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H
istory of N

PD
ES 

�
1970-U

S EPA
 

�
1972-C

lean W
ater A

ct 
�

M
id-70s- U

S EPA
 

C
onstruction G

rants 
 

> $100 B
illion! 

�
Late-70s- 87%

  U
SA

 
W

W
TPs in non-

com
pliance 

�
W

hy? 

N
ational O

&
M

 C
ause 

and Effect Survey 
1. O

perator A
pplication 

2. Testing 
3. I&

I 
4. B

asic U
nderstanding 

5. “M
isinform

ation´ 
from

 “authoritative 
sources´ 
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A
l W

est M
ethod: Sludge Q

uality 

�
Early-seventies 

A
l W

est and staff in 
N

FIC
 (enforcem

ent) 
Troubleshooting plants 
Published A

ctivated 
Sludge O

perational 
C

ontrol pam
phlet 

series 
 

�
Late-seventies 

A
l W

est and staff in 
N

TO
TC

 (training) 
Training operators in-

house and at plants 
around U

SA
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Process C
ontrol Strategy or Plan 

   
�

C
onstant M

LSS 
�

D
etention Tim

e 
�

Food/M
icroorganism

 
�

Sludge A
ge/Inventory 

�
Sludge U

nits 
 

 

 
  

�
Sludge V

olum
e Index 

�
Process C

ontrol Index 
�

A
lkalinity 

�
H

illsboro, O
R

 C
ube 

�
O

R
P, etc., etc., etc. 
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C
harles M

anson Process C
ontrol: 

H
elter Skelter 

�
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Exam
ple: H

illsboro, O
R

 C
ube 

�
Zickafoose, et.al. 
developed this control 
schem

atic to keep 3 
im

portant operational 
param

eters w
ithin 

acceptable ranges, i.e. 
the center cube. 

�
This strategy is at least 
three tim

es better than 
one m

agic num
ber! 

H
 

L 

H
 

L 

O
K

 

SSV
5 

F/M
 

SO
U

R
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Exam
ple: PC

I 

�
The Process C

ontrol 
Index w

as developed 
by an operator that 
understood the effects 
of tem

perature on the 
process and attem

pted 
to incorporate the 
effect into a control 
param

eter 
 

�
Pro: It is the only 
control strategy in the 
literature (?) that uses 
the m

ixed liquor 
tem

perature in the 
calculation of the 
control  num

ber 
�

C
on: It is still only one 

“m
agic´ num

ber 



8 

Sam
pling 

T
ypes of sam

ples 
�

G
rab 

�
C

om
posite 

�
Flow

 Proportional 
 

T
ypes of C

ontainers 
�

G
lass (oil &

 grease) 
�

A
utoclaved (bacterial) 

�
O

rganic-free (carbon) 
�

C
lean, but not w

ith 
detergent for 
phosphorous sam

ples 
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Testing: Q
ualitative/Q

uantitative 

�
Q

ualitative testing 
tells us about process 

�
Eyeball, N

ose and Ear 
Test: Physical 
O

bservations 
�

W
here? 

�
Q

uantitative testing 
tells us about process 
too but also…

 
�

Puts a num
ber on it! 

�
H

ow
 m

uch? 
�

H
ow

 long? 
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M
onitoring Tests 

�
Q

uantitative tests 
�

U
sed to tell us how

 
adjustm

ent w
orked 

Exam
ple: 

Effluent Sam
ples 

�
B

O
D

5 

�
C

oliform
s 

�
Turbidity 

M
ost m

onitoring inform
ation typically untim

ely 
and not very useful for control adjustm

ents 
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Process C
ontrol Testing 

“Y
ou can¶t control w

hat 
you don¶t m

easure!´ 
Solids Inventory C

ontrol 
•

W
here are the solids? 

•
H

ow
 m

uch is there? 
•

For how
 long 

A
m

m
onia C

ontrol 
•

<1.0 m
g N

H
3 -N

? 
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C
ontrol Tests 

�
Q

uantitative tests 
�

U
sed to m

ake tim
ely 

adjustm
ents 

�
Flow

 R
ates 

�
Settleom

eter 
�

C
entrifuge 

�
Sludge B

lanket 
�

pH
 &

 C
/N

/P 
�

D
issolved O

xygen 
�

O
R

P 
�

O
xygen U

ptake 
�

M
icroscope, etc. 
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D
ata Interpretation 

�
H

ardest part of 
process control to 
learn and becom

e 
proficient 

�
U

sually takes m
ore 

than a year 

Involves sim
ple 

arithm
etic and graphic 

skills 
�

calculations of control 
param

eters 
�

use of spreadsheets 
�

plotting of trend charts 
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R
equirem

ents for efficient 
process treatm

ent 

�
Food - M

easured by 
B

O
D

, TSS &
 N

 in 
influent 

�
B

ugs - M
easured by 

M
LSS and A

TC
 

�
A

ir - M
easured by air 

flow
 rates, D

O
 &

 O
R

P 
 

�
M

ixing - keeps bug in 
contact w

ith food and 
air (oxygen) for 
synthesis 

�
Tim

e - bug needs 
adequate tim

e to break 
dow

n food and to 
synthesize 
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A
ctivated Sludge: A

 suspended 
grow

th biological treatm
ent process 

�
A

ctivated sludge 
(suspended grow

th) 
suspends the 
biological solids in the 
reactor 

�
In attached grow

th 
system

s (trickling 
filters, R

B
C

s*, etc.) 
the biological solids 
grow

 on som
e type of 

m
edia 

R
B

C
s and clarifiers 

O
xidation ditch and clarifiers 
H

eUe¶V a SlaQW iQ O
hiR 

w
ith both, attached and 

suspended grow
th system

s   

* R
otating B

iological C
ontactors 
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Select the right process for the job! 

�
A

ttached grow
th for 

extrem
ely high 

strength organic w
aste 

�
Suspended grow

th 
for consistently 
producing excellent 
effluent quality 

F
ixed nozzles and 

redw
ood m

edia in 
F

rem
ont, N

E
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A
erobic B

iological Treatm
ent 

C
onversion of organic 
m

aterial to sludge 
�

A
ttached G

row
th: 

conversion occurs on 
m

edia 
�

Suspended G
row

th: 
conversion occurs in 
the aeration tank 

Separation of sludge 
from

 the w
astew

ater 
�

A
ttached G

row
th: 

biosolids form
ed are 

dense and separate 
readily in clarifier 

�
Suspended G

row
th: 

biosolids form
ed are 

lighter and m
ay not 

settle w
ell 



18 

C
ontrols for A

ctivated Sludge 

�
M

ode C
ontrol: C

ontrols the point of food 
application and the am

ount of food at the 
point.  This is very pow

erful! 
�

W
A

S: C
hanges the age of the biom

ass, 
altering its characteristics 

�
R

A
S: C

ontrols the length of tim
e allotted 

for the biosolids to settle 
�

A
ir: Provides O

2  for the process 



19 

Sequencing B
atch R

eactor (SB
R

) 

�
The sim

plest of the 
various activated 
sludge designs 

�
It com

bines 
C

onversion and 
Separation into one 
tank 

�
C

ycles com
m

only 
called Fill &

 D
raw

 

Influent 

A
ir 

W
A

S 

Fill 

D
raw

 

Effluent 
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SB
R

: Y
ou have to w

aste M
LSS 

W
A

S Typical C
larifier 

(continuous operation 
w

ith positive collection) 

W
A

S 

 

D
raw

 

Effluent 
Effluent 

Theoretical SB
R

 
(batch operation)  

R
eality C

heck 

rake arm
 

positive collection? 
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SB
R

: K
now

n W
A

S C
oncentration? 

�
Y

ou have to know
 the am

ount of W
A

S 
A

N
D

 the W
A

S C
oncentration (W

SC
)! 

�
W

hen you try to w
aste during the D

raw
 

C
ycle, the concentration changes anyw

ay…
 

and you don¶t know
 w

hat it is! 
�

W
hen you w

aste M
LSS during the Fill 

C
ycle, M

LSS stays at constant 
concentration due to aeration, it doesn¶t 
thicken! 
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M
ode C

ontrol: PO
W

ER
FU

L! 
Point of application of food (F) 
Plug-flow

 (conventional) 
  C

om
plete-m

ix 

C
ontact-Stabilization 

  Step-Feed 

S 
C

 

F 

F 
F 

F 
F 

F 
F 
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L
ength of tim

e 
H

ydraulic D
etention T

im
e (H

D
T

) 
�

tim
e w

ater is in a tank 
�

volum
e/flow

 rate (typically in hours) 
Sludge D

etention T
im

e (SD
T

) 
�

tim
e solids are in a tank (SD

T>H
D

T) 
�

solids in tank/rate of w
ithdraw

al (hours)  
Sludge A

ge (m
any different variations) 

�
D

ynam
ic Sludge A

ge (D
SA

) best (days) 



24 

Equalization (EQ
) Tank    D

aily flow
 pattern 

w
ithout EQ

 

w
ith EQ

 

M
ost m

unicipal W
W

T
Ps do not have E

Q
. 

M
ost industrial W

W
T

Ps do have E
Q

. 
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C
hem

icals: Industrial- SO
P,  

but M
unicipal- E

m
ergency 

O
xidants 
�

chlorine 
�

hypochlorite 
�

ozone 
�

peroxide 
�

perm
anganate 

R
educing A

gents 
�

sulfur dioxide 
�

bisulfite 

Settling A
ids 

�
Polym

ers 
•

cationic 
•

anionic 
•

non-ionic 
�

Iron salts 
�

A
lum

inum
 salts 

�
L

im
e (calcium

 oxide) 
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C
om

m
on Treatm

ent Processes 

1.  C
onventional 

�
aka. Plug Flow

 
2.  E

xtended A
eration 

�
e.g. oxidation ditch 

3.  C
om

plete M
ix 

4.  C
ontact Stabilization 

�
aka. A

eration/R
eaeration 

5.  Step A
eration  

�
aka. Step Feed 

  

IN
F

 &
 

R
A

S
 

IN
F

 &
 

R
A

S
 IN

F
 &

 
R

A
S

 

R
A

S
 

IN
F

 
R

A
S

 

1 

2 3 4 

5 
IN

F
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U
ncom

m
on Treatm

ent Processes 
6. H

igh R
ate: O

lder design that looks like conventional plug 
flow

 but designed w
ith shorter detention tim

e, e.g. 2 hrs., 
typically for pretreatm

ent. 
7. K

raus: O
lder design that looks like contact stabilization 

but designed w
ith additional line to supplem

ent anaerobic 
digester supernatant for nitrogen deficient feed. 

8. Pure O
xygen: C

urrent design that uses covered reactor to 
capture excess oxygen (instead of air) to provide sm

aller 
footprint.  U

ses cryogenic separation or m
olecular sieve.  

9. T
rickling Filter - Solids C

ontact: C
urrent design that 

em
ploys com

bination of suspended and attached grow
ths. 
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1.  C
onventional (Plug Flow

) 

�
U

sed for typical m
unicipal 

w
aste w

here dom
estic 

w
aste is m

ajor constituent 
�

W
ith prim

ary treatm
ent, 

typically yields excellent 
effluent quality 

�
A

verage sludge 
production, e.g. 0.6 lb. dry 
solids per lb. B

O
D

 

Influent 

M
ixed Liquor 

R
eturn 

Sludge 
W

aste 
Sludge 
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2.  Extended A
eration: O

xidation D
itches, 

SB
R

s, A
erated Lagoons and Package Plants 

�
Features 18-24 hour 
detention tim

e 
�

U
sually selected for 

am
m

onia rem
oval since 

B
O

D
 is rem

oved first, 
then N

O
D

 
�

Extended aeration designs 
usually do not include 
prim

ary treatm
ent 

�
Sludge production is low

 
due to endogenous 
respiration, e.g. <0.6 lb. 
dry solids per lb. B

O
D

 

Influent 

M
ixed Liquor 

R
eturn 

Sludge 

W
aste Sludge 

brush aerators 
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Exam
ples of Extended A

eration Plants 
Industrial O

xidation D
itch 

Industrial A
erated Lagoon 

M
unicipal SB

R
 

Prison Package Plant 



31 

3.  C
om

plete M
ix A

ctivated Sludge 
Influent 

�
 For m

ixtures of dom
estic 

and industrial w
astes w

ith 
highly variable 
characteristics and strong 
concentrations 

�
C

onsider the use of 
biological selectors for 
m

oderate or light loadings 

R
eturn 

Sludge 

M
ixed Liquor 

W
aste Sludge 

optional 
selector 
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4.  C
ontact Stabilization 

�
D

esign for w
astes that are 

som
ew

hat high in organic 
strength and/or colloidal 
m

aterial 
�

 For com
m

unities 
receiving excessive 
infiltration or inflow

 that 
results in solids w

ashout 
�

Sludge production can be 
excessive in plants 
w

ithout prim
ary treatm

ent 
 

Influent 

R
eturn 

Sludge 

M
ixed Liquor 

W
aste Sludge 

Stabilization or 
R

eaeration Tank 

C
ontact or 

A
eration Tank 
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5.  Step A
eration (Step Feed) 

�
This variation is the m

ost 
flexible perm

itting the 
operator to select and 
change his basic process 
cycle to accom

m
odate 

unexpected overloads, to 
adjust sludge solids 
distribution and to control 
m

ixed liquor sludge 
characteristics 

�
Its costs m

ay be an 2-3%
 

for extra piping? 

Influent 

M
ixed Liquor 

R
eturn 

Sludge W
aste Sludge 



34 

Process V
ariations 

 
 

 
 

 
 

A
H

D
T

  A
SD

T
 

D
SA

 
 

 
 

 
 

 
(hr.) 

(hr.) 
(day) 

H
igh-R

ate 
 

 
 

2 
2 

3-5 
C

onventional  
 

 
4-8 

4-8 
5-10 

C
om

plete M
ix 

 
 

3-8 
3-8 

5-10 
C

ontact-Stabilization 
 

.2-1.0 
4-8 

5-10 
Step-Feed 

 
 

 
.2-8 

4-8 
5-10 

E
xtended A

eration 
 

 
16-24 

16-24 
10-15 

K
raus  

 
 

 
.2-1.0 

4-8 
5-10 

Pure O
xygen  

 
 

2 
2 

2-5 
T

rickling Filter-Solids C
ontact 

.5-1.0 
days 

very old 
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Sum
m

ary 

�
O

perator input critical 
�

H
old routine O

&
M

 
m

eetings 
�

Process Supervisor 
•

M
ode C

hanges 
•

W
asting D

ecisions 
�

Shift Supervisor 
•

R
A

S A
djustm

ents 
•

A
ir A

djustm
ents 


