|OA/IUVA North American
Joint Conference 2009

Cambridge, Massachusetts, USA
4-5 May 2009

ISBN: 978-1-61738-254-3



Printed from e-media with permission by:
Curran Associates, Inc.

57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2009) by International Ozone Association
All rights reserved.

Printed by Curran Associates, Inc. (2010)

For permission requests, please contact International Ozone Association
at the address below.

International Ozone Association

P.O. Box 28873
Scottsdale, AZ 85255 USA

Phone: 1.480.529.3787
Fax: 1.480.473.9068

infO3zone@io3a.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

SESSION 2 - UV REGULATORY

Commissioning and Obtaining Regulatory Approval for Drinking Water UV Disinfection Systems...........cccccccovvevane. 1
David Gaithuma, Harold Wright, Mark Heath

Biodosimetry of a Full-Scale UV Disinfection System to Achieve Regulatory Approval for Drinking

MVALEE DISTNTECTION ...ttt bbb b et b bbb e b e e st e b e bt e bt e b e b e et e Rt e bt eb e et e e b et et ebeebeenes 24
Bruno Ferran, Robert Kelly, Wei Yang

Achieving UV Disinfection Credit for Pre-UVDGM Era UV Facilities: Experiences of Two UV

Lo Lol L OSSPSR 36
Christine Cotton, James Collins

SESSION 3 - OZONE DESIGN AND OPERATION

Ozone Measurement and Control in Drinking Water Treatment PIants............cccoooiiiiiiinsiiiecse e 41
Andrew Wright, Victor Dosoretz

The Potential Use of Ozone in Municipal Waste WALEK ...........cocoiiiiiiiiiii ettt 48
A. Ried, J. Mielcke, A. Wieland

Control of Iron and Manganese Ozone Removal by Differential Turbidity Measurements...........ccccoovveveveriiiiiennnns 59

Vadim Malkov, Mike Sadar, Jon Schiller, Eric Lehman

Optimizing an Intermediate Ozone System used for Primary Disinfection at a 55 MGD Surface Water
L L 10T L o - T | OSSR 69
Russ Navratil, Chip England, Glenn Hunter

SESSION 4 - UV CASE STUDIES

UV System Technology Evaluation Using UV Cost Analysis Tool for Metro Vancouver’s Coquitlam

LUV B Ty Yo =T o] o o o] =T OO SOOI 92
Ayman Shawwa, Chris Schulz, Inder Singh, James Kim

Brockton, Massachusetts Commissions a 60-mgd (227-ML/d) UV Wastewater Disinfection System ............ccoeeune 107
William C. McConnell, David A. Norton

Site Specific Testing of UV Disinfection at a Trickling Filter Plant .............ccccoooiiiiiiiiiee e 119

Gary Hunter, Anjana Kadava

Ultraviolet Light Disinfection System Conceptual Design for the Massachusetts Water Resources
Authority John J. Carroll Water Treatment PIaNT...........cc.ooiiiiiiiii e 132
Albert J. Capuzzi, Brian Loux, Paul Swaim, James P. Malley

SESSION 5 - OZONE CASE STUDIES

Multi-function Sidestream Ozone Treatment at a Drinking Water Treatment Plant ..., 150
Maxime Beaulieu, Patrick Niquette, Pierre Cullen, Denis Allard
Rising Energy Costs and Frozen Budgets: Getting More from Our Operating BUcK ............ccccooiiiiiiiniicincnee, 163

David W. Coppes
Key Water Quality Parameters that Determine Ozone Dose for Massachusetts Water Resources

AN E 1 1o ) OSSPSR 171
Windsor Sung
Treatment of Wastewater at the Southwest Wastewater Treatment Plant.............cccoovovviiiiiiieiecce e 178

Nick Burns, Jeff Neemann, Tom Holst, Jim Burks

SESSION 6 — OZONE DESIGN AND OPERATION

Optimization Considerations for an Ozone Side Stream INJECTION SYSTEM .....cccovevveiiiiiiiiie e 190
Bill Mundy, Kerwin Rakness, Glenn Hunter



Evaluating Options for Retrofitting a Large Scale Ozonation SyStem iN TEXaS.........ccuuovrerirererieieneriesereeesesesee e 200
Jeff Neemann, David Timmerman, Robert Hulsey, Buford Green, Steve Long

Keeping Ozone Generators DIY @nd COO0I .........cooiiiiiiiieicice ettt tesbesae e s e esessestenben 210
Kerwin Rakness, James Muri
Application of Ozone for Contaminant OXidation in WaStEWALET ............cccvviiiiieiiiicieie e 221

Eric C. Wert, Fernando Rosario-Ortiz, Shane Snyder

SESSION 7 - UV CASE STUDIES

Approach for Achieving Sustainable Operation of the 2-bgd Catskill/Delaware UV Disinfection
L 1ol 1 1 YOS OT TSSO 227
Matthew T. Valade, Steven Farabaugh, Paul D. Smith, Gary Kroll

Feasibility of Ultraviolet Disinfection of A WWTP Final (Blended) Effluent under Wet Weather Flow

(O70] a0 1 ] TSP PRSP 242
Khalil Z. Atasi
Bidding, Testing, and Start-Up of a Reuse UV Disinfection System in Florida...........cc.ccocvoiniiiiiiniiiniceeeseen 255

Josefin M. Edeback, Melanie A. Mann

SESSION 8 - OZONE CASE STUDIES

Updating Ozone for the LiNCOIN Water SYSEEIM .........o.oiiiiiiiiiie ettt sre e nean 273
Jeff Neemann, Nick Burns, Robert Hulsey, Andrew Hansen, Eric Lee, John Miriovsky

Operations Experience and Enhancements to the Two-stage Ozone System for the Cary/Apex, NC

Water TreatMeNT PIANT ...........ooviiiiiiiiiie bbbtk 282
Kelvin Creech, Bill Dowbiggin

SESSION 9 - OZONE DESIGN AND OPERATION

Inline Multi-Jets Ozone Contactors: Performance and Scalability...........cccccociiiiieiiiiiieice e 317
Mahad S. Baawain, Mohamed Gamal EI-Din, Daniel W. Smith, Angelo Mazzei

Operator-Friendly Technique and Quality Control Considerations for Indigo Colorimetric

Measurement 0f OZ0NE RESIAUAL .........cc.oiuiiiiii bbbt bbb e s e 327
Kerwin Rakness, Eric C. Wert, Michael Elovitz, Suzanne Mahoney
Highly Efficient High Concentration Photochemical Ozone Generation..............ocooeovieiiieneieieiene e 342

Daniel E. Murnick

The Study on the Ceramic Membrane Wastewater Reuse System with Pre Ozonation and

(0T o U] L [0 o SO 362
M. Noguchi, M. Aoki, H. Kozono, H. Kouchiwa, Y. Yoda

SESSION 10 - UV DISINFECTION DESIGN

Disinfection Alternatives and Sustainability: Energy Optimization, Disinfection Efficiency, and

STU I =1 P o 11 ) OSSOSO 371
Gary Hunter, Andy Shaw, Leonard W. Casson, Joe Marriott

Airing it Out: Design Considerations for UV Disinfection INStallations.............cccooiiiiiiiiiineiieeeeeee 385
Aaron W. Duke

Impact of Biodosimetry-Based Validation on UV System Design Specifications ............ccocoeieieieniiiennneneieesc e 402

Bryan R. Townsend, Gary Hunter

SESSION 11 — ADVANCED OXIDATION OF CONTAMINANTS

A Bench-scale Evaluation of UV and UV/H,0, Processes for the Removal of PPCPS in Secondary

Treated Water of Sewage Treatment PIANT..... ..ottt e e sne e e 417
Ilho Kim, Naoyuki Yamashita, Hiroaki Tanaka

The Effects of Vacuum-UV Radiation on Natural Organic Matter............cccooveiiiinieeiiiee s 428
Gustavo E. Imoberdorf, M. Mohseni

Predicting Hydroxyl Radical Activity and Trace Contaminants Removal in Ozonated Water..............cccceovevvevennnne. 436

Simon Vincent, Abderrahim Kotbi, Benoit Barbeau



SESSION 12 - PEROZONE AND AOP PROCESSES

In-Situ 1,4 Dioxane RemMediation iN HVOC SIES........cuuiiiiiii ittt sttt te s s s bt e e s st e e s s ebbe e s sabaeeeas 453
Andrew Brolowski, William B. Kerfoot

Experiences of Perozone® and C-Sparge™ at Two Former Dry Cleaner Sites in the Netherlands............cc.cc..c....... 466
Bert Scheffer, Edward Van De Ven

Non-Thermal Plasma - A Novel and Cost Effective Advanced OXidation SYStEM ..........ccocovvreiiniinnenneiieensens 480

Dvir Solnik, Andreas Kolch, Andrew Salveson, Nitin Goel, Nicola Fontaine, Justin Sutherland, Chris Fennessy

SESSION 13 - UV DISINFECTION DESIGN

Use of Velocity Profiling to Assess to Effect of Piping Configuration on UV Dose DeliVery ...........ccccocovviiciniennns 484
Dennis J. Greene, Keith Bircher, Harold Wright

Ultraviolet System Design Considerations for Uncovered Reservoir Versus Water Treatment Plant

F A o] o] L To7 14 o] o - FOS SO S U SOUOSSPRTN 496
Jack Bebee, Christine Cotton

Costs and Sustainability Comparison of Chemical Disinfection and Medium Pressure Ultraviolet

Disinfection fOr ViIrus INACHIVALION ..........cciiii ettt e st e e s ae et e s aeeseesteeneesreeraenreanes 505
James Collins, Christine Cotton, Phyllis Posy
A Smart Way to Validate UV Systems for Reuse APPlICATIONS ........ccccoviieiiiiiiiine e 525

Matthias Boeker, Andrew Salveson, Madhukar Rapaka, Ronnie Bemus

SESSION 14 — ADVANCED OXIDATION OF CONTAMINANTS

A Kinetic Model for the Degradation of Natural Organic Matter During the Ultraviolet Hydrogen

Peroxide Advanced OXIAAtION PrOCESS .........c.oiiiiiiierieieiei ettt st et st e e sbestesbeste st eseeseesesteabessenseseeseesessesbeneen 532
S. R. Sarathy, M. Bazri, M. Mohseni

UV Photolysis of Pharmaceuticals and Personal Care Products (PPCPs) and Endocrine Disrupting

Substances (EDS) iN DEINKING VWALET ........c.oiiiiiiie sttt et b bbbt b bbb b e et ebe e 541
Jules Carlson, Mihaela Stefan, Chris Metcalfe

Advanced Oxidation Processes for Contaminant Destruction: Selecting between Ozone-Peroxide or

UV -PEIOXITE ...ttt h Rt R et R e Rt e R E e R e e R e Rt e Rt nn et s b e n et n et nren e 547
James Collins, Christine Cotton
Rapid Measurement of Background Hydroxyl Radical Scavenging in WaLer ...........ccccoceriiiieiniinneiesec e 560

Matthew Hross, Erik J. Rosenfeldt

SESSION 15 - PEROZONE AND AOP PROCESSES

Characterization of Ozone Mass Transfer in MOAel SOIlS...........cccciiiiiiiicic e 568
Alejandro Garcia, Tatyana Poznyak, JesUs Rodriguez, Isaac Chairez

Ozone Oxidation for Source Removal and Prevention Barrier at a Fire Training Academy .........cccccoeeveveriervcnenenn, 578
Scott C. Michaud, Thomas C. Cambareri

A Simplified Method for Modeling Chemical Intermediates in Advanced Oxidation Processes...........cc.coeveverirennene 587

Joseph A. Drago

SESSION 16 — UV DISINFECTION RESEARCH

Effect of Pre- and Post- UV Disinfection Conditions on Photoreactivation of Fecal Coliforms from a
Physicochemical Wastewater EFfIUBNT............ooiiii e bbb 593
Catherine Hallmich, Ronald Gehr

Comparison of the Disinfection Effects of Vacuum-UV (VUV) and UV Light on Bacillus subtilis

SPOFES AL 172, 222, 254 NI ...ttt ettt b et h e et b e et e e b £ et e b e e R b e e b e e s e e eb e e R b e eh £ e et e Eeem b e abe e et abeen b e nbeebeebe e b e saeenes 611
Ding Wang, Thomas Oppenlander, Mohamed Gamal EI-Din, James R. Bolton
E. coli Repair under Water Treatment Conditions after Ultraviolet Light Disinfection.............c.cccovveiiiiiciniennns 620

Zuzana Bohrerova, Karl G. Linden



SESSION 17 — AOP AND OZONE BYPRODUCTS

Novel UV LED Advanced Oxidation System for Disinfection and Removal of Organic and Heavy

Metal CoNTAMINANTS TN VWALET .......oouiiiiie ittt sttt sttt e e e b e e e ae e b e e b e e bese e be e emeebeebeebeseeabesnenseneaneanas 624
Tom Hawkins, Mark Owen

UV Advanced Oxidation Processes for Taste and Odor Treatment: Evaluation of Assimilable Organic

Carbon Formation Potential at an INdiana WTP ..ot 633
James Collins, Christine Cotton, Bruce Heeke, David Dahl, Alan Royce, Stephane Jousset

Toxicity Assessment and Identification of Oxidation Byproducts Generated During the Ozonation of

Natural Water ContaiNiNg PESTICIAR .........cviiiiii et b ettt b e bbb e b e b e 643
Pamela Chelme-Ayala, Mohamed Gamal El-Din, Daniel W. Smith
Evaluating the Effects of Source Water Quality on Bromate Mitigation Performance.............ccccoovoieiiniininencnn. 650

Zaid Chowdhury, David Eberle, Laurel Passantino, Joe Kurrus, Linda Bezy-Botma

SESSION 18 - MODELING UV SYSTEMS

Monte Carlo Ray Trace Model: A New Approach in Determining Fluence Rates in UV Systems............ccccccveenenee. 656
Khoi Nguyen, Jaewan Yoon

A Comparison of Two Methods for Measuring the UV Output of Low Pressure Mercury Lamps in

AT e E LR R R R R R bR R AR R R R R R R AR R R R R bRt bbbt nner e 674
G. Elliott Whitby, Bill Sotirakos, James R. Bolton

Controlling Mercury Release with UV Lamp SIEEVE Breaks ...........ccueviiiiiiiiinieiicieiesn e 687
Harold Wright, Ed Wicklein, Corianne Hart

SESSION 19 - UV DISINFECTION RESEARCH

High Energy Efficiency and Small Footprint with High-Wattage Low Pressure UV Disinfection for

WVAEEE REBUSE ...ttt bt bt b h e bbb E e b e eh e E e e H e AR E e bt e st e b e e bt b e e b e bt et e bt bt e bbb e et nbeane 693
Andrew Salveson, Keith Bircher

Impact of UV Disinfection Combined with Chlorination/Chloramination on the Formation of

Nitrogenous Disinfection Byproducts in DrinKing WALEK ..ot 696
Amisha D. Shah, Aaron A. Dotson, Karl G. Linden, Howard S. Weinberg, William A. Mitch

An Empirical Method for Accurately Sizing Wastewater UV Reactors for Disinfection of Any

LY L To] goTo] o= a1 1] o SO TSSR SR PRP 708
Harold Wright, Tavy Wade, Andrew Salveson, Sean Poust, Allan Slater, Duncan Collins, Jeremy Meier, lan
Dearnley

SESSION 20 — AOP AND OZONE BYPRODUCTS

Advanced Oxidation Process — Effective and Technical Suitable for Micropollutant Removal in

CONLAMINATEA VWWALET SOUITES.......cuitiieiiaieie ettt sttt ettt b et et s bbbt e b oo st e bt bt e bt s b e b e e e s b e b e e bt et e s b e e b e b et e e st et 716
J. Kriiger, A. Ried, K. Teunissen, A. H. Knol, D. Csalovszki
Bromate Pre-systemic Detoxification Metabolism ReSearch Progress....... ..o oioeiieiniie e 731

Joseph Cotruvo, Richard Bull, Brian Cummings, Jeffrey Fisher, Zhongxian Guo, Choon Nam Ong, Oscar
Quinones, Shane Snyder, Jason Keith, Gilbert Gordon, Gilbert Pacey

Kinetic and Mechanistic Studies on Decomposition Reactions of Pyrrolidone Derivatives Using Oz ..........ccccvevenin. 739
Yu Tachibana, Masanobu Nogami, Yuichi Sugiyama, Yasuhisa Ikeda

SESSION 21 - MODELING UV SYSTEMS

Comparison Testing of ‘Spot’ vs. ‘Pellet’ LPHO UV LamMPS ...t e 751
Mike Santelli, James R. Bolton
Measurements of UV Lamp Performance in Near-Field and Far-Field Apparatus ..........c.ccccooeeieiinenencnncnienennes 758

G. Fang, D. G. Knight, R. Kilgour, T. Molyneux

Application of Computational Fluid Dynamics to Support Design of Full-Scale Wastewater UV
[T T [ =Tot (o] g T O T U =] OSSR 766
Shanshan Jin, Melanie A. Mann



A Genomic Model for the Prediction of Ultraviolet Inactivation Rate Constants for RNA and DNA
VTUSES ...ttt ete et e e et e ettt e te e e aeeebeeetee e ebeeeateebesasaeeasseaabeebesasseesaseambeeaseeesbeesateanbeeasteesaeeenbeebesenteeaaeeanbeeeteeanteeaneeenres 780
Wladyslaw J. Kowalski, William P. Bahnfleth, Mark T. Hernandez

SESSION P1

Passivation, Fabrication and Maintenance Issues in Ozone and OXYgen SYSTEMS .........ccccorireieieierenenene e 808
Patrick Banes, Michel Dalglish, Brent Ekstrand, Daryl Roll

Effect of Additives in the Degradation of Reactive Black 5 (RB5) by Simple Ozonation
Arizbeth A. Pérez Martinez, Tatyana Poznyak

SESSION P2

Pilot Test ReSUIS PErozone™ TECHNOIOY .......c..vviveriveeieieeeee et s sees et ss s ae et nees s seess 816
Dave Montgomery, Darko Strajin

SESSION P3

Mixing Effects on the Chloramination PrOCESS ........ccoiiiiiiiiiieie ettt sttt erestesbeneen 827
Khyati Jain, Irvine Wei

Abstracts

Author Index





