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The Characteristics of Pipeline Scale Removal Using

High — Frequency Electromagmetic Sytstem

Hyun Jae Park

Department of Environmental Engineering, Graduate School,
Fukyong National University

Abstract

The objective of this research is to understand the characteristics of scale
removal in pipeline by using high—frequency electromagmetic equipment.
The old pipe materials to be used in the experiment are galvanized pipes which
are used really in the industrial fields. Moreover, this old galvanized pipes are
considerably corroded as there are used for 5 -~ 7 year. This work is to
understand the conditions of scale removal characteristics by the various factors
such as temperature, pH, total-hardness, Ca-hardness, COD, SS, DO, and micro
material element(Ca, Mg, Fe, Cu, Al). The research is composed of two pipe. one
pipe is with high-frequency electromagmetic equipment{sample pipe), the other is
without high—frequency electromagmetic equipment(blank pipe)

The results obtained are as follows ;
1. During the experimentation periods, temperature, and pH are hardly unchanged

but DO is smaller the data of sample pipe than that of blank pipe. The difference
is approximately 1 mg/ £ .
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2. For the results of SS experimentation, The data of sample pipe using
High-Frequency Electromagmetic equipment is increased. Because the bonded scale
in pipe is removed by High-Frequency Electromagmetic System.

3. Total-hardness, and Ca-hardness are also increased in sample pipe. The

difference is approximately 2ppm.

4. Micro material elements(Ca, Mg, Fe, Cu, Al are increased as the effect of
High-Frequency Electromagmetic System. For micro material(Ca), the data
difference range is 0.2-0.3ppm.(average 0.25 ppm). For micro material(Mg), The
data difference range is 0.1~0.2ppm.{average (.15 ppm)

Other material elements are also showing that sample pipe is higher than blank
pipe.

From the above results, it is confirmed that the high-frequency electromagmetic
Systern removes scale in pipe.
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2-1-1. 27199 A9

AL A AFa499 #EH(Fouling)olgte doldA Falsds, €39 FA
M dAFE F/YIE EELE Ao vEyE gFdAM FHA AHEHAY
-3 dutd oz A A(Precipitation), YAHParticulate), 3+84¥H3-(Chemical
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=% drH(Taborek J., 19720 Suitor J. W 1977). 53] 2x¢ Wstd] mg &9 A
o2 Q15le] BEA o]0 duBy] FWd IA = HAHE F3S IA 53¢
olgt 3w olF AA Yol FEThH(AEA, 1999).

25 HgHu S AL dY AN BEES gasta Jow 1 dFe A4, 1
deisiAele] §%9 1 AWy Sol AN F+ 29 BEEe $H9 3 d=
th EE ol E£Ee Bdd UR AuUF 7] & Atk A AsiAs ool
BAYF Zo 5% 385, E APE & s seA 2eA F4L doly K
dg) Uwe] A At EARIE Bk
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dele] RasA BolAE A% AAY, $AYN ¥n =, 452 vpee] P Ho
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Table 1-1 The solubility of scale in water(Zdd1F, 1999)

2 A9 (MHW, 2003)
2 AL (MHW, 2003)
2 A4 (MHW, 2003)

A% @) A E(LE)
CaCOs 143 | 150 | 178
1811
SagE P (25C) | 60T) | (100T)
Ca(OH); 1130 | 910 | 50 | 840
m
eaE - (25C) | (50T) | 00T) | (190%C)
CaSOs 2980 | 2010 | 610 | 760
iz i (25C) | (45%C) | (100C) | (2007)
MgSO4 %6 | 587 | 480 | 16
100g HeO
gamtane | 0 | s | @rs0) | ano | et
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3 o] FXAA B4l BEAL UATHVerson, 1085). THAAS] FFHoMqE
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Fig. 2-1 Localized corrosion of iron surface(Fi#5Fk, 1984)
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Absl 9 gglulgo] AP

FIH 1 Fe -> Fe + 2¢ (1
228 1120, + HO+ 2 -> 20H (2
/20, +H + 2 -> H0 (3)
H + 2% -> + Hy 4)



dvrgon FAWES wwy we A, IV 2= %7 GEA o

Aol dAe MEHLE AATUY

o] S SFREFAAE £ pHot §&UrFrd wet Wast=dl, &0 F4
E dEEdd Afds (29 Zol Ata AnE A Aol ZAstA HW (3
At (el vpebd b} Zo] Fa2 WY F o] dortd dq.

4, g E oA 3FFelM 24" OH 9 $3%9 Fe¥'ol Zgad &
sk A 13 & A

Fe” + 20H -> Fe(OH)s (5)

gal SFe) §EALs) wgeto] BN S48 A 238 (B %, FeOHW 9
o AAB,

Fe(OH): + 1/2 Oz + HiO -> 2 Fe(OH)z -> Fex(OH)z (6)

o] & HAZHAE FeOsXH0) & Ao R4 3 AAEeiAw, o 24L&
Basty Abae) o] FEIA 4 ASdE 2 T ANEY AAiEE, 0B
H 12 53 27 E 455 ey, HF202E XFeO + yFeOs+ ZH0 =
Moz dui g ATKFIHFRE, 1984).
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pulk water containing O

X ]
N Fedi
Fell el »Feli1: 1}

Fig. 2-2 Model of corrosion tuercle, showing the form of iron oxide

(Kemmer, 1979)

A AD glolM Famt 49l FE£9 AglE SFFAA Faclee) Paol
dojd 4 fomw Thool AAG B doju,

B Cy -2% ->Cu (7
L3R 1 1/20, +HO+ 2 >20H (8

oA FFH FEHolE, &7
;A gd924 Ccu® + OH

Re BT 499 2% AE

A7]18) whEe ArFegHor APda 4w, 5 FHAE nAE F3FH &
Fol EAgtn Arwd & £xrt AADHFEFK, 1984).

Fae] 7|5 o2 ol &0 ohym o] ATl 3 FQH o)
o] e]ge] o3ty AF o] FEHFWE Z4F Ao & ANAE s w0
A 2 23 g2 T5AH dFAst g FFF D FEEHO



2AEE Ao THPIHT X, 1984),

T RAHAS FARE AAL Y AT Yoy 1 WR AREME F&

x4, 224, FUWPH, WP, LEx, a9n FEF QoM LA BFYAe)
B2 2 Qaelm %3 Ewel ojd olF F&Yel FEee EBAHE A I
AYHQ Ao P,

thgell AN ShS Y)IEE AeRME GEEHA Ytz &0 FEA
07 olEFE, BEAALY, 2k, F% T AelE AWML IHAAIh BT
2B oles Aol F F&9 AP ol 28 AFARA o FFe] &I}
9 Faolo] WA FAV} BAFH FAAN FEo] FEYLEN F2Ao] Uof
FoHPIHF X, 1984).

E 2-1.8& 39 ¥ A24998 JeEldth(Verson, 1985).

BE F4e 4% 249 AUE AN dom e BT it 24z A
g8 WAEY 2 249 YRS oL AP Yz WY ted B

{Verson, 1985).

Mg >7Zn >Fe >H > Cu > Ag > Au
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Table 2.1 Electrode potential versus normal hydrogen electrode at 25C
(Verson, 1985)

Active & Noble Metals & lons Potential(V)
Active(Positive) Li(Li") -3.05
K(K") -2.93
Ca(Ca®) -2.87
Na(Na“) -2.91
Mg(Mg“) -2.36
AlAT) -1.66
Mn{Mn*") -1.18
Zn{Zn®") -0.76
Cr(Cr™) -0.74
Fe(Fe®) -0.44
Cd(Cd™) -0.40
Ni(Ni“") -0.25
Mo(Mo™) -0.20
Sn(Sn*) -0.14
Pb(Pb™) -0.13
HH) 0
Cu(Cu”) 0.34
Hg(Hg®) 0.79
Ag(Ag™) 0.80
Pd(Pd*") 0.99
Pt(Pt*) 1.20
Noble(Negative) Au(Au“) 1.50




2-2. 2AY AA A #F A7

=AY A A6l B3 AFEL 0dU7A BE AT o)FH g ol
A7 d#E AESFAEE oS v Brecht(1959)5 3% Buckman(1958)% 28]n
Eddy(1958)8 2 AL AAETA FoAAM AR, 3AF, 4FF7 2 §718,
7], PIRE, 83 H7hA Fo] B 43 A4S Fio dog guE JeidE 3
A& dFolet A3t

ok

Markham(1980)8-& ~AYE F4sts BAEL A Fd 2FHo] gle= ¥ 474
2A Aadd AAE FAANZ 5 Sle FEEQ vZFTZY polyphenold THRF
a8, FrlEd 2 JEE 9 3AE ANUAN FEA EA| sFEH, F
#, 718t 98 Fshik$g Fale] dgdes wsise] AAAAY 7le Fo] ARA
24 A7FAl(alum, filler, pigment)d] oJ#lA YAEo] A SAHAY FAHE ~
Ade] BAdTe B

Brouillette(1990) % % Reyngoud(1994)5 % 2x9] Ao ulel €z 4o L7}
Zadte Aol dejdrtn M uEHel Tai(1995)5 3 Severtson(1998)5 & ~AY
ol ¥AH FAHE ARL ¥ 44, 4 A, 2WEY Y 49 3942
Fyden 2usig. &, AL AFSAAE A28l £90 Frsw FANEo o
oy 2AY AE EAL L=/ Aol wEl Sdmrt GolxWAs TEEt 2
As el 2R 4] AREH fHmrizre] FobAu Teln JAHE do] AAo]
a7 AFEd Bzhre) 885 et Radsy] AEd E357 Yol ol A4
dd AL o2 Ade] Ba gFIE AL AR R A&FHog HAsA drh

2(1996)= 2Ade] 4 E2Q Hrt= &9 T grb F459 o] Fxa A
AN, RT3 Feer FLo ol & BELo Lol whgde 1A YHES
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them BAEEE Ao Ridetd 52 =AM ofmhel wreAe whg o] A

Ca(HCC’a)z - CaC03l + COz + HzO
Mg(HCO3s)2 — Mg(OH)}2 | + 2CO-

Froass(1997)5# Skoog(1980) 52 Z& AAEL o}zl wtgAd A
Z7tetd v gitgde] gddoez wEsia ol RS ©al Ay HAES 8

asgen pH 7 oA 248 BanEe 85/ Golddn B

o

Ca? + COs2 < CaCOsl
HCO: +H:0 <  COs% + Hs0O
HCO: + H)' < H.COs ( Carbonate acid )+ H.O

Langelier(1946)& Fol3l o] &tzZgd HINdd Fole 21 d7adcd
olAE AdTH AT GddEe] JA 2 AN EL: w@tde FHe] &9
T & AUE d4F I ¢ U= AFlndex)E A L3HA
EEAS4 = pH - pHs
o] 7] A, pH : #3 pH
pHs : [93+ AnGE+ &5) -
(Ca A= +M- ¥z x)]

A4 9y
SI>0: CaCOs A (323}
SI =0 : H¥4e

S1 (0 : CaCOs &3 (Ex3})
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eb3 A4 = 2pHs - pH

%A wy
2pHs - pH ¢ 6 :2#Ald A=A A (Fx3h
2pHs - pH > 7 :2A4Yd A B7F (B¥3H

Friberg(1999)= £714&839 Avelg AAs: BHelee #F 2AYH A
FUBE Ae BYHR AN 0 W 22ETE LANA FARFHAN ¥
g2 $HRAL A A4S ARG wasa.

A(2000)= ZeZdxrt gotdd w2k Fol9 Ajo]l SER 7] i FErt

A3 3000ppm A A= F7MERE A dEAE} F 4%AE Fadn
B &g o}
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Linhart(1987) & ZA 43 A7 GEY 4%& ANl 848 AHER
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Asts A2 EAE axsZAs 3 ZE gad, Faad, 244 5o g
A Bastyt, B¢ AHEA] 3EA FAAY & vNE 9L Fetsr] 9
d Z A e A A ARE AT F Y a2 He4dy
& AAsATE Freeman(1984)2 AAIYE 3= AFHL AE3 Lo A
A=, pH 70|82 A% det EX3 4uHE GAsd 2Ad FHE 9A3q
3 BT Steven(1998) 52 AT E F AN @izt AAY Aojd A A
T A =7} SEh @ittt felEE Zastx, pH 6 A RE pHF F7HEtE
gideg gies 343 F4d pHrE 105 ol&<A pH 37489 @atds &
e oty MEvE Ze=vdn Eadkd

Rosenstein® =AY HAd gt A+olA gjadad gdFe A9 F71Ed80 o
Azgolyt ritgtolt 9 B o8 AAYE JAls=d 27 dvbed At
ste] FRUAYO] AemadM dARE) &L AASE 297 dokn LI
T} Vhlig(1955) & 2A1d dAd F38 ~2Ad dAA=

AHE AL okvHy AR WA5rie AU dA oA
F7HAA AL 4 AHE FAANA 2AY AL dAdE dF dRE WF
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2AY AEY Fol2d ulg BHUoEHE FHAH AAY Al B8F FEE H
Hdistortion & o] wel 2AY A4 A FH o] B H SoldA FAstd AY
A AAAEE JASRE %] HHANFEY ARor 2AYE AdAstes AYE
A2 4 Yok sk

Sioumis(1994) = ellagic acid(EAYE #H7tste JAEEL vHE & dHERE o] HAA
& AASR FAHAF J9 FHolE AddEdE AFE I Raback(1961)7
Vernon(1974)5 & Ev]add-olx-4deditd A& dAsto 371 271 F50]209]
FEee FFAE ML 2ZasiAd 11997 T2 F&A T &
TE&ol2E FFAANNAY, EHAFAIRA Fold BEFAE HEtd T RPN F
ool Fol2& FASA st FolLo= ol e FHOX2LE2RY NI
U d7sAdet Alexander(1977) 52 #HAstd FAAAN TAS A& g2
F7] £EEHe} 23 ¥4 WA Aoty FAHHETIE T F e, edEEs I
A-HARS SRS o] &5t AP Hdat AFEHE W5 2% Asdaw g4d
A48 FATY Zgol AHUWTE FAHY 1/45E2 A7 5 o
B3

32

Pporr

Benefied(1982) 52 Zg4%E £2E A% FA8 WY os ALy Fd5A%
2e ol2ug nYPYEEL ol dF ZAAE HIAFHUC. Severtson(1999)F
Michalowski(1997)= ethylenediamine tetra acetic acid (EDTA), diethylenetriamine
pentaacetic acid (DTPA)S T L F&0] &% A (chaleting agent)E o] &3ld F
Arle] Aol Alojdto Zg 2AYE $AFE A+ E A
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£AE ASE Folu RAAYE Fo] F5EWC oA HY EIZ AWM
FAEE A2 FaAUY

Fig. 2-3v &34ddA Hedd7A9 wuggqt Ao F=dFdd g A9
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Fig. 2-3 Corrosion Current Versus Potential showing The Passive State of Iron
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a3 eE Aol Rt L@t Cr® Ni 22 949 3gos 33 o43sg uj
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BAEE= Aoy AAHNA CaCOxs), FeCOz , A AstE3a 2 Scaled 2318
ZEY B dFAHL JMAA, F4£EWY O o]lF8E AFAIEZ BASS

-4& E7}3E(Sontheimer, Kolle, Snoeyink, 1981)3% “&(Riber, 1989)& %3}
2 Scalef§d o2 HE Fag9 gAFH A4LE Heln 9l

\
® i
s\
o F
fod 4
2 - ’-.\
B e
-3 Y
-4 .,
5.— \\\\\\‘

] n £ 3 ]

.Time
Fig. 2-4 Corrosion Rate Versus time
Fig. 2-5% F 3B (Cast-iron pipe)2 T J|AY FAAAHE FZAQQ FZ2E
FEsket addojrt. RAZALLE F&o Hol njyYF ddL gried, o RES

Topotactic® £+ Z93F A H(Graphitization Zone)olel 39, o] Fo= 4tstg F
AEET olye}l dy gz Ax xgsith

Fig. 2-61- = 2ehd BAdlA &3] B s FAREEY #+25 e

Shell-Likeg< #4448° a4 leH, Fes0s% o-FeOOHE T4 H A
A ¥HButter & Joon, 1966; Rijkens, 1967, Weidmann, 1970; Kolle et al. 1983).
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Water & FeOCH {Goethita)
MaQ; (Mangangsa Digxida)
- CaCly (Caicite}
Shedtde”  fi CaS0,+2H,C (Bypsum} £ »-FeQIOH {Gosthita)
LAYEL e { Fe.0, IMagnetie)

Epilactic Layer

Criginal Pipe
Surtace -

Cidized
- FeO0H {Goaihite)
+FeQOH (Lepidacrocis)

FaCO, (Siderie)
Fa$ (Pyrrhotite}
Fa,{PO,)s » 8H,0 (¥ivianita)

Topatactic
Layer
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N | Recuced
ey AN
S {

Fe 0. (Sierite}
FeQ, {Mixed Oxide)
C (Graphite}

S0, (Silica)

FaqP {Schrelbersita)

4 Fe {lron

Fig. 2-5 Schematic

of Scale on Cast-iron Distribution Pipe

Enveioping, Shat-iiks Layer
Watar
ety 2OH™ o
.4 Sy f Y
= e OMHY o Nop o 808
Greers  Foll, FaQOM
N, L h Pt H
¢ Ay
e ATTTTTTTTTIT
fron

Fig. 2~6 Scale-Forming Mechanism
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2-5. AFute] g 2AA JHAA L AA K4¢

drSd 23 2E FAHERAEZIHEL AYdHAA d50=2 EA43A o
A7 7 dAY S SEAV AHU9Y FAgstd £4 e NG #
& BAR o]Folx BT EAAIER A¥sAH glon, B89 F$= Fig.
2-104 3" A ddo] o|Fo|A o, Ak (MHW, 2003),

Paier musscule ,o—\,

Jf@

’_( HYDROGEN BAND
/I‘

T 2 SORED

Fig. 2-7 Hydrogen combination model of water molecule

A7)} nFEH HAge] #HEA dHEAEF] BH3H § 9 @ddaw I
#3 gaA=rt FA8A Heo] Fig. 2-89 o] dAdh, 2A7te] A¥ o= Agse] 4
ol & o 22 AAYE uFEH AAitd w2l 243" 29 #4532 @Y
A 9% AP dFE LA ITHMILW, 2003).

BN SO TR |

&

Fig. 2-8 Weakened hydrogen combination model of water molecule
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Fig. 2-904 2 wish go] RES SEAZE d FadYo] T2 Aow
A nFEG ABHAN A AAANE Aol 8] FrmAYE HIHL
pabee AR BRAZ ZojAd RIW AAY BEAE nFH 3AF) B4
st HFRAES} Folrth F4o| Frislol, #IBEA 2 A7 Y4 P

#3ae) 33 B £9) Ca¥, Mg™ 5 Fel ol Astela, 437 FIA & &9

COF S Loleo] alald o]BE T RHEZ Yo Ca¥ Mg¥ 3 CO& 2 s

M2 BolAA Feo, TFEEE A ol FE AYEEL FFo CaCOt A
T RS "ol 2AdE LA @, ES o]RA EA4Fd E AT #dYdl

=AY Fo ¥, CaCO; RARES A£2S Hajste] 7|& 2A4Y 28 FeY
A ste] Wojmal mAS PAZ ol HMrhid WET (MHW, 2003)

L BAR Scale ggg A Seale
(B -CaC0s! (a&m Sachy)

Fig. 2-9 High - Frequency Electromagmetic Principal
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2-6. ¥4 2P AF
2-6-1. #49) A7 8sH Ty g

g&oe] FAYYEe] B4 1 AAEY o 2o A dux Zd w2
& ¥4 otk AFAUA AN A wee Fol},
]

a2 g et Y] Al VA Als A e Ad wel tiEn AL Z48
e} whg- A g2 <ol th(Verson, 1985).

A HAEAA 559 4 ZAMANE 43 AT FALG MY EAQ8h o] A
Ae ANda HYdee] o2z = 2459 AgoR & Ay, ofg Aoz
e gl

nMe <---> Me"™ + . (9

2 AP & o F&o] BASAY SHgciE AL el
o o] WHEE F59) ol&s W e A&AAR FHFYH olEW 7R A%

Whgol L ERoE WYY | A5} Ho] AxE WEA Hu, 1 d3 dFE ¥

o8 527 Ha, wkgo] 9Fow JPY ¢ FHo| L& WA o4 #9

Hv o] A& AFE FToERE FIFoR T2 AAE 2o g o] FIr)

ol Ze A7 wge] £E= A 3 A & FaA JgREd Fig
2-10€¢ WE&Esk HYW A7 AR HIAL ] AT )EEE vhepd Aol
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{Verson, 1985).
A Atzgde] WE kg g8 ANY dF9 FL e o dige ukg
£27t AEE 54 o o] =He 2 A HF s @eh(Verson, 1985).

anodic current

‘potential

cathodic current

Fig. 2-10 Potential versus current for an electrochemical reaction{Verson, 1985)
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2-6-2. ¥4 YA} F5

IEEER

& Fig. 2-11% o] 8 7}A ez HPse= o dAZ G A7 2

Q&M EFES dtiHenthorne, 1971).

CRETHSEaH

{

-
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|
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« exnsing
+ CERVICE
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«gxfoliation
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i
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¢l

=8

« intergranuiay

! e siress corrnsion |

Lracking

Fig. 2-11. The different forms of corrosion(Henthorne, 1971)

() 2449 Aol e} BF

O #4%4 : 93 e F7ldl et 24
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O Y%A : 359 AHWA FL3A $4
O 2R¥2 : 359 GRET 22

- AAlH = H P2 (Macroscopically Localized Corrosion)

L

® A oy Fel
TEY 4 gt

© Pitting(M B F24) 22 AANA SH AL 723 APNA F2o] Alzty

e $AYE AN wAH T35

- AlA1 A ZE 32 (Macroscopically Localized Attack)
A H ZRBENGME EAE F49) Fol H4Azn Stoz B4 A

571 Al 4Re ol dofg £ ok E HAY FREAe 2P
R o REAN doluhAg, WAL AL A9 g,
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2) ¥ 49 #H(Henthorne, 1971)
(1) 7Y E 2 (Uniform Corrosion)

A dwrd el 29 Yee FHEAA AA ¥ FUeh) HAGE A9
FARelet stvl, ol F4olt AN E: AT ARG sHerE o)
° % 9ok

o] olo) WY Yol Frhm LA Ame) Mo} Tr HAY P 3
Aol FARNE gy ASHY. FARAL M F4F] 4E 2o,
FAHQ 242 S e H0E vde] $ @4 3lcHHenthome, 1971),

(2) AA -2 (Galvanic Corrosion)

% e e F40 AR FZHo (T ArEA2 AAso]) deld LAs)
2AY W ARFHo] dojurt, oA FH@E WolRrt BAHT o] W &
4% B3t AF/F 235 YEE St QEPo) 47Tk ol L AR zFL
= e 34%9] i3 2NN,

#FE5e AYAL AW F AAF Aol dojd 7Hs4d e 98 Frisit o
71 F5F AL F44F shdntel g8 g Fid= Aot
HEFLRE Fagu] Yo EAE Y= 2 9L WEd g2 B
H& Active”d F&0l8 otn Ar|EA Q& W B @ RAHE F4% "Noble”
A= N1 =

(3) A2 {Erosion Corrosion)
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FEEAYE FAGA IFY B AAH wwt Bwrsel 4] FrstE A
& wattd, Y4 Fage Hrbekrl el Wk Bm A% me 2 Aol 9
o RE AN 8402 $7FAM F49 w3 sdoly R 2Id ¥4 4

(4) EH2(Crevice Corrosion)

oW EojAe) #AZAL Aol o] web 1 Y AR LFEARE o}F o
F Aed By FAA40] AgE g0l B4 AAE o IHHQ HQle] Hrl
& X% Gaskets, Lap Joint, Bolt, Rivets5dA & & ovw HE o8 HIFE,

HARAE Paint®e] Scratches S0 9alMx: AAH

l

(5) H"3d ¥ A(Pitting Corrosion)

Ay B0l <)o) 2L LAFert glodl vwA A Bax] g W 3
H(hole)®] VA& TatE AHoln o]EL o 714 FHE 7144 Ut
AEpit)Y] P E3] RE FAFAAA FAZ 2o on] AFE FR2A A
A g ol fot viAtAY, HEE AR A" F5-2(Self-formed Crevice)olz}
28 5 .

© weg ddd Y5

U3 (exfloiation)’s AT HHM Ao 2 ojflz APst EAFAL G§
o wrelsh S gEge PAde 9ed mge owe 2 ook

et oz FAYHIL fely W BTN L EES /I AR Kol
Bee Ag ¢+ Utk

M 22 Partingolgharxs ok AE F5dA 3 A=t AA He
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o
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@ %8 24 79
SN Yol w R PAuAldE 5540 gdold om FIH oAu
B gl o] AT £ ¥4 Aol Hrh o9 Be FE-FAHE
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2-6-3. #A9] 9FAA

D $Ad 93 FFAA

FHE WA d ANET) Baw FEAGel oa) BARAL S,
- 293 A%
- #3534 ¢lx  : pH, Alkalimity, Chlorine, Residual, DO %
- BRI Az A AshiEeo}l a9

gurg o}l Sol ofe Ag

& 2 F

Jo

2AUA FTE A FABNE B BYW gRow dalind, FEYAAA
e 9 4284 $5e ARG gt TURMEX, 1980).
(& o719 st FAe ARE AL b

@ pH : 7 odtes A4 ¥4
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¢ 2= ;10 ppm °)dE F21 &Y.

¢ Lol 1 30 ppm °]FE FA Yt}
4 4] & 30 ppm oL F

€ F73% 70 ppm AE7} vl s
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o
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AAM 53 FEHoLY FALEE JPol B RARY

g

(1) pH & 9%

B TAA HE TR AL F pH o|th. Fed| A&
M F-Axo gk pH o &EAES SH8Y Fig. 2-1238 2o Fig. 2-12904 ®B® <
Aol o 4L 7RIl pH 4-10 H9l e EoN s AEWo] FASEY Furo
2 g3H 7] " 29 pH < #xglen, pH 4]t A& od}o]
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2o FARAY $AL st we pH Bl YIAE AR S aA I
MBS gAEs 2l HAo] gaste Ao Uk AW FAFAE RRE
o F&e] A B kv

ady B2Y8 e nL£FA e pH 13040 NaFeO; 2 Hu2z &€
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A §FAo| Fhgc}
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oo $Fe dol 2Ag A% A TN 9%

FEAZ HE3td A7) 2(0H) 2R #" 5 glonz #4429 M3 E o7l
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ek 21%F FEAERZ Fr7 HEde FTde 25T
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8ppmet 427t £aa gl

, Abdel g B ol9d
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2% AgY vdsA Fulgh(Larson & King, 1954).
o AFAAE YA " BHEdd gaAdtnn g 5 9l

(Fig. 2-138x) ol &H|
o oA aae] £dE d¥o) 3t At ARFES Frte Hio] gas

W oEg dz]Fe LB wdstd F&9 e web FAITPIFHTX,
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Fig. 2-13. Dissolved oxygen and corrosion of iron
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Fig. 2-14 Effect of dissolved oxygen to the corrosion rate of iron in distilled

water at 257C
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3) 3T BHEY Y

Fig. 2-15% #o] 5 &3 Lol F7tstd dEAo] Frtsd.

1A FRAFIE FUrEH A RAALEC] SHEHAM HolHA YA s
e, B e FAHe) APHI, BAEEE FAweh 22 o 06N ¥
ZoldlM  FHeol HAm fiste AL EFEUNaT A4zl wEolthFig.

2-16.) (Borgmann, 1937 Hache, 1956).
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& ool #
w400 "
= § 3 133 Jf’
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K3 ; T e
& 2:)0-\ : 0.0 ’, \’g’ﬂf _
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Fig. 2-15 Salts concentration Fig. 2-16 Effect of salts concentration

and specific resistance

aslgdre) dont Cu¥, Fe¥, O, Hg¥ o o] Aslatgo] 9t FF&o)ee
£3R L APANEZ AR, dwHA FoleL o] A Ca”, Fe¥
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A g8y ZAoe, Fard #U4 Mo Aol JE EAAE 1ppmo] st

g 33 Ee] EAQSE A E FHo] FEER FoTH(Volkening, 1950).

FERAPAR] JAFTAM FAAD L9 FIL AEE HAHIHH I g
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Fig. 2-17. Effect of NaCl concentration to the rates of corrosion

for Fe and Al (d B4 &=71743])
Hgo d9 Frbl o AL FMEHAR, oW #F o] FALE 3HA4E7

NAAN EHFE P2ANE 5% woE A gk oA 249 sheo] oo
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B HAEEE ¢F9 o 1y Q/mERE $TNA 10g Q/cm, sFAFANA 100 -300
pQ/mZ A H3 #FAAE 40,000 ¢ R/cmol 7HX] ol

2y Fo X utaiN A4 g R ZAs] dE ) FASEE SdPE
At Asstz] AlFete g d¥ ot 2 22 HY APAoE i A
ol dofrhr] wgell 548 dAEA =HAAA drHAEF =2 3YH3]).
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@ F&9 9%

Hoe Sxee) JAAA BY RASELE exd fd A% grHom FAw
ioeAe $A& R BAE 2R d%e 284 s AYHA g dF
g0 AU 7 BANA VSR oF LEAGI GER L 45 o9
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e EEMSE old¥ RE WHY FTH AAA PSR 9P Fuz

Fig. 2-18.2 Fed R &% mlx& pHal%@—% A Aoz FHARI epd
PR 2T ME pHd -10 HHol AT, 57 40T7 g9 Fa3ALe] Had
& AhggoAe Ro] Tzt FA 714 FHelM OH o129 BA4F7}
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>
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Fig. 2-18 Variation by the relationship for pH and the corrosion rate of Fe to

temperature
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FEMATE Y= FFAA WY FASEE L% 100 Abe] wel oF 30% Fohe
o A7e $AL AAY FHelAE Lxe} gol Fig 2-199) TAMAY He) ¥
A&EE AdH o Frkshl, ARAHANE TH@AY AE ANHow 3
bsht 80T M Hohel gokn o 80T ol el ¥ Abas A% WE wobAAl o
o Balw §E4a7t A Fo =y Wie FASET w8 9] Wk

e EESEs
gL 7
. { b X / ‘
E 08 (b

B L P

A -

g U4 7]
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i _f

& 0.2r ' ‘ 1

[ - ;

G 20 4 GB 8{) 10{} 128 140 160 ISE)
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Fig. 2-19 High temperature boosts corrosion except where oxygen is free

to escape (Heyn & Bauer, 1910
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Maaree A 3718 ESAZ Adsg 2710 Ads3oAd FHS5ES Fig
2-2090 JebUT S&5Ae ZREe £x3b7h 2A%W xR AAA g8 F4

of Q7| UFES BF RELFRo| FA¥r} Hue gL

Corvosion Rate {me/iSh)

I T

2 o

B R EE
Yegporsturs W)

Fig. 2-20 Relationship for temperation and steel corrosion in 3% NaCl
concentration {Brechet & Kirchner, 1959)
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Fig. 2-21. Characteristics of corrosion factors (a)(b){c)
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Table 2-2. The relation between resistance rate and corrosivity of soil

Resistonce Rate {Suom)

Lorrosivity | Palwer! | Applegate? Witers® |Prituls® | Bomanoff®
: Evaes® | Tomsshews
Peabindy?

Very arge | CLOW | CLOOC | <90 | <80 | <70

' Large 1,000 1,600 900 500 | 700
=2, 000 | 5,000 A L0000 | ~2.000
{ Middle 2000 1 s000 2w 1,000 &, 000
1 OO I L R0 | 2,000 | ~5.0m
Sl 54000 10,000 15,000 2,000 %5,000

000 100,000 | ~10,000 | ~10.000
Very Snall | ¥10,000 | > 100,000 | 510,000 | 10,000

- Notes = 1 J, B Palwer : Mater, Perform, 13, No.1, M {1974),

- B Bpplogate ¢ Cathodic Protection (1960),

F. U, Waters : Covrosion, 8, 407 (1052), , _

- R Evans < The Corrosion. and Dridation of Metals (1971). -
VoA Dritula ¢ Cathodic Protection of Pipeline and Storage Tanks (1953).
8o b, Tomashow ¢ Theory of Corcosion and Peotection £1966) .

B, ¥. Peabody i BACE Rasic Corvosion Course (1974).

- . Romancff : MBS Circular ¥o.579 (1957).

A2 0 e

B0 e e s
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2-7. AU =AY AA T

2-7-1, Polly Pig Cleaning 3

D e

e HgAe] £23 A9 Polly Pigs =3 ZAsd FUE FHA W

B
Pigd® FdRo ZH7 dAHe] @ee &4gle] Fad =dole] 5 I Z4E o
222 A3 (Cleaning)3l= 4otk

) FRA0l ¥t A AR (ko) E 17HLE st Ao A #o] sHsEit,
) FFHMLEE Tkm 734 27 &AL, E ) HA) Qo AvFS E 2T
Ao} dad

o) A#AYE ot A g5 gl FhAE FF sHesict

2) ABAF o]E2ZE AAFY G2 FrFTe oEZo AEHA ¥=vh

3 EH

) FEAMNE F B/

ol

9

L) wF @ BAon WAANE Ay 4 d

o) B, GEH Ao B FEE A2 FEAYY AGEUNE SREs U
2) % $&EL AR AAYS Ao
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2-7-2. Water Jet #
1) /le

Water Jet HZo o3 2ugsd a¢i Lo Moo iy E£nxZ2 BAA
A, B9 vtz g JyHd FA45] gl olgRE wHNIIAA MAGE ¥
Holth Ywbdon ¥ Hart & ANHA F& g Adstns, Y7 & AEF 10
g 71Eo 2 aEAM Jet ¥Ho2 MAE 4+ vt

2) A

O AHZF FAxSA A3te] FB Wi GFE #
et

@ HH7|Zto] Fobr G7[Thel &3, RIAEARL] 227} A5

@ AEEAA B 399 F7)7 BAMEEeR FukHe] AT ZHIT LN
2ALEFO] A

@ AHY FTAH

® FHAE &Yl 71w

® VHREE &4gle] AU 2AdE AA

2AdE 4 WFH £ ¢A

o

2 st FFF F71

AdE

o

Foha s

M

Q

F

®
Jo
A

2
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2-7-3. Air Sand (°]3} AS) &4
D AS RN ML

Y EH do] FFAM(IN 200HP, 2 -150) 2]3 3 -6 kg/erd] YE=FIZ

B4R AE 4T $2FAHuE Bote] dolx o FHate] A=A

gdgos FAY B B duolnrle) ErwEm Y48 A=A

SFsk olel EUFE o9 YA fEste Avide $4o] o] FUe) @
dolch QnlFe Ja&xwe AFel A @

AAEEE QAL FEA717] A8 e Frisxz Fhech F e FES
SE2 AvAE dadte Zl5H 2AVEE AT 43 o Fo At

o] YA B REFVEEE
A2gN HFEEHR A8 YAE B3N Po] gla dAntads E2FdsAc.

rl
B
-
=2
o
Ol
of
o
4
N,
22
oy
o
i
o
K
i
£
i
A
T

AR etz #dl
£3dew B9 Yoo SA Antdd ¢EF/E FEAMY FFIAA % 0C
Axolrh old #AdA TR AAYL Az AL HEHY WA} 2EE
FR38t A2 E AT A2 FAHL Ao AntFAR Fo|Y¥A e AHE FH
st T8 AdFA el

FEI-L

F$F7E AFBY
NRT Ee Bage =
A gt

29
dudiz By NgedAr 2 3eges dtoz wEE

N

AGTHY 7182 AG-HARRE 49 F71E 2o 97E #Xgez v
A oo AYuiAZE Frlelng Ag7|zie ARFr]e) e wet 3P EA
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2 E2EE TAHMNA ATEES UG

2) ASTH(AA) Y AdA

D ojms ztEe) 2RAE H4uW, BA, Bhols YeHE BB 2R
FAT 300 - 1000 mm 7K A FES ek

@ F7o] A = A& ST AW T= T AFHA ZYT
st

® ASTHO LHE olgT ARBHolA o BrlBo)t FEFAE Yol 4
B RES BE wolfoio} B,

ant
A
k1
=
o
o

@ ASTHY FHEALHE dAntAA AN FrAEE T 4He) &d2 & F
Ak g}

sEdo] dAE AT Gee] AER F4E B=d ofelgol ¥
® ASTHE © Tl ua w7 el Basich
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2-7-4. Scrapers %

DAL

ScrapersE H2AEd e FHe Steel Framet 2 FAHe] 3, 53] Tempered
Steel Blade’t 23 #@# F9d o v ez Rago glojA Scraping#
Blushing & 2+ 7lt},

o] ATAUE Fgoz FAHEU B e APl seHoz ABAS s
o Pole 2o SR Hu), 7H8d 4 A7), &3 YA FAw A
Avw(Heel Qad ABe Boo Adel W Bo) G GO Eol
vh} o sk F9An

)

2

= =]
2 ANT F Ue BF 2Rl ¥k AUHoE AT FVRY FEE

-10 fps(06 - 3.0 m/s)7t &7 L BAAE o L F&0] Hasi

2) A3

1 3 Hel Ao 2 -10 fps(0.3 - 3.0 m/s)9 £=2 434 ddd FAE
o B2 AwsE 3¥o gt

2) 4ol At

3) HAd FHAAFLE ABY + SUd.
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2-7-5. 71et & ¥

(1) Cleaning and Lining %

ZlEdze] JYydd 39 2AY(Scale)d AFHH(Scraper)E2 LFE
(Swabben 2 AAT F BNEE E9 T 42/ 8539 2558 E S
A g WA Ee Ty}

(2) Pipe Rebirthing 34

ANED A7 B A AL EAEd @8 d¥FAstdYAR FoEdF 7
G Wiel 49 ZYdA2A AR Aloje= ARIE Hag FEd A W
Fol dojuA] RES FstHM FYUANA Fds= FHG

(3) Hose-Lining &9

i3
[

o 93 hoseS 7]%}"& A&aAA A g FAHo BASZ H¢

LH"“ A4, Eo7te ojt}.

g JAAR EE@ hosed] &g AT diid#e] ddd A

WA R AF ] &zl wlel hosed F3o] HASEZ hoseE: -
vhE Ao,

od
b o

»
_LJOH

o
)

My e oo

i

o

flo
(o £ 0
3o B
N ) = r.L ZZ

prh
=
o g

(4) Pipe in Pipe &4
FH-dE3e JQAFHe R T2 o|&HY 7E2HRZ dFH == WA
_?-_

capg ez qas d9da ews Ut 494 Geg
Mortarg Fl3te] &H3t= ol
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3% MUK P By

-

3-1. 48 2A

8
s —b +E

© ot Alg 23
I i —y 2

Blank3

Fig. 3-1 High - Frequency Electromagmetic Sytstem

e @ 2AY AASAL BAs7] Hshel Fig. 3-29 ol M’ Akl A
AR aFsh AAFAE ol gAac

o AZAAA ] F94/#F T4l 1inch o|EE2 F9%4d TE ElhowE o}

0 AZAAXNE FHEA G= A4E blankE 02 AAQHYR, REFE 2WB0E
st nFEs AAANE Ests 958 7 Bl WEg dol 9EiPn 08
Sample® o 2 3} th

E5 Sample?2 2 incho)22 aF s AR Ad&7] & AZF3H4d 2o
% AK 1 inch ---> 2inch )& %8 |4ds4t).

4 N

MoK
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98 Fodde Iz B UEE ot £F4 Wk shsA FA%ed,
AZF-HE HEAEY 9T A= &5 PP YT 2E o] &3t dFsATt

=S AYALY BES A FYAFE SBA/NA D 4N FFE + YES

BNE TR
APPAE AN BN AYAA L As] HIAANA M gb5Ho e

AT WA
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o] mF H2AFA = Fig 3-29 2o Piped}elol 24 HEA7)= Vertical
Type(AZA)FA e FAZA Bo] FYHE Fo] obehel, o= ol 92 F3A
el 130 f 5 @1BAE 20 AAFAe Aeie] HAsA et

=8 1AL F714A @A 7] fHaA Audl A L A9 ofe
vJeld ¥ 3-13 2o

Table 3-1. The specifications of High ~ Frequency Electromagmetic Sytstem

23 44 A B C D E F %
inch mm mm mm mm mm mm mm kg
1 25 89 140 110 60 505 230 14
2B

£

s
@A
g
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Fig. 3-2 High - Frequency Electromagmetic equipment
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3-2. 43 A=

AT A Ao gigez

o,
rot
s
ofN
wlo
hiica
=
>
o
2
R
10,
-
f

NEEE bR GHown 8%

O
rlo
[:.,
]
[g)
5
)
[an3
=
=
il
o
oo
ol
ok
2
i

wE Agel AEY AWe AHgtte) 5 - 7R
13} Samplew 2#% % 329 o 8ao] dalas.

Fig. 3-32 A3lol A& 4& Yehyldh

Iig. 3-3 Galvanized pipe used in experiment (2 inch)
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3-3. B4y

g a7EAHA 2AY AAERE AFIr] Y& AR BAdKezs
pH(FAOIEFE), R, CODEFRHMLRTH), SS(H#E3), DOEZUL),
FAE, CaRk, vHFIE BEA(Ca, Mg, Fe, Al Cuwe ol43gos zhzhe
AN E ofefo] Vel ¥3-2¢ Yeh et

Table 3-2 The analysis method of sample

Item Analvtical Methods Etc.
pH pH meter HM-21P (TCA)
Temperature 2= A HM-21P (TOA)
COD TFALITZANEYE
SS TAL ARG
DO DO 547 DO-24P (TOA)
Tota-hardness TY e ALY
(KS M 0100)
Ca hardness Y& AT
(KS M 0100)
material Icp-mass HP-4500 SERIES 300

_54...



1) pH, COD, SS, DOS} 4

pHY 2% FAE pH meterdl "TOA"AFe] HM-2IP FA7|7]& ol&
Z4%9e9, DO Fo§ &&44A9 "TOAALS] DO-24PE |8 5A3 NG

CODY Z3e F40d3HANYR 98 44 KMnOd2 ol $3ted Adstsiv.
59 &Re FALGTINGNY AAYFABAEL oGkl AF FAA
Je AhE =Egch

2) 4= 2 Cad =9 w4

ZAEE 3YL5Y ABYHEKS M 0100)0) wat offet o] EAHaHT)

O A+ 50k & AFFeraad At F A= 4389 (pH 10) ImE 713k,
@ EBT 1~-238& 718 ¥ 001 M-EDTA &£z AA3c}

@ olul TLHL FMe] AMor W= Al

Ca A dA FA L5 AFFHES M 0100)] =e} ofzfe} o] M3t
O A+ 50w & AEed23 339 05 N-NaOH 3~64 2 71¢ %

@ MUREXIDE ¢ 0.1 g€ 718t 001 M-EDTA ¥&8d22 AA¥,

@ ol FLHL HAMo] Ao W= AlHo|n

3 rEFeEA

9 £

M

Icp-mass?] 7} “HP-4500 SERIES 300"& ©]-£3}le Ca, Mg, Fe, Al, Cu &4 E
da £4g 3t AAE =E&SHA
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H4F 20 & 2%

4-1. dP71H-E%e] & Wy A3

AN FdHE 459 AEL oo ® 4-19 vieRd whe}h o] yEhyiTh
Sold He o] At AdEAY dez 1AFHeR AfHe Eolg, 2k
A dwt Al EREY dF 2 - 3TES & AASAYE Aol

L3 pHe A9 7924 F4 pH 7TEY ofzk Fob &g 4Ly AHlE Holn
At

F45=E TppmUHAEA CaZd=rl MgBdErv 293 =& & AAFaH,
~ALE NMEE + 3le Calddol BL ALz Hofde] aFy HAZFAE o] &8
dA FAE B CaBdxd A A 2AY AAEAHS dFsted olE
o]&¥ F vt AtmdT.

nFFE4EY] 35 EHYE 57444 did 249383 Cars 11.8 ppm, MgE 52

ppm, Fet® 0046ppmo =2 YEMGI, Cu, Al®l AS$= 1 ppmol3dtel 0009, 0.005
ppm® ZE Yehia i)
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Table 4-1. The components of water

= data
pH 79
Temporature 27 C
COD 2.99 ppm
SS 7 pom
Ccr 20 ppm
Total-hardness 72 ppm
Mg-hardness 20 ppm
Ca-hardness 52 ppm
M-alkalinity 30 ppm
Mg 5,198 ppb
Ca 11,890 pph
Fe 46.32 ppb
Cu 9.16 ppb
Al 5.23 ppb
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Fig. 4-12 5% ARZAE FHsA] ol d= B ¥sE 2453 v 4
Aol S 2718 Wy Basey gl nFE S0l Bel €RHUT S
Bogga o 271 & Wi 48 FHE2 dejde 43%8# 1574F A9 A
AdE B 7 A3, A" FREAZ A T e AFs] JAHAA AF
FAd YU

g Aol ARl wEM Eo] TEFAN Eo|7E XTI FIFUAEC] Bl
st S-S & ¢ AT

Fig. 4-2% 159 AAZAE THA A B9 A3S HAFH glv, o] A A4
_/_‘I;

Fig. 4-19049) o] APARe) AAY5% 27lnch gL 9o gadg e,
Azrel AT WA o 5B Bol7T TP FIUAB] 43 3l
£9 & % AT 2 Fig. 419 ¥ et ud ot ¥ g £ 4 ok
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(a) A

e
oA

(c) 274 %

Fig. 4-1

The change result of the pipe without M.HW
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(c) 2574 = (d) 3

Sl
1o
s

Fig. 4-2 The change result of the pipe with MJILW
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7 A-ddAMY dY7) 7FF 3FF s #9) R HE Fig 4-1, 4-290
Yetdigig. 238 JAAARANE FAE A5 @ Fig 4-28 4¥WEd 2Ado
F9E 89 357Yd Fof WsRFAA dFEY AAL] AARE £ 4 Ao

B 27|18 iR nPFEAR o)R AAY AAZE 1FY ollld Sdez
#d3] veld ofF =< pilot test=AMS 29 F#o] ot FAYFE 24MT

full2 715397 HiEez wago

B¢ 4995E 4T AsHon sA5d A% A4 B YRed: o7
g 2 4 b T B0 WHE vy A4 1% ANFANE B
PN

AN AA AEHARE & ATk

F @ Alle] Zol7le WHd B PQe: uFW ANAAE EAE @9
A5 wFgel o8 Eael £RAUAs FrHe BEARS F2mAFHo)
FaANAY, Al o]t ArH AP AFoly =z 9o Bye
oolAn. 2R B AHE w44 @rldezm AsEe /4 ZdA
A W ot o NERIE AFELY Aoz Ad MEs dago] Aol
Mg 8 5 glold nF AARAS Ede 459 o] Bol7st HA A4 ol
Ata Add
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4-2. £Xx, pH, D09 Za#A

A7) E<ke Yol 93 data® Fig. 4-5, 4-6, 4-7<) e Sy,

E3F nF9 AAFRE TG MSampled)H A ¥ B(Blankd)e] WEHE
Fig. 4-3% 4-4°] detiy ol dd7|hFe &%, pH, DO 7} Blank %
Sample¥te]l A o E zolE Mol= A& U7 AF Ao=zM, APAAE IdAHIF
=2 Jehdid.

= Blank % Sample?@ Aloldls FRE o] £ $-9 AR SH S 28] 2
AolFE WPy ¢ gLe deldd ez 3F3 FAAFAS AGA
HEAANE duld L vAA && Ao Azde a8y 4 ¥58 A5
d¥datas ¥3E Hoja it

N
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30.0

050 h et
200 ¢
a
T 15.0
10.0 | el g - "
5_0 n | ¢ - L L |
OAO 1 1 1 Il 1
0 1 2 3 4 5
time,week
—e— 2 —~a— pH ~a— DO

Fig. 4-3 The changing of temperature, pH, DO in Blank pipe

30.0
250 | ‘—\/—H
20.0 +
8
T 15.0 |
10.0 | - - " . .
50 - - = - ™~
O-O 1 1 1. N L
0 1 2 3 4 5
time ,week
—— 25 —&— pH ~—=—DO |

Fig. 4-4 The changing of temperature, pH, DO in Sample pipe

_63_




Fig. 4-5, 4-6, 4-7¢ Ul vish o] 7 2wz Rals e 9= oz
Jete B 4 g

A7IHERY] 5 WHEE 27 - 28 CE % 1 € W9 wE Bt
ey 353 Sampling® €=7F 9 ¥WYE9g diF 3¢ @& olfZE Sampling
A FH2EZ AdA R S0 BEd oY ¥R ddH

Ho

o BRAME AW whoh go] ¥4 ¥ 2AAY JPAXF 2EE 2E o
AF GrHeE FrASRAW, 40 Tolstelng IYEF WR SHFE ¥4 2
2AY AA BhE BAF kA @2 o AW

% pHE F4(EH : 79 "ero 4 2 77 - 829 S YEU.

aEv o AAdefA o e WMeAEH 4 - 107AAE %E‘I‘O] TS
etz QA Sl7] WEY pHeE A7 flem= pH =3 F24 3o 2#Ad
A7 dotE B E 34 ¥ AR Atayrh

DOY A+E A¥riztE<t Blanket Sampled Alold] Ao W7} glo] AT &
< FAES 2= F3d WY 4 Y

221} Blank®t Sample & v¥Es] ¥ Sample@ o DO7F Y &5 E 4 At}

2 olfEE TFEde) T AAY AAN HMgos A B & §FEFLI 4

Wslo) Yehd daboletn AbE et
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29.0
28.0 r =
© R * 8
a 27.0 F o 0
5 260 |
250
*
240 I 1 g L 1
0 1 2 4 5
time, week
*« Without M HW 8 With M. HW
Fig. 4-5 The changing of temperature
B.4
B2 r [}
&>
pH 8.0
o] a
7.8 F & *
5]
e
7‘6 1 1 i ] 1
0 1 2 3 4 5
time, week
& Without M. HW g With M.H.W

Fig. 4-6 The changing of pH
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DO, {ppm)

ON B ONN &G W@

. . . . »
|} o a =] =
1 2 3 4
time, week
« Without M . H.W a With M.H.W

Fig. 4-7 The changing of DO
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4-3. COD, SS9 33

COD®} 7% Fig. 4-891A Hi= st ol nFs AxAAE T3P E & datad) 8
7t 14 - 32 ppmel® B 278ppmeolen, nFn AAFAE FHA ¥
W= 11 - 29 ppm] EH ol BFL 200ppme 2 nFut AAANE TS Ho] oF
138 7V & TAE WHEWA

4.0
3.6
3.0
2.5
2.0
1.5
1.0

T T T T

COD, (ppm)

T

time , week

—s—Without M_H.W —o—With M.HW |

Fig. 4-8 The changing of COD
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SS¢ 79 Fig. 4-914 Buish o] n%a dxAgxg SA4AE W BT SSH
AE 770ppm oW, ¥ g AXAAE FHANA AstE W9 FTFL 622 ppmO2H
oF 148ppm¢e] Aol Eoln Y.

ol#lgt Ao)E 12¢ e TSEME FaME & F sk & 257 AANYAE 7
23l @ w9 TS WaE 97t 175 - 182ppm 0|2, nFs A& 34
A M2 TS HeE= 221 - 229ppm . EM 47ppme] o] 2 B ¥}

AR o olgjg W # Wye RHEH R FAoz JdAdd Il ¥AA
AEe] 2T o3 sl dephd ez Atz Y,

12.0
10.0 - 5
g 80 - o~
e &
%'- 60 - & 2
o
4.0 | -
2.0 H 1 L 1 L
0 1 2 3 4 5 6
time, week
—a— Without M. H.W —=—With M. HW

Fig. 4-9 The changing of SS
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4-4 FTAE, CaB ke 4aad

Fig. 4-10 3} 4-1114 7|7 55 Fo) FAE S CaZixd] £X%EE eI
o AYPNEG FHTY WA= 54 - 72 ppmAEY WIS 2ol 11, Blank®
& P37 FAX7F 594 ppmel™, Sample® ] FF FHEE 608ppm 224 oF 14
ppme zto]E EHolil Ut

ol nF T IHAAAGAA AH Y vlF FEF Cad & £§2 AA2HN KA

olg I ys F= 2724 Fig. 4-11914 Cadx9] Z¢5 29, Blank#2] 2+
= BT 448 ppmeoiv, Sample® 2 A$ HT 468 ppm AT YEIton, o HFH
#pe] 20ppme] FR x4 JFE F AL HoAgP,

ety CaFd e HoWa g 20ppme] F4E9 J ¥IE 14ppmETE AT,
ol ENIAF Fo AT B 5 3oy, Casd e U BANYE) AR
7t 230 ARARAA A 4§ Ea&l, EEHE vt g AR Algdrt
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2AT, (ppm)

74.
70.
66.
62.
58.
54.
50.

o O O Q O O O

time, week

—a— Without M .H.W —a—-With M . HW

Fig. 4-10 The changing of total-hardness

]
i

CaZd L, {ppm

59.
55.
51.
47.
43.
39.
35.

o CcC o O O O O

time, week

e Without M.H.W —o— With M. H.W

Fig. 4-11 The changing of Ca-hardness
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4-5. o) %F 3% (Mg, Ca, Fe, Al, Cu)?] A4

>

o] uFa&H(Ca)d A-¢ Fig. 4-1241A4 Hevwkel o] AFx7|5FH nFy
AAFAE TS B a7t ¥2 gs Wi B ¢ Jdo

[T

AR D53 M ®e #@RHA e Cavdy AS AR W nFy
AAZANE T3 #e HT data’t 10460ppmelen], nFE HAAFAE
FaslA] g2 B9 HT datar 10.210ppmS YERAI L

olzj gk Ryt w2 E o nFi AAAANE FaA dd 1A ol #
Apolel= 2k 02 ~ 0.3 ppm{H# 250 ppb)e] Ael7k &S B F I

$AE, CaZdE 2447 9% dAFS HAgEd
CaZ =7t g 20ppm Asdle &g YEld olf7F & R 2AAd Helx 9
| ZFCamg Aol £E55H # Aoz AgE

4 % CaR&AEEC] RFR AAFAE EHE B Bl AFHUYG BL
2FMd ola CadEol CaCOs ~AYE FAHIAA 47 12 FHHAL
gElste ACRA oy 3R AAFA Ee] YA ALY AA Wato)
ohe A BAE JARS & 5 Ao
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Cad%, (ppm)

12.0
11.5
i1.0
10.5
10.0

@ W W0
O ;o
T

time ,week

—e— Without M. H.W ——-With M.H.W

Fig. 4-12 The changing of Ca material.
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£ 49 nFFEM)Y AS Fig. 4-13614 Heulst o] AJ7| 1580 =
AFd HAAAAE FAYE Be d¥datart 4542ppmoEH, 1FT HAFAE
FHetA gL B Addata 4663ppmETt @& e AASYAILE 257% BREHE
1FEN AAFAE FHg Fo] 4.083ppm, 4462ppm, 4.848ppmeE AT
AAZAE FH3A ¥ 9 3847ppm, 4.348ppm, 4.690ppmEch EA vebd)

ot mFde] o8 B 2AY AA @ Ao ZHo] A AHE UEde Aol
ohugh YAT A7kl 5& Folof EGS & 4 3w, nFw A

e 5N 25 FRYE OF 02 - 01 ppmAE T U4 AL B &9
MgEse] 2Adst A gow, s|Ed 2ALY Holx YV FEE nF
ARAA o)) £29 A% Arso] At

556

5.0
4.5

=, (ppm)

n[] 4.0 r

Mg

3.5 1

30 1 1 L 1 1

time, week

—o— Without M. H.W —o— With M.H.W

Fig. 4-13  The changing of Mg material.
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Fig 4-149l= Feg49 43717 9] ¥3d 252 HeEbHH.
nREE(Fe)d] Afde A¥7NTL Fs] A2 W REFS dElia YA,
d¥o] A&gHA 7 Fd Feldieol 85 HolAdo

Z 5FA e nFEa AAFAE FAE B 4¥data’l 0.0578ppmolx, nF
AAFAE BH3HA] S #o] 0.049] ppmE2MH 207t Y& B Fr)

Mg3&e A9 wRstAR Fegd A n5d AAZA A o8 A ®#H7
ez Zle] ofdel AR Azte] AAF F R AYEo] mFae] o
Brsle] £ W7t MM APEE ¢ F A

Fig 4-15% 4-169% Cu, AlE%9 4977 B9t9] wsd 2d2 vehiol

W FFE(Cu, ADY B AT Fo EAFH = Cu, Al Fo] Mg, Ca, FerRtd it
E9e F55 Hos=d Aol dAHAAD, nFy ANAAE FHstA e
gy aFn AZAAAE F4F B AR/ Z2AY A ey

ofld olfr YA & £ uAFELARTe] T AAFA A7 =AY} FHA G
WEsoldtn Begd,
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=, (ppm)

g

Fe

0.10
0.08
0.06
0.04
g.02
0.00

time, week

—— Without M HW

—o—With M.H.W

Fig. 4-14

The changing of Fe material

CuZ%, {(ppm)

0.014
0.012
0.010
0.008
0.0086
0.004
0.002

2 3 4
time, week

—a—Without M . H W

—a—With M.H.W

Fig. 4-15

The changing of Cu material.
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A2, (ppb)

6.0
5.0
4.0
3.0
2.0
1.0
0.0

time, week

[ —+—Without M.HW —a—With M.H.W

Fig. 4-16 The changing of Al material.
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Hs5&&d B
g Age 2%k AA3AE ol gaed AAAF QA =FRE PO H
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