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Coagulation Overview



Coagulation Overview
• One objective of water treatment is to manage the removal of the water-

borne solids whose presence makes  the water unsuitable for its intended 
use. 

• Many of these solids are too small to settle out on their own and are 
stabilized by surface charges that resist their agglomeration.  These surface 
charges are generally  negative.

• The purpose of inorganic coagulants is to destabilize solids and increase 
their size to facilitate their removal by settling and filtration processes.

• Removing solids by coagulation and filtration significantly reduces the 
disinfectant demand. In turn, this  reduces the formation of DBPs.
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Coagulation Overview
• As the graph demonstrates, in the absence of coagulation, many solids 

are too small to be directly removed by filtration.

• Colloidal material (d < 10 µ) typically represents a significant fraction of 
the solids to be removed and can have a rather insignificant effect on raw 
turbidities.

• In many cases, a significant fraction of the TOC is colloidal. 

• For many systems, the required coagulant dosage is controlled by the 
amount of charge required to neutralize the surface charges on the 
colloidal particles.



Coagulation Demand
• “Approximate” coagulant demand for low turbidity raw waters:

0.61 mg of Al+3/mg of raw water DOC

1.26 mg of Fe+3/mg of raw water DOC

This translates to:
 6.8 ppm of alum (db)/ppm of raw water TOC
 5.0 ppm of ACH (neat basis)/ppm of raw water TOC
 12.6 ppm of 50% LFS (neat basis)/ppm of raw water TOC
 9.3 ppm of FeCl3 (neat basis)/ppm of raw water TOC



Coagulant Demand--Example

May 30, 2007 July 2, 2007

Raw Water Turbidity 45 NTU 48 NTU

Raw Water pH 7.7 7.65

Raw Water Alkalinity 95 ppm 100 ppm

Coagulant Dosage 40 ppm 60 ppm



Coagulant Demand--Example
May 30, 2007 July 2, 2007

Raw Water Turbidity 45 NTU 48 NTU

Raw Water pH 7.7 7.65

Raw Water Alkalinity 95 ppm 100 ppm

Coagulant Dosage 40 ppm 60 ppm

UV-254 Absorbance 0.40 0.60



Characteristics of Inorganic Coagulants

• Have large positive valence (for charge neutralization). 
Coagulant efficiency significantly increases with its valence. 
(Schulze-Hardy Rule)

• Form insoluble precipitates in water (for adsorption and 
sedimentation).

• Are inexpensive. 

• Aluminum and Ferric-based salts meet these criteria and are 
almost universally used.



Cation Comparison
Valence is the charge on an ion in solution.

Cation Valence
Coagulation 
Efficiency

 Floc 
Formation Unit Cost

Na+1 +1 Poor Extremely Poor Moderate
Ca+2 +2 Fair Poor Moderate
Al+3 +3 Very Good Very Good Low
Fe+3 +3 Very Good Very Good Low
Zr+4 +4 Excellent Very Good Very High


071001

		Date		7/10/01										Route:						TEST LOCATION

																				North Bay Regional Water Treatment Plant

		General Chemical Corporation																		City of Fairfield/City of Vacaville

		Syracuse Technical Center

		344 West Genesee Street						(800)255-7589

		Syracuse, NY		13202				(315)478-2323												PERSONNEL						Tom Coughlin & Mark Davis

		PRESENT WATER QUALITY				TURB		pH						COLOR		TEMP		HARD		ALK		Fe				Mn		TOC						FLOW

						NTU										F		mg/L		mg/L		mg/L				mg/L		mg/L						MGD

		RAW WATER				79		7.54								21.5																		30.0

		SETTLED WATER				1.6

		FILTERED WATER

		FINISHED WATER				0.03		8.40																		Caustic added after filtration

		FINISHED WATER

		PRODUCT		DOSE		$/#		$/MG						VENDOR				REMARKS				JAR TEST				MIN		RPM		REMARKS

		Alum		79.0				0.00								dry-basis						MIXING				0.5		300.0		mixing								Sets sampled at 1.5 in below the surface

		Cat Poly		0.8				0.00														SPEEDS				9.0		80.0		coagulation

		Non Poly		0.027				0														AND TIMES				9		60		coagulation

																										9.0		40.0		coagulation

		TOTAL						0.000														35.52				25.0		0.0		Settling

		PRODUCT		DOSE		ACTUAL		Polymer		ACH		ACTUAL		Cost		SETT		TURB		TURB		FILT		FILT		TOC		TOC		% TOC		Sludge		Alk		Al																Metal

		TESTED		ppm		microliter		ppm		ppm		microliter		$/MG		pH		SETT		FILT		Time		INDEX		Sample		mg/l		Removal		(#/MMG)		Reduction		(mM/l)						% Metal		$/lb		SP Grav.		Alk. Red		#/MG Sludge		mM/l

		Raw Water #1																										3.1

		Alum		150.0		226		1.0						40.0				4.99						0.00		1		2.0		35.5%		156.75		36.15		0.241		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		160.0		241		1.0						42.7		6.56		5.40						0.00		2		1.9		38.7%		167.20		38.56		0.257		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		170.0		256		1.0						45.4				5.80						0.00		3		2.0		35.5%		177.65		40.97		0.273		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Clar+Ion A405P		100.0		149								42.7		6.95		2.08		0.052		42.63		1.20		4		1.9		38.7%		99.27		22.90		0.153		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

		Clar+Ion A405P		110.0		164								47.0		6.94		2.00		0.056		61.25		1.72		5		2.0		35.5%		109.20		25.19		0.168		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

		Clar+Ion A405P		120.0		179								51.3		6.89		1.43						0.00		6		2.1		32.3%		119.13		27.47		0.183		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

																						0.00										0.000		0.00		0.00																0.000E+00

		Raw Water #2																										3.1				0.000

		Alum		130.0		195		1.0						34.7		6.78		3.18		0.060		44.84		1.26		7		2.4		22.6%		135.85		31.33		0.209		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		140.0		211		1.0						37.4		6.79		4.39		0.061		49.53		1.39		8		2.1		32.3%		146.30		33.74		0.225		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Ferric Sulfate (60%)		50.0		63								29.2		7.02		1.98		0.095		61.20		1.72		9		2.3		25.8%		95.76		16.13		0.107		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		60.0		76								35.0		7.01		1.45		0.075		45.23		1.27		10		2.1		32.3%		114.91		19.35		0.129		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		70.0		89								40.9		7.00		1.90		0.062		42.12		1.19		11		1.9		38.7%		134.06		22.58		0.150		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		80.0		101								46.7		6.98		1.77		0.065		41.18		1.16		12		1.8		41.9%		153.22		25.80		0.172		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

														0.0								0.00		0.00

		Raw Water #3												0.0										0.00				2.6

		Alum		120.0		180		1.0						32.0		6.71		5.21		0.053		52.76		1.49		13		1.8		30.8%		125.4		28.92		0.193		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Hyper+Ion 1090		20.0		30		1.0						40.0		7.77		5.38		0.046		52.75		1.49		14		2.0		35.5%		59.9		13.81		0.092		Hyper+Ion 1090				12.43		0.24		1.34		0.6907		2.9947		4.605E-03

		Hyper+Ion 1090		25.0		37		1.0						50.0		7.74		4.49		0.053		49.94		1.41		15		1.9		38.7%		74.9		17.27		0.115		Hyper+Ion 1090				12.43		0.24		1.34		0.6907		2.9947		4.605E-03

		Hyper+Ion 1090		30.0		45		1.0						60.0		7.70		4.13		0.054		51.86		1.46		16		1.9		38.7%		89.8		20.72		0.138		Hyper+Ion 1090				12.43		0.24		1.34		0.6907		2.9947		4.605E-03

		Hyper+Ion 1090		35.0		52		1.0						70.1		7.67		4.00		0.047		53.04		1.49		17		1.8		41.9%		104.8		24.17		0.161		Hyper+Ion 1090				12.43		0.24		1.34		0.6907		2.9947		4.605E-03

		Hyper+Ion 1090		40.0		60		1.0						80.1		7.65		2.91		0.050		50.83		1.43		18		1.5		51.6%		119.8		27.63		0.184		Hyper+Ion 1090				12.43		0.24		1.34		0.6907		2.9947		4.605E-03

		Raw Water #4												0.0														2.5

		Clar+Ion A405P		100.0		149								42.7		6.88		2.75		0.059		46.89		1.32		19		1.9		24.0%		99.27		22.90		0.153		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

		Alum		130.0		195		1.0						34.7		6.86		4.52/2.65		0.050		48.42		1.36		20		1.5		40.0%		135.8		31.33		0.209		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum/HI-1090		40.0		60		1.0		15		22		42.0		7.25		2.84		0.049		42.71		1.20		21		1.5		40.0%		86.7		20.00		0.133		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum/HI-1090		40.0		60		1.0		20		30		52.4		7.20		2.58		0.054		42.08		1.18		22		1.5		40.0%		101.7		23.45		0.156		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum/HI-1090		40.0		60		1.0		25		37		62.8		7.18		2.59		0.050		45.45		1.28		23		1.6		36.0%		116.7		26.91		0.179		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum/HI-1090		40.0		60		1.0		30		45		73.2		7.15		1.89		0.055		43.16		1.22		24		1.4		44.0%		131.6		30.36		0.202		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		General Chemical is not engaged in the business of consulting or providing technical, operational or safety

		advice for a fee.  Any such advice provided has been furnished as an accomodation and without any warranty

		or representation as to its accuracy, fitness for a particular purpose or any other matter.  The recipient's use or

		non-use of such advise is madesolely at the discrection and risk of the recipient.

		Date:		7/10/01																TEST LOCATION

		0.0																														North Bay Regional Water Treatment Plant

		PRODUCT		DOSE		DOSE		COLOR						FLOC		TURB		TURB		pH		FILT				Al2O3						CHEM SLDG				MIX
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		General Chemical is not engaged in the business of consulting or providing technical,  operational or safety advice for a fee.   Any such advice provided has been furnished

		as an accommodation and without charge and is made without any warranty or representation as to its completeness, accuracy, fitness for a particular purpose or any other

		matter.   The recipient's use or non-use of such advice is made solely at the discretion and risk of the recipient.





071001 (2)

		Date		7/10/01										Route:						TEST LOCATION

																				North Bay Regional Water Treatment Plant

		General Chemical Corporation																		City of Fairfield/City of Vacaville

		Syracuse Technical Center

		344 West Genesee Street						(800)255-7589

		Syracuse, NY		13202				(315)478-2323												PERSONNEL						Tom Coughlin & Mark Davis

		PRESENT WATER QUALITY				TURB		pH						COLOR		TEMP		HARD		ALK		Fe				Mn		TOC						FLOW

						NTU										F		mg/L		mg/L		mg/L				mg/L		mg/L						MGD

		RAW WATER				79		7.54								21.5																		30.0

		SETTLED WATER				1.6

		FILTERED WATER

		FINISHED WATER				0.03		8.40																		Caustic added after filtration

		FINISHED WATER

		PRODUCT		DOSE		$/#		$/MG						VENDOR				REMARKS				JAR TEST				MIN		RPM		REMARKS

		Alum		79.0				0.00								dry-basis						MIXING				0.5		300.0		mixing								Sets sampled at 1.5 in below the surface

		Cat Poly		0.8				0.00														SPEEDS				9.0		80.0		coagulation

		Non Poly		0.027				0														AND TIMES				9		60		coagulation

																										9.0		40.0		coagulation

		TOTAL						0.000														35.52				25.0		0.0		Settling

		PRODUCT		DOSE		ACTUAL		Polymer		ACH		ACTUAL		Cost		SETT		TURB		TURB		FILT		FILT		TOC		TOC		% TOC		Sludge		Alk		Al																Metal

		TESTED		ppm		microliter		ppm		ppm		microliter		$/MG		pH		SETT		FILT		Time		INDEX		Sample		mg/l		Removal		(#/MMG)		Reduction		(mM/l)						% Metal		$/lb		SP Grav.		Alk. Red		#/MG Sludge		mM/l

		Raw Water #1																										3.1

		Alum		150.0		226		1.0						40.0				4.99						0.00		1		2.0		35.5%		156.75		36.15		0.241		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		160.0		241		1.0						42.7		6.56		5.40						0.00		2		1.9		38.7%		167.20		38.56		0.257		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		170.0		256		1.0						45.4				5.80						0.00		3		2.0		35.5%		177.65		40.97		0.273		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Clar+Ion A405P		100.0		149								42.7		6.95		2.08		0.052		42.63		1.20		4		1.9		38.7%		99.27		22.90		0.153		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

		Clar+Ion A405P		110.0		164								47.0		6.94		2.00		0.056		61.25		1.72		5		2.0		35.5%		109.20		25.19		0.168		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

		Clar+Ion A405P		120.0		179								51.3		6.89		1.43						0.00		6		2.1		32.3%		119.13		27.47		0.183		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03

																						0.00										0.000		0.00		0.00																0.000E+00

																						0.00		0.00

		Raw Water #3																						0.00				2.6

		Alum		120.0		180		1.0						32.0		6.71		5.21		0.053		52.76		1.49		13		1.8		30.8%		125.4		28.92		0.193		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Hyper+Ion 1090		20.0		30		1.0						40.0		7.77		5.38		0.046		52.75		1.49		14		2.0		23.1%		59.9		2.30		0.092		Hyper+Ion 1090				12.43		0.24		1.34		0.1150		2.9947		4.605E-03

		Hyper+Ion 1090		25.0		37		1.0						50.0		7.74		4.49		0.053		49.94		1.41		15		1.9		26.9%		74.9		2.88		0.115		Hyper+Ion 1090				12.43		0.24		1.34		0.1150		2.9947		4.605E-03

		Hyper+Ion 1090		30.0		45		1.0						60.0		7.70		4.13		0.054		51.86		1.46		16		1.9		26.9%		89.8		3.45		0.138		Hyper+Ion 1090				12.43		0.24		1.34		0.1150		2.9947		4.605E-03

		Hyper+Ion 1090		35.0		52		1.0						70.1		7.67		4.00		0.047		53.04		1.49		17		1.8		30.8%		104.8		4.03		0.161		Hyper+Ion 1090				12.43		0.24		1.34		0.1150		2.9947		4.605E-03

		Hyper+Ion 1090		40.0		60		1.0						80.1		7.65		2.91		0.050		50.83		1.43		18		1.5		42.3%		119.8		4.60		0.184		Hyper+Ion 1090				12.43		0.24		1.34		0.1150		2.9947		4.605E-03

		Raw Water #4																										2.5

		Clar+Ion A405P		100.0		149								42.7		6.88		2.75		0.059		46.89		1.32		19		1.9		24.0%		99.27		22.90		0.153		Clar+Ion A405P				4.12		0.051		1.34		0.2290		0.9927		1.526E-03						8.481E-05

		Alum		130.0		195		1.0						34.7		6.86		4.52/2.65		0.050		48.42		1.36		20		1.5		40.0%		135.8		31.33		0.209		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				12.5373		4.644E-03

		Alum/HI-1090		40.0		60		1.0		15		22		40.7		7.25		2.84		0.049		42.71		1.20		21		1.5		40.0%		86.7		11.37		0.133		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				12.5373		4.644E-03

		Alum/HI-1090		40.0		60		1.0		20		30		50.7		7.20		2.58		0.054		42.08		1.18		22		1.5		40.0%		101.7		11.94		0.156		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				12.5373		4.644E-03

		Alum/HI-1090		40.0		60		1.0		25		37		60.7		7.18		2.59		0.050		45.45		1.28		23		1.6		36.0%		116.7		12.52		0.179		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				12.5373		4.644E-03

		Alum/HI-1090		40.0		60		1.0		30		45		70.7		7.15		1.89		0.055		43.16		1.22		24		1.4		44.0%		131.6		13.09		0.202		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				12.5373		4.644E-03

		General Chemical is not engaged in the business of consulting or providing technical, operational or safety

		advice for a fee.  Any such advice provided has been furnished as an accomodation and without any warranty

		or representation as to its accuracy, fitness for a particular purpose or any other matter.  The recipient's use or

		non-use of such advise is madesolely at the discrection and risk of the recipient.

		Date:		7/10/01																TEST LOCATION

		0.0																														North Bay Regional Water Treatment Plant

		PRODUCT		DOSE		DOSE		COLOR						FLOC		TURB		TURB		pH		FILT				Al2O3						CHEM SLDG				MIX

		TESTED		mg/L										SIZE		SETT		FILT		SETT		INDEX				mg/L						#/MG				TIME

																																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

																																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

		General Chemical is not engaged in the business of consulting or providing technical,  operational or safety advice for a fee.   Any such advice provided has been furnished

		as an accommodation and without charge and is made without any warranty or representation as to its completeness, accuracy, fitness for a particular purpose or any other

		matter.   The recipient's use or non-use of such advice is made solely at the discretion and risk of the recipient.





052504

		Date		5/25/04										Route:						TEST LOCATION

																				North Bay Regional Water Treatment Plant

		General Chemical Corporation																		City of Fairfield/City of Vacaville

		Syracuse Technical Center

		344 West Genesee Street						(800)255-7589

		Syracuse, NY		13202				(315)478-2323												PERSONNEL				Tom Coughlin & Mark Davis

		PRESENT WATER QUALITY				TURB		pH		COLOR		TEMP		HARD		ALK		Fe		Mn		TOC		FLOW

						NTU						F		mg/L		mg/L		mg/L		mg/L		mg/L		MGD

		RAW WATER																						30.0

		SETTLED WATER

		FILTERED WATER

		FINISHED WATER

		FINISHED WATER

		PRODUCT		DOSE		$/#		$/MG						VENDOR				REMARKS				JAR TEST		MIN		RPM		REMARKS

		Alum		66.0				0.00								dry-basis						MIXING		0.5		300.0		rapid mix								Sets sampled at 1.5 in below the surface

		Cat Poly						0.00														SPEEDS		9.0		60		flocculation

		Non Poly						0														AND TIMES		9		40.0		flocculation

		TOTAL																						9		20		flocculation

		Tested on Ozonated North Bay Aquaduct Raw Water																						25.0		0.0		settling

		Jar Test Volume		2.0		L		0.000														35.52

		PRODUCT		DOSE		ACTUAL		Polymer		ACH		ACTUAL		Cost		SETT		TURB		TURB		FILT		FILT		TOC		% TOC		Sludge		Alk		Al																Metal

		TESTED		ppm		microliter		ppm		ppm		microliter		$/MG		pH		SETT		FILT		Time		INDEX		mg/l		Removal		(#/MMG)		Reduction		(mM/l)						% Metal		$/lb		SP Grav.		Alk. Red		#/MG Sludge		mM/l

		Raw Water #1																								3.1

		Alum		125.0		188		1.0						36.0				2.92										100.0%		130.62		30.13		0.201		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Alum		135.0		203		1.0						38.7				2.68										100.0%		141.07		32.54		0.217		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03

		Ferric Sulfate (60%)		75.0		95		1.0						46.5				0.73						0.00				100.0%		143.64		24.19		0.161		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		85.0		108		1.0						52.3				0.90						0.00				100.0%		162.79		27.42		0.183		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		95.0		120		1.0						58.1				1.02						0.00				100.0%		181.94		30.64		0.204		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

														0.0								0.00								0.000		0.00		0.00																0.000E+00

		Raw Water #3												0.0												3.1

		Alum		130.0		195		1.0						37.4				3.50										100.0%		135.8		31.33		0.209		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		40.0		60		1.0		15		22.4		39.6				2.04										100.0%		57.5		11.37		0.134		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		45.0		68		1.0		15		22.4		41.0				2.17										100.0%		62.7		12.57		0.142		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		1.0		15		22.4		42.3				2.25										100.0%		67.9		13.78		0.150		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		55.0		83		1.0		15		22.4		43.6				2.36										100.0%		73.1		14.98		0.158		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

														0.0

		Raw Water #3												0.0												3.1

		Alum		130.0		195		1.0						37.4				2.80										100.0%		135.8		31.33		0.209		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		40.0		60		1.0		12.5		18.7		35.2				1.78										100.0%		54.9		11.08		0.122		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		45.0		68		1.0		12.5		18.7		36.6				1.20										100.0%		60.1		12.28		0.130		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		1.0		12.5		18.7		37.9				1.68										100.0%		65.3		13.49		0.138		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		55.0		83		1.0		12.5		18.7		39.2				1.80										100.0%		70.5		14.69		0.146		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		General Chemical is not engaged in the business of consulting or providing technical, operational or safety

		advice for a fee.  Any such advice provided has been furnished as an accomodation and without any warranty

		or representation as to its accuracy, fitness for a particular purpose or any other matter.  The recipient's use or

		non-use of such advise is madesolely at the discrection and risk of the recipient.

		Date:		5/25/04																TEST LOCATION

		0.0																												North Bay Regional Water Treatment Plant

		PRODUCT		DOSE		DOSE		COLOR						FLOC		TURB		TURB		pH		FILT		Al2O3						CHEM SLDG				MIX

		TESTED		mg/L										SIZE		SETT		FILT		SETT		INDEX		mg/L						#/MG				TIME
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																														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

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

																														0.0

		General Chemical is not engaged in the business of consulting or providing technical,  operational or safety advice for a fee.   Any such advice provided has been furnished

		as an accommodation and without charge and is made without any warranty or representation as to its completeness, accuracy, fitness for a particular purpose or any other

		matter.   The recipient's use or non-use of such advice is made solely at the discretion and risk of the recipient.





052604

		Date		5/26/04										Route:						TEST LOCATION

																				North Bay Regional Water Treatment Plant

		General Chemical Corporation																		City of Fairfield/City of Vacaville

		Syracuse Technical Center

		344 West Genesee Street						(800)255-7589

		Syracuse, NY		13202				(315)478-2323												PERSONNEL				Tom Coughlin & Mark Davis

		PRESENT WATER QUALITY				TURB		pH		COLOR		TEMP		HARD		ALK		Fe		Mn		TOC		FLOW

						NTU						F		mg/L		mg/L		mg/L		mg/L		mg/L		MGD

		RAW WATER				64..1		7.68								115.0								26.5

		SETTLED WATER				1.4		7.30

		FILTERED WATER				0.05

		FINISHED WATER

		FINISHED WATER

		PRODUCT		DOSE		$/#		$/MG						VENDOR				REMARKS				JAR TEST		MIN		RPM		REMARKS

		Alum		66.0				0.00								dry-basis						MIXING		0.5		300.0		rapid mix								Sets sampled at 1.5 in below the surface

		Cat Poly						0.00														SPEEDS		9.0		60		flocculation

		Non Poly						0														AND TIMES		9		40.0		flocculation

		TOTAL																						9		20		flocculation

		Tested on Ozonated North Bay Aquaduct Raw Water																						25.0		0.0		settling

		Jar Test Volume		2.0		L		0.000														22.0

		PRODUCT		DOSE		ACTUAL		Polymer		ACH		ACTUAL		Cost		SETT		TURB		TURB		FILT		FILT		TOC		% TOC		Sludge		Alk		M+3																Metal

		TESTED		ppm		microliter		ppm		ppm		microliter		$/MG		pH		SETT		FILT		Time		INDEX		mg/l		Removal		(#/MMG)		Reduction		(mM/l)						% Metal		$/lb		SP Grav.		Alk. Red		#/MG Sludge		mM/l

		Raw Water #4																								3.08		(25%)

		Alum		130.0		195		1.0						37.4		7.10		2.92		0.054		24.29		1.10		1.81		41.2%		135.85		31.33		0.209		Alum				4.34		0.032		1.33		0.241		1.0450		1.607E-03

		AlumLC		80.0		120		1.0						41.4		7.40		0.72		0.063		22.76		1.03		2.12		31.2%		81.56		9.44		0.125		AlumLC				4.23		0.058		1.33		0.118		1.0195		1.568E-03

		AlumLC		100.0		150		1.0						51.0		7.39		0.94		0.050		23.20		1.05		2.04		33.8%		101.95		11.80		0.157		AlumLC				4.23		0.058		1.33		0.118		1.0195		1.568E-03

		Ferric Sulfate (60%)		65.0		82		1.0						40.6		7.10		0.72		0.080		24.31		1.11		1.98		35.7%		124.49		20.97		0.140		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

		Ferric Sulfate (60%)		80.0		101		1.0						49.4		7.00		0.65		0.068		22.55		1.03		1.79		41.9%		153.22		25.80		0.172		Ferric Sulfate (60%)				12.00		0.07		1.58		0.323		1.92		2.148E-03

														0.0								0.00								0.000		0.00		0.00																0.000E+00

		Raw Water #5												0.0												3.21		(25%)

		Alum		100.0		150		1.0						29.4		7.20		1.77		0.069		22.84		1.04		1.96		40.2%		104.5		24.10		0.161		Alum				4.34		0.032		1.33		0.241		1.0450		1.607E-03

		Fer+Ion A402.5P		55.0		70								38.5		7.34		1.03		0.072		24.17		1.10		2.12		31.2%		102.70		17.30		0.115		Fer+Ion A402.5P				11.70		0.084		1.57		0.314		1.87		2.094E-03

		Fer+Ion A402.5P		70.0		89								49.0		7.13		0.49		0.064		22.43		1.02		1.93		37.3%		130.71		22.01		0.147		Fer+Ion A402.5P				11.70		0.084		1.57		0.314		1.87		2.094E-03

		Fer+Ion A502.5P		55.0		70								38.5		7.13		1.11		0.095		27.70		1.26		2.15		30.2%		102.70		17.30		0.115		Fer+Ion A502.5P				11.70		0.084		1.57		0.314		1.87		2.094E-03

		Fer+Ion A502.5P		70.0		89								49.0		7.09		0.64		0.066		22.36		1.02		1.96		36.4%		130.71		22.01		0.147		Fer+Ion A502.5P				11.70		0.084		1.57		0.314		1.87		2.094E-03

														0.0																0.00

		Raw Water #6												0.0												3.28		(25%)		0.00

		Alum/HI-1090		40.0		60		1.0		15.0		22.4		42.1		7.45		1.50		0.062		22.10		1.00		2.05		37.5%		41.80		11.37		0.134		Alum/HI-1090				4.34		0.032		1.33		0.241		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		45.0		68		1.0		12.5		18.7		38.7		7.43		1.63		0.061		22.05		1.00		2.10		36.0%		47.02		12.28		0.130		Alum/HI-1090				4.34		0.032		1.33		0.241		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		1.0		12.5		18.7		40.0		7.36		1.64		0.073		22.26		1.01		2.12		35.4%		52.25		13.49		0.138		Alum/HI-1090				4.34		0.032		1.33		0.241		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		1.0		10.0		14.9		35.2		7.32		1.38		0.070		21.36		0.97		2.06		37.2%		52.25		13.20		0.127		Alum/HI-1090				4.34		0.032		1.33		0.241		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		60.0		90		1.0		10.0		14.9		37.9		7.29		1.42		0.074		23.25		1.06		2.04		37.8%		62.70		15.61		0.143		Alum/HI-1090				4.34		0.032		1.33		0.241		1.0450		1.607E-03				0.115		4.644E-03

		General Chemical is not engaged in the business of consulting or providing technical, operational or safety

		advice for a fee.  Any such advice provided has been furnished as an accomodation and without any warranty

		or representation as to its accuracy, fitness for a particular purpose or any other matter.  The recipient's use or

		non-use of such advise is madesolely at the discrection and risk of the recipient.

		Date:		5/26/04																TEST LOCATION

		0.0																												North Bay Regional Water Treatment Plant

		PRODUCT		DOSE		DOSE		COLOR						FLOC		TURB		TURB		pH		FILT		Al2O3						CHEM SLDG				MIX

		TESTED		mg/L										SIZE		SETT		FILT		SETT		INDEX		mg/L						#/MG				TIME
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		General Chemical is not engaged in the business of consulting or providing technical,  operational or safety advice for a fee.   Any such advice provided has been furnished

		as an accommodation and without charge and is made without any warranty or representation as to its completeness, accuracy, fitness for a particular purpose or any other

		matter.   The recipient's use or non-use of such advice is made solely at the discretion and risk of the recipient.





111604

		Date		11/16/04												Route:						TEST LOCATION

																						North Bay Regional Water Treatment Plant

		General Chemical Corporation																				City of Fairfield/City of Vacaville

		Syracuse Technical Center

		344 West Genesee Street						(800)255-7589

		Syracuse, NY		13202				(315)478-2323														PERSONNEL				Tom Coughlin & Mark Davis

		PRESENT WATER QUALITY				TURB		pH						COLOR		TEMP		HARD		ALK		Fe		Mn		TOC		FLOW

						NTU										F		mg/L		mg/L		mg/L		mg/L		mg/L		MGD

		RAW WATER				30		7.22												86.0								17.0

		SETTLED WATER				1.3		7.30

		FILTERED WATER				0.03		8.26

		FINISHED WATER

		FINISHED WATER

		PRODUCT		DOSE		$/#		$/MG								VENDOR				REMARKS				JAR TEST		MIN		RPM		REMARKS

		Alum		67.0				0.00										dry-basis						MIXING		0.5		300.0		rapid mix								Sets sampled at 1.5 in below the surface

		Cat Poly						0.00																SPEEDS		9.0		60		flocculation

		Non Poly						0																AND TIMES		9		40.0		flocculation

		TOTAL																								9		20		flocculation

		Tested on Non-Ozonated North Bay Aquaduct Raw Water																								25.0		0.0		settling

		Jar Test Volume		2.0		L		0.000																20.2

								Cat		Non-Ionic

		PRODUCT		DOSE		ACTUAL		Polymer		Polymer		HI-1090		ACTUAL		Cost		SETT		TURB		TURB		FILT		FILT		TOC		% TOC		Sludge		Alk		M+3																Metal

		TESTED		ppm		microliter		ppm		ppm		ppm		microliter		$/MG		pH		SETT		FILT		Time		INDEX		mg/l		Removal		(#/MMG)		Reduction		(mM/l)						% Metal		$/lb		SP Grav.		Alk. Red		#/MG Sludge		mM/l

		Raw Water #1																												(25%)

		Alum		135.0		203		0.7								37.9		6.79		3.52		0.093		35.46		1.76		#1		0.0%		141.07		32.54		0.217		Alum				4.34		0.032		1.33		0.241		1.0450		1.607E-03

		AlumLC; 7.85% & 48.5% (stab)		80.0		119		0.7								48.6		6.98		0.84		0.056		23.46		1.16		#2		0.0%		54.03		10.35		0.061		AlumLC; 7.85% & 48.5% (stab)				4.23		0.07		1.35		0.129		0.68		7.575E-04

		AlumLC; 8.0% & 45% (stab)		60.0		86		0.7								36.9		7.00		0.74		0.007		28.47		1.41		#3		0.0%		40.53		7.76		0.045		AlumLC; 8.0% & 45% (stab)				4.23		0.07		1.39		0.129		0.68		7.575E-04

		AlumLC; 8.0% & 45% (stab)		80.0		115		0.7								48.6		6.95		0.66		0.062		27.70		1.37		#4		0.0%		54.03		10.35		0.061		AlumLC; 8.0% & 45% (stab)				4.23		0.07		1.39		0.129		0.68		7.575E-04

		AlumLC; 8.0% & 45% (unstab)		60.0		86		0.7								36.9		6.92		0.88		0.069		26.11		1.29		#5		0.0%		40.53		7.76		0.045		AlumLC; 8.0% & 45% (unstab)				4.23		0.07		1.4		0.129		0.68		7.575E-04

		AlumLC; 8.0% & 45% (unstab)		80.0		114		0.7								48.6		6.86		0.87		0.074		24.57		1.22		#6		0.0%		54.03		10.35		0.061		AlumLC; 8.0% & 45% (unstab)				4.23		0.07		1.4		0.129		0.68		7.575E-04

																								0.00								0.000		0.00		0.00																0.000E+00

		Raw Water #2																										3.21		(25%)

		Alum		135.0		203		0.7		0.02						37.9		6.72		1.75		0.060		26.00		1.29		#7		0.0%		141.1		32.54		0.217		Alum				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		40.0		60		0.7		0.02		15.0		22.4		38.8		7.02		0.64		0.054		23.93		1.18		#8		0.0%		57.5		11.37		0.134		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		45.0		68		0.7		0.02		12.5		18.7		35.8		7.00		0.80				24.13		1.19		#9		0.0%		60.1		12.28		0.130		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		0.7		0.02		12.5		18.7		37.1		6.96		0.65				24.85		1.23		#10		0.0%		65.3		13.49		0.138		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		Alum/HI-1090		50.0		75		0.7		0.02		10.0		14.9		32.7		6.98		0.63				24.14		1.20		#11		0.0%		62.7		13.20		0.127		Alum/HI-1090				4.34		0.032		1.33		0.2410		1.0450		1.607E-03				0.115		4.644E-03

		AlumLC; 8.0% & 45% (stab)		60.0		86		0.7		0.02						36.9		7.07		0.46		0.058		26.37		1.31		#12		0.0%		40.53		7.76		0.045		AlumLC; 8.0% & 45% (stab)				4.23		0.07		1.39		0.129		0.68		7.575E-04

																																0.00

		General Chemical is not engaged in the business of consulting or providing technical, operational or safety

		advice for a fee.  Any such advice provided has been furnished as an accomodation and without any warranty

		or representation as to its accuracy, fitness for a particular purpose or any other matter.  The recipient's use or

		non-use of such advise is madesolely at the discrection and risk of the recipient.

		Date:		11/16/04																		TEST LOCATION

		0.0																														North Bay Regional Water Treatment Plant

		PRODUCT		DOSE		DOSE		COLOR								FLOC		TURB		TURB		pH		FILT		Al2O3						CHEM SLDG				MIX

		TESTED		mg/L												SIZE		SETT		FILT		SETT		INDEX		mg/L						#/MG				TIME
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		General Chemical is not engaged in the business of consulting or providing technical,  operational or safety advice for a fee.   Any such advice provided has been furnished

		as an accommodation and without charge and is made without any warranty or representation as to its completeness, accuracy, fitness for a particular purpose or any other

		matter.   The recipient's use or non-use of such advice is made solely at the discretion and risk of the recipient.
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										Cation		Valence		Coagulation Efficiency		Floc Formation		Unit Cost

										Na+1		+1		Poor		Extremely Poor		Moderate

										Ca+2		+2		Fair		Poor		Moderate

										Al+3		+3		Very Good		Very Good		Low

										Fe+3		+3		Very Good		Very Good		Low

										Zr+4		+4		Excellent		Very Good		Very High
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		C1*V1 = C2*V2

		Jar Volume		mls		2000		2000

		Desired Conc.		ppm		0.02		0.70

		Stock Soln. Conc.		ppm		700		20000				50

		Dosage		mls		0.0571		0.0700				0.02

		Dosage		ul		57.1		70.0				1

		Stock Soln Conc

		%		ppm

		Neat		1000000

		10%		100000

		1%		10000

		0.10%		1000

		0.01%		100

		0.001%		10

		Anionic Polymer		1300		gms

		Dilution water		480		gals

				0.0007152868

				0.07%







Coagulant Mechanisms
• Step 1:  Charge neutralization significantly reduces the electrical charge 

repulsion between particles, allowing them to come together.

• Step 2:  Metal hydrolysis forms floc particles.

• Step 3:  Adsorption of neutralized particles onto floc particles.

• Step 4:  Particles grow larger due to flocculation

• Step 5:  Particles settle.  Small particles are adsorbed onto settling 
particles (“floc sweep”).



Coagulant Mechanisms
• Charge neutralization occurs on an atomic “scale”.  Thus, in the early 

stages of treatment, the number of charges delivered by the coagulant is 
more important than the weight of the metal.

• The number of metal atoms delivered by the coagulant also affects the 
number of floc particles created.  

• Thus, the concentration of atomic units of M+3 delivered affects 
coagulant performance more than the weight of M+3 . (Useful to 
remember when comparing the performance of alum and ferric salts).

• It’s also possible that some coagulants are more effective on an “equal 
molar” basis than others (that is, “simple coagulants” vs. “polymeric 
inorganic coagulants”).



Charge Neutralization
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Performance vs. Alum Dosage
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		Hypothetical Performance vs. Dosage Plot

		Raw Turbidity		5		NTU

		Raw TOC		4.2		mg/L

		Raw pH		8

		Raw alkalinity		59		mg/L

		Theoretical Minimum Alum Dosage		28.6		mg/L

		Required % TOC Removal		45%

						Settled		Delta		Settled

				Dosage		Turbidity		TOC		TOC		% TOC

		Coagulant		mg/L		NTU		mg/L		mg/L		Removal

		Alum		0		5		0.000		4.2		0%

		Alum		10		3.5		0.500		3.70		11.9%

		Alum		15		2.75		0.230		3.47		17.4%

		Alum		20		2		0.200		3.27		22.1%

		Alum		25		1.2		0.170		3.10		26.2%

		Alum		30		0.8		0.165		2.94		30.1%

		Alum		35		1.2		0.158		2.78		33.9%

		Alum		40		1.6		0.153		2.62		37.5%

		Alum		50		2.2		0.153		2.47		41.2%





Sheet2

		





Sheet3

		







Most Commonly-Used Inorganic Coagulants

• “Simple Coagulants”: Bulk solution contains only “hydrated” 
metal ions
Aluminum Sulfate (Alum)
Ferric Sulfate (LFS)
Ferric Chloride

• “Polymeric Coagulants”:  Bulk solution contains “polymeric 
Al species”
Polyaluminum Chlorides (PACls and ACH)



Equal Metal Dosage Conversions
Equal Metals

Specific Molar Dosage
Product % Metal Gravity ppm (liquid basis)
39% Ferric Chloride 13.4 1.418 67  (27 db)

60% Ferric Sulfate 12.0 1.580 75  (45 db)

50% Ferric Sulfate 10.0 1.435 90 (45 db)
Liquid Alum 4.34 1.335 100  (48.5 db)
ACH                                        12.17               1.34                     36

PACS                                        5.71               1.24                     76



Metal Equivalent Dosages
• 100 mg/L (“liquid” basis) of liquid alum
 100 mg/L x (0.0434 mg of Al/mg of alum) x (1 mmole of Al/27 mg 

of Al) = 0.1607 mmole/L of Al

• 50% LFS
 0.1607 mmole/L of Fe x (55.8 mg of Fe/mmole of Fe) x (1 mg of 

50% LFS/0.1 mg of Fe) = 89.7 mg/l of 50% LFS (“liquid” basis).



Organic Coagulants
• DADMAC

• EPI / DMA

• Polymer-Inorganic Coagulant Blends
 2 % by weight  to 50 % by weight

• Generally speaking, polymer type is more important than 
polymer MW—that is, some waters are more “responsive” to 
one  polymer type that the other.



Settling Aids
• High molecular weight polymers
Dry
Emulsion
Either type requires a properly designed addition system to function 

properly.  Emulsions are typically easier to use.

• Characterized by MW and charge (anionic vs. non-ionic). 
Performance may be controlled by MW more than charge.

• Typically used at dosages of 0.03 – 0.3 mg/l “active basis”.  
Dosage is limited to avoid possible filter issues.



Coagulant Types



Aluminum-Based Inorganic Coagulants

• “Simple Coagulants”: Bulk solution contains Al+3 (H2O)6

Aluminum Sulfate (Alum)
Aluminum Chloride

• “Polymeric Coagulants”:  Bulk solution contains “polymeric 
Al species”
Polyaluminum Chlorides (PACls)
Polyaluminum sulfates
Polyaluminum silicate sulfates



Ferric-Based Inorganic Coagulants

• “Simple Coagulants”: Bulk solution contains Fe+3 (H2O)n

Ferric Chloride
Ferric Sulfate
Ferric Chloride/Sulfate blends

• “Polymeric Coagulants”:  Bulk solution contains “polymeric 
Fe species”
Poly-Ferric Sulfate



Characteristics of “Simple” Coagulants
• To a first approximation, simple coagulants tend to exhibit comparable 

performance when dosed on an “equal (molar) metals basis”. 

• Coagulant species are “simple” metal-hydroxy ions, e.g. Al(OH)2
+

• Since speciation is pH-dependent, optimal performance is generally pH-
dependent.  The optimal pHs for TOC removal are generally considered 
to be:
For simple Al salts:  6.4 – 7.0
For simple Fe+3 salts:  < 6.0

• Hydrolysis reaction:     M+3 + 3 H2O ⇒ M(OH)3 + 3 H+

Note:   1 mole of metal releases 3 moles of acid.  This correlates with 
the post-treatment alkali requirement.



Alum - Ferric Dosage Conversions
Equal Metals

Specific Molar Dosage
Product % Metal Gravity ppm (liquid basis)

39 % Ferric Chloride 13.4 1.418 67

“60 %” Ferric Sulfate 12.0 1.580 75

“50 %” Ferric Sulfate 10.0 1.435 90

Liquid Alum 4.34 1.335 100
(48.5 DB)



TOC Removal Data
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Figure 1:  % DOC Removal vs. Coagulant Dosage
City of Tulsa--AB Jewell Treatment Plant
General Chemical Jar Testing--10/16/06
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Figure 1:  % DOC Removal vs. Coagulant Dosage
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General Chemical Jar Testing--10/16/06
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TOC Removal Data (2)
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Halifax, Nova Scotia
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Alum @ pH = 6.6 LFS @ pH = 6.7


AWWARF Data

		Jar Test Data

		Source:		AWWARF Report						Removal of DBP Precursors by Enhanced Coagulation and Settling

		Application		Lawrence, KS.

		Alum				AlCl3				LFS				FeCl3

		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC

		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal

		0.15		35.0%		0.15		39.0%		0.14		33.0%		0.13		28.0%

		0.30		39.0%		0.30		49.0%		0.30		45.0%		0.30		48.0%

		0.50		38.0%		0.50		55.0%		0.50		60.0%		0.45		55.0%

		0.70		50.0%		0.70		60.0%		0.70		65.0%		0.63		65.0%

		0.80		53.0%		0.80		40.0%						0.80		77.0%

		Application		Grand Forks, ND.

		Alum				AlCl3				LFS				FeCl3

		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC

		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal

		0.30		36.0%						0.55		40.0%

		0.70		48.0%						0.75		50.0%

		1.00		55.0%						1.00		65.0%

		1.20		60.0%						1.40		70.0%

		1.40		63.0%

		Application		New Castle, PA.

		Alum				AlCl3				LFS				FeCl3

		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC		Dosage		% TOC

		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal		mM of Al+3		Removal

		0.025		10.0%						0.050		0.0%

		0.075		27.0%						0.100		17.0%

		0.100		30.0%						0.150		35.0%

		0.130		35.0%						0.200		38.0%

		0.175		38.0%						0.250		38.0%

		0.200		40.0%

		pH = 6.6								pH = 6.7





AB Jewell
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Alum

60% LFS

Coagulant Dosage (mM of M+3)

DOC Removal (%)

Figure 1:  % DOC Removal vs. Coagulant Dosage
City of Tulsa--AB Jewell Treatment Plant
General Chemical Jar Testing--10/16/06
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Phoenix

		0.14467823999999999		0.14467824

		0.19290432		0.19290431999999996

		0.2411304		0.24113040000000002
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Figure 1A:  TOC Removal vs. Coagulant Dosage
City of Phoenix--Val Vista Plant
General Chemical Jar Testing--02/14/08
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LR-ARK
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Figure 7:  TOC Removal vs. Settled Water pH for Alum Treatment
Wilson Plant--11/13/03
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Acid Alums

		35.0		35.0		35.0		35.0

		50.0		50.0		50.0		50.0

		65.0		65.0		65.0		65.0

		80.0		80.0		80.0		80.0

		95.0		95.0		95.0		95.0

		110.0		110.0		110.0		110.0



Alum

A5

A7

A10

Coagulant Dosage (mg/l "neat basis")

% TOC Removal

% Toc Removal vs. Coagulant Dosage

0.09677419354838723

0.032258064516129115

0.06451612903225812

0.0625

0.12903225806451613

0.12903225806451613

0.12903225806451613

0.15625

0.19354838709677424

0.19354838709677424

0.16129032258064513

0.1875

0.22580645161290325

0.22580645161290325

0.22580645161290325

0.21875

0.25806451612903236

0.25806451612903236

0.25806451612903236

0.2500000000000001

0.29032258064516125

0.29032258064516125

0.29032258064516125

0.2812500000000001



Lawrence, KS.

		0.15		0.15		0.14		0.13

		0.3		0.3		0.3		0.3

		0.5		0.5		0.5		0.45

		0.7		0.7		0.7		0.63

		0.8		0.8				0.8



Alum

AlCl3

LFS

FeCl3

Coagulant Dosage (millimoles of M+3/L)

TOC Removal (%)

TOC Removal vs. Coagulant Dosage
Lawrence, KS.
AWWARF Report

0.35

0.39

0.33

0.28

0.39

0.49

0.45

0.48

0.38

0.55

0.6

0.55

0.5

0.6

0.65

0.65

0.53

0.4

0.77



Grand Forks, ND.

		0.3		0.55

		0.7		0.75

		1.0		1.0

		1.2		1.4

		1.4



Alum

LFS

Coagulant Dosage (millimoles of M+3/L)

TOC Removal (%)

TOC Removal vs. Coagulant Dosage
Grand Forks, ND.
AWWARF Report

0.36

0.4

0.48

0.5

0.55

0.65

0.6

0.7

0.63



New Castle, PA.

		0.025		0.05

		0.075		0.1

		0.1		0.15

		0.13		0.2

		0.175		0.25

		0.2



Alum @ pH = 6.6

LFS @ pH = 6.7

Coagulant Dosage (millimoles of M+3/L)

TOC Removal (%)

TOC Removal vs. Coagulant Dosage
Halifax, Nova Scotia
AWWARF Report

0.1

0.0

0.27

0.17

0.3

0.35

0.35

0.38

0.38

0.38

0.4





Polyaluminum Coagulants

• “Polyaluminum” coagulants are Al-based products having OH 
groups incorporated into their structure.

• Types of polyaluminum coagulants include the following empirical 
formulas:

Al2(OH)6-x Clx Polyaluminum Chloride =  PACl

Al2 (SO4)z(OH)(6-(x+2z)) Clx Polyaluminum Chlorosulfate = PACS

Al2(OH)(6-2z)(SO4)z Polyaluminum Sulfate = PAS

Al2(OH)(6-2(z+w))(SiOx)w (SO4)z      Polyaluminum Silicate Sulfate = PASS



Polyaluminum Coagulants

• “Polyaluminum” coagulants can be considered to be partially  
“pre-hydrolyzed”.   The degree of  “pre-hydrolysis” varies with 
the product, and is defined as the product’s Basicity:

% Basicity = 100% x [OH-] / {3 x [Al+3] }
where 

the species concentrations are in mole/liters

• The basicity represents the percentage of the product’s Al valence 
that is associated with OH groups.

• Thus, each polyaluminum coagulant type represents a unique 
“family” of coagulants, with each family member having a 
different basicity (and treating characteristics).



Polyaluminum Coagulants

Basicity (%)  =                 x  100  

• Low Basicity  =  10 - 33 %

• Middle Basicity  =  34 - 67 %

• High Basicity  =  68 - 83 %

[OH-]
3[Al+3]



Polyaluminum Chlorides

• Basicities can range from 10 - 83%

• Al content can increase with increasing Basicity (the basicity 
stabilizes the product).

• The amount of polymeric species increases with increasing basicity.

• Products having Basicities > 70% contain polymeric species 
possessing high cationic charge and are very efficient coagulants.  
These products are called aluminum chlorohydrates (ACHs).



Polymeric Aluminum Species
• Polymeric species include:
 Al2(OH)2(H2O)8

+4 

 Al6(OH)12(H2O)12
+6

 AlO4Al12(OH)24(H2O)12
+7

Due to their higher valence, these species are much more effective 
coagulants than +3 valence species.

• The proportion of high valence species increases with 
increasing Basicity.



Characteristics of “Polymeric” Coagulants
• Generally contain “inorganic polymeric” species that are more 

efficient than “simple metal-hydroxy” species.

• Effect of increasing basicity:
Coagulant performance becomes less pH-dependent.
Coagulant’s alkalinity consumption decreases (i.e. less pH 

suppression).  In turn, this means less post-treatment alkali demand.  
For example, consider the hydrolysis reaction of an ACH having 
a basicity of 83%:

Al2(OH)5
+1 + 1 H2O ⇒ 2 Al(OH)3 + 1 H+

Note:  2 moles of metal ions releases 1 mole of acid.  Thus, 
using these products significantly reduces the post-treatment 
alkali requirement.



Characteristics of Simple vs. Polymer Coagulants

• Alkalinity consumption:  
ACH ≈ PASS < PACl < PAS < Alum ≈ LFS < FeCl3

• Coagulant (Dosage) Efficiency: 
ACH > PACl ≥ PAS = PASS > Alum = LFS = FeCl3

• Ease of Use:  Alum = LFS = FeCl3 > PAS = PASS > PACL > ACH 
(Based on “width of dosage treatment window”).

• Unit Pricing: ACH > PACl > PASS > PAS > Alum ≈ LFS ≈ FeCl3

Note:  Alkalinity consumption, coagulant efficiency, and unit pricing 
comparisons are on a “molar basis”.



Characteristics of Al vs. Fe-based Coagulants

• Filtration characteristics
For alum, filter runlengths are generally limited by turbidity breakthrough.
For Fe+3 salts, filter runlengths are generally limited by headloss. 

Inadequate filtration can cause colored water issues.

• Ferric salts are more shear-resistant than alum.

• FeCl3 is significantly more corrosive than alum or LFS.

• Sludge issues
 Alum will invariably generate fewer pounds of chemical sludge than Fe+3 salts.
 Fe+3 salts generated-sludge may dewater more easily than Al-generated sludge. 



Drinking Water Application Matrix
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TOC/DBP  Reduction X X X X X
Cold Water Performance X X X X X X X
Low Turbidity Raw Water X X X
Reduced NaOH Consumption X X X X X X X
Sludge Reduction X X X X X
Low Alklalinty Raw Water X X X X
Turbidity Reduction X X X X X X X X
Ease of Use X X X X
Variable Raw Water Quality X X X X
High pH Raw Water X X X X
Lime Softening X
Arsenic Removal X X X X


Drinking Water

		

										Alum		Alum/Polymer		Acid Alums		Acid Alum/Polymer		AlCl3		AlCl3/Polymer		PACL		PACL/Polymer		ACH		ACH/Polymer		LFS		LFS/Polymer		Acid Ferrics

								TOC/DBP  Reduction		X				X		X														X				X										Alum		PACL		ACH		LFS								Alum		PACL		ACH

								Turbidity Reduction				X				X						X		X		X		X				X										DOC Removal		X						X						DOC Removal		X

								Arsenic Removal		X												X				X				X												Turbidity Reduction				X		X								Turbidity Reduction				X		X

								Reduced NaOH Consumption				X										X		X		X		X														Arsenic Removal		X		X		X		X						Arsenic Removal		X		X		X

								Low Alklalinty Raw Water														X		X		X		X		X		X										Reduced NaOH Consumption				X		X								Reduced NaOH Consumption				X		X

								High pH Raw Water																		X		X		X												Low Alklalinty Raw Water				X		X		X						Low Alklalinty Raw Water				X		X

								Lime Softening																						X												High pH Raw Water						X		X						High pH Raw Water						X

								Variable Raw Water Quality		X		X																		X		X										Lime Softening								X						Lime Softening

								Ease of Use		X		X																		X		X										Variable Raw Water Quality		X				X		X						Variable Raw Water Quality		X				X

								Sludge Reduction				X										X		X		X		X														Broad Dosage Range		X						X						Broad Dosage Range		X

								Cold Water Performance				X										X		X		X		X		X		X										Sludge Reduction				X		X								Sludge Reduction				X		X

																																										Cold Water Performance				X		X		X						Cold Water Performance				X		X

																																										Post-Precipitation Issues		X												Post-Precipitation Issues		X

																																										Colored Water Issues								X						Colored Water Issues

																																										Relative Dosage		1		0.5 - 0.7		0.25		0.75						Relative Dosage		1		0.5 - 0.7		0.25

																																										Relative Unit Pricing		1		3.5		7		1.5						Relative Unit Pricing		1		3.5		7

																																										Floc Size		Large		Moderate		Small		Large						Floc Size		Large		Moderate		Small





Drinking Water (2)

		

										Alum		Alum/Polymer		Acid Alums		Acid Alum/Polymer		PAS		PASS		PACS		PACL		PACL/Polymer		ACH		ACH/Polymer		LFS		LFS/Polymer		Acid Ferrics

								TOC/DBP  Reduction		X				X		X																X				X

								Cold Water Performance										X		X		X		X		X		X		X

								Low Turbidity Raw Water														X				X				X

								Reduced NaOH Consumption				X								X		X		X		X		X		X

								Sludge Reduction				X												X		X		X		X

								Low Alklalinty Raw Water																X		X		X		X

								Turbidity Reduction				X				X								X		X		X		X		X		X

								Ease of Use		X		X																				X		X

								Variable Raw Water Quality		X		X																				X		X

								High pH Raw Water																				X		X		X		X				`

								Lime Softening																								X

								Arsenic Removal		X														X				X				X





Waste Water

		

										Alum		Alum/Polymer		Acid Alums		Acid Alum/Polymer		AlCl3		AlCl3/Polymer		PACL		PACL/Polymer		ACH		ACH/Polymer		LFS		LFS/Polymer		Acid Ferrics

								Odor Control																						X

								Phosphorous Removal		X																				X

								Struvite Formation		X																				X

								Sludge Dewatering																						X





Ind Appl.

		

										BOD/COD Removal		Turbidity Reduction		Phosphate Removal		TSS Reduction		Color Removal		Specific Chemical Removal

								Paper		X				X				X

								Textile				X						X

								Meat Processing		X

								Mining								X				X

								Surfactant		X





Flows-Dosages

		

								Application		Flow     MGD		Dosage                       mg/l "liquid basis"		Use Frequency

								Drinking Water		1 - 600		10 -  200		nearly 100%

								Wastewater		1 - 300		application specific		25 - 50%

								Paper		10 - 30				rare

								Textile				100 - 200		rare

								Meat Processing		1- 4		300 - 1000		high

								Mining				application specific		application specific

								Surfactant		1		1000 - 5000		rare
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