
Practical Considerations of Applying
UV Technology for Reuse Water Disinfection
Bill Gordon, PMP
March 17, 2010 – HWEA – Honolulu, HI



Why Reuse Wastewater?

• New source of water for stressed, 
arid, drought affected environments

• Protect and replenish aquifers 
(prevent salt-water intrusion)

• Re-introduce discharge to stressed 
waterways

• Non-potable applications such as 
irrigation of golf courses, crops, 
green spaces

• Process water at WWTPs



Acceptance of UV as a Disinfection Method

1910 - UV first used for water treatment

1972 - First regulations introduced on wastewater 
treatment standards in US

1976 - Limits put on chlorine levels in effluent

1978 - USEPA funds several full-scale UV 
systems with positive results

1986 - USEPA Design Manual endorses UV for 
wastewater disinfection

1986 - USEPA Design Manual endorses UV for 
wastewater disinfection

2003 - NWRI / AwwaRF publishes UV Guidelines 
for DW and Water Reuse





Types of UV Applications in Wastewater

• Disinfection of Primary Treated Effluent (e.g. 5,000 FC/100 ml)

• Unfiltered Secondary Effluent (e.g. 200 FC/100 ml) 

• Tertiary Effluent (following sand, disk, membrane filter)

• Disinfection for WW reuse and reclamation (Hawaii – R1 / 2.2 FC/100 ml)

• Photolysis / Oxidation for specific contaminants in WW (e.g. NDMA)

• Disinfection of Combined or Sanitary Sewer Overflows

20% 20% -- 50%50% 50% 50% -- 70%70% > 70%> 70%

• Primary Effluent
• Blended Effluent 
• Lagoons
• CSO, SSO

• Secondary Effluent
• Filtered Effluent 
• WW Reuse
• Fixed Film Effluent

• Post-membrane
• High-level reuse
• Contaminant destruction

UV Transmission Scale:



• Safe, environmentally friendly technology

• No by-products; well suited to meet increasingly stringent discharge 
regulations

• Chemical-free; adds nothing to the effluent but light

Why Has UV Been So Successful?

• Inactivates viruses as well as 
pathogenic bacteria and chlorine 
resistant microbes

• Right disinfection choice as we 
acknowledge that WW of upstream 
communities ultimately becomes 
DW of cities downstream



What Makes Each UV Installation A Success?

1) Proper Planning and Design

• Consulting Engineer – understand plant and client’s needs

• UV Manufacturer – understand science and UV reactor design

2) Proper Operation and Maintenance once Installed

• Owner and Operators

• On-going support from CE and UV Manufacturer

We’ll explore the UV Manufacturer’s perspective on UV System 
Planning and Design



UV System Planning and Design
Manufacturer’s Perspective

Ultimate goal is to transfer UV light through specific effluent into microorganisms

Part 1: Establish Target(s) for Disinfection

- Deliver a certain UV Dose (e.g. 100 mJ/cm2 MS2 per NWRI) 

- Absolute number of microbes (e.g. 23 FC/100 ml)

- Certain log reduction of microbe (e.g. 4 log virus)

Establish water quality parameters (e.g. TSS, UVT)

Part 2: Determine how much UV equipment is needed for
the particular application

- Function of flow rate, UVT, Lamp Type, Configuration



Part 1: Disinfection Target 
Based on Design UV Dose per NWRI Guidelines

100Media Filtration

UVT > 55%

50Reverse Osmosis (RO)

UVT > 90%

80Membrane Filtration

UVT > 65%

Design UV Dose

(mJ/cm 2 MS2)

Upstream Treatment Process



Part 1: Disinfection Target
Based on Absolute Number of Microbes
Upstream process has dramatic effect on UV dose-response curves: 
Understand your effluent, analyze samples
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UV System Design Criteria

Regulated or preferredRedundancy

Footprint or Headloss LimitsConfiguration

UV Dose, Disinfection LimitPerformance Criteria

Filtration/RO

Suspended Growth or Fixed Film
Upstream Treatment

Total Iron (mg/l)

TSS size and density

Total Suspended Solids (mg/l)

UV Transmission (%)

Water Quality

Peak and AverageFlow Rate

DescriptionParameter



Part 2: Equipment Selection and Sizing UV Reactor 
Design Options

• Open channel

• Parallel Flow

• Amalgam Lamps



Part 2: UV Reactor Design Options

• Flow Direction: In open channel or In pipe

• Lamp Arrangement: Parallel-flow or Cross-flow

• Lamp Type: Low Pressure, Amalgam, Medium Pressure

• Ballasts, Quartz Sleeves

• Lamp Spacing

• Sleeve Cleaning System: manual, mechanical, mechanical-
chemical

• Other Considerations: Sensors, Monitoring and Control
Systems

We’ll Explore Lamp Spacing and UV Transmittance



Design Consideration: Lamp Spacing and UVT

• The ratio of light entering the water to 
that exiting the water

• As UVT decreases, must pack lamps 
closer together and/or use more 
powerful lamps

• Lamp type, spacing and quantity are all 
linked to UVT

• 5% change in UVT can mean 15% 
change in equipment required

• Collect UVT data early in design

• Recommended 6 month minimum



Design Consideration: Efficiency and Lamp Spacing
Typical UVT (~ 65%)

Ideal Lamp Spacing Wide Spacing

Uniform dose distribution, no dark
zones, no wasted energy at walls

Insufficient UV light and energy 
applied within reactor



High Dose Microbe

Medium Dose Microbe 
Path

Low Dose Microbe Path
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Bioassay Validation Verifies Reactor Performance

• Ensure disinfection performance of UV system is equal to or better than 
theoretical predictions 

• Allows apples to apples comparison of each manufacturer’s reactor and 
total energy consumption

Flow per Lamp vs. Dose 

For given UVT

Flow Rate vs. Head 
For given power
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Different Cleaning Systems Perform Differently

Magnified quartz sleeves

NWRI Guidance Manual prescribes protocols for measu ring 
fouling rate and cleaning system effectiveness



>0.95 Validated Default 0.8

Automatic 
chemical/mechanical 

Cleaning No CleaningMechanical Wiping

Quartz Sleeve Fouling Factor (NWRI Guidelines)

Default 0.8



1. Bioassay / UV Dose
2. Lamp Aging Factor
3. Sleeve Fouling Factor

Acceptance letter for UV Manufacturer’s Reactor



Typical Reuse Installation
TrojanUV3000TM



TrojanUV3000PlusTM



• N-nitrosodimethylamine (NDMA) – industrial 

additive & disinfection byproduct

• 1,4-Dioxane – industrial solvent

• Pesticides & herbicides – agricultural uses

• Petroleum additives – such as MTBE

• Taste & Odor – seasonal occurrences

• Pharmaceuticals and personal care products 

(endocrine disruptors)

• And many others

• Microbe disinfection is also achieved

Emerging Contaminants of Concern



Illustration of UV-Oxidation Process

Hydrogen peroxide

Hydroxyl 
Radical



Indirect Potable Reuse
Orange County, CA

• Objective: treat wastewater to 
drinking water standards

• Treated water injected (protect from 
seawater) and percolated 
(replenish) into aquifers

• ~1/2 the cost of desalination

• MF/RO/UV-Ox Treatment Train

• UV-oxidation used for:

– NDMA destruction

– Disinfection

– Additional barrier against endocrine disruptors



Orange County Demonstration System

• ~5 MGD demonstration system 

installed in June 2004

• Equipment shown represents 1/9th of 

the eventual full-scale system

• Objective: validate full scale design

• 1.2 log reduction in NDMA was 

achieved; reducing effluent 

concentration to < 10 ppt
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Orange County Full Scale UV System Diagram

60 foot x 60 foot footprint

H2O2 dosed upstreamInfluent Header

Effluent Header

• Treatment process:   

UV/H2O2

• Full scale flow rate: 

100 MGD

• UV-oxidation O&M costs: 

• 4 -5 cents per 1000 gallons 

water treated

UV also satisfies regulatory requirements for disin fection



• Reuse of wastewater is accepted, common and essential in some areas

• UV is cost-effective and growing technology for reuse applications

• The 2003 NWRI Guidelines provide solid methodology for evaluation and 
implementation of UV disinfection for reuse. Guidelines provide recommended 
design dose - enabling confident sizing of UV systems

• Three critical components of UV system sizing include validation of:

1) Delivered UV dose

2) Lamp aging factor

3) Quartz sleeve fouling factor

• Advanced Oxidation can be considered for multi-barrier: contaminant 
treatment and microbial disinfection

Summary



CONTACT INFORMATION

Bill Gordon, PMP
Municipal Applications

(519) 457-340
bgordon@trojanuv.com

Questions?




