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Evaluation on the Aggressivity of Drinking Water for Corrosion
Control in Water Distribution System
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Abstract

The corrosion problems in water distribution system are reduced by decreasing the
aggressivily of drinking water which ig evaluated by marble test and saturation
indices(LSI or CCPP elc.). Marble test is a reliable method to determine the actual
saturation condition of treated water. This study was done to determined the apgres-
sivity of tap waler and the effectivencss of Ca(OH), and NaOH dosage for corrosion
control,

The drinking water in Scoul were evaluated by marble test and Langelier
Index(LSI} and Calcium Carbonate Precipitation Potential{CCCPP). The results indi-
cated that the drinking water in Seoul were undersaturated as Calcium
Carbonate{CaCQ5).

The LSI and CCPP of the water treated with Ca(OH), were higher than that of
water treated with NaOH, Therefore, to increase the Alkalinity and Calcium
Hardness for corrosion control in water distribution system, Ca(QOH), iz more effec-

tive than NaOH.
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Tested water

Ttemis and Saturation Indices

pH
Alkalinity(mg/ as Calg)
Calciom, Hardness
{mg/l as CaCOy)
Conduetivity! mhosicm)

pH=

[.8T

RI

Al

DFI

ME
CCPP

2. 7 HAgd] Ap&F g

-""‘"_“1'5':1 |
=T -

Cﬂﬂﬂg water temperalure
| nsage |
Produels| op=¢c | 25°00 | 30°C  40°C |
7.95 | 7320 721 T.28| 702 7.24
978 | 284 | 27.2 | 27.5 | 27.6 | 41.46
324 | 36.0 | 324 | 34.7 | 34.5 | 40.6
142.53 [139 2 142 5 |146.2 |136.5 |154.1
§72 872 &.72| &K.61 8.44 | 8.44
1.47 -1.40| -1.51| -1.35| -1.42| 1.20
10,18 | 10,12 10.22] 9,97 9.86| 9.64
10,20 | 10.34 | 1016 10.24 | 10.04| 10.47
0,03 0.03] 9,02 0.03] 0.03] 0.050
0,00 | =0.00| -0.00 -0.001 0.00| -0.00
-7.91 | -7.43| 8.09| -7.27|-11 88 |-10 63

LSI:Langelier Saturation Index, RI:Ryznar Index, DFL:Driving Force Index, ME:Momenlary Excess,

Ede ¢iddeg EEAS

reactian rCa{ﬂH]z

time

(25°C)

T.34
43.6

47.5

153.1
8.30
-1.02
937
10.65

(a7

=) 04
-7 34

1997. 1

NaOH
dosape | dosage
(95°C) | (25°C)

.23 7.21
27.8 | 30.0
31.5 4.5
133.6 [140.1

8.72 | R.A5
-1.49 | -1.44
10,20  10.08
10.17 | 10,22

(} (b4 0. 03
= 00 | -0, 00
-4 35 | -5.15 |

AT:Appressiveness Index, CCPP : Calcium Carbonate Precipitation Potential
* Imdersaturated States ; [LSI <0, IRL > 7], [DFL < 1],
* 18T -2.0 1 very aggressive water , -2.0 L3I -0.1 moderate agpressive water
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Areas HH‘*RH Temp.(C) pH Alkealinity Hardness ITardness [pmhﬂsmml
Guui 18.1 i.16 42,8 394 600 154.0
Ddukdo 17.4 7.15 451 35 3 HR.& 152 2
Amsa 18,1 7.10 12.1 208 6. 3 155.5
Kwangam 18,1 712 42.5 SR 6 ha. 2 144.1
Rokwang 15,1 7.14 A1.4 40 2 o7 148 &
Sunyu 181 7.11 A1 .41 309 60.4 150.5
Youngdeungpo 18.0 7.07 428 o3s B 6.3 154. 2
Norvangiin 18 € 7.14 429 35,4 2H. Y 143 .40
=iriwaol 181 7.11 43 () Bbl.3 144.0

405

*Alkalinity, Calclium Hardness, Total Hardness ; mgf as CaCl(),

15.01~18, 33mg/e] =g
AL oF & o}, upeld @)l
ol Hgle] o) -
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T FRAEE
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"~ Indexes |
Areas e LSI RI Al DFI
Cuul , 1 .38 0. 92 10, 38 .03
Dduckdo -1.41 9.06 10,37 0,03
Amsa ~-1.45 9.5 10,32 .03
BEwangam -1.43 9. 98 10,34 (. (h3
Bokwakng -1.4{} 9.85 14,37 . 3
SUny -1.44 B, 499 10.33 0,03
Youngdeungpo -1.47 10,03 10,30 0.02
Norvangjin -1.41 9. 96 10.36 0.03
Sinwal 1.41 9. 492 10.36 0.03

ME

=000
=000
=000
=0.00
-0. 00
=0. 00
-0.400
-0.00
-0.40

CCPP

-13.01
-15.64
-17. 25
-16.49
-15.45
-16.13

15.33

15.63
-16. 74
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2 6. Marble test £ =& (25°C)

Hm““u,“lndcxcs . Calcium Total Conductivity
Arcas H“"“H,H pH Alkalinity Ilardness Hardness (prmhos/em)
G 5. 50 h2. 4 Gd 8 B3.0 180,77
Dduckdo H. 50 53,2 ha.6 T2.4 166.6
Amsa H.57 9.6 3.8 TT.1 167.7
Kwungam B, o8 2.3 6.1 T30 165.1
Bokwang 5.53 60,5 4.9 74.5 167.5
Sunyvu B.0Y B0, 1 63.58 7% 1 171.2
Youngdeungpo 550 63,3 63.9 AN ) 170.9
Norvangjin 5.50 6l.2 a4, 0 T2.6 166.7
Sinwol 8. 44 61.1 61.5 Th.0 16G.0
*Alkalimty, Calelium Hardness, Total Llardness: mg/f as CaCQy
# 7. Marble test ¥ it g E 2|
S =
“~Indexes LS1 RI Al DFI MF. CCPP
Areas “EHHH
Guui 0,33 .74 12,01 1.03 (.00 2 06
Dduckdo 0. 18 H.01 11.85 1.08 0.00 1.69
Amsa .22 7.93 11,59 1.19 0. 00 2.7
Kwangam 0. 18 803 11.85 1.08 0.00 1.60
Bokwang .18 T.97 11, 85 1.09 0.00 1. 88
Sunyu (.28 7.81 11.95 1,37 0.00 2.15
Youngdeungpo (r, 23 7.83 11,97 1.23 0.00 2.42
Narvangjin (.19 T.%4 11. 56 1.11 0.00 2,00
Sinwal 0.14 795 11.81 1.00 Q.00 1.7

E 8. At &P atye L
Marble tesl, 2 2 =% pH2a| d]w

pH}

Areas Caleulated pH Measured pH
Guud R 54 &, 60
Dduckdo 8 56 8,06
Amsa & 35 8 37
Kwangam &.35 8. h&
Bokwang 204 8. 83
Sunyu g.55 8. 57
Youngdengpo 3.54 &. 50
Noryanmin 4.95 4. 50
Sinwnl 8,02 & .44

b

kol 2 Zleld JERRA gk ol d Ha
2 Aikll 2d galdge zEaT 23wy
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EhMtZhs L 54
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GHitd g FEobx|ae] WHEE HuH?] # 5o
T+EZFA Ca(OH);, 1~10mg/l as CaCO4,%}
NaOH 1--10mg/ as CaC0, & Y1 427
W = pH, ¢#eElx, G54z AYHER
5 e TS XIALE AEEn



2449 %71 A - ST - YYE

114 15K MU Re] B YRS
1% 41
-E B

il
o
) "’f""‘. Ead 3
85 E
M @
T = E
—— -2 i
TE= pH Q
" !
—p— 50 [ &
Lh Alkalinity o
=
—— i - ;.

.6 Calsium =
B — . - - : - : —L]
0 1 3 T & € & T a1 @ 1o 5
COHIZ Cowngelmg/ ae Cal O3 I
|

13.9 CalOH), 528 wd $F3AEs
8 il

+ae

B

pH
o

Alk.b Te.Cone.(mgll sa CaCOA)

"I_.A- ;HI— Fas .
/{ —— Lan

7.5 alkalinity '
- 23
.,——I/‘/ Gl hurm

B 1 2 3 4 € & T B % 19
MO Corageirmal me CeC03]

Baluratisn (ndlean

-1 T T T T T T - T
0 1 2 - 4 E ] T B » 10

Ca |0t Doange{myl as CeC03)

7 10, CalOH), =
2] Wa

=Rl gkl mb2 BYEg EIAF

16

. . - i
1o :‘i:_’-__'—-—"'—'—-—_ |

o
i

Selurwllon indicas

—le | 8|

—— A —=— Al

—&=— OFl —#— ME —d— CCFF

l‘1'ﬂ T LI T T T T - T T T T
a 1 2 3 i 3 B T B P 10
MNalH Dosnge{mg e Cal0T)

T2l 17, NaOH 5% g2 »aas
9o} 74 10& CalOH)WE

24 209 39
£A3 GIBE LA
o]

wo] BT U A

c}. CalOH)Z 4--5mgl as CaCO3;3 9
atd & M= LSI = -0.52~-0 26, CCPP — -
1.34--0.452 & TgEez o BEE &

=7 pH= §.11-8.33= Heg H7|T
£ o}l gtk

Ca(OH},E 6mgl as CaCOy; FYUatnuZ o
ISl = -0.07, CCPP =0.19, pH = 8.51=
Sagae B9 el AGA HAR, Tmgl
as CaCO; F&tdE of pH = 8. 67, LSI =
0.10, CCPP = (. 9022 9F7le] il Afe]
2 JeEhifid

29 113 3¢ 12 NaOHF F4# 79
AT wikdg 2a@2 a2 HEES e A

22] 12, NaOH F<lare] wE ebsbzlygy F3)e] 402
Gl

"53]1:-}- N;:I_CIH"'-—-— Eimga’f as CHCDg = 3-%'5&‘%‘ TI'“

LSI = -0.07. CCPP =0.20, pH = 8.499]
S, 9mgd FstEE W LSI =003,

CCPP — 0.64, pH —~ 8 ha2 <of dpsst 4}
B E WEhH AT

2 CalOH).=t NaOH Fglol| 2|8t
B2 g

S apg|

pHFEIEH dZeA == CalOH)y, Cal,
NaQOH Sel o] HFEE 2 2gdon o]lsL A

ds Abgabd EE giddge £3Yd=s 3
A gl 5T elido] 9 o AlAL (K
wIA e A+ pH 6,444 pH7.02 =7
g W T2 ot o =26
pHA 44| 2| &t waAY

L5~ o)

| =R
== T /=




®11% %148

T RGRRES

1997. 1

0B -~
5, it
B

0.5
i —
E r NGk

£
:

#a

¢ 1 Z 3 4 6 & T & % 70
Dossge{mp/l s Cal>03)

23 13 CalOF)y9} NaOHF: Q) 2kel] whi LISe) W3]

|
£ |
% |
i - |
: |
! ok - '
K MalyH .
i =B 1 - {
CaftrH2
* _/
[ o
-1 T T T ——— T T - -
6 1 2 % 4 & & * &K 8 1@
Ccnga g/l as DelOm

T8 14 CalOIlL,} NaOHF%) %] w2 CCPPY w3l

etz Eughel gl

CalOH),& T3k A<l NaOHZ F¢8 =
AFEYg S48z dgEo] B 1A
LSIe} CCPPr} 7] ool datzdgsel xd
A g TeEsd Ro Z9agL O 5 99
o 28 135 29 14%= CalOH)XY NaOHE
A8d@s HEe LSIg CCPPs wWsle|n},
NaOH= A FYe] feolsiz|gt A =7}
Y257 gemz pHE 2EFIda $xelx
oz ge] FHo] o w4 Fabs) Mo 2
ch, gk CalOH),E <A Az Aledez
W AF=REY 224 ZAE AE + 9l
2 ALE ALz

4.4 B

Trag ®@idFdge] dY4ds PGss]
3 A Marble test2] EA1L dmaldn &4
97l B4 QA2 Adel £EEA detd
Marble test& 3} &, chald s ==
dHe] g ABL TEIH o

1. Marble test2] Az CaCO, Marble
Granular, Marble Powder?} 2% 4 &o] 2%}
shg o o= A] Marble Powders A}&3}
£ Aol 7ty Bude| At

2. Marble test Fof W &% 35 pHEe} P4l
dg FaATFE AL pHE 2 & Ael?t gl
=

3. Marble testo] &]d) ©olzdgel I FiH
=l £28%E A)7H2 CaCO;. Marble Powder
7t 14]%, Marble Granulars} 3A]7F o] 4ta] 9]
oo] b 7P E 124 e] LA,

4, MEA 9 Fad AT AGe] FEEL
5T Tikdgo] BE¥E AHE HAAHE ul
2 o=

5. Tx=d CalOHw2l NaOHz T4 3
pHZ F3% Z3 CalOHkhe pll, g8 w
W& %7H71E NaOHo| vaf zg7le® %
A EHAA B 4 7] WEG BaneY ¥
A7 S dez NaQHETH 73]
ZE (Corrogion Control)ol| Bt} 34 alelelg
o4 g U™

H
LR E:

&IFEH

1. G.J.Kirmever et al., Principle of Internal
Corrosion and Corrogion Monitoring, J. AWWA,
Vol. 75, No. 2, 78-53 (1953).

2,988, e o gddss] £33 dast o1
S T=gEd, #2528 FedEadeR
3. 57-64 {1993).

3. Azl Hrlsd T 5¥A AP Ee &
ol Bt E2] A4m M)l B4 T g A gyl
A, (1994)

4, FH&, A FE ghHFAAY A& YMCA §7



114 %1 #%

=3

10.

Aamyze o dAE 45 e A4 6ol

G4 O UE P

T HEer AUEE
(1993).

o|HE, ATFZ THEAVE A
wdTH, (1990),

zxd A59%4 #4+4 A pH #
Cabonates =8| gl Bt A7, WY
A, A2£, 545-64 (1987).

A 53 HAEAYR, 6-36

A37147)

- M.G. Fontana, Introduetion in Carrasion

Engineering, McGraw-Hill, 1-2 (1978).
Merrill D.T., Chemical Conditioning for Wualer
Softening and Corrosion Conlrol 1n Water

Treatment Plant Design, Ann Arbor Scicnee
Publ., 497-565 (1976).

. Degrémaont, Basic Physical-Chemical Process in

Water Treatmentl, Water Treatment Handbook
Sixth Ed., Degrémont, 261-275 (1991,

M. R. Schack, Internal Corrosion and Depoaition
Contrel in Water Quality and Treatment,
AWWA, 897-1111(1990).

11.

12,

13.

14,

15

16.

W H.O, Guidelines for Drinking-Watcr Quality
2nd Ed., 138-145 (1993).

W.F. Langelier, The Anulytical Controled Anti-
Corrosion Water Treatment, J. AWWA, Vol 28,
No. 10, 1600 (1936,

APHA, AWWA, APCF Standard Methods for
The Examination of Water and Wastewater, 18th
ed., Washington, (1992),

AWWA, Corrosion Control by Depozition of
CaC0D3 Films, A Handhook of Practical
Application and Instruction, 20-26 (1978,
Rodolfo A. et al., Experimental Determination of
the Calcium Carbanate Saturation States of
Water Systems, J. AWWA, Vol 77, Nn. 10, 92-94
[ 1955),

Mark J., Marhle Test Solves Corrosion Myslery,
Proceedings AWWA Waler Quality Technology
Conference. AWWA, Denver, Co, 1687-1693
(1995).



