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Objective

Compare five processes with different 
water sources based on:

•Water Quality
•Residuals
•Cost

Treatment Process Source Water
Conventional Ground
Lime Softening Blend
Enhanced Coagulation Surface 
Desalination Sea
Integrated Membrane System Surface 

Conventional Treatment

Aeration
H2S(aq) + Air ? H2S(g) + Air

H2CO3 + Air ? H2O + CO2(g) + Air
pH + Air ? pHs + Air

Disinfection (Chloramination)
HOCl + NH3 ? H2O + NH2Cl

Conventional Treatment Plant



(Ca(OH)2)

CO2 + Ca(OH)2
? CaCO3 (p)+ H2O

Ca(HCO 3
-)2 + Ca(OH)2 ? CaCO3 (p)+H2O

Lime 
Softening

Mixing/ 
Flocculation

Settling Filtration

Chloramination

Residual
(CaCO3)

Groundwater Finished

Lime Softening Enhanced Coagulation/O3/BAC
Coagulation

Fe2(SO4)3 + H2O + Turbidity + TOC ?
Fe(OH)3(TOC/Turb) + H2SO4

Ozonation
O3 + Pathogens + Color ?

O2 + byproducts + AOC
Adsorbtion

AOC + BAC ? BAC(AOC)

Disinfection
Chloramines

Enhanced Coagulation/O3/BAC

Raw Screen Coagulation

Settling Filtration Ozonation

Bio-
degradation

(BAC)
Disinfection Finished

 

Membrane  Array 

Acid/AS Add.  
Microfiltration 

Disinfection & Stabilization 

Distribution 

Pretreatment Membrane Filtration Postreatment 

Raw Water  Concentrate 

Permeate 

Aeration 

H2S, CO2 

Conventional RO/NF System

Desalination



RO/NF Pilot Unit Integrated Membrane System
Coagulation

Ferric Sulfate
RO/NF Membranes

Disinfection
Chloramines

FEED(f) WATERFEED(f) WATER

PRETREATEDPRETREATED PERMEATE(p)PERMEATE(p)

Qc, CcQc, Cc

Qf, CfQf, Cf

Qp, CpQp, Cp

CONCENTRATE(c))CONCENTRATE(c))

TDS Before and After Process
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TOC Before and After Process
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Total Hardness Before
and After Process
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Typical Pathogen Log Rejection
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Process Residuals
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Capital Costs
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O & M Costs
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Summary
•Water Quality

–TDS/TH
Conventional Treatment and Enhanced Coagulation 
increase TDS and remove no TH, whereas Softening, 
IMS and Desal reduce TDS and TH

–TOC
Conventional Treatment and Softening removing little 
TOC, whereas IMS and Desal removal nearly all TOC

–Pathogens
All process reduce pathogens due to mandatory 
disinfection.  Processes involving membranes and 
advanced disinfection remove 1000 more pathogens.

Summary

• Residuals
– Processes involving RO/NF (Desal and IMS) 

produce the greatest residual, whereas conventional 
treatment and softening produce the least residual.

• Cost
– Processes involving Desal and IMS cost more that 

other processes, but produce higher quality.  This 
cost is less than 1 penny per pound and 100 time less 
than a typical soft drink or alcoholic beverage  
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