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UV Technology g
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* Mercury Vapour Lamps g o4
» Low pressure, High output g,;i
« Primarily 254 nm Wavelength g'“

L] 4

» Larger footprint Wavelangth o
* More tubes / output
o Lamp life >12 thousand hours
e QOperating temp 70 to 150 °C 14

 Medium pressure, High intensity
 Wavelength 200 — 300 nm
« Smaller footprint

« Lamp life <9 thousand hours Jd U ‘

* Operating temp 600 to 800 °C TSN SN SR R N L LN N

Wavlength (nm]
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Spectral irradiance
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So Which System Do You Choose?

* Application
« Trace Organic Removal
Removal by photolysis
Advanced oxidation (OH-) H,0,
Contaminant Specific
Medium or Low Pressure

e 600 to 2000 mj/cm?
» Disinfection

e 254 nm

 Low or Medium Pressure

e <120 mj/cm?
« Footprint
 Water Quality

* % Transmissivity

* |norganics NO3, SO3, Fe, Mn
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— Metaldehyde — Atrazine

Absorption (L/mole/cm)

Trace Organic Removal

Metaldehyde Absorption (L/mole/cm)
= N w Iy

o
Atrazine
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 What is the target compound? )< [\etaldehyde

* What s the water quality —) + Passed through all conventional
matrix? treatment processes and into
the final water

« Adsorbtion spectra - Has it been
or practical information does it give
: . : you?
e Can it be oxidised via
hydroxyl radicals?
e How can all this be determined?
 What would it cost?
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UV Lamp

Collimated Beam

Collimating
Tube

 Equipment
 Bench Scale
* Low or medium pressure Lamps
e Determine kinetics

 Test Conditions
e 250 ml stirred Test Solution
o Sample 22 cm from UV source
e UV dose 19.2 Wm?2

Radiometer

Tl
~— Petri Dish
Stir Plate

o UVT 86% Soml e

+ 0.2-0.25 pg/l Metaldehyde e ﬁ

e 0to 15 mg/l H,O, Added £ —
 Results : ~3

* Minimal removal with photolysis ? 0 ‘ ‘ ‘

« AOP-OH S e

UV dose (mjlcm ?)

» Higher peroxide doses greater potential
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Bench Scale Trials

Water Sample sent specialist labs
Representative %UVT
Recirculating low pressure system

More representative and larger samples
for analysis cf collimated beam

Peroxide dose 0 to 10 mg/I

Results

UV photolysis — minimal degradation
UV+ H202 significantly higher

Log reduction doubled from 5 to 10 mg/l
HZOZ

Kinetic destruction rate determined for
target compound

Design and cost model
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Courtesy of Trojan UV
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Pilot Plant Trials — Medium Pressure

« Trojan Medium Pressure 12 kW System

* Dose rate controlled by flow rate min dose
@17m3/hr

* Spiked treated surface water to 1 pg/I
« UVT 86 to 88%

. Peroxide dose 5 to 25 mg/l . —+— UV Only = 5mg/l H202 —a 15mg/l H202 - 20mg/l H202 —x— Zomg/l H202|
» Electrical Energy Dose calcd EED 0.7 kWh/n®
« Ideal EED ~0.7kWh/m3 max ; . /
£ 0] /'/J
e Results / //
« Photolysis 32% @ 1.32 kWh/m3 . =
e Photolysis 13% @ 0.7 kWh/m3 T cowen

« AOP-62% @ 1.32 kWh/m3+ 25 mg/l H,0O,

e AOP-~30% @ 0.7 kWh/m3+ 5 to 15 mg/I
HZOZ
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Pilot Plant Trials — Low Pressure

 Trojan Phox Low Pressure 8

Lamp System Low pressure
« Same conditions as medium —Sonoh o it < jongh X gt —+ st
pressure unit re flow and UVT. 0. 7kWh/m 3
e Photolysis - 48% @ 0.7kWh/m3 7| =—— . —

e AOP851093% @ 0.7kWh/m3+ == v
5 tO 15 mg/I H202 é 60.00 - /
* Scale up issues with Pilot plants ~ |,
~15%

20.00

0.00

0.43 05 0.66 0.99 1.32
EED (kWh/m3)
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Financial Implications — UV + H,0,
Based on 30 MLD & 0.5 pg/l Metaldehyde

« UV suppliers can then provide budget costs.
« Based on 93% UVT

 1.18 Log Removal of metaldehyde

« CAPEX ~£2000k ex Civils

« OPEX ~£450k/a

« GAC still needed
* H,0O, quenching
« Biological Stabilisation of final water
* Final barrier to micro-pollutants & breakdown products
« Effect of H,O, on GAC long term performance

« Water Quality and Cost information then feedback into the business



Examples of Photolysis Vs Advanced
Oxidation — Contaminant dependant

* Photolysis

e Acid Herbicides

« NDMA

« MTBE

e Microcystin

e Estrone

e Triclosan

» Sulfamethoxazole

Advanced Oxidation
Triazines, Urons

1,4 Dioxane

TCE

Anatoxin

17 a-ethinylestradiol
Ibuprofen

Dichlofenac
Carbamazapine
Erythromycin



UV as a Disinfectant

Conventional Disinfectants oxidise cell Le S ITTTTI
structures of the organisms. ;?L AT e T o

» Cells can repair themselves /I\/G/V \?]ir:?;triszaDt'i\?Ang;ng;iigr?
UV works by absorption of light

« Photochemical Reaction DNA Dimer Formation

¢ DNA Hepatitis A 7=

* Dimerisation S

« Inability to reproduce - =

e Primary Wavelength 254nm :
V.Effective for E.coli oot [0
Cryptosporidium
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Cryptosporidium Inactivation

Membranes
. Finite barrier
High OPEX and CAPEX
* UV Inactivation
e Historically >8000mj/cm2
 Now 40 mj/cm2 based on mouse infectivity
« Change in 2008 DWI Regs
UV - Cost effective
« DWI Guidance — Feb 2010



Design Choices

Location in process stream
» Just prior to final disinfection
« Site constraints
» Raw -> post final chlorination
e Chlorine demand ~ 0.1 -0.2mg/l (esp high NO3 waters)
o Determine %UVT prior to design
 Flow rate - Average / Max
» Duty/Standby/Assist - flexibility
* Low pressure or medium pressure
* Number of lamps
* Energy costs
e WLC ~ 50% premium for MP
* Footprint
e MP —<240nm removed
* Installation pipe work to match validation criteria — CFD?



Validation

« DWI based guidelines on EPA
« Validated units — off site with appropriate organism

« Multibarrier approach taken into account but need to have
documented evidence of effectiveness and control

>3 log Inactivation
* Reduction Equivalent Fluence/Dose (REF) — 40mj/cm2
« USEPA (MS2)
 Onorm/DVGW (B.subtilis)



UV Operational Compliance

* Plant maintained within design operational window

» Operating outside design conditions — inadequate disinfection
e Monitor

e Turbidity <1.0 NTU, median <0.1 NTU

o« %UVT

* Flow rates

 UVI - Applied dose
« UVI sensor calibrated against reference initially and routinely

* Process start up / shut down — no water to go into supply or process
by-passed

e Lamp failure
 Lamp breakage log and control
* Mercury traps 150mg/IHg/lamp (~2.5ug/l found in water phase)



Conclusions

« Trace Organics

Treatment for wide range of organics even difficult ones
Need to establish photolysis or advanced oxidation

If AOP need for further treatment

Establish kinetics — derive costs

Reduction of by product formation

Still a developing technology but has potential

 Disinfection

Efficient for the inactivation of bacteria and parasites
Virus still need chlorine

DWI guidelines provide a basic footprint for a more cost effective
treatment for Crypto

Further guidance in the USEPA UV manual

Need to ensure critical design and operation parameters are all in
place



