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UV DisinfectionUV Disinfection

Inactivates microorganism by UV light absorption 
and DNA/RNA destruction
Exceptional for disinfection of small bacteria and 
viruses
Technically feasible for disinfection of large 
Giardia and Cryptosporidium at very high UV 
doses and/or long contact time, or in conjunction 
with oxidants (ozone, peroxide, chlorine)
Well established disinfection technology



UV for Potable Water TreatmentUV for Potable Water Treatment

UV alone for treatment of uncontaminated 
groundwater where Giardia and Cryptosporidium 
are not expected to occur
UV + ozone (or hydrogen peroxide) (or chlorine) , 
known as AOP, for treatment of surface water
Applied prior to distribution system
No residual, or DBP, is produced
Secondary chemical disinfection is required



UV Effectiveness vs. ParticlesUV Effectiveness vs. Particles



UV  UV  EelectromagneticEelectromagnetic WavesWaves

100-400 nm (between X-rays & visible light 
spectrums)
Vacuum UV (100-200 nm)
UV-B (280-315 nm)
UV-A (315 nm)
Optimum UV range for water disinfection 
(245 & 285 nm)



UV Radiation SystemUV Radiation System

UV lamps emitting max energy output at 
low pressure (253.7 nm) for small water 
systems, and at medium pressure (180-1370 
nm) for large water systems
Quartz sleeves arranged in banks
Closed reactor chambers
Sensors and controls



Conventional UV System



Innovative UV SystemInnovative UV System



UV Reaction ParametersUV Reaction Parameters
Dose (mW-sec/sq.cm.)                                 = 
Intensity (mW/sq cm) x contact time (sec)
UV intensity = 3 to 12 mW/sq cm
Contact time = 6 to 40 sec (note: 10 min for 
Giardia and Cryptosporidium)
Dose = 20 to 40 mW-sec/sq cm  (extremely high 
dose for Giardia and Cryptosporidium)
Transmittance for water = 85 to 100 %
Oxidants (ozone,  peroxide, chlorine) for ADP



UV TransmittanceUV Transmittance

% transmittance T = the ability of water to 
transmit UV light at 253.7 nm through a path 
length of 1 cm   (A = absorbance unit/ cm )

Water quality = excellent (A = 0.022, T = 95%); 
good (A = 0.071; T = 85%); fair (A = 0.125; T = 
75%)



Commercial UV SystemsCommercial UV Systems



UV Operational Experience 1UV Operational Experience 1
Quartz sleeve cleaning frequency = low pressure & 
low intensity (manual, once a week); medium/low 
pressure & high intensity (automatic, several 
times/day)

Lamp age = low pressure & low/high intensity 
(8000-12000 hours); medium pressure & high 
intensity (400-6000 hours)

Lamp aging = intensity decreases with lamp age 
rapidly in early stages, but slowly in late stage.



UV Operational Experience 2UV Operational Experience 2

Lamp replacement = (a) dead;  (b) preset expected life; (c) 
below present intensity or dose.

Sensors detect any drop in output intensity

Alarms and shutdown systems

Automatic/manual cleaning cycles

Telemetry system for remote control



UV Operational Experience 3UV Operational Experience 3
Reliable and adequate disinfection
No need to transport or store chemicals
Elimination of toxic residual DBP
Sensible to water quality variations
Operational simplicity
No need to comply with costly safety requirements.
Potentially higher equipment & O&M costs
UV dechlorination & deozonation
Requirement of standby power 



UV Operational Experience 4UV Operational Experience 4

UV  disinfection efficiency decreases due to (a) 
chemical and biological films; (b) dissolved organics 
and inorganics; (c) aggregation of microorganisms; (d) 
color & turbidity; & (e) flow short-circuiting.

Scaling of quartz sleeves is likely to occur when (a) 
iron greater than 0.1 mg/L;  (b)  hardness greater than 
140 mg/L; and hydrogen sulfide greater than 0.2 mg/L. 
Any raw water with the problems of iron, hardness and 
hydrogen sulfide will limit the UV application.



UV Safety IssuesUV Safety Issues

Burning burn skin, eyes, etc.  by UV radiation
Submerging UV lamps in water to keep exposure 
minimum
Wearing safety goggles when working near an 
operating UV
Avoiding electrical hazard of the high-voltage 
ballasts (transforms) 
Disposing spent UV lamps ( universal wastes) which 
contains mercury.  



UV Summary 1UV Summary 1



UV Summary 2UV Summary 2



UV Summary 3UV Summary 3

Normal UV feed point for cost saving = prior  
to post chlorination and prior to distribution 
system;  UV serves as an  extra disinfection; 
and chlorine dosage remains the same.
UV feed point for AOP effect = before post 
chlorination for killing Giardia and 
Cryptosporidium; more chlorine is required.
UV is an effective dechlorination process.



City of Albany UV ReactorCity of Albany UV Reactor



City of Albany UV ValvesCity of Albany UV Valves



New Water TechnologiesNew Water Technologies

Membrane filtration technologies
Ballasted coagulation, sedimentation & 
filtration
Magnetic ion exchange, coagulation, 
sedimentation and filtration
Pre-ozonation, dissolved air flotation and 
filtration/GAC



Membrane FiltrationMembrane Filtration

Reverse osmosis (RO) removes 90-99% of all types 
contaminants in raw water
High pressure pumps force water through 
semipermeable membranes for treatment
It is time to consider adoption of RO for WTP near 
oceans



Planning for Membrane WTP Planning for Membrane WTP 

Future planning = (a) ocean will be the future water 
supply sources; (b) more emerging contaminants are 
found and require treatment; ( c)  the prices of 
membrane processes are decreasing. (d)  membrane 
WTP may be the best redundancy WTP.
Membrane filtration will be  the WTP of the future 
for  all  cities near the coastlines
For long-time planning, the land spaces must be 
reserved or created for membrane WTP and pump 
stations construction



Ballasted SedimentationBallasted Sedimentation



Ballasted Sedimentation  Ballasted Sedimentation  
Special FeaturesSpecial Features

Using microsands to enhance flocculation
Using Lamella plates to enhance settling
Overflow rate = 16-25 gpm/sq ft (40-6-m/h)
Mixing/flocculation DT = 8 min
Effluent turbidity = less than 1 NTU
Effluent TSS = less than 5 mg/L



Ballasted SedimentationBallasted Sedimentation
Raw Water QualityRaw Water Quality



Ion Exchange & RegenerationIon Exchange & Regeneration



Magnetic Ion Exchange (MIEX)Magnetic Ion Exchange (MIEX)



MIEX for TTHM & THAA RemovalMIEX for TTHM & THAA Removal



MIEX Unit ProcessMIEX Unit Process



MIEX Process SystemMIEX Process System
5959--MGD Wanneroo Groundwater MGD Wanneroo Groundwater 

Treatment Plant, AustraliaTreatment Plant, Australia



Dissolved Air Flotation Dissolved Air Flotation –– BubblesBubbles



First Flotation WTP in America  First Flotation WTP in America  
Lenox WTP, MA, USA.  1.2 MGDLenox WTP, MA, USA.  1.2 MGD



Flotation Water Treatment PlantFlotation Water Treatment Plant
Pittefield, MA, USA.  37.5 MGDPittefield, MA, USA.  37.5 MGD



FlotationFlotation--Filtration WTP SizingFiltration WTP Sizing



FlotationFlotation--Filtration WTP BirdFiltration WTP Bird’’s Views View



Pittsfield WTP Near ReservoirsPittsfield WTP Near Reservoirs



Pittsfield Water Supply System Pittsfield Water Supply System 



Separate Flotation and Filtration Separate Flotation and Filtration 
System (Waterlink)System (Waterlink)



WorldWorld’’s Largest Flotation WTP s Largest Flotation WTP -- 75 MGD75 MGD



Flotation WTP Water QualityFlotation WTP Water Quality



PrePre--ozonation & Flotationozonation & Flotation
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