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Rechlorination for residual chlorine concentration
equalization in distribution system

ghiAIAM HRELA = AS3E Pl ML X2

Abstract : Three water treatment plants(WTPs) in Jeju island whose source water have different characteristics from those of
the mainland of Korea were investigated. Coefficients of bulk water decay(k, ) of free chlorine at 5 ‘C for ES, GJ, NW WTPs were
-0.008 hr-", -0,002 hr*and - 0,001 hr-" respectively based on bottle tests,

To simulate the free chlorine variations in the distribution system using EPANET, ES WTP was chosen, Free chlorine concentra-
tions of several sites were less than the drinking water quality standards(i.e., 0.1 mg/L); E5(0.03 mg/L), E6(0.02 mg/L), W21(0.02
mg/L) and W25(0.03 mg/L). To maintain more than 0.1 mg/L of free chlorine in the distribution system, at least 1.9 mg/L of chlo-
rine was needed at the WTP, which suggested rechlorination was needed to supply palatable tap water to customers,

Two sites, one that diverged into E5 and E6 in the east-line and another located before E21 in the west-line were selected for
the appropriate rechlorination locations, The recommended rechlorination dosages were 0.42 mg/L for the east and 0.27 mg/L
for the west, The simulated results indicated that the free chlorine could be reduced to 0.4 mg/L at the WTP with rechlorination,
and taps with excessive free chlorine could be more stabilized(i.e., 0.1 ~0.4 mg/L).

Key words : tap water, residual chlorine, distribution system, bulk decay, wall decay
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WTP ES NW GJ
source surface water groundwater spring water
capacity(m?/d) 15,000 37,000 25,000
treatment processes slow filtration + chlorination chlorination only rapid filtration + chlorination

treated water quality(mg/L)

- Fe ND ND ND

- Mn ND ND ND

- KMnO, consumption ND ~ 0.7 ND ND

- NH, ND ND ND
disinfectant Ca(OCl),
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Fig. 1. Water network at ES distribution system(open circles
represent pipe nodes, solid circles represent chlorine
measurement locations, and numbers represent pipe
numbers),

PA, 2014; Cha and Kim, 2012).
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Fig. 2. Bulk water decay at different water temperature,
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Table 3, Simulation of chlorine decay coefficient(19.9 C)

decay coefficient residual chlorine(mg/L) error(%)
site retention time(hr) A-B
k (d?) k (m/d) measured(A) predicted(B) (4% 100)
WTP - 0.62 0.62 - -
W25 -1.44 0.03 0.03 10.67 -
W21 -0.17 0.03 0.03 18.97 -
W12 -0.23 0.06 0.06 15.22 -
-0,1188
W8 -0.63 0.09 0.09 5.22 -
E3 -0,012 0.19 0.19 35.91 -
E5 -0.014 0.11 0.11 52.26 -
E6 -1.62 0.02 0.02 46,99 -
Table 4. Verification of chlorine decay coefficient(3.0 )
decay coefficient residual chlorine(mg/L) error(%)
site retention time(hr) A-B
k(dh) k (m/d) measured(A) predicted(B) (=4 %100)
WTP - 1.04 1.04 - -
W25 -1.44 0.08 0.07 11.09 12,5
W21 -0.17 0.06 0.05 19.39 16.66
W12 -0.23 0.21 0.17 15.64 19.05
-0.0651
w8 -0.63 0.19 0.16 5.64 15.79
E3 -0,012 0.51 0.47 36.33 7.84
E5 -0.014 0.42 0.34 52,68 19.05
E6 -1.62 0.13 0.11 47.41 15.38

E6 AH9] A9 #Eoly o) Wt
o= 7H =2
of, WA A
gk Q. 2x0f o5
Table 304 &% #THA A9
e HAHE o
F9l51e 2013L 22 &
623 m?/de}, & 3.0 ¢ _7157L
o AZ7H EPANETS £
wske] Table 40 et 214. STed
- AA =8 AZ FEART] AAE AR
|[-85t] BMzt=0] AR =S AT AJF L
Arrhenius equation®] ¢J3 =&% 3.0 T
oA =AITA A4 —0.0651 dE o=
A5t A, FRIRO A9 ATl 7H
71 B5 A Aol A @apgo] 19.05 %= 714 A
Uebom ARamao] 749 W12 2| ™oA 7}

15
= oy
b
=
o D
©

ol

By
oy
[P

o oY

N
MN
o
fu
10 o =% ot 4> ol

_IJ.4

e
=
=

=

12,
=

F

é
A
o,
N

jus}
ot ¥

I

O

2 2 QAL e o

= AR A Y] 2

252 20 9% vlto|ict, el Hol uls) 2
o WAl o 2 A WA o 48 7Pt

o AE2 HHEH(Kim et al.,
IS A

2010).
it —0.588 m/dge

—0.012 ~ 1,62 m/d®] £xE Rt} T4,
Rossman et al. (1994)2] d-tolA= A=
£ —-0.15 ~ —0.45 m/d& AHA3lE o, Kim
et al. (2010)2 —0.05 ~ —0.32 m/d, Yoo et
100 ~ 200
mm, 200 mm °AFY A 27k —0.1457 ~
-0.0850 ~ —0.2114 m/d,

al, (2003)2 #7d ] 100 mm v|qt,

—0.3316 m/d,

—0.0450 ~ —0.1305 m/d&

ol WA, RAYE, &

o

o] Aol aiA] et

Anz =

A g3tqct. BS
By BAABNA S s A

T T
B} of] w]stke **EH;GEE A et eH,

& 5o gesiera x
A,



4' Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 91-101, February, 2014

33 ML T AH U 5E MF A
A AL FehpA 2R oA 2 7Y

& g 93 FHHoR i
AN

% =] 1 _
HZA, AT E s 2ho] Ao O FIHE AHAN AUAE TS W
Pe Hob 2ol B Aae 2 ARy o/ 0.1 me/L ol g HEHA v

=5 mosiat, 7t

s ol e IHFAL T ST % -
A A FFALE FASHL floy A 8
U & Thol=eRlnt Ui A=Y fErhR
=ie) o1&l = = 20 71 r
4 el BEQ 01 ~ 0.4 mg/La} FAep oo 1o HH xﬂv*lﬁ‘:l ch A Ers
O o] 3§
A AARBIYAL, o]F DAEH] st A A o o]& Qs E5, E6 A4 0.1 mg/L ©]
oh& 5

Ha s ST o] A 1t
A4S 0.1 mg/L ooz FAA17]7] Y3l
T3] AFHAE 0.4 mg/L2 W33 E5,

AHAL st YWF $RTHY N )
B6 %) 4lo] #7151 21 ool Al A4S 4

O 1T OoHd" o
(13,053 m?*/d)& AH3kL, 22 3pad7] ot o BE A HolA 78 A2 2 9
24& Teste] 25 © 2dA BofEHgt, o j:q ;A 0 49 /Lo e oot e

Fig, 4= EPANETS o] 83t me] Agg w0 #& 0,42 me/Le) Aedh Felof Ha
Fith AEBROAE Wl W25 AHld o et Ads £ A =y
AR Boh A2 0,02, 0.08 me/Lolw, S Fig. 59 Ehgle, & edeld fe =
En ol B5 BG AH| 7 0,03 005 O HIEAOE 53 Syxae Wi 34
mg/LE W& $247]2(0.1 mg/L)ofl v]x] =] &
SO B4 ARdL BT 94 AL 4
oA A FYFS AL AL B2
oA o] AP A7t Dadt Ao = Vet
FHAROIA A 39 glol HF oy
0.1 mg/L o1& A8 glajrie ool
A H A 1.9 mg/L oS f-A]sko]of a1, -

o) & FU AT FEE 270,69 me/L, 0.40
g AR AL TN WA S8
of

mg/LEA ZF0]7} 0.29 mg/L o, E4 A9
M Z47F 0.18 mg/L, 0.10 mg/LZEA] 2}o|7}

- = v

_C')_
Qe SFol 0|2/ Bt wehd FRuw

-y ox

r

ez Free C ezzd Free Cl
—— Distance(km) —_ —O0- Distance(km) ‘E
0.8 | —=—Reltimafhr) iy 25§’ 0.8 | —=Rettime(h) 50 =
i s z
E 20 2 ‘E‘ 4 40 g
06 § <06 :
c A E a
5 11886 £ 305
504 ¢ E S04 £
1 | o
g e 3 20¢
"oz = = =
1%z : 108

0 0 0 £ 0

Sites Sites

Fig. 4. Predicted residual chlorine concentration at 25 C (left-west line, right-east line).

— 98



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 28, No. 1, pp. 91-101, February, 2014

T T T T T T T
—o&— Before Re-Cl
-3— AfterRe-Cl |

=
w
T
I

2
@

Free chlorine (mg/L)
o
o+

=2
X}

| | |
WTP  El E2 E3 E4 E5 E6
Sites
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