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Summary

To supply clean tap water from a purification plant to a faucet at home, water
quantity and quality in distribution pipes should be stable and drinking-water
distribution system should be optimally managed.

Three filtration plants in Jeju island whose source water has different features
from that of mainland of Korea are selected for this study. They are
Eoseungsaeng, Namwon and Gangjeong purification plants. To find out the
reduction properties of residual chlorine by features of source water, the lab test
is carried out.

Eoseungsaeng purification plant uses surface water, Namwon uses underground
water and Gangjeong uses springwater as source. The experiment to determine
the decay constant in the each source water indicates that Eoseungsaeng water
shows a sharp decrease of the decay constant in the early stage of chlorine
injection. It declines gradually 20 hours later.

As the temperature of water goes up, the decrement of residual chlorine
increases. The experiment shows clear distinctions in the decay constant by
water quality. At 5T, the decay constants are —0.003hr’, -0.002hr ' and - 0.001hr
for Eoseungsaeng, Gangjeong and Namwon respectively. The decay constant of
Eoseungsaeng is three times higher than that of Namwon, and 1.5 times higher
than that of Gangjeong.

The surface water at Eoseungsaeng contains more organic matters than other
source water. It is verified that there are clear distinctions in the decrement of
organic matters by properties of source water.

To predict the concentration of residual chlorine by water supply channels, the
supply area of the Eoseungsaeng purification plant is chosen as the study area.
The hydraulic analysis for the lines is first carried out. Based on the result, the

worst—case simulation experiment is done. It shows that water of four spots is



below the water quality standard. They are E5(0.03mg/L) and E6(0.02mg/L) spots
in the eastern lines and W21(0.02mg/L) and W25(0.03mg/L) spots in the western
lines.

If chlorine is injected at water purification plants to maintain adequate amount
of residual chlorine, at least 1.9mg/L of chlorine is needed. So rechlorination can
be a good tool in controlling adequate residual chlorine in a large distribution
system.

The effect of rechlorination is analyzed through research into changes in
residual chlorine. For introducing rechlorination system at the study area, the
appropriate spots are before the main water pipes which diverge into E5 and E6
in the east and before the main water pipes which diverge into E21 in the west.
Under the present condition, the adequate injection concentrations of
rechlorination are 0.42mg/L for the east and 0.27mg/L for the west.

The simulation experiment indicates that the chlorine injection concentration
can be reduced to 0.4mg/L at purification plants by introducing rechlorination
system. And spots with excessive residual chlorine can have stable water quality.

After the rechlorination, the concentration of residual chlorine at the first point
of junction is lowered by 0.27mg/L from 063mg/L to 0.36mg/L. The
concentration of spots of 0.5mg/L or over is lowered to below 0.4mg/L. And the
concentration of spots of under the standard increases up to 0.lmg/L or over.

To conclude, rechlorination can maintain even concentration of residual chlorine

and stable water quality from purification plants to end-pipes.
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Table 1. Advantages and disadvantages of each disinfectant(¢]” 4=, 2005)

advantage

disadvantage

The medicine price is cheap.

It has a residual substance after using

and a smell of its own.

Chlorine | It can be liquefied easily and ]
There 1s dangerous of a gas leak.
(Cly) stored comfortably. o )
. It has a less effect of disinfection
It has an easy injection.
than other.
It has effect on removing of a ) )
o It is expensive.
bad smell and chromaticity. )
] o ) You may be dangerous explosion
. There is a strong disinfection
Chlorine when you handle.
o effect. . .
Dioxide ) It has to make in particular places.
It has powerful virus ) o
(C10») o It 1s hugely fallen efficiency of
sterilization. o )
. . . disinfection.
It is available for using

wastewater reuse system.

Sodium

Hypochlorite

The cost of maintenance is
comparative cheap.

It has an effects on removing

It is demanded a desalination plant.

(NaClO) of chromaticity and turbidity.
It relatively has a high
disinfection effect.
It has strong oxidizing power
and a very wide application.
It isn't residual products and ) )
Ozone It is very expensive and needs a
nasty smells. .
(03) There 't second-hand complicated ozone apparatus.
contamination according to over
addition.
The cost of maintenance is expensive.
It is demanded cyclical clean of the
It isn’t residual toxicity and is | lamp.
Ultraviolet safe  because it has less | When you use wastewater reuse
) chemical side effects. system, you need rechloric(A] ¥ 4)

It can install easily and spend

contact time shortly.

disposal facilities.
If it high
turbidity, it falls

power markedly.

chromaticity  or
the

has

disinfective
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4ol f2lahehEaE, 2010).

2.2.3 EPANET =219

EPANETZ =7 =24 74849 7teoaz

2+ #E(Pipe), HZ(Pump), WH(Valve), AFA H= )

-l>
N
=
%
@
<
S,
o
ot of,
[

(Tank), 2% (Junction) &< A&7} X3y, 7Hs &

A
st dasdk A2 FH(Curve), ¥ (Pattern), #l°](Control), 31434 (Option)

hy=axq¢ (212-26)

q= F%m'/sec)
b = FHAF
a = XA

T2 Table 28 22 A& o]&sto] A & + dom & AFolA= vl
TGl g dwrA o A= Hazen-Willlams &4& &3ttt 57
(laminar flow)¢} th& frAlel %&o] &o|d Darcy-Weisbach 523 /IF=Z 35

of o] &3l Chezy-Manning &2 °] AThAE4], 2002).
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Table 2. Pipe head loss formulas

Formula

Resistance Coefficient(a)

Flow Exponent(b)

Hazen-Williams 4.72x O W < [ 1.85
Darcy—-Weisbach 0.0252 X f(e,d,q)d > > L 2
Chezy-Manning 4.66n2 < d B x [ 1

o714, C = Hazen-Williams roughness coefficient
€ = Darcy-Weisbach roughness coefficient
f = friction factor(dependent on €, d, q)
n = Chezy-Manning roughness coefficient
d = Pipe diameter(m)
L = Pipe length(m)
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Table 3. Types of valves

PRVs(pressure reducing valves)

to maintain constant outlet pressure on one leg of

the hydraulic system

PSVs(pressure sustaining valves)

to maintain a minimum Sset pressure upstream of

the valve

PBVs(pressure breaker valves)

to prevent pressure loss when water flows

FCVs(flow control valves)

to regulate the flow or pressure of water

TCVs(throttle control valves)

to simulate partially closed valve by adjusting

minor headloss coefficient of valves

EPANETO] AlgH FEdSnde A8 s(AFAY "ga)d s o3 7

s Agste] FEHEtE 2ot
%s _ 4 19
G- S-S, (%2-28)
h, =E, +y, (2]2-29)
h; _hj :f(%j) (/_\J] 2*30)
i 20— Q=0 (#]2-31)
i J

A7IM, ys = AH sl AR =9 =ol(m)

s = A4 s2 §YHE S (mY/day)

q = A" 1% jE d4dse #=

hi = A4 {4 5F(m)

E; = A4 s #Eol(m)

£ %(m*/day)

Qo = A3 kel A 287 FFEE FFHm'/day)



f= A2 FrEda fifatele] A

i

2 2-27 A4 sol 3 FEFE Jeha, dd sol g B A 2-28 #E
WA A o] EAE A 2-312 YERATh 24 2-302 #HEUA FAE A 9
YA EHdoltd o5& vEehar, AlZEe] O(zero)d w %7 AA9 Eol(ys)s UH
21 2-303 2-31% A A %7 (boundary condition)o. & 2] 2-29Z2 o]&3alo] f2(qs)
I FFME 7T F A #ARelA Y s s M F A 2-288 o] &dto] 7}

AAReM 79 - FEFS ARteta, 4 2-275 o] &5t LA o] Fol A

ety P o gHY Adoj {FAE o &3t
T By %-f—&(c,-) (212-32)

A7)A, ¢ = BE i, j1M 9] EF ¥E(mass/m’)
xj = ¥= i, jAkel el A2 (m)
Qi = AZE oA BE Q) jAe1Y] fE(m/s)
Ay = B2, jAkel 9 v (m)
Olcy) = #= i, jAtol 9] & A8kg-2 % (mass/m’/day)

o] Al

A Aol 04 W 2 Sl x7IEAF 4 #re] AAZEH(node iolA

rlo

x;j=0) &&= A1bskolof gt

Eqijcki (Lyot) + M,
(00 == (212-31)
Cj ;qlﬁ + Qw
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o714, Ly =
M; = node Io|A 9] 25 F&

A2l FF(m’/day)

#BE ki Atele] Zeol(m)
(mass)

()

HE s}
4l (end node)®] &&= wel Gk Ao F9
EPANET®] Hhg-4 =X @ (Reaction rate model)®ll 4]
Hkg-2 14}
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START

Establish Establish water quality
mathematical factors factors
Establish water Field study
o Lab-scale test .
distribution system (water quality)
Field study Estimate bulk rate Estimate wall rate
(flow rate, pressure) coefficients(kp) coefficients(ky)

Correction & verification

Establish water distribution

system

Analysis & prediction of

water pipe networks

Fig. 2. Modeling procedures of chlorine residual in water distribution system.

AFlAE HE L 2 BAS Foo AZXY 42N FEe EFFoA
200 W9 Ul SEF A LS, 2010)



Table 5. Network analysis options

Flow Unit (m’*/day)
Headloss Hazen-Williams equation
Specific gravity 1

Relative Viscosity 1

Maximum Trials 40

Accuracy 0.001

If Unbalanced Continue
Default Pattem 1

Demand Multiplier 1

Quality Chorine (mg/L)
Relative Diffusivity 1

Quality Tolerance 0.01

_2’7_



3.3 EPANET 2.0 = €¥

3.3.1 d&=xA}

sl Fa gt

g

Ag %

tslom, o<

FA] 8]

AFAHE Fig. 3¢l

oj

—_—
fife)

rvze]

X
_ZT!

el
R
&+
o
o
By

‘ao
T

o

—

BR

—_—
o

Nr

|

Table 622 EFYITH

P~
o

el
ﬂAvO
_Zrl

—

A

TioR

Table 6. Analysis method and installations

—

9]

o] O TO|lo Tl o Tl o o
L EEEEEEEE
g |5 =
m%%e@eﬁe/ﬁeﬂh\

5 ~ = L L
E |2 2|5 8l B|E 8% 8
s |l T|lg X2 e X =
= | < 5 |l Ol Ol O

S N -V R i ol v

el
G
o)
£ B
o A
=

2 L =y

F 5 =
2] <o = o W

= —~
m &) g HD a 3

o
= ) g IS

o ) 3

3 = @)

_28_



Fig. 3. The survey point.
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332 FAFEAF

FAZ LS FFol EASE dAtEEd gl ARHE dads ovsH, bottle
test T jar testE Foto] AZtol wE Hads 1A WeAS $oto] A
(AWWA, 1996).

FA A 938l serum bottle(70 mL)¥} B ZE o]

Z S ARESke] bottle testE AAEAT DG LAS Eol7] A& Aol

ASE ARHE AMAE F 2R Aol AT 120TNA 243 A% F AL

tlo
i)
2
32
rlr
i
AL

=
=

ki

ANaE I A5 345 Alestdor Aadd 7|27F A7A FEF A
2 59 mLE Ayt 1709 "ol 59 mLA wolA & 20719 BHE &=v|statt 27
HrFE7F 1 mg/L7F H5% AJoldUERES FU3 & UBsle] 2221 S

il

5, 15, 2>C2 AAS wjFr)e masdnt. 7t ex

HEEA Tl F7hEel whel R4 vt SieiAER 2447 o]dels 54
A4S #A S, 2443 ol FREHE FANAS FEbEA AT 145430744

Frdas Ao SAAUS AFEAF(DPDY ) ol &sklth. o FA 8

g

],

iy

W2 Table 73 2t}

ol

AR B AFAR GRAF

il

=
T

Table 7. Assumed methods of chlorine wall decay coefficients(3 =2}, 2010)

The modeler may informally adjust the parameters

] relying upon experience and judgment to lead to an
Informal adjustment )
acceptable set of parameters. This method was most

successful in systems dominated by the bulk

_30_



decay where there was little wall demand.

Relationship between pipe

characteristics and wall
reaction

rate constant

It may be postulated that certain physical pipe
characteristics lead to increased wall demand. For

example, pipes of a particular age or material may be
more susceptible to uptake of chlorine at the wall

or a relationship may exist between the roughness
coefficient and wall demand.

Geographically zoned wall
reaction

rate coefficients

Pipe location may also serve as a surrogate for various
factors that affect wall demand. Methods for

grouping pipes and assigning and testing alternative
wall demand parameters were used to derive best-fit

parameters.

Heuristic method

The method starts at the point of entry of the water
into the system with a bulk reaction rate coefficient

based on bottle tests and first determines the best fit
values for the pipes in the vicinity of the entry point.

the method then moves downstream in an orderly
manner determining best fit values along the way.

Distribution systems with multiple sources or flow
reversals are not very amenable to this approach.

Systematic analysis method

The chlorine decay bottle test data is analized using a
nonlinear least squares regression software

package to determine which kinetic model best
describes the bulk decay reaction and to estimate bulk

reaction rate coefficients for each water. In most cases,
first order decay kinetics gave the best fit. A

network modeling simulation is then performed using
the bulk decay rate coefficient determined in bottle

test. If the model over predicts the observed chlorine
concentration, this id an indication that there is

significant wall decay going on in the system.

¥ Aol 29 Ak A wom Hgsbs Wt My We 4

M el Systematic analysis methodE ©|&3sle] AHIDALATE =E3FS T

EPANET 2.0< o]&3to] aldA g #dEsE F+53t1 F+58 AY=d F
Aol el fRAaAFE AEAZ T FFAL -] 7P oy FHete] =4
o2 MAAF Y FHE AFs dFE FHo] VE @S wEEA XAl E
wS w olE Ay St FEFARN FAHeR das FHdde W
¥ midE AAHS FahEE W F5EFS IVMIIE U 58 AESHA H
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=d & Aol E ek B2 HAFS AAH AdL AHdS AL

>

8 ST Table 88 o5 A4 20124 F5AEH &
AAAtol, FFPaFEL FS A9 A 083 my/LAA vehgon v

A2 011 mg/L= A% HAE Btk Table 99 Table 82 SHAA &

rlo

FAIBFA T

Table 8. Residual chlorine concentration of water supply systems(#5F A &5

Al A2 A3 A4 A5 A6 A7 A8
2012.12 0.52 0.52 0.4 0.3 0.45 0.15 0.2 0.25
201211 0.55 0.51 0.55 0.3 0.4 0.15 0.25 0.3
2012.10 0.43 0.69 0.37 0.25 0.43 0.2 0.31 0.2
2012.09 0.4 0.6 0.4 0.2 0.4 0.2 0.3 0.2
2012.08 0.48 0.62 0.45 0.15 0.45 0.15 0.31 0.15
2012.07 0.5 0.6 0.5 0.2 0.5 0.2 0.3 0.2
2012.06 0.51 0.59 0.42 0.21 0.46 0.2 0.31 0.25
2012.05 0.6 0.5 0.4 0.2 0.5 0.2 0.3 0.3
2012.04 0.62 0.52 0.4 0.54 0.32 0.3 0.3 0.3
2012.03 0.6 0.55 041 0.55 0.3 0.3 0.3 0.3
2012.02 0.5 0.6 0.4 0.6 0.2 0.2 0.3 0.2
2012.01 - - - 0.83 0.11 0.11 0.25 -

Table 9. Sampling points

Al San 180-3, Odeung-dong, Jeju-si, Jeju—do, Korea

A2 683, Wolpyeong—-dong, Jeju-si, Jeju—do, Korea

A3 1286-1, Wasan-ri, Jocheon—eup, Jeju-si, Jeju—do, Korea
A4 1930-2, Bonggae—dong, Jeju-si, Jeju—do, Korea

A5 1039-1, Wolpyeong—dong, Jeju-si, Jeju—do, Korea

A6 893-3, Yeongpyeong-dong, Jeju-si, Jeju—do, Korea

A7 1156-1, Doryeonil-dong, Jeju-si, Jeju-do, Korea

A8 639-1, Sogil-11, Aewol-eup, Jeju-si, Jeju—do, Korea

_32_



4.1 EPANET 2.0 24 #&

411 3F=A 25

wdge 9% A%2A A}E Table 9o UeERAT 119 59 ZH® ARe
A9 F90.03 mg/lL), 540.03 mg/L), MuEA4FKL0.06 mg/L), F%(0.02
mg/L), FEA(0.09 mg/L)e] 7I+A vz AR, 7o A5 Sl
A 002 mg/LE 7IEAd s Aoz yeyt olf A" IRrdiase
= BN E T A% AdFeyel 4esdn
Table 10. Water treatment plant pipeline Eoseungsaeng survey point(2013d11€5%)
Sampling Andeok New Water
. ) Bongseo ) Gwangn N Songdan
ints police Geumak Communit Yusuam Treatme Gyorae Wasan
) ng . yeong g
Measuring station v Institute nt Plant
Number of ~
Lo W27 W25 W21 W12 W10 W8 WTP E3 E5 E6
pipeline
Pipe length
from the
water 21,459 21,805 24,524 12,543 9,753 8,754 - 18,797 27,176 26,649
treatment
plant(m)
Residual N
. 0.21 0.03 0.14 0.06 0.02 0.09 0.62 0.19 0.11 0.02
chlorine(mg/L)

Table 10°= 7 4749 20129 % 43 #2444 23E Aestdom 2b 7H9
FE AA e FaAeH Aoz AAHE A BAGNoH, deE 547
= 5 FoAA 1d F AEE Aol 3 WE (e o] A= Al skl
Al RS el tiiE Blsgk 3 vUEdlow ARTE AMgete oA A



el ASnt B AFa Fo] AZAL) ot thE A4l s FjHo
2 §70% $go] o AL duava B 5 ok

Table 11. Survey of the 2012 monthly water purification plant tests (A& AL ER)
Sampling points
Test items

Eoseungsaeng Namwon Gangjeong
Nitrate nitrogen 0.325(0.270.6) 2.108333(1.573.1) 1.733333(172.8)
Total Trihalomethane 0.004909(ND~0.009) 0.001333(ND~0.002) 0.004833(0.00170.008)
KMnO; 0.6(ND~0.7) ND ND
Hardness 14.25(13716) 36.5(34738) 27.16667(22736)
Hydrogen ion concentration - - -
7.6(7.477.8) 7.8(7.578) 7.6(7.477.8)
(pH)
Zinc(Zn) 0.002(ND~0.002) ND 0.006(ND~0.009)
Chlorine ion 3.5(374) 8.166667(879)
Evaporation residue

40.25(39743)

6.333333(579)

79.41667(74783) 63.58333(56783)
Turbidity 0.166667(0.170.31) 0.075(0.0670.11) 0.166667(0.170.19)
Sulfate ion 2(ND™2) 2.4(ND™3) 2.363636(ND~3)
Aluminium
ND ND 0.025(ND~0.003))
(AD
Residual chlorine 0.570833(0.4870.69) 0.545833(0.4870.64) 0.575(0.5170068)
Chloroform 0.002222(ND~0.005) ND 0.001(ND~0.001)
Chloral hydrate 0.0044(ND~0.0063) 0.0007(ND~0.0007) 0.0009(ND~0.0012)
Dibromoacetonitrile 0.0005(ND~0.0005) 0.0007(ND~0.0009) 0.000667(ND~0.0008)
Dichloroacetonitrile 0.0008(ND~0.001) ND 0.0005(ND~0.0005)
Haloacetic acid 0.008667(ND~0.14) 0.0015(ND~0.001)
Bromo dichloromethane

0.001889(ND~0.003)

0.0105(ND~0.004)

Dibromochloromethane

0.001222(ND~0.002)

ND

0.0014(ND~0.002)

1,4-dioxane

0.001(ND~0.001)

0.001(ND™0.001)

0.002167(0.00170.003)

0.001(ND~0.001)

0.001(ND~0.001)
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Table 13. Bulk decay coefficient

5C 15C 2%5C
Eoseungsaeng -0.003hr -0.004hr -0.006hr
Namwon -0.001hr ! -0.002hr ~0.003hr !
Gangjeong -0.002hr -0.003hr ! -0.006hr
FA M-S (bulk reaction)S 3 FHAA AaE ekl Agurs S a7 o

1000/T(K)
33 335 34 345 35 355 36 365
.1 i
{>Eoseungsaeng LGangjeong CINamwon
-2 y=-28652x+4.4742 ¥ =-45365x% + 10.051 y = -4 5656x+9,5545
B =0986 R*=08711 R* =0.9834
-3 4
.
5
-7 4
g

Fig. 5. Arrhenius equation used at different temperature of decay cocfficient.
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13 W5 W7 - 100 686 | Gwangnyeong line
14 W7 W8 - 100 2,293 | Gwangnyeong line
15 W4 W9 DCIP 300 2,839 Main line

16 W9 W10 - 100 2,435 Yusuam line
17 W9 W11 DCIP 300 2,839 Main line

18 | wi | w2 - 150 2,38 | New community
20 W11 W13 DCIP 300 160 Main line

21 W13 W14 - 100 1,072 Wondong line
22 W13 W15 DCIP 300 1,478 Main line

23 W15 W16 DCIP 300 3,973 Main line

24 | WI6 | WI7 - 100 571 Sacbygoloreum
25 W16 W18 DCIP 300 624 Main line

26 W18 W19 - 100 5,420 Bongseong line
27 W19 W20 - 100 1,195 Bongseong line
28 W19 W21 - 100 2,710 Bongseong line
29 W18 W22 DCIP 300 377 Main line

30 W22 W23 PE 150 2,770 Geumak line
31 W23 W24 PE 80 721 Geumak line
32 W24 W25 SP 80 1,542 Geumak line
33 W23 W26 HI-3P 150 2,613 Geumak line
34 W22 W27 DCIP 250 4,687 Main line

T29] 199CE vl o =2 Arrhenius equation® = F=3] Wl 7
Ax FAREASF () -01188 d'S AHgate] 23 oS BARAYS Fate] o

A2 AT ko) E EFSAY. 253 B LA STE Table 1494 2t Table 149]

o)

Al Measured value= | ZALE Fd 4 794 kol Predicted value™

_40_



Table 15. Correction of chlorine decay coefficient(19.9C)

Chlorine decay Measured | Predicted Retent;
Section coefficient value value t.e erz;o)n Error(%)
- ime(hr
ke(d) | ke(m/d | (mg) | (mg/L) ‘
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 -

W25215 ¢ 7 DCIPAI A #7o] 300 mmSl F FF#EoA 7] HA 150
mm #73¢ PE¥#HCe= #=7} WAHI tA] Bl 80 mm= HHy
80 mme] SP¥o = mHHAA . oA Y wze] WstE AAUA
of AAA HWA HlAH FE -144 m/dE FAHJSH E6AH B¢ #EFolut
#de Wt gl = 7MY w2 Al #e dERRlYh

Table 1594 = AHALAGe] A5 Hs) 24" T

wagith AFAGY Fre 2 458 AFEE A 457} 9o} PFEE
Z

g AAAAS B8 =53 -00651 d
g FARAATR ¥ AT A9, RRne A AFAL /M 1 E5AA
A SAgo] 1905%% 71 A vEhgon MEwRe A WI2AHAA 73
2 oatee vegten], mE Ao 2A&E 20% vlwrolgirk Fela) Ao ]

B Ao MBgel O 2 WS gAY W £§ A5E asold Busel o
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Table 16. Verification of chlorine decay coefficient(3.07C)

Chlorine decay Measured Predicted
) coefficient value value Retention Error(%)
Section (mg/l) | (mg/L) | timetw) | A=Zxm)
kn(d™) kyw(m/d) me e e 4
(A) (B)
WTP - 1.04 1.04 - -
W25 -1.44 0.08 0.07 11.09 125
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
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Fig. 6. Predicted bulk decay
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Fig. 7. Predicted wall decay coefficient.
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Fig. 9. Rechlorination sites.
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