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Introduction of Corrosion Index System for Stability of Drinking Water Quality
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Replacement of old water distribution pipes for protecting water quality induced by pipe corrosion requires enormous budget. Even

after the replacement, however, corrosion can occur again at any times and, therefore, inhibitive measure of the corrosion will

be not only economical but needed to diminish the consumers' distrust on tap water quality.

In 2008, National Environmental

Research Institute did a survey on 8 major drinking water source and proposed to establish the Langelier Saturation Index(LI)

as a corrosion index in Drinking Water Quality Criteria.

Among the water industries of Korea, K—Water is the only one that set

up the level of pH over 7.0 and LI above —1.5 on yearly average basis. However, no systematic regulation including LI to inhibit

the corrosive tendency has been established yet. In this paper, LI values out of 31 drinking water treatment plants were analyzed

and two—stage control of LI value as a measure of corrosive tendency of water is proposed. Primarily, water treatment facilities

may operate the system at a target LI value below —1.5. Following the investigation on the effect caused by adjusting the LI

value on water quality and corrosiveness, it will be desirable to improve LI value below —1.0 in the long run. In addition to the

LI, supplemental use of Larson's modified ratio (LMR) which incorporates hydraulic detention time will be necessary. Several

methods to prove the inhibitive effect of improving the LI value on water gquality have been also suggested.
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Table 1. Corrosion index summary

Indices Form Evaluation
Langelier Saturation LI> 0+ CaCls| ﬂ_HEiF’ HIFAd
ndex (L) LI = pH - pHs LI = 0 : CaCOz2t BE
LI < 0: CaCOs9 2xZ3t FAIN
RSI < 55: A7 Mol Ees
. 55 <RSI <62: 27 M JIs4M
Ryznar ?ssb;)hty Index RSI = 2pHs - pH 62 < RS| < 68 : MCtat 2%
6.8 < RSI < 85 : FAlY
8.5 < RSI AN oje 2
' Bat [a”1+150,7 LR > 04 : 2AIA
Larson’s Ratio (LR) LR= W LR < 04 : 6|5 AIA
Calcium
Carbonate CCPP CCPP >0 : ERMZEEMMN
Precipitation = 50000(Alk; = Alkeg) CCPP <0: ErpMZHEEI™Mo| MMEX &3S
Potential (CCPP)
. [ca*][coi]
Driving Force Index (DFI) | DFI= ——— DFI <0 £4lM
K, > 10
Aggressiveness Al > 120 = 8IS 44
ndex (Al Al = pH + log(Ca)(AlK) AL100 ~ 119 : BN
Al < 100 : 02 FAH
RCl=0-5: AHYUsEM
RCI = (75/AIK)x[(CO2+ 6-25: FAM QS
Riddick Corrosion Index | 0.5(Hard - Alk) + CI° 26-50 : 2F7F FAlM
(RCI) +2NOs 1x[10/Si0,]x 51-75 : SAlY
[(DO+2)/DOsa:] 76-100 : 24N =5
101 Ol&t : ofF =2 FAIYN
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Table 2. Control standard of corrosion for several countries (AWWARF, 1996)

1)
Parameters affecting Country
corrosion DK SF S NL UK us CDN G
75 - - 7.8 55 6.5 6.5 6.5
pH ~85 8.0 9 7579 | ~g3 | g5 ~85 | 68 | 95
A'éas””gg’cgg/ . 1220 | >32 >12 520 | >40 | >10
Ca-Hardness, mg/L | 15725 | 207200 | 20™30 | 20760
Chloride, mg/L <100 <50 <100 <100 <250 | <250 | <250
Sulfate, mg/L <100 <50 <100 <250 | <250 | <240
Copper, mg/L <0.1 <0.05 <1.3 <10 | <30 H
Iron, mg/L <0.1 0.05 0.05 <03 <03 | <02 A
Manganese, mg/L 0.05 0.02 0.1 0.02 0.05 005 | <005
Aluminum, mg/L 0.1 0.05 03 0.1 0.1 01 | <02H
o -0.2
Langelier index (LI) ~03 0 0
Cadimum, mg/L | 0.005 H | 0.005 H | 0.005 H | 0,001 H | 0.2 H | 0.005 H | 0.005 H [0.01 H | 0.005 H
Lead, mg/L 005H | 005H | 005H | 001 H 0.015 H 0.04 H
Zinc, mg/L 1H 5H 1 03T 5 H 5A 5 A

K N=Norway, DK=Denmark, SF=Finland, S=Sweden, NL=Netherlands, UK=United

G=Germany, A = aesthetic, H = health, T = taste.
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= 235t Algsh= 9= 91 oY orthophosphate Rt
= AMgsh= Ao] niEAsith= A7 d3 (Edwards,
2002) °fl Wz} orthophosphate?H2] AFg-o] AdE 11 Q)
o} vzl A @A R E G5l Q] Fale o
S A el w FAAo1E S5k Wklew “37}
A AL A Bl Stk (AWWARF, 2000). A3 &
oFshd, pH 248 fst Al A, 353y d= @Xéf?l
%52 (buffering capacity) 141, -2 AA| A 5
o= ARESHA Al SAS s v A AL 1
23l F-A A A Z orthophosphate s o143 2, 44
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A A3] g} ol akslekA ] TRk eIk gy &
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o) pHE 8.5 7H4 F7HA171 A3t AR5 0.0 ~
0.5 A% F7lete] Awgo s FA4E TFAaAFh
8T Tas AFETEtel gEStAL Qi oA
(City of Abu Dhabi) 2] 79 9JA], T8l 52 o)Ak}
EFA0} ARAO] 5 7F =9kl pHIF 5.5 ~ 6.0 2] st
FAE el 49 “hungry water"el s 31t}
(Shams El Din, 2009). ©] ZHECA= AHw=e] AA 4
pH 245 93} synthetic dolomite (CaCOsz + MgCOs3)
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Table 3. #AMo{zzr At & =2 E4 (AWWARF, 2000)

28 el Flom A9 S $1% pHet 27
= 892 Agelel 28% 5 Qlo] P-4 Eko} o]
341 &2

a3 WS 7dE 5 vk

BES W)kl A3 Aelse] g e 2 Eow
Bhke pH Wske Qlsjo] oplE| I 580 pHs} 22
2 28] fAAAZ B35 TS Folghi sol
224491 FAE A9 LehtA] Stk o Table 35
4= v)50) Aol TheFe P2l Aol A2k A1)
A 50 A Wl gl EskE welFa ol

Azl A
HeE A A o M 2F
pH 2k 2t2| = (mg/L)
Detroit, Ml 72~76 53~81 2l &H(Phosphoric acid)Zt &7H 2l &H (PO, F¢
Rochester, NY 74~78 60 ~65+7F &HA pH 2t&
Philadelphia, PA 8.1 48 pH XMz olikted el
Boston, MA 9.0 12 pH X &, Lzl &35
Hartford, CT 8.3~8.6 9~12 pH XM Zf, olited F¢l
Springfield, NH 69~75 15~20 ﬂﬂ¥ﬁ+z}iigi§ 70 giﬁ; 87 43,
Bellingham, WA 71~74 19 2CF3[(NaxCOs)E 0| &5t pH A5
Table 4. FAIMOME AL = & S4H3 2 3 (AWWARF, 2000)
Bk Sl !
pH 2+243| =(mg/L QIARA /AR
Detroit, Ml 7.2 55~80 1.0(21) Hsr Mz
Rochester, NY 80~85 65 10~15(7¢) 2iE oS
Philadelphia, PA 73~78 35 06~0.8 222 g3
Boston, MA 76~78 20~30 - Hsr Mz 2AE s
Hartford, CT 72~75 10~15 02~1.0 Hsr MZh
Springfield, NH 75 N/A 1~45 ez XNzt
Bellingham, WA 78~80 22~32 Hesr Mz AT M2
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g, Sl ARt wels A A =2 of
FFEGA A gl AREE I Q=] A Al A A
£ A obES] 20 ~ 30% ARt AHEEhE Ao

vpekslar Qlok WAl 2 1994 o) o] Ax)¥ ofd
LS ARESE ofREC A Wo] ARGEY QIS AR}
T dAFelA w7t A9 10 mg/LE 2¥shs 4%
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Ryznar stability mdex - Pockurlus scaling index 9}
=2 A4S HolE 9 Langelier index 9= o) &
UERHSITE (Davil et al., 2009). 214 B71s 218+
calcium carbonate®] §-3|% 2Jof W2 FAEAJo] 1
solof g}, Bo] LEF HlEale] 24, Tkl 2L
=, BRI COo, pH, Q3lE, ALY, o] 27 E, AV|AE
5 FHENYE, 9E5Y, QA AeAPIE, aeln
DO 5ol Eawlojo} ab7] upel g 7h4 #2945k
2 Pkl tha Felrk ek

S 9, 57, 34, 291 Qe 4%
FARRE e 95E A5shn Qe dugow

WA FRES Bagrl SRR vste] FAER1001%
Q1 Aol &t o] 2] S 2 W FAeiAel
Q1 e =g AR e 548 ek 9l 20084
5 Aol oJ3H (Table 5), S g ARA whelst

T UE BEF 29704004 2] Fat F-AXF (LD = —0.64

~ —2.919] M= Yehar 9o dHT —1.8724 ¥
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LI = 0.0336(Alk) — 2.9585 R* = 0.83)

#4990 w2 webLLASE ~10 ofs
FEoE A1 & ) FeF e oF 60 mg/L
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o] H].BLZ]U]— o7 J.]—TA-Q\:]-

2)=Atg ol 28bd (Imran et al,, 2005), oj8] FAA|4
E Apolofli LI, CCPP  (Calcium Carbonate
Precipitation Potential), DFI(Driving Force Index), Al
(Aggressiveness Index), RSI AFo]2] AFA#-A171 0.8 9]
Aow wA YeptE Ao BaEAde agste] fevk
2o N LIE 3 FAAGE AREsh= Flo] uigsiet
T LIE #ellx] e &9 s37HE RkdskA] xstar Q)
ol duk o g P A FAe] Aojdes HAiksHEol
O Wol sk vk 28 T 22 5 AJEHEA
AFAIZHS ¥skal 9= Larson ‘s modified ratio
(LMR) & Bz F2A¢2 AL Far) Qlga sas
t}h 58] LMRE 24 Fx=olA e s=dded s
A 7R & Qe Apol7] Wil FxREe] AlE
SN ARellA] o] A5 ARS-S AES) B F a7k girk
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Table 5. S=TAASAL 22| YoMl FAX|=() &g (089 T)

Mem | 12 | 2% | 3" | 4% | 5¥¢ | 6" | 7¥ | 8¥ | 9% | 10% | 11¥ | 12% ;ﬂ
HE | 206|204 | -196 | -1.87 | -1.82 | -1.81 | -1.87 | -1.90 | -1.80 | -1.71 | -1.73 | -1.80 | -1.87
A | -168|-163 | -128 | -1.14 | -1.15 | -1.35 | -1.50 | -1.73 | -1.28 | -1.25 | -1.33 | -1.40 | -1.39

B |-175|-164 | -1.13 | -164 | -1.15 | -1.05 | -1.74 | -088 | -1.10 | -1.18 | -1.30 | -1.32 | -1.32

+| ¢ | -150|-143|-138 | -152 | -1.45 | -150 | 164 | -178 | -1.43 | -1.38 | -1.50 | -1.38 | -1.49
=| D |-178|-160| -148 | -152 | -1.33 | -1.25 | -148 | =150 | -1.15 | -1.32 | -1.43 | -1.42 | -1.44
H| E | -164|-150 | -1.28 | -135 | -153 | -1.50 | -1.60 | 158 | -1.28 | -1.48 | -1.50 | -1.34 | -1.46
F | -150 | -148 | -140 | -1.38 | -1.40 | -1.35 | 156 | -1.60 | -1.30 | -1.40 | -1.38 | -1.40 | -1.43

G | -155|-140| -1.48 | -1.35 | -120 | -1.38 | -1.44 | -158 | -1.16 | -1.25 | -1.43 | -1.26 | -1.37

2| A | -1.85| 190 | ~1.30 | -1.15 | ~135 | ~1.08 | -0.84 | -0.78 | -0.80 | -0.86 | -0.88 | ~1.02 | ~1.15
| B | 123|143 158 | 092 | 098 | 133 | 074 | 128 | 162 | 075 | 158 | 182 | ~127
A | -170] -188 | -170 | -173 | -158 | -1.60 | -1.58 | -1.53 | -1.78 | -1.65 | -1.55 | -1.68 | ~1.66

| B |-188]-190| 192|170 | -1.60 | -145 | -140 | -1.68 | ~1.73 | -1.74 | ~1.68 | ~1.80 | ~1.71
S| ¢ | 230|220 -195 | -1.96 | -1.88 | -1.68 | ~1.60 | ~1.62 | ~1.60 | ~1.50 | ~1.60 | ~1.70 | ~1.80
5| D |-172|-190|-190 | 180 | 175 | -188 | ~193 | 183 | 160 | 143 | ~148 | -146 | -1.72
E | -080|-080|-080|-080]|-070|-072 | -0.80 | -0.80 | -0.98 | -0.78 | -0.70 | -0.70 | -0.78

F | 233|243 | 240 | 248 | 240 | 228 | 220 | 220 | 212 | 210 | 2.10 | -2.10 | -2.26

o | A | 220 | 233 | 247 | 240 | 230 | -2.08 | -228 | 220 | -2.18 | -200 | -2.13 | -238 | 224
| B | 258|247 | 250 | 230 | 204 | 215 | -1.92 | 218 | -1.88 | -1.90 | -1.80 | -2.00 | 2.14
; C | -314|-330| 293 | 268 | 260 | 268 | 270 | 265 | 256 | -2.65 | -2.40 | -2.54 | 2.71
D | -283| 280|-314 | 265|270 | 254 | 265 | 258 | 250 | -2.38 | 220 | -2.36 | -2.61

x| A |-282|-288|-283|-286|-263|-268|-273|-275| 268 | 246 | -2.48 | -2.66 | 2.70
o | B | 263|240 | 262 | 250 | 250 | 250 | 263 | -2.60 | 262 | 235 | 2.35 | 228 | -2.50
A C | 283 | 280|273 | 258 | 252 | 253 | -2.56 | 2.68 | -2.68 | -2.52 | 255 | -2.36 | —2.61
| A | -090]-093]|-070 | -0.58 | -078 | -0.83 | 084 | -1.20 | -0.82 | -0.73 | -0.65 | -0.74 | 081
S| B |-250| 247 | 244 | 230 | 233 | -243 | 248 | 240 | 240 | 225 | 220 | -2.43 | -2.38
; C | 250 248 | 244 | 230 | 233 | 243 | 246 | 240 | 244 | 233 | 230 | 248 | -2.41
D | -140| -131]-073|-074 | -070 | -058 | -0.38 | -0.93 | -0.38 | -0.09 | -0.07 | -0.39 | -0.64

A | -158 | -150 | —1.44 | -143 | -153 | -1.52 | -1.58 | -1.55 | —1.40 | -1.15 | -1.00 | -1.16 | -1.40

2| B | 260 253|253 | 250 | 250 | 248 | 266 | 260 | 253 | -2.34 | -2.48 | 242 | -2.51
| ¢ | 232|233 | 235 | 212|203 | -196 | 225 | 225 | 202 | -1.98 | -1.83 | 2.94 | 2.12
H| p | 20| 295|-295| 28| 278|274 280 | 285|288 | 288 | 295 | -300 | 288
E | 290|290 | 293|288 -=278]-272|-29]-29 | -300 | -3.03 | -3.00 | -2.96 | -2.91
A4 AES A% me) ARoR FIEAATA] W 5 9l BE FAYS Felsojol & Fioltk
A Table 63 2ol FARAS ZE G4S A MRS o] o] AFH ARES FRT W) FEEY T4
AATSE v} Ql=d] 219 FQ141Q1 pHel ¢ 4|58 1 S Aofsl] YalA= LI 71507 —1.0 o]8E f-Al5k=
ok Beto|gtar ket AFAN ST A AR 1A Zlo] uigrzlsit, @Al shrpAtd st A Aejsts 44
Hof| wha} Mg EE o] 88k pH 9 ¢ T Alole & 2] 79 di-ito] —1.0 o3t 71 248t o] V&
2l rrtolgtar 8t 4= gl o} AR B) ALE A] L}EL FEANZI7] S8 E FAEER ) T T 2 SHelA

715——
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Table 6 of EMES Ta{st cHAY || X|$=H dot
= pH<7.0 2T pH=7.0
T = 22| = (mg/L) 22z = (mg/L)
foolet | 10~20 | 20014 oolet | 10~20 | 200l4
LI <25 (WA M3 + O MEHERA
3 : (A4 aMslr | (A4 M8 | (Uah oMl |  zRlF+ |
25< Ll <20 o|AkBIERA O AkBFErA 2| | Ol AbapErA O AkBFELA oFZka | H|
-20< Ll <15 okZia ||
wgkA]lo] AsElojol @}, 1217 Table 614 T2 bench—scale 729 A1%o] AQsirh el A1
H kel o] LI 2|5 A7)l we} AN RE 2= Hell tigt x5 = AT RAs Blo] &0l 7Fss)
Hirste] 14 0w LIo] gAERs —1.5 oleke A% W AT A4S 9s A8 FAA 7R v
afo] Al W 2938 sk, LI iAde] =2 9 FhAlo (Response Surface Methodology, RSM) & o]-g3&lo] &=

B 5 ek,
el A el kA o2 WAkl

l=d) 114 Aowg x% A
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2 AAZE =HA
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A Y] S 2RAT Pk webA] wzs BAS
S1%k A9 ey A AAksle] o)k Y] ke A st
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