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Development of an Optimal Operation Model of Residual Chlorine
Concentration in Water Supply System
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ABSTRACT

This study aimed to develop a method to optimize residual chlorine concentrations in the process of providing water supply.
To this end, this study developed a model capable of optimizing the chlorine input into the clearwell in the purification
plant and the optimal installation location of rechlorination facilities, and chlorine input. This study applied genetic algorithms
finding the optimal point with appropriate residual chlorine concentrations and deriving a cost-optimal solution. The developed
model was applied to SN purification plant supply area. As a result, it was possible to meet the target residual chlorine
concentration with the minimum cost. Also, the optimal operation method in target area according to the water temperature
and volume of supply was suggested. On the basis of the results, this study derived the most economical operational method
of coping with water pollution in the process of providing water supply and satisfying the service level required by consumers
in the aspects of cost effectiveness. It is considered possible to appropriately respond to increasing service level required
by consumers in the future and to use the study results to establish an operational management plan in a short-term
perspective.
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SN purification plant

BD1

Y| boaster station

YI3.4

SL3
(B, PS5, A)

\e_, KD booster station

B g N4

EO gy Sl 4

@ CE, PS, A

l rurification plant

@ Reservoir or direct supply
@ Intersection

= Metropolitan I

= Metropolitan IV

Fig. 1. Target area (a : current situation of target area and grap sampling point, b : skeletonization map of target pipes).
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Fig. 2. Experimental result for calculating bulk coefficient.
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Table 1. Result of grap sampling
Point Residual chlorine concentration Point Residual chlorine concentration
(in Fig. 1(a)) (mg/L) (in Fig. 1(a)) (mg/L)
1 0.650 5 0.665
2 0.695 6 0.530
3 0.617 7 0.495
4 0.637 8 0.427
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Fig. 3. Demand of target area. ZFol= 4l H|8S ElATH
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Table 2. Result of optimization in worst condition

Point Chlorine injection conc. | Chlorine injection dosage| Operation cost Installation cost
(mg/L) (kg/d) (KRW/d) (KRW/d)
SN purification plant 0.59 [liquefize?f;lorine) 112,126
Rechlorination point A7 0.17 (NZS%D 118,780 67,850
o . 2.89
Rechlorination point B8 0.08 (NaOCl) 44,581 67,850
3.2 ™ RAHA=sE 2| ot = ZHnt 7t FEeE 9 2 202 201349 019 2015
~ ) . . H 10971%]9] &Jx5 = vlgto g2 A3t -
A =EE A AQLAA AA §12] AT, Bse llAEJU]“Li;’JO ETbl} . Table 4. ;‘fs“
AL AL AR Ao, SN A TI3F & sHE Bl 2330 Table 3, Table 4, Table 59
o= 2= =2 =2 07T o1 o ow=a T L]—FJ—LH H]—Q,}— 7]_]:]_ Table 3)_,4_ Fig 7(3)}—‘— SN Z%Z,:Xl—oﬂ
o5 i 1= . . . [e] [e]
She B W e a2 mR g Aeed T T T T L e
- - - = = = = R — U D
S A AN 1 GERUEEE SEHUL oy Table 49} Fig, (b1 A A2AIA ATOA )
HAshe ol A AALAL DA NS BER W oo of Fig t;(c)_,jxﬁww
o RS, QA TN AR AAek wem g B TR ST s R
g Aofsha, A FdEE A4 % A4 A AAGE AT ol o] Fa & gk o
oIMel g 9] FERRE BAstAT. 2AA AS LT 0D T 000 mide] sere o
_ . _ =9 = = , =
BAPe] AGaAE A2 g ALdstom, A D T Tl et o
OF2 7L EolalA| BE LI AoA] HAREA A Fol= 58l B4R 4=20] 20T, 42|
Sl o= - o " b e A ) = S re) /\_]}___ X}%OSA%Eﬂ'OSO mg/L7} QEi Onﬂ/\%—%—
AFS. FlYU 3§ 2 Eoﬂib__ Al as . == 2
T 04 mgl oAS RET HYBEALEE 0.6 SIS, Aol eA A ATIE BSOIALL 717 0.10 malL,
mglLE Z35HA gk Aoz HAstelct

Table 3. Chlorine injection concentration in SN purification plant

SN purification plant chlorine

Water temp. in clear well (C)

injection concentration 1 5 10 15 20 25 30
300 0.51 0.51 0.53 0.54 0.56 0.59 -
350 0.49 0.50 0.51 0.52 0.54 0.57 0.60
Demand 400 0.48 0.49 0.50 0.51 0.52 0.55 0.57
(1,000 m’/d) 450 0.47 0.48 0.49 0.50 0.51 0.53 0.56
500 0.47 0.47 0.48 0.49 0.50 0.52 0.54
550 0.46 0.47 0.47 0.48 0.49 0.51 0.53
Table 4. Chlorine injection concentration in A7
Chlorine injection concentration Water temp. in clear well (C)
in rechlorination point A7 1 5 10 15 20 25 30
300 0.11 0.12 0.13 0.14 0.15 0.17 -
350 0.10 0.10 0.11 0.12 0.13 0.15 0.17
Demand 400 0.09 0.09 0.10 0.11 0.12 0.13 0.15
(1,000 m®/d) 450 0.08 0.08 0.09 0.10 0.11 0.13 0.14
500 0.07 0.08 0.08 0.09 0.10 0.11 0.13
550 0.07 0.07 0.08 0.08 0.09 0.10 0.12
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Table 5. Chlorine injection concentration in B8

Chlorine injection concentration Water temp. in clear well (C)

in rechlorination point B8 1 5 10 15 20 25 30

300 0.07 0.07 0.07 0.08 0.08 0.08 -
350 0.06 0.06 0.07 0.07 0.07 0.08 0.08
Demand 400 0.05 0.06 0.06 0.06 0.07 0.07 0.08
(1,000 m?/d) 450 0.05 0.05 0.05 0.06 0.06 0.07 0.07
500 0.04 0.05 0.05 0.05 0.06 0.06 0.07
550 0.04 0.04 0.05 0.05 0.05 0.06 0.06

Injection Conc. (marL)

Rechlorination Cong. (mg/L)

05
3

5 of
Demand (') Demand (')

8 0 Water Temp. (C)

(a)

(b)

55 0

Wale Terr. )

£ = 2
1 1

Rechlorination Conc. (ma/L)
=
!

Demand ()

(©)

Waler Temp. (€)

Fig. 6. Chlorine injection concentration (a : SN purification plant, b : Rechlorination point A7, ¢ : Rechlorination point B8).
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sfefof gtk AAan NS LT A SNASA
TEA L] HRALEE HAE 009 me/L(Z T 049
mg/L(SS reservoir), 4> 0.40 mg/L(KD booster station))
2 e e, anege SNYSY anug
123,000 /d, AGaAE AEH]E 133,600 Y/do=
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