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Symptoms of Poor Coagulation
“It’s not just about the clarifier…”
• High turbidity from clarifier is only one indication of 

poor coagulation

“It’s really about the filters…”
• Poor coagulation chemistry is often responsible for:

• High filtered water turbidity
• Poor filter ripening
• Low Unit Filter Run Volumes (UFRVs)
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Why Do We 
Coagulate? Condition raw water particles for clarification/filtration

• Remove turbidity and pathogens

Convert NOM to a solid phase for clarification/filtration
• Remove color
• Remove DBP precursors
• Increase UV transmittance to improve UV 

disinfection

End Goal: make near-neutral floc particles that filter well 
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Critical Elements
• Chemistry of Contaminants:

• Particles
• Dissolved organics

• Chemistry of Coagulants:
• Metal-salt coagulants (alum, ferric chloride, 

PACl)
• Organic polymers

• Solution Parameters (pH, temperature)
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Chemistry 
of Particles
Many types of particles:
• Clays, minerals, 

algae, organic debris

All have pH dependent 
surface chemistry
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Chemistry of NOM
NOM molecules complicated 
and unique to each water 
source

All have pH dependent surface 
chemistry
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Importance of Turbidity versus NOM
Particule Charge
• 10 mg/L TSS (10 NTU)
• 0.5 μeq/mg
• 5 μeq/L

• Turbidity rarely controls coagulant dose
• Dose depends on NOM removal or floc filterability
• Need timely measure of raw water NOM to use for 

adjusting coagulant dose

NOM Charge
• 3 mg/L TOC
• 10 to 100 μeq/mg
• 30 to 300 μeq/L
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Chemistry of Coagulants
Metal-salt coagulants (alum, ferric, PACl):
• Form dissolved & solid (floc) species – pH 

dependent
• Charge of dissolved species and floc surface is pH 

dependent
• More positive (+ve) at low pH
• Generate Al(OH)3 or Fe(OH)3 sludge

Organic Polymers:
• Operate via charged functional groups
• Charge is largely unaffected by pH
• Less sludge generation
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Alum 
Chemistry
Solubility and 
speciation are pH-
dependent

• Dissolved Species 
represent only a 
small part of total 
aluminum; most is 
floc

• Strong positive 
charges of dissolved 
species only at very 
low pH 
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PACl Chemistry
Titration of OH- into AlCl3 forms an Al13

7+ polymer

Characterized by “Basicity” or degree of neutralization
• Fully neutralized: Al3+ + 3OH- ↔ Al(OH)3

• Basicity = [OH-]/3[AlT] x 100%
• Higher the basicity, higher the Al13 content
• 20% (low), 50% (med), 75% (high), 85% (ACH)
• Higher the basicity, lower the alkalinity consumption

Can contain additives: sulfate, silicate, organic polymers

Match: basicity / raw water alkalinity / coagulation pH
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Alum and PACl
• Al13

7+ polymer defines 
solubility for PACls

• Very little floc formation 
for high basicity PACls
below pH 6.5

• Alum and high basicity 
PACl shown: medium 
and low basicity PACls
are between these two 
extremes
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Residual Al
• pH of minimum solubility 

changes with temperature

• Harder to meet residual Al 
targets in summer

• Need pH to be in low 7’s
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Ferric Coagulants
• Fe(OH)3 solubility is very low 

over a wide pH range

• Dissolved-phase coagulant 
species are more positive at 
lower pH

• Note: Ferric sulphate has 
slightly less positive charge than 
an equivalent amount of ferric 
chloride due to effect of SO4

2-

(Adapted from: Stumm and Morgan 1996)
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Floc Charge

Data for PACls and PAS from Solomentseva et al. 1999, Data for Alum from Duan et al. 2014, Data for Fe(OH)3 from Guan et al. 2008
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• Alum and Ferric have 
reduced floc charge at 
higher pH

• PACls maintain higher floc 
charge at higher pH



NOM Removal
Lower basicity PACls depress pH more and can remove 
more NOM

NOM removal with PACls can be enhanced by reducing 
pH

• pH 7 adequate
• 50% UV removal with alum at pH 6.2
• 50% UV removal with High Basic PACl at pH 7

Even though PACls have highly positively-charged floc 
at high pH, NOM removal still requires relatively low pH 

• Still need to test 
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Summary of Chemistry
pH Low High

NOM Charge
Less Negative

(easier to remove)
More Negative

(harder to remove)

Particle Charge
Less Negative

(easier to neutralize)
More Negative

(harder to neutralize)

Coagulant Charge
More Positive

(more powerful)
Less Positive

(less powerful)
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Keys to 
Coagulation 
Control

How much NOM?
• Must satisfy charge demand of NOM

What is pH after coagulation?
• Controls residual Al/Fe concentrations
• Determines efficiency of NOM removal
• Determines floc surface charge

• Affects clarification/filtration performance
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pH-Related Coagulant Demand
• Graphs show floc charge after coagulant addition 

for same water

• Must satisfy charge demand of NOM before 
particle charge changes

• At high pH, coagulant demand much higher

• Coagulant selection critical at high pH

Coagulants used: 
• Alum
• High-basicity no-sulfate PACl (HBNS) 
• High-basicity PACl with sulfate (HBS)
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NOM Related Coagulant Demand

Water
Turbidity

(NTU)
TOC

(mg/L) SUVA

Dose to
neutralize
(mg/L as 

Al)

1 16 2.5 2.2 0.8

2 0.8 2.8 3.0 1.5

3 0.7 6.1 4.5 4.2

Coagulants used: 
 Alum
 High-basicity no-sulfate PACl (HBNS) 
 High-basicity PACl with sulfate (HBS)
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Poor Coagulation Causes 
Poor Filter Performance

Low UFRVs, long ripening 
times, early breakthrough

Conventional jar tests give 
little indication of filterability 
of floc

4.5 hr filter run
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Filter UFRV

Water produced (between 
ripening and end of run) 
per unit area 

Allows comparison of filters 
independent of loading rate 
and size

21



Filtration Mechanisms
Particles smaller than void spaces need to be 
“near-neutral” in charge to adhere to surface of 
media grains

Surface Straining 
(Physical)

Interstitial Straining 
(Physical)

Attachment 
(Phys/Chem)

If weakly attached, small particles can be removed 
by hydraulic shear as bed gets full and interstitial 
velocity increases
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Floc Charge 
& WTP 
Performance
“Near-Neutral” floc leads 
to good filter performance

• Can measure with 
zeta potential or 
streaming current
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Case Study: Polymer for Direct Filtration 
• Direct filtration plant

• To get 0.3 NTU, high coagulant dose and 
high headloss/short run

• Drop coagulant dose and get early 
breakthrough/short run

• Bench-scale zeta potential analysis

• Can’t get neutral floc particles with 
reasonable PACl doses

• Need to evaluate cationic polymers

Source: Pernitsky et al. 2010
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Evaluate Polymers for Charge Neutralization
Kept baseline PACl dose (1.7 mg/l Al) 
and added polymer

4 mg/L polymer needed to get to target 
zeta potential of –5mV
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Raw water UVA

Raw Water (filtered) UVA
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ZP data

		

		Date		Polymer Dose		Zeta Potential

				mg/L

		14-Jan-10		0.0		-31

		15-Jan-10		0.5		-19

		18-Jan-10		1.0		-22

		19-Jan-10		1.5

		20-Jan-10		1.5		-19.1

		21-Jan-10		2.0

		22-Jan-10		2.0		-22

		25-Jan-10		3.0		-12

		26-Jan-10		3.5		-10.8

		27-Jan-10		3.5		-9.5

		28-Jan-10		4.0		-9.6

		29-Jan-10		4.0		-7.3

		1-Feb-10		4.0		-6.3

		2-Feb-10		4.5		-4.5

		4-Feb-10		5.0		-5.03

		8-Feb-10		5.0		-3.75

		11-Feb-10		4.0		-5.32

		16-Feb-10		4.0		-5.99

		17-Feb-10		4.0		-5.12

		18-Feb-10		4.0		-2.99

		19-Feb-10		4.0		-5.04

		20-Feb-10		4.0

		21-Feb-10		4.0

		22-Feb-10		4.0

		23-Feb-10		4.0

		24-Feb-10		4.0

		25-Feb-10		4.0		-6.39

		26-Feb-10		4.0		-7.14

		27-Feb-10		4.0

		28-Feb-10		4.0

		1-Mar-10		4.0				pH changed to 6.7

		2-Mar-10		4.0		-3

		3-Mar-10		4.0
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Polymer Dose (mg/L)
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Full-scale Trial

Superfloc C-573 Dose (mg/L)

Zeta Potential (mV)
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Drawdown data

		

				Date		Master Plant Flow		Drawdown		Target Dose		solution strength		Calculated dose		% error in dose

						MLD		mL/min		mg/L		mL poly / mL solution

				14-Jan		3.38				0.0

				14-Jan		3.38		108		0.5		1.0%		0.52		-5%

				15-Jan		3.07		198		1.0		1.0%		1.06		-6%

				18-Jan		2.8		100		1.0		2.0%		1.17		-17%						0		5

				18-Jan		3.05		145		1.5		2.0%		1.56		-4%

				19-Jan		2.71		125		1.5		2.0%		1.51		-1%

				20-Jan		3.14		145		1.5		2.0%		1.52		-1%

				20-Jan		3.14		200		2.0		2.0%		2.09		-5%

				21-Jan		3.16		200		2.0		2.0%		2.08		-4%

				22-Jan		2.28		150		2.0		2.0%		2.16		-8%

				22-Jan		2.78		260		3.0		2.0%		3.07		-2%

				25-Jan		3.05		280		3.0		2.0%		3.01		-0%

				25-Jan		3.02		330		3.5		2.0%		3.59		-3%

				26-Jan		3.16		345		3.5		2.0%		3.58		-2%

				26-Jan		3.14		170		3.5		4.0%		3.56		-2%

				28-Jan		2		105		3.5		4.0%		3.45		2%

				29-Jan		2.02		130		4.0		4.0%		4.23		-6%

				1-Feb		3.09		195		4.0		4.0%		4.14		-4%

				2-Feb		3.02		205		4.5		4.0%		4.46		1%

				3-Feb		2.8		195		4.5		4.0%		4.57		-2%

				3-Feb		3.07		235		5.0		4.0%		5.03		-1%

				4-Feb		2.8		215		5.0		4.0%		5.04		-1%

				5-Feb		3.05		235		5.0		4.0%		5.06		-1%

				8-Feb		3.05		235		5.0		4.0%		5.06		-1%

				9-Feb		3.14		185		4.0		4.0%		3.87		3%

				10-Feb		2.9		175		4.0		4.0%		3.96		1%

				11-Feb		3.9		230		4.0		4.0%		3.87		3%

				16-Feb		3.67		220		4.0		4.0%		3.94		2%

				17-Feb		3.06		195		4.0		4.0%		4.18		-5%

				18-Feb		2.97		190		4.0		4.0%		4.20		-5%

				19-Feb		2.79		180		4.0		4.0%		4.24		-6%

				22-Feb		3.02		185		4.0		4.0%		4.02		-1%

				23-Feb		3.02		185		4.0		4.0%		4.02		-1%

				24-Feb		2.75		170		4.0		4.0%		4.06		-1%

				25-Feb		2.57		160		4.0		4.0%		4.09		-2%
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Drawdown data

Target dose
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Superfloc C-573

Date (2010)

Measured Superfloc® C-573 Dose (mg/L)
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UVA data

		

																						25		Max		Min		75

		Date				RW		RW filtered		4100		4200		4300		4400		Average for filters

		14-Jan-10		0.0		0.138		0.131		0.052		0.053		0.047		0.052		0.051				0.051		0.053		0.047		0.052				0.086		0.085		0.091		0.086

		15-Jan-10		0.5		0.134		0.134		0.058		0.053		0.051		0.05		0.053				0.051		0.058		0.050		0.054				0.076		0.081		0.083		0.084

		18-Jan-10		1.0		0.138		0.122		0.056		0.051		0.051		0.051		0.052				0.051		0.056		0.051		0.052				0.082		0.087		0.087		0.087

		19-Jan-10		1.5		0.134		0.124		0.045		0.047		0.048		0.051		0.048				0.047		0.055		0.045		0.050				0.089		0.087		0.086		0.083

		20-Jan-10		1.5		0.133		0.136		0.055		0.049		0.048		0.045		0.049														0.078		0.084		0.085		0.088

		21-Jan-10		2.0		0.135		0.12		0.048		0.053		0.053		0.049		0.051				0.048		0.053		0.044		0.053				0.087		0.082		0.082		0.086

		22-Jan-10		2.0		0.136		0.121		0.053		0.048		0.044		0.047		0.048														0.083		0.088		0.092		0.089

		25-Jan-10		3.0		0.137		0.13		0.044		0.049		0.049		0.048		0.048				0.047		0.049		0.044		0.049				0.093		0.088		0.088		0.089

		26-Jan-10		3.5		0.132		0.131		0.041		0.045		0.048		0.042		0.044				0.041		0.048		0.040		0.045				0.091		0.087		0.084		0.09

		28-Jan-10		3.5		0.127		0.127		0.045				0.04		0.041		0.042														0.082				0.087		0.086

		29-Jan-10		4.0		0.132		0.12		0.047				0.041		0.039		0.042				0.040		0.047		0.035		0.044				0.085				0.091		0.093

		1-Feb-10		4.0		0.128		0.133		0.044		0.044		0.035		0.042		0.041														0.084		0.084		0.093		0.086

		2-Feb-10		4.5		0.129		0.132		0.037		0.044		0.038		0.04		0.040				0.040		0.056		0.037		0.050				0.092		0.085		0.091		0.089

		3-Feb-10		4.5		0.131		0.133		0.056		0.049		0.051		0.049		0.051														0.075		0.082		0.08		0.082

		4-Feb-10		5.0		0.134		0.125		0.037		0.041		0.039		0.039		0.039				0.038		0.041		0.037		0.039

		5-Feb-10		5.0		0.13		0.131		0.038		0.038		0.038		0.04		0.039

		8-Feb-10		5.0		0.131		0.133		0.044		0.041		0.038		0.041		0.041

		9-Feb-10		4.0		0.135		0.122		0.04		0.043		0.04		0.042		0.041				0.041		0.054		0.032		0.049

		10-Feb-10		4.0		0.136		0.13		0.051				0.044				0.048

		11-Feb-10		4.0		0.136		0.13		0.051				0.044				0.048

		16-Feb-10		4.0		0.132		0.132		0.049		0.047		0.038		0.044		0.045

		17-Feb-10		4.0		0.144		0.139				0.048		0.04		0.052		0.047

		18-Feb-10		4.0		0.139		0.134		0.05				0.044		0.046		0.047

		19-Feb-10		4.0		0.133		0.129		0.045				0.04		0.052		0.046

		22-Feb-10		4.0		0.129		0.13		0.041				0.037		0.032		0.037

		23-Feb-10		4.0		0.135		0.111		0.049				0.044		0.038		0.044

		24-Feb-10		4.0		0.133		0.129		0.049				0.049		0.042		0.047

		25-Feb-10		4.0		0.136		0.13		0.054				0.043		0.05		0.049

		26-Feb-10		4.0

		25				1.3E-01		1.2E-01		4.4E-02		4.4E-02		4.0E-02		4.1E-02

		Max				1.4E-01		1.4E-01		5.8E-02		5.3E-02		5.3E-02		5.2E-02

		Min				1.3E-01		1.1E-01		3.7E-02		3.8E-02		3.5E-02		3.2E-02

		75				1.4E-01		1.3E-01		5.2E-02		4.9E-02		4.8E-02		5.0E-02





chart UVA

		40192		40192		40192		40192		40192		40192

		40193		40193		40193		40193		40193		40193

		40196		40196		40196		40196		40196		40196

		40197		40197		40197		40197		40197		40197

		40198		40198		40198		40198		40198		40198

		40199		40199		40199		40199		40199		40199

		40200		40200		40200		40200		40200		40200

		40203		40203		40203		40203		40203		40203

		40204		40204		40204		40204		40204		40204

		40206		40206		40206		40206		40206		40206

		40207		40207		40207		40207		40207		40207

		40210		40210		40210		40210		40210		40210

		40211		40211		40211		40211		40211		40211

		40212		40212		40212		40212		40212		40212

		40213		40213		40213		40213		40213		40213

		40214		40214		40214		40214		40214		40214

		40217		40217		40217		40217		40217		40217

		40218		40218		40218		40218		40218		40218

		40219		40219		40219		40219		40219		40219

		40220		40220		40220		40220		40220		40220

		40225		40225		40225		40225		40225		40225

		40226		40226		40226		40226		40226		40226

		40227		40227		40227		40227		40227		40227

		40228		40228		40228		40228		40228		40228

		40231		40231		40231		40231		40231		40231

		40232		40232		40232		40232		40232		40232

		40233		40233		40233		40233		40233		40233

		40234		40234		40234		40234		40234		40234

		40235		40235		40235		40235		40235		40235



Raw water

Raw water (filtered)

4100

4200

4300

4400

Date (2010)

UV absrobance at 254 nm (cm-1)
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0.048

0.053
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0.041
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0.044

0.044

0.035

0.042

0.129

0.132

0.037

0.044

0.038

0.04

0.131

0.133

0.056

0.049

0.051

0.049

0.134

0.125

0.037

0.041

0.039

0.039

0.13

0.131

0.038

0.038

0.038

0.04

0.131

0.133

0.044

0.041

0.038

0.041

0.135

0.122

0.04

0.043

0.04

0.042

0.136

0.13

0.051

0.044

0.136

0.13

0.051

0.044

0.132

0.132

0.049

0.047

0.038

0.044

0.144

0.139

0.048

0.04

0.052

0.139

0.134

0.05

0.044

0.046

0.133

0.129

0.045

0.04

0.052

0.129

0.13

0.041

0.037

0.032

0.135

0.111

0.049

0.044

0.038

0.133

0.129

0.049

0.049

0.042

0.136

0.13

0.054

0.043

0.05



chart BW UVA

		RW		RW		RW		RW

		RW filtered		RW filtered		RW filtered		RW filtered

		4100		4100		4100		4100

		4200		4200		4200		4200

		4300		4300		4300		4300

		4400		4400		4400		4400



Sample location

UV absorbance at 254 nm (cm-1)

0.13175

0.144

0.127

0.136

0.12475

0.139

0.111

0.13225

0.044

0.058

0.037

0.0515

0.044

0.053

0.038

0.049

0.03975

0.053

0.035

0.048

0.041

0.052

0.032

0.04975



chart BW UVA2

		0		0		0		0

		0.5		0.5		0.5		0.5

		1		1		1		1

		1.5		1.5		1.5		1.5

		2		2		2		2

		3		3		3		3

		3.5		3.5		3.5		3.5

		4		4		4		4

		4.5		4.5		4.5		4.5

		5		5		5		5

		4		4		4		4



Superfloc C-573 (mg/L)

UV absorbance at 254 nm (cm-1)

0.05075

0.053

0.047

0.05225

0.05075

0.058

0.05

0.05425

0.051

0.056

0.051

0.05225

0.0465

0.055

0.045

0.0495

0.04775

0.053

0.044

0.053

0.047

0.049

0.044

0.049

0.041

0.048

0.04

0.045

0.04

0.047

0.035

0.044

0.0395

0.056

0.037

0.0495

0.038

0.041

0.037

0.03925

0.041

0.054

0.032

0.049



TOC vs UVA

		0.058		0.134

		0.053		0.134

		0.051		0.138

		0.05		0.122

		0.056		0.136

		0.051		0.121

		0.051		0.137

		0.051		0.13

		0.053

		0.048

		0.044

		0.047

		0.044

		0.049

		0.049

		0.048



UVA (cm-1)

TOC (mg/L)

2.2

2.8

2.4

2.7

1.7

2.9

2.2

3.1

2.1

3.2

1.8

2.7

1.6

3.6

2.6

3.2

2

2.3

1.5

1.8

1.5

2.1

1.6

1.4



TOC data

		

																																								0.134		2.8

																																								0.134		2.7

																						25		Max		Min		75		SUVA										0.138		2.9

		Date				RW		RW filtered		4100		4200		4300		4400		Average for filters																						0.122		3.1

		14-Jan-10		0.0														0																						0.136		3.2

		15-Jan-10		0.5		2.8		2.7		2.2		2.4		1.7		2.2		2.125				2.1E+00		2.4E+00		1.7E+00		2.3E+00		5.0		2.6		2.2		3.0		2.3		0.121		2.7

		18-Jan-10		1.0		2.9		3.1		2.1		1.8		1.6		2.6		2.025				1.8E+00		2.6E+00		1.6E+00		2.2E+00		3.9		2.7		2.8		3.2		2.0		0.137		3.6

		19-Jan-10		1.5														0																						0.13		3.2

		20-Jan-10		1.5														0

		21-Jan-10		2.0														0				1.7E+00		2.3E+00		1.5E+00		2.1E+00

		22-Jan-10		2.0		3.2		2.7		2		2.3		1.5		1.8		1.9												4.5		2.7		2.1		2.9		2.6		0.058		2.2

		25-Jan-10		3.0		3.6		3.2		1.5		2.1		1.6		1.4		1.65				1.5E+00		2.1E+00		1.4E+00		1.7E+00		4.1		2.9		2.3		3.1		3.4		0.053		2.4

		26-Jan-10		3.5														0																						0.051		1.7

		27-Jan-10		3.5														0																						0.05		2.2

		28-Jan-10																																						0.056		2.1

		29-Jan-10																																						0.051		1.8

		30-Jan-10																																						0.051		1.6

		31-Jan-10																																						0.051		2.6

		1-Feb-10																																						0.053		2

		2-Feb-10																																						0.048		2.3

		3-Feb-10																																						0.044		1.5

																																								0.047		1.8

																																								0.044		1.5

																																								0.049		2.1

																																								0.049		1.6

																																								0.048		1.4

		25				2.9E+00		2.7E+00		1.9E+00		2.0E+00		1.6E+00		1.7E+00

		Max				3.6E+00		3.2E+00		2.2E+00		2.4E+00		1.7E+00		2.6E+00

		Min				2.8E+00		2.7E+00		1.5E+00		1.8E+00		1.5E+00		1.4E+00

		75				3.3E+00		3.1E+00		2.1E+00		2.3E+00		1.6E+00		2.3E+00





chart TOC

		40192		40192		40192		40192		40192		40192

		40193		40193		40193		40193		40193		40193

		40196		40196		40196		40196		40196		40196

		40197		40197		40197		40197		40197		40197

		40198		40198		40198		40198		40198		40198

		40199		40199		40199		40199		40199		40199

		40200		40200		40200		40200		40200		40200

		40203		40203		40203		40203		40203		40203

		40204		40204		40204		40204		40204		40204

		40205		40205		40205		40205		40205		40205

		40206		40206		40206		40206		40206		40206

		40207		40207		40207		40207		40207		40207

		40208		40208		40208		40208		40208		40208

		40209		40209		40209		40209		40209		40209

		40210		40210		40210		40210		40210		40210

		40211		40211		40211		40211		40211		40211

		40212		40212		40212		40212		40212		40212



Raw water

Raw water (filtered)

4100

4200

4300

4400

Date (2010)

Total Organic Carbon (mg/L)

2.8

2.7

2.2

2.4
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2.9
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2.1

1.8

1.6

2.6
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2.7

2

2.3

1.5

1.8

3.6

3.2

1.5

2.1

1.6

1.4



chart BW TOC

		RW		RW		RW		RW

		RW filtered		RW filtered		RW filtered		RW filtered

		4100		4100		4100		4100

		4200		4200		4200		4200

		4300		4300		4300		4300

		4400		4400		4400		4400



Sample location

Total Organic Carbon (mg/L)

2.875

3.6

2.8

3.3

2.7

3.2

2.7

3.125

1.875

2.2

1.5

2.125

2.025

2.4

1.8

2.325

1.575

1.7

1.5

1.625

1.7

2.6

1.4

2.3



chart BW TOC2

		0.5		0.5		0.5		0.5

		1		1		1		1

		2		2		2		2

		3		3		3		3



Superfloc C-573 Dose (mg/L)

Total Organic Carbon (mg/L)

2.075

2.4

1.7

2.25

1.75

2.6

1.6

2.225

1.725

2.3

1.5

2.075

1.475

2.1

1.4

1.725



UVA data (2)

		

																						25		Max		Min		75

		Date				RW		RW filtered		4100		4200		4300		4400		Average for filters

		14-Jan-10		0.0		0.138		0.131		0.086		0.085		0.091		0.086		0.087				8.6E-02		9.1E-02		8.5E-02		8.7E-02

		15-Jan-10		0.5		0.134		0.134		0.076		0.081		0.083		0.084		0.081				8.0E-02		8.4E-02		7.6E-02		8.3E-02

		18-Jan-10		1.0		0.138		0.122		0.082		0.087		0.087		0.087		0.08575				8.6E-02		8.7E-02		8.2E-02		8.7E-02

		19-Jan-10		1.5		0.134		0.124		0.089		0.087		0.086		0.083		0.08625				8.4E-02		8.9E-02		7.8E-02		8.7E-02

		20-Jan-10		1.5		0.133		0.136		0.078		0.084		0.085		0.088		0.08375

		21-Jan-10		2.0		0.135		0.12		0.087		0.082		0.082		0.086		0.08425				8.3E-02		9.2E-02		8.2E-02		8.8E-02

		22-Jan-10		2.0		0.136		0.121		0.083		0.088		0.092		0.089		0.088

		25-Jan-10		3.0		0.137		0.13		0.093		0.088		0.088		0.089		0.0895				8.8E-02		9.3E-02		8.8E-02		9.0E-02

		26-Jan-10		3.5		0.132		0.131		0.091		0.087		0.084		0.09		0.088				8.5E-02		9.1E-02		8.2E-02		8.9E-02

		28-Jan-10		3.5		0.127		0.127		0.082				0.087		0.086		0.085

		29-Jan-10		4.0		0.132		0.12		0.085				0.091		0.093		0.0896666667				8.5E-02		9.3E-02		8.4E-02		9.2E-02

		1-Feb-10		4.0		0.128		0.133		0.084		0.084		0.093		0.086		0.08675

		2-Feb-10		4.5		0.129		0.132		0.092		0.085		0.091		0.089		0.08925				8.2E-02		9.2E-02		7.5E-02		9.0E-02

		3-Feb-10		4.5		0.131		0.133		0.075		0.082		0.08		0.082		0.07975

		4-Feb-10		5.0

		5-Feb-10		5.0

		8-Feb-10

		9-Feb-10

		10-Feb-10

		11-Feb-10

		12-Feb-10

		25				1.3E-01		1.2E-01		8.2E-02		8.4E-02		8.4E-02		8.6E-02

		Max				1.4E-01		1.4E-01		9.3E-02		8.8E-02		9.3E-02		9.3E-02

		Min				1.3E-01		1.2E-01		7.5E-02		8.1E-02		8.0E-02		8.2E-02

		75				1.4E-01		1.3E-01		8.9E-02		8.7E-02		9.1E-02		8.9E-02





chart UVA (2)

		40192		40192		40192		40192		40192		40192

		40193		40193		40193		40193		40193		40193

		40196		40196		40196		40196		40196		40196

		40197		40197		40197		40197		40197		40197

		40198		40198		40198		40198		40198		40198

		40199		40199		40199		40199		40199		40199

		40200		40200		40200		40200		40200		40200

		40203		40203		40203		40203		40203		40203

		40204		40204		40204		40204		40204		40204

		40206		40206		40206		40206		40206		40206

		40207		40207		40207		40207		40207		40207

		40210		40210		40210		40210		40210		40210

		40211		40211		40211		40211		40211		40211

		40212		40212		40212		40212		40212		40212

		40213		40213		40213		40213		40213		40213

		40214		40214		40214		40214		40214		40214

		40217		40217		40217		40217		40217		40217

		40218		40218		40218		40218		40218		40218

		40219		40219		40219		40219		40219		40219

		40220		40220		40220		40220		40220		40220

		40221		40221		40221		40221		40221		40221



Raw water

Raw water (filtered)

4100

4200

4300

4400

Date (2010)

UV absrobance at 254 nm (cm-1)

0.138

0.131

0.086

0.085

0.091

0.086

0.134

0.134

0.076

0.081

0.083

0.084

0.138
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0.082

0.087

0.087

0.087

0.134

0.124

0.089

0.087

0.086

0.083

0.133

0.136

0.078

0.084

0.085

0.088

0.135

0.12

0.087

0.082

0.082

0.086

0.136

0.121

0.083

0.088

0.092

0.089

0.137

0.13

0.093

0.088

0.088

0.089

0.132

0.131

0.091

0.087

0.084

0.09

0.127

0.127

0.082

0.087

0.086

0.132

0.12

0.085

0.091

0.093

0.128

0.133

0.084

0.084

0.093

0.086

0.129

0.132

0.092

0.085

0.091

0.089

0.131

0.133

0.075

0.082

0.08

0.082



chart BW UVA (2)

		RW		RW		RW		RW

		RW filtered		RW filtered		RW filtered		RW filtered

		4100		4100		4100		4100

		4200		4200		4200		4200

		4300		4300		4300		4300

		4400		4400		4400		4400



Sample location

UV absorbance at 254 nm (cm-1)

0.13125

0.138

0.127

0.13575

0.1225

0.136

0.12

0.13275

0.082

0.093

0.075

0.0885

0.0835

0.088

0.081

0.087

0.08425

0.093

0.08

0.091

0.086

0.093

0.082

0.089



chart BW UVA2 (2)

		0		0		0		0

		0.5		0.5		0.5		0.5

		1		1		1		1

		1.5		1.5		1.5		1.5

		2		2		2		2

		3		3		3		3

		3.5		3.5		3.5		3.5

		4		4		4		4

		4.5		4.5		4.5		4.5



Superfloc C-573 (mg/L)

UV absorbance at 254 nm (cm-1)

0.08575

0.091

0.085

0.08725

0.07975

0.084

0.076

0.08325

0.08575

0.087

0.082

0.087

0.08375

0.089

0.078

0.08725

0.08275

0.092

0.082

0.08825

0.088

0.093

0.088

0.09

0.085

0.091

0.082

0.0885

0.0845

0.093

0.084

0.092

0.0815

0.092

0.075

0.0895





Full-Scale Polymer Trials
Kept baseline PACl dose (1.7 
mg/l Al) and added polymer

4 mg/L and target zeta 
potential of –5 mV gave 
highest UFRVs
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Filter 4400

Filter Loading Rate: 35 m3/hr

26


plot UFRV

		40180.8486111111		40180.8486111111		40180.8486111111		40180.8486111111		40180.8486111111

		40181.8625		40181.8625		40181.8625		40181.8625		40181.8625

		40182.8347222222		40182.8347222222		40182.8347222222		40182.8347222222		40182.8347222222

		40183.825		40183.825		40183.825		40183.825		40183.825

		40184.79375		40184.79375		40184.79375		40184.79375		40184.79375

		40185.8645833333		40185.8645833333		40185.8645833333		40185.8645833333		40185.8645833333

		40186.9131944444		40186.9131944444		40186.9131944444		40186.9131944444		40186.9131944444

		40187.8875		40187.8875		40187.8875		40187.8875		40187.8875

		40188.8979166667		40188.8979166667		40188.8979166667		40188.8979166667		40188.8979166667

		40189.8784722222		40189.8784722222		40189.8784722222		40189.8784722222		40189.8784722222

		40190.8743055556		40190.8743055556		40190.8743055556		40190.8743055556		40190.8743055556

		40191.8694444444		40191.8694444444		40191.8694444444		40191.8694444444		40191.8694444444

		40192.5604166667		40192.5604166667		40191		40192.5604166667		40192.5604166667

		40191		40191		40195		40191		40191

		40192		40192		40196		40192		40192

		40193		40193		40197		40193		40193

		40195		40195		40200		40195		40195

		40198		40196		40202		40196		40196

		40200		40198		40204		40197		40197

		40201		40200		40207		40198		40198

		40205		40201		40208		40200		40200

		40208		40203		40210		40202		40202

		40210		40208		40212		40207		40207

		40212		40210		40215		40208		40208

		40214		40212		40217		40210		40210

								40212

								40214

								40216

								40217



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Superfloc C-573 dose

Filter 4400

Date (2010)

Unit Filter Run Volume (m3/m2)

Polymer Dose (mg/L)

72.0136363636

0

70.7818181818

0

61.0409090909

0

71.7636363636

0

70.4545454545

0

71.8363636364

0

76.4727272727

0

70.5090909091

0

66.4181818182

0

71.0545454545

0

71.7454545455

0

71.7363636364

70

65.5

62

82.7272727273

0

63.6

65.5

63.6

82.7272727273

1

66.8

60

63.6

79.5454545455

0.5

66.8

65

66.8

90.6818181818

1

70

71.5909090909

63.6

111.3636363636

1

62

82.7272727273

70

112.9545454545

1.5

70

101.8181818182

71.6

109.7727272727

1.5

70

101.8181818182

92.3

117.7272727273

2

82.7

120.9090909091

95.4545454545

117.7272727273

3

105

114.5454545455

109.7727272727

111.3636363636

4

109.7727272727

125.6818181818

106.5909090909

117.7272727273

4

127.2727272727

117.7272727273

112.9545454545

111.3636363636

4

120.9090909091

4.5

5

5

5



plot headloss

		40180.8486111111		40180.8486111111		40191		40180.8486111111		40180.8486111111

		40181.8625		40181.8625		40195		40181.8625		40181.8625

		40182.8347222222		40182.8347222222		40196		40182.8347222222		40182.8347222222

		40183.825		40183.825		40197		40183.825		40183.825

		40184.79375		40184.79375		40200		40184.79375		40184.79375

		40185.8645833333		40185.8645833333		40202		40185.8645833333		40185.8645833333

		40186.9131944444		40186.9131944444		40204		40186.9131944444		40186.9131944444

		40187.8875		40187.8875		40207		40187.8875		40187.8875

		40188.8979166667		40188.8979166667		40208		40188.8979166667		40188.8979166667

		40189.8784722222		40189.8784722222		40210		40189.8784722222		40189.8784722222

		40190.8743055556		40190.8743055556		40212		40190.8743055556		40190.8743055556

		40191.8694444444		40191.8694444444		40215		40191.8694444444		40191.8694444444

		40192.5604166667		40192.5604166667		40217		40192.5604166667		40192.5604166667

		40191		40191		40219		40191		40191

		40192		40192		40220		40192		40192

		40193		40193		40220		40193		40193

		40195		40195		40222		40195		40195

		40198		40196				40196		40196

		40200		40198				40197		40197

		40201		40200				40198		40198

		40205		40201				40200		40200

		40208		40203				40202		40202

		40210		40208				40207		40207

		40212		40210				40208		40208

		40214		40212				40210		40210

		40215		40214				40212		40212

		40217		40216				40214		40214

		40219		40217				40216		40216

		40220		40219				40217		40217

		40220		40220				40219		40219



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Superfloc C-573 dose

Filter 4400

Date (2010)

Headloss (m)

Polymer Dose (mg/L)

0.85

0

0.95

0

1.1

0

1.1

0

1.3

0

1.67

0

1.7

0

1.8

0

2

0

2

0

1.9

0

2

2

0.7

0.7

1.8

0

0.7

0.7

0.7

1.23

1

0.7

0.7

0.7

1.1

0.5

0.75

0.75

0.75

1.63

1

0.8

0.99

0.7

1

0.7

1

0.8

1.5

0.85

1.23

1

1.5

0.7

1.2

1.2

2

1.05

1.5

1.2

3

1.35

1.54

1.35

4

1.35

1.5

1.53

4

1.35

1.49

1.64

4

1.6

1.28

1.32

4.5

1.56

1.33

1.56

5

1.6

0.68

1.33

5

1.45

0.7

5

1.45

0.7

4



plot Turbidity

		40180.8486111111		40180.8486111111		40180.8486111111		40180.8486111111		40180.8486111111

		40181.8625		40181.8625		40181.8625		40181.8625		40181.8625

		40182.8347222222		40182.8347222222		40182.8347222222		40182.8347222222		40182.8347222222

		40183.825		40183.825		40183.825		40183.825		40183.825

		40184.79375		40184.79375		40184.79375		40184.79375		40184.79375

		40185.8645833333		40185.8645833333		40185.8645833333		40185.8645833333		40185.8645833333

		40186.9131944444		40186.9131944444		40186.9131944444		40186.9131944444		40186.9131944444

		40187.8875		40187.8875		40187.8875		40187.8875		40187.8875

		40188.8979166667		40188.8979166667		40188.8979166667		40188.8979166667		40188.8979166667

		40189.8784722222		40189.8784722222		40189.8784722222		40189.8784722222		40189.8784722222

		40190.8743055556		40190.8743055556		40190.8743055556		40190.8743055556		40190.8743055556

		40191.8694444444		40191.8694444444		40191.8694444444		40191.8694444444		40191.8694444444

		40192.5604166667		40192.5604166667		40191		40192.5604166667		40192.5604166667

		40191		40191		40195		40191		40191

		40192		40192		40196		40192		40192

		40193		40193		40197		40193		40193

		40195		40195		40200		40195		40195

		40198		40196		40202		40196		40196

		40200		40198		40204		40197		40197

		40201		40200		40207		40198		40198

		40205		40201		40208		40200		40200

		40208		40203		40210		40202		40202

		40210		40208		40212		40207		40207

		40212		40210		40215		40208		40208

		40214		40212		40217		40210		40210

		40215		40214		40219		40212		40212

		40217		40216		40220		40214		40214

		40219		40217		40220		40216		40216

		40220		40219		40222		40217		40217

		40220		40220				40219		40219



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Superfloc C-573 dose

Filter 4400

Date (2010)

Turbidity (ntu)

Polymer Dose (mg/L)

0.307

0

0.296

0

0.118

0

0.092

0

0.148

0

0.102

0

0.254

0

0.12

0

0.131

0

0.128

0

0.103

0

0.138

0.15

0.3

0.3

0.2

0

0.3

0.3

0.3

0.3

1

0.3

0.3

0.3

0.15

0.5

0.3

0.3

0.3

0.3

1

0.3

0.3

0.3

0.3

1

0.3

0.3

0.3

0.3

1.5

0.3

0.3

0.3

0.3

1.5

0.3

0.3

0.3

0.3

2

0.3

0.3

0.3

0.28

3

0.3

0.3

0.3

0.3

4

0.3

0.3

0.3

0.29

4

0.3

0.3

0.3

0.27

4

0.3

0.3

0.3

0.3

4.5

0.3

0.3

0.3

0.3

5

0.3

0.3

0.3

0.3

5

0.3

0.3

0.3

5

0.3

0.3

4



plot UFRV v dose

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0

		0		0		0

		0		0		1		0

		0.5		1		1		1

		0.5		0.5		1.5		0.5

		1		1		2		1

		1.5		1		3		1

		2		1.5		3.5		1.5

		3		2		4		1.5

		3.5		3		4		2

		4		3.5		4		3

		4		4		4.5		4

		4.5		4		5		4

		5		4.5		5		4

		5		5				4.5

		5		5				5

				5				5

				4				5

				4



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Filter 4400

Polymer Dose (mg/L)

Unit Filter Run Volume (m3/m2)

72.0136363636

70.7818181818

61.0409090909

71.7636363636

70.4545454545

71.8363636364

76.4727272727

70.5090909091

66.4181818182

71.0545454545

71.7454545455

71.7363636364

70

65.5

62

82.7272727273

63.6

65.5

63.6

82.7272727273

66.8

60

63.6

79.5454545455

66.8

65

66.8

90.6818181818

70

71.5909090909

63.6

111.3636363636

62

82.7272727273

70

112.9545454545

70

101.8181818182

71.6

109.7727272727

70

101.8181818182

92.3

117.7272727273

82.7

120.9090909091

95.4545454545

117.7272727273

105

114.5454545455

109.7727272727

111.3636363636

109.7727272727

125.6818181818

106.5909090909

117.7272727273

127.2727272727

117.7272727273

112.9545454545

111.3636363636

120.9090909091

98.6363636364

95.4545454545

120.9090909091

105

98.6363636364

124.0909090909

97.0454545455

107.3863636364

108.1818181818



plot run time v dose

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0

		0		0		0

		0		0		1		0

		0.5		1		1		1

		0.5		0.5		1.5		0.5

		1		1		2		1

		1.5		1		3		1

		2		1.5		3.5		1.5

		3		2		4		1.5

		3.5		3		4		2

		4		3.5		4		3

		4		4		4.5		4

		4.5		4		5		4

		5		4.5		5		4

		5		5				4.5

		5		5				5

				5				5

								5



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Filter 4400

Polymer Dose (mg/L)

Filter Run Time (hrs)

0

0

0

0

0

0

0

0

0

0

0

0

22

20

20

26

20

20

21

26

21

19

21

25

21

21

22

28.5

22

22.5

19.5

35

19.5

26

22

35.5

22

32

26

34.5

22

32

29

37

26

38

30

37

33

36

34.5

35

34.5

39.5

33.5

37

40

37

35.5

35

38

31

30

38

33

31

39

30.5

33.75

34



plot HL v dose

		0		0		0		0

		0		0		1		0

		0		0		1		0

		0		0		1.5		0

		0		0		2		0

		0		0		3		0

		0		0		3.5		0

		0		0		4		0

		0		0		4		0

		0		0		4		0

		0		0		4.5		0

		0		0		5

		0		0		5

		0		0		4		0

		0.5		1		4		1

		0.5		0.5		4		0.5

		1		1		4		1

		1.5		1				1

		2		1.5				1.5

		3		2				1.5

		3.5		3				2

		4		3.5				3

		4		4				4

		4.5		4				4

		5		4.5				4

		5		5				4.5

		5		5				5

				5				5

				4				5

				4



Filter Loading Rate: 35 m3/hr

Filter 4100

Filter 4200

Filter 4300

Filter 4400

Polymer Dose (mg/L)

Headloss (m)

0.85

0.95

1.1

1.1

1.3

1.67

1.7

1.8

2

2

1.9

2

2

0.7

0.7

1.8

0.7

0.7

0.7

1.23

0.7

0.7

0.7

1.1

0.75

0.75

0.75

1.63

0.8

0.99

0.7

0.7

1

0.8

0.85

1.23

1

0.7

1.2

1.2

1.05

1.5

1.2

1.35

1.54

1.35

1.35

1.5

1.53

1.35

1.49

1.64

1.6

1.28

1.32

1.56

1.33

1.56

1.6

1.33

1.45

1.45



plot UFRV v filter loading

		35		35		35

		35		35		35

		65		35		35

		65		65		45

		65		65		45

		85		85		45

		40		40		45

		40		40		45

		40		40

		45		45

		45		45

		45		45



UFRV data for Superfloc C-573  dose of 4 mg/L as product.

Filter 4200 off line for media replacement.

Filter 4100

Filter 4300

Filter 4400

Filter Loading (m3/hr)

Unit Filter Run Volume (m3/m2)

120.9090909091

109.7727272727

109.7727272727

114.5454545455

117.7272727273

127.2727272727

36.9318181818

117.7272727273

120.9090909091

41.3636363636

53.1818181818

85.9090909091

39

59.0909090909

90

30.9090909091

46.3636363636

87.9545454545

83.6363636364

83.6363636364

75.6818181818

89.0909090909

87.2727272727

85.9090909091

85.4545454545

87.2727272727

85.9090909091

87.9545454545

81.8181818182

83.8636363636

90



4100 data

		

		Date and Time		Filter Loading		Polymer Dose		Run-time		Run-time		Turbidity		Headloss		UFRV

				m3/hr		mg/L		hrs & mins		min		ntu		m		m3/m2

		1/2/10 20:22		35		0

		1/3/10 20:42		35		0

		1/4/10 20:02		35		0

		1/5/10 19:48		35		0

		1/6/10 19:03		35		0

		1/7/10 20:45		35		0

		1/8/10 21:55		35		0

		1/9/10 21:18		35		0

		1/10/10 21:33		35		0

		1/11/10 21:05		35		0

		1/12/10 20:59		35		0

		1/13/10 20:52		35		0

		1/14/10 13:27		35		0

		13-Jan-10		35		0.0		20				0.30		0.70		65.5

		14-Jan-10		35		0.5		20				0.30		0.70		65.5

		15-Jan-10		35		0.5		19				0.30		0.70		60

		17-Jan-10		35		1.0		21				0.30		0.75		65

		20-Jan-10		35		1.5		22.5				0.30		0.99		72

		22-Jan-10		35		2.0		26				0.30		1.00		83

		23-Jan-10		35		3		32				0.30		1.23		102

		27-Jan-10		35		3.5		32				0.30		1.20		102

		30-Jan-10		35		4		38				0.30		1.50		121

		1-Feb-10		35		4		36				0.30		1.54		115

		3-Feb-10		35		4.5		39.5				0.30		1.50		126

		5-Feb-10		35		5		37				0.30		1.49		118

		6-Feb-10		35		5		31				0.30		1.28		99

		8-Feb-10		35		5		33				0.30		1.33		105

		10-Feb-10		65		4		6.25				0.30		0.68		37

		11-Feb-10		65		4		7				0.30		0.70		41

		11-Feb-10		65		4		6.6				0.30		0.70		39

		11-Feb-10		85		4		4				0.30		0.70		31

		13-Feb-10		40		4		23				0.30		1.10		84

		14-Feb-10		40		4		24.5				0.30		1.08		89

		15-Feb-10		40		4		23.5				0.30		1.02		85

		20-Feb-10		45		4		21				0.30		1.07		86

		21-Feb-10		45		4		20				0.30		1.10		82

		22-Feb-10		45		4		20.75				0.30		1.12		85





4200 data

		

		Date and Time		Polymer Dose		Run-time		Run-time		Turbidity		Headloss		UFRV

				mg/L		hrs & mins		min		ntu		m		m3/m2

		1/2/10 20:22		0

		1/3/10 20:42		0

		1/4/10 20:02		0

		1/5/10 19:48		0

		1/6/10 19:03		0

		1/7/10 20:45		0

		1/8/10 21:55		0

		1/9/10 21:18		0

		1/10/10 21:33		0

		1/11/10 21:05		0

		1/12/10 20:59		0

		1/13/10 20:52		0

		1/14/10 13:27		0

		13-Jan-10		0.0		20				0.30		0.70		62

		14-Jan-10		1.0		21				0.30		0.70		63.6

		15-Jan-10		0.5		21				0.30		0.70		63.6

		17-Jan-10		1.0		22				0.30		0.75		66.8

		18-Jan-10		1.0		19.5				0.30		0.70		63.6

		20-Jan-10		1.5		22				0.30		0.80		70

		22-Jan-10		2.0		26				0.30		1.00		71.6

		23-Jan-10		3		29				0.30		1.20		92.3

		25-Jan-10		3.5		30				0.30		1.20		95

		30-Jan-10		4		34.5				0.30		1.35		110

		1-Feb-10		4		33.5				0.30		1.53		107

		3-Feb-10		4.5		35.5				0.30		1.64		113

		5-Feb-10		5		30				0.30		1.32		95

		7-Feb-10		5		31				0.30		1.56		99

		8-Feb-10		5		12:00				0.30		1.33		97

		10-Feb-10		4

		11-Feb-10		4

		11-Feb-10		4

		13-Feb-10		4

		14-Feb-10		4

		15-Feb-10		4

		20-Feb-10		4

		21-Feb-10		4

		22-Feb-10		4



No real data for 4200 between Feb 11 and Feb 26. Filter was offline most of this time. Media replacement occurred Feb 22 - 25.



4300 data

		

		Date and Time		Filter Loading		Polymer Dose		Run-time		Run-time		Turbidity		Headloss		Volume (est.)		UFRV

				m3/hr		mg/L		hrs & mins		min		ntu		m		m3		m3/m2

		1/2/10 20:22		35		0		20 hrs 47 min		1247		0.31		0.90		792		72

		1/3/10 20:42		35		0		22 hrs 34 min		1354		0.30		0.68		779		71

		1/4/10 20:02		35		0		16 hrs 17 min		977		0.12		1.85		671		61

		1/5/10 19:48		35		0		23 hrs 01 min		1381		0.09		1.86		789		72

		1/6/10 19:03		35		0		22 hrs 19 min		1339		0.15		1.81		775		70

		1/7/10 20:45		35		0		23 hrs 10 min		1390		0.10		1.82		790		72

		1/8/10 21:55		35		0		24 hrs 29 min		1469		0.25		1.88		841		76

		1/9/10 21:18		35		0		22 hrs 40 min		1360		0.12		1.83		776		71

		1/10/10 21:33		35		0		21 hrs 35 min		1295		0.13		1.84		731		66

		1/11/10 21:05		35		0		22 hrs 50 min		1370		0.13		1.82		782		71

		1/12/10 20:59		35		0		23 hrs 13 min		1393		0.10		1.84		789		72

		1/13/10 20:52		35		0		23 hrs 12 min		792		0.14		1.84		789		72

		13-Jan-10		35		0.0		22				0.15		0.85		770		70

		17-Jan-10		35		1.0		26				0.20		0.95		910		83

		18-Jan-10		35		1.0		26				0.30		1.10		910		83

		19-Jan-10		35		1.5		25				0.15		1.10		875		80

		22-Jan-10		35		2.0		28.5				0.30		1.30		998		91

		24-Jan-10		35		3.0		35				0.30		1.67		1225		111

		26-Jan-10		35		3.5		35.5				0.30		1.70		1243		113

		29-Jan-10		35		4		34.5				0.30		1.80				110

		30-Jan-10		35		4		37				0.30		2.00				118

		1-Feb-10		35		4		37				0.28		2.00				118

		3-Feb-10		35		4.5		35				0.30		1.90				111

		6-Feb-10		35		5		37				0.29		2.00				118

		8-Feb-10		35		5		35				0.27		2.00				111

		10-Feb-10		65		4		9				0.30		1.80				53

		11-Feb-10		65		4		10				0.30		1.23				59

		11-Feb-10		85		4		6				0.30		1.10				46

		13-Feb-10		40		4		23				0.30		1.63				84

		14-Feb-10		40		4		24				0.30		1.53				87

		15-Feb-10		40		4		24				0.30		1.59				87

		20-Feb-10		45		4		21.5				0.30		1.80				88

		21-Feb-10		45		4		20.5				0.30		1.76				84

		22-Feb-10		45		4		22				0.30		1.74				90





4400 data

		

		Date and Time		Polymer Dose		Run-time		Run-time		Turbidity		Headloss		UFRV

				mg/L		hrs & mins		min		ntu		m		m3/m2

		1/2/10 20:22		0

		1/3/10 20:42		0

		1/4/10 20:02		0

		1/5/10 19:48		0

		1/6/10 19:03		0

		1/7/10 20:45		0

		1/8/10 21:55		0

		1/9/10 21:18		0

		1/10/10 21:33		0

		1/11/10 21:05		0

		1/12/10 20:59		0

		1/13/10 20:52

		1/14/10 13:27

		13-Jan-10		0.0		20		35		0.30		0.7		64

		14-Jan-10		1.0		21		35		0.30		0.7		67

		15-Jan-10		0.5		21		35		0.30		0.75		67

		17-Jan-10		1.0		22		35		0.30		0.8		70

		18-Jan-10		1.0		19.5		35		0.30		0.7		62

		19-Jan-10		1.5		22		35		0.30		0.85		70

		20-Jan-10		1.5		22		35		0.30		0.7		70

		22-Jan-10		2.0		26		35		0.30		1.05		83

		24-Jan-10		3		33		35		0.30		1.35		105

		29-Jan-10		4		34.5		35		0.30		1.35		110

		30-Jan-10		4		40		35		0.30		1.35		127

		1-Feb-10		4		38		35		0.30		1.6		121

		3-Feb-10		4.5		38		35		0.30		1.56		121

		5-Feb-10		5		39		35		0.30		1.6		124

		7-Feb-10		5		33.75		35		0.30		1.45		107

		8-Feb-10		5		0:00		35		0.30		1.45		108

		10-Feb-10		4

		11-Feb-10		4

		11-Feb-10		4

		13-Feb-10		4

		14-Feb-10		4		21		45		0.3		1.02		86

		15-Feb-10		4		22		45		0.3		1.09		90

		19-Feb-10		4		21.5		45		0.3		1.2		88

		20-Feb-10		4		18.5		45		0.3		1.23		76

		21-Feb-10		4		21		45		0.3		1.23		86

		22-Feb-10						45						0





terminal tables

		

				Polymer		Filter 4300		Filters 4100, 4200 and 4400						Polymer dose

				(mg/L)		(ntu)		(ntu)								4100

				0.0		0.15		0.30				13-Jan-10		0.0		0.70

				1.0		0.20		0.30				14-Jan-10		0.5		0.70

				1.0		0.30		0.30				15-Jan-10		0.5		0.70

				1.5		0.15		0.30				17-Jan-10		1.0		0.75

				2.0		0.30		0.30				20-Jan-10		1.5		0.99

				3.0		0.30		0.30				22-Jan-10		2.0		1.00

				3.5		0.30		0.30				23-Jan-10		3		1.23

				4		0.30		0.30				27-Jan-10		3.5		1.20

				4		0.29		0.30				30-Jan-10		4		1.50

				4		0.28		0.30				1-Feb-10		4		1.54

				4.5		0.30		0.30				3-Feb-10		4.5		1.50

				5		0.29		0.30				5-Feb-10		5		1.49

				5		??		0.30				6-Feb-10		5		1.28







Evaluating Pilot Filter Performance
Need good data analysis to 
pick up on subtle changes in 
filter performance.

Zeta potential measurements 
are best measure for 
controlling coagulation

Unit Filter Run Volumes 
(UFRVs) should be primary 
KPI for evaluating effects of 
WTP variables (everything 
from coag dose to floc mixer 
speed) 
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Filter/Floc Aids Not a charge neutralization application

Certain floc particles are neutrally charged, but too small or fragile 
to be retained in filters

High molecular weight polymers used at low doses to enlarge and 
strengthen floc

Balance particle retention and headloss
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0.3 NTU

Headloss 
(KPa)

Filter 
Turbidity 
(NTU)

Filter Aid 
Dose (mg/L)

zero 0.005 0.01 0.015

Filter Flow
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Coagulation 
Chemistry 
Summary

NOM controls coagulant dose

Alum best at pH 6.0 to 7.0

PACls best at pH 6.5 to 7.5 (pH ↑ as basicity ↑)

Ferric coagulants best at pH 5.5 to 6.5

Acid or base may be needed to maintain these pH ranges

Key Performance Indicators
• Measure Zeta Potential or Streaming Current
• Measure UFRVs not just settled turbidity
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