2s - 
0.2 

SFVOLE: nuucmwrncws 
W: 21 in&m 4. 
FILER D I W m  9 m t i r t m  
C#(E SOLIDS 7-6 s 
FEED =IDS 1.3 s rt/vol 
FILER TrK: ~ l r s s  m~crofibw 
CW)ITIDI A6Dn: h l  722 -0.15 Solution 
-: 6.5 rls per 34 mi$ Sludpr 
RESISTIVIN: wc/rlq 
CIlKE #set thin, brom 
mms: 5)  d wple  

" 
1 I I I T I 1 I 

ii CAKf DESC: thin, barn 

0 1 0  20 SO 40 

Y) 

> 0.5 - > 
0 . e  - 

0.4 - 
0.35 - 

0.3 

rEKW.3: q q1 m p l e  

CI 

r 7 1 

0 ! 0 20 



Figure 8-30 

FILTRATE WL, ml 

VACUUM FlLT-Rt SIST IV IW 
1 .B 

Figure  A-31 

1.7 - W Q L E : f n l ~ ~ E F F r n  0 

w: a irchm ~ g .  
FILTER DIRRTER 9 mtirtm 

FILTRATE WL, ml 

M SQIDS Y.0 S rt/rt 
FEED SglDS 1.3 S mt/vol 

0.65 11s p r  50 81s Sludge 
Ce25 rcc/8lnE 

ClWE DESC: thin, bmn 
5) rl smplr 

i.i 

1 

0;s - 
0.0 - 
0.7 - 
0.6 T .  I I 1 

1 :s 

I 

VACUUM f ILT-RESISTIVITY 

I -2 - 
WLE 8 THIDUD ) ~ A C  m m 
VIYM: a i- IQ. 
FILTER DIM€fU 9 mtirtrrr 
WE SQIDS 1Zl s rtlrt 
fEEO SOLIB 1.3 i rtlvol 

, . , ,- 
E 1 - \ 
Y 
Y) 

0.0 - > 
0.0 - 
0.7 - 

0.6 

FILTER rV#: !lass rimfib 
QWITIP1 ENT: CI(M)Z - Im b l u t i o n  
DOSAGE: a.6~ 81s pr so DIS s l d p e  
RESISTIVITTt 0, a' n@~hl"2 
WE DESC: thin, barn 
RD#RI(S: 51 81 smple  

I -- - I I I I I 

0 '  l 0 20 30 4 0  





Figure  A-34 

FILTRATE \10L, ml 

2.1 

1.9 - 
1 .B - 
'' - 

1 .a - 
'E \ l a s  - 
# 1 . 4  - 
5 1.3- t 

1.2 - 
1.1 - 

1 - 
0.1 - 
0.1 - 
0.7 

0  

Figure A-35 

VACUUM FILT-RE SISTIVIW 

SmLf : m.+K CUmVLWRDIUI 
2-VIICUUI: a 1 m c  Hg. 

FILTER D I M E R  9 cmtirtas 
W(E SPIDS 11.1 s utlrt 
F m  =IDS 1.2 % rtlvol 
FILTER PI#: glass microfiber 
CDU)ITI!lN R6EH: Fd13 - 1QI solution 
W%E: 0.6 11s por 50 mls Sludge 
LSISTIVIN: 2. @4 1 022 hlA2 
CCY(E m: t h i n , ~ n , c ~ r k e d  P 90 r . 7 ~  

mm: s ml cvple /' 

I 7 I 
" 

I I 

7 

CI 

2.1 

2 -  

.g , 

1 .s - 
1.7 - 

- 1 .6 - 
E \ ' - a =  

J 
5 1 . 3 -  > 

1.2 - 
1.1 - 

1 - 
0.0 - 
0.0 - 
0.7 

10 20 SO 10 

VAEUUM f ILT-RESIST lWTY 

W L E  : CDlb.SQ(r ~ L ~ & + W I L I I  
VKLUM: 

I 
2a b. 

FILTER D I M E R  9 crntirtrn 
CIM =IDS 7.7 S dld 
FEED SOLIDS 1.2 s rt/vol 
FILTER TY#: alrss microfib 
CW)ITIW MENT: Ca(M)2 - 1OL solution 
DOSE: L6 mls pr 50 11s Slud~e 
RESlSl I V I T Y :  0.62 rs/mlA2 
CW(E m: thin,bram,craclud @ 88 rr 

1 . 4 - m r  Y m1 mmplr 

I 
" 
7 

0 1 0  20 30 10 

FILTRATE Wl, mi 



F i g u r e  A-36 

Figure A-37 

VACUUM FILT-RCSIST IVITT 
2.9 
3.1 - 
2.7 - 
2.8 - 
2.5 - 
2.4, 
2.3 - 
2.2 - - 

FILTRATE WL, ml 

WLE : -.-(IPLlf # # 6 * V W D I U I  
VRCUUI: 2) irrhrs Ha. 
F I L T E R . D ; k 7 E R  9 centlrterr 
C M  W:lDS 7 S ut / d t  

FEED SOLIM 1.2 r U ~ J V O ~  

FILTER TYPE: plrss ricmfibcr 
tOQ;TIm &EN: r l u r  - 16% rolution 
9 J S R i i  : &.a ols per 56 81s Sludpe 

0.40 

0.4.6 - 
0.44 - 
0.42 - 

''' - 
0.38 - 

x 
4. 0.38 - 

0.34- 

3 Oea2 ; 
0.3 

0.20 - 
0.2s - 
0.24 - 
0 22 - 

0.2 - 

VACUUM f ILT- RE SISTlWTY 

WJ : m. -IIPCY CW6*VSYW)I~m. 
V L W :  24 A- IQ, 
FILTER DIKTER 9 mtrwtns 
tCLKE SOLIDS 31.8 S atfat 
FEED SOLIDS 16.3 1 atlvol 
FILTER T P E :  fllrrs ricrofibrr 
CONITIW CIGeKI: Rrml 722 - 0.1% Solution 
DJSA6E: S.2 rlr pr  Y 81s Sludpr 
ESISTIVITY: 0.818 wcfrl"2 
tAKE #se: bran 
mM: Y rl urple 

I I 1 1 T 1 I 1 1 1 1 I- 

0 4 I 12 1 8  20 24 28 

E ' 
CESISTIVITV: \ 0.891 wc/81A2 

kl [ME DESC: thirbbrocln,crrckrd C 115 sec 
UJ .' - RENkS: 58 BI wplr 

1.0- > 1.7 - 
1.6 - 
1.6 - 
1.4- 
1.3 - 
1.z - 
1 . 1  - 

1 - 
0.0 1 

m 
1 7 I 

0 10 20 30 

FILTRATE E L ,  ml 



Figure  A-38 

FILTRATE W L ,  ml 

VACUUM FlLT-RESISTIMN 
0.6s 

, I WLE : m. -Wac m a s + V ~ l U S # T .  

o.e ,J vIICIM: 28 inches np. 

Figure A-39 

0.5s - 
0.5 - - 

E ' 0'4s - 
Y 
Y) 

5 0.4 - 
'5. 

0.3s - 
0.3 - 

0.25 - 
0.2 - 

(5 

VACUUM FlLT-RESISTl\nW 
1 .I 

SRLE : KNB. -EQK C@&VIYW)1USOn. 
VnCUH: 2) incttes 4. .' - FILTER DIETER 9 c m t i r t m  
wx SOLIDS s.1 a rtlut 

1.6 - FW SLKIDS 10.3 I rtlvol 
FILTER TYPE: plus ricrofikr 

.S - CONDITION AGDCT: FeC13 - 1B solution 
- DOSIIGE: 5.2 11s pr SO mls Sludge 
E KSISTIVITY: 8.W m/mlA2 

1 . 4 - ~ ~ :  Y bran 
Y, EmKS: 5( rl rvplr 

FILER DIWllt7ER 9 m t i m t e n  
CkKE SOLIDS 39.6 I rtlut 
FEED SOLIDS 10.3 Z atlvol 
FILTER TYPE: glass ricrofibcr 
CW31TIO)I SENT: Ptrcol 722 - 6.11 Solution 
CDSRSE : 13 rls pt 56 11s Sludge 
;ES:STIVITY 1 8.82 ccchlA2 
WE DESC: brwn 
flEnm6: 3 81 m l ~  

c. 
I 7 

1 0  20 30 

FILTRATE WL, ml 



Figure A-40 

VACUUM FlLT-RESISTlVlW 

FILTRATE e L ,  ml 

1 

0.9s - 
OSs - 

0.83 - 
0.0 - 

0.7s - 
0.7 - 

0.15 - 
0.6 - 

0.55 - 
0.5 

Figure A-41 

- 

: m , - W a c  U]IIG*VWIUFSOFT. 
VIICUUII: a l t r k 5  Hg. I 

FILTER DlCYQfER 9 m n t i ~ t m  
WKE SOLIDS JJ r rt~*t 
mn SOLIDS la 3 r rtlv01 
FILER M:  lass m~crofiber 
COND:TI(II RENT: b(M)2 - l0S solution 
W E  : 5.2 11s per 50 rls Sludge 
RESISTIVITY: 0.022 cac/mlA2 
CCWE DESC: 
m R d S :  3 11 W P ~ C  

1 I I I 

0 4 B 12 16 20 26 2E 

VACUUM rlu- REEIETIVIW 
1.7 

' *a - 
1 .a - 
.4 - 

1.3 - 
1.2 = 

1.1 - 
1 - 

0.0 - 
0.1 

WLE : CDQ.-MJac ~V#W)IUkSm. 
WUm: 29 i tdss  Wp. 
FILTER DIIYQTER 9 mtirtem 
CIHF SOLIOS 32 1 rt/*t 
Fm) StILIDS lL3 8 utlvol 
FILTER TY#: glass umfibm 
CWDlTlW SW: rlur - 101 solution 
WSRGE: 1 2  81s per W 81s Sludge 
RESISTIVITY: LO39 c+r/814t 

bEfC: 
IEIutRKS: 9 81 rrplr 

1 1 1 I 1 

0 4 B 12 16 20 24 



Figure A-42 

SOUOS 7 HlL'KENlfJI; TEST PLi3.T 

I 1 
S L W :  UNDlGESTED lddC BIO 
alNDlT1~R: MnE 
WSAE (I BY DRY YT. ) : 
INITICIL SOLIDS MNC. : 10825 rgil 
! X t P E ~ T ~  SOLIDS CONC. : 

TIM E ( ~ i n u t c ~ )  

Figure A-43 
SOUDS 1 HlCKENlND TEST PLOT 

00 

35 

30 - 
n 
E 
U 

25 - 
2 

20 - ! 
tL 0 1s- 

6 r 
i o -  

5 - 

SUDS: W16ESm) )(PRC BIO 
CWITIONER: PEW;OL 722 
DOSE(% BY DRY Ul. 1: 8.1 
INITIRF SOLIDS CONC. : 10125 rgil 

o SUPEMTRNT SOLIDS 'w. : mgll 

0 

0 
0 
0 

o 
0 

0 
0 

0 0  
0 0 

o l l l l r l l l l ~ ' ~ l ~ l ~ l l l l  

0 20 A 0  60 Bir 100 120 140 160 l8C1 2cao 



F igu re  A-44 

SGUOS TtllCkEIJIt-113 TEST PLQT 

DLl%6€(% BY DRY YT.): 
INlTIlY SOLIDS CONC. : 10125 rg/l 
SUPER)IyITM SOLIDS CO)(C.: 

0 

El 

0 

I 
I 
I 

TIME(Min u k s )  

Figure A-45 

SOUOS THICKENING TEST PLOT 
44 

SLUDGE: DIGESTED W BIO 
A "  CWDITIMR: WNE 35 - 

30 - 
r\ 

F? - 25 - 
g 

20 - W z 
t 15 - 
c: r 

10 - 
5 - 
0 

"% DOSM(I BY DRY U.1: 

0 
INITIA SOLIDS CONC. : 8229 q / l  

0 
SUPElWATlWT =IDS W. : 218 q / l  

0 

0 
0 

0 \ 

0 

0 
0 

l l l r l 1 1 1 1 1 1 1 1 1 1 1 1 1 (  

0 20 40 80 80 100 120 140 180 I 6 0  2150 



Figure  A-46 
SOUDS THlCKEtJlNG TEST PLOT 

40 

SLUDGE: DIGESTED NW BID 
CONDITIONER: PERWL 722 

35 -1 D O S M ( %  BY DRY YT. 1: 8.1 

INITIIV SOLIDS CONC.: 8228 mgll 
SUPERNllTfflT SOLIDS CUNC. : 218 mg/l 

h 

3 0 -  0 

E 
U 
w g 2.1 

0 = 20 ? z 
k 

0 
G 
r 

t o  1.1 O n  n o O o  a a 

I 
I 

r 1 l l 1 l l  

0 20 JO 60 BO 100 120 1 &0 160 180 200 

Figure .A-47 
SOUOS THICKENING TEST PLOT 

40 SLUDGE: DIGESTED N P K  BID 

CONDITIONER: KRCOL 722 
I 

35 D O W E ( %  BY DRY Ul.): B.2 I 
INITIRL SOLIDS CONC. : 8228 rgll 
WPERWTRNT SULIOS CONC. : rg/l 

3 0 
h 

E 
2s 

3 
e w 20 
t 
f 

!i g 8 15 
0 

1 0  - 
O O O o o  B R 

5 - 

0  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0  20 40 a0 80 ii10 120 1 a0 1 a0  180 200 



F i  gl.irt? A-49 
SOU09 THICKENING TEST PLOT 

4J3 
SLUDGE: DIGESTED PCY: B I O  
CONDITIONER: NtNE 
WSRGE (I(  BY DRY YT. ) : 
I N I T I R L  S O L I D S  CONC. : 13130 q/ 
SUPERNIITCWT S O L I D S  CW.: 402 mq/ 
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Figure  A-66 
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SOUOS THICKENING TEST PLOT 
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Figure  A-72 
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Figure A-76 
SGUDS TH1C)rENING TEST PLOT 

40 , 
SLUDGE: CMBIWTI[)N: NPac COIIG * VIYW)lUII * m. 
UM)ITIONER: PEIEUIL 722 

35 MS&E BY DRY YT. : 8.05 

I N I T I A  SOLIDS CDNC. : 18544 rp/l 
SUPEMTMi %IDS WHC. : .o/ 1 

(4 

0 

0 

0 
0 

1 0  
Oo 

0 
0 0  0 

TIM E ( ~ i n  ukr) 

Figure A-77 
SOUDS THICKENING TEST PLQT 

40 I 

DOWE(% BY DRY UT. ): #. 06 
I N I T I A  SOLIDS W. : 18544 mg/l 
SLIPEWTIWT SOLIDS COIC.: q/l i 



Figure A-78 
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APPENDIX B 

ANALYTICAL METHODS 

QUALITY CONTROL PROCEDURES 

The r o u t i n e  q u a l i t y  c o n t r o l  procedures described i n  Q u a l i t y  Assurance 

Program f o r  Environmental Systems D i v i s i o n  Laboratory F a c i l i t y ,  Ca ta l y t i c ,  

Inc ,  , were s t r i c t l y  f o l  lowed. l o  c O n T r O i  " a c c ~ r a c y "  o f  analyses, t h a t  program 

requ i res  spike recovery determinat ion on d i s t i l l e d  water and samples. For 

d i s t i l l e d  water sp ik ing ,  t h e  f o l l o w i n g  equat ion i s  used t o  ca l cu la te  the  

recovery: 

where P i s  percent  recovery o f  a standard, C i s  t h e  measured concentrat ion, 

and T i s  the t r u e  concentrat ion.  For each analys is ,  P must f a l l  w i t h i n  the  

prescr ibed range f o r  t h a t  ana lys is .  

For sample s p i k i n g , . t h e  percent  recovery P i s :  

P = 1 0 0 ( d ~ / s ~ i k e  added) 

(2) 

where dC i s  t h e  d i f f e rence  between the  concentrat ions measured f o r  the  spiked 

and unspiked samples. Spike added i s  t h e  concentration increase o f  t he  

ana ly te  i f  t h e  recovery were 100%. Again, P must f a l l  w i t h i n  the  acceptable 

range f o r  a g iven ana ly te .  

The q u a l i t y  assurance program a l s o  c o n t r o l l e d  llprecisionlt o f  t he  

analyses. P rec i s ion  was c o n t r o l l e d  by ana lys is  o f  r e p l i c a t e  pa i rs ;  t he  

d i f f e r e n c e  between the  two analyses was compared t o  a prescr ibed standard. 



This i s  expressed mathemat ica l ly  as: 

where A and 8  a r e  observed concent ra t ions  o f  t h e  r e p l i c a t e  analyses, and R i s  

t h e  abso lu te  value o f  t he  d i f f e rence .  R must f a l l  w i t h i n  the  acceptable range 

f o r  each a n a l y t i c a l  procedure and i s  concent ra t ion  dependent. 

A frequency o f  10% o f  sample load was used f o r  ana lyz ing  sample spikes o r  

water spikes. Also, 10% o f  t he  sample load was used f o r  r e p l i c a t e  sample 

ana lys i s .  Where r e p l i c a t e s  were run, t h e  average value was repor ted.  

To ta l  Organic Carbon (TOC) 

TOC was determined on u n f i l t e r e d  samples a f t e r  t reatment  w i t h  

concentrated hyd roch lo r i c  ac id,  t o  p rov ide  removal o f  inorgan ic  carbon du r ing  

a n a l y s i s  on a Dohrman DC-SO TOC Analyzer. I n te r fe rences  were due t o  s u l f a t e ,  

which g r a d u a l l y  lowered t h e  convers ion e f f i c i e n c y  o f  t h e  rhodium c a t a l y s t  i n  

t h e  reduc t i on  zone o f  t h e  furnace tube, where carbon d i o x i d e  was reduced t o  

methane f o r  de tec t ion .  This  i n t e r f e r e n c e  was accounted f o r  by f requent  

r e c a l i b r a t i o n  o f  t h e  inst rument  w i t h  potassium a c i d  ph tha la te  standards. 

Sample d i l u t i o n  was a l s o  used whenever poss ib le .  

To ta l  Dissolved S o l i d s  (TDS) 

TDS was found by f i l t r a t i o n  o f  unpreserved samples and evaporat ion o f  t h e  

f i l t r a t e s  i n  an oven s e t  a t  180°c, accord ing  t o  EPA ( 3 )  Method 160.1. 

The p r a c t i c a l  range o f  t h e  de terminat ion  i s  10  t o  20,000 mg/l; t h e  lower 

l i m i t  o f  d e t e c t i o n  o f  t he  method as p r a c t i c e d  w i t h  a  sample volume o f  50 m l  

was,est imated t o  be 20 mg/l. 

Q u a l i t y  c o n t r o l  measures invo lved t h e  prewashing o f  t h e  g lass  f i b e r  

f i l t e r s  used i n  t h e  separat ion o f  s o l i d s  f rom t h e  samples, and so were 

rep1 i c a t e  analyses . 



Tota l  Suspended So l i ds  (TSS) and V o l a t i l e  Sus~ended So l ids  (VSSl 

TSS and VSS were performed on unpreserved samples, according t o  Methods 
7 209.0 and 209.E i n  Standard Methods . I n  these procedures, the  res idue on 

t h e  f i l t e r  from the  TDS determinat ion i s  d r i e d  a t  1 0 3 - 1 0 5 ~ ~ ,  then a t  5 5 0 ~ ~  

t o  f i n d  the  TSS and VSS components o f  t h e  wastewater. 

The l i m i t  o f  d e t e c t i o n  f o r  a sample volume o f  50 m l  was est imated t o  be 
20 mg/l f o r  TDS o r  VSS. 

Q u a l i t y  c o n t r o l  measures invo lved t h e  prewashing o f  t he  glass f i b e r  

f i l t e r s  and blank checks on f i l t e r s  w i t h  d i s t i l l e d  water passed through them 

i n  p lace  o f  a sample. The weight change was recorded on q u a l i t y  c o n t r o l  

sheets. Sample r e p l i c a t e  data were a l s o  recorded f o r  TSS. The r e s u l t s  o f  the 

TSS showed a h igh  v a r i a b i l i t y  ( l ow  p rec i s ion )  f o r  samples w i t h  very h igh  

suspended s o l i d s  l eve l s ,  due t o  t h e  d i f f i c u l t y  o f  sampling these suspensions. 

DH 
pH was measured w i t h  a combinatfon g lass e lec t rode s ldndardi red aga ins t  

commercially a v a l l a b l e  b u f f e r  so lu t ions ,  as referenced i n  EPA (3)  Method 

150.1. Temperature compensation, i f  requi red,  was provided by manual 

adjustment o f  t he  meter con t ro l ,  a f t e r  measurement o f  t he  sample temperature. 

EXTRACTION PROCEDURE (EP)  TOXICITY 

Dewatered sludges were leached w i t h  water a t  pH 5 g . 2  as spec i f i ed  i n  

"Test Methods f o r  Evaluat ing S o l i d  Waste" (SW-846, 1980), publ ished by the  

U.S. EPA. The f i l t r a t e  from the  leach ing  t e s t  was analyzed f o r  the  f o l l o w i n g  

e i g h t  metals w i t h  atomic absorpt ion methods i n  t h e  c i t e d  reference: Arsenlc, 

Barium, Cadmium, Chromium, Lead, Mercury, S i l v e r ,  and Selenium. The chromium +6 

i o n  was determined i n  the  f i l t r a t e  i f  t h e  t o t a l  chromi'um was above the  maximum 

concent ra t ion  o f  5.6 mg/l f o r  t h i s  metal .  
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