WatPro

Water Treatment Simulator for Predicting Water
Quality

AEAF Ol E



Copyright ©1992-2018
Hydromantis Environmental Software Solutions, Inc. (HESS, Inc.)

U FO|SRATEA TY AR

=

No part of this work covered by copyright may be reproduced in any form or by
any means - graphic, electronic or mechanical, including photocopying,
recording, taping, or storage in an information retrieval system - without the
prior written permission of the copyright owner.

The information contained within this document is subject to change without
notice. HESS, Inc. makes no warranty of any kind with regard to this material,
including, but not limited to, the implied warranties of merchantability and fitness
for a particular purpose. HESS, Inc., shall not be liable for errors contained
herein or for incidental consequential damages in connection with the furnishing,
performance, or use of this material.

Trademarks

WatPro and all other Hydromantis trademarks and logos mentioned and/or
displayed are trademarks or registered trademarks of Hydromantis, Inc. in
Canada and in other countries.

‘ Hydromantis

Environmental Software Solutions, Inc.

www. hydrosoft.co.kr
SjojcER2ATE




T ettt e et te b e e et e teeeaeeenteereeeraeanne s 3
1 W AEPIO Tl e e 3
LB A A e 4
2.1 BEHE, SME OlA] e 4
2. 2 R Tl it e e 5
2.3 |O|OFR ZEMOf| THBE BIRR ZHD ..o 8
2.3.1 TR B MEHGET| i 8
2.3.2 SE G| ittt e 9
2.3.3 OO E] QB e 11
2.3 4 HOtSPOtS A oo 13
2.3.5 [O[OFR 0|5 IR oottt 14
PN == (O R = === B B R 15
3.1 A O] A RHGET| et 15
KT Ll = PSPPSR 16
3.3 T A A e 18
B e e ettt ettt et enre e aeeneenneeenes 19
4 A R T B e 19
A1 TTHM ™A B e 19
41,2 Chlorite T A e 21
4.1.3 Chlorate A B e e 22
4.2 HA ZEA(ChIOMNE DECAY)...c.cicuvviieeiiiiee e et e ettt e e e sae e e e s e e e s st e e e e snaraeeeaans 23
421 27| B R e 23
422 G4 24 BH(Chlorine Decay Calibration) ...........coovvveeiiiiiie e, 24
4.3 O|AtetH A AH|(Chlorine Dioxide ConsSUMPLON)........ccuvvieiiiiiieeeiiiiee e s 25
e PSSR 27



=1 USRS SRROPPR 30
6.1 It LHOIAM CF2 2{|0|OFR BT o 30
B.2 BELH B A i e e 30
8.3 FEL THEA| BT i 30
6.4 A|AEL TIE M BHAGE | i 31
8.5 SE 2R A BT it 33
6.6 AEZ O HEE BFOl. . it 33
B.7 HOtSPOIS AL ..o e 34



WatPro 4.0 Af&Af Of+Z

1. 7Y

1.1 WatPro 7lI&

He ASEULh o &

=
7712 AA &=H g2 E pHO YYUE) 2Ms +Ad

2AEZ BIELC

WatPro= 042 2 sfst 2o
E
a




WatPro 4.0 Af2Xf Of+<

2. Ya22| A2 24

g2 Ald 2AEE WatPro 29| SH2= Ofeff Jga 20| F42i2| A=t BEAIE
LT

M watpro - m} bt

LY HE 27 HO|0i2 EE 2 Coo

BER XPEtA PLLLEED

Hotspots @ | Cisurm, CI2 m 40,0 mg/Lle=min - > 20,0 mg/L=min m >80 g L+mmin m <=5.0 mg/L=min ﬁ

CECIES

L)
3

= Distribution

E Chemical

E Solid Separation
= Adsorption

[ Disinfection

[E Storage

Bl B Layout 1

< >

Qutput Summary a ﬁ x

Final Effluent Surmmary Process Ou

IZH
=2

~ Category @

Parameter Criteria ar Unit i 50 tTheta | Total Th... |Residual... |Residual... |Residual..,
~ (min} (min} (min} (min} (mg/L) (mg/L} (mg/L}

2.1 442 SUE OfA|

S OIOROUM HSEE oA SUEE Cs SE==2 9= ASLIE

o 2+ R

o M Haxlz| U AE (alum)
o =% 233

o A7

o O 1}%]|

o = daxf2l Y Y2z

o 2E £ (E3h A7)

o H2|

°* RES

H



WatPro 4.0 Af&Af Of+Z

2.2 =+t O

ol 2 — |- il a o
Al2fgHUCh 22034 2olE O B =7 Bf Hotspot Bl S =7 BF & 2{0|0}R 2|7
olA Csl O=2A AZ| ra) = 2 ootst = 2 = Bo
gdoo| UFULt Eot REF £AN Y =Y EUE QU F U9l WE = HI0|E2S
et
M watpro - i X
oy BE =7 Ho02 2F =4 sy @— O|&F HE
ERER XPEOR POLOL LABE e =748
Hotspots @ | Clsum, CI2 m 400 mog/L=min - >20.0 mg/L=min m »5.0mg/L+min M <=5.0 mg/Lsmin ﬁ ES
ERES [ N
$arml¢ CE
<
E Distribution
E Chemical
E Solid Separation
E adsorption
E Disinfection v
< >
[E Storage
E = B Layout 1
Qutput 5 = S, =
uput Surmmary - Ry 82 corfo| =4 28 ZA0 2 H0lE *
Final Effluent Surnmary Process Output Surnmary
ZH . ~ l Category : Disinfection Dose v
Parameter Criteria =% Unit uli) 150 tTheta | Taotal Th... |Residdal... |Residual... [Residual...
P {min} tmin) (min} tmin) (mg/Ly | (mg/L) | (mg/L)
~
L A

Oj7= 8f - O Ht= Df(File), HE(Edit), £7|(View), 2{|0|0}R(Layout), 2Z(Model), =4
(Analysis) 2 ==ZZ(Help)2t Z2 OilF =52 0|F0A ASHCL 4 O S=0M= Of

2 DT 20| AIST 4 Y CIYE BYSO| AT

oYl Ol WatPro H

o
oY
1=
_o'ﬂ
kJ
X
oX
_o'ﬂ
N
)
p'ﬂ
og
o
njo
H
g'ﬂ
o
r
o

B Olwe 2271 oA 2fojorRS B fIet BES S

2] Ol 0217] Yol 20I0LRS BASE| I3 CIYRt SMS HBELICH Eat, AAY
THol, SHi(sloven)ol HEHY U AISZL JIRAFI 2 BY MBS BI| 9% YYE Y

L|c}.

2f0[otR OilFe= =Yet

o E
&4 % hotspota 22 HHO| L0 JA20 20|0tR 24H £HS
=

29 o=0ls 240]0tR0] 23| F2




WatPro 4.0 AI&3} Of+Z

2Eos 8 AEO| HEE[U=A|

[e]]]

1, AOIEE EYE O He=2 RES ALEAISStE, &5 84bE hotspots AEst= &4
O] ASUHCE
= 5 o A A 5 A =
24 Ol DBP &4, DM ASS £ O 43 040 o DY ojzjusel &
S ALBAPE ZARR £ A St UEE 24 ASEUCH
A 5 =2 5 S| AL A
E2Y HiRoMe AREAL 7I0|ER} Vs HME Eolg & gLt
o BE 27 002 2E 24 Ceo HE =27 @00k 2§ 27 Ho0rz 2§ 24 =27
= i | ¢ xn=7 Ctrl=x | EIEREE | i
ME ST ‘.:’ ﬁ p: 27 trl+X | |2 45 a ‘-:’ ﬂ |
w = - s B =ro clsc - e
min 520, - 3 oe SE
B e cutas MO/ " [i £027 ctd- +  Hotspot
L= 0202 HFE7| _ M4H  Delete R v Table
I EpEg BT _
HE FHO|0t2 Example Layout . tad 27| HHE EHE7|
| ‘:b HHE » AEESEET|
L7127 R == v HEEQE BT ‘ ‘
FH A E(Zoom) > 8 30x 20
o022 24 2% A= R | 15x10
" Gxd
[ ARCI [ 1
== i ﬂ ) Iy
A8 : ER L
ol w7 YLemin - > 20,0 mg/Lem om|us cow HE 27]
=i EfluentLimits | @ M O ==
Calibration DBP Formation PYE=S o -]
[ BO[0rE ZRIE i
ole CITAE} H3 Chlorine Decay
20|02 SAF - a :
| a HAp AlSH Cl02 Consumption
== 4 =%
View Manager Save current view i =3 27| OZHE EA
Hotspots Delete a view .
M E0M 44 =
HEEEEET " =
- [ AERE Tt
A 27| B 1 Jzmagse
HE 2= i
Emnail 'support@hydromantis.com’
£ Hf - =7 Bioil= WatProO A 7t %0[ AFEEl= FE HEO| ASUCH =+ 8ol HH
St A [ 5 = o o A
OlM AFEY + U= Oiw =2t ofid P2 oSt ZsUth

= Fd = i i E
BB XPEOM PLPLL cHBE L
b= HE Ly 2E

A 2[00k A27| AEN S =) HE el
=[0]0FR E7| AL 2l STHE = ALt
H|0]0FR A2 =071 e HIM B
227 M US|
HEAL
= H




WatPro 4.0 Af&Af Of+Z

Hot Spot Hf - Hot Spot H= hot spot C|AZ2{|0] MAS &1 MRS 4 Qe2 FHLC} £t
Ct2 D7 H4 ohAlo] A Els o Mo RES 2oL

Hotspots @ | Ctsum, CI2 e »40,0 mg/l+=min 20,0 mg/L=min ™ >50 mg/Ll+min W <=50 mg/L+min Q

MM Hotspot Setup by
Variable! | Ctsum, CI2 w
High level greater than 40,01 mag/L=min
Medium level greater than 20,0 rna/L=min
Law level B greater than 5.0 madL=min
less than the low level |
Accept Cancel
FE = 4f - 3 =+ Hi= 80[0tR AHE 28t WatProO|A AME71sSt 25 Hel 33
2 AsgUch 38 el fY4(Influtents), 28l (Distribution), S+5toFE(Chemical), 1S
22|(solid Separation), S2(Adsorption), A=(Disinfection), #*{2(Storage) & R|R=4£
(Effluents)2| M=Z CtE Y2 EIELUILCL ZE SS0|AM AL 7tstt HR 342 55 82
22/510] AIBE 4 UBUCh
E Influent
E Distribution
E Chemical
= Solid Separation
E &dsorption
B Disinfection
'@ Contact Tank
‘n Ozonator
_{: = UV Contactor
==
= Storage
= Effluent
2fo/of2 22/7] FY - 20|0tR 2|7 FY2 e 3YE Hizxlotn HASI 2AE st
38 ZAEE TEE ¢ ARZELUCE 80[0kR Og|7] dYe 2|7 FHe| 1% Stthof Lt

EtLt= 2i|0[otR O|50l|2t A EE LIt




WatPro 4.0 AI&3} Of+Z

~
W

Layout 2 Layout 3

ZF R=7 29 £/0/F - 2|0|0tR0| Atte =, H|0|S2 2f|0[0tR0| ChEt 2|& REF &
Ao 4 7|1ES LIE SUCH

o

&8 =2GZY 29 £/0/= - |0|0tR0] Attel =, H0|E2 AI2E Wo| BE SES2
=5

Qutput Summary a ﬁ x
Final Effluent Summary Process Output Summary
Process @ | Water « Category :  Disinfection Dose -

Parameter Criteria Value Unit ti0 150 tTheta |Total T... |Residu,,, |Residu,,. |Residu,,
Disinfectants o (rnin} (min} (min} {rnin) (mg/Ly | (ma/ly | (ma/l)
Effluent Chlorine 4.0 1,0393 mg,/L Influgnt .00 [if1] 0.0 0.0 0.0 0.0 0.0 ~
Effluent Chlorine Dioxide [0.6 0o ma/L Disinfectant Addition .00 0.0 0.0 0.0 0,0 0,0 0,0
Effluent Chloromines 1.0 0.0 mg,/L Chemical Addition .00 [if1] 0.0 0.0 z.0 0.0 0.0
DBPs Flocculator .. 076 40,32 57,5 40,32 0,394336 |00 0.0
TTHMs 1000 86,0314 ug/L Settling Basin .. 11,52 G064 1182 120,96 0.316137 |0.0 0.0
HAgEs 1000 116,315 ug/L Settling Basin(2) . 1152 60,64 16,2 120,96 0,316137 |0.0 0.0
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............................................

Max Effluent Chlorine Concentration 4.0 mgfL ~ O
Max Effluent Chlorine Diozide Conce, ,, 08| mg/L - [
Max Effluent Chloromine Concentration 1.0/ magsL - [4
Max Effluent TTHMs 100,0) ug/L - O
Max Effluent HASES 1000 ug/L - [
Max Effluent Chlarite 1.0| mgsL - [
[1 Total Giardia Reduction Reguired O
[] Tatal Yirus Reduction Required O
[] Taotal Crypto Reduction Required O
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Output Summary a ﬁ x

Final Effluent Surmmary Process Output Summary

S | Water Category ! | Disinfection Dose ~

Parameter Criteria ar Unit tio 50 {Theta |Total Th... |Residual...|Residual... |Residual...

Disinfectants ~ {min} (min} {min} (min} (mg/L} (mg/L) (mg/L)

Effluent Chiorine 4.0 1,033 ma/L Influent .. 00 0.0 0.0 0.0 0.0 0.0 0.0 ~

Effluent Chlorine Dioxide |08 0.0 ma/L Disinfectant Addition .. /0.0 0.0 0.0 0.0 0.0 0.0 0.0

Effluent Chloramines 1.0 0,0 ma/L Chemical Addition .00 0.0 0.0 0.0 20 0.0 0.0

DBPs Flocculatar .. /B76 40,32 5.6 40,32 0334336 |0.0 0.0

TTHMs 100,0 86,0314 ug/L Settling Basin 1152 o0, 64 115.2 120.96 0316137 |00 0.0

HA RGBS 100,0 —ug,fL Settling Basin(2) .. 1152 50,64 15,2 120,98 0316137 (00 0.0

Chlnrite 1n nn ma/l ¥ | [Filtratinn 43 7196 3.4 1967 0268027 0.0 0.0 hd
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t10 b7
t50 40,32
tTheta 516
Total Theta for DBEPs 40,32
Residual CIZ Conc 0,394336
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Residual MHZCI Conc 0.0
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(2) A&l 20|0FR2| AlZ2i|0]d Aol CHEE A[M|EH 20 24 SHIOM 207
=5 AE3t= A0 Zs UL
]
\LLE=h} x
Enl
Influent | Diginfecta,.. | Chemical,., | Flocculator | Flocculator | Settling B, | Settling B,
eff_0 eff_ eff_2 eff_3 eff_4 eff 5 eff_f
Flow Rate {rm3/d) 5000.0 50000 50000 2500.0 2500.0 2500.0 2500.0 ~
pH (-) 75 1.5 7.5 7.03503 7.03503 7.03503 7.03503
TOC {mg/L} 3.0 30 3.0 2. 26281 2.26281 2, 26281 2, 26281
W25d (1/cm) 0.8 0.8 0.8 0.313375 0313375 0313375 0313375
Termnperature (deg ) 20.0 20,0 20,0 20.0 20,0 20,0 20,0
Ammania {mg/L) 0,05 0,05 0.05 0.0 0.0 0.0 0.0
Alkalinity (rmg/L) 100.0 100.0 100.0 87,9615 47,9615 87,9615 87,9615
Hardness {mg/L) 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Turbidity (NTU) 0.5 0.5 0.5 0.5 0.5 0.25 0.25
Calaq) (mg/L} 80.0 800 80.0 80.0 50,0 80.0 80.0
glagy (mgsL) 20,0 200 200 20,0 200 200 20,0
Carbonates{aqg) (mgyL) 214,914 214,914 214,914 214,914 214,914 214,914 214,914
CaC03(p} (ma L) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
tgOH(p} (gL} 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Anion (Ca’) {moles L) |0,0020018  |0,00203001 |0,00223191  |0,00223726 |0,00223726 |0,00223726  |0,00223726
Other Cation (Cb') {rmoles/L)|0,00199527 |0,00199527 |0,00199827 |0,00199527 |0,00199527 |0,00199827 |0,00193527
TTHM {ugsL} 0.0 0.0 0.0 39,0175 39,0175 47,3955 47,3995
CHCI3 {ugsL) 0.0 0o 0.0 321182 321192 35,3212 35,3212
CHBrCIZ {ug/L) 0.0 0o 0.0 5,09133 509135 5,80943 5,80943
CHBEr2Cl {ug/L) 0.0 0o 0.0 0724498 0,724433 1,03934 1,03984
CHEr3 fugsL) 0.0 0.0 0.0 1.08248 1,05245 1,22898 1,22898
Chlnrite (a1 nn nn nn nn nn nn nn N
£ >
W 2
Q) 2E RET Y HOIZ ¥ 3 283N 2 H0|22 2E REF ¥ 2E 3%
off gt Al=2fold 75'1}% HA[ELC Of HO[Es B dF JHo| A= HIO0IE U
HLU7|(Export Data) 2! 22 E=2 H ZA}(Copy Table to Clip Board) & At&5t
Of Excel == A|AH —;LE;} HeZ 2 2~ QgL
Qutput Summary R ﬁ ]
Final Effluent Summary Process Qutput Summary
2E : Water « Category : | Disinfection Dose -

Parameter Criteria al Unit 150 tTheta | Total Th... |Residual... |Residual... |Residual...
Disinfectants A (rnin} (min} (min} (mg/L) (rng/L)
Effluent Chlorine 4.0 1,0399 ma,/L Influgnt 0.0 0.0 0.0 0.0 0.0 A
Effluent Chlotine Diozide [0.8 0.0 ma/L Diginfectant Addition 0,0 0.0 0.0 0.0 0,0
Effluent Chloromines 1.0 0.0 ma,/L Chemical Addition 5 A 0.0 . 5
DBPs Flocculator 57,6 0.0 0,0
TTHMs 100,0 86,0314 ug/L Settling Basin . X A . X
HA/Bs 100,0 116,318 ug/L Settling Basin(2) 11,52 |ED i} [115.2 120,95 \D 316157 [0.0 0.0 |
Chlnrite: 10 nn rnal ¥ [Fitratinn 43 7276 IE6.4 [198.7 0266027 (00 0o [l
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3.3 A AN

WatPro= 9I9| HlOJEf 27| U 27| 7|

& 2o
o
CHSH MEJt Zotel Hust 2EOME MAs 4 AELICh

BIME Hdste{H 2 oFolM BN MHS MEtstn sts

M =04 2w

cl0I0Hs &5

Layout 2

| =

F=Fi
BI0I0kZ 0I0IA]
Stream States
Effluent Surnrmary
g
][]l
2E N
=3 HI0IE
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ci

4, DH 2H

WatProofiAls DBt Of2f O7fH4S S ALOIE ClO[Ef0] 2 23T 4 UsUch =
ﬁ

* /M=l DBPs(Z THMs, HAAs, chlorite, chlorate)

WatProo| A FYAS EY5H7| Mo ArEAE 2Yeh Dj7fH ot 2AE ot -0 o=
dizl= A0l FEHCHANE &S 7 1

SsSd

=z EC|SZHENTTHM) dH B3 O3 Azt= 24 > Calibration > DBP Formation 0| ‘+0f|
|

WF DBEP Formation Calibration b

Chlorite  Chlorate

K& K7 . K7

K5
C -tp)

TTHM = K1 « (TOC-UV,.)K2 « (BR+1)K3 (pH-2.6/4 . 75 . ¢, KO .

K1 0.00309 K5 1.06
Kz 0.44 K& 0,403
K3 0.0358 K7 0,265
Kd 0,715

&)
o
o2

)
P
Mo
=
T
T
ofu
fon
Mo
O
b
3
«Q
z
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t 1S TRl SY2 S=A9] AlZk(tso) (hr)
tp: 1AZQ TRl SY2| AIZFAIS] A|ZHO[) (tso) (hr)

WatPro Z THM (TTHM) R2&lo] HH2 HHL|Z| &2 Amy 22 (Amy et al.,, 1987)2} H| w5t
Of Y| 0| YHEES FHAIZLICL 53] 490 2t o 15C (60°F) O|3t2 HOI2|H
2Eo| o ESTTt SHAEL L

TTHM 29| HY2 AZE AE 7|2 E=

A AZEQ|0f 7RIS ArESIH 3
T AU 22 Y& TTHM —L=59f HYE 20| 95l o|SE == AOI9] A& 2t0]

|
-II
=

Amy 2%(Mathematical Models 2 2tZ)9| 7|£ Oj7f#i4= C2aF Z&LC
OfZHEH 2 712 U4 O 7 712 o
K1 0.00309 K5 1.06
K2 0.440 K6 0.409
K3 0.0358 K7 0.265
K4 0.715

=8 , oroF 2| 2HOM O
42 AFBSts zgo =2 o TTHM SES 50| ALBSiofRILICE B ZolE 7t

()
of NIt S7t= 2EOoIM ArEELICH M2 H4a Z7H o 7|8, 2 2Z0| ALSE Al
ol SHL
=] =
=2

_|

=2
YoM 022 MEYED O|F E-S A[ZHO] CHA| S7t5H7| Al2fgtL|Ch Amy 2&2
& B ARES AR TRIZ AR EILL

Amy ZE2 ymole/L TH2(Z TTHM YA S O|&§L|C}. Mathematical Models 22| B £2f
ZHAMW) A2 pmole/L TR0 pg/l EHRIZ2 =5 Bsst=0 AFRREU T
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4.1.2 Chlorite &M 234

Ot A AH(Chlorite) 244 2 CHS} ARt= & > Calibration > DBP Formation 0f|70f| A 2t
4 gk

2
= PN

I DEE Formaticn Calibration e

log(Chlorite) = K1 + K2-log(pH) + K3+log(T) + K4+log(ClO,+1) + K5+log(RT+1) + K6+log(TOCUV...)
+ K7+log(T)+log(CIO,+1) + K8+log(CIO,+1)+log(RT+1) + K9+(log(pH)+log(CIO,+1)

+ K10+0g(TOC+UV,..)l0g(CIO.+1) + K11+log(TOC-UV...)-log(RT+1)

K1 -0.346 K7 0,293
K2 -0.07 Ka 0,393
K3 -0,0253 K4 1,27
Kd -0,597 K10 0,67
K& -0,136 K11 -0,161
KE -0,0038

K1.....K11: Ltt chlorite HHAIS 2A517| 95l STHE tHa
T: 2% (0)

ClO2: 0|45 A =5, mg/L

RT: 8t2 A|Zt (hours)

WatPro= CtZ Of7HH4 Hlﬁ@ CIEHAIS ALRSI0] 2t BF2RO| chlorite HAS A EHLICE
WA S OjJ4 A4S ZE20|| Cf3F 201 Korn(1998)0] OJ3f THErE|ASLICH. WatPro
oA AFEE O ZZAOAM TOCE Korn(1998)0| 2|&%t NPOC(non-purgeable organic
carbon) Of7liH4 CHAIG| AR EZ|ASLICE Chlorite ¥4 Z2EIO| HY¥ 2 HHE[R| ¢t2 Al H|
wsty 2HO| o HEEE AT E AlETt 7tsEU L

Korn(1998)0| 7HEeh YYA0| ALEE ey OiviH+0| 7[2¢k2 Tt 2&U L.

OH7H A 4~ Of7H A 4~ 712 U
K1 -0.346 K7 0.293
K2 -0.07 K8 0.393
K3 -0.0253 K9 1.27
K4 -0.597 K10 0.67
K5 -0.136 K11 -0.161
K6 -0.0038
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2Yo| BYS AC A I7|7| £ SA AZEQI0] H7|ZIZ ABSIC] 23T 4 U
Lich. 238 23 chiorite =0t BYE 2Uo| o3 A3 Kol HT Holo] B 2

=
=
255 REIS AFESIY SAEL(CH

0] B2 2t x| B2 7I0|M HAME|= 21 chlorite SE(mg/l T2 AAFRILICEH CH2bA

=
A Y2 Sall o 2Y HS AMESte 8% +AE chlorite =7t A0 ALSE|0{0F &
LICH 23 ZQIE Zto] AlZh 37t 2Z0M AFEEUL ME2 Ojutatga d7HH0| 47|,

e

a2 Y AYOM 022 AEEE L O] BtE AZE2 CHA| S7tst
MZE O|AstEA AIIHOIA, ClOL2| 27| 2P 1 2[H9| &

SE=IF0 Y w2 HSHA|A ELICH

ra

4.1.3 Chlorate g4 2%

Chlorate 414 24 O3} A42x1= 24 > Calibration > DBP Formation 0|+0f|A] 2 £ U
===

WF DBP Formation Calibration b

TTHM Chlorite | €

log(Chlorate) = K1 + K2+og(pH) + K3+log(T) + K4+log(CIO,+1) + K5+log(RT+1)
+ K6+log(TOC=UV.,) + KT+log(T):log(ClO,+1) + K8+log(CIO.+1)-log(RT+1)

+ K9+log(TOC+UV..)+log(CIO,+1) + K10+log(TOC+UV..)log(RT+1)

K1 -1,99 KE 0,045
K2 0,621 K7 0,389
K3 -0,09 K 0,345
K4 0,698 K9 0,486
K& -0.104 K10 -0.119

K
&
4
k-

il
I

WatProz= CFE Of7fifH4 BIMY CIEAlS ARESH0 2f BHER0|A chlorate YdE2 8L
Ct. HEA0M & Of7HHS Ol= Korn(1998)0] 2fal 7HZ=|ASUCE.
WatProOf|A At2E 0] fHAIOA TOCE Korn(1998)0] Z|ASH NPOC(non-purgeable
organic carbon) Of7f{&H4= CHAIO|| AMEEZ|}SLICEH Chlorate ¥4 2RO HAH2 HAHL|R| o2

AL ISt 29| O FREE AT e Aot JtsELIC

0
fo
N
0f0
=2
2
ol
0f0

0o

Korn (1998)0| 7igret FEA0 ARZE B4 Oj7ii+ol 7|22 s Z&Lth
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TR 712 2t THEES 712 3t

K1 -1.99 K6 0.046

K2 0.621 K7 0.389

K3 -0.09 K8 0.346

K4 0.698 K9 0.486

K5 -0.104 K10 -0.119
2Yo| BYS AYC AE T7|7| £ SA AZEQI0] H7|ZIS ABSIC] £3Y 4 U
Lict. B3e é%%l chiorae 559 235l 290] o/} OI4E 520l AF Holel 2 4

H
i
rlo
N
[m
N

27|10 ¥AMEl= 21 chlorate sE(mg/L THR))S AHAMSHL|CE w2t A

2} By o

A BYS S8 of2f BY 0| MBS IS FHE chiorate S A0 AFBSHOFEILICY.
2% BOIE 2to| A7t 7t DHO|M AFBELICH M2 OlAstA 7t Zo| 47|18, 2
o 2| AIRE A7t 2L 7Y AHOIM 092 AMHE|D 0fF B AIZHS CA| Z71517)
AZFLICH 2i2t0] M2 OMBIEA HJt HOIM, CIO,0) 27| 27%e 1 Aol 3R &
=70 Y ek A FLich

4.2 A A (Chlorine Decay)

7] dAa 7Y B 45 Azt= 29 > Calibration > Chlorine Decay Of|50lA 2H2 4

MR Chlorine Decay Calibration X

Decay

Residual = dosage - B{A + B+In(dosage/TOC) + C+In(UV,,,) + D-In(TOC) + E-In(Temp) + F+In(pH))

-0.62
0.5z2
0,302
0,542
0.0
0.0

m m 4O O M T
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o)
()]
N
O
o
(o]
~
N

Cc 0.302 F 0

HBYotstt 27| gA 27 HPAO JHElE WatProdiM AEEl= 7|2 EEAL FARL
Ct(Mathematical models 2t 2t2). 42 FEME 357 o 2% (Temp)2t pHe| &7t
20| ERE|ASLCL 27| 27 YIS B ofo| Z2= oI5t 27| ¢
&2 N2ECH= Ho| folsfofsict. Z2utdez, dA FUT2 YZL0OF 20| SZEH =

o =g shysfo} BLIC

=2 L O

27| 27Y 29 BYE2 HY HOolH E= oY HOIEE AESIH SE¢ HI0[E7} 0|8
st AR0IE S0, A2 WS UF)E A8 248 & UASULL AT EAE A0E
o] E= A 7[Rl BY SHe=2 AEE 4 AU

4.2.2 A4 A BH(Chlorine Decay Calibration)

A A B3 Oigtai = 28 > Calibration > Chlorine Decay Uj|:0f| Al 2t 4= UEL|CH
MR Chiorine Decay Calibration b4
Initial Demand B Decay

oA + Brin(dosage/TOC) + C+In(UV..) + D+pH + E-Temp + F+In(Temp) + G+In(TOC))
K=
dosage“

Use Order |Both ~

Use 1st Order when CIZ/TOC > 0o

15t Order Znd Order

a1 -1,67 a2 =244

B1 0.0 B2 -1,67

1 1.0 c2 0,799

0 0.0 02 0422

E1 0.0 EZ oo

F1 0.0 Fz oo

G1 2,73 G2 oo

H1 0.0 HZ 1.0

4] E=E

YYM0| ArEE Y O] V[2eE Tt 25Ut
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THERS THERS

Cc 1 0.799 G 2.73 0

0 0.422 H 0 1

)

A BHHAI0| HEf= WatProO|M AR L= 7|2 2E QAFSHL|CH(Mathematical models 2F
Z). 2= (Temp)E 12t 27 017t 24 RALS =0/7| flsi ZLEJSLICE G| gL
AFEAt7} Mathematical models Z0IAM AA|El Za 22 HEHO| 12F L 23t HYAS RA|
2= QA EHLCH O|E S0{, G7} 022 MAL|H HrHAlIo| SAl2 Mathematical models 2
HAIE 12} Zba| HADE QAFBILICE €9 OZIoM "Both'2 MHE Z2 41} G
YT Of TOC H| d2ts A=l Z4 YWEA0| 12t = 2%t 0I010F St=A| £ & 74
&2 ALEsHOF St=2 g of TOC bj
12

ALESH0] ZATt

0.

[T -lm 2 ot rjo oN oY
-|m

& 2Y2 49 oy £= oY HO[EE AMESHo sl &
EQof £ 84 WA= 2F IH22 AEE & AsH O

Im 0@
$0

> P
|H oy

4.3 O|AStH A AH|(Chlorine Dioxide Consumption)

O|AtSH A AH| BE CiSHAA= 29 > Calibration > CLO2 Consumption 0|'=0|AM O|&
& 4 Uk
MR Chicrine Dicxide Consumpticn Calibration >

'@ Chiorine Dioxide Consumption Calibration’

log(ClO, consumed) = K1 + K2-log(pH) + K3+log(T) + K4+log(ClO.+1) + K5-log(RT+1)
+ K6+log(TOC-UV,,,) + K7+log(T)+log(ClO.+1) + K8+log(CIO.+1)-log(RT+1)

+ K9+log(TOC+UV,.,)+log(CIO,+1) + K10:log(TOC-UV,.,)+log(T)

K1 -0.482 K& 0,162
K2 0,338 K7 0,361
K3 -0,0934 K& 0,258
K4 0,455 K3 0,336
K5 -0,0283 K10 -0.114

it
o
i
>.

J
T.
4
I.
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23 7tsdt olttetd A AH| 2EAQ] HEf= WatProOM AEElE 7|2 HEAM FARRIL
Ct (Mathematical models 2 2tZ).

WatPro= CHE D74 HIMY CfEAlS ALBSH 2F BFERO| O[AStgA AHIE oS8
Ch. A0 e & o7 25 21E0| tist 0= Korn(1998)0f 2lsl W= U LICEH
WatProO|M At2E 0] fHAIM TOC= Korn(1998)0] Z|&35t NPOC(non-purgeable
organic carbon) Of7ifH4= CHAIO| ABE|USLICE Ol4tetF A AH| BEHOl WH2 A H0[E
E= % CIOIEHE ARESIH Ed&(A] U2 Aa 2HSI ZEO| oS HEEE FA7[H

ANeg = UFLCE 22 AT EAE AZEQ0] IHF[R|(0: MS Excel) == &4 T{7|A|
B2d 5402 AEY £+ USUCL Korn(1998)0] 7HEet YA A2 FEA offEs

=
712 o8t ZsLth

)09_

r

o}
1

Of7H e 4 712 & Of7H 4 7|1& %t
K1 -0.482 K6 0.162
K2 0.338 K7 0.361
K3 -0.0934 K8 0.258
K4 0.455 K9 0.336
K5 -0.0288 K10 -0.114
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AX = [log(Xmax — log (Xmin)] / (#steps — 1)

mk=lin]

AX = (Xmax - Xmin) / (#Steps - 1)

Xos1 = X, +AX
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UG 2 A2 AHYES 27|StgfLth 28 250 J2HZE SASHE 22
= ofefof = 28 EE0]| 0|02 SAF HES ARG

—
jr— S
M AIBZH MY SR £E M2 A HBY 4 USUCH AHE9| Hoje IMe Mey
#20| 21 2EO|M MY 2ER WZH SO 202 WHEX| XY, X ZS MY
=} HlWSHY Y2 Helo| o M2 H0I8 247t ASS &QUSHAIZ| HHEL LY.
W ozic 2y x
~IIRHOIE M DL
Eh [Filtration V||| me m3 Ouy 2z
DEOE) : |2 vl maz m3 @=218%
VE A BE | Water MIRETE m3
EENLPES

CEpn

Inactivation - graph  DEPs - graph Inactivation - table DBPs - table

Inactivation
at "Water"

70
1]
60
1]
50l
a5 {0

[l [E] [=]

40

log(10) 35 ||

andl

251|

20

15|

104}
g
0 ; ; ; ; ; ; ; ; ; ; ; ; !

150 200 250 300 350 400 450 500 550 600 650 700 750
Filtration - 21 (m3)
-# Giardia Reduction e Virus Reduction - Crypto Reduction
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MR Effluent Limits X
Mz Effluent Chlorine Concentration 4.0 gL - [
Mz Effluent Chlorine Dioxide Conce,,, 08| mg/L - [
Mz Effluent Chloromine Concentration 1.0/ mg/L - [
Max Effluent TTHMs 100,0) ugsL - [
Mz Effluent HASRs 1000 ug/L - [O
Max Effluent Chlarite 1.0) g/l - [

[1 Total Giardia Reduction Required O

[] Total Wirus Reduction Required [

[] Tatal Crypta Reduction Required [

Mawx Effluent Turbidity 05 MTU [
G = s

daeze|Aldel 2|& 22|f7t A5 E4=2(Z THM, HAAs, chlorite, chlorate), &% 22=(Y
&, 3200, Olusigs) i GEol 20 B8 SEE ZA 3P B2 wHUH Ao
UFEUCE AN =2E 2F &5 29 HOIE2 7|F0 DIYste OiE+E LIEH
AL .

WatPro= EPAS| R H4L 2| {20 HAE RUL Giardia Y =E0| 246t Giardia
U Hlol2jA B0 Cfet BUEC| 27 ZAUS FHTLICL 0] 2 ZUS YA Mo

=2 —— — = —
3to] cixE 4 U
6.4 A|AE] 7= 2 EHE51Y|
WatProts ClAZ2{0[o] AFB2F Ho| Y ClAB 0] U Mo 22 7|2 To|(OlEY

=
L US) MEi2 BIBLICH 023t SHS 87| > 7|2 MHoIM 22 & YBLCh o) 12
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