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Water Quality Monitoring for Corrosion Control in Waterworks System
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Abstract

In existing systems, the best method inhibiting corrosion control in water distribution systems is to reduce water corrosiveness.
Water corrosion can be decreased by controlling water quality through simple water treatment in treatment plants. On this research,
we study the characteristics of tab water qualities in domestic areas, assessment of corrosive water quality and the method of
water quality monitoring. This review presents the method of water quality monitoring which is the most applicable.

Monitoring for corrosion control in waterworks system is the most proper method; It can prevent serious accidents economically
and reduce civil appeals.

Surely we should assess corrosive water quality in tab water, and introduce water treatment methods to control corrosive water
quality before monitoring for corrosion. According to a lot of researches, it has been proved that simple water treatments can
reduce the pipe corrosion. In this review we should indicate that we do not control of the corrosive water quality due to domestic
conditions, we should monitor the water quality basically. Therefore, we recognize how the existing water quality can cause problems
on pipeline corrosion, how to deal with it. Then it will be possible to apply water quality monitoring for corrosion control in water
distribution system. Monitoring for corrosion control can be expressed by LI index, it is already known in literatures. This review

presents more simple method than existing methods than existing ones we expect to apply these methods to SCADA in the future.
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Table 1. Characteristic of water qualities for Han river (Y WTP)
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Corrosion acceleration WQ Corrosion inhibition WQ Corrosion index Etc
SO 19.8~21.6 Alkalinity 24~37 LI -21~-11 pH 6.8~7.7
winter cr 16.2~17.8 Hardness 52~66 LR 09~1.0 Free Cl, 0.5~0.84
DO 14.2~14.9 ca?* 18~23 - - Temp. 12~44
Cond. 174~198 Mg® 35~39 CCPP -39~-342 TOC 21~24
SO 14.8~17.2 Alkalinity 26~39 LI -1.7~-14 pH 6.9~7.1
spring cr 152~17.5 Hardness 47~59 LR 0.8~0.9 Free Cl, 0.62~0.91
autumn DO 94~113 ca* 19~21 - - Temp. 15~18
Cond. 168~177 Mg® 29~3.1 CCPP -325~-294 TOC 0.7~23
o 14.8~16.2 Alkalinity 19.5~34 LI -1.7~-14 pH 6.9~7.1
summer cI- 12.8~17.6 Hardness 41~56 LR 0.7~0.9 Free Cl 0.55~0.83
DO 84~9.6 Ca?* 152~19.2 - - Temp. 23~255
Cond. 165~ 182 Mg® 29~35 CCPP -3.30~-2.76 TOC 12~23
# LI < 0, CCPP < 0, LR > 0.7 : 24
« [ SO,%7, CI”. DO, TOC, KMnOy, Free Cl, (mg/L)], [Alkalinity, Hardness, Ca®*, Mg?" (mg/L as CaCOj) ]

[Temp ('C)1, [Conductivity (u€¥/cm)]
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Table 2. Characteristics of water qualities for Nakdong river (M WTP)
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Fig. 1. Schematic diagram of pilot plant(SDLS).

Corrosion acceleration WQ Corrosion inhibition WQ Corrosion index Etc.
SO~ 30~34.5 Alkalinity 295~34 LI =13==15 pH 70~73
winter cr 17.8~23 Hardness 80~88 LR 07~15 Free Cl 02~06
DO 14.2~149 Ca® 332~35 - - Temp. 6~8
Cond. 164~167 Mg? - CCPP 264~-239 TOC -
SO& 22~28 Alkalinity 26~39 LI =1.1==15 pH 70~74
spring cr 11~20 Hardness 62~74 LR 09~12 Free Cl 04~10
autumn DO 94~113 Cca® 24.4~30 - - Temp. 10~18
Cond. 154.2~171.4 Mg - CCPP 29%4~-2.19 TOC -
SO& 24~26 Alkalinity 195~34 LI =1.1==15 pH 70~74
cl 14~18 Hardness 47~72 LR 09~1.1 Free Cl 08~1.1
summer o
DO 84~96 Ca 18.8~288 - - Temp. 18~24
Cond. 162.3~177.1 Mg? - CCPP -3.15~-201 TOC -

#* LI < 0, CCPP < 0, LR > 0.7 : §24

* [ SO, CI” DO, TOC, KMnO,, Free Cl, (mg/L)], [Alkalinity,

[Conductivity (pQ/cm)]

Table 3. Characteristics of water qualities for Lake (Y WTP)

Hardness, Ca®*, Mg”" (mg/L as CaCOs 1, [Temp (C)],

Corrosion acceleration WQ Corrosion inhibition WQ Corrosion index Etc.

SO# 8~10 Alkalinity 16~26 LI 28~-=22 pH 66~70
winter cI 6~7 Hardness 19~24 LR 05~0.8 Free Cl -

DO 79~108 Ca® 8~10 - - Temp. 5~119

TDS 54~78 Mg - CCPP -583~-4.90 TOC 215~2.79

SOZ 4~10 Alkalinity 15~22 LI -23~-29 pH 6.2.~7.0
spring clr 7~10 Hardness 21~29 LR 06~1.1 Free Cly -
autumn DO 75~134 Cca* 85~12 - - Temp. 82~26.2

TDS 40~74 Mg - CCPP -5.36~-3.60 TOC 261~4.89

SOZ 4~10 Alkalinity 17~22 LI R5~==21 pH 6.3~6.6
summer cr 7~10 Hardness 20~26 LR 06~09 Free Cl, -

DO 76~114 Ca* 82~11 - - Temp. 10.1~224

TDS 54~93 Mg - CCPP -4.70~-4.01 TOC 212~273

#* LI < 0, CCPP < 0, LR > 0.7 : §24

* [ SO, CI” DO, TOC, KMnO,, Free Cl, (mg/L)], [Alkalinity,

[Conductivity (pQ/cm)]

Hardness, Ca®*, Mg®" (mg/L as CaCOs 1, [Temp (C)],
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Table 4. Loops status of pilot plant
) Dia Leng. Velocity Flowrate Pump Flowratemeter
Pipe (mm) (m) (m/sec) m*/min) Loop (EA (L/hr) (m*/hr) Bxam.
DCIP 100 24 0.83 0.39 1 19,000 6-180 2
DCIP, PVC, PE 80 15 1.12 0.34 4 19,000 4~120 2
CP, STS304, GSP 50 136 212 0.25 3 16,000 2~50 4
Resenvoir - Raw water : FRP, 0.6ton x 2EA
- Intermediate : FRP, 0.2ton x 1EA
Material : STS 316
w.Q. Ad. Property : Water‘temp. control(0 ~ 35C)
Chemical dosage(Pump 4 Ea)
Reactor .
Inflow control(Solenoid valve),
Outflow control(Flowrate control valve)

* DCIP : Ductile Cast Iron Pipe , PVC : Polyvinyl Chloride, PE : Polyethylene, CP : Copper Pipe, STS304 : :Stainless
Steel Scrap grade 304 steel pipe, GSP : Galvanized Steel Pipe

Table 5. Characteristic properties of tested water

Water quality factor Range
pH 65 ~ 80
Water temp(C) 15 ~ 23
Alkalinity(mg/L as CaCQ») 15 ~ 80
Hardness(mg/L as CaCOs) 30 ~ 78
Calcium(mg/L as CaCQOy) 10 ~ 45
Sulfate(mg/L) 12 ~ 45
Chloride(mg/L) 10 ~ 35
Conductivity(uhoms/cm) 80 ~ 230
Chlorine residuals(mg/L) 005 ~ 04
LI 274 ~ 0.18
CCPP =477 ~ 543
LR 1.15 ~ 083

* LI <0, CCPP < 0, LR > 04 : corrosive

LR: Larson Ratio)

—] 80
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¢ Langelier Index,

CCPP : Calcium Carbonate Precipitation Potential,
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Table 6. Comparison of coefficient of determination(R2)(effect of alkalinity)
pH range Fe Zn Cu
pH 6.5 ~ 8.0 0.3058 0.2273 0.3518
pH 6.5 0.2506 0.1113 0.3485
pH 7.0 0.3037 0.1167 0.1827
pH 7.5 0.2060 0.0181 0.5039
pH 8.0 0.2855 0.3527 0.1689
Table 7. Comparison of coefficient of determination(R2)(effect of calcium)
pH range Fe Zn Cu
pH 65 ~ 80 0.1159 0.0507 0.3281
pH 6.5 0.1819 0.1221 0.4606
pH 7.0 0.0046 0.1565 0.1173
pH 75 0.1971 0.1390 0.3528
pH 8.0 0.0022 0.0130 04727
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Table 8. Comparison of coefficient of determination(R?(effect of sulfate)
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pH range Fe Zn Cu
pH 65 ~ 80 0.2857 0.2575 0.6055
pH 6.5 0.6665 0.0569 04847
pH 7.0 0.3744 0.3445 0.7456
pH 7.5 0.0012 0.0005 0.6428
pH 8.0 0.2521 0.8348 0.9242
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Table 9. Comparison of coefficient of determination(R2) (effect of chlorine residual)

pH range Fe Zn Cu
pH 65 ~ 80 0.0012 0.1012 0.1607
pH 6.5 0.1275 0.109% 0.0907
pH 7.0 0.5213 0.0100 0.5114
pH 7.5 0.5429 0.0203 0.3945
pH 8.0 0.1733 0.0049 0.4119

e, A7, RAL, daele
o]

gl 7Rl et -4

83—



Journal of Korean Society of Water and Wastewater
Vol.23 No1, pp. 77-87 February, 2009

——] 84

Table 10. Water quality monitoring factor

Treatment method

Water Treatment Plant

Water Distribution System

CalOHp), CalOH+CO:,

pH, Alkalinity, Hardness, Calcium

pH, Alkalinity, Hardness, Calcium

Inhibitors

pH, Alkalinity, Hardness, Calcium, phosphate, silicate

pH, phosphate, silicate

No control

pH, Alkalinity, Hardness, Calcium

pH, sulfate, chloride

Table 11. Classification of water qualities

Factor

Corrosion inhibition W.Q.

pH, Alkalinity, Hardness, Calcium

Corrosion acceleration W.Q.

Conductivity, Chlorine residual, Chloride, Sulfate, Water temperature

Others

TOC, THM
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