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2.1 Dow Chemical # %3+

211 B i Su® B
2.1.1.1 CO2 #-k 382 5 [Dow Chemical]

RO ##t CO2 et e e 4 4p g # &0 #rrd g CO23% 3 RO B ~ & K¢ o
S AaPFEY SREBR T CO g F A HF ko KRS SRR
BT 1S > A g A kM pHET A KAk o d TEY LHRER
ToCO2ARHG AR A > ik AT 0 RIF 5 HCO3-d RO 7% -

pH

4

: M 80N E A T TH
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Ratio Bicarbonate alkalinity (as ppm CaCOg)

Free carbon dioxide (as ppm COy)

Bl 1.pH &% CO2 hg: 50

fEk CO2 P AT e B LA 4o & Bhov
ILRO s g -k ¢ 4 4 CO2 B 4L » ~ 2 ¥ £ RO(1 pass RO) & 5 <

2.0 & FL T 7 ik NaOH 4k e pHo i COMIG M w 3t 6«
3.% RO chag Kk 4o% il F 217§ 31> 4t RO A RFIHEN > § 1%

FA g CO2ip i kP > g 3o a2 EDI chjed® FlEE -



4.5 g e * i EDI &% g A 2 w0 3 f CO2 - & EDI ¥ 3|#d+ ch g -k »
90038 £ p R KD -

I 4b A8 7K B 18 B R

Bl 2.CO2 77 it ad2 > 2

2.1.1.2 EDI Jiz * 1 % % 75 [Dow Chemical]

7 M EDI enif g 440 ™ & BLoroT
17w & pF e il BBl

(1)% EDIE-k A>3k 2 EpF » &5 M B EDI 03 i o

QR BEMEHRE X FUEBIPFEECS ) #F L FED o

2. %% & EDIi& k& $ @ & pFag EDI it feit-k Rpadopr it i8 (7 o
3B RORFenE RLE RIERRE  FAIY AR B

Ak B F EWF RoRNED R AR FARERSP L TEF AL

% M EDI & k%% > RIELA M T &2
1. #-38-k R EDI fado ik S d o



2. it EDIZ2 F Jste - BB % -

Recommended!! ' Cartridge filter
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—

CDI Demin
Tank

B 3.EDI i kth &

% RO A -K4r%k E iR T EDIPFF > BIJEILR

1. #RO £ EDI fx# K T =i & o

2. ROA KB+ & & 493% EDI & -k -

3. RO A= dpfed g K2 Jf x> RT3 & i K4 (s £ 7 42 EDI -

| AT RBEBER |

EDI
Storage
Tank
7 i B ] A -

1) ROEFFEFHIEH N Bk EuLlEEsRD
2) FERFES (55 i (e.g. Torawwater tank)
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2.1.2 Bk IR P
2.1.2.1 TEQUATIC PLUS #jis4 % [Dow Chemical]

WE A AT BT

4ok » B A2 (5 Bt RIRE SRS L B U HFL
I LA

2.0 N g BRCEK Fhkaundoa gl Va3 g e R ERENT
Fa g 0 e AR
3AME e AR-AMICE T > BUa i L R AL I
4.5 Rk 1ﬁ’§v SRR

Filter Unit &

r Feedwater
Vortex Chamber |

Recirculation &
Salids Collection
Chamber

Bl S.TEQUATIC PLUS % % ¢t g2 /4%

BRI I B A 59 A2 % iE 10,000 ppm 1 TSS > B ifg §° B4 @957 o



Total Sus pended Solids (mg/L)

Size (microns)

Fine Particle Filtration —
R 6.8 F 6/ 5

HA SRR o™ B AT o

i MIE M £10,000 mg/l, £ 2 F &
TSS levels up to 10,000 mg/1
KRE R E 5H(~99%) » RERREZED
Water recovery up to 99%
\v
No Backwash, high uptime
BEAT A ~ & E KK R

Cost effective

B 7.TEQUATIC PLUS 7% 3+ 2 5

M 45 /B g (Cross Flow)sni B3 & 7 "2 X2 A5 A ff > ¥ H R B moc s »
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Jo T Bl AT o

Dead-end filtration with build-up and caking

Foodwator Sitroas

Cross-flow filtration continuously avoids cake build-up

Feadwator Stoam

ulll':il_fl_

Rl 8.45 it il g P T

TEQUATIC PLUS i i B ¥ * *t AR 5 fi 3 % L eivkif » ¥ 13 & @t
Wi LT FRLEF TS LB ILE R~ Sy kG 2
A KLR Bfp* 7 icde™

1.1 ¥Rk egg® 1% (e & SAR L ~ i 01 2 k)

2.8 % ~ F RF T R A Dok v ok 1

3.% %42k (UF)fr i % 5 (RO) e BT o

4.7 nfefs bk 2 # F gk o (MBBR) fote Bigi% i (DAF)K &

P B E i BE A e
LB RET ERNFEFET TG AEA K Fig T 3 4R 10
T 50 Acsk 2 BY > 30 ¥ B BB iR B R ]2 1 Psi o
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FoMTUNAFTRERLSPE SRR ERE VBRI EAGE o d NS
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SEFFA] R EHEEREARETTHF ] FEFH PR
RAFLFERG R 3 > a P T e 6 IR H A AN R B Y ’J‘zzfc%ffﬁ,’ﬁ
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2123 &£¢ 4 4 % (HIGEE)

REF A JIr 3@ A2 €4 5 URACIWRY I FARFFTE
PR PP 0 B - R B D oS it 1 HOR[HO R R,2013] - AZE 4 K
Fo— A § A * g3 Lk (rotating packed bed, RPB) g i g T k A2 4 4
€ 4 B(HIGEE » »"High G”2 % ) > M B 4c § RADE ik dp2 R &
R o EI AR FRBELCF L RESF MK FHHEE KRG R
ForF Eonk o TR R ZAAMPEEE - FRATE®E 24K
FLR & (micro mixing) E Ap 3 o P A BB ARE 4 EHEE L F 40T
(1) & ¥ Bk d2

(2) # %% % 4 (SO2 ~ NOX ~ NH3)zh;% v

(3) #H F 4 (VOCS) sk

(4) 2 0FF in e ke B Fop ik 4

L «— Gas
s

=g

T b

Liquid

Bl 104z £ # % % & * B][Daniel Sudhoff]

Dow Chemical = # & ] * 42 & 4 ﬂ,ijr’r‘fr"iﬁ",f Bxc ’fﬁ L T2 ’fﬁ H o R
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P HEMEEd 900ppm T I 22ppmo THI & Kk Ko ¥
¢t » Dow Chemical = @ 7n ¥4z & + Fjbe * > 8 & = & pa(HOCI) > 3% @l 4%
FpeRfes FORERF B T Bt 50%:hi Wing o o

#
A X7 d BAfEHB0%RF 2L 4 WAz 90% > Dow Chemical = &

2T RTE R ERA BRI EE RRRFF o VRFR SR o

AETRCTF AL 6o SARE S T LR FR kR B E T 2 pH
72 p R-RFEZFHRZSEF LENOx 2 129 ppm *% 3 106 ppm> SO2 B ¥ j&_24.3
ppm "% 3 2. 5ppm>- {84 5 Bt M pH B R TS § vEL BE P 5likiE

7 b e BB TR R
2.2 2014 R"%E-k &2/ 3t ¢ (IWC 2014)

22134 ¢ A5

IWC 2014 # 3¢ ¢ ** 103/11/17~103/11/20 % B4 =% L £ Marriott

Rivercenter Hotel # {7 » X421 & ¢ Z #7934 € ~ 9" AT E - & T Rk g2
MESFERT -

-

o :
KATLR TR PR
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IWC 2014 7 3t ¢ » #2148

1. Pure Water Applications Using Electrodeionzation

2. Water Reuse

3. Produced Water Treatment

4. Power Plant Steam Cycle Chemistry: Detection and Mitigation of

Contaminants

4

Design and Operation of Zero Liquid Discharge Systems (ZLD)

6. Updates and Innovation in Mine Water Treatment

7. Produced Water Treatment from Coal Seam Gas and SAGD
Operations

8. ASME Session: HRSG System Chemistry for Unit Reliability

9. Advances in Ion Exchange Operations

10.Innovative Industrial Wastewater Solutions

11. Advances in Hydrofracturing Water Treatment

12. Anticipating New Discharge Requirements for FGD-Equipped Power
Plants

13. Practical Application of Membrane Pretreatment and Technologies

14.Refinery Wastewater Treatment with Emphasis on Selenium Removal

15.Minimizing Scale and Corrosion in OTSG and Evaporator Boiler

16. FGD Wastewater Characteristics and Treatment

17.Cooling Water Treatment-Improving Monitoring, Performance and
System Efficiencies

18. Wastewater Reuse in Industrial Applications

19.Optimizing SAGD Produced Water Treatment Operations

20.Power Generation Past and Present-Refining Pretreatment and
Demineralization Design Technologies and Innovating with Renewables

W1: Industrial Boiler Water(up to 1800 PSIG/ 120 Bar)

W2: Water Treatment 101

W3: Introduction to Cooling Tower Water Systems and How to Develop a

Cooling Tower Water Treatment Program 101

W4: Treatment of Water for Steam Generation in SAGD Enhanced Oil

12



Recovery Plants

W5: Thermal Zero Liquid Discharge Processes

W6: Treating Produced Water with Ion Exchange Technologies

W7: Arsenic and Selenium in Wastewater Treatment

W8: HRSG and High Pressure (>900 PSIG/60 BAR) Boiler Water
Treatment and Operation

W9: Water Treatment 201

W10: Advanced Ion Exchange

WI11: Reverse Osmosis - Back to the Basics, Design and Operation
W12: Cooling Water Treatment Programs and Guidelines when switching
from Fresh to Reuse Water Makeup 201

W13: Wastewater Treatment for Energy and Chemicals

W14: Fundamentals of Evaporative Water Treatment for Steam
Generating EOR Process

W15: Ion Exchange Technology and Practical Operating Practices
W16: Electrodieonization (EDI)

W17: Proper Design for Ion Exchange Softeners in SAGD or Cyclic Steam
Operations

W18: Design and Operations of Deep Bed Condensate Polishers

W19: De-oiling Produced Water for Insitu Oilsands

W20: Water and Wastewater Treatment for Natural Gas Development

W21: UF, RO and EDI Maintenance and Cleaning
22273 € E /P R

FErt g P BRFORAIZIM PR LN F 5 RAeT
2.2.2.1.7% ik 243 FGD 8 #f e

(IWC-14-44
Technological and Operational Impact to Purge Water Treatment Systems Due to Environmental Regul

ations)
BIVEF sE (FGD) sk At ke 4o RJCEF 2 %4 2§ R A
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Kz f s ERnEERERE RT > FL2RPP PR BET T
B R RIED| B A AT R ERL £ FRT e RIRDE
oo P E RIS R T B AR PR AT & TR

F 2.3 4ok s 44 R4 (Latham & Watkins, 2013)

Current BAT Effluent Proposed BAT Effluent
Limitations Limitations
Pollutant Avg. of Daily Avg. of Daily
Max. for | Values (30 | Max. for | Values (30
Any Day |Consecutive| AnyDay |Consecutive
Days) Days)
Arsonic, 8 ug/L 6 ug/L
total
Mercury, 22ng/L | 119ngL
total
Selenium, 16 ug/L 10 ug/L
total
Nitrate /
0.17 mg/L 0.13 mg/L
Nitrite as N &/ &/
FAR Y gt R o 47 g L i PAE G I e A

1.4 3 k@it - SEE ARG A LR om ik T B4 B PR L

W A A B 0 F R F RAL ST R RR R A IR k(T
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A0 ErtgmG enk :ﬁ}a{@@ AT TR E o Bl (T G 0 s
Eirayhn o R B E R FEE
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W G ERI B o

RpIFAAFDIRER  TRFEEEWI IS F BEFL

HREB/THRB §AVATERY 2R Ay I ¥ 22 UmE

LA ek it -

N

foF kP & 7 K B ORP fof i#

5

AU BT - KR P R

2
e
s
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¥
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FrrF ol o YR RT R Z R UK K im,fi & o

3 % RIS T P A R e

E GRRR VAR R Aom F R kS Ao f AP ITRIR & Y “/fi 2L
B A S AIL RSP SR RAE T de % 2 AT ih

% ?ﬁgﬁﬁ@“”’?‘%ﬁﬁﬁﬁ%ﬂﬁz%mi’%ﬁﬁﬁ%?
PER BT GRS BRI 0 e AL E ¢ DTS URG D
BRFRER VA EE R B TI R aTKRS M AR By eaniey

PR R R R o
2222 A ks

(IWC-14-07 Boron Removal from Produced Water)
Bokwje s Ak avEE o I RN G AR R Tl L v € BRATH R
Mg i dRATLR AT PR T Y UL RIS T

1.3% /% % (RO, Reverse Osmosis)

AR RT s 33 EF AV 73 % F1E RO W Mgk e
25 - W edT o d A AR Mk R (M
43P ppm)fF > © MOATFRE R AR TR EUERSY 3 F F T e T
5 FGD B-k® 3 F R ERDMERA I V5 > ST IA 4 2
Mo FEER AR M ERM > A L ERY REA T .
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\
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OH OH

B 1LAE 45 B @ R ok g o s s

R T A FGD Bk ¥ pRd of g ks T ) -
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1

120 —&— Column Study
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Bed Volumes FGD Solution

B 12FGD ok o pod g e fn ik ok

PR R LR TS R R AT BT o
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Bed Volumes

g] 13 EEHS:E#& }44%1—}; * ﬁ)ﬁ./m/mfé ';’J/’Jl‘:é“‘;t

N8

O RRRE R T hv TR PRE RS R MRk Y R
< AApy £

\\3

BPaFd Mk BREA RV ERY FE o FRARY o

o

& pow A 454 or 0 & barrel B * ficE A (cent) T E
2.2.2.3. FGD gk 3 ",4]? > T AR

[TWC-14-43 :Start Up of a Full Scale Boron Removal System for FGD Waste Water]

"EETRBLE AL P B Ao p AR o (R T RF R A
(FGD) me-kenfzid= % » X H i~ mfek hfd il % o 4ok 7 8 7 e
T FEFTRIFLEF EEVE > T o L EFHRFTATIT S 8 IR

1\3

g4 %_o Conemaugh % T f® G2 K7 % - B 2 R TP L b
TFOREROK o A2 R T ARG s - B PR R R Lk )
Sy omoorad 7 g o

b R PR A T G S E AT F

OHH H OH
b -~ - d - cmon
H DH OH H

B 14728 % M40 0T A A
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A58 5 U A 4 he T Bl AT e 3 R e

+IGH“ OH H OH
Ao L L
H H o\fo H
5~
Y
OH4 OH

B 157203 ‘,% |

#7 T it FGD B oK g i A2 e Bl 977

Reaction
Tank

Equalization
Tank

Boron
Regeneration
Waste
Precipitation

Selenium
REINGE]

B 16. Conemaugh FGD &t -k Bd® Fy )ad i 42

A “,ﬁ% et i AR F 4o T Bl AT o
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Boron Concentration -
Boron Removal lon Exchange System

350
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Sample Collection Date
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2. 'ﬂ iiﬁﬁi? %5’\"' E"r’i'urlh’}\ i %F‘%“—”’”/E&

7o BREEFFEY N § BB UK
reREASL i ",’TT ZER IR
2. @ffg b endffe HaSO4 % &

1'-‘\

O FRARGEFIRE A A L AR L Y R R R IEE A R
0 T R B R

13

AR A MR RE o R Y ML (T
FAREY - Bk T A RAILE FORE K S L k0
doo EE M- PR BiEL B 3 (S 0 & Conemaugh TR Y i ¥ i
PR 4k G AEE T R Sk Y e £ Y P E- A7

PN # im“{fﬁ%jiﬁ:‘r‘ o

2.2.2.4. ok R T L=

1-3'\2

(IWC-14-13 Evaluating ZLD Strategies)

AR IR s VB et B R AIE S E e F2 5 E > RiTRTFREE Rp ABEL
o FArE S BIr R LA EB AL A S HEIR o B 2 T G o
F R o GIACUL F WAL kY T 5 5 ppm ik B ek o - B odk (T
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BAE 0 EFERE AR RV RS R g e
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RecouereTWater

Post Treatment of Recovered Water

F Y [ a .
Permeate Distillate istillate
Waste | pre Treat t of Feed Bri C trati Solidification >
St_. e Treatment of Fee ne o Concentration »
ream
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Lime and Recoversd
Sola Asly T Wiaale|
FGD purgs Primsary
';-.:‘1( |:-f"-]_€(."|: ].\'npm.‘iliau Forced
Clenmstry MNadl Chemstry | Mechanical Evaporator Circulation
p| Softening g Vapmw Blowdown Crystallizer Centrifiize o1
Reconipression | (Stean o1 —| Filter
(MVE) anwd MVEY
l Seeded Shury
CaC03- APOTATI .
MzOH? BVEPOTATIOa salrn

k‘ e VERN Y,
e e

Primary 'Water Recovery FLI section

Pretreatment

B] 20.FGD ZLD i * gxit 2 % 5

Recoverad
T waler

Flyash
FGD purge Primary
wialer CaCl2-MgCI2 | Evaporaton: Evaporator g=====leees, Blowdown l
Suspended Chemstry Blowdown ! Secondary !
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2.2.2.5 FGD Es-k & £ et 34 B 4

(IWC-14-14 Design Issues for a Zero Liquid Effluent Discharge (ZLED))
Medupi £ R &85 ¢ 8 Ak ASERT 2R 4 Ak 3 R R e

FHE o PR £ YT U w e ke 3] FGD Jk A® o H BCK R R i

Tk A A T A T o

Wastewater
Stream

L s R PO QM

F 3K RE
| Quality

FGD blowdown
72.3 m°/hr (85%
FGD limestone
purity case)

or
75.2 m*/hr (96%
FGD limestone

4,400 - 16,400 mg/l Ca
340 - 8,800 mg/l Mg
1,200 - 1,310 mg/l Na
30,000 mg/l CI

850 - 5,520 mg/l SO,
14,800-35,900 mg/l TSS
Contains heavy metals

purity case) | PH 6.0
Organic 16,800 mg/l Na
scavenger 18,600 mg/l CI
regeneration 3,400 mgh 50,
1,300 mgl OH
wastewater Negligible TSS
Cooling tower ; ED mﬁx:“t:a
lowdown mg/l Mg
blowdo 200 mg/l Na
3 220 mg/| CI
145 m-fhr 530 mg/l SO
70 mg/l TSS
pH 8.3

RJE kB R Box Eenit B B8 F & (Ca(OH)2) fr@k+™ (Na2CO3)» *
PR ACAE T S A 0 VB R RN AT i

Reaction 1. MgCl,+ Na,CQ. + CalOH); --=
Mg(OH)z| + CaCOa |+ 2NaCl

Reaction 2: CaCl; + Na;C05—--= CaC0O3| + 2ZNaCl
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LIME SLURRY | 20.8
Lime ML TANK
Farric
Soda Ash Chioride Polymer Sulphuric
Organic Scavenger 13.3 | Acid
Regen Water 1 |
2.8 35 28
. 2 *
FGD Wastewater 723 | |
" S00A ASH S00A ASH
Cooling Tower 145 mmﬁ;m 150.3 LIHE.IF“EN.Q:T!JN REACTION | REACTION | 1824, 3505 CLARIEIER 110.9 CLEARWELL
Blowdown TANK 1 TANK 2
148.6
59.2 743
110.8
743
L} =
CLARATE
= SERVKE —
FILTER SLURRY
1r - !
LTRARE TAM PRESSES HOLDING TANK WETER TANK
’ 87.3
154
2.3 {Note 3) '
Solid Waste Disposal Deasarator Steam 0.5 (Note 3)
—*Deaerator Vent
CORCENTRATOR
Sodium Sulphate EYSTEM
NOTES: 1. Flows are in m3/hr on a daily average basis. 67.9

Instantaneous flows could be higher,
2. Due to precipitation of dissolved solids to suspended Caustic i

solids, volumetric flow is not conserved around the

reaction tanks, brine concantrator, and crystallizer,
3. Volumnetric flows for steam and steam vents show as Sulphuric Acid ™ | M8

if the steam was condensed to water.
4. Volumes aseociated with chemical feeds not always shown but |

are factored into the water mass balance calculations. 15.4 (Mote 3))

CRYSTALLIZER
SOTE 35.7 1038 e itate

| 24
Solid Waste Disposal

Bl 22. % ki-k T =8B — 85% Purity FGD Limestone Case

* 4.7 %8 B 3 $ 33 14 (85% FGD Limestone Quality Case)

Pretreatment Solids | Crystallizer Solids
Solids — Dry Basis (kg/hr) 7,790 4,980
Solids — Wet Basis (kg/hr) 19,470 5,300
Solids — Percent Free 60% 6%
Moisture
CaS04-2H20 2.2%
CaS03+1/2H20 0.4%
CaCo3 40.9%
Mg(OH)2 19.9%
Inerts 36.5%
Calcium 2.5%
Magnesium 0.6%
Sodium 35.2%
Chloride 44.4%
Sulfate 17.1%
Percentages shown on a dry basis. Free moisture component will contain dissolved
solids which will contribute to the overall composition of the waste stream.
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