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Cooling Water Chemistry Innovations Support Environmental Needs: New Green

Chemicals, New Non-P Treatment, and Innovative Yellow Metal Treatment Technology in

Contaminated Water Reuse

IWC 18-01: State of Art of Natural Inhibitors of Calcium Carbonate Scaling: Last

Developments

IWC 18-02: New No P Scale Inhibitor for Inhibiting Scale under Highly Demanding

Conditions Such as Sea Water cooling and Thermal Desalination

IWC 18-03: Corrosion Inhibition with Azoles in a Cooling Water System with

Chloramine Contamination

N R

Water Projects: Delivering a Success

IWC 18-04: Project Considerations for Successful Execution of Water and Wastewater

Treatment Facilities

IWC 18-05: Utilizing Progressive Design-Build to Efficiently Complete Projects in the

Upstream Oil & Gas Sector

[WC 18-06: With the Chemistry Set, What' s Next? A Case Study to Deliver a Fast-

Tracked EPC Industrial Wastewater Project

WS IENEH



Reverse Osmosis: The Application of a Very Important Tool

IWC 18-07: Reverse Osmosis vs Nanofiltration: Using Membrane Selectivity for Process

Advantage

IWC 18-08: The Practical Application of Ion Association Speciation Models to Mineral

Scale Formation and Control in High Ionic Strength Membrane Systems

IWC 18-09: A Case Study of Industrial Water Reuse and ZLD - 4 Years of Operation

and Lessons Learned

FGD J&/Kpz B

Nitty Gritty Details of FGD Wastewater Treatment

IWC 18-10: Plant-Scale Mass Balance to Determine the Effect of Flue Gas Additives on

Trace Metals in FGD Wastewater and Solids

IWC 18-11: Investigation of Constituent Volatility in Thermal Treatment of Flue Gas

Desulfurization Wastewater

IWC 18-12: Unforeseen Consequences of Cycling-Up Flue Gas Desulfurization (FGD)

Scrubber Water

SR T A R AR

Boiler Water Contaminants and Their Effect on Boiler System Operations

IWC 18-13: How Do the Users of Ultrapure Water differ and What Drives Treatment

Decisions?
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IWC 18-14: Flow-Accelerated Corrosion- What Is It and What to Do About It

IWC 18-15: Case Study: Monitoring and Controlling Corrosion Using On-Line Chloride

and Sulfate Measurement

IWC 18-16: Boiler Silica Excursion Results in Production Loss & Potential Plant

Shutdowns at an Ammonia Production Site

KRG R EME R - MEEEEFENER » MERKAEFESS

Sustainability in Water Treatment Desien — Not Just a Differentiator, but the Future for

Gaining a Competitive Edge

IWC 18-17: Grey Water for Cooling Water Makeup: Mission Impossible

IWC 18-18: Sustainable Alternatives to Power Plant Make-up Water: Using Treated

Municipal Wastewater

IWC 18-19: Innovations in Water Treatments Employing Filming Amine Technology

IWC 18-20: Process Changes to Coal Fired Power Plant Gypsum Dewatering in a Postage

Stamp

JIAIAEHE © Rl > BRRANEIL

Trace Contaminants: Detection, Removal and Recovery

IWC 18-21: Radium Removal from Potable Water Supplies

IWC 18-22: Water Treatment Residuals Management for Uranium Removal Using Ion

Exchange Media Re-certification and Reuse in Potable Water Systems

11



IWC 18-23: Compliance with Selenium Aquatic Life Criterion and the Importance of

Speciation for Treatment Selection and Monitoring

IWC 18-24: Real-time, Continuous & Accurate Selenium Data Ensures a Reliable

Selenium Removal Treatment

(=SB AT

Recycle and Reuse - Emerging Tools and Case Studies from Industry to Public-Private

Partnerships

IWC 18-25: Upcoming Tools to Help Industry with Making the Business Case for Water

Conservation Projects

IWC 18-26: Municipal Recycle Water Use for High Purity Manufacturing Processes,

Lessons Learned

IWC 18-27: The Devil 1s in the Details — A Recycled Water Treatment Plant Case Study

IWC 18-28: Pharmaceutical Wastewater Reuse — Testing and Validating a Combination

of Physicochemical, Biological and Membrane Processes

HEIEERTRAH B /K PR B

ASME Session: Water Treatment for Combined Cycle Plants

IWC 18-29: Living in Perpetual Drought - Operational Impact of Power Plant Design

Features to Minimize Water

12



IWC 18-30: Evaporative Cooler Water Requirements - The Letter and the Intent of the

Law

IWC 18-31: Experience Using a Film-Forming Corrosion Inhibitor at RWE Generation

UK’ s Staythorpe Power Station

IWC 18-32: Decreasing Filterable Iron Levels in an Aircooled Condenser at a Combined

Cycle Power Plant

N {E A H K R R

Next Treatment Level - Innovative Water

IWC 18-33: Technology Advances and Economic Optimization of Advanced Membrane

Brine Concentration and Zero Liquid Discharge

IWC 18-34: Development of a Fiber-Based Ion Exchange Material for Treatment of FGD

and Other Wastewaters

IWC 18-35: Canadian Thermal Oil Industry Water Technology Development Center

- Purpose, Design and Vision

IWC 18-36: Groundwater Remediation System Pilot and Operating Data

7K pE HE R 28

Membranes for Mining

IWC 18-37: A New Membrane Based System for Mine Water Discharge Treatment

13



IWC 18-38: Three Years of Full Scale Water Treatment Plant Operational Experience

from Rare Earth Mining

IWC 18-39: MaxH20 DESALTER Technology Treats Calcium Sulfate Saturated

Wastewater, a Perfect Solution for Treating Acid Mine Drainage Wastewater

IWC 18-40: Learnings from Phased Installation of a Permeable Reactive Barrier for Mine

Water Treatment

FGD F&/57K - ~ JREEIE b

FGD Blowdown - Treatment, Concentration, and Solidification - Oh My

IWC 18-41: Brine Encapsulation as an Integral Step in Power Plant Wastewater Treatment

IWC 18-42: Application of Ultrafiltration for FGD Waste and Water Polishing,

Comparisons Pilot to Full Scale

IWC 18-43: A Scale-Resistant, Membrane-Based Solution for the Treatment of FGD

Wastewater to Meet EPA Guidelines

IWC 18-44: Wastewater and Brine Management using Encapsulation: Laboratory and Pilot

Testing Results, New Findings, and Testing Recommendations

R EE R R e R E

ASME Session: Controlling Corrosion and Impurities in Steam and Process Condensate

Industrial Cogeneration Plants

IWC 18-45: Measuring pH in Utility and Industrial Boiler Steam and Water Cycles

14



IWC 18-46: Evaluating Condensate Recovery and Treatment in Industrial Facilities

IWC 18-47: Key Production Plant Steam and Condensate System Factors that Impact

HRSG Feedwater Quality

IWC 18-48: A Reality Check on Condensate Polishing: A Discussion on Misconceptions

MK ALY B2 R LB

Fundamentals of Sustainable Desalination

IWC 18-49: Reverse Osmosis: A History and Explanation of the Technology and How It

Became So Important for Desalination

IWC 18-50: Fundamentals of Sustainable Desalination: Managing Operating Risks in

Industrial Reverse Osmosis Systems

IWC 18-51: Reverse Osmosis Treatment of Well Water Commingled with Flue Gas

Desulfurization Wastewater at a Power Plant

IWC 18-52: Survey of Brine Reduction Treatment Options and Techniques

KRS B B

Produced Water Management: Overcoming Unique Challenges in a Demanding Industry

IWC 18-53: Case Study: Horizontal Falling-Film Evaporator for Produced Water

Treatment at Shengli Oil, China

IWC 18-54: Threshold Inhibition of Magnesium Silicate and Prevention of Organic

Fouling in Produced Water Evaporator Preheaters

15



IWC 18-55: The Retrofit of a Remote 160,000 Barrel Per Day Oil Field Produced Water

Train

IWC 18-56: Closing the Cycle: Optimizing Produced Water Management Through

Efficient Reuse Treatment

AR EREE R S T3

If I Only Had a Membrane! (A Potpourri of Industrial Wastewater Topics All Connected

by Membranes)

IWC 18-57: Membrane Processes for Wastewater Treatment 1n the Food Industry

IWC 18-58: Ceramic Hollow Fiber Membrane Technology for Industrial Wastewater

Treatment in Recycle/Reuse Applications

IWC 18-59: Overcoming Challenges in Biological Treatment of Selenium Containing

Wastewaters by Advancements in Bioreactor Design

IWC 18-60: MBR Technology Utilized to Resolve an Increase in Flows and New

Discharge Requirements When Upgrading a CPI Wastewater Treatment Plant at

Eastman Chemical facility in Chestertown, Maryland

RANK-- B ALERAIE A TE Y W e

Cooling Water — Recent Advances in Monitoring, Chemistry, and Modeling

IWC 18-61: Monitoring and Prevention of Mineral Scale Formation in Open Cooling

Systems with an Inline Fouling Monitor

16



IWC 18-62: A Novel, Better Performing Yellow Metal Corrosion Inhibitor with Lower

Toxicity and 1ts Use for Copper Alloy Condenser at a Power Plant

IWC 18-63: Cooling Water High Cycle Silica Treatment Program Implemented at a

Southwest ZILLD Power Plant

IWC 18-64: Scale Formation in Cooling Tower: Theoretical Approach to the

Thermodynamics and Kinetics of the Water Chemistry in the Makeup and Cycled

Water

SEMUKE R EH

Water Management in Power Plants

IWC 18-65: Arsenic Treatability and Pilot Testing at Little Blue Run CCR Impoundment

IWC 18-66: Closing the Loop in Bottom Ash Systems - Not as Easy as They Thought

IWC 18-67: Water Management in Closed-Loop Bottom Ash Systems

IWC 18-68: Outage Wash Wastewater Treatment Alternatives at Coal Fired Power Plants

RS AT FH 5 e

Evolving Membrane Technologies and Applications

IWC 18-69: Counterflow Reverse Osmosis - New Membrane Technology for Ultra-High

Salinity Desalination

IWC 18-70: Using Membranes to Produce River Water Cooling System for Large

Chemical Plant

17



IWC 18-71: The New Standard for Industrial Desalination Michael Boyd, Desalitech,

Newton, MA

IWC 18-72: Evaluation of Long-Term Membrane Performance with Continuous Use of

Hydro-Optic UV Dechlorination at Plant Bowen

eHBETIEIREN - BKEHERGHEL

From the Bench to Full-scale - Optimization of Wastewater Treatment Systems

IWC 18-73: The “Ins & Outs” and “Dos & Don” ts” of Bench Scale Treatment

Studies

IWC 18-74: Zeta Potential for Optimizing Coagulation at Industrial Water Treatment

Plants

IWC 18-75: Tiny Bubbles Float Floc — Optimizing Dissolved Air Flotation Operations

IWC 18-76: Hydrogen Peroxide for Supplemental Dissolved Oxygen for Petrochemical

Wastewater Treatmen

HAARERH KB T 2 et 3 R

B EZ AR ELK ST B Rt /KK E B 625

IWC 18-21: Radium Removal from Potable Water Supplies

IWC 18-22: Water Treatment Residuals Management for Uranium Removal Using Ion

Exchange Media Re-certification and Reuse in Potable Water Systems

18



IWC 18-36: Groundwater Remediation System Pilot and Operating Data

SR PA bR 21 THHE 76 R SO b > BRI AR KA RER RO SOt A 23
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EBER{RZE EPA 2015 £ 9 H /A6 Steam Electric Power Generating Effluent

Guidelines - 2015 Final Rule MFfEft EPA-821-R-15-007 Bk 2& 7K i B 1l 3% 2 3

T#H5 © Technical Development Document for the Effluent Limitations Guide linesand

Standards for the Steam Electric Power Generating Point Source Category fLE¢EE2EE

W

% o

Horr 2015 4F3EE] EPA A AR EE Y 139 {ER =T FGD g K& 3/ s R ey

T N EI(E 7-1) - BRI SRR RS KB T B AT R EE R T i Y

FEHERY Zero Liquid Discharge (ZLD) 3 51 B (545 37% » #3EACHA 39 {Ek

54y 28% » AEEZ) U A SA 33 EMLLY 24% » AP BE 5 (ER54Y 3% - 559k

& 7Ktz AN TR 40 Ry “HA” Bt > A 11 (B AGEY 11% -
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(BT3B Chemical Precipitation 33{E g £94524%

LA A S B/ S AR 0 U Ry R BRI 28 - 4B B
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£ Wgs B Biological Treatment: S{E&E £9(53%
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BERH) o BN EFGDEHRA 24 -

ZHER Zero Liquid Discharge * 51{E#Z37%

EHEZero Liquid Discharge (ZLD) 48 FAZEME T 52 DR A A - &8
B 1% Al e R A S R B s [ B HE T © B ERTA FFGDEE /K R B E 1] DA

B EEAVRTARE £ Bld - REK - (B8RS -

. Surtace Impoundment
Zero Discharge (39 plants,28%)

(51 plants, 37%)

Chemical Precipitation
(11 plants. §%) (33 plants, 24%)
Biological (Anoxic/Anaerobic)
(5 plants, 3%)

Source: Steam Electric Survey [ERG, 2015a].
Note: This figure represents the EPA population used in analyses for the ELGs, which was developed using the
Steam Electric Survey, industry profile changes (see Section 4.5), and additional mdustry-provided information.

Note: This figure represents the highest level of treatment; for instance, some plants categorized as “Other” or
“Biological (Anoxic/Anaerobic)” may also operate a chemical precipitation system as part of a more advanced

treatment system.

Figure 7-1. Distribution of FGD Wastewater Treatment/Management Systems
Among 139 Plants Generating FGD Wastewater in the EPA Population

21



Table 1: 2015 ELG discharge limits established by the USEPA for FGD

FGD Wastewater 2015 Effluent Limitation Guidelines (US EPA)

BAT BADCT
Chemical Precipitation + Biological Treatment Evaporation
Daily Max 30 Day Avg Daily Max 30 Day Avg
Arsenic 11 ug/L 8 ug/L 4 ug/L -
Mercury 788 ng/L 356 ng/L 39 ng/L 24 ng/L
Selenium 23 ug/L 12 ug/L 5 ug/L -
NOx 17.0 mg/L 4.4 mg/L - -

%= EPA 2015 A AAIEHERCERZK B EEER - (B2

VLB Chemical Precipitation

+4E¥ 5 Biological Treatment= Best Available Technology (BAT)EI Best Available

Demonstrated Control Technology (BADCT) 7&&8 R0 HERKE -

SETRRETT

EE N EN

HHBE(BADCT) 7%

FE2014 IWC BIFE/K g% A B ERAR T (Flue Gas Desulfurization)Zi 3:

Technological and Operational Impact to Purge Water Treatment Systems Due to

Environmental Regulations (2014 IWC ~ KENNETH CHEN  Fluor Enterprises, Inc.)
FEREER » FR20134E T EDAEET T 145 EA SRR bt e /K BB > AHRER
2015 &t - HbBKIEEUAE AN > REDRBUE IR 28 (R (5
15%) > HEINEISUERE(537%) > mAEYE AR I 2R D 1ERg - A3

B2 MR R KPR E PR ZLD E 2 H AT, -
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Zero Discharge
(28 plants, 193%)

Settling Pond
Other (63 plants, 44%)
(12 plants, 83%)
Biological
(Anoxic/Anaerahbic)
(6 plants, 43%)

Chemical Precipitation
(36 plants, 25%)

Figure 3 — Flow diagram for a Wet FGD purge water treatment system (Office of Water, 2013. Technical Development Document).

3. JIEE 228 Arizon Falls

IWC SRS oA AN BRI ER b o 3 5% B AT DIE i [
KEREHI T EORE G2 - &2t S8 Arizona falls /K728 EHEEL GR

Herberger #FhNE MM EE ST HIEAEGGESS BHEGRR T

\

BEWMREGK (% I A% BRbitEmtadtsy -

https://www.srpnet.com/water/canals/azfalls.aspx

Arizon Falls f&41

o FI| S HB AT (Arizon Falls)) 153 58 A AR A CJF H 7> Salt River) » E3RAEAY E
Indian School Road 55 56 #F1%E 58 HkI AT 20 T RV H % 2= - 2 BRI

FBEK TS ERRAFTEM, o SFEERMETY 1902 5 » 7% 1911 4FH1 SRP( Salt River
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Project)’KEE /A B E G 1913 FEBHIAMLE - SoFSHR R (Arizon Falls)7/K 175&
B 750 T FLAY/K )3 BE R FT R L0 B VR RE TR e 5 150 (B R EF &R

The hydroclectric ganeralor insida fhis building copnres the
remendous powes of woter owing thicugh i canl with ho holp
‘of geowily. This felling water moves o hurbine that produces encugh
sleckisil to power about 150 homes! The woter contives down
e canal sysrem completely nchanged, moking foe procass bt
cloan ond renewcatlo.

nals
Il play @ wial rals
Sall Rivae Vallay fodey.

Fist consiucted in 1902 and rebuil by SRPin 1911, Arizana Falls
s the firt hydroelockic generciing sioban in Phosnis. I now
e ot gl i S s i sk e
‘genorate shacriciy for Volley communties.

Solar ponels o the rasf captrs sunlight and comvet 1 inv
I th sl 1900, the facorcl iy, demonsoting o0 o i ey SKF b et
e rtnarod i ocol waree

e
..... 10 build Thoadors Resssvall Dam,

alley, At o panrs: 204ust drop in

slavetion, Arizana Fols was the parfect

i fo the Velley's fes hysrowduciric
r plan.

orms e s ket o 18

Delivering more than power.™

q
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(=) ~ ZEHE NN Magnolia Power Plant (MPP)

L E NN Stantec 23 F] Bz Eric Wu, Ph.D., P.E. Chief of Groundwater Permitting

UnitRegional Water Quality Control Board, Los Angeles Region AJFEN> R » Hi{FAL

> The City of Burbank * Los Angeles County HY Magnolia Power Plant 225/ °

Magnolia Power Plant B NG I AFEEE JJZE2E (The Southern California Public

Power Authority)Z4% =~ NHYEERL > B Burbank Water and Power /3 5](BWP)AX &

Mo

BWPAEIRILIRNI9134E » B—RAEEFHARIAHERAE > EEE /AL

e Burbankdi i & R A SR AL EE I RI/KHS AR © 2 BIBWP/A & MagnoliaZé 25

R B S P 4h 84 ( Anaheim 38% ) » {A¥f52 (Burbank 31%) > =k

# (Cerritos 4% ) » FIEUE (Colton 4% ) » Hf@fCE (Glendale 17% ) - THpE

%N (Pasadena 6% ) 6 {EFHE - BWPAEELFFE ~ n[FEMZ VS > 12

At EE YA - e ftkriE#100,0004)E K A EHL TR 22

H AT REHYEEDK -

Magnolia 2% 88 WA s 2003 4 7 HEf TELZ > 55 2005 49 H 22 HpgiE » Hy

FR{EZR 1Y Magnolia 1 5i8F1 2 5514H - Magnolia $r 2 BEMgER H s e NI R TG

IRISAH SR BRI Xt Bt SR aim SR B - BB ilE 2w sR BB > %

AlE - ZRAGHRIARER(ZLD)  Hiiil Hae ERE 31 EREGI0MW) - HRER

fem T > PRIE LR T 90% -
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Magnolia % BB E 15 Ry T (RIS IR S8 nT s8R - MEEAE2005 it
B > DIERHENG E Burbank S /S [EIR T AE2005F B R E B K S - RILER T
R/ VBE T R MR R TAE R TR R K E R E BRI K R4
FJ71H - AR A/ E# I B 5K IR E 2K - M3 FeER AU
FYREE7KZ R (Zero Liquid Discharge » ZLD) 2B Z rBEAZFY >

% FERKZFF(Zero Liquid Discharge  » ZLD)Z > BREESBE LI5S
ety AR SRR L R ERE S B A ST - BIAR B E A 2R S
DURRERE » BTSSR U I/ K 2 3t N - B B4R/ TH (green roof) Z HERGEIKE
STHR U T0% 7K > R AINEZ RERKARI 2 SRR B4 - HR T R
BT IIENE - RIAEO(E B A RIEFSERIEET AT - [RIRFHUIIER T8 iy At

R -

Gk 22 TH - PR 7K R PR AR 2 AR T
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Wiky

i

J%Tz@%%ﬁ%ﬁﬂz—ﬁyaé%%ﬁ%
B EE K EHE(ZLD) B Uit 2 5% TRz 7K & 400GPM > B2 Al7K U=

-

PRI > LRI 2R A2 ERO) R EEEEE, - st R Ry Aquatech 23 H]
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<~ HERO(High Efficiency Reverse Osmosis)

LS > BB EKIEESER (A 2 90%) > HELEH i UH A& ETI6E

T e

Hpg R AT N E -

MFPS&fE‘ﬁ Ik EREERE

NGNS

AT AR A S BROR 2 A - T S /K& RGN 7K A BR B 5 A4k

B o TSEESK BEE ARG ML R H M msAs i BE /K e B HUA /KA AH [

RN AR ER RGE B SRE T R B FNER - NI S 2

BR T 2 RS /K EHE (ZERO LIQUID DISCHARGE  » ZLD)F: ftrryifss Bl

FEA -

SEE RS /K ZEFERUZLD)HIHEAE 7] LUBEIHE] 20 40 70 4540 - EiF e}

HER RSN > AT S R BURUK 2 BB B E - HoE s

IAE BB K PER(ZLD) 248 - 1M HEIGK &k IWC FEFAHRR R

Bt REm TR LR REE R > AR A B KZPERU(ZLD) & T
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Mg ~ SREERRTREIE AN - FEEBERAVILEMEON - FE BAORAGENE

FI P BT 2 BN RAVRES, - [FllFa B R KEPER(ZLD) Z&Hy 4

BRI IE PRI -

AT BT A B B KA R PR S I A ROt

TRIERC > MAEBUF IIBPERORAE ~ SINERIEE ~ fEREORBES LU R

ARSI TS AR SRR R > AN FIE S R i R R K E R

(ZLD)Z ATREME: -

HATEINIMR 2 TR E A E BT M E G TR T /K Z B A A -

F] DA EEARRBR AR B it R okt - BRRIC s S T

B IPEEE BT T S UMK AE Z BE /K AR R BR AR (B SR A -

TN M 2 AR > B ERE 40 F > RHIRERAGERE - B

& T KPR (ZLD) Z B A skt > Y R s T B AR Bt 2 2=

[E] > (AHRE T 2 3% iR i B RS T /K EFERU(ZLD) kit -

29





