
Coagulation Zones

1. Zone 1: no destabilization (coagulation) occurs
2. Zone 2: destabilization (coagulation) occurs by 

charge neutralization
3. Zone 3: restabilization occurs (particle charge is 

reversed)
4. Zone 4: destabilization (coagulation) occurs in 

form of colloidal entrapment or “sweep floc”
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Figure 2-4 Coagulant Dose Versus Very Low Colloidal Concentrations
(Residual Turbidity)

Source:  O’Melia, 1972.



Figure 2-5 Coagulant Dose Versus Moderate Colloidal Concentrations
(Residual Turbidity)

Source:  O’Melia, 1972.
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Figure 2-6 Coagulant Dose Versus High Colloidal Concentrations
(Residual Turbidity)

Source:  O’Melia, 1972.
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Figure 2-7 Coagulant Dose Versus Very High Colloidal Concentrations
(Residual Turbidity)

Source:  O’Melia, 1972.
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McMillan WTP 15-minute Turbidity Data for Filter 3
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Electron Micrograph of Sand Grains 
With Attached Floc





All with or
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chloramines



Case Studies of Modified Treatment Practices for Disinfection Byproduct 
Control, AWWARF, 2003

“The decision-making process will actually 
address multiple water quality objectives as 
well as operational, engineering, and 
financial issues.”



Multiple Water Quality Objectives

Color
Taste and Odor
Arsenic
VOCs and/or SOCs
TDS
Iron/Manganese







Case 1: Ann Arbor

THMs ok but sometimes out of compliance 
with SWTR
– Need to improve disinfection without impacting 

DBPs
Ozone introduced bromate as an issue

– If bromide was too high, they would have had to pursue 
another option (or make adjustments to the processes)



Case 2: Tampa

Optimization of existing processes
– Optimized coagulation process to get better TOC 

removal
Had the side benefit of removing more color



TOC Removal
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TOC Removal 
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Other Jar Tests

Optimum Coagulant Dose
Optimum pH
Impact of Pre-oxidants
– Ozone
– KMnO4

– Chlorine Dioxide



TOC Removal
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TTHM vs TOC Graph
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Maximum Quarterly TTHM LRAA 
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TTHM vs TOC Graph
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