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Effects of flushing techniques on water quality at extremity with low chlorine
residuals in drinking water distribution systems
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Abstract

Several complaints from consumers on red or turbid waters were often filed at the same places although various efforts were
made to improve water quality in the drinking water plant. The red water problems were occurred due to corrosion of main water
pipe, especially at extremity. The low concentrations of chlorine indicating poor water quality were detected at the problematic
location. To solve the poor water quality at the extremity, flushing techniques, /.e., conventional flushing, unidirectional flushing,
and continuous flushing, were recently practiced. In this study, effects of conventional flushing on water qualities were examined
by comparing turbidity and residual chlorine before and after flushing. In addition, more detailed analyses on water qualities at
the tap water were conducted to learn a reduction pattern during flushing. Five items from geographic information system of water
distribution were used to obtain a relationship with water quality, washing duration or amounts of washing water.

The flushing was effective to meet the National Drinking Water Quality Standard with simple and relatively short time operation.
The key operational parameter in flushing was amounts of washing water which should be estimated based on water guality of
the consumer's tap water. The positive relationship between the residual chlorine and pipe length implied that detention time
in the pipeline was the main cause of the complaints. More experiments on effectiveness of flushing are needed to determine

reasonable strategies of flushing.
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Table 2 Information of the pipes selected for flushing in J" area
2 o & =P N 2 =l
B2 74 2% | 4z | ¥ |gm e Rarmol  |ME T2 M= xH
(mm) (m) - HE -
# 1 150 159 DP 1997 25 et ZAs= 30¢! X|5h ~3Hd
#2 80 5 DP 1993 5 Otk gHde=z 30¢! X|5h &3HA
#3 150 164 DP 1992 22 (Kted=) "2tz 30 Xo 23k
#4 300 107 DP 1988 45 (Rted=) FAl2= 60! X|&h &5HA
#5 100 72 DP 1988 9 (Rted=) FA 22 50¢! |5t a5k
#6 100 115 clp 1980 4 (Rted=) FA22 50¢! X5t 23k
#7 80 160 DP 2006 18 (Rted=) FAl2t= 50 X|&h &5HA
#8 80 63 DP 1992 21 (Rted=r) A= 602! Bt
#9 200 110 DP 1990 12 (Rted=) HA 22 30¢! Bl
# 10 80 49 DP 2005 17 (Oter) gAaz 30¢! x| et 25k
# 11 40 39 SsP 1990 7 (f==X]) ZAH2Z 20 X|&h &5HA
# 12 80 59 DP 1991 11 ks ez 30¢! &=t
# 13 100 100 DP 1997 2 (Hf==Xl) A 2= 30¢! X5t 23k
# 14 80 R DP 1994 9 Crerd) gHaz 302! Bl
# 15 80 80 DP 2006 13 ) gHde= 40¢! &
= 40~300 1,374 220
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Table 3 Effects of conventional flushing on water quality criteria in 2007

Mzl A Mzl =
- .

B X 5F = xSt

(%J &‘IEI- TS 7&!,3:!‘ TS
A Bl e e R A E e e

A 70 12 0 12 82 0 0 0
34 10 1 0 1 11 0 0 0
48 19 0 0 0 19 0 0 0
59 28 3 () @1 31 0 0 0
6 19 2 0 2 21 0 0 0
78 17 3 0 3 20 0 0 0
8l 13 2 0 2 15 0 0 0
9 8 2 0 2 10 0 0 0
10 8 2 0 2 10 0 0 0
12 5 1 0 1 6 0 0 0
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Table 4. Effects of flushing on turbidity and residual chlorine

ENEER]! =04 & 2 E O =940 5 2201 [ 6%
#= s= | mRes | G0 | G2 | nEds | megae | ST | mRE2

( b \U | o) | (mol) | (mg/L) (NTU) (mo)
JT #1 0.28 0.25 461 0.28 0.32 0.40 0.18 0.38
JT #2 0.25 0.28 3.42 0.29 0.35 0.43 0.18 0.36
JT #3 0.25 0.36 12.3 0.35 0.36 0.42 0.18 0.39
JT #4 0.24 0.40 15.8 0.35 0.38 0.49 0.15 0.45
JT #5 0.28 0.39 5.59 0.33 0.40 0.42 0.19 0.42
JT #6 0.23 0.21 3.24 0.38 0.27 0.36 0.40 0.28
JT #7 0.24 0.19 5.68 0.49 0.05 0.25 0.15 0.24
JT #8 0.32 0.17 12.3 0.47 0.15 0.31 0.18 0.27
JT #9 0.26 0.22 30.6 0.63 0.09 0.35 0.18 0.31
JT #10 0.28 0.22 537 0.09 0.58 0.38 0.18 0.32
JT #11 0.28 0.36 9.84 0.38 0.35 0.41 0.18 0.38
JT #12 0.25 0.26 34.7 0.39 0.14 0.32 0.15 0.31
JT #13 0.28 0.32 7.60 0.37 0.28 0.38 0.19 0.35

JT #14 0.38 0.13 13.6 0.81 0.04 0.34 0.22 0.25 |
JT #1 0.29 0.34 5.68 0.43 0.07 0.40 0.18 0.37
JT #2 0.42 0.1 19.9 0.38 0.33 0.48 0.20 0.33
JT7 #3 0.23 0.23 9.17 0.50 0.26 0.32 0.16 0.27
JT #4 0.39 0.38 6.31 0.37 0.39 0.43 0.18 0.46
JT #5 0.26 0.26 9.56 0.40 0.24 0.33 0.18 0.30
JT #6 0.24 0.32 9.66 0.43 0.19 0.35 0.18 0.33
JT #7 0.30 0.27 7.38 0.40 0.24 0.33 0.19 0.30
JT #8 0.27 0.30 15.7 0.36 0.24 0.35 0.17 0.32
JT #9 0.26 0.33 8.78 0.25 0.20 0.35 0.19 0.34
JT #10 0.24 0.30 11.5 0.27 0.21 0.43 0.16 0.38

JT #11 0.31 0.13 58.4 0.57 0.02 0.07 0.18 0.13 Zhutr||
JT #12 0.31 0.23 7.69 0.44 0.22 0.37 0.18 0.34
J #13 0.31 0.09 18.3 0.47 0.10 0.30 0.21 0.21
JT #14 0.27 0.28 5.28 0.40 0.44 0.51 0.18 0.41
JT #15 0.23 0.37 16.3 0.38 0.22 0.37 0.17 0.31
o 0.28 0.27 12.91 0.40 0.25 0.37 0.19 0.33
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4 MEHA|IZE ()
TS xw) 70
(&) 30m|2 |31~60(61~9%0| 91 ol& |
50
3g 11 7 4 0 0 0
2|
49 19 12 6 1 0 -
59 31 27 4 0 0 2
6 21 15 6 0 0 1
74 20 5 | 5 | 0 0 0
8 15 14 1 0 0 0
= 30=0 ot 31~60E B1~00E  90~120E  121E o0t
o 10 5 5 0 0 v
10 10 7 2 1 0
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Figure 2. Map of distribution pipes and discharging point at the
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Figure 3. Turbidity and residual chlorine in the flushing water of J
#8 pipe
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Figure 4. Turbidity and residual chlorine in the flushing water at
J # 14 pipe
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Table 6. Effects of the flushing on water qualities of J #14 site
= M= A[ZE Ef AF A pH = =] T2 A
- (&) (NTU) (mg/L) (@) (0 (mg/L) (mg/L) (£)
Mz ™M 27t 032 0.08
20079 108 MH AlA|
14:20 104 0.07 7.06 19.2 258 0 0
14:25 65.7 0.03 6.81 185 506 0.12 0
14:30 9.26 0.10 6.69 17.8 1.31 0 0
14:35 575 0.10 6.83 17.7 0.84 0 0
14:40 588 0.09 6.94 180 0.60 0 0
14:45 434 0.13 6.89 182 061 0 0
14:50 3.11 0.14 6.93 183 0.56 0 0
J 14:55 283 0.14 697 183 0.51 0 0
1500 2.36 0.18 6.96 17.9 0.39 0
f; 1505 203 0.16 6.93 17.7 0.52 0 0
1510 200 0.20 7.01 18.1 025 0 0
1515 1.96 0.24 7.08 18.1 032 0
1520 1.86 0.21 6.98 17.8 0.38 0 0
1525 1.67 0.21 6.96 17.8 029 0
15258 M 22 T $I & Al
15555 2.14 0.17 024 0
16:05 1.01 0.16
16:10 117 0.13
16:20 1.07 0.14
16:30 0.95 0.16
17:50 0.38 0.15
LR T #14% DTN Aak=lo] DullA& ZEol 9rE L Qlrh
AA FaEe TEJAU 94 AAE ArE s 18E
Bl AR 5 Aol wAstaL A5l B nlelo] 322 T oMol Z3{4 g3t
Aw ot} wehy 78S AAsle] B9l AR I #1395 = K57l BE@ulA1E 714 PL ¥l
Axel dist AE5E 1gure 4], o} 85 E Table = #=EH Pl HHTX1 A REEA

6ol HERASAT
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Table 7. Conventional flushing cleaning at J' #13 pipe

RN = [ @F o4 5 EET TS
() NU | mob | P | oy | o | crumy | EMEEE| HEE
RIS N B 024 = = = = = =
2007. 10. 11. MIAEHAA|
1340 == 70.20 0.08 727 474 0
1340 =7\ 6.00 0.36 7.36 0.51 0.02 14 =4 =HE
1345 3.28 0.35 7.33 0.36 0.09 - - -
13:50 273 0.31 7.24 0.12 0 - -
13:55 2.10 0.34 7.25 0.17 0 =2HE U=
14:00 212 0.35 725 0.18 0 - - -
14:05 2.30 0.34 7.25 0.20 0 - - -
14:10 1.59 0.35 7.26 0.13 0 - - -
14:15 1.44 0.38 7.27 0.16 0.4 - - -
14:20 1.07 0.33 727 0.13 0 E4E E4E
14:25 0.89 0.32 725 0.05 0.07 - -
14255 AE $iE % ola Fer| A
14:40 1.06 0.25 - - - -
14:55 0.64 0.29 - - - 0 =4 =24
1510 0.54 0.31 - - - - -
15:20 0.57 0.26 - - - - -
15:25 0.44 0.31 - - 0 4= 4=
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Figure 5. Map of J' # 13 pipe and the discharging point of the fire
hydrant (@)
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Table 7. Analysis as GIS items on water qualities and operational conditions of flushing waters

=xam MEAIZH _Ail"&*.EF _HI"‘J.EF MIABE=T| MA 2= B &Iz
- Z7|&tE = EEE TREx TR
TR (2) (Ton)
(NTU) (NTU) (mg/L) (mg/L)
2~5 32.08 18.41 054 0.15 0.36 70.36
7~10 3241 18.18 048 0.19 0.32 81.46
MIE T 11~14 2901 14.63 0.39 0.17 0.33 84.46
ole 17~18 2478 944 0.34 0.23 0.38 63.6
Al 21~25 26 8.8 0.41 0.22 0.36 62.14
o 28 25 158 0.35 0.38 0.49 788
(di; 30 22 342 0.29 0.35 0.43 432
Mt =) 36 24 084 0.38 0.35 0.41 768
45 25 6.31 0.37 0.39 0.44 495
52~60 2221 75 0.32 0.36 0.41 66.5
5 27 19.9 0.38 0.33 0.48 64.6
39~50 29.26 22.06 0.40 0.2 0.34 65.58
MEz [ 63~100 25.80 12.23 041 027 0.38 685
210| 107~140 27,67 7.69 0.41 0.24 0.37 7217
(m) 150~ 164 3042 741 0.44 0.19 0.35 71.13
230 28 a7 0.39 0.14 0.32 59.8
460~510 35 553 0.54 0.07 0.31 105.65
40~50 335 30.91 0.43 0.185 0.25 67
MIZ{ 2t 80 2501 11.70 0.37 0.291 0412 71.84
=4 100 30.56 15.77 047 0.17 0.34 64.01
(mm) 150~200 28.03 10.74 0.40 0.2 0.37 73.98
250~300 28.75 5.15 0.46 0.2 0.36 80.7
Jres 78~80 26.39 6.19 043 0.17 0.32 67.87
2 A 87~83 24.19 853 0.39 0.30 0.38 63.75
i 90~9% 29.26 16.37 043 024 0.37 76.65
AT 97~98 31.06 15.82 0.39 0.16 0.36 70.9
(A=) 04~06 28.76 12.21 0.44 0.21 0.33 70.83
04 120
y =-0.0005x +0.2867
- o R? = 0.8467
(e)) L
E -
c
A g
B0 o
i "
T 40
MIA 2 =0.0872x 22 0| +61.49, R® = 0.9753
20 MZ 2 =00557 x 2 +63.435, R =0.7573
0

Figure 6. Flushing pipe length vs. initial chlorine residual
concentration.
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