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

Journal of Korean Society of Water and Wastewater Vol. 26, No. 6, pp. 861-869, December, 2012
http://dx.doi, org/10,11001/jksww. 2012, 26, 6,861

Prediction of Chlorine Concentration in a Pilot—Scaled
Plant Distribution System

Pilot 22| 29| oM e A sk olF

Kim, Hyun Jun - Kim, Sang Hyun’
A

Abstract : The chlorine s residual concentration prevents the regrowth of microorganism in water transport along the pipeline
system, Precise prediction of chlorine concentration is important in determining disinfectant injection for the water distribution
system, In this study, a pilot scale water distribution system was designed and fabricated to measure the temporal variation of
chlorine concentration for three flow conditions (V = 0.88, 1.33, 1.95 m/s). Various kinetic models were applied to identify the
relationship between hydraulic condition and chlorine decay, Genetic Algorithm (GA) was integrated into five kinetic models and
time series of chlorine were used to calibrate parameters, Model fitness was compared by Root Mean Square Error (RMSE)
between measurement and prediction, Limited first order model and Parallel first order showed good fitness for prediction of

chlorine concentration
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Fig. 1. The pilot scale experimental pipe system
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Fig. 2. Schematic flowchart of data acquisition system

863 |——



4' Journal of Korean Society of Water and Wastewater Vol. 26, No. 6, pp. 861-869, December, 2012

22¢€A A 7Y Z3HA olstd A nyS Foll AAY As=
A¥sl7] 2z] orrii o] A3k

B oATolE FE o gag aFay) o o] WA BT WA RS et

s A48 s : 27 o] e Wol Wths W] 9le

off APAt=ol el Ak thaFet A4 74

s ~ . < 4 ¢ o Y 4= ATAEQ nA} A B
nEye Aesh, Pilot Plant #7429  °© -

S & (Limited nth Order Model) 2. & A|3F& ¢l

D 1A 74w Ss PR S uhgo.s o

$A17k nafel mgoltt, e 5k By 13} 7
4] 23 (Parallel First Order Model) 2.2 ¢
27F 424 o ofg 7HA] ¥R WS St
ol ol @ieh WE v SEZ uHETH: 2
A =9 vk £ 2 Hh3ehs S8 0] LA
= B o= shar Qi) whE wh3Y
27y x, 1—x2 Yieal Z+

< 717} x, 4
& ko kg, = 2 AT
HE AYstes nyoltt, nyg 9]

He7t X, K, k= 37H0]AL, 9]
A AAIEE Y A] 4719] 2o “ﬁH ok
Haas and Karra (1984)2] ¢5tof A=
b 2Fd] mEgo] AR da FEO AsS
Ao g mgolrt, vHgAeE nof ¥ 2 mArgheka B g, izl v

\:x
_ <7t
7“ 1?_]_—-%—3]-0:] Iﬂ"% %57} I::ILZ:}S]‘A] %ﬁ}é}ﬂ] E’] O]— EOJQ E,@'E‘E— ‘E\—E‘X]?l' 1 E%‘J %‘X )\6]

Table 12] =& 1&1 }7&4 E?ﬁ (F1rst Or—
der Decay Model) &2 H4A9] AH|&o] AR
O] da e vl gtrtar 713k myoltt, of
e 24 7hesh Haerh 1A A 1A A
Z= (1st Order Decay Coefficient)?! k (day™)
sftol il 7hestA| A4-87bsstths Aol e

& SHA| Yol AAgto] 3E Sk

o= A3ts

A
-

it
o

z fr
N
N

-

1:1

|

ol
ol
N
>
=2
> 2 oo
o2 9 1o oX
jud

I

= % i 1 d"

A Yth= ©dol Sty By 2= nA} T4 B
& (nth Order Decay Model) &2 49| 4H
o
=

d
HS.

P

o,
=

o 1l

A9 dA FEO| net vl h:}% 7H4]

L o

Ol
-

}_A

Lo Ay rlo Booft O |r 30
N
ofr
et

o.,>i oflt

o &'5 n

O

T = = - - =
L 3o 23 38 Akl 12 7Ha 23 -
=Rl 2% a2 A= 12 24 = Ate] Bo] Z7haehs grol glnt
(Limited First Order Model)& ZE3t HI-2-
Aol At Mo Hottle 5 W8S 3 Ap ol pat
N N . = =
S g @4k (C)7F deka skl A
A o A = AlIS| A
7\1] oﬂ_/J\__ /\u]L C cr L].T—;L\?_ E]__g_gH_:_ 7]3']_,% 3.1 'IoL "EHOHA'I | l'-J—l 7'|o E%I ?E'T"I'
FHR ot SEARE P ARl HAo) e = Ao A+= 0.88 m/s, 1.33 m/s, 1.95
Cof gho] b7 & ks SAst= AR A m/s9 AZHA] 5 20 diste] I d4 5
Table 1, Bulk chlorine decay kinetic models
Model # Model Description Equation
1 First Order C= Cyexp(—kt)
_ G
2 nth Order C= T Rm-1)G,
3 Limited First Order C=C"+(G— C"exp(—kt)
4 Limited nth Order C=C"+(kt(n—1)+1/(q—Cy 1)W1
5 Parallel first order C= Cyeap(—kpet) + G (1—z)exp (= kg, t)
C: Chlorine concentration(mg/ { ), C: Initial chlorine concentration,
C": Limited chlorine concentration, k : Chlorine decay coefficient, t : Time(day),
k,, * Chlorine decay coefficient of fast reaction,
k. * Chlorine decay coefficient of slow reaction.
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Table 2, Decay coefficient of various kinetic models with various velocity

Flow
Velocities 0.88 m/s 1.33 m/s 1.95 m/s
Scenarios
First Order Decay 0.74 1.42 1.95
Or(*j:f‘l’;iay 7,84 14,94 2031
Third Order Decay 86.17 187.51 255.59
Fourth Order Decay 1015.81 2631.61 3726.77
Limited 1st Order Decay 1.05 2.17 3.01
Limited 2nd Order Decay 13.30 28.90 40,10
Limited 3rd Order Decay 89.8129 505.08 725.36
Limited 4th Order Decay 3150.27 11985.08 18664.51
Parallel First X Lo slow X Ky K X K slow
Order Component 0.75 | 1.24 | 0.19 | 0.81 | 2.66 | 0.13 | 0.86 | 3.36 | 0.052
Table 3, Determinant coefficient of various kinetic models with various velocity
Flow
Velocities 0.88 m/s 1.33 m/s 1.95 m/s
Scenarios
First Order Decay 0.92 0.74 0.71
Second Order Decay 0.93 0.94 0.95
Third Order Decay 0.81 0.87 0.90
Fourth Order Decay 0.68 0.74 0.76
Limited 1st Order Decay 0.98 0.97 0.98
Limited 2nd Order Decay 0.86 0.90 0.92
Limited 3rd Order Decay 0.69 0.71 0.73
Limited 4th Order Decay 0.54 0.55 0.57
Parallel First Order Decay 0.97 0.97 0.99
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Fig. 5. Proper models for predicting chlorine decay
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