
You Can’t Run A Plant Using Science!
(Psst…Yes You Can!)

Using Lab, SCADA, Operational, and Design data 
to predict and optimize plant performance
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Dayton Water System

• Ottawa WTP

– 1952

– Conventional Treatment

– Precipitative Lime Softening

– 96 MGD Design Capacity

– 40 MGD Average Daily  



Lime Reclamation Facility

• Completed in 1957

• 150 tpd Capacity

• Recycle softening residuals

• CaO reused at WTPs



Dayton Water System

• Miami WTP

– 1965

– Four Up-flow Clarifiers

– Precipitative Lime Softening

– 96 MGD Design Capacity

– 30 MGD Average Daily  
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Chemistry of the Kiln 

Softening residuals from Dayton WTP’s

1st Stage : Carbonation

CaCO3 + Mg(OH)2 + 2 CO2 → Mg(HCO3)2 + CaCO3

solid solid gas from kiln liquid process solids 



Chemistry of the Kiln 

2nd Stage : Calcination

CaC03 →  CaO  + H2O  + CO2 

• 2000° F

• CO2 for Carbonation in Stage 1 



2010 Evaluate LRF



Inception of Importing Residuals

• 2010  EE&T Study 

• Proposed a residuals-
handling facility 

• 2012 Demonstration 
study



2014 LRF Expansion



New Facilities



New Facility - New Challenges

• No “shake down” period

• Operators asked to operate 
differently

• New challenges

• Growing pains

• Much frustration

• Task Force met weekly



Questions to Answer

• How many pounds of residuals are produced?

• How many gallons of residuals are we pumping?

• What is the WTP pumping rate and schedule?

• Do storage demands meet capacity?

• How much lime are we producing?

• What are our lime quality goals?

• What are the critical parameters to produce quality lime?

• Were our previous assumptions correct?



Data Sources

• Lab Water Quality Data

– Raw and Effluent data

– Stoichiometry of Rx

• Operator Logs

– Pumping scheme

– Operational changes

• SCADA iHistorian Query

– SCADA stores lots of data

– Administrator can show you



Data Sources

• Plant Diagrams

– Storage Capacity 

– Piping, valves 

• Equipment Specs

– Pump curves

• Operator’s Knowledge

– Hands-on knowledge

– Day-to-day Operations knowledge



How Much Solids Are We Producing?

• If You Know:

–Raw Water Quality

– Finished Water Quality

–Water Production

– Stoichiometry

• Solids Produced



Chemistry of Lime Softening

CO2 + Ca(OH)2 CaCO3 + H2O

Ca(HCO3)2 + Ca(OH)2 2CaCO3   + 2H2O

Mg(HCO3)2 + Ca(OH)2  MgCO3  +  CaCO3 + 2H2O

MgCO3 + Ca(OH)2 Mg(OH)2 +  CaCO3



Lab Data
Sample 
Collect 
Start

Water 
Production
, MGD

Total 
Alkalinity, 
mg/L 
CaCO3

Calcium 
Hardness, 
mg/L 
CaCO3

Mg 
Hardness, 
mg/L 
CaCO3

Turbidity, 
NTU

pH, S.U.
CO2, mg/L 
CaCO3

Ca 
Hardness, 
mg/L 
CaCO3

Mg 
Hardness, 
mg/L 
CaCO3

Turbidity

OWTP Ca 
Removal, 
mg/L 
CaCO3

OWTP Mg 
Removal, 
mg/L 
CaCO3

OWTP 
Turb 
Removal, 
NTU

OWTP CO2 
Removal, 
mg/L 
CaCO3

OWTP Ca 
Removal, 
Tons

OWTP Mg 
Removal, 
Tons

OWTP 
Turb 
Removal, 
Tons

OWTP CO2 
Removal, 
Tons

OWTP 
Residual 
Production
, Tons/MG

OWTP 
Residual 
Production
, Tons

Theoretical 
CaO 
Produced, 
Tons

1-Mar 37.06 276 204 126 3.57 7.52 17.49 72 92 0.029 264 88.4 5.31 17.49 40.80 13.66 0.82 2.70 1.56 57.98 30.50

2-Mar 41.63 276 206 132 6.41 7.5 18.30 58 105 0.03 296 70.2 9.57 18.30 51.38 12.19 1.66 3.18 1.64 68.41 35.60

3-Mar 42.4

4-Mar 42.84

5-Mar 40.11 272 194 130 2.97 7.55 16.10 44 125 0.023 300 13 4.42 16.10 50.18 2.17 0.74 2.69 1.39 55.78 29.32

6-Mar 37.97 274 194 130 2.64 7.56 15.85 48 114 0.033 292 41.6 3.91 15.85 46.23 6.59 0.62 2.51 1.47 55.95 29.58

7-Mar 36.91 272 202 120 1.72 7.59 14.70 55 114 0.025 294 15.6 2.54 14.70 45.25 2.40 0.39 2.26 1.36 50.31 26.69

8-Mar 35.37

9-Mar 40.52 266 200 130 2.56 7.7 11.20 58 114 0.025 284 41.6 3.80 11.20 47.99 7.03 0.64 1.89 1.42 57.55 30.81

10-Mar 42.99

11-Mar 44.9

12-Mar 45.02 262 180 130 2.63 7.67 11.81 44 113 0.022 272 44.2 3.91 11.81 51.06 8.30 0.73 2.22 1.38 62.31 33.24

13-Mar 39.21

14-Mar 37.09 264 194 122 1.4 7.67 11.90 54 103 0.03 280 49.4 2.06 11.90 43.31 7.64 0.32 1.84 1.43 53.11 28.53

15-Mar 38.43 274 202 118 2.21 7.61 14.15 63 103 0.023 278 39 3.28 14.15 44.55 6.25 0.53 2.27 1.39 53.59 28.45

16-Mar 39.78 280 194 130 2.31 7.62 14.14 49 114 0.025 290 41.6 3.43 14.14 48.11 6.90 0.57 2.35 1.46 57.92 30.80

17-Mar 45.31

18-Mar 42.61

19-Mar 36.48 252 180 128 1.34 7.62 12.72 47 113 0.024 266 39 1.97 12.72 40.46 5.93 0.30 1.94 1.33 48.63 25.98

20-Mar 33.56 270 202 118 2.02 7.61 13.95 49 113 0.033 306 13 2.98 13.95 42.82 1.82 0.42 1.95 1.40 47.01 25.00

21-Mar 33.16 274 198 134 2.65 7.62 13.83 54 107 0.025 288 70.2 3.94 13.83 39.82 9.71 0.54 1.91 1.57 51.99 27.74

22-Mar 35.85 276 198 126 2.15 7.58 15.26 48 114 0.035 300 31.2 3.17 15.26 44.85 4.66 0.47 2.28 1.46 52.27 27.73

23-Mar 38.32 276 210 126 2.18 7.62 13.94 62 96 0.035 296 78 3.22 13.94 47.30 12.46 0.51 2.23 1.63 62.50 33.47

24-Mar 42.29

25-Mar 38.2

26-Mar 34.27 292 200 134 1.29 7.44 22.18 76 86 0.027 248 124.8 1.89 22.18 35.44 17.83 0.27 3.17 1.65 56.72 29.83

27-Mar 32.03 278 186 142 1.36 7.64 13.41 58 115 0.031 256 70.2 1.99 13.41 34.19 9.38 0.27 1.79 1.42 45.63 24.40

28-Mar 31.12 280 200 122 0.853 7.6 14.79 51 120 0.026 298 5.2 1.24 14.79 38.67 0.67 0.16 1.92 1.33 41.43 22.03

29-Mar 30.85 272 188 136 0.881 7.61 14.05 68 99 0.029 240 96.2 1.28 14.05 30.87 12.38 0.16 1.81 1.47 45.22 24.22

AVG 38.49 272.95 196.42 128.11 2.27 7.60 14.73 55.68 108.42 0.03 281.47 51.18 3.36 14.73 45.18 8.21 0.54 2.36 1.46 56.30 29.90

Std Dev 4.17 8.26 8.21 6.31 1.24 0.06 2.55 9.20 9.88 0.00 19.02 31.58 1.86 2.55 5.76 4.53 0.33 0.43 0.10 6.72 3.46

Median 38.32 274 198 130 2.18 7.61 14.14 54 113 0.027 288 41.6 3.22 14.14 44.55 7.03 0.51 2.23 1.43 53.59 28.53

MIN 30.85 252 180 118 0.853 7.44 11.20 44 86 0.022 240 5.2 1.24 11.20 30.87 0.67 0.16 1.79 1.33 41.43 22.03

MAX 45.31 292 210 142 6.41 7.7 22.18 76 125 0.035 306 124.8 9.57 22.18 51.38 17.83 1.66 3.18 1.65 68.41 35.60



Calculate CO2 Removed

HCO3 = TA – 5.0 * 10(pH-10)

1 + 0.94 * 10(pH-10)

Free CO2 = 2 * HCO3 * 10(6-pH) * 100

44 g/mol CO2
• Standard Methods 4500-CO2 D



Residuals Removed

Softening Residuals / MG = 

8.34*[2*Ca removed+2.6*Mg removed+1.5*NTU removed+CO2 removed]

*JAWWA March 2008 “Implementing Residuals Management: Cost Implications for Coagulation and 
Softening Plants” 

**CO2 removal not accounted for in original paper.



Residuals Produced

Miami Influent Effluent Removal

34 MGD

Alkalinity 287 mg/L

Ca Hardness 223 mg/L 71 mg/L 304 mg/L

Mg 
Hardness

127 mg/L 80 mg/L 122.2 mg/L

pH 7.40

CO2 23.27 mg/L 23.27 mg/L

Turbidity 1.91 NTU 0.04  NTU 2.655  NTU

lb/MG 3,771 lb/MG

Tons/day 64 tons/day

Ottawa Influent Effluent Removal

35 MGD

Alkalinity 275 mg/L

Ca Hardness 204 mg/L 58 mg/L 292 mg/L

Mg 
Hardness

130 mg/L 109 mg/L 54.6 mg/L

pH 7.59

CO2 15.36 mg/L 15.36 mg/L

Turbidity 3.66 NTU 0.030 NTU 5.445  NTU

lb/MG 3,064 lb/MG

Tons/day 54 tons/day



What is our pumping rate and schedule?

• Joe* says, “Ottawa sludge pumps 
run 40 min out of 120 min”
– True for one pump

– But we have 6 pumps

• Jack* says, ”Miami only pumps 
sludge at night”
– Unless the tanks are full

• Verify, don’t assume
– Query SCADA

– 24 hr graph

*Names have been changed to protect the innocent



Query SCADA

• Miami Tank Level

– Convert to gallons

• Ottawa Pump Speed 

– Convert rpm to gpm

• Ottawa Run Time



How many gallons of residuals are we 
really pumping?

• SCADA: Run Times

–Query SCADA

–Run time and frequency

– Is scale correct?

• Says 700 gpm, but is it?

• Pump and Motor Specs



What’s our real pumping rate?

• Primary Sludge Pump Speed

– Verify Pump Rate

– Pump Specs
• 1000 gpm @ 900 rpm

– Remember SCADA said 700 gpm, 
but actually rpm

= 700 rpm/900 rpm * 1000 gpm

= 778 gpm 11% more



What’s our real pumping rate?

• Secondary Sludge Pump Speed

– Verify Pump Rate

– Pump Specs
• 500 gpm @ 1200 rpm

– Remember SCADA said 700 gpm, 
but actually rpm

= 700 rpm/1200 rpm * 500 gpm

= 292 gpm



Query SCADA



WRRB SCADA



Putting It All Together

• Calculate % Solids

• Detention Time

• Gallons of Residuals

– Produced 

– Imported

• Tons of Residuals

– Produced 

– imported

• Estimate CaO produced



How many gallons of residuals are we 
pumping?

• Ottawa

Primary Sludge Pumps

= 778 gpm x 579 min = 315,209 gal

= 778 gpm x 544 min = 423,095 gal

Secondary Sludge Pumps

= 292 gpm x 793 min = 231,274 gal

= 292 gpm x 297min = 86,619 gal

= 1,056,196 gal

• Miami

Tank diameter: 15 ft

= 152 x 3.14 x 7.48 gal/ft3

= 5285 gal/ft per tank

Level Change
• Tank 1 = (19 - 2) + (11 – 3) = 25 ft

• Tank 2 = (19 – 4) + (11 – 4) = 23 ft

= 5285 gal/ft x 48 ft

= 250,356 gal



How many gallons of residuals are we 
pumping?

• Wet Residuals Bldg (WRRB)

– = 510 gpm x 258 min

– = 131,779 gal

• Total Gallons

• = 1,056,196 +250,356 + 131,779

• Total Gallons = 1,438,331 gal



Do storage demands meet capacity?



Do storage demands meet capacity?

• Inner Tank = 319,747 gal

– 2 Pumps @ 400 gpm

• Outer Tank = 722,204 gal

• Primary Basin = 1,041,951 gal

= 1,041,951 gal - 1,438,331 gal

= -396,380 gal

Do you see a problem?



How much lime are we producing?



How much lime are we producing?

• Wait a minute…

– If we’re producing 100 tpd;

– Then how can storage 
between all WTP’s be full??

– Production ≠ Use + Sales

– Why?



Are we calculating production correctly?

• Tons/Day Calculation

= (Centrifuge*1440*(%slurry-%rej)/100*8.34*0.56)/2000

• But lime slurry is more dense than water isn’t it? 

YES!

• Specific Gravity, sg = 100/((%slurry/2.71)+(100-%slurry))

– CaCO3 is 2.71 g/cm3



New Tons/Day Calculation

= (centrifuge*1440*(%slurry-%rej)/100*8.34*sg*0.56)/2000

• Slurry 14-25% solid

• 10-14% more Dense = 10-14% more Production

• Production = Sales + Use!!



What are our lime quality goals?



AWWA Standard B202-13

• >80% CaO

• Minimum of 18oF (10oC) rise within 3 min

• Maximum Slake temperature within 20 min

• <5% insoluble

Slaking Rates

• High Reactive Lime 72oF (40oC) < 3min and finish slaking in 10min.

• Med. Reactive Lime 72oF (40oC) in 6min and finish slaking within 10-20min.

• Low Reactive Lime 72oF (40oC) > 6min and finish slaking within 20min.



What are our lime quality goals?

• >88% CaO

• Minimum of 18oF rise within 3 
min

• Maximum Slake within 10 min

• <1% insoluble

• 72oF in 6min, and finish slaking 
within 10 min

• <10% product  Pass #20 Sieve



What are the critical parameters
to produce quality lime?

• Residuals feed rate

• Gas flow 

• Oxygen level

• Draft

• Primary air flow

• Air flow rate

• Venturi differential pressure

• Chains section temperature

• Hood temperature

• Product temperature

• Expansion chamber 
temperature

• Product bed thickness 

• Carbonation pH



Operating Temperatures

• Exp. Chamber: 300 –
400°F

• Hood: 1950 – 2100° F

• Product: 1000 – 1050°F

• Chains : 1100 – 1200°F



Temperature vs Slake



Carbonation pH

• Recarb Basin pH: 7.5-8.5

• <7.5 Dissolve CaCO3

– Less product

• > 8.5  Precipitate Mg(OH)2

– Lower CaO content

– “Mud rings”



Carbonation pH

• Current pH not in range

• Adjust flow

• Upgrade CO2 Blowers

• Add SCADA Trending



What are the critical parameters
to produce quality lime?

Bi-weekly 01-Mar-18
Med React 
Lime

Med React 
Lime

Expected 
Range 0.8-3.5%

1950-
2100⁰ 10X tpd >12,000 >100 gpm >18⁰F >72⁰F <10 min.

7.5-8.5 
S.U. 

7.5-8.5 
S.U. >100 tons

>3.35 mm, 
>50 %

LCL, 
UCL='+2σ

Exp. 
Chamber 
% O2

Hood 
Temp, ⁰F

Kiln Speed 
rpm Id Fan cfm

Centrifuge 
gpm

3 min. LRF 
Slake Δ⁰C

6  min. LRF 
Slake Δ⁰C

Total Slake 
Time

N Recarb 
pH

S Recarb 
pH

Product 
Tons, 
Adjusted

Sieve 
Analysis

AVG 2.25 2049.79 1082.15 14234.33 139.86 25.62 86.15 9.08 8.45 8.63 116.05 60.02

MIN 0.00 1543.98 13.03 9633.39 0.00 16.20 55.70 7.00 7.00 7.10 0.00 51.06

MAX 5.81 2131.95 1144.75 16102.87 149.18 45.90 106.80 10.00 9.90 9.90 139.96 75.12

STDEV 0.56 46.19 83.12 857.09 9.61 5.65 13.60 0.77 0.84 0.84 33.67 8.32

VAR 0.32 2127.35 6888.69 732409.65 92.00 31.46 182.60 0.59 0.69 0.70 1119.91 62.35

LCL 1.13 1957.41 915.90 12520.14 120.65 14.33 58.94 7.53 6.77 6.94 48.72 43.37

UCL 3.38 2142.18 1248.39 15948.52 159.08 36.91 113.35 10.63 10.13 10.31 183.38 76.66

In Spec, % 98.2% 95.5% 99.4% 98.8% 99.4% 94.8% 84.4% 100.0% 22.7% 20.0% 97.4% 100.0%



Quality Control

Sample Time Date:  4/15/18 1500          Analysis 

Date : 4/16/18

Sieve Analysis

Sieve Size Retained % Passing

1/4" 6.330 255.5 577.9 69.34

6 3.350 315.4 262.5 31.50

12 1.700 181.7 80.8 9.69

20 0.841 60.9 19.9 2.39

100 0.149 17.1 2.8 0.34

200 0.074 2.7 0.1 0.01

325 0.044 0.1 0.0 0.00

Pan 0.0 0.0 0.00

Total 833.3



Were our previous assumptions correct?

• Some were

• Many were not

• Re-learn

• Plan for future



Solutions

• Coordinate Pumping

• Upgrade CO2 Blower

• Add Pumps

• Piping 

• Training



Conclusions

• The DA in SCADA stands for Data Acquisition

– Lots of information stored is untapped

• Know your chemistry 

– Make your teacher proud

• Put lab data to use

• Reacquaint yourself with Plant Diagrams

• Don’t be afraid to question high paid consultants

– They work for you



Conclusions

• Use similar technique for:

– Residuals management

– Filter Growth

– Backwash 

– ???
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??Questions??
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Excel Add-in



Search SCADA Tags



Search SCADA Tags



Query SCADA Data



Query SCADA Data



SCADA Data in Excel



Add Excel Formulas


