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Prediction of Chlorine Residual in Water Distribution System
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Abstract

To use chlorine residual as an surrogate parameter of the water quality change
during the transportation in the water distribution system(WDS), the correct predic-
tion model of chlorine residual must be established in advance. This paper shows the
procedure and the result of applying the water quality model to the field WDS. To
begin with, hydraulic model was calibrated and verified using fluoride as an tracer.
And chlorine residual was predicted through simulation of water quality model. This
predicted value was compared with the obserbed value. With adjusting the bulk
decay coefficient(kb) and the wall decay coefficient(kw) according to the pipewall
environment, the predicted chlorine residual can represent the observed value rela-

tively well.

.M £

IR YPTE PO FE5d T 4
Bl Aol &£371 @3] Fad €5 FE¥ed
© 7HgelM stz HA Fo EA7R wjAl€
GAY AL4E 2781 A My FE
Tl A= B St JA T EA
7HAl wiAlE e FEE A7 A4 7E
B AYg3F S Al Wie =83 ¢
ol WigTH=E B3 wEe TG A

* pERled E234 v a
* gEerled ESFY a4
" RFEAUFA SALLTLE AL

& F de Fd9 HIE AlH oEsta Al
2 EAYA 0F3 dAHH Y2 & de Gt
2437 879c, #Ey s3ANse] Fa
oz AP FFHEL F=7l FF3W
B7F BFRAA HF av|Rd FRNEE F
¢ B ol Ee] AAFE + Ao,
FA4 %7 UF Yol ngE T £
¥ e AFAHAFANAM 94 FAdFE F7
AFNAYG daadl dex]Hd 948 F71
FU3te YA A7 .FETL
FA7|FEol e Hio F=AHA 0. 2mg/l
o4, vlAEe APl FHe Al7lde
0.4mg/l o]42 FFAL F= FAE 7€
2 A3tz o, AFEY HelMe FF da
FEE AP F££22 fAG2 FHRILEFE

—118—




BH12% BIW

dradd ARF-FE BE 45

Fog vl w87 - 238

ZF AGAA & A Qo] Bz A4 FH AA
€ 43 #9357 fside AF 944 FE &
XE AEHeE & 7 Ue Zde 7ide] 8
TECT. HE AT EUdAe £3AW3]
= FH37| AT EHAHR] sz FFH
e ZI12% 583 Rdy 7|Ho| H3773
drgdstn oo, o8} e 2d& Hardy-Cross
ol 28 &2z {KFE ALSE A7
19708 di o} 1980 ) Zxnke] HFE o 7]12%
FelsiM g mde] sf2n €8 (Wood and
Raves, 1981) 2] 1980ddl Fute] Eef
gt B2 3 2do FdHozA] ol=2F
(Chun and Selznick, 1985, Clark and Males,
1986). LHEHCFE d&des 3 nd
72|83 2da dA=Ho] #|RuerM dojn
= Feiukg, AEYHE Tgln FeF HIE
BAMSl @Al 2"y 2GEAY AFL ¥
Eg d45¢ & =5 g} (Clark and Coyle,
1990, Clark et al, 1991, Clark et al, 1993). #
Ae 2d3 Al2g]a @y Al Ag]o] F3Eo]
g2y 8 2 £2 HEE M3 a2 47
E g er HY F= ALEA He HF
o] Al A"l o 2712 WA ¢} (Deininger, 1992),
olg|gt Rd& oy £ Wz 4dA QA
g AA3n #2U2 298] #Y=EHAE 9
EEe] AFES Hste o AHEESAH A
Ad 2 EME AgAH Z2ade] AYd
= @£ 4 o

2 dFdAMe =2l 24 2dy =237
o2 U.S EPAYA 7143 EPANET(U.S
EPA, 1994) & o| &3l diFA=2Y ZFHFAL
FEo EXE dFn o] H4&5F RIS
Fxe vwdlad RdE HFSn B} I
A& A A g,

2, duzd 4 249¥

T3 4 AMEdHolee #9E T =2+
§&E&d9 Hig FAYUY. ol T
23 €3 FFE ol 83 4 AP E e A
#2Ue] §EEHY EAFAYE &7 €

dc; gy dc;
L R
ait AH ﬂxu o

(Eq. 1)
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o for all pipes i, j

= dqu = Min (Eq 3)
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ShD
d

kr: {Eq 3}

Sh = 0.023Re0-83 Sc0333 for Re = 2300 (Eq. 9)

0.0668(d/L)ReSc
1 + 0.04[(d/L)ReSc]067

for Re < 2300

Sh =3.65 +
(Eq. 10)

o] 7] 4, Re = Reynolds Number
Sc = Schmidt Number
d = pipe diameter
L = pipe length
g = flow rate
A = cross-sectional flow area of pipe

D = molecular diffusivity of substance
in fluid
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B v& 319 freAlt 21429 fEAt 21339 frEAlzt
B9+ 10% 19% 152 (-21%) 1412 29%-(-15%) 2713 178(-9. 9%)
Bl 20% 21% 302(-10%) 1A12t 39%(-5. 7%) 2412 32%(0%)
B4 30% 25% 122 (+5.4%) 1413t 55% (+9. 5%) 22413 55% (+15%)
EHT 40% 28% 402 (+20%) 2413 12%(+26%) 3A1 27% (+36%)
B AY 24% 1413t 458 241 32%
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B 2 AEHAHYE HPLE T
Al B3] 3 2 3 Bjj =] A A2 2] L F47(3] A 3 o}-Z[4]
2] 27 &(mg/L) 0.98 0.76 0.71 0.50
F 279 A(mg/L) 1.04 0.83 0.87 0.79
ol &8ttt U 8% Asle g FAH &

g, 48 W3E 943l7] o A A
Hleepdoz Yrte #9 #f45& 339 %4
AlZHE R&E¥EE 4 8% 3 ez
ALE3lR S (29 2).
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B T B B o - I o B
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Alea #2134 A5 4y 1 U 2 U 3 0y 4
HAF A 0.76 0.84 0.70 0.77 0.73
%47 0.71 0. 82 0.67 0.74 0.72
A vg 0.50 0.74 0.52 0.62 0.57
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AFE $¥ 2dE HABR ALY of A
&9 3 2de o &gte] zelE A
o Zdo] Ao AFHLFEE Az ¥y
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#ET & dEE A @ A g2uo
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Adte 442454 EF3e] whga tjio] B
HME FAEHuEgo] @3] Yojdg ®
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2. BN dojure darEHASF (k) E
oM A% g3 mdo o Zgto] §AS
A 2 A7tz A3 ZHE Fi =Hd Fe
A3 AH 44 €.

3. #Y9 dLFHdFk,) € ¥WFTY A
Aol AA I7kA @& didstr) B @A,
#A4d, & ojddy, #F HAAF 58 a7
3t AFFHLE Yiro] O & e H &3
Aol d&gne] 2348 Y 4+ e Y
o]},

4, FH GB35 (k,) = amber glass
bottle ¥ & &3l €A 7€ + slev, By
deEdf 3Tk e 4 FE FHE 549
ez 53§ go] Foid £ e BAAL &
=3l zlo] asdilg.

ZAte| 2

2 dFe THEAAFHY 96 G-T ‘F
9 22 WAIZIE o ¥ AT Yo
o8 w8 Aoz o]d A=Yy,

7S |

Chun, D. G,, and Selznick, H. L. (1985) Computer
modeling of distribution system system water
quality, Computer Applications in Water

Resources, ASCE, New York, N. Y., pp. 448-456,

—123—



H12% BIW

A LT AGHSEES

1998. 6

Clark, R. M., Grayman, W. M. Goodrich, J.
A.Deininger, R. A. and Hess A. F. (1991) Field-
testing distribution water quality models, J.
AWWA, 8B3(7), July, 67-75.

Clark, R. M., Grayman, W. M., Males, R. M. and
Hess A. F.(1993), Modeling contaminant propa-
gation in drinking water distribution systems, J.
Environ Eng ASCE, 119(2), 1-16.

Clark, R. M., and Coyle, J. A. (1990) Measuring and
Modeling variations in distribution system water
quality, J. AWWA, 82(8), Aug., 46-53.

Clark, R. M., and Males, R. M. (1986) Developing
and applying the water supply simulation model,
J. AWWA, 78(8), Aug., 61-65.

Cross, H. (1936) Analysis of Flow in Networks of
Conduits or Conductors, Univ. of Ill. Eng.
Experiment Station Bulletin 286, Urbana, IL.

Deininger, R. A., Clark, R. M., Hess, A. F. and

Bernston E. V. (1992) Animation and visualisa-
tion of water quality in distribution systems, J.
AWWA, 84(7), July, 48-52.

Kennedy, S. M, Sarikelle, S., and Suravallop, K.
(1991), Calibrating Hydraulic Analyses of
Distributin Systems Using Fluoride Tracer
Studies, J. AWWA, July, 54-59.

KAIST (1997) Development of water quality monitor-
ing system in Water Distribution System.

USEPA Risk Reduction Eng. Lab. (1994) EPANET
Users Manual, Cincinnati, Ohio, Jan.

Vasconcelos, J. J., Rossman, L. A., Grayman, W. M,,
Boulos, P. F., and Clark, R. M., (1997) Kinetics
of chlorine decay, J. AWWA, July, 54-65.

Wood, D. J., and Raves, A. G. (1981) Reliability of
algorithms for pipe network analysis, J. Hydr.
Div., ASCE, 107(110), 1145-1161.

—124—




