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Development of prediction models of chlorine bulk decay coefficient
by rechlorination in water distribution network
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ABSTRACT

This study developed prediction models of chlorine bulk decay coefficient by each condition of water quality, measuring
chlorine bulk decay coefficients of the water and water quality by water purification processes. The second-reaction
order of chlorine were selected as the optimal reaction order of research area because the decay of chlorine was
best represented. Chlorine bulk decay coefficients of the water in conventional processes, advanced processes before
rechlorination was respectively 5.9072 (mg/L)"'d" and 3.3974 (mg/L)'d", and 1.2522 (mg/L)'d" and 1.1998 (mg/L)"d"
after rechlorination. As a result, the reduction of organic material concentration during the retention time has greatly
changed the chlorine bulk decay coefficient. All the coefficients of determination were higher than 0.8 in the developed
models of the chlorine bulk decay coefficient, considering the drawn chlorine bulk decay coefficient and several parameters
of water quality and statistically significant. Thus, it was judged that models that could express the actual values,
properly were developed. In the meantime, the chlorine bulk decay coefficient was in proportion to the initial residual
chlorine concentration and the concentration of rechlorination; however, it may greatly vary depending on rechlorination.
Thus, it is judged that it is necessary to set a plan for the management of residual chlorine concentration after experimentally
assessing this change, utilizing the methodology proposed in this study in the actual fields. The prediction models
in this study would simulate the reduction of residual chlorine concentration according to the conditions of the operation
of water purification plants and the introduction of rechlorination facilities, more reasonably considering water purification
process and the time of chlorination. In addition, utilizing the prediction models, the reduction of residual chlorine
concentration in the supply areas can be predicted, and it is judged that this can be utilized in setting plans for
the management of residual chlorine concentration.

Key words: Chlorine bulk decay coefficient, Rechlorination, Residual chlorine concentration, Water purification processes,
Water quality

ZHOL URYLEE SHULAS, YL, URYLEE, FH M2l YA, Y

Received 16 November 2018, revised 4 January 2019, accepted 8 January 2019.
*Corresponding author: Jayong Koo (E-mail: jykoo@uos.ac kr)

Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

17

pp. 017-029



g S8 gL

FY0 ME AFRILASE pAEAS OS2 T

Fre SEIAolAM

3 nl AR AT e 23 4
Aoge Aofsy] I8 A RAHTL 9l
Aot chret IR G HolAl Azkol A

ek ofshulate] SEvelA s e
o

g R AL Y AN Bh FUEE
£ AHY ol ARA & o]9le] AAES 5
WA AE el BEH R WE L, WEEA ¢
Lok AR SolA, BRGE FARANS UL B
o A YA ARAZT 2 A we
G Fa71%e DYt B9t ek

TEThs 7H8 HolA, ¥hE SRS 22 Akl 9]
IAE FHT 4= 9l Arhenius AL &-g5to] T
AFAEsE FARRAS oS 2dS ARt 2l0]
2 & 4= Itk (Ahn et al,, 2005). T2 ZHF¢AE =l
Hae AFARTG & olofe 27] AFHLFLE,
F71E T 53 22 A FEARe} AeA A
2 A B A o8 JRE Wethe AT 2is

o
o
oo
£

Zol wmET 9t

Vasconcelos et al. (1996)= TOC(Total Organic Carbon)
Y eg AR Sl BRALEE SATLAS

=142 A5} Powell et al. (2000)2 A4
Ak 8L Foll Ao nE=A S, vig=xollA A

3 S ohet A= ti3l bottle testE =3P}t
z27] ARHesE, 2 B olyg TOC ¥
UV,54(UV absorbance at 254 nm) QIA}E 1133t 2%
Fash FAGLAS AS5ndS AAISEH Koo
(2004)= #FE=AYFAHS A AReE dide=
DOC(Dissolved Organic Carbon)@} UV,5, 2] &, Z7| %+

FHEEE, T2 AHT FARAlS dS5Ed e

o
(¢]
o

2
Q‘L
52
o

. Dominguez-Tello et al. (2015)2 o]t
AR ZFA T, oA JFBAETHS
A=A =2, DOC, pH, ¥4 FYs=E
sfol S AAEL WER sk EuUe )
}4tt Al-Heboos and Licsko (2017)2 27| d4%F
9} COD 24 ATE 7o r 3 ARgsl
HaAe dSEds A

%, Powell et al. (2000)x} Lee et al. (2006)-2
FAAA, &, da AEde et ARdasE
7ato] Geble Asksigick. thl, )& AT
HAo] AfFEQo e AFHALTE AL
MtE woja 4 gl BUg A AT ohtk
Hallam et al. (2003) QJ/d&/gete] ofsf Aeje 1=
Aelapo] Aot AN ERS FYste] g4 AFY
A ARALEE A ;

EYz 94 R 2

ol

off
k1

A4 o ol e Y omn 2
oX [‘E

)

4w oY o2
L rlo B B

v
H-E

£ N b
o
Sl
o
b
off
Il
—
Q
o
=4r
rfo

% o T T
o Ws %YYL FYS NYT FRYLEE S
FaA% EuEL H5 QR vt

[¢]

e
o] AL ES Ao oZelizr] B8 5
o Yo7k B4 R Ada e
Ue=s AAB] et GAEA Al 7198 4= 3l
Aoz gt
wtebA 2 ol A= A Aol wet Eet
e AFALEE SARLASE Hobar] 9
EEA e}t DEAY S ARA2EE SART

A, FA0] 3

£

X
e
il

g
] =:]
=

N

L
Zal
Il

Hode 4 B2 A
T
R

18

ole=atel| A33d A 1= 20194 28



M- 2718 A PR

<
HEH : _
2. Od__rlo = ey ey
Location of booster station
205, PPN u in target study area
B AT AR g4 Aol W
Shel s Rl e ARdase AR
S olzmde Austna sgon, A7 sEEs
oh= Fig. 13+ ot
Reservoir B A \(-17

Experimentation for Bottle tests
and measurement water quality

L] L]
Water
in conventional Water in advanced process

process

Outlet water of
sand filteration

NaOCl [injecton

Outlet water of
absorptlon

NaOCI| injecton

Inlet water of
clearwell

Measurement residual chlorine concentrations
from 0 to 36 hours

Simulating
rechlorination?
Y

¥

No es
I NaOCl{injecton
Measurement residual chlorine Measurement residual chlorine
concentrations concentrations

from 36 to 96 hours from 0 to 96 hours

| ]
]

Estimation of kg
according to reaction order equation

!

Development prediction models of k;,

!

Statistical verification and
sensitivity analysis of prediction models

Fig. 1. Flow chart of the study.

2.1 ACHAX|S

B ATl AeARae ned 4 es
AT U mEAeBel AAEel qt, 3
FA da ARe] BE FRALEE i
E4e 1T & YES FFY F ALY AY
4 ¢ Huvt Ax sl G G AL FEAEL
AL GOz AT G 3L NGRS

Fig. 2. Target study area (G Water purification plant supply
area).

1,000,000 m¥/d o™, AL eH Y4
o R R = i S R RS e
AEAPEFEY] LEHS, AT

]_

1o
ol
HN
o
ol
X
o
b Jl

fo
o,
AU}
Jot
NI
L
g,
o2

%%Xé?-_ ol % TXME
o 791,503 m*/de] %

?&J& TAHAQD AFA|
A FEAE =

ol

ol:}iilm
i

s
—|~[O
S =T
2 o
o=
N
P
N

m
il

18
1o
il
r
o
ol
ol
N
1o
ol
ol
2

o
4>
oX mE
1o
o>
2
o
Sl
off
H1

=)
i)
2
=il
o2
B
off
i
rE
N
N
2 o2

£ e N P~
- o
A

st
o
At
N
30,
fr
=)
e
o
I 4
°1>i 1g 4
=2 mlo
N
i3
ng |o mju
o
ol

o
-
u)
oz
B
12
o
fu
rx
o
o
2

B #ij4=7] 9&
B HjZ=x]9] A4S 40,000 mY/d o],
Hl= B v=A] §-Y4AE<] 2o Az = o
Aot AFdgA S, HHL A 9
ol 7|5k th Fig. 29} 2t

=2
30 of
o i &

£ b

B
Ll

i
ol
K

22 HEYUASE ARHZATR

Rossman et al. (1994) Fraa Adks2ES
ATt Tl saEs IAlA Be dol, =4
oA ARHLEE WS, AN BHozo Z3
AgA s, B 5497 5= dste] 4 (Hak 2
o] AAsST Al (De] $-He A w4 &2 T3
& 35k |49 olFEFol el Yetu, &4t
FE5olA= dutd o s FAIS 4= ik o] 24 ZbhF
Hise ARG RE-2 Ao A 8] ¥hg-a} o
Aol wkg= A Ol T WA, A WA 3t ol
#dE ¢ ook & AN = B AT b
FFHALEEE HAAaNEE FHOE AFHLEE
AgaAs AS5EdE /dstist Ardase 5=

Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

19

pp. 017-029



| o= S S ASA R0 T MRILsE pAae OISR N
A d

k
TR e kbC*r—h( -C,) M
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t = time

u = Flow velocity in pipe

x = Distance along pipe

k, = Bulk decay coefficient
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Table 1. Analysis methods and instruments for water quality measurement

Parameter

Method

Instrument

Residual chlorine concentration (mg/L)

DPD method

HACH Chlorine Pocket Colorimeter II

pH ()

Electrode method

HACH HQd Portable Meter

Turbidity (NTU)

EPA Method 180.1

HACH 2100Q Turbidimeter

Temperature (C) Thermocouple Thermometer

Conductivity (uS/cm) Electrode method HACH HQd Portable Meter

TOC (mg/L) ES 04311.1c Elementar vario TOC/TNb analysis
DOC (mg/L) ES 04316.1 Elementar vario TOC/TNb analysis
UV254 (cm™) EPA Method 5910 HACH DR2000

SUVA (L/mgm) EPA Method 415.3 -
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C,. : Residual chlorine concentration after rechlorination

(mg/L)

Che fore - Residual chlorine concentration before rechlorination

(mg/L)

Chooster - Injected residual chlorine concentration in

booster station (mg/L)

C

injection

: Square root of the product of ¢, and C,.,
(mg/L)

Cy : Initial chlorine concentration (mg/L)
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Table 2. Independent variables for development of prediction models

Prediction model

Water purification processes

Independent variables

k, by no-rechlorination

Conventional, Advanced

GCo. pH, Turbidity, Temp., E.C, TOC, DOC, UVas,;, SUVA

ky by rechlorination

Conventional

Cwe, pH, Turbidity, Temp., E.C, TOC, DOC, UV,s, SUVA

Advanced

Cnjections PH, Turbidity, Temp., E.C, TOC, DOC, UV, SUVA

k, : Bulk decay coefficient [(mg/L)"d"]

Co : Initial chlorine concentration (mg/L)
Temp. : Temperature (C)
E.C : Conductivity (uS/cm)
SUVA : Specific UV absorbance (L/mgm), [(UV2s54)%100]/(DOC)
Cre : Residual chlorine concentration after rechlorination (mg/L)

Cinjection : Square root of the product of Cy and C,. (mg/L)
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Table 3. Results of estimated k, by nth-order reaction
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R? between measured and predicted Average of relative errors between
Index values measured and predicted values

First order |Second order| Third order | First order |Second order| Third order
reaction reaction reaction reaction reaction reaction
No rechlorination in Min 0.8349 0.8887 0.9199 0.1195 0.0724 0.0460
conventional processes Max 0.9958 0.9943 0.9896 0.6112 0.8017 1.6281
(N=34) Average 0.9577 0.9743 0.9693 0.3487 0.2463 0.5860
Rechlorination in Min 0.8590 0.9187 0.8959 0.0404 0.0295 0.0466
conventional processes Max 0.9972 0.9950 0.9878 0.5438 0.7219 1.2801
(N=20) Average 0.9606 0.9655 0.9539 0.1622 0.2665 0.4385
No rechlorination in Min 0.8789 0.9109 0.9082 0.0846 0.0614 0.0356
advanced processes Max 0.9983 0.9936 0.9927 0.4368 0.7117 1.2667
(N=51) Average 0.9570 0.9715 0.9662 0.2541 0.2296 0.4282
Rechlorination in Min 0.8346 0.8852 0.8767 0.0267 0.0164 0.0178
advanced processes Max 0.9983 0.9962 0.9931 0.4758 0.6404 1.0513
(N=25) Average 0.9620 0.9634 0.9514 0.1250 0.1576 0.2456

Total

(N=130) Average 0.9587 0.9698 0.9623 0.2399 0.2258 0.4359
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Table 4. k;, by rechlorination, water purification processes and temperature

Water purification Temperature No-rechlorination Rechlorination
process (C) Co (mg/L) ky [(mg/L)"d"] Cro (mg/L) ky [(mg/L)"d"]
8.5 0.56 3.5071 0.54 0.5297
Conventional processes 16.8 0.56 5.9072 0.55 1.2522
24.8 0.56 14.2697 0.53 2.1761
9.2 0.49 1.8378 0.48 0.5702
Advanced processes 16.9 0.49 3.3974 0.46 1.1998
24.1 0.49 6.4541 0.45 3.1272
Co : Initial chlorine concentration
Cr : Residual chlorine concentration after rechlorination
3.3 TREA FHIZAAIT OS2 JHL Zo} AAe BN AFALsE FAFGRAT A5
PEARAE ARG FAGLAS gZug A = AT A @), A 10 2e] maH3H.
a2 B9t A|2o] 22201k Table 59} 7}, Sigh N dlSndle] @S A sl Al 4
ARne B8 23R4S SgEidon, Ay 3 8 ARASEE pAdaAeet £AdAES F9
U S E3 Solal Ewss AAElginh SH ARdaL PARIRAS 1] S el dat
O A3 mEAels R nEAlse] 2] das & TS Fg 59 gtk AMAS gl mE 08 olgoR
9l T APa EQlo] gl Ao ARGskr Sazr  UERE AT 5Tl 2 340l mEE o=
2Ag A SHE2, A distol= 4 (7), 1L FEh ol =S SR de A Table 5014
EA 2|50 gisted= A (9)9}F o] =& Q). ok, AR ==l He] WeollA 28 7Hssi

Table 5. Parameters for development of prediction models

Index ky, in conventional processes ky, in advanced processes
Rechlorination No-rechlorination Rechlorination No-rechlorination Rechlorination
Number of sample 34 20 51 25
Dependent variable kb.Conv4 = kb.ConV.ra = kb.Aclv. = 1(b.Adv.re. =
[(mg/L)'ld_l] 0.4832 ~ 18.1640 0.5297 ~ 8.9806 0.3326 ~ 13.0222 0.4938 ~ 7.4160
Chlorine (mg/L) Co : 0.39 ~ 1.04 Ce : 0.33 ~ 0.55 Co : 0.35 ~ 1.03 | Cinjection : 0.37 ~ 0.49
pH () 6.98 ~ 7.73 7.20 ~ 7.59 6.86 ~ 7.89 7.14 ~ 7.31
Turbidity (NTU) 0.045 ~ 0.061 0.046 ~ 0.061 0.040 ~ 0.080 0.050 ~ 0.080
E.C (uS/cm) 198.5 ~ 1907.0 250.0 ~ 1907.0 136.5 ~ 1746.0 216.2 ~ 1746.0
Independent o
. Temperature (C) 6.9 ~ 30.4 7.7 ~ 29.8 5.3 ~ 30.8 7.0 ~ 249
variables
TOC (mg/L) 1.240 ~ 1.897 1.258 ~ 1.897 1.104 ~ 1.548 1.120 ~ 1.548
DOC (mg/L) 1.181 ~ 1.897 1.181 ~ 1.897 1.026 ~ 1.525 1.053 ~ 1.525
UVass (Cm’l) 0.017 ~ 0.034 0.017 ~ 0.034 0.011 ~ 0.024 0.011 ~ 0.024
SUVA (L/mgm) 1.260 ~ 1.948 1.279 ~ 1.948 0.858 ~ 1.653 0.869 ~ 1.653

ko.conv. = Bulk decay coefficient, No-rechlorination in conventional processes
kp.convre = Bulk decay coefficient, Rechlorination in conventional processes
ko.ad. = Bulk decay coefficient, No-rechlorination in advanced processes

1(hAdV.re =

Bulk decay coefficient, Rechlorination in advanced processes

ole=atel| A33d A 1= 20194 28
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=
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F

UAE GYEIL 2 FAANE S, dart AR
| AFe] ARYe FE £02 etk 4 ()]
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o), $7|E329 =& 71dAo"E mokd 4~ Q=
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Table 6. Sensitivity analysis of prediction model of ky (no-rechlorination in conventional processes)

Index Co (mg/L) Temp. (C) pH UVyss (cm™) E.C (uS/cm) ky [(mg/L)'d™"]
Average 0.72 18.7 7.36 0.027 1052.8 5.6301
Min 0.39 6.9 6.98 0.017 198.5 2.7058
Max 1.04 30.4 7.73 0.034 1907 8.1576
0.39 25.6738
18.7
1.04 2.2949
7.36
6.9 1.9782
0.027
30.4 9.4842
1052.8
Sensitivity 6.98 3.8173
analysis 7.73 8.1894
0.72
0.017 3.9028
18.7
0.034 7.1875
7.36
198.5 3.7083
7.36
1907 6.6028
Table 7. Sensitivity analysis of prediction model of ki, (rechlorination in conventional processes)
Index. Temp. (C) Cr (mg/L) kp [(mg/L)'d-"]
Average 18.8 0.44 2.7404
Min 7.7 0.33 1.6886
Max 29.8 0.55 3.0182
7.7 0.9179
0.44
o . 29.8 4.8429
Sensitivity analysis
0.33 5.0414
18.1
0.55 1.7079
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Table 8. Sensitivity analysis of prediction model of ks, (no-rechlorination in advanced processes)
Index Co (mg/L) Temp. (C) pH UVys4 (cm-Y) ky, [(mg/L)'d"]
Average 0.69 18.1 7.38 0.018 2.4585
Min 0.35 5.3 6.86 0.011 0.9913
Max 1.03 30.8 7.89 0.024 4.0946
0.35 12.8455
18.1
1.03 0.9265
7.38
5.3 0.4943
0.018
Sensitivity 30.8 4.9482
analysis 6.86 1.4390
0.69
7.89 4.0510
18.1
0.011 1.6120 o
7.38 g
0.024 3.2761 N
)
Table 9. Sensitivity analysis of prediction model of k; (rechlorination in advanced processes) =
Index Temp. (C) Cinjection (mg/L) DOC (mg/L) kp [(mg/L)'d"]
Average 16.0 0.43 1.289 2.1171
Min 7.0 0.37 1.053 0.7942
Max 24.9 0.49 1.525 3.4833
7.0 0.7488
0.43
24.9 3.7141
1.289
Sensitivity 0.37 3.1723
analysis 0.49 1.4896
16.0
1.053 1.4985
0.43
1.525 2.8218
ARHLEFEY HAaEE Yo FY & ARda kel 4= Qldieh A e VA2 27] %
T fasEs gAs 2ol YER ST B3 A FHLEE7 AFALsEe FAGLASE 7P 2
A By s=of wet AL AST DRl A Al |3kA 7= 20 AR YET
< 1S o, e £ AuE ARsh=s AH npR]9kO 2 Table 9= L= A 24, JHAEYS &
o= & AGoA] Are WHES &gste] AR A9 ArdasE FAGLASG ASrdof et
g =AY Bl FRALETE FAFLASE UtE B4 Aas Ueidch dRd4hsE AR
ufobel " Qo] rkar wekEch 2Agof| v A= FEFETF E FEJAAE 2, 92
SHH, Table 82 LA 24, 27| AR & AHY EAsxof tigt F (Cinection), DOC =02 LEFRTE
2 Fol gl BY ARHLFE AT AS o5 TYHE W, T=AHZL7 FFHE A G
dEEdo] thet WtE 24 AiE YeRdth 4 (9) A QAL ArE 29T o= 2, A BFYE
of vebd vRel o] nm=Ae|ro) A9 FEAY £ 1Este] ARAL T g TEdfoF sk Aol
ol 2 AVAEE7F AEdAET S0 A Adsitt= A9 S22 4= AUATh T, =AY
A+E HIA7|E 8do2 AHER] oot 1 ¢ 9] DOC F&kof s A Al FA|7HaAG ghol
o FES2 BF FUA dEger, vifE +4 FFE W= AR Uehd JE 18T o, FeA e
A 27] ZRHLFE, 2, pH, UVyy 0= % £ % DOC =& W50 41} 7L 75
FHAEE A A vA= ¥t & AS Ttz Ao] FejHolgt= At &=t
27 ——
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Table 10. Comparison between prediction results of Arrhenius equations and prediction models

Prediction method
Index ; 5
Equation R
Arrhenius equation :
ke = o T184(Temp.) +26.706 0.6819
No-rechlorination in conventional processes b
(N=17) Prediction model (Equation 7) :
fo = o~ 2462In(G)+ L05Tn (Temp.) + TA479In (pF) +0.881In (UVis) +0255In (B.C)~15.636 0.7867
=
Arrhenius equation :
. . . . k :6*74286(T8mp.)+25.287 0.6266
Rechlorination in conventional processes b
(N=8) Prediction model (Equation 8) :
i 7e].2291n(Temp.)72.1191n(0”,)74.334 0.8511
=
Arrhenius equation :
. . . k 26*74057(T(3mp.)+25600 0.4703
No-rechlorination in advanced processes b
(N=37) Prediction model (Equation 9) :
b =e —2.4361n (Cy) +1.309 In ( Zemp.) +7.309 1n (pH) +0.909In ( UV3s,) — 14.898 0.8344
Arrhenius equation :
J = o 9542(Temp.) +33.200 0.4327
Rechlorination in advanced processes b
(N=14) Prediction model (Equation 10) :
ko = 1202 In (Zemp.) —2.6911n (i, jection ) +1.7091n (DOC) —5.450 0.8835
=
EG AUE dZEde] A AEsl] el ohE SEdel ofd) g W I 4 gt
A FFHLTE FAGLAGTY 2 ALo] o] A whehA] AR o] AR ARHLTE FAGA
£ Arrhenius 4|02 ZH5I 7Y pAdA Al 3= A5 Al 2 AFolA i E SEES
A%g dEshs BT ALE SnES BEs B8k Ao A4 ARILEE SARLE Bk
RS vas ek SbA A|AIRE Table 49 AH Al HAHsHA 5 4= = Aozt AehE
AE7 BEFA 8 A Bele] et T 4
A A3 HEOE B LU LR BF )
ok FAgaAsE dSsHAt ok s - ==
ASEde) WgE 24 Bl EEAfee 8l B AP HE mEA S nEA R IR
mAE e 271 Ghw e QA7 AFUE A s AReASE 2460, S0 4% 54
ol AFdeele R 20 3THORE ARALE & 245l F4ad 24E ARALEE A 04
T AR A ek & JFS vl et 27 A dE2rdS farsignh B oo = o
PAFE EE davt AFYH ALY HRILFE 9 ge) mEu ARE o 2o
7F EA RS Froll i3l £25% W o e, 4= AFNIR S G A4A] - 24} HES-4o] A&
2o i Az 29 ol Q= AlRME bottle Ahler A4S 71 & walsle| el 23}
testo]] ARt o= S WwE StGInk vlal Avks 9RgAe fE ARAL FARASR 859
Table 103} 20| Arrhenius A& ARg-slo] =27k H FEAYF e FY A ARdase pARTS
T2 T ARt dSrds BT A0 AHA ASt Bd 9 17.1C A 59072 (mg/Ly'd' &
4 gho] BE 9th o2 Be) 94 54 R A4 Uthd v, Ada 59 Foli ARALEE 4
o Hae 5 olg 89l wel F4= $-o] HE  UAASLTE 788% 7hF A 12522 (mglly'd'®
e, o] o ARALSE A7l 42 Wyl opzl  Ehdth U UHon nEAse] Ads £ A

28

ole=atel| A33d A 1= 20194 28



EEH- 218 M- TAE |

FRrdass PAGLASE B 524 16
= 33974 (mgl)'d'2 YEpgoH, qd4s F
5t 5 64.7% 7FeF A2 1.1998 (mg/L)'d' &2 YEhY A

A BUHY {718 BE gt ARALS

S~

T

B
S
&~
B
i
3
it
(&
Lo
>
~

L
rr
i
=)
N
1
i)Y
i)
3o d
=
£ H

X
+
2
=
D)
j
Rl
i)
_o‘L
2
=

z

2 S A
BN
Ju
o2
b
o
k1
oy
2

N
N

b
i)
>
2
lO _]IN:
et
i
1o
2,
o
i)
ox M

sfef, AAGS @ B
o= e gl

<

o

4>

30
T
2 o
o 2
— o
20
il

E L
S

g
o2
b
off M
H1
4
N
ﬁ
B
)
P
fr
BN
N
N
Sl
ults
B

o< _1m
o
off
1
=2
=
)
ol
F{F
Y
lo
u
T

of wet & Foz e

dor
ol

b
30
rlr
P
lo
fil
v
uj
o
1
é
ral
o
2,
>

u)
o 1o
£
Ay
X
ne,
i
o
>
_)&

©
>
o)
o
2
£
oL
4
o3
Ho
of
N
r\l

o M g
o
=il

;
b
off

lo o
et

o 1 2 oo o

B~
off #2
1
i
290 ]
4 L
e
o H

= 3

> oof
A

o)

ok

>
o oo

e g

o
i
I

In
ofd
5y
2

foh
ol
o
X
A
ot

rl oo
SR
o
off
H
)

(

o &
ol
&
-

~ 12

N
il
K
ir])
il
oM.
o
ol
4> of
4 B

w 2

~ I 18
1
oft
&

F‘;

2

2

NI\

ok

o

BB e
Ju

TR

fob x0
4 2

i o

30 2 off b o oM O |o mx B~
to 2 W 4 & Jo

N L

o

2
2

BT @y ZEud #37)ead

-

References

Ahn, J.C., Park, CM. and Koo, J.Y. (2005) Modeling and
application of chlorine bulk decay in drinking water
distribution system, J. Korean Soc. Water and Wastewater,
19(4), 487-496.

Al-Heboos, S. and Licsko, 1. (2017), Application and comparison
of two chlorine decay models for predicting bulk chlorine
residuals, Period. Polytech. Civ. Eng., 61(1), 7-13.

Dominguez-Tello, A., Arias-Borrego, A., Garcia-Barrera, T.,
and Gomez-Ariza, J.L., (2015). Seasonal and spatial
evolution of trihalomethanes in a drinking water distribution
system according to the treatment process, Environ. Monit.
Assess., 187(11), 662.

Hallam, N.B., Hua, F., West, J.R., Forster, C.F., and Simms,
J. (2003). Bulk decay of chlorine in water distribution
systems, J. Water Resour. Plann. Manage., 129(1), 78-81.

Koo, Y.H., (2004). Characterization of water quality variation
in a water distribution system : Focused on residual chlorine
and THMs, Ph.D dissertation, University of Seoul, Seoul,
Korea, 210.

Lee, D.J.,, Lee, JM., Kim, J.H., Kim, J.H, Bae, C.H. and U,
H.M., (2006). “Prediction of chlorine and THM in water
distribution system”, Proceedings of Korean Society of
Environmental Engineers Conference, 27-29 April, 2006,
IIsan, Korea, Korean Society of Environmental Engineers.

Powell, J.C., Hallam, N.B., West, J.R., Forster, C.F., and Simms,
J. (2000). Factors which control bulk chlorine decay rates,
Water Res., 34(1), 117-126.

Rossman, L.A., Clark, RM., and Grayman, W.M. (1994).
Modeling chlorine residuals in drinking-water distribution
systems, J. Environ. Eng., 120(4), 803-820.

Vasconcelos, J.J., Boulos, P.F., Grayman, W.M., Kiene, L.,
Wable, O., Biswas, P., Bhari, A., Rossman, L.A., Clark,
R.M. and Goodrich, J.A., AWWARF(American water

(1996).

Characterization and modeling of chlorine decay in

distribution systems (ISBN: 0-89867-870-6), 402.

works  association research foundation).

Journal of Korean Society of Water and Wastewater Vol. 33, No. 1, February 2019

29

pp. 017-029





