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BOILER WATER IN A CHANGING LANDSCAPE

IWC 19-01: Steamblow Lessons Learned from Start-Up of Two Combined Cycle Power
Plants in North America...1
Lauren Barbir, SUEZ Water Technologies & Solutions, Trevose, PA; Jeffrey Sirko,
Anderson Bright, and Craig Lockhart, SUEZ Water Technologies & Solutions, Norfolk, VA
Discusser: Robert Bartholomew, P.E., Sheppard T. Powell Associates LLC, Baltimore, MD

IWC 19-02: The Death of Deep Bed Condensate Polishing...23
Peter Meyers, ResinTech Inc., West Berlin, NJ
Discusser: Colleen Scholl, P.E., HDR, Whitewater, W1

IWC 19-03: On-Line Iron Studies using a Film Forming Product and a Film Forming
Amine...44
Ken Kuruc, Hach, Loveland, CO
Discusser: Kevin Boudreaux, Chemtreat, Richmond, VA

ZERO LIQUID DISCHARGE (ZLD) — DESIGN, IMPLEMENTATION, OPERATIONS
AND LESSONS LEARNED

IWC 19-04: Zero Liquid Waste (ZLW) Facility — Five Years of Full-Scale Operational
Experience from Mine Water Treatment Plant...58
Srikanth Muddasani, Keith Benson and Kashi Banerjee, Veolia Water Technologies, Moon
Township, PA
Discusser: Neal Gallagher, Golder Associates, Inc., Lakewood, CO

IWC 19-05: Iatan SDE Design, Operation, Maintenance and Operational Costs...79
Travis Reynolds, GE Power, Knoxville, TN; Cuong Pham, Evergy, Weston, MO
Discusser: Arturo Burbano, Ph.D., P.E., BCEE, GHD, Miami, FL

IWC 19-06: Integrated Water and Wastewater Zero Discharge System for Liquefied
Natural Gas Plant: Lessons Learned from Design, Start-Up and Operations...97
Josh Dewanaga P.E., and David Ciszewski, SUEZ Water Technologies & Solutions,
Bellevue, WA; David Rowe, SUEZ Water Technologies & Solutions, Norfolk, VA; Lauren
Barbir, SUEZ Water Technologies & Solutions, Trevose, PA
Discusser: Eric Costello, P.E., Orlando Utilities Commission, Orlando, FL
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COOLING WATER - ADVANCEMENTS IN MONITORING AND CHEMICAL
TREATMENT

IWC 19-07: Heat Exchanger Performance Monitoring in Oil Refineries...115
Timothy Eggert, SUEZ Water Technologies & Solutions, Seal Beach, CA; Robin Wright,
SUEZ Water Technologies & Solutions, Ponte Vedra, FL; Delbert Grotewold, SUEZ Water
Technologies & Solutions, Boulder, CO; W. Dan Harbs, SUEZ Water Technologies &
Solutions, Costa Mesa, CA
Discusser: Loraine Huchler, P.E., CMC, FIMC, MarTech Systems, Inc., Lawrenceville, NJ

IWC 19-08: TRO Analyzer Improves Biocide Measurement for Disinfection and
Dechlorination Over Traditional Methods...135
Yanjiao (Andrew) Xie and Gang (Gavin) Wang, Thermo Fisher Scientific, Chelmsford, MA
Discusser: Mike Aberer, Evergy, Weston, MO

IWC 19-09: Engineering Copper Films for Industrial Cooling Applications...160
Paul Frail, Ph.D., Dan Harbs and Eric Zubovic, SUEZ Water Technologies & Solutions,
Trevose, PA
Discusser: Jo Anna Ordonez, Solenis LLC, Wilmington, DE

MINISCULE MATERIALS MATTER MOST

IWC 19-10: Monitoring for Over-Reduction of Selenium in Closed Vessel and Passive
Bioreactor Treatment Systems...184
Russ Gerads and Ben Wozniak, Brooks Applied Labs, Bothell, WA
Discusser: James Beninati, P.E., HDR, Pittsburgh, PA

IWC 19-11: Texas Fish Hatchery uses Ultraviolet Disinfection for Treatment of Toxic
Golden Alga...210
Dennis Bitter, Atlantium Technologies, Sarasota, FL; Ytzhak Rozenberg, Atlantium
Technologies, Inc., Israel; Greg Southard, TPWD Inland Fisheries — Analytical Services
Laboratory, San Marcos, TX
Discusser: Julia Mercer, HDR, Pittsburgh, PA

IWC 19-12: Industrial Potable Water Treatment — A Case Study of Monitoring and
Managing Metal Concentrations to Meet EPA Lead and Copper Rule Compliance...224
Cristina Piekarz, HDR, Walnut Creek, CA
Discusser: Leila Tootchi, P.Eng., Fluor, Calgary, AB, Canada
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ASME-SPONSORED SESSION: COMMUNICATING LESSONS LEARNED FROM
OPERATING STEAM GENERATING SYSTEMS

IWC 19-13: Mechanical and Operating Problems with Deaerators...247
Robert Bartholomew, P.E., Sheppard T. Powell Associates LLC, Baltimore, MD
Discusser: Joshua Perich, Air Products & Chemicals Inc., Allentown, PA

IWC 19-14: Steam Drum: A Crucial Factor in Ensuring Proper Boiler Chemistry...271
Colleen Scholl, P.E., HDR, Whitewater, WI
Discusser: HG Sanjay, Bechtel Corporation, Reston, VA

IWC 19-15: What Does That Turbine Deposit Mean?...287
James Bellows, James Bellows and Associates, Maitland, FL.
Discusser: Robin Wright, SUEZ Water Technologies & Solutions, Trevose, PA

IWC 19-16: Minimizing Steam Generator Corrosion and Fouling (Preventing History from
Repeating Itself)...305
Brad Buecker, ChemTreat, Richmond, VA
Discusser: Randy Turner, SWAN Analytical USA, Wheeling, IL

DIGGING IN THE DIRT FOR SELENIUM AND SULFATE

IWC 19-17: Physio-Biological Removal of Selenium from Mining Impacted Waters...325
Jonathan Witt, P.E. and Alan Prouty, J.R. Simplot Company, Boise, ID; Jeremy Aulbach,
P.E., Brown and Caldwell, Boise, ID
Discusser: Shannon Brown and John Pugh, Bayer U.S. - Crop Science, Creve Coeur, MO;
Karen Budgell, P.E., Golder Associates, Inc., Athens, TX

IWC 19-18: Removal of Heavy Metals, Ammonia and Nitrates from Mine Water — A Full
Scale System...345
Srikanth Muddasani, Kashi Banerjee and Keith Benson, Veolia Water Technologies, Moon
Township, PA
Discusser: Robert Simm, Stantec, Chandler, AZ

IWC 19-19: Chromate Removal Performance using a Weak Base Anion Resin to Treat
Groundwater at a Texas Remediation Site...366
Richard Dennis, Martin Lawrence, Brittany Merola and Ignacio Faundez,
AdEdge Water Technologies, LLC, Duluth, GA
Discusser: Harley Schreiber, WesTech Engineering, Inc., Salt Lake City, UT

IWC 19-20: Mine Impacted Water Minimization Technology — 3 Years of Development...381
Alex Drak, Roi Zaken Porat and Tomar Efrat, IDE Technologies, Kadima, Israel; Marco
Kerstholt, Royal HaskoningDHV, South Africa; Gerald van Houwelingen, Royal
HaskoningDHV, Netherlands
Discusser: Holly Johnson Churman, P.E., GHD, Houston, TX
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HARRY WATER AND THE CHAMBER OF SUSTAINABILITY SECRETS

IWC 19-21: Minimizing Data Center Water and Wastewater — A Case Study...404
Daniel Sampson, HDR, Walnut Creek, CA
Discusser: John Van Gehuchten, P.E., McKim & Creed, Sewickley, PA

IWC 19-22: Plant Water Profiler: A Tool for Understanding Water Use, Cost and Savings
Potential for Manufacturing Plants...428
Kristina Armstrong, Mini Malhotra, Sachin Nimbalkar and Asha Shibu, Oak Ridge National
Laboratory, Oak Ridge, TN; Rochelle Samuel, Saint-Gobain, Malvern, PA
Discusser: Liza Grudin, P.E., ME, ENV SP., NovelEsolutions, Inc., Seffner, FL

IWC 19-23: Pilot-Testing of a Sustainable Innovative Technology to Treat Emulsified Qil
at a Rail Yard Facility...455
Eric Bergeron, Golder Associates, Inc., Sherbrooke, QC, Canada; Marie-Pier Ross-Pilon,
Golder Associates, Inc., Montreal, QC, Canada; Seble Afework, CN, Concord, ON, Canada
Discusser: Chris Hertle, M.Phil, GHD, Irvine, CA

IWC 19-24: Breaking the Mold: Direct to Disc for Treating River Water...470
Bridget Finnegan, EIT, Veolia Water Technologies, Moon Township, PA; Behrang
Pakzadeh, Ph.D., P.E., Kiewit, Lenexa, KS; William Blandford, Hydrotech, Vellinge,
Sweden
Discusser: Kristen Cooper, P.E., PMP, Duke Energy, St. Petersburg, FL

THE FUTURE OF INDUSTRIAL WATER TREATMENT: EFFICIENCY AND
INNOVATION WIN THE DAY!

IWC 19-25: Greenfield Integrated Wastewater Treatment Solution, for Sasol Chemicals
Complex, Lake Charles, Louisiana, USA...487
Anthony Gibson, Sasol LLC, Westlake, LA; Brian Arntsen, SUEZ Water Technologies &
Solutions, Oakville, ON, Canada; Richard Ubaldi, SUEZ Water Technologies & Solutions,
Richmond, VA
Discusser: Vina Arjomandnia, Fluor, Sugar Land, TX

IWC 19-26: Advanced Wastewater Recycle at an Automotive Plant in Silao, Mexico...504
Brian Moore, Ph.D., Arcadis, Clifton Park, NY
Discusser: Diane Martini, Burns & McDonnell, Chicago, IL

IWC 19-27: Leveraging Advances in Industrial Waste Water Treatment: Technology
Review and Operating Case...517
Shannon Brown, Bayer Crop Science, Saint Louis, MO; Elaina Mason, Bayer Crop Science,
Muscatine, IA
Discusser: Bob Wenta, Veolia Water Technologies, Moon Township, PA
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IWC 19-28: Water Balance & Water Quality for Contact Cooling Water in a Steel Mill...536
Kyle Vester and Diane Martini, Burns & McDonnell, Chicago, IL
Discusser: Ivan Morales, Integrated Sustainability, Inc., Houston, TX

ASME-SPONSORED SESSION: PREVENTING AND REMEDIATING DAMAGE
CAUSED BY CHEMICAL EXCURSIONS IN INDUSTRIAL BOILER WATER

IWC 19-29: Proper Use of Alarm Limits for Steam Cycle Chemistry Control...552
David Daniels, M&M Engineering, a Division of Acuren Inspection, Inc., Leander, TX
Discusser: Larry Hale, METTLER TOLEDO Thornton, Inc., Billerica, MA

IWC 19-30: Determination of the Time to Clean Industrial Boilers Based Upon Upset
Feedwater Conditions...570
Edward Beardwood, Beardwood Consulting & Technologies, Inc., London, ON, Canada
Discusser: Richard Szilagyi, WesTech Engineering, Inc., Salt Lake City, UT

IWC 19-31: Low pH Excursion in 1500 psi Steam Generation System at an Ethylene Plant...601
Aizaz Ahmed, NOVA Chemicals Corporation, Calgary, AB, Canada; Chris Garton, Nalco
Champion, An Ecolab Company, Sarnia, ON, Canada
Discusser: Michael Bluemle, Ph.D., Solenis LLC, Wilmington, DE

IWC 19-32: Analytical Tools to Manage Phosphate and Caustic Treatment...619
Randy Turner, SWAN Analytical USA, Wheeling, IL
Discusser: Ken Kuruc, Hach, Loveland, CO

REVERSE OSMOSIS: EXPANDING THE TREATMENT CAPABILITIES OF
MEMBRANES

IWC 19-33: The Contrarian Use of Chlorine to Control Biofouling in RO Membranes...640
Rich Franks, P.E., Alexandra Rubin and Craig Bartels, Ph.D., Hydranautics, Oceanside, CA;
Peter Cartwright, P.E., Cartwright Consulting Co., Minneapolis, MN
Discusser: Ed Greenwood, P.Eng, BCEE, Wood Environment and Infrastructure Solutions,
Cambridge, ON, Canada

IWC 19-34: Scale Control in a Boron Rejection System for Seawater Desalination...662
Caroline Sui, Anna Bandick and Jeff Melzer, SUEZ Water Technologies & Solutions,
Trevose, PA; Joan Estilles, SUEZ Water Technologies & Solutions, Gava, Barcelona, Spain
Discusser: Andrew Boehmer, P.E., Black & Veatch, Ann Arbor, MI

IWC 19-35: Rejection Performance of Micro-Pollutants by Ultra Low-Pressure Reverse
Osmosis Membranes...679
Alan Sharpe, LANXESS Corporation, Birmingham, NJ; Uli Doelchow and Julien Ogier, IAB
Ionaustaucher GmbH, Bitterfeld, Germany
Discusser: Bernie Mack, Veolia Water Technologies, Natick, MA
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IWC 19-36: Innovative Spiral-Wound Membrane Elements for High Temperature
Desalination Applications...696
Elke Peirtsegaele, MICRODYN-NADIR, Goleta, CA
Discusser: Dileep Agnihotri, Ph.D., Watersurplus, Loves Park, IL

TACKLING THE PFAS CHALLENGE

IWC 19-37: My Industry Does Not Make or Use PFAS. So What Is It and Why Should I
Care? An Overview of PFAS Issues for Non-PFAS Industries...721
Ryan Ames, P.E., Katie Jones, P.E., Leigh-Ann Dudley, P.E. and L. Alex Wall, EI,
Dewberry, Raleigh, NC
Discusser: James Beninati, P.E., HDR, Pittsburgh, PA

IWC 19-38: An Introduction to Per and Polyfluoroalkyl Substances and Treatment...748
Mike Preston, P.E. and Dustin Mobley, P.E., Black & Veatch, Overland Park, KS
Discusser: Mike Weatherill, Purolite Corporation, Collingwood, ON Canada

IWC 19-39: A Review of Recent Experimental Studies on PFAS Treatment...762
Francisco J. Barajas-Rodriguez, Ph.D. and Craig Holloway, P.E., AECOM, Austin, TX
Discusser: Martin Lawrence, AdEdge Water Technologies, Tampa, FL

IWC 19-40: Perfluoridated Alkyl Substances: A Historical Overview...791
Peter Meyers and Tom Smith, Jr., ResinTech, Inc., West Berlin, NJ
Discusser: Krystal Perez, P.E. and Andrew Ryder, Worley, Kirkland, WA

WE’VE GOT THE POWER!

IWC 19-41: Landscape of Whole Effluent Toxicity Requirements in the Power Industry...815
Krystal Perez, P.E., Worley, Kirkland, WA; Jeff Thomas, Electric Power Research Institute,
Cincinnati, OH; Shaun Roark, Ph.D., Jacobs, Denver, CO; Elizabeth (Ellie) Traudt
Middleton, Ph.D., NiPERA Inc., Durham, NC
Discusser: John Van Gehuchten, P.E., McKim & Creed, Sewickley, PA

IWC 19-42: Electricity Dispatch of Thermoelectric Power Generation Under Short-Term
Water Consumption Constraints: An ERCOT Case Study...836
Erik Shuster, National Energy Technology Laboratory, Pittsburgh, PA; Yash Kumar, Aranya
Venkatesh, Ph.D., Rachel Hoesly, Ph.D. and Arun Iyengar, Ph.D., KeyLogic Systems,
Pittsburgh, PA
Discusser: Katie Bland, P.E., Burns & McDonnell, Kansas City, MO

IWC 19-43: Addressing Root Causes of Wastewater Treatment Performance Issues...865
Thomas Higgins, P.E., Ph.D., Worley, St. Augustine, FL; Tatsuji Ebihara P.E., Ph.D.,
AECOM, Chicago, IL
Discusser: Derek Henderson, P.E., Duke Energy, Raleigh, NC
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IWC 19-44: Technology and Treatment for Boron Removal...886
Jeffery Easton, P.E., Ph.D., WesTech Engineering, Inc., Salt Lake City, UT; Dr. John
McLennan, Ph.D., University of Utah, Salt Lake City, UT
Discusser: Ereka Hunt, Kiewit, Lenexa, KS

THE ELGS ARE COMING! REALLY. TREATMENT ALTERNATIVES

IWC 19-45: Utility Experience on Commissioning and Operating FGD WWT...910
Derek Henderson, P.E., Duke Energy, Raleigh, NC; Jared Troyer, P.E. and Ray Lidke, Duke
Energy, Charlotte, NC; William Kennedy, P.E., Stantec, Charlotte, NC
Discusser: Nelson Fonseca, SUEZ Water Technologies & Solutions, Oakville, ON Canada

IWC 19-46: Near Real-Time Detection of Mercury and Selenium in FGD Wastewaters for
Process Control...927
Cassandra Hutson and Craig Katkic, AECOM, Austin, TX; Naomi Goodman, EPRI, Palo
Alto, CA
Discusser: Robert Simm, Stantec, Chandler, AZ

IWC 19-47: Vortex-Assisted Nanofiltration and Reverse Osmosis for FGD Wastewater
Meets and Exceeds 2015 Effluent Limitation Guidelines to Produce Reuse-Quality
Effluent: Operational Findings for Maximizing Flux and Minimizing Scaling...950
Jonathan Liberzon, Jonathan Chen and Tzu Lung Lin, Tomorrow Water (BKT), Anaheim,
CA
Discusser: David Pernitsky, Stantec, Calgary, AB, Canada

IWC 19-48: Coal Pile Runoff: A Management and Treatment Case Study to Find a
Resourceful Solution...971
Chloe Grabowski, HDR, Missoula, MT; Chad McKnight and Chandler Shelton, Southern
Company, Birmingham, AL
Discusser: John Peichel, SUEZ Water Technologies & Solutions, Minnetonka, MN

CONCENTRATE MANAGEMENT

IWC 19-49: Brine Management: A Review of Options and Technologies...996
John Korpiel, P.E. and Kurt Blohm, Veolia Water Technologies, Moon Township, PA; Corey
Skadahl, Veolia Water Technologies, Plainfield, IL

IWC 19-50: Achieving Minimal Liquid Discharge (MLD) with Advanced Membrane
Systems for Maximized Volume Reduction: 5X, 20X, 40X and 70X!...1023
Malcolm Man, Benjamin Sparrow and Anisa Maruschak and Geer Qile, Saltworks
Technologies Inc., Richmond, BC, Canada
Discusser: Brandon Yallaly, P.E., Carollo Engineers, Inc., Boise, ID
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IWC 19-51: Overcoming the Challenges of Concentrate Recovery Using Autonomous,
Data-Driven RO...1039
Michael Boyd, Desalitech, Newton, MA; Han Gu, Ph.D. and Megan Plumlee, Ph.D, P.E.,
Orange County Water District, Fountain Valley, CA; Jim Lozier, P.E., Jacobs, Tempe, AZ;
Michael Hwang, P.E., Jacobs, Irvine, CA; Ran Nadav, P.E., Desalitech, Kefar-Sava, Israel
Discusser: Jason Bailey, Avista Technologies, Inc., Winston-Salem, NC

IWC 19-52: Pressure Retarded Osmosis: A Potential Technology for Desalination Energy
Recovery and Concentrate Management...1070
Joshua Benjamin, Qiong Zhang and Mauricio Arias, University of South Florida, Tampa, FL
Discusser: Tony Fuhrman, LG Water Solutions, Torrance, CA

WATER PROJECTS: OVERCOMING THE HURDLES

IWC 19-53: Treatment of Aerospace Machining and Inspection Wastewater...1096
Chris Stanfill, P.E., Arcadis, Atlanta, GA; Michael Soller, P.E., CPC, DBIA, Bowen
Engineering Corporation, Indianapolis, IN
Discusser: Mark Owens, P.E., SUEZ Water Technologies & Solutions, Richmond, VA

IWC 19-54: Secrets to a Successful Implementation of a Water Treatment Project...1124
Dennis McBride, Burns & McDonnell, Kansas City, MO
Discusser: Brian Stater, Bowen Engineering Corporation, Indianapolis, IN

IWC 19-55: Water Management and Efficiency Study for Automotive Manufacturing
Complex in a Water-Stressed Region...1145
Brian Moore, Ph.D., Arcadis, Clifton Park, NY
Discusser: Ron Ruocco, P.E., Civil & Environmental Consultants, Inc., Charlotte, NC

IWC 19-56: Cogeneration — Opportunities to Improve Heat Recovery and Power
Generation while Saving Water and Reducing Chemical Costs...1164
Diane Martini and Robert Wright, Burns & McDonnell, Chicago, IL
Discusser: Daniel Sampson, HDR, Walnut Creek, CA

THE MANY FACES OF INDUSTRIAL WASTEWATER TREATMENT

IWC 19-57: How Hot is Too Hot? Reviewing the Treatment Performance of Refinery
WWTP Biological Treatment Systems Operating at High Temperatures...1184
Mark Knight and Nicolas Hameon-Denis, SUEZ Water Technologies & Solutions, Oakville,
ON, Canada; Shane Lund, SUEZ Water Technologies & Solutions, Trevose, PA; Jordan
Schmidt, Brad Mcllwain and Shawn Watkins, LuminUItra Technologies Ltd., Fredericton,
NB, Canada
Discusser: Ivan X Zhu, Ph.D., Evoqua Water Technologies, Pittsburgh, PA
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IWC 19-58: New Water Treatment Technology Targets High-Strength and Toxic
Wastewaters-While Producing Methane for Fuel...1214

Bryan Kumfer and Chad Felch, Siemens Water Solutions, Rothschild, WI
Discusser: Chris Hertle, M.Phil, GHD, Irvine, CA

IWC 19-59: Zinc — Boiling Down the Options...1228
Christopher Huth, P.E., Pittsburgh, PA
Discusser: Joe Guida, P.E., Fluor, Houston, TX

IWC 19-60: Evaluation of Alternate Process Chemistries for Removal of Arsenic and
Fluoride from Industrial Wastewater...1249
Ryan Ames, P.E., Dewberry, Raleigh, NC
Discusser: Paul Pigeon, P.E., Golder Associates, Inc., Lakewood, CO

MAKING PRODUCED WATER SUSTAINABLE

IWC 19-61: High Temperature Reverse Osmosis Membrane SAGD Process Design
Assessment...1289
Basil Perdicakis, Ph.D., P.Eng. and Mick McGregor, P.Eng., Suncor Energy, Calgary, AB,
Canada; Matthew Petersen, Ph.D., Arcadis, Highlands Ranch, CO; Anthony J. (A.J.)
Gerbino, Ph.D., OLI Systems, Cedar Knolls, NJ
Discusser: Najib Jomaa, P.Eng., CNOOC International, Fort McMurray, AB, Canada

IWC 19-62: Successful Field Demonstration of Produced Water Treatment Using Elevated
pH Reverse Osmosis Technology at an Oilfield in California...1321
John Korpiel, P.E. and Mark Hess, Veolia Water Technologies, Moon Township, PA; Oscar
Velastegui, Veolia Water Technologies, Brea, CA
Discusser: Rasika Nimkar and Dr. AJ Gerbino, OLI Systems, Inc., Cedar Knolls, NJ

IWC 19-63: Addressing the Omnipresent Silica Scale in SAGD Operations...1347
René Bélanger, P.Eng., Baker Hughes Company, Edmonton, AB, Canada; Colin Johnson,
P.Eng., MBA and Glen Maclnnis, M.Sc., P.Chem, Baker Hughes Company, Calgary, AB,
Canada; Ross Carruthers, P.Eng., MBA and Kyle Campbell, P.Eng., Suncor Energy, Fort
McMurray, AB, Canada
Discusser: Corbin Ralph, Ph.D., Nalco Champion, Cold Lake, AB, Canada

IWC 19-64: Life Cycle of Produced Water in the Eagle Ford Shale...1369
Nicole Bartoletta and Russ Huffmyer, McKim & Creed, Sewickley, PA; Andy Simon and
Taylor Mitchell, Pilot Water Solutions, Baton Rouge, LA
Discusser: Chip Westaby, Turner Designs Hydrocarbon Instruments, Fresno, CA
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THE MEMBRANE FUTURE IS NOW

IWC 19-65: Membrane Performance Following Five Years of Continuous Use of a Non-
Chemical Dechlorination Technology at Plant Bowen...1396
Dennis Bitter, Atlantium Technologies, Sarasota, FL; Ytzhak Rozenberg, Atlantium
Technologies, Israel; Aaron Nickles, Southern Company- Plant Bowen, Cartersville, GA
Discusser: Phillip Locke, P.E., McKim & Creed, Clearwater, FL

IWC 19-66: Planning/Design Considerations for RO Based Boiler Make-up Water
Treatment System Using River Water Source...1409
Theping Chen, P.E., Veolia North America, Solon, OH
Discusser: Anne Arza, Culligan, Libertyville, IL

IWC 19-67: Enhanced Desalination via Membrane Distillation using Carbon Nanotube
Immobilized Membranes...1443
Somenath Mitra and Sagar Roy, New Jersey Institute of Technology, Newark, NJ
Discusser: Sailesh Singh, P.Eng., Golder Associates, Inc., Calgary, AB, Canada

IWC 19-68: RO Membrane Permeability, Power Consumption and CEC Rejection...1459
Alan Sharpe and Christopher Tippett, LANXESS Corporation, Birmingham, NJ
Discusser: Nik Mehta, MICRODYN-NADIR, Goleta, CA

PFAS TREATMENT OPTIONS AND STRATEGIES

IWC 19-69: PFAS Water Treatment Considerations and Technologies...1483
Ryan Schipper, P.E., Golder Associates, Inc., Ft. Wayne, IN; Paul Pigeon, P.E., Golder
Associates, Inc., Lakewood, CO; Stefano Marconetto, P.Eng., Golder Associates, Inc.,
Ottawa, ON, Canada
Discusser: AnnieLu DeWitt, Clean Harbors, Portland, ME

IWC 19-70: Alternative Treatment Evaluation for PFAS...1499
Kristen Jenkins, P.E., GHD, Duluth, GA; Beth Landale, P.E., GHD, Farmington Hills, MI;
Grant Trigger, B.Eng., JD, RACER Trust, Detroit, MI
Discusser: Eric Klinker, Ph.D., DuPont Water Solutions, Edina, MN

IWC 19-71: Water Treatment Technologies for PFAS: Current and Next Generations...1518
Corey Theriault, P.E. and Jeff McDonough, P.E., Arcadis, Portland, ME
Discusser: Thomas Mallmann, Evoqua Water Technologies, Rockford, IL

IWC 19-72: Strategies for Addressing Emerging Per- and Poly-Fluoroalkyl Substances
(PFAS)...1546
Peter D’Adamo, P.E., Ph.D., HDR, Vienna, VA
Discusser: Bernie Mack, Veolia Water Technologies, Natick, MA
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REUSE FOR RESOURCE - GETTING MORE FROM YOUR PRECIOUS WATER
ASSETS

IWC 19-73: Monovalent Cation Selective Electro Dialysis Ion Exchange Membrane...1566
Simon Dukes, Benjamin Satterfield and George Gu, Ph.D., Evoqua Water Technologies,
Lowell, MA
Discusser: Donald Downey, Purolite Corporation, Paris, ON, Canada

IWC 19-74: Design Complications Related to Water Recycle and Reuse in Combined Cycle
Power Plants...1587
Behrang Pakzadeh, P.E., Ph.D., Caroline Wilson, EIT and Brian Clarke, P.E., Kiewit
Engineering Group, Inc., Lenexa, KS; Jason Mitchell, P.E. and Travis Brown, U.S. Water,
St. Michael, MN
Discusser: Donald Thomas, SUEZ Water Technologies & Solutions, Salt Lake City, UT

IWC 19-75: Qualification of UF-RO for Potable Reuse...1611
Steven Notch, Wigen Water Technologies, Minneapolis, MN; Anna Ness, CDM Smith,
Jacksonville, FL; Ryan Popko, P.E., JEA, Jacksonville, FL
Discusser: Roy Daly, LG Chem, Torrance, CA

IWC 19-76: Reducing Footprint and Improving Water Quality for High Strength Steel
Manufacturing...1635
Benoit Tranape, Tracey Williams and Kevin Donahue, CeraMem — ALSY'S Group,
Waltham, MA
Discusser: Gregory Madden, H20O Innovation, Champlin, MN
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