
 
C

hristopher M
iller, PhD

, P.E. 
C

EO
 and P

resident 
    

The O
perator Training C

om
m

ittee of O
hio 

55
th A

nnual W
ater W

orkshop 
  

M
arch 8, 2017 

D
ata A

nalytics and W
ater Treatm

ent Process O
ptim

ization 



2
 



3
 

S
keriotis et al., 2016. 

•
3 year study at 
the A

kron w
ater 

plant (“real” 
data) 

 •
M

easured D
O

C
, 

TH
M

, and H
AA 

of raw
 and 

treated sam
ples 

 •
C

om
pared alum

 
vs. A

C
H

 
perform

ance 
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“A
utopilot didn’t put pilots out of a job; instead it 

foreshadow
ed an increasing collaboration 

betw
een hum

an and m
achine on com

plex tasks.” 
 Laurent H

aug 
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M
any challenges including: 

�
Increasing treatm

ent com
plexity and com

pliance risk 
�

B
udget-financial pressures 

�
H

eightened public expectations 
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H
istorical D

ata 
Future D

ata 

D
ata A

nalytics 

H
ow

 do w
e apply D

ata A
nalytics to W

ater 
Treatm

ent Process O
ptim

ization? 
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SC
A

D
A

 

C
an be custom

ized for 
Predictive and Prescriptive 

D
ata A

nalytics 

$$$$$$ 
$ 

D
ata A

nalytics 

H
istorical 
D

ata 

Future 
D

ata 
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D
ata A

nalytics 

H
istorical 
D

ata 

Future 
D

ata 

1
st Q

tr C
om

pliant! 
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D
ata A

nalytics 
W

ater Treatm
ent Process O

ptim
ization 

H
istorical 
D

ata 

Future 
D

ata 

•
C

hem
ical D

ose 
R

ecom
m

endations 
•

Perform
ance 

Tracking 
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“A
utopilot didn’t put pilots out of a job; 

instead it foreshadow
ed an increasing 

collaboration betw
een hum

an and 
m

achine on com
plex tasks.” 

 Laurent H
aug 
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M
isc: 

1.
W

hat happened – trending! 
2.

W
hy did it happen – com

bine plots or 
indicators 

3.
W

hat w
ill happen – our TH

M
 m

ax!!  
S

im
ulation! 

4.
W

hat should I do?  O
ptim

ization-dosing 
recom

m
endations but not autom

ation!! 
5.

H
A

C
H

 W
IM

S
 

6.
G

E
 P

redix and O
ther S

C
A

D
A Platform

s 
 

D
ecision M

aking flow
 graphic 
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C
ore Treatm

ent O
bjectives: 

1.M
inim

ize settled and/or filter turbidity 
2.C

om
ply w

ith the TO
C

 rem
oval targets based on w

ater quality and disinfection 
byproduct lim

its 
3.P

rovide “high” quality w
ater at low

 cost 
 

W
ater Treatm

ent O
bjectives O

verview
 

H
ow

 does a w
ater plant sim

ultaneously m
eet all three objectives under “norm

al” conditions?  
O

ther challenging scenarios (“Large” rain event)? 
M

ulti-objective O
ptim

ization! 
 

R
aw

 W
ater TO

C
 

(m
g/L) 

Source W
ater Alkalinity (m

g/L as C
aC

O
3) 

0-60 
60 - 120 

120+ 

TO
C

 ≤ 2 
N

o A
ction 

N
o A

ction 
N

o A
ction 

2 < TO
C

 ≤ 4 
35%

 
23%

 
15%

 

4 < TO
C

 ≤ 8 
45%

 
35%

 
25%

 

TO
C

 > 8 
50%

 
40%

 
30%
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•
The goal is to find chem

ical dose 
com

binations that m
inim

ize cost and 
m

inim
ize w

ater quality m
easures (e.g. 

settled turbidity) 
•

The C
urrent C

ondition (C
C

) is not the 
optim

um
 condition 

•
D

B-A
I provides optim

um
 solutions for tw

o 
other conditions: 

(a)
Low

er C
ost – S

im
ilar W

ater Q
uality (LC

) 
(b)

Treatm
ent O

bjective – Low
est C

ost (TO
) 

•
S

olutions are chem
ical dose 

recom
m

endations 

M
ulti-O

bjective O
ptim

ization B
asics 

TO
 

LC 

Current Condition 

A
nd as the source w

ater quality 
changes, the current condition and 
optim

um
 solutions w

ill also change 
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D
ecision B

lue A
.I. (D

B
-A

I) Introduction 
•

D
ecision Support w

ith M
odeling and M

ulti-O
bjective O

ptim
ization (i.e. A

rtificial 
Intelligence) as Foundation 

•
B

enefits 
1.

Incorporates W
ater P

lant E
xperience and E

xpertise in the D
ecision M

aking P
rocess  

2.
C

hem
ical C

ost S
avings 

3.
O

perational C
ost S

avings (e.g. im
proved filter perform

ance and reduced sludge production, 
reduced labor costs associated w

ith jar or other testing) 
4.

E
nhanced W

ater Q
uality: > 10%

 reduction in average filter effluent turbidity and > 30%
 D

B
P 

reduction 

•
C

ustom
ized for the current w

ater plant chem
ical use, w

ater quality data sources, and 
treatm

ent objectives w
ithout any additional equipm

ent requirem
ents. 

•
O

perators and supervisors can receive valuable chem
ical dose recom

m
endations for 

changing w
ater quality and treatm

ent conditions. 
    

 
 

 

S
ource W

ater Q
uality 

+ 
C

hem
ical D

osing 
S

ettled Turbidity 
S

ettled U
V

254 
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Treatm
ent O

ptim
ization Proficiency 

1.
Scenario B

ased M
ulti-objective O

ptim
ization 

•
   H

ow
 can chem

ical application be optim
ized under various treatm

ent scenarios? 
1.

H
igh Turbidity 

2.
Taste and O

dor E
vent 

3.
H

igh D
O

C
 or D

B
P C

oncerns 
4.

C
hem

ical spill or specific chem
ical of concern (e.g. atrazine) 

2.
D

aily M
ulti-O

bjective O
ptim

ization 
•

O
ptim

al chem
ical doses for “routine” operations m

ade on a daily basis 
3.

R
eal-Tim

e M
ulti-O

bjective O
ptim

ization 
•

D
ose recom

m
endations can be m

ade in real-tim
e w

ith autom
ated data collection 

(S
C

A
D

A
) and daily lab results 

    
 

 
 

S
cenario B

ased O
ptim

ization 
D

aily O
ptim

ization 
R

eal-Tim
e 

O
ptim

ization 


