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Ji 4 (corrosion) Pidp £ ot FE R FIRBH 2 - B & F
CERE A A IR G o B d IR FETiE A 2 Ao 4
(erosion) ~ #= 5 (galling) 2% E4F (wear) 2 i 5 | 430G F 4 T2 4 gl
B » 4o i 4k -7 4 (corrosion-erosion) » /& 4& -3 (corrosion galling) &¢ &
4 (fretting-wear) & I % % 45> & 4 (Uhlig, 1991 ; Mcneill and Edwards,
2001) -
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ks %uDIPE Lo B4 FAREAcR2-10F 0 HE B R e
(2-1)3% #2(2-2) 3 (AWWA, 1986) -

BieF i . Fee—> Fe?™+2e (2-1)
Fe?*+2H,0 «<— Fe(OH)+2H*
LHF B 2H'+2e <> H, (2-2)

AH*+4e +0,<«—> 2H,0
BBE TR n B OLM o - SERkE Y LRk FkE R
7% F 0 PiR(@2-3)7 735 it F 2 2 Fe(OH)ss)it ik 47 o
4Fe(OH),+2H,0+0,«— 4Fe(OH);3 (2-3)
AFe(OH)gimiix 1~ & ¥ ¢ & ffdhd - Tori) 2 4545 o
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ol 4+ 2e” = Ha Fe't & oH0 =
Fe[OH), +2H '
F’IF‘EWALL
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CATHODE ANODE B

e e - .
RUST —\&ZFE{GHH
FelOH],

WATER

4Fe(OH), +2H,0 + 0, — 4Fe(OHI,

gH* +4e+[]2-——'?H?'D WATER

INMER |IRON PIPE SURFACE

W 2-1 4548 2 F i (AWWA, 1986)
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PR-KEPBFLRFQBRE 2 g HMA A EEPN A RORED
FLALF RN PR g - KU FRE LA FP A
BEARL I A RBEEEN D RRRTHE FRAF2 TR
BpTh L R B SRS Z S G R AL(AWWA, 1989) 0 H ¢ g5

E

ferk Rz itz 2 e (288 ELRNT 2ty ¥
(Kirmeyer, etal., 1999) » F]p- & FHaztg p 4 > M RAFT w1 A
AR o
213 § R BRI
g3 RE RS §RECRE PN & B8 0 LR kY
KEPR G R4S T2 2 4 8 A& 4~ (corrosion by-products)®# i< -k BT
XM PR SRR Ft o E KSR IR R E IR M E
BE L RE AT B3R 5, 2004) - F HETS 0 ERE P A
LK BRI T FERFFBIpHE - KL= 22 <0
FOREFARE  Hp RO FREERA LT I HREY B4
*Mja AP B 12 A2 T (AWWA, 1986 ; AWWA, 1987 ; AWWA, 1989 ;
Millette, 1980 ; Single, 1981) -
BRRABZF BEFEFRBERATEHPM 6 T ERTH
Mo ¥R - ook kAR e BB ST - ook k SLEPT a0 4 Pro
ErpREELY R)AERTR2ZHE MR E A 2k
BB R AR Q) E P F MR LI AR
B oSk KEE M1 3 B % (AWWA, 1986 5 Schock, 1991) - -

Hh R AR T 7547 2 (AWWA, 1986 ¢ AWWA,
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(1) #ALERES ~ Fobr5hehd 2 > 55 3R
2% % o

(2) gRIPFREFLRS F7 -

(3) #HAlg Mg i & RR o

(4) #LREFTLHEM -

(5) R FaEF L MY ~ P FERKEE - PP Fwa
SR A R

AERT

FRFSL JORTEERELE I 2-1977 3% 5k F

FPTPIRAPEBVPHEF S il F ook BRI 2

FHFRLE IR L EREFNF R 7S

FRpEEpARE sy Aok TEE =/ 2 0 2R T

UBERT 2 FERERE TRV AL AN B Mk

B~ MpH -~ gk s fra 4 Mz p kok o HLSHK ® b B 4

Fab > A ARFAFRTUAFH R R 2 752

(AWWA, 1991) -

£ F o E ek R RO S RS E G ik

B 1T o SRS E P 2 48w ] (4-Gallionella) @ 4= 1 46 3

(Fe)F = B(Fe*) £ T v B PEMF P B2 B0 F



gk o) A A AE R J T (AWWRF, 1996,
Volk et al., 2000) -
321 WP kkFBZKFAEP
7% S A 1B 2
pH i ?‘ﬁpHEﬁfg ek AR ITH
/5 (DO) SR o4 o 2 (e
* B § LR A A
Eqiinea S It B AR Y g A R
k)1 g+ e T
(ﬁ' + E:Lﬁ/x-w-)/%)i §§ﬁ’§ﬁﬂbl‘ ok 22050 b A4 gty
2 iE
S F R i R R
CREE At %ﬂB@%*§ﬂ$aﬁﬁﬁ%ﬂ
- ',— /‘:7 ﬁ* "hw\ﬁ&ﬁ A5 = '/R‘FE%— ’ /)E\‘
@ e a2
Z AL L R
P R xR e E R -3 R E B A
3% =4 *q_ﬁa ; lik Iﬁ_ﬁin%_gﬁé s i%‘t };;«:— Ly
L g BaS By i ivr o R
}3’: )
'% i’:%ﬁ-’* }—\”' AR {7
‘}E.fi rs ij“z"iﬂ 4r fﬁ?%ﬁ :fz

(1) pH/ék & # &

AR Y AR & 4 o Tt FpH2 A

do R N S

H | FA i 4o (AWWA,

1986 ; AWWA, 1989) :

A &+ (H) 3 %+ 4% K (electro acceptor) » % %£ T
CEFAF ke KT ERHTS & A B4
A pHAGS T ¥ BN Eg KA o A pHA 6.5

2802 & » Pl %

B. pHE_4

ot 2R o
TE BRI E FF oA Ak ks



ATt 2 $/§3?’H AL 5 4 ”F,‘f’;i_ﬁxﬁpHBi‘%fZ
S Mo f R R T APE 5 4 pHE| R TR

Fod o MM R RA R LR
BT A A R R 2 BRI o BRI RS

KR ARALE R A BKPHPE R B B AR 0 Tk B
pH? x4zt 33k § e i & 2
C. stz BfER LB pH AR ~H R ~ - § (CRLZ
SRESEICE - EE i = SLE S A R
PR R R T R 2 R 0 R
KA 2 4k R % 400k B 1 pHk 3 20pHs» F % 2 pHE &
BEILSIA A E o
TR pHIG B A 2 P - Ry 2 v §
ZA& > 4oif 7 % (Ca(OH)o) ~ + 1240 (NaOH) ~ 47
(Na,COs) % st i & 44 (NaHCO3) ¥ » % 3 JEpH Y » 7 ke
# 4k B 4oOH™ ~ COs* ~ HCO3™ : 4 i# * Ca(OH)3 &
PH > R ¥ I Prdt indk & 2 40 A B > 10 IRGE R PR 4T (s e
24 % o pHIG BB EEF # % H R 404 2-27 (AWWA,

~~ -

1986) -
2 22pHIG R B EERE* §
5 %) LA I H Ao
’ (mg/L) (mg/L as CaCOQs,)
Ca(OH), 1~20 1.35
NaOH(50%) 1~29 1.25
Na,COs 1~40 0.94
NaHCO; 5~30 0.95




BENRBE BRI ZATER 1 a B s FEF Y o
RAREFORR RS BIFFEE DR R EEED

(depolarization) » ;3 ¥ &>V 54 A& 2 GH F i) 42 H, o 3
e FBF BEFEFCAT BFTE RS T AR AR

SRR L TR R N

0,+2H,0+4e «<— 40H" (2-4)
2H,+0,«— 2H,0 ( 2-5 )
4Fe?*+30,+6H,0«—> 4Fe(OH)3s) (2-6)

R ok B E TR AR g Kok

kE Y d kY e §OEARE B e %t R4

=5

FE TR FREIBT N RTR A TR G
Sl A AE S gt LR 2 L HSCOp B
@@4ﬁ,ﬁi%ﬁ%Q%’@§ﬁﬁ$ﬂ%§°ﬂ&
L RS A KRR SR A R )
R F A0 B FHS ~ COx» T 2 I P50 AR
F o e ® A F F 4 2.0.5~2.0mg/L > v tE A 48 iE
& (58 64 > 2004) o

A A

& 4 Fr ) F (inhibitor) % 7 et - EBRABTRE Y ARG R K

ﬁ; éﬂ'xﬁ ¥ L’!’J«fﬂ ?ﬁ‘ o B oaw g % _ﬂi’bﬁl“} ﬁ;’réﬂ'#ﬂ”ﬁ””?'}

\_
/i‘h
’;ﬁ\
%=
3
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f% 7 (inorganic phosphate) it & 4= 2 # f& 4r (sodium silicate) = & o
Frabdr ) B S B F 00 m R E T Rk g AR 0 R
R, R R #f‘%“ﬂ]‘ g RE L AFREEZ T RR
FOR P M B R RER LB RS BEA (AWWA,
1986) -

4, @ FUF A2 AR F K
RIS E D g PR B - K R E 0
FPr R AR el A1 B VR 0 5 B
ﬁ%%’%%*iﬁ$°ﬁ%ﬁﬁﬁ#?éﬁ%%??%%%
(coal-tar enamels) ~ & % /& (epoxy paint) ~ -k ik 7) 4 (cement
mortar) ~ & ¢ i (polyethylene) - i1 # %k 7= 5 7= 3 &por {1* & &
M eh% i 4p — 4 (sodium molybdate, Na;MoOy) ~ 7 #4447 i 45
(organosilane, R-Si(OCHz)s) b 48 tedh ~ 48§ P B > $HF & cnfy
#173 & w 24 & (Shame EI Din et al., 1996; Montemor et al., 2000) -
Btk s A g LR R 2 F o A4 B B 4 (Sodium
monofluorophosphate, Na,POsF) & &; #" p& 4 (calcium nitrite) » #
K E P 4k 0 4 (Ngala et al., 2002; Ngala et al., 2003) -
PARY FRET IRG F MR E R B A 5 R

IR J\,ﬁlfﬁfi, AR E B R 2 P AR T &

KRBk BT R B NG AR R A PH ) EER L
B4 £ AL(AWWA, 1991) o

S. H* ik

Sl KRR A D R e LR R IR R 0 QB LT T
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BiaarB i o A THEFAF DT 2o BIBET L F 2K
B G ERE Bk A BRI k4o B R KRR R B8
UBET i t 2 ERBERBRT L FRELEES &Y 5 &
BB e BT ERERE  Hpaadd ar HF R L fap e

Fpred el RS FhRET g L0F < (5Rinmg

2.14 FAipth

Fribinth? 556 B K Sl ¥ gl B oL ik
Singledp &1 F17 b A7 3 F 4 * B dpthps » iy £ 2328 KA P -
FHAEEE MR ARE FIE G R o Fok AR 5 i 9 1048(Single,
1981) « @ B 45 R a3=i 3050 o Fadp i L BER LK 2
}gug HECE * 2 A dp ik @ 45 Aggressive Index(Al) ~ Casil Index(CI)
Drive Force Index(DFI) ~ Langelier Saturation Index(LSI) ~ Momentary
Excess(ME) ~ Riddick Corrosion Index(RCI) ~ Ryznar Stability Index(RSI)
% Feigenbaum Index(Y) %84 > # 3 # 1 & ¥ jg 2"k T 587 a4
ENA R Fafih thEe ] AEESRE ARG B g
S GIEP  RCHp R * » A B-KF > @ YRR * 3 H
BR& AR M - ¥R Jf 48 4 1% b Calcium Carbonate
Precipitation Potential CCPP)» & * %% & -k ¥ i ée fopl AT ik £ o
B R A e R R BRAT B (R R 0 BRI RDRETE R A 56 i
(3& 1278 > 2004) -

it AR o S A {rodn H(LSI)*1 1936 # B 5 ALk 1
7P B LI e R TR AR 2 iR B Bk
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CaCOstrfri iF & H4TH_F ¢ 2 2 RIca A hikfpod o p koK
Bk FE¥R* 2DIP> SR TEEHA G ARG A2 Fa
i 3;7%«?4&}]\ M UPNBIEE S BRI TL S E 4T 2 KR
B EAR P ROkt g 0 2008) 0 FlA f £ LSHp AR D118 0 2 AL
Bffe® (%5 Bradnth ¥ 3 2k 4o URFE P 37 B L RE LS
Freasdpike B4 408 kR .

KEF B GE R AE R FE A K FAD LF 58 koK
FRE LY RPIGOED o RIR TR IR ARG DS o kg
DA RCR R S MR B RFIE R ¢ H5 KRB pHE S Rk B
WHR(Z4042) - TDS~ % B - AFT - 33 5 o 3G w8

Bt 27 LS E 2 KT S n g ¥ RRIF P AP o

EF’IFF}E{‘A‘J’#F}*EO# F‘*lﬁi"’gﬂ'a‘ﬂi‘%ﬁxmz\—r gy’}‘})@‘ -
e A - THFARFACHP TR RTFZ - FRAGEAN AR 2R

Joo BRI B BT 2 Sl F SRR ﬁ’ﬂﬂéiiﬂoﬂ
E T AF L ET o m F BRI M AR AR e e ik
pORFARR o YRR T BN T w2 W R kp EARERD
pPRCRTFEE rr s ER T ¥ TR RTER R FanpiE
SRR TAR R 0 AR R A4 (3R 193 > 2004) -

LSUn 42 i 540(2-7) I (2-9) 38 F Jo 777 & J Al e 4T 2 70K 24 33

B TPHE i R HR AT 2R 2 B -

HCO3; «— CO4* +H* (2-7)
Ca2"+HCO; <«—> CaCOss+H (2-8)
Ca2++C032’<—> C&COg(s) ( 2-9 )
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FRFRATR fAR] A MARRIL B A £ R B 6
PR o BEARAT TR P A 7ok P R B CattaE S Bag & & 4 CO3% &
HCO; 2} % CaCOqs)iT il 47 » #f 4 A o KX d B £ ik 7 € R
KE G oRERETR o ER RO R FH kS AR
Z_ % 4+ 0% i (Langelier, 1936) -

%+ 3 Wk % BoREE % % % 204 (Standard Methods, 20Med.,
1998) #7751 2. 2330 B.4F vy #h3~ & i (Saturation Indes by Calculation) -
LSI3p 5 E 2 3 E S fiche(2-10) 8 #r T

LSI=pH—pHs (2-10)

;P pHZ pHsA %] 5 -k E ¢ AR R RIZpHIE > 2 Borp 9 2 Ca?t
I ERZ 4R BT o CaCOsidérfrp k3L 2 pHE -

PHs &34 & 4(2-11) 5% 4757

pHs=pK,—pKs+p[Ca?*] +p[HCO; ] +5pfn (2-11)

A

R B R FIRET % - R ik

Ks @ BT B 4 ToKIR T i3 2R H ¥ 8

[Ca?*] : 4T+ )k & (g-moles/L)

[HCO; ] & mifs & 194 Ik & (g-moles/L)

miﬁﬁﬁiﬁiﬁiﬁﬁfiﬁﬁﬁ&

LSl #ick 2 R % 5 ¢ (1) ¥ LSl#c>0 % 77 CaCOs & i 4
ﬂfr';{:L ) g CaCOgs)itiik » 4 = 7 }\? N OEE IR LR AR 4
fo i £ IwA A € R0 OKE BkE R ETR R R AR

14



Seifok#s 4 (2% LS4 #<0 %7 CaCOs % A & ot i - € 3
ey
5 B4 DIP& BItA K8 € 5 (3)% LS #=0 4 7 CaCOs% 3

CaCOgs)i% 10 A% = 4 IR % %?leg MDIPZ -k ik N A€ 55

Efritfi 0 F M A g A s F € CaCOue il 545 - (AWWA, 1986)

% 23 LSlfpHetd 3%

S 25 B R

R i Y B Lt ~
W3 ET AP 1=16x10 °C —
W5 A% B EHpF © 1I=TDS/40000 —

. 1 P _
A[Tﬁ — 0.31](i3 * 1<0.5)

A=1.82x105(ET) 1° —

60954

— 68.937 —
T+116
pKs=107.8871+0.03252849T —5151.79/T — 273~373
38.92561l0g10T+563713.9/T?
pKw=4471/T+0.01706T —6.0875 280~338

I=#g+ 5 &

[Xi]=# f&ick & > g-moles/L
Zi=$ T 7k

C=%7% R > pumhos/cm

TDS='%% f# #%8 > mg/L

pY=—Ilogzo of the valve of any factor Y

fo= B 1 45 s b i

E =dielectric constant

T=%%8 2 » KOC+273.2)

Ko=pi fis e = faap ¥ #ic

Kw="K f# 42 % #

15



2.2 & {4540

221 F R
$548 ¢ (cast iron pipe, CIP)%. & & * prx @ = w0 % X448 > &
1860-# =i t& - &&48F SR 7 % %K 2 #42 (bituminous lining and coating)
oo TR T AP KRR RS o F PRk SR B AR AT T
SRR T BT AR G B AR Ren g KR B
WA R BEET R FERET TR FTREE L B L
fRAp - B 57 TR TR SR AT 1 3 KR 4RAZ (cement
mortar lining) { if & 1% 5 A4 4L o
1922 R iRARAR 2 R4 F F X 0 E Ma F Bk frmar
T 2P RoRBR ES s 3% R A1999F @ EpA R % A or 0 Hazen
Williams A= % #ir(Hazen-Williams coefficient, “C &) % f24¥130 - 7]
ORI A B2 S BpH A2 IR ORIR LR L RSB
FA o ¥V o RERA L w AR VR B OB ARGl F
Panstp RoRE-R ESREF Y 2DIP > X R4 aFk % ARIE AL o
1o g KR AR T gk > g 47 11Ca(OH), » X 5g ¢ P -K 48
PR GEE Bl B o 2 R R AR T g E B T A
HE o AL RS M2 A o Tt 0 F WAt IR SR K
F AT Ek 3% o (DIPRA, 2005)
222 S Rit% R
19403 1952 & 7= 7 Bpor > 3T % & 2. R R ARAR P RE 4 F g B

#1+% & (asphaltic seal coating) » 7 B4 -k Kb i % P b Ripin 4 >

16



RET - KA RAAES N o2 SR % RHEATE
Wb RRARARA oK B B R R ETIA AT ) o

fadp i 3%k 727 E£8 5 & & (volatile organic
compounds, VOCs) » &g = 3 i3 % > FI* > "Ugip b R34 2

Foo i BB R A IR dh R AR P W ki gmaz 2 DIP >

3N

4 HE BB TR R Z Yt R% K 2 DIP
hek g R AR A AR M p KokpHE R B A H AT
=R 2 k% - (DIPRA, 2005)
223 BRI ML

EER R AVCRRR AR o TR Bk % 4% K (epoxy
seal coating) » ¥ 3£ K ik #) 31% P AR IR F) Jf: ¢ 4 B e 2 pH

B Ak oRIEA AR JR R E 0 TR0 REFAE A o (DIPRA, 2005)

sy
KR AL

%4

W2-2 H#H%ETLE

17



W2-3 HF A AR ER DIP (Fa R )

224 B AWt X

% § #°5k 48 % % (fusion bonded epoxy) ¢ % ¥ #7q ~ A 1 A& >
A E e Az ok R b B p M AR I @R E
SRR R RN Tk AP R K B LR A
A A% £ B L g MAFIE G v TR S B RORFFRE R
FobdFit  RF AR MERE LK TR AR F 2 pHE
FAZPRAN ARG HFRE RED R a TR P T T
FAO T ERRF A LML LY R TR MR R4
% & ¥ % - (DIPRA, 2005)
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(RFFEEER %)

W 2-4 %FARLEWEXDIP (X kEh ﬁeﬁ—)

Bypp AER A RF R LA RE R LT R Tk b B

pPRKFEECALL S BRI OBWELT LG BTk Firs

Hooke g 2 pHiE ok - & L/ﬁm,?. ML SR

= . , ERERE: § 100mm £ 300mm)
o | ' HEAS DI O£100X B X 300mm
- b : TS oKIH T ABBITIAKL
= 1.5 (et (O i R O L IRap e Rl . {L
w N : : Uﬁﬁﬁﬁ#ﬁ% < EHARK
£ s G EEEEEAK) | A
2 Lo VSIS oK ! WIFEDIRBIERHD R
= 7 . BT IS A =V T EDRHES
e = Trr g
= s EE
e K ER SRR D LT Sy
KIEREE —F)
SSHHERRS (A
11 oy
: : (HEHE: § 100mm £ 300mm)
i (ﬂ@)ﬁ%ﬁ@é) FBILZIWSAZVTE {HERAS O£ 100 X 5 X 300mm
10 bl = et E = e y=> TV oK IH T REBAAL 2
: N /J\Au/l\
9 ; (DAIeEE B e e B AAOK)
B Tl A e S
T | ! :
Bl S (RAEBIIMEERE)
13#1@%%%25 ;
e e
= | ISV REEEEEAOK)
gttt | :
01 2 3 7 14

=Bl (3

W25 BEMaFUEXRERTRFFEIE (KA REHREE)
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225 4R E -RIE PR L T AR
Fl ook 2 PR INA R FLSHE i 40 52 3 KL R4 HDIP
31072107 30P 7 B T HAEMR kR

Wiy

KR RHLE &S G R 3
PRREFLFTE ) 0 gRT FH R E RS HAeT
(1) 5 2= Rk k FLSIE # i 2 B 2L > 3L ¥ § i - NaOH -
Ca(OH); ~ CaCOz > fa4rpt — k7 W H/ B Lk &>+ ¢4%
B #okpHE - WHOZ 3( ¥ 4c i fis B 12 T firpHAZ 88,52 125
(2) F1 %27 " Kk F4RFL= 4T E PUmBL B AL > % SR F
LSIf Bz o RIRE > FIb o 3% 527 " HFHjF ki ivdmm, ¥
fo- B EBHRE B K B S RS AT Y
B o
B)LSI<-1-k B2 L1 ¢ 4 ~LSI>+1s 2 L gk > w ik
R R o
@OEETSR2PF- AN HF R BRFPEE F ARSI
DIP g & y%ec it %24  # §i Kk AL > 3 A 37742 2 ok o
(5) € & & &% > FEMHE— o
2.2.6 %3 R AP M ARF
P BN 4 ADIP > B 304 1 2 J5CNS-2313-A3055 4B ok
R RARAL S k) 4K IR R SRR F 230 B 5. ONS-13273-
G204 Mae [H4R4BF 2 F 2P o ¥ TR ¥ B MY X 44 %RT B
R R 1 R AR ) ARAL T 3 E K AR MR
BIEK LA AR RN RA G PR FERY 2 R
BRRAL S RGRTRE Ay o S0ETR Y Z Ry MR A HF o
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B B A ¥ 50.15mm~0.25mmo4f % %44 K 2 s d 5 ® 4Kk

B E B R U R SRR S KR K R
Ao AERARATEE>RFEL A S € NSFinzE (National Sanitation
Foundation, NSF) » & & R | % i -k 3R 7 7 < WRCRE (Water
Research Center, WRC) > 14 % RINSF 5 & » Rl = & 5% 1B~
FHE 0 D RS E E AT NSPE SRR B > WA
FAHEENSFiuzE 2 R L NSF2L 2 T8 & o B £ R HK
FRORRHER L RRIAD ¢ F KR P RS T 2RRR
AL W ETE PR o

F BB ONS-2313-A3055. 45 Wi~ 3 &t %3t % & 7f &

ﬁmﬁ@#’ﬁ%§ﬂ$?ﬁﬁiﬁﬁ£%iwwﬁiﬁ%%ﬁ’3
B ok bl 2 faiwae 4+ & AAE o FletF RONSH 7 % 444 K ¥
o T e FEE - ((1F 4 0 2014)

2.3 kR R KR ROk 2 B P

231 ARE M RNKRTE AR
dAE PR R R KRR B TR R RKR R B R

2O ER k2 R TP E e ®aE d R AIT 2 ARG R
fe B d h7a RO Bl is 2 KR HCaP s Mat R R Wk A £
PHIE & i 1 > 5 412 Kk 7 (aggressive Watter) » % # p k-kiife-k 2
M2 PR P RF R ARA T 8 g AT E D K
NI AR IR % o (3E 93 0 2004)

2.3.2 FAoRE ™ R ICRK TR

21



Bk G EF TR AR o VR e AR S
Mz B SR FRGEE AR AR 40 g 5 R
v AW g2 s K TDSHig AR @

-~

KEPRR R E B > ST SR AL 6 PR
‘ZKQ

& [N }\ ’%ﬁ }?;”'H r’} m—g/fgi ) 4T
2004)

(1) 7 4 25 (4 120 11 )

BROI K BB R 7 A 7 (BERAT) IR A » 17 k¥
S F R MR F sk B E AT -
2) F %-= § R

RO -k /] ‘e d 3 1Lfﬂ;//\/1i’ ”f |
MR SRR 4T -
(3) & ¥ i-4

#RO M AR i # & 5 (decarbonator) » *% <k #

A § RIS E F AT Y oo LA AT T

v ikIpY B AT T B RPN ESEHE SR DK

1
K ?iﬁg%é@f“’#ﬁﬁ?l—g » = ,a % 1-38~-56 8 LHDKEF R

Mo LT A B FLAT SRR L A B 2 Bl A BN (T R R
B A v B A B (TR )Y S 2 R T
TP ARG L 0 = A RLSIA e o B e 5T
oriE D AR AR

?J;ﬁka\ AL B KM BRPE G AN K AU~ BRPRAT k Sz K r,\l

AL HIHE12:25:1 FEL B RSEFEEEHRTF 0 Ak

L 4k P

i ‘G'U—ﬁ
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FRFLAT o Sod SEE A 2 BUR * T A R T ROR T AL AR gt o
FHROE R T  ELSIER A AR TR R BRI T AR
Fowm T PR ERIFARE S Z T IFL BRI RT R AR
fo2 P £R11 & o (147 & & - 2007)
2.3.3 -k R 3ok S4B At T2 M T4

F R4V EFES p kR I0 (Long Beach Water Department,
LBWD)>+2005+# i& {7 — 38 /& -k A i i - ROK R 2 & B R 4 1 dp 1R 2
Py LSUR & 1230 1% 5 Bl) o BI2-64p 1 HT A m R 2 B L
5 LSI>-05; 2 B2-73.p § LSI 4 *++0.52 fF pF > $4CaCOs L 7 4%
T D ANCKRE VBB 0 RILSIE 4 5 0 Bor A ORI
At o ¥ b > d B]2-877 Agor 0 2 33 -k (Deionized water, DI) = 4 4 &
k3t E B4 K DIP Fixie3% 6 HLSIR Ity R 54L1E9; 7 7 %
1% & DIPZ LSI it g & 96 = + > 4p -] <R £ 50%2 /& 3 R PF >

E-D

%44 A DIP2ZLSI i g & 922+ 5 @ 5 % 4+% & DIP2 LSI%
WGR R TLe e 3R kR LSIR T g R § ) 30050 d g 7 e
UK R R R 2 DIPR FE S o TR Rk TR kAR
pEs 3B EROFHFF o T SLSIEH DB 0 e B K

P F 20 F Rt g DIPZ Bl o LR s R HDIP
PR LR LR B KRR b3 RRARAT 3 e B 3 K R

7B G R sk B 82 # s (Robert et al., 2009) -

3]
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Parameter Threshold Surface | Groundwater Blended Desalinated
for No Effect (surface/GW) (NF2)*
LSI >-0.5 -0.36 -0.33 -0.01 -1.4
CCPP >-5 -5.1 -4.2 -1.8 -6.3
RSI <6 8.7 8.6 8.4 12.3
Al >12 11.4 11.5 11.7 10.7
WSl > -4 -3.7 -3.5 -3.1 -2.5
CSMR <0.5 0.66 1.0 0.98 > 188
Pb and Cu monitoring results (2007, 90th percentile)
Pb Hg/L <5 AL =15 pg/L
Cu mg/L 0.14 AL =1.3 mg/L
*Proposed supply, pH adjusted to 10 for boron removal
W 2-6 LBWD # F-kik2 & HF4 L
Corrosion Control = pH adjust to 8.0
1.0
o LSl O Marble

__ 05

%‘ LSl of -0.5 to +0.5 generally acceptable for CaCO0, stability

% wl [ SW-25% SW-50% SW-75%

S DSW

i -05

3

= -1.0 -

Marble test = pH (before CaCO, addition) — pH (after CaCO, addition)
-1.b

W27 kiR &0 B LS 2 B
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A LSI

Deionized water

1o DIEETK)
(FEmERKZ
K EHE HK)
: distribution system water

(e & 50%E73K)
(F%2 pH=8)
SW-50%, pH 8

o Unsealed
o Sealed

(E& 50%&:%7K)
(A hndmtRm)
SW-50%, OPQ,

[h [h
1 2 3

Days

bbbt

W2-8 DIP$ RHathA+7 -k LSI %1 §3)
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YR ALV E

31 BPF RRFBAZPM ELR

311 BPH T KRR

T
7“_
“‘/
%
peci]
_‘3‘3}
e
F
iy
i
wz
(,@é
IT‘
_r
\\.‘.‘
«7“_.
g
pas
Ty
o
Tt
D=1
3
|
N
1|
4

tA%%
FHFS:409F
K S 4000MD

BG4 PEvyn
AL P 21
i A v
200 0D |
REwER |
R : . -~
200 OD  f-eere..,.
R A REBR{ER . --‘}\
836 -
gj%lﬂl]ﬂﬁ]) 7 ,hh{ ﬂl,l:g ™ FIFE: 204885
, i B .\ B8 8095 7K - 225000MD
= = 18] Bk 55000
5 / -
3 .‘
e e

W3-1 EPH % &KRZH
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ERR R REPEE I B0 HF L TR

—%Eﬁi’“ lﬁlﬁj\ﬁ%ﬁu

1. B = 4%t
(DLBKR:eFRIBERE(IH B2 L BRRE) &
O RGE R(E TTRE 270 ) s E KGR R(E 2 - RR)E B

TokE B (F oEEE2IT s Ea R H8r P a R ]

QKB Enkh o £ 5 25288 (Fiz~ 8 Lok

A~ ¥ E52 @ fé%gij\l‘f h)E SR R HR224 o

(L)1 &Kk & 3a0 i KE(Gh 88 TRE ~ 3 TR 230 )

G5B K R( B TOR B 18T Bk 1 )R BTk

\ﬁ

(2) okl 6

3. TP kit

®14H (% B H % ) -

OEE-RY BEFE S N CRE SN
(2 kgl 2 o P mE R (E R o)
oOME % %L
(DA B-RiR: & 320 R KRB A KR~ TRE) 5 i
R (B TR E 16T ) B & aiE Rk T R o
(2) ik g5 B ¢ 0 PR > R114 o
5. X% i}

()i B-RKiR:e 32T R kB(FF RE)BERE KN R(E
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AKIE)E AR e
(kR FEMEE LH(AE 5% 7 AL k)2 %8
Rp(H-F 1) %54 -
6. - % %
(D) i & -Kik: o= 2 k3(- 2-RE)E - 282 Lk R
(BT k#6r) o
(2) -k g 2 = £ 5% 2 5R64
312 B % ¥ SRk
#2103 & BB E T A kokEfeok K 260322 0 B ¢
PVCP& 5 » & & 38322 » ik ¥ NP E6352%; #=x 5DIP> & &
5722 » (b ABEI5% - ¥ > hR* 22 FARERIBBT i
FARMESLLT% 37 £3-1 HFREHFTE 5> b WAL 4ol F
Mgt U P ARRLE 0 B AR FET o
BdE 5ok D P i710# (94-103 2 )3 B B T 2 8B & 12 b A
HIGET £3-2) ffie-k ¥ A (65mm 2 )= & > PVCPiR k898 » ih
WBORK I BO1T i 2 vk ) 5 97.93% 5 At = bR (BOmMmMIL TS G oo i
k1,682 B] > #c % PVCP > ik ik K i #cr (4] 5 100% 5 T ¥aik -k
2R 5 > PVCP™ 5583 » & £K-K067x/22 o d L ¥ 5> PVCP
Bk ek G 2 TIERRR ARG P AM RS B EA R LR

Y EE
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231 BBK %103 ER Y RERRY

; B # ” 1 3%%:‘%
e CIP | 40k 138 0
WS DIP | 40% 57,343 0
e SP 20 514 0
oS B PSCP | 20 1,293 0
RE e HERE PVCP | 20 383,033 179,386
AEFATRLET hwe | 202 65,604 0
E
% %A Ko %%%E |HDPEP | 15& 20,183 8,913
P’: %ﬁ%{ Z‘ F2R& e | PVCP/ 205 22990 0
CE PE
PN ST I aBsp | 20# 52,193 0
Lo 603,291 188,299
432 BwH RT10E (941038 ) BHEFRAL 4
50mm 12 65mm 14+ 103 #5& | -k wa
$H , § SR
R (%) | R | BI%) | (ae) HZlE-22
ABSP 0 0 1 0.11 52.19 0.0019
CIP 0 0 1 0.11 0.14 0.714
DIP 0 0 5 0.55 57.34 0.0087
HDPEP | O 0 0 0.00 20.18 0
HIWP 0 0 0 0.00 65.61 0
PSCP 0 0 0 0.00 129 0
PVCP | 1,682 | 10000 | 898 | 9814 | 383.03 0.6736
PVCPIPE | 0 0 10 | 1.09 22.99 0.043
sp 0 0 0 0.00 052 0
£t | 1682 915 603.29 0.4305
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R &

Ly -
28 % 55

» HDPEP 2 HIWP#2 7% 7 J§ % 3 B JEFREAEE M RT

104 2 ¢tz 80 2% B H o 2 L HURS R 7 RPVCPY

I:l: ’ r(l'é -ﬂi/ﬁ? J\ 4’7‘0 l;%?%j'mﬁ’}l’ ,&K':IXP—[— , MTP gggé_ﬁ,%’*i?% 3

ERE20E R ERXSFRBBRE K TR IFLATVASFE

B E2 pAE e
kg P BITE RF TR T L §100 mm F R AR L B (A0

}\? erFFIT ALY

* @ DIP{ & > ¥ 2-

%) HIWP# 2 24505 ~ » @ DIP# 2 2535F ~ » drik H ¢ * &1

3-8 > 4DIP® * 40& B - HIWPF 3 v i3 { 371= » 40# p DIP
14gd A& 225358 A 0 @ HIWPE 22 plg £900% =~ » £ % %
* ®DIPE 4% 2 23654 ~ » 7~ *DIP1 f2 & 3 HIWP ¥ 60% -
% 3-3 HIWP 2 DIP &1 425 &1 4
. . IARIEE | AR A B AR
B Z 15 R I-30N 5%
TR RETERE L ey [ akm)| e
g %z | §100 mmHIWP )
. , 20&
Bk M| £ R32km 1433 450
B AREE
o VRN 100 mm DIP )
His B g 9 4,860 535 40
o e £ & 9.1km
ISR AR

Fobod HARAPTAVER L RIRRF AN S RRE o F

= §50mm 12T 2o 2 ek R RO B B 2 64.79% o FL o FR ]

Bk AR L B b BURK AT B AR K e R0 2
Bk R o s gE FrRl028110 4p P TR MRk S A

(1022 111#) ;- 2 #¢ THm2 F 4§12
R A AL R R o AFOREMINA O E R

4 DR ERELEA0~504 2 B E AE(DIPS ) -

LRI e 'E'%/‘%? s

it Rw
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313 B¥F ®R-RFER
dEPE BB TR RAB PR AR RIR ¢ F A
ROk BRIk s G R ERE R ERE PO B TRBST B
W22 AT FF b T o ARkl kR LSS 2 B e
SR ERILEPHE Y 6802+ 0 R Rk g R o Y
g 17

DIP2 -k i #) 448 § 47 21 Ca?* % 1 > i % #-kpHE 002 § &

o

%
%#f#’]ﬁ’k’?ﬁl gl mﬂgﬁ;\?/ﬁ'/\:g#’ v?w—' p?fﬁ }\/}577 ’J\;ﬁ’% '}:3:2:3]%%’\

S OB R LAk Aok S @0 B 250006 5 Kk 1 R
Fok 2 pek F LR E B RIS UK TE R K RS 2k TR
A e d A3-3BET 0 AR KR T Ew L ALSIE
2052+ Dok kR pHIE Y 580~842 B KA gipe -k § by
6 X FRp 2DIPRERAAEE > pHEE B 3 2182~9.02 F -

F) ’z}rﬁ/i 5000T /%‘7114{’." FRLRLE
5> 1000T &5

-3
I
b

Hoate R E 2 %

AR €8 ARLERE

» 201

m—————=DIP JE i

W32 520 FLFERCEF
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%34 BPEIRFLRFTERTH

L 48] | ERE TDS Ca%*
¥ oEp BEpy | D7 (pHE LSl
() (mg/L) | (mg/L) | (mg/L)

& 24 5% 5000T ‘in’J( 7 25.2 8.39 24 304 22 -0.63

B o 4am e 38-3 50 103.04.10 25.6 8.69 35 324 27 -0.08

B ow AT 215 25.1 8.50 30 309 40 -0.17

& o4 5% 5000T '}%"K 7 27.1 8.11 33 316 27 -0.66
103.05.12

5 = 1000T -k 3 27.5 9.35 38 348 30 0.68

& 275 5% 5000T ‘J?"’J( 7 28.4 8.28 25 332 25 -0.63
103.05.26

1 578 Bp 4 4 4 K BE 27.5 8.88 38 352 28 -0.02

B o5 ;% 5000T '}‘ﬁ"k 7 28.1 8.25 27 352 25 -0.64
103.05.27

1 578 Bp 4 4 4 K BE 27.5 8.86 37 397 29 0.15

& 275 5% 5000T ‘J?"’J( 7 28.4 8.61 25 375 28 -0.27

BB 48m e 38-3 5L 103.06.19 29.2 8.74 26 353 50 0.15

B ow A2 21 5 29.2 8.68 22 376 46 -0.02

& o5 0% 5000T ‘}%"}4 7 30.7 8.34 24 325 26 -0.54
103.07.02

Eod v 2 162-11 5 29.5 8.38 28 364 29 -0.41

& 275 % 5000T ‘}?"’K 7 30.2 8.09 24 313 27 -0.78

B o 48m e 38-3 50 103.08.06 31.0 8.44 28 322 30 -0.31

B ow LA 2 21 5 31.1 8.26 33 323 29 -0.43

B o7& 0% 5000T ‘}%"}4 7 30.5 7.99 24 300 28 -0.85

BB 48me 38-3 5L 30.5 8.34 53 338 30 -0.14
103.08.25

B oaw A2 218 29.9 8.22 25 309 36 -0.51

B 2> 1000T -k 30.0 8.60 29 317 30 -0.14

5 SRS S (Total dissolved solids, TDS)
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-

BT B R LR KGR AR B0 F) s Sk D P HRIE
kb2 ek g R d & SR ERIPAR G R GE Rk R 2Z KT
R e d &34k o R Bk e KR TPHIE 6 28.1~8.32
PR ek R > S e 2 DIP-RRARALR > pHIEE b7
-3 185~872 [ -

% 35 ;w*wat:'w»mmuw

, . gms | kiR .| %% | TDS | ca*

W 7t p 4 . H &
# HwR (CMD) ) P& gLy | gLy [mgiy| !
i ok sk F ok L03.06.23 |5 5 ;4;-2810 29.0 | 822 | 42 371 38 |-0.29
P a AR EH 111 8 T | E# 230 | 299 | 864 | 52 358 40 | 0.26
ek ok sk 103.06.24 B 27a%:2500 | 29.0 [8.14| 42 360 40 |-0.34
B E AR E A 111 5 T | E+ 240 | 296 | 853 | 50 367 | 42 |0.15
e ok sk F ok L03.07.g |F % %2980 282 | 8.28| 36 332 36 |-0.32
Ba AR EH 111 8 T | R 1180 | 289 860 | 46 324 38 | 0.14
ﬁ“ff» kb ok 103.07 30 B A %:2720 | 286 | 821 | 38 342 34 |-0.39
¥ 111 5 T | BAE# 200 | 293 871 40 339 | 36 |0.17

BB E R (=

BrE
3
w
2 Ak ok
‘%
------- DIP 323 B £

W33 #BFHR-KTEREEF

33




AR LR (BAK B25% 1 T) ) Sok 2 @

9o E kA ek g E RSB BRI RIKGR &R @Rk e

2K FRMEA o d 23587 0 MR & -kpHE Y £7.5~8.02 FF -

iRk Rl FIE e &DIP pHE A S F S & %

it o

% 3-6

BPY OP R RTFERTHR

X

e KA kR G J\ A oH & dw TDS Ca?* LS|
(CMD) (C) (mg/L)| (mg/L) | mg/L)

9 7R HE ok 285|749 | 324 702 78 | 0.11

o )R+ 11 54 5L 103.06.23 5B s00 311|760 322 721 82 | 0.27
Wt AT -k 11640

o ) FREEA 21 5L 31.0 | 762 | 312 742 88 | 0.30

9 R HE ok 289 | 7.55 | 326 734 80 | 0.18

o )R+ 11 54 5L 103.06.24 5B R I0 29.1 | 7.53 | 322 738 82 |0.17
i %A -k 11600

0 ) FREELE +F 21 5L 28.6 | 7.71| 332 77 78 | 0.33

9 75K HE ok 28.1 | 793 | 284 642 38 |0.18

o ) 7R+ 41 54 5L 103.07.28 5B RS0 29.2 | 7.94 | 296 612 42 | 0.27
W 5T -k 11680

0 5 FREE s +F 21 5L 294 | 795 | 292 714 38 |0.22

9 75K HE ok 28.3 | 7.66 | 300 630 74 | 0.23

o ) 7Rk 11 54 5L 103.07.30 RGN 29.3 | 7.51 | 298 648 82 |0.13
W %A -k 11640

i) PREE AR 21 5L 29.3 | 7.60 | 298 772 92 | 0.25

34




IR &

-
LB EARFS
7 B8
=3 &

(203
RSB AR =
.
E@E@ @ 203 B
3] // /i“"‘ ’H h4 5'{, '
15 SIS 5
i v ) FReA 21 5L 2
------- DIP 32 3% i 2 @ﬁz\

W34 698 FkFEREE W

3.1.4 Bi#¥ HDIPE kA ¥

e T P13 B & 12 K3t A 450517104 (94-103# ) DIPSE 3 if -k
5t > H Y2 3 F M SRk o4 1032117 21p 2 B F SRR
PR ST (G362 3-7) F M A AAn g BE o Bt L 2
AR o B DIPA91E117 25p 1 * > F PG F)E
Pk Bfew B g ko T E KRB TORBIEA P FRRE Rk TR A
LT RER B R FEREFREBZRFEE o bldcy R
3 A B 1 N S A et AR A Yk
RFE > DmF A o Fpt o B TR F AARE AT L BEDIPE
EEZ B A MBI M- HEFHATE o ¥ b Sk P e 07
EAzeet Tpeglh s BIRES wHE R | (FE PR YE > VIR
TR E BEFIDIPE B - HiEE o

35



mm\gzﬁ:mmﬁ‘—:ﬁ;:f
:L%s%ﬁasﬁ ¥7-101-0729-]
mm&L e [kracondr

R £

W35 #Edr % DIPBERREY

W 3-6 #H¥ % DIP 4&H

36



3.15

\

2ok P102% 11148 % MR-k x4

BAF AL B2 U A b T EE M RoRIRRFd R
m20% -~ 7 E PN EFIIT7% s L E P EFIS%ILT oo Lok @ £ 30102
£1174p % FArckad ayeml g OBk 3324 (1025 1112 )
FEREFHEY 2 TRRFRE ) ~ TA®Ekps, ~ TBIRZEAR
2 TERZFTAFIL ) $450 LR ek > L& 3R - 795.96

B T Bk 55.3% o

KEE R

F BANTHZ W
XREREKE

HRZREERBE

g AL ¢4
{ THRREAKE \J

-//'_"‘“-.h__xh-

B RAR —
FAEH

B A&
EREAKE

THEEE
RRGER
P AR

W 3-7 REFHE? ZKKEHE> SR

37



1§ Bk R T4 3T

gk 5ok £ O7-1014 3 B % AT E L X L R4

-

EIEF R T U (b R-K ez 83.97%GERI3-8) & ¥ ¥

AF Bk E B ) B 2 92.87%(ER3-9) o d B F e F K

2R LR 0 Gp SURR2Z AR R TF] o

s, PR EL 0% Taar 4119,

2.74%
kN,
4.35%

Hift, 2.66% #{LEEER, 12.31%

7KEE,
4.98%

TA B RN, 67.35%

O &{Ligah
B S ERE)
O /K

O H3 T4
B TARR
O [FHEF R
B ER R
O THHET
| A

W 3-8 A-kR Fe 7

FoAth, 0.51% FEEH, 2.50%

PVCP/PE, 1.49% TE(FE, 1.39%

PVCP, 91.38%

@DIP
BCIP
osp
ossp

B PSCP

@ PCCP

B FRP
OPVCP

W PVCP/PE
B ABSP

O HDPEP
O HIWP
LR
W
B G
B RCP

B GIp

O STEEL
O wsp
oLp

W39 3 ¥ H Bk o4

38




PR RIBBERY T8 TLREBED RE ALY
EEA R FEFAEBE R SRR &S Y
%E(PVCP)» { FIM FE FiEBILT > REBLILDEEH
ARERREA T FERTAGFR LR RAER
FAZEE A AR B T L E MUK 2 PR o

Failure frequency (#/km)

Cost - : : f
(present
value) Total expected
cost

_ Failure risk

min.

cost
Cost of
renewal

t*

Time of renewal
W 3-10 Fsis2 B

#

3. ’g‘ﬁf‘#ﬁ'&%f 3
F AU R E R bR (AT TT o T sk

PR LV ELIEP R RIS ook 2 T iR R

B RERET N ERE L T RERKRIRE % PR 4
TR KFVEL S 5 FREHYE  BREEEEL Kl

2BALRE TR EEY BULFHE B RET 2RI

Bk Rk

39



FoREY BAEH R R R ERGEYRIMBELA 2wt
* & UL E40~50 2 B2 F fB(DIPE A) -
316 B k-kFRPALAT
myp TP Kok SRR | $36 $281F 28 MRK
Bai s RTABS R EY P REE R FHERR T A

o

?7}%1’-&:1?]‘ A s >

73?"

a

FRAem L A LB T A A R AN S
F(edEpHEFit P ~ERTTIEE)E 2 TLRFE BUFEEH

FEER BT R E G g 2 A

T2 fedhoih b X e 1%‘%@’&%&5&%;&7% A S 3
SRR AR A PN ¢ R Effk%‘%ia

WEs B AL SRS R
VIR TR F Mg B iy 2 R R A A e B
Sok e @101 #3% 20p 5ok F % 101000755055 & 12 & %
02514% " p Sk * e phaBggg | g HE K2 AT
1oog N B o e 32 K,ért-i TR AR IS £ R EAT
-CNS-2313-A3055" 4548 ¢ -k ik #) me VR AT R BATIR
CNS-13273-G3254 "ae (454 ¢ 2 ¥ 2 & * T3 #fPq k4%
S 2RI o (AR % =
2. FMRREEDIEGA T SRFFLP R ERATR
CNS-49397k § #f#n4a ik » & RONSHR 2% £ -

40



317 PP F I TREHR

Bk RALX KR F BiEiE A E R E O EY

L]
[l
M

e

NENN

a

uz\yﬂ,;’(;@g,g;@azg@g? ; BTk ﬁ;Lm@,gggxg -k

—mde

e HLOUE A G H R

kg R SRR F R T ERENF R
ZAFRREARBEFREG R L HT T LR ¢ ERATHR T
Frgphr w3 d P o BREERPE T REH PR
Beokd 4 FRTIE R ORGE T R re g T ARG Rk 40 AR

BEAEEA KD ARL0E KT £

REBRERT S PITERER A EETRS A2 ¥ RER P
POREHEE RER B ToRFRE S M- R AR o

T B \5?/71?%]5 J\é] ZP’IH’I”BA\#’ ] AR :’iffb‘?f’f@'i
GBS E A ) R AE T T o d ARG FY 2IFR
LT mB AL (BT ~Ee 2 BT ) EY ok k
60~1102 = 2 130~1502 & 2 ¥ 3 6 0 § 2382 § -k & PlF 2% » A

g £ T70~1002 = % 120~150 2 = 2o FF o ke kAPt g 2K 2

-

KB B - KB A TE0-802 ¢ B0 B RIH s A T 90~130
D ke d AR Rz BT 5ok E MO R TG o EER Y B b 54
Mok r B kB AS o d BTk AP HEE KT F AT

BBk P Ak TORBILLG513% 0 v )R F e kY

41



$0006 BT AAE L BE o
Ty TAE R BRI E RS % - AR §4,500
- FEE R TORREERN

TR S TR E S 2700CMD 5 ¥ b 0 B 2 E S AR g

iy

CMDZ% 5500 CMDRz = 1 18 > e PR 4o %

%’»

4,000CMD# e 822 % = Fi8 8 » P RFE 0% - FFERE TR
2,000CMD > 23 mdh = TR & 54700CMD > 113 33 T R R4
50%2. P 1% o
AERTAKRPHREY RZERTE TRZPHREPAE R
ARV IR R AR BPEARCREY R Rk e B T

32 PP %A ¥ AR

3.2.1 R SkimAzi

AT ALFEREPE RERRTRE T e EH G P
HoTRELERE MR KFFFEFERERSETE nEDFET
K FRI R BRE T2 2aF FP AT E Y E7 FE 42 DIP
WMAHETEFE  ERUTSREHEEPE R RLREF TR
e B AR L FoKIRT 0 R IE F M2 Rie BRI 2K (pH 2 LSI)

%TLLFﬁgﬁ"fﬁ-i}’f ﬁxip/ﬁmg“*’ Evl§3'7’g7f§

42



137 BREMLE R KR

- s F (0 72§ 100mm)

1.DIP+ KR gm4m (% 14] * g -kik)
2.DIP+-k ik #A8 (% 23] * 4 KiR)

3.DIP+- Rk ARAT (% 13 * FR-K iR )+ 3 ik %% K
4.DIP+3% 5 Aot W% X

5.HIWP

- sk

1.5 54 4K
2.8 it ok

3.8 Rk

322 §HB®
LA g2 & A5 E > (5 d 3 RO D T T P
B E
(1) #=% g% &£ & 53m> © 25 100mm -
(2) sk d 48
> DIP+- ik AmAm (% 13] * £ 5 -kir)
> DIP+-k ik AmAm (5 23] * £ 5 -kik)
> DIP+ KR ARAR(H 1] i kiR )+ E B0 2 4% &

> DIP +3k % £tk 80% %

43



(©)EE B
> rkik A DIP : ik 35CNS-2313-A3055 4 4 | &54b 3 -k 7 %)
WAL k) BT R3S 4RI R) AL 2 DIP » EAR
By AT o REKAEE T (I5) L ERZHFp LA
HEL2e 7 3l ok R ER TR R
> TR AR AR R DIPZ%‘%_%_"* AR R <l S SRR
%34 K P& BS 7892:20004 4= (-t é e )1 BH i
T F K% K B R03mmit b o
> Tk § HPa s 8% KDIP : ik J5CNS-13273- G3254R 4+ T 2 14
EME R NG Y RF A AHEL AFRIS 2
FEREE  CBRPM G BT R A% XS R03mm
b mE AR LI L R e Al R
ER I BL2xG T 3 Ak i@f—?’k‘ﬁ?ﬁé%*ﬁ% °
2.2 3 #rZHIWP > £ & 23m> v & 5100mm > d S k=@
S HRERREAFENTRECRE D ENEDIPE R o (G
®3-17)
3.23 KiRB®
AT TR R B P AR RIS d B 05,0009 5 4 Rtk =
¥ B HIRZ B ERRY B SRR
3.2.4 #FZ%IFOT
AT UbHEE M AlE s Tk RoRRA3EEF o HY AR
KEFIR L 3 B LIV RE PR K2 KR Tl s 3t p R

73%2 82 335 5 ¥ > WA ORI BT B 25,0000 4 R E T o

44



EEH KRR E

W 311 A ivkipske (S L3E) T a W

W 3-12 A& kit kgskle (F##ERS) RREY

45



KRR i

W 3-13 PR kg%E (R ZAHE) TG F

W 3-14 PR-RFSRE (F#ERHE) RREY

46



B KRR E

W 3-16 s % k@i (5 2 5000 #f4 LR ) RRE Y

47



3.25 #&AP]

SR LTRSS R

EIE TREER

1% ~2% ~3% 4% ~5% 6% ~2% 3% 4

A ,}(;E N pH{_ﬁ_

0 104 45

Bk
304 43

1) P2
R LR I
4k & ~ TDS ~ Ca** 2 LSl &

il
td
S
ks
r
®
ks
td

ol | peemis § 16PVCP =i8%9 2
) ko ) .
§1007 % §1005 % § 16 w8 AA*10
§16PVCP PI/Z SRR\ S1AEF , . ”‘"? * /& 16PVCPRI90 " spx2
TR A GIGHER § L0ODIP (s 121KR) /
sy e ad
\§ 1BPVC ' §1005E% ¢ \ §16M 5
[EE =)
§100% % §1005 %
PV FAER,  § 100 MV FRY
§l6pissE N\, §100DIP (e 2817K6R) ',_(
T NN SO
\§ 16PVC §1005% ¥ § 168858
Hokw

§ 10054 F
/

$100DIP (Padp 1RIARAIE SIS B4R )

FI0FZE

MUz FEEY

g

51008 £
PI1/2 $4LE ?r‘-\

§ 100xIM 7 i 4d 45
QR S8 VLo Y

§10058% ¥, jﬂw ‘_I

AT

X

*\& 16PVC
§ 16p34%58

§16 R4

§ 16PVC $100HIVP 4 7L

T,

§100 HIWP~3M

e ko
$16A]4% R I—
S100HIWP a8 7L *

re—>1< —H—)—T

N § 18RS

3.2.6 k ko
L s B

fako

W 3-17 @52 W

AR RYRTR R RE R B TR TRk kP B

E'inﬁﬁ%ﬁ"? I AR SR & I S Qi e = A

48



W 3-18 B & & k3

W 3-19 B 2s kI KTHEZ

49



2. F#P
(1) kg2 pHE : f1* & AlpHiK » 7 p[F o

sensiON™+

W 3-20 %3 pH &

(2) & & k2 4k B E_H $pL S brae 4 (Buffer capacity) - 8 &
ok 2 gy pH 2t p gk T2 F AR
T FFE2pH R dpom A R OET ORI RS
PIFFT0 pH MEhp orF R FR 5 2T S de R -
W ATl
> R50mIk R B T4 (kY B A F &4 0.05mlg:

B AR) o
» 4evr0.15mlR & i,}fﬁiﬁ‘l] °

> 110.02N ﬁﬁ’x/p s / FEI R °

50



0.1N HR iR #h A%

W 3-22

%&
(¥
i

51



" TEN'SHiAN
Tc20C

W 3-23 & % 4875y

(3) TDS(#i% f3 F14E) © #4303 2 KB+ e wd £ 2 7%
w ¢ A5~ 103~105C 2 % fh Fic D 2 E > R £ T
SREME VR0 2 K g
Ta R iR T H ~103~105CH4a P Sck 1 nE o B A1
2 FRETLIRIEEME - R R EME R BEHME A%

eE s WERBEEAME RS e

> Mg L PR SRR B R B A

> FRAEERPEXER I EHRI I VLD D FL A
0.5mgp

> R FB100mbok 4R ) 0 B HE EH w g

> R E SR e A i PEEIEE

I

2
==

L

—\\
—\\

%
<

s £ 50.5mgp -

52



SZIRER

DRF

W] 3-26 A~ 47X E

53



(4) 4map+ Ca™ @ Rip > F 4T
> #50.0ml-k B 245 o
» 4 x1~2ml NaOH -
> e i B pARE T A
>

MEDTA 4337 F 33 5NES -

1IN NaOH && ki

W 3-27 454+ Ca*' 2 @&%i3 %
(5) LSl @ &% it-KiE ~ pHiE ~ #& & ~ TDSZ 4% 4+ Ca?* ik b 5

w2l §F 9w
2 5 B3 _EIT P v

—\

FLSIE -

54



Fri BREFMTEHE

41 FHEiEEHRES
411 FHE XAREGE
BRI NP A R AT R R gk 2

BoRipsk e 2 3R 8P 5 25,0000 5 0k g a0 ek ks e

2R o RBIHE M EHA) o411 B4-3 .

32

SN

o de 103 oA

W4-1 BE RN -RPHREREGFER (S ELF)

55



Bld4-2 PRARZEREFEH (S8 ELHE)

56



W4-3 HA R -REFERERFEFE K (5 25, 0009875 % g)

57



412 @FkKzEETIH

Ryp T RL2 B R 0 10448 30448 L P~ 2 B 4]
PENG P~ 1% v 2% ~3% 4% 5% 63X 2B 3% 4% E S (&
BBt g2 KWW A KT s Z-RE pHE 4 & ~TDS~

Ca**z LSl o
4.2 B2 %

Bl AR RE Rk 0 T RBIPFR 2K TR sk iy
FART o BPpERRE R M AR SR 0 A dfdeT
421 @MLK RPERE

bk SR BFm o @ LA DIP ERS P98 %34
B BT A R B 1A B ORR S 527 B KR T AR
PHIE S feiBie $ 8B B2 &% ¢ A0iE K F1R88.5 2 15 i 583
3115~1202 fF ; A LSIE g2 R T BBk B o F 2> &G ki

Btk kR T o pHERI S MA S > T2 1B 0 2 15 pH
BB 7T A K FHRE8S A E T TR Kk A o RF M
AR R T G ot LDIPZ KRR SR T E °
T oob s kv TR A8 A% EDIPA HIWP - %] % & -k Gk Aae %)
bk ERA
o LY B A fApHE ) dF 46.8~7.82 FF > H 8 g B ~TDS

‘ﬂ
B2y
A

g~ % g it s BEARLSIAEF 4-2.0~-052 F >

ZCa 3 AP R HALZEHL AR -

58



pH
14

LSI

13

12

11

10 LS1:1.00 (T=452°K)

pH:8.69 (T=458/\H)

LSI:-2.38(T=0)
pH:6.46(T=0)

0 7 14 21 HRRE(R)

WA-4 B2k KRR R TR A W
(DIP+% 13] * 3 fF-k & 442)

pH
14

28

LSI

—e— pH
13 —&— LS|

12

11

10

LSI:1.57 (T=551K)

pH:8.57 (T=558/\iiF)

LSI:-1.98(T=0)
pH:6.75(T=0)

0 7 14 21 FFREI(OR)

W4-5 B A k@ERE KR FA N
(DIP+% 23] * ¥ kFam)

59

28



pH LSl

14 5
—e—pH
13 —m— LS 4
12 3
11 2
10 LSI:0.57 (T=%21%)>.\ 1
9 0
. o /
8 -1
pH:8.34 (T=5528K)
7 B S1:-1.99(T=0) -2
pH:6.80(T=0)
6 -3
0 7 14 21 BFRICR) 28
W46 B2k -kERERTRMERN
(DIP+% 13 ‘ -k mmtBm s Bk %38 k)
pH LSl
14 5
—e— pH
13 | —m—sl 4
12 3
11 2
10 1
9 LSI:-0.63 (T=55287F) 0
F
8 - -1
7 @LSI-1.92(T=0) ) s 2
oH:6.86(T=0) pH:7.83 (T=5528K)
6 3
0 7 14 21 BERE(K) 28

W4-T B2 ki ke ke A
(DIP+3:§ A=s &40 % %)

60



oH LS

14 5
—e— pH
13 —m— LS 4
12 3
11 2
10 1
LSI:-0.89 (T=5528°K)
9 0
& t N
7 !E ] = — 22
-1.88(T=0) pH:7.66 (T=2521°K)
pH:6.94(T=0)
6 -3
0 7 14 21 FEI(CR) 28

Fl4-8 B2 1 okisskie kR0 BA R (HIWP)

422 PRRESHE
d RS FIR 8* RAME2DIP, Amiks #9823 %

BT 0 AR R LA B RORR & R 23 KR IR G A

~12.02. fF ; A LSIE 42 R 1C T BBk 8 o F 20 &F ¥ #7904
PAIERFRET opHET ¢ EHRIEE > TR IFELE Y 218 0 pHEE
BN ALE R FHREBS B AN TRRK A2 0 TRE B R i
%R ¥ 5 pxitd DIPZ RRARARE R B E L 292 F o

¥obo B IR A4 8% EDIPEHIWP » 5] 5 & /KR 4842 5 F)
SRR AT B AR B ALSIEHE -2.0~-052 F
R E et japHER] a4F 2 6.8~7.82 F 2 8 4 & ~TDS

&Ca2+j’_’ijjﬂpg &F%/L ’ &F;ELFK'—?*?B N «'{""”b}@‘éé'}io

61



EHA 0 PR KBRS B N RBERERERES A RAF
i am i /4’/%] DIPm = ’Fr ,ﬁm@%-@rﬁ Eiv,® _%Sf
RGP K B At pHE SR F 7T S AR i
pH LSI
12 4
—&— pH 4
—a— LS|
1 3
10 2
LS1:1.62 (T=552°K) |
9 pH:8.78 (T=251K) | !
8 0
LS1:-0.53(T=0)

7 T pH:7.19(T=0) 1
6 2
0 7 14 21 R (R) 28
W4-9 BR-KFEREKFTROERF
(DIP+% 13] * #jr-kE442)
pH LS
12 4

—e—pH
—a— LS|
1 | 3
10 2
LSI:1.23 (T=552K) |
9 1
pH:9.16 (T=552K) |
8 0
LSI:-0.42(T=0)
5 ] pH:7.34(T=0) 4
6 2
0 7 14 21 HEFRE (R 28

W4-10 P R-RiEHR 2R FFE F
(DIP+% 23] * ¥ kFam)

62



pH

LSI

12
—@—pH
—a— LS|
11
10
503500) LS1:0.94 (T=55287K)
. ..0.38(T=
L
+
: 1
pH:8.50 (T=5521K)
7
6
0 7 14 21 FHEICR) 28
W4-11 P R-KiE%REF i FFE F
(DIP+% 13 *“ #f-kir stk § Bad hatd k)
pH LSI
12
—e—pH
—m— sl
11
10
9
8

pH:7.59 (T=5521°K)

pH:7.29(T=0)

LSI:0.02 (T=4528K)
— %
e 1

0 7 14 21 FFEI(R)
W4-12 PR RFBEHERFE F
(DIP+#%: § # a8 % %)

63

28



pH LSl
12 4
—— pH
—&— LS
11 3
10 2
9 1
LSI:-0.54(T=0) LSI:-0.13 (T=5528°K)
8

. —
+
7 4r -1
pH:7.52 (T=5821°K)
6 -2
0 7 14 21 FFEI(R) 28
W4-13 P R-RiEH e i-FE @ (HIWP)
423 BB kokERE
Ak R kR HPHE G 26.6F T 0 @ LSIR| &-482 + o
Hhed 410 KA BREITE > T dpHE 2802 & 2 LSIAtlz BF o
24-1 B85 2B X R R RRE
- W %38 P
B # a & 2
P ks P M e L N [
(C) (mg/L) | (mg/L) | (mg/L)
104.1.16
+ 5 T —
T AM 1030 20.9 [6.75 2 229 1 4.73
.| 104.1.16 )
e A 1040 20.1 [6.57 2 82 1 4. 86

d Bk SR FM o @ * LA 2ZDIP, AR FET

FamdEt F LA B RORR A F 23 FFRORE TSR pHIE ) A&

2 F 1) T AR R TR #8502 15 g M E 1 120~13.02 & ;

64




M LSIE "~ hg2 it S &bk g o ¥ b it 3 Ry WPk R 3Y
R sl ™ o pHE ™ feikie ¥ 10 ¥ T Ag i -k TR 88.5 0 x % it =
00+ BEAF» THAX-K a7 RIMGATHERS ZZT

fon

sz 4 DIPZ -k i ARALiE % -k B & 14 2 54 2% o

A B TR RS EDIPAHIWP » B4 & ks 7
Jo o pHIE % 7 gk bk BB IEB.5000 T » 52 A LS £-2.0~-052
B kM e & el fapHER B4F 4.6.8~7.82 FF > H 8 §& &
TDSz2 Ca”%35a P Rt LG EHE F 427 > HIWP

LORBUIRT AR M EDIPL 5 BE

pH LSI
13 5
—@—pH
12 —m— LS| 4
—a— 1
+
11 3
10 2
9 LSI:1.08 (T=552K) 1
pH:8.59 (T=5E1/]\IF)
8 0
pH:7.79(T=0)
7 1
LSI:-1.26 (T=0)
6 2
0 7 14 21 PR (R) 28

W4-14 ¥ % kiR P i FE R
(DIP+% 13] * #{-kFam)

65



pH LS
13 5
12 > ® 4
11 3
10 2
LSI:1.14 (T=258/]\0F)
9 1
pH:8.61 (T=251/]\H)
8 0
pH:7.83 (T=0)
7 1
LSI:-1.21(T=0)
6 2
0 7 14 21 SIEEN] 28
W4-15 #HE A -KFEHRe BRI FAEF
Ad 2= 1, o \
(DIP+% 23] * $jF-kik4R42)
pH LSI
13 5
—&—pH
1 —a— LS 4
11 3
10 2
pH:8.54 (T=251/[\lF)
8 0
pH:7.82 (T=0) LS1:0.52 (T=4528K)
7
LSI:-1.20 (T=0)
6
0 7 14 21 BE#REI(R) 28

W4-16 2% & -KRHeBEFAEF
(DIP+% 13 * 4 -k rmim+dk§ #n ik 24tk k)

66



pH LSl
13
—e—pH
12 —a— LS
11
10
pH:8.47 (T=5528K)
9
o ®
8 @or7.79 (1=0) - —
7 LSI:-0.14 (T=5528K)
LSI:-1.25 (T=0)
6 -
0 7 14 21 HERE(R) 28
WA-1T B3 % -REHZE2R R B
(DIP+#&: ¥ # a8 % %)
pH LS
13
—e—pH
12 —— LS|
11
10
3 pH:7.90 (T=5528°K)
8 - \
pH:7.79 (T=0)
7 -
=g —— — =
LSI:-1.23 (T=0) LSI:-1.07 (T=5528K) /.
6 B
0 7 14 21 FERE(R) 28
W4-18 Ak -kRp%eRi s EH (HIWP)

67



424 R FE%K R HA Y
EREHEEEFER LFFLRFTEF AREFTFLII L) T
2 &F‘%lb s :—:: %= 7 H?-?';f;ﬁ‘l,hﬁ&;ﬂ é__] Pg.yj(;}ﬁ‘ri,};%ﬁ‘%sﬂﬁ'_qjo f;%

®14-191 ®4-23%5 77 > AR 2 R TR FF s P A 2 DIPZ 3% A

i

4,.‘ ifﬁ% - /ﬁm_‘bbéx,‘#,‘}\}\m @KJ\%‘F%L’*E
e L B pHE ™ § ALk PR EB5 0 ® R § R R B A 2

DIP> % AmiaE  "pHE¢4#5mMF% 21002+ > 7 7 %
§ AR R A% & 2 DIP» pHE ™ 4 A8.8%iT » 7 K304 Bd o i
we BT R O R ARSI ROR T A - A PR 2 R T 1 pHIE S 3F

T Aok FEREGEII P
FBLE: Bk % ADIPEHIWP Fla REBRAZRRE > &7 Fo

<

KRBT iR B A2 /"‘/ﬁJ‘”J\%ﬁ £ ‘»ff?" E%’%

.
B o
S
11
pH
10
9 4
8.59(T=1//\i%
8
_— —e—HiFER LK
ps— ‘
7 I —— Za‘ﬂﬁ'ﬁﬂ<
—a— SR
6

0 5 10 15 20 FFFE (/)

W4-19 kFR A H (DIP+F 13 * $Ff-kirme)

68



11

pH
10 H
9
8.61(T=1/\lF)
8
—o— HEHIRAEK
7 —— K
—A— AUERK
6

0 5 10 15 20 HERE(/NEE)

W4-20 -RFRpFR @ (DIP+%27) * $#HH-kiisag)

—
—e— B R {bK
—— K
—h— &R K
0 5 10 15 20 MRFREI(/INER)
W4-21 KRR
(DIP+% 13 ‘ -k A mmtB s Mk %% k)
10
pH —o— EHRIEK
9 —— i K
—A— 4ER K
8 A
—$— 4
7
6
0 5 10 15 20 [EFfEI(ZNEF)

W4-22 -kF#iprA W (DIPHRF A% %)

69



10
pH —o— B IEK
5 | —— K
—&— 4R K
8 A
- —$
7
6
20 HEFREI(INER)

0 5 10 15

W4-23 -k F % A W (HIWP)

425 BipP Bk E R p kR TI0B G RET
daviefekg e 2 8 Kok GUnEk o T 2 e K25 5 B TF A

s L R FRABA BB RE P RER R S

P EET R R R RE RN 2P R R IRAE OB

&—-Ig PR E R RRE A SR B E R EAY B R ERT

v

Zh KRS O URERND FORTHOBTHTRE A BYEF
PR P RTATH2 R ¥ 2 M-

TR E SRR IEN S SR E S

g%q%@,j%u»ﬁ%@%@ﬁ«ﬁﬂ#iw%ﬁo@%9*?

2 ?Im A R 7 A'fl&F'T(Fi—lel- 2)’ RIS Y YR

Tk R 2 RR G MA Ak FRME2758720 7 5 ¢ R 520~

1,000m/m » & SR 56,481 M3 T ook £ 5 19,366 M¥/Day » F]
fPpop RORTI2ERGEERT 2803 FF o 4og P DIPF

S KTLABPRARRES -

70



24-2 BB 5K HERER 2 WA R

r & (m/m) ER (D g (M)
20 454 0.14
25 6, 160 3.02
40 2,033 2.55
50 39, 088 76. 75
65 518 1.72
75 118 0.52
80 47, 247 237. 49
100 74, 299 583. 54
110 11, 342 107. 79
125 20 0.25
150 32,184 568. 74
160 6,479 130. 27
200 22, 8217 717.13
250 703 34. 51
300 10, 759 760. 51
350 5,203 500. 59
400 7,949 998. 90
500 8,337 1, 636. 97

1,000 152 119. 38
I3t 275, 872 6, 481

43 %%k DIP gbst 35

B i@ % DIPI® 5 300mmye ™ 2 fie-k§ pF o F % KA ke ik
oS okha s Bt o Z ik S RILETDIP Y gRat o e

Aok o (G Fl4-24)

71



W4-24 T-zgpais | & %5k

BB ROk T F R IR M R R R DIPE 74 R 0
Tl R F M LGRS € MR R - B gET TR 7
— 2 RRAG R (A F4-25% 4-26) > BT 40 % R LT R, — v i
ks fmy a2 REE AT A R RRBAZ L
MEFLHHERTEHFFO R AT ERY AR A S
SRR o Tt o T g M %34 A DIPR P o EliE P 0 v 2

AT AR SRRk

72



®4-25

R S WE RS VR oy

“acangasyer

Lyt
&

4 % A
G AT
+ SR SR

s &

F4-26 3Pk & a1 HE A




44TEp S Rk P ARECFH ) RHER

AL RE N HERERER S G F B EEHEY » £0104
EAVOP R A p TR T F e pok 2T AP E 2 s SR
LR RAP LB A EHE WD B kR EARL Ere G5
BEE MRS AR p ROk A2 KB g3k £ B i £ B
4+ L

(1) 7 BRI M EP LT R EEY k&2 ¢ ZHIHE Bp

A% o Ak AT R R A
(2) 5§ #5344k K DIP* % 4 K iwpr ¢ 8 2 23k & 4
Fa AR AR R A KL E R i 7 T § 300mm T

(3) Wht Miray BDIPEAA KT i A k1 BRAR

54 0 7w RDIPE (HEED RBE- H BT R

(4) B 5 #7 % EEPOXY ¥t 443l if sk i R 4L > 7~ TEpOXY ¥ %
Hiog B EAEME LG TR BRI

(5) ® % &R A L2 P 4 2 DIPFIZ # & IS0 & &
Bk 2L SRR R Aot

(‘3.\_
&
y
=
v
_‘3‘3}
&
E
o
55
s
o
T
L

74



IR RHE2R

51 %%

4.

97107 30p ¢ M 2 | ut fRERah g kiR P AR RF 3 € L § DIP
PR 5 23] N ORI A TR A T AT ] R
W RS2 DIP> 2 % %13 FRokE & %23 ¢
FRORFTLARE AR BHER LR Y FIFARTRY
Fa) o Bt o def Kokt kB R B PEREL > AR LF M
AP R Mg SpHEME > @a BPRRORTE FRRE Y 2wt
Ao o

" F AR RS EDIP) R B LR E - SRR
Pro VR OREfRE N p ROREREABALE B LR D
FRIL A Rkt ks gTioe g prRgE1% P b
ALETF TS RFRY R 25T

B E RART R AR E S REREPE FERE- X 21
FIH AROR LS ML Fe M d AT 2R R Avo A
KEDIPZ KR ARAT > B 5 AR g AR R Tl 5 A R SRR
fpHE4:178.0> g # * T3k F M A 3% ADIP, » 75
€2 pHEACE K F1RHE852 R ¥ 7)o T E A REPE F i
Mok R ARAR T AEREPE RRY TR R
% K DIP, -

d RSB R R o TIRF ML KDIP ) FlE KRRk

75



PRPE TR BYRREFEFELLRY R TR
FEA o 4 BB A FUR B R < S BN A S 2R E40#
R AP RIEPE R F A RN QTR F
> ZFTEE- HFH Py g2FHT o
HIWP 5] of i ARAL > Bk % 3 5 500 3 2 IR § A 45
Mo AEME (LA M E ARG ARLY Y Y
20 > i EUSPFURGRE M FHE T R L
FRLYET P EE Ry RDIPL B > A S P
P AR > FIH & 3+ 2 23 0 ¥
T DIPE A e BT o oSk 2P e 0T Ak

EREHE TR

DI s SEEREEE R AR SRR SRy N DR LS B: AL A

¢ BDIP¥ IRt T R B 33 fIDIPF b B> i - ¥ chiksk o
W LDIPE hEEA A BT 74 gE* ISORE » LDIP
B iR AR RAA 0 2SR E S TRE A ata k0 s
Wik e

Bk R oA NCRY G ERE - 2 B8 24,0005
B % 2 #9906, 00093 K e 1 AR (8 0 AR R R F L GIE-F
T0%02 b oo 5 ja K R R A 2 BoRE e AT T I (T S IR
PRFEEREAERE L S ARLFE R W EEE T o
FEANCK )RR DT R ERASLT AL EHEGE S
BB EREKTRE o Tl BPR R EHE Y EHR R TS A N
k2SS TR APk t% EDIP, S8 ik h o H 5

"HIWP | -

76



5.2 1% %

1. BN CNS-2313-A3055 4548 F ki &) foamaL > 32 | R4 -
T RPN R AR i A A

B

HER 2 APM AR TY RAE >
BE o BREFERTRR A TR AR Y 2

FIRPN B AT TR T R EDIP o SURT B

WRE-HFREE PR FTZFRIA PR o

3. FREWIERAREFDE ¥ 2R EPE ®F R T00LRAE2 DIP-

4, LT TR B A% EDIP BT REEFESRT > EREP R

P g HIWPH 5 3§ 7 -
o Bk R TR g R A

J

gy

P T4

'“ﬁ’ HE pRAHNF 2B S2 B

$

3R RIEEDIP, - faddr v F
£ A
6. TIRF HPARHE ADIP ) 3% o Rt » Lk

PRE S RHE AT BEEY i A3 g R mEr Sk
W2 35 0 Flub o 2R E A & 4 §300mmin T B F i

# 5‘%\'7k?}f’ﬂiﬁa7kj§ o

7. F MDIPE *EED L a2 oL 45 0 kT £ RS IRLEN 2

ZER

77



PNt

AEF P EE RIS F AR E S B RO L0 PP
g R B R RERTE 2 LA DIP I ERR R0 kg A

AP R APl DIP BF MR REE L 2 md > hflimy
SRS 19 e (R RS g B Jh 2 DIP TR § AR R K
ER R AFMMARSE TR BT A SHRRSFEEAE
dARE LY o AR

BHEM,D RRFERSPRELP TRk E DIP i A
AR AL EHREFERIPM TN DD R R TR
PR LG A D 0 I AR T TR A it R A
YRKFRN - B FHIMS S5 o ¥ £ § kKT 2/ DIP
HF AP B R LS P ERE RSk R

Aok Bedert PG S R HER AT MR A B HE G YR
PERT R
AR R S L L N

PR R ORKT TN g RAE S DR T RRBRIE 2 R

EF T PR R T I R R R AP PR
E‘gﬁ l‘ﬁﬁ’fx’—a j\;él“jé}—% 'ﬁ")xl?f«;’”@f;i@/%%d\‘ .

&@@ﬁ%&iﬁﬁ%%%iiimwﬁﬁ’ﬁipfﬁémz

(52 f o T8 R TA M -

78


https://www.google.com.tw/search?safe=strict&espv=2&biw=1920&bih=947&q=%E6%9B%B4%E8%87%BB%E5%AE%8C%E5%96%84&spell=1&sa=X&ei=Z6iTVdy5Ho6j8AXrwZaQDA&ved=0CBgQBSgA

10.

4

AWWA (1986), “Corrosion Control for Operators”, AWWA Research

Foundation, Denver, CO.

AWWA (1987), “External Corrosion — Introduction to Chemistry and
Control”, AWWA Manual 27, Denver, CO.

AWWA (1989), “Economics of Internal Corrosion Control”, AWWA

Research Foundation, Denver, CO.

AWWA (1991), “Control of Water Quality Deterioration Caused by
Corrosion for Cement-Mortar Pipe Linings”, AWWA Research

Foundation, Denver, CO.

AWWAREF (1996), “Internal Corrosion of Water Distribuion Systems”,
AWWARF-DVGW-TZW cooperative research report, Denver, CO,
p.588.

DIPRA (2005), “Cement-mortar linings for ductile iron pipe”, Ductile

Iron Pipe Research Association, pp.1~7.

Kirmeyer, G.J. (1999), “Maintaining and Operating Finished Water
Storage Facilities to Prevent Water Quality Deterioration”, AWWA Res.

Fdn., Denver.

Langelier, W.F. (1936), “The Analytical Control of Anti-corrosion
Water Treatment,” Jour. AWWA, 28:1500.

Mcneill, L.S., Edwards, M. (2001), “Iron Pipe Corrosion in
Distribution Systems”, Jour. AWWA, Vol. 93, No. 7, pp.50~61.

Millette, J. R., Hammonds, A.F., Pansing, M. F., Hansen, E. C. and
Clark, P. J. (1980), “Aggressive Water Assessing the Extent of the
Problem”, Jour. AWWA, Vol. 72, No. 5, pp.262~266.

79



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rober C. Cheng, Cynthia Andrews-Tate, Tai J. Tseng, and Kevin L.
Wattier (2009), “Distribution of Desalinated Seawaters: Are Corrosion
Indicators Sufficient? ”, AWWA Membrane Technology Conference,
March 15~18, Memphis, Tenn.

Single, J. E. (1981), “The Search for a Corrosion Index”, Jour. AWWA,
Vol. 73, No. 11, pp.579~582.

Shock, M. R., Logsdon, G. S., & Clark, P. J. (1981), “Evaluation and
Control of Asbestos — Cement Pipe Corrosion”, EPA 600/D-81-067,

Cincinnati, Ohio.

Shock, M. R. & Buelow, R. W. (1981), “The Behavior of Asbestos —
Cement Pipe Under Various Water Quality Conditions: Parts,
Theoretical Considerations”, Jour. AWWA, 73:12:636.

Uhlig, H. H. and Revie, R. W. (1991), “Corrosion and Corrosion
Control — An Introduction to Corrosion Science and Engineering”,

John Wiley & Sons, New York.

\Volk, C., Dundore, E., Schiermann, J. and Lechevallier, M. (2000),
“Practical Evaluation of Iron Corrosion Control in a Drinking Water

Distribution System”, Water Research, Vol. 34, No.6, pp.1967~1974.
PEAREA Rk g (2003) 0T p ok E MR it p e R

R i

s Rokad (2013) 0 TR MORAR S (102 2 111 &) o

oP e

L7 (2014) TDIP ¥ H %3+ & B £ R4t o £ p %ok
FE ARG S o

AT G ~ B8 A (2007) » TR KGR Rk OK TR R
PRI Y 0 P BIRRAER AL > D4 o

k98 (2004) TA Rkt kG A NET ) FE S
CERBIART JRLHT o oa e

80



B e —
EMSEEKERASESNE
= nﬁ%aﬁ

81



82



b

|

4

fiv 1y

y S

(_

22 134548 F KR PR G § ¢ HEsr

R 97T E 102 30 p T = 20004
CBRELL AP 2Y - €RE

CAFA RIS ek 2R
~AR AR eI R AR B LR

~i@f??'

FRENE IR ROk g FRT R~ A Rt AR s LR 2
PERFAEL - RPAELRTEFLEHEE 2 6 DR F - FIR R
RFHFREY AT a AP FRINGRFTLSIERS s TR
d Rokzioh HuREHS I LoE AV FRES FRE

TR AR HT R G R

R L

’H‘f' bk TR RAEA AEREFT T BHEL -

N ~§7“ 4 \ff\z .

) 7ﬁ}%@ﬁ2ﬁﬁiﬁxﬁ I AREF DA REST AR 8D & ;}-i;—&.l.ﬁ.,l\,g b
SRATFY 0 S ELY AR 2P SHER N 5Bk
Mok FRBARMAT T B RA KRR LST BT 305 -2, 1~

1.4 FkT30E 5-2.5~-1.3 @ A KGEARKE R

{o

(2 BAAER 272 L4 1 LB S k2P 5§ MR -

5 EFA Kb BoRRAD RSB FRR R R L

LSI@wwaﬁﬂz’éei%ﬁb%ﬂfﬁTfﬁ‘%-

1. 4 NaOH -

2.t & 4T o

3“&&&*%%%0
i%ﬁgﬁﬁﬁ'piﬁ»gﬁﬁlLpHE°ﬂmWé

%Pu*?ualfl\pH B % 6.5~8.5 i F L R ITE KRR

RPhEtiz: 9543 10> AT Hro

CENDF e -9 -1 SR A1 S S SO PN 10 990 /1 K0 O -1 50 S 1 2 £ 3

?uﬂﬁéﬁ‘éﬁHbM&U%@é“*%ﬁwm@%mmﬁﬁ
uﬁﬂp,‘#mz}b Yol Fe KR TR R 2 8 o
é;r' s L AE RGO RGR TERL R B B 0 e 4T ﬁtbuﬁy ;‘;\:11
Fogt kB LST g B e A REERHP Ly Ak Fa
?wﬁw%&m¢@mlm%L’wgfﬁ@ma %‘ﬁ
2@ LSI Edcdp 2 2 PR TR AR 5~ By 0 A
KR AR R RSB I R AR LT

83



(E)p RkEgFfF &£ TR B F %17 84 K TR AR
AEE P TR AR KRR L ONS 61 B RIRE 2
SRR E AR BB LRETG 0 Y ¥ 23] #
Wokir (EARE > Fhe- K EBHRI A BEERE T 2
) ERRR R RS 1A 5 B R
l. F 4P 4TS PO BRI > G 7 20 KT LST § 2 kR

B o

2.0k EE M K EFRER -

3.0 RIS T L TUG B HF RT3 AR
)}\'j o

4. eig s iL o

FUEL2A CHEOLEBADT Y] }"F'&Eﬁ"gﬂ’ Rz xliy

HMEe Lfzd- Lo

(I)F 3 EEROLGF 2P 1o 20— i LR 7] AR

vigr 3 100#F > KRB G- 'E'??B?Fé“";’l&ﬁ;‘% oo P o B
f$ﬂﬁd‘i<wfﬁ-*é*{ﬂji)iii§$"<Wﬁﬁ; A B
§>%u‘ kR ERB S A AR R - B
SRCS TR ﬁﬁ%ﬁ'm"q‘%‘ A RRFEE TURE R SRR
‘Jﬁ‘i"'ﬁ‘f 2 B °m\gﬁbﬂ%ﬁm‘ﬁ\?ﬁ%€m’}\?ﬂ?%l’pm’“‘
% E«ﬁ—mﬁﬂ ,E]’é s Boan PR E R R BELZBRES X

(78 Mg T R LR st § 241 C R TR
2 *ﬁﬁp\—;i%#;fﬁ:f}%lﬂ B R PSR S oo B E
Bhed ERART AR L I AT B SR KR ER L
FVB’EE’ Fﬁ)#/gjvi.

(= DFRER D B ARtk 2 % g kv ok LST @B e
%«ﬁﬁﬁwﬁiiéﬁoﬁﬁﬁ%wid%éi’%W%ﬁ
o BF R 2 l,ﬁ. z&ﬁf@ml\/ﬁwﬁwt ok @B
a\ﬂ’/ﬁi“i'ﬁl ER L N D SR i 2 S G S - 1) B A
EF IR XL FINS IR IR IR IR
oo 2SI B8 -ReBER CHAE ~ RAEER B NP ¥
GREF I M p ARSI EZE-1 2 > £ LSI E>] R
g E AR - K RN S ] TR TIRY MK
(Epoxy) » P ~75-K7™-kig &4 Epoxy 1% & 38 & £ PIREF R

Ui i pH2~4 2 L RESR ~ A EAL C R R BB MU F
iET S '4%. @ N E— :r--i'“péf‘é? I39! <k S R b i pé%?ﬁip e A8 7T
T Epoxy R EE - K o Hi5g R E A BRI ITE B
R ERE T S A e E DA FROREITRE SRS

\\

il

44

84



BT F AR Ky R E MRS B e AR
& °
(M)ka @ FIRaT A2Em @ UK FREE kS 0 2004 £ R S
AR ROR TR L pHE~8.5 0 @ p A GuL AR Kok iR
= pl7.5> m LSI & 5 -1~0 » & % 3| pll5. 8~8. 6 #-¢ Fax -
WHO $fec & R R FauE & s ¢
1.2 pll & -
2. % & *v X 40ppm 12+ o
Racvkk R eniS % E3R pH42:iE 8.5 pF » WHO 2k 4 pAe B
f;;o,ggr;g«- ,fﬁ@ﬁm,m%@? Kﬁﬂ—,m}»ﬂ 4o
AR~ E N Mf—’*ffﬁf? ~ORATER  # ]\E@:-ﬁ’bgﬁﬂ@
B mEehe w"%}q&w PE @2 % DIP
FoFIPEE S AWDIPERNFS o AR BL P wHRI LY
o Fl& ’FIDIPP\%Tﬁé#‘?%ﬁ*/LJ\’?F\Em 4o A R
Roarel r T7RB-RAE 5 PR 3ed 2o | 2R R 1F i‘%‘ﬁq*“
Ao ledl o R P L R BRI AR o ¥ LS ] KR
g AA S LST B> » 7 B¢k ¥ &F Bk
I .
(L) k2@ i adhrt P 2% FR ARG a2 > 243
-’{1‘ NI S S “waﬁiﬁfp g F LSI E-1 £rt LSI 52
bR R B2 KR PR LR E o Bt R 20 & ST ER
,m‘v T LA BRI E B R
LoAel 24 o AR A F] S A1 U R B k8 7,000CMD 3+ o
/’ﬁ\r‘ﬁ,étzoo\"r’l‘?ﬁ?’i~ F Rk R A
EHRAL > K P Acd § 4T E ,1200 25 5 4 28. 6ppm -k
BLSI iEd -1.474#% =2 240.08 20 #m H & & & 1 3
18,600 ~ o 8 F* E - A AARPF " EHKF 2 T IEA
AT ARG A AE PR
2.%c% F -4 33 ppme K FLSI &d -1. 75 %= 240.4 > 1
A5%NaOH # =~ % & 7 £ 114,990 =~ o ¥ & 5 (* 4pehs & 5 3
I IR et 1/ B
3. F RIBAr S BB > MB AR o o X FIo T ark
FLAIR T o L TR R RB R OB Kb s B
= % 25,200 =~ - LSI &+ 175#%.4 -0.13 -
jﬂ}»ﬁé’ﬁ FENRAS G gE A E o
() }i/f@}i%’*vfiil £ E M RRAeREE (F) ép\**’ii ik
oo BERLAN AL KR ARE N E bk BendT a3 B L S p
4 Fla AR RN F AR T F ks o

85



KA AR IR KT § AT S hrk iR kg Rk
foo Ble @ B TORRA L GFEETE RS S 0 A0
Rk BER R o Ak BB MR 0 B R AN S AL 2
‘@ﬁ%%@iﬁwﬁﬁﬁiﬂiﬁ°‘fﬂﬁkﬁ%ﬁﬁﬁﬁ£¢
KpH @ eiElefed 205 REF 2§ kAL TR

R e ¥ AR KR FIE A 0 AR amkaﬂ““@mwﬁ
RGRBe 0 F oA i8R iRk o

AN AR T

(= D2 ARk 4kt ¢ 3503 £ o 5 iREL > Batigip T @
B 0 0 T ERfE

(Z ke A= 6 o ik A2 KR EAST RAE RS il
(RS SRS T

Gdﬁiﬁ—\Aaﬁﬂﬁ RS2 F SRS 42 DIP § s
F 23 IR kAR PR B AT E 2
Jj\/ﬁ‘?ﬁo,%w»’ ™ BL o

(E)FHee® 523 " HH-RAREZFHRE TRLE > 10k
FHEIL o

(T Wt e Tisqd s o

1 g - T4 LS A

86



B &% —
CNS-2313-A3055 £

"REEKRYREBE A

87



88



CNS2313

ICs 91.100.10

=] ==

o | B e

CNS ME P 52 58 6 7K D8 b R LA

mE 2 31 3

BB’ A3055

Method of cement mortar lining for ductile iron pipes

¥z

Bl s e e e P B
{1 £ £ SOTRTO oSO S PR RR
B I o e s R T B R D s e N s
T
I 5 ORI
LTI 3 S g TP
e N s 1.

T s TESR B R BEAEEN v eeeeeeeeeeeeeee st T it ee e ee e st e eee et et e ene e re e e
T2 EBERERE v oeoeeeeeeseeeeneeeees e reesee s sees et b e ee et e ne et eeen et et et een e ne e e
S 2 RO ., " 731 S,
T R Y 1, S e T i
.5 FEEEBR B 1o vevmemeessmeeemessesesseesneeeseeanseeenesssseemeeseeshuessee SHras St aemee et eeseeenmeene s e een
B BB coeeeeeeeeteeemeeeesmeeeeneeseeen e ee e eteneeeene e e een et ee et s et T e ee et eet et een e ne e

E #

1 |
b g

ok hotm ottt ot thotn L L L L e W W G b

wrngus RREEEREREFEHT

BIiTHEH 102 F 2 §

AR HE IR R &R N BT

89




CNS2313

CNS 2313, A 3055 =l

B

FEEGHFEEZEE  BEFREEEEATE T HIEHMLTAZITERE
Bl SAF 2R - CN3 2315:1993 BRI T HEFFEH A -

ERAFORSAEE HAFFEEERMOIRG - BESZENERTEHRMSI
AEAKESAELARET  EHKE -

FEEGRERAETEEH FRIFEENEES S CHMBET T BEREES
i HBTHMEEIEE -

FIREZEHEIAET  FIRIEHENY  BREAESFE - TEHBAEFREERHMT
ERET AR ALEEANY - mEMHAEFE&ER -
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L. AN

FEAETEMEET L TERERE AR s AR EETE -

2. 3| AR
CNS 61

CHM3 486

CM35 1240
CME 4175
CME 4755
CHMS 10808
CHN3 12285
CHM3 13273
CHM3 1391
CME 15286

F 4% M 7RE

1 48 0 B AT
Fok ek ik
Pk o

Al e AR
M

R RS

EMEBEEREHAEESHENRER

EETHATAEK
YRS AR

3.
WEmRT - BWEEERS CHNS 10808 ZHE -
1. 7§
WEFFH AR SRR ERS, - BRS THHRE -
(a) 7KIE & AIBFERF-S CHI61LE CNS 15286 2 #5E -
(b) SRHH - SRR RERT -2 CNS 1240 8 2 BN 2 AH7E - HRACKE B 5T - ff CN3 486
HofmEEReE I EH22HE -

#F 1 HACH ZARED

HEEE T B (%)
(rara) TE B R e 300 o B 4 150 pum & §H
752250 30 LR
300~ 500 25 1 F 40T 5T
1,000~2,600 30 LT
S B ISR SR A SRR NS 2R -
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5.1

5.2

5.3

#£2 EFBEETHoMCHRBFE2ER

B *mm
FRER T T AT R
T5~-230 2
00~ 600 2.8
FOD =300 4
1,000~~1,200 475
1,350~~1,500 3.6
1,600 ~-2 600 6.7

(e) 7K : FEFFE. OGNS 13961 ZHE -
() HALFA RS BRI - T FIHEE -

MEBDEFRAENFLCHFRAEANBEEN AHEEHALARBER
B4 BT 100 gim Al b o 3 B R 8 M TR BN BF RCR & BN 1 BT
BErfierEABE 8RS FHANERARAREZLHER TR
EABEFERS -

(2) R E RN EFS CNS 1228 P RE  LERANSE TS HENREE -

(e) FRIERVEE = AUERISEZ AE R L FEAR 1:1.5~ 13 5(H BER) » TLIE B K

MAMER > A EsamE BEFIIZaE EEEAMYE - FEGSH
EHEHERIrFERES > DEVUR 2 EMELBRER -

5. p K
WMEHE - THREE -

o O, 5

HMIZMBEATREREHEREMGHESH BRARMARERAN -M8E-EL -
HiEEEMEEMERARARL ISR ERERESLHEEF -ABEEL
fEFEF B 31 SREME {E A JE AP TR M »

T

FEMGEWRERTE  ELUBLZXHAEMERARLARRESEREZDESRSE -
HERZFEMGHERNABEARGKETRLD EEE - EBEAERERE
ES9-WME-BOOSREE=MEHELNEETARFHBEES:  HER
EHBRBEANRETES FTHFEFEREUHNSBEL RRGoWMEERT
PR FRAFAEHE - MOGRHRREERETERE - REFNEHNESR
A ROAEMHAEEE BT -

T8

MEBREART - THAMAECEREBETEP : "M - FFEE) - X
BEREREAFHERFN -
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5.4 W

REZSFH -ERSTINERE -

(MEREEHE \MBEToREEAT OCRERE FTET - BFEWIE KBRS

RS SR ER SRR AL -

(MENREmTH - MBENREARTRECAFRZE  GEREENE - 22

B-BE-HESEFERE -

5.5 WA B

MEEEER|EEMRE > ZHE -

#: WERE

EE{ir * mm

FEEE WEERF T PEEE E— B EEE
J2~=250 4 35 3.0
A0~ GO0 3] 5.5 5.0
TO0~=500 8 T 6.0
1,000~-1,200 10 B3 T.0
1,350~-1,500 12 100 B.0O
1,600~~2 600 15 13.0 11.0

e EoARE A RES#E BESS EETSES 50 oo -

6. §§ S A 1 2
BB EEE SR BRI RN L SRS BE O S SR R R (coat tar) -

7. B BOE
HMESE THEIHE -

7.1 5 BARERBESR
SEERMERENS S EF (B HE EREREF7EHAASE N EMRE
E®A - RIS 55 ZME -

7.2 PERES B
it CNS 10808 2 121 B# 10 Z#H U HRAETH N BH SR BRREsK
B BARAESHE TETSHBE  BRESRIBHEER  EEIRSRER
=R BEfMEEEsRE TERERBFEEToREBER - ZEHMEEFTSRE ET
B - B ER AR SIS CHNS AT HERES 005 nn 2 HiEF
F EWEWHEAEERNEIER- 4B 84 -

7.3 HESR
FERCE BRI MR ANER RS EE TEEE . LSS
BEAREFRESEHRT  EEENREAAZEEF B8 300 nm -
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7.4 BE

LLEREHERE CNS 4755 G A H ST ETEEASE - HE HEE
HEFEHA 025 nm -

7.4 IS
fCNS 132737 SASMRERKN  HEHZZHMATER 4 2HE -

4 BEHZBFHMAEE

FIREE i o B R 4 22 FR R
EEOSELT
BE:IELUT
HIEREHES 2T T
SRS : 0.7 ppm LA

AR #E ¢ 0.005 mg/L

iz 27

s

RuokERiE : AW

SE gl R M TS Wk -

gL

3.8
ERAEREBESHHEREE  AAFESENSmlE - LARSEEN LT E
FRETES ERABALBEAARAEBM R EAFHEEABE £
R - DEERERAEEH -

Bi EH
E—REF TSHF0IH 05 H
E_kiEET - 82504 A 21 H
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TC5 T7.140 .75 0 F7. 1440 840

el B IR D

CNS

A S R tF R B A

15315 B i B8 e

13273

G3254

Epoxy-powder coating for interior of ductile iron pipes and fittings

| EE FAEEEAREEREE (VL THEE ) AERER I EREEE
B (LTHRER) REZHEATE -

H) EMEBERIEEEFREEREERREF -
2L 8%H ANESE LI McEREB LIMZIRE - TEHEALEECE S  BWhig
TiERE BTRELCEETEEE -
M Eo s FRAEERE - BLBEEAEEIRA s REALEE -
2 B AE R -

=1 BHSE
% NEE B | #mrs
BREEEEE 1798 LISF - #9418
2 1 I S L L L - 5408
e e T T R R B % R R I - = 543 g
2 I AT I YT TR % 5448
AR E G |EES - = 545 B
i F S WA RE B BESHE-| BideE
i e (FIEIRCRECRRCHERR wiarw
BECOIIELT
eE I ELT
BEEEEEE  Imgl LT
SRR 0. Tppm T
i B LR ) 5.5 4.8 &
Erd 0005w/l LR
TR T
B oD
SRS ERE
B0 EEIZEEMERARRERAE -
SOEE: 101 & 1 (# 16 )
annnn | BB EMBBEET (20T

HiTF8 %4 F 107

C FWMAEEFERE TSN
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4.1

4.2

4.3

4.4
4.5

5.1

5.2

TEMmLBESRE WFELIRE-

Fl EmLBERE

5 H | m B | HBRAE

EEME,  BATT  WEHRS
AEEFREEHTEBE-

B E B o2
LEs@E T8FHE TN
L wklE -
%R it S e FHE - o3
BRIELCEE |BRLEE FIREHS - B 6.4 8

Pof B AT B ER{ 4B 0.3mm Ll E -
fi£ CNG 10808 [ MEMEHEE
BEEE o9
B CNS 1327 [ MEREEEEE)
SEaMdED, ZRE  ETEFEER -

BEIIEERE |AFaR 28 E - oo #E

1. BETE

BEEAIEE

MEF&HE - FEREMERERETYMENE  FRAAESR - TEEERE
(@ 7] RE FEE A TR 3R -

(HENEE AT EREIAEEERETEHLERTEMEE - #1535~

£ 41 56 A

BHEFREHNEFEREEZANHMAER Y - Bk BHERR 150~

Mpm @G REENE LA EHERE SOWL AP ESHIRIAER -

%

MUEEZHBEEEE  HEdEEnERsEmMEREE: EHEER
BHMNEREIIEE - SRECE BREAEATSEL-

(MHEBEXFEERENRE, - BATH  HLEBEFREERIE  LAREREEE
A -

BEEE RHMBERT -

ZEER X oHHARER STETToRE IEMEELENME  £EBF

FEATAEERE LSS RO EERTER -EEKH FAAE

#-ITEHEEHAEEEER B JIOREEFRRERIERHS -

g 8 s A

B AR R CNS 007 [ BH —feRiE-HERHEB —ERE)
BifcHE- AR AR NE R SRR EE R SRR EREE-F
BAREELER TTHEAFSAEE  EERRUEEBES -

B THEE EHECNSHITRE LI EERNES -
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53 BEHH T M-
530 EHNMEEZRAMH RERHE  HEIZHE-

F3 EEHBREBEHZHAMH - RERHESE

% BB H |[2EHE | RE o |e & [# 2z %
e 3
R B 3 S it
wmEAH 190w T2 1
BAEERE | W ® 3

HRZEHR 6
BERERDE , B/ AP RE
B
IR M o B B0x 0% 1.2 1 U it
N e AR EHR 6
& HeEs =3 BEEEE 79500 1 B H s

5.3.2 dH 7 BAE
(1) gt ' HHAFE FFREEZH@E  BIEF 4TI MEFETE  BEH 0.2nm &
= % i E SR~
(L EBASEIMAECE BB 43I MEAERESD 03nn BEEMK
i EH IR -
id HhETE

41 BIRLCEHFERE R ONS 10352 (BekiE ) B ITHIRERREL -

.40 Fiauls i ONS 10757 [ BH —drtrle R (EHERINE - LREFMLHL
HRE B oM HEERBL -

743 MMEREHE M ONS WHITH IM B ELHERdBL -BEETEREE
flem -

44 HERMEHE ' CNSded [ EIRMEREE ) P A HEAMES - B
EETERES Smm -

545 BHEINRHER WMONSIWITHIBCHEERRE BEFRAREIEEEH
= -

540 BAEEHERE B ONS N7 [ BE —AeRE SHBEESBHAMAKE
EEEBIMSHETEFEE RISV RHLERETREEES L RS -
Bl - R ERE - BRRTFERE -

547 EREEBEEEEE  ETIARESZ  LER&GEE _EEFIEEFER -5
EHEEAERERERE HNTZEEBE 2 RE O OBARERE -0
TZHEBHEE 2B E BBRARREE 20017T 2 HERBE B E - E
EEREHFEER WHTIEEFE FE BEBARRRE 20017 2
HEFEEITNEF-LEE 1 EELEERRIFIER -
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6.1

7.2

0.3
6.4

8.3

b.6

8.1

8.2

(1

5.4.8 EHER LERZEZE (polyvinylidene chloride) ()R BN REH L

EHEHRRL B LA RAKGARESF N EE I HEERRR
BEmtas LEAMER-EENERD HENERBERE 241
BFig o LU ARIFE R -

FEFMRrEEARRE LB LUER-EZEEERE  EFERESE
RE—HEE M FEEFEAERER-RERIARATERTE SRR
s HE - ERBEEEBRE MF  ITHEFRHUEEZEAFEELZ
R -

H) FMEANER _-_EZBCPVDOEBREEAL SREBERRETS KT -

b EmI BEHEE

A — A RAE

(1 EEfEa® o 20/ E AT -

(DEEBFHEEEZEZEREAER-ETELAERS, HSEHEE2% -

A A

(MLEREEZEZ2EEREN - BAF9 - BEFHE -

(23#F 7L 1% A #F FLIS Bl R (Holiday DetectorFEAD 1000 V EEH| 5 -

MEAEE  FTRAEEEERZEEE A -

FEE REOAERERER (fSam LTZE  R4EBRES0REns

BEE A CNS 107561 [ B At (BREREImERESHEE) )

BIMAMAECSEIT  HEEE UonMEE NENREREMASN "X7 &

B EWRsERESEES - JIEHES -

sy HEEsE FE BB EIR-EREERE W ERHEaHE—

A B EMAEH—E - XEEE X HESC  ERARS REERT B4

154 -

= E

MHFEFAEHPEFREMAEENAEREANEZ - A EHTEHE AR{EE
TR OMEERERALZEENY -

(MHEOAEFEREAR RIEREWE S -

REIERE  RE 4TI FERE -

T REE FEEBRE 4T BEIEHE  ERE oM HEBFEREE -
Bof=Ee

BH ol WB MR ERE  BIRILE - BREMEY - BEMERE
BEmMES - BREAELERAE - ZEFOE - -2EMEEEAL R BRI ES
MEHREFTSR LMIEE -

EmsBERR FRE o RE THLHEERE EmsERAE-BEMEYR -
BECELCEE - -RZEEERIELEAASZAETSA I IAE -

SHET RERZEOAEBSRELY  LTFSBHRzAEETRTAES -

BT AR -
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(2) BREELEIELFHE -

10 BMESRE EHEBEEIES  AESO0TBOSVNERSRELRBLREE -

fitlE B R R R e R E

[ 5 K &
||
B ] J
e A
X AR
\ i t

L B )

B
£

B

T
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WE ZERZERELCHBEEGEGH

WE EHEE A -
1 EREEEEE B -
JAEEPEEELANY  FALERTHUAEHEEMAEAR.ZHE -
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1 |

e HUEBRBEREHRAEOAESSREOREERNCELEHERAE

1ot AR BT E
1.1 HE

Bigdk A MM SHBMUEREENEEA MA Lo BRREERT S
Rl MERE 24 /F FRAMKI HEAMESK  BAEESES 100
SHEBANERA EHET  FEORA - TEELEERASBER
% -

MEEA AP ZEER  FERSH 00mL FFR AR 00mL SERER 0 1ml
MO 1nEAEMeCLEER « A 2nl EFEHER 5~ 0@ FBT {57 H
MM OIMEDTA EREEELEEC (EFETERWM) -
BEEERMESN oL ERAKREEED WMEEIAHNERE 0LOIMEDTA E
WEWiRE K EAEFFEDTA EFEE (2 B nl) R TFTREHBELRSHE
B (ppm) =

Bigk oz #450Cs ppm}=ax%xlﬁﬂ

ARGk BEARBEAETCRSMBEEIRB.A  HERS 3uSem LI
= -

EFEEYE R 679 BALEINACL) FBRER EBRESAIMImLERN KR
A STOmL &k 28%)H A MR AR IL -

FBT fEm 8 B 0.5g £4#E T (Friochrome Black TR 4.9g HELE
(Hydroxvlaming Hydrochloridei@F 100ple $4% 72 8B EESHEHRD (3
—EARE®E] -

OO0IMEDTAEE N 4g @ Z Z I M Z B —#8 B (Fthylenediamine tetraacetic
acid + € pH N0, Na;y + 2H, 055 R 38 Bk iDL 1

FEEBREERBEESE  FEMBER 250l 2 0.0IM SAHEER 300nl
BEERE - HFME TinL BBk Inl EEFEERE o W-FBT {5 7 B &
ERAFHIEDTA EEREEZEREELCERES  MEKLHAFEDTAEE
Ela Bfywl) LTHERBEHERE -

FDT4 i3 38 18 B % (F)=

4
BEW LA FOTA B3 —oml B 1L BH AR SOKE S 1T -

D0IM FEAEEE BERRSCOEEHFASERBO) - Bk T
Wit BERERE S UMBEERD  EEI8 24 MIFRTE 06548
FOBHE  AIA 20mL BEGKE InL Z 35%E BB - B AE I0EE R
= =

HEEBI ILER ERENATA RSB RE—RNARRE 5
fn#E B A B 1L -
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1.2 fEAENE BREAPHEMBERAERAS SR 12ppm (WE 30ppm) =
SRR A LEDEE pH B 79~80 HOMAEBRBEELE 12~24
B EWESRES 10~1.2 ppm-
BERKEES —Ha 1~ 1BANER BAZESLEREFERE pH
EiEE SHERE N EANAEEEEFHEEpHE 70102 MHLEEES
g ok -
L EEAIE
21 BE BEFREFRAIRFERE ILEPE mpEE L (RaeolinpB I RBES
1 -
1 HEREE
(HEREATESL B g mERELE 00l BF - A 300mL FRE -
O lgla ) BEEE AN (Na,Po0- - 1OH, 0 FRAMBRRESRTIERISE - H%E
ANLEERER  ERABEN LTRSS EES EE-HMNMARRE - HNE
BRIl R I BIESSHELS -
FRERFE VOEFER  OAAAEEREFEDR 2900l ZEE CHTE
SO ERENMS EHI - FHAEEESR RS EEREE - i 103
~ 1T EREAINIF BAERRPED R ERAERAEELICER
(c)- REAEHARFEALHEREEAEORD -
HILFERAB L MEELEROE

b . 1419502
10 446057

d=c—[ax

B S B g et Eﬂﬂmiﬁﬁmﬁ%is—g -

(28 8 B v R i :mzﬁjﬁﬁﬁﬁgi%m LRI NS 10mL B ESE (B AR

F#Es-tRE L FEREF -
BMHEREEELEFTSEE SHESR nL BAFHILEN- AENEIER
EE IL- L@ InL 0 lmg HEL -
(HEE  ZREAITao ETEABAERTFEEAHE HEEE HHen HE
XS 100mL F i -
3 EHBSFRE SREMN Mol HERREEAHEARAEANEE - -2 TR
BESERE SHEASRO0 I~ 10l IR E P 5 3000 A8 8ok
B iinl iz RESERFEEEE-
BEHIECEEEREMAL BHLEAFERIEERERAREEgABRAERRS
BE MEEFCEERERESEmL I TABEEEELKZBE -

1) 1000

B =(ax : #1— (b= =

P FEERELASELFEEERE (ML)
b FEEEEBEREZBERERE (ML)

<4113
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S 5 A Ak (mL)
B EHHEEEkmL)
AR aERETAIEAEEE  aBEEHEREE InL AARR Inl REHAE
B IE-
30 HERRE -

300 AEEEREE R 240 FEAESKPCL) (S8 15) 202 EHEL
EE4E(CoC, 6,0 ( i 0.9g) B 3% EEE 200nL B 1L B EBRH
MR IL- iYW 1mL & 1mg § (P~

32 HFEAR SREW L HEAREREELARENEE - EREARE0 1~
1SmDEEEERENREIRMUEEDR  SAMAHERARE 100l » MR IE
EEREESBEY -
BEHSEREEMNAM L HELAFEWREEAEFREFOHBREMERES
B mEEHTSEEREES L RTREHEERIER -

& (e rax”’;’ﬁ}—rbx$}

P oo FFEEEREAE O EEERE(mL)
b FFEEaERAIAELOEFERERE (L)
§ ¢ K (mL)
B EQHEEELmL)
1. BEBEREER
41 HERSZE

(HFoiE - RERNK L EBRATERBEDPINA CEF P9YMAEE  Ahka b
BEFRERMOIVBEMPEEENIIOTIHEMBESLE -

(2)0.01N EBMIEE - BEETERN (N, CONR HI-200THER 1~1.5 /),
B Eman B RSP - FEEE 0670 3 MR CLBERKERKER
1L ErEREeRd (288 ' EHALLELETEER ) -

FEE I L HER 0.316p B EH -

(330 0N BEREE4REE B 032~ 034 BAEEBSH(KMa0 8 2 LEF <A
1050 mL AR ARERH 1 ~20FE 0 REREENS 1 E BEAEERE
MR GGHME FBE (AMATETRAE)  SHMERANRTEREEESR
o ELBORERTREBEE-KAEER SN EARREBEAS-
e 7k i E 8 O R R S {RED 100mL AR kA J00mL H#EEER A SnL
Wik FHAENERRLOAEEBMEEEMRSEN inL- BEX I 5ER
Bk FERIYEREFIN 10l & DOINEEMEEMRC & EEMFHNEE
BEEREFAENIAMBETAHEBLE - 2R EEPNA ol
BRInLEAGESEFEEIH I ER WAIER & BEFMN 10mLE 001N
EEMER BHOAABREEREERWRENIEFTAEBEL -
RIEWMERAFNS BEBMEE ol BIAEMEBEBEEE S5
(2 BEfuml) REEFE WTAELBREAR -

106



CNS13273

e CNS 13273, 0 3254

0.01N 4 B 4975 ¥R P B 3 (F)-

(BB EEY dom 2 BERBRAE  EER ANREDERY 058
SRRARN AT RS EREEATRAPERL- R B 1107 BED
EROEEREERS -

()R HI B (300mL)y: 5 5 M R A 100mL BE Bk - Sl FRARES -
oML 2 001N BEESERRSEEER SRS 5 HE- BAMA 10mL
Z 0NN ERABERER WA 00N AER SR ERARERTET
WEEE - ARG EEEE D ERERR BN B RRER -

40 HEHE W 100wl M AR IEERE BN NA Sl MEE - BB AS
R EER 0L Z 001N BERSEE BERERESEL (REREL)
SH A B(EERRSTE S~THE) - RBEAEEEM 10mL 2 0.01N &
BEETIL S B IEE 001N BEREEE REERABEIET
R AT A 2 001N BERMEE L SHE (o B mL) -
5 81 TO0ML 2 5 38 Ak 0 B ok I — G R 6 ¢ ok D 2 [ B ok A
0OIN BERW AR (b By ml)  MTREHBEEREEHE (ppm) -

@ 4 B 4 B (ppm)= m—mm@xa.m

WP s Ak I FRF A 001N 865 B AR T (mLl)
b ERHEEAK DIl FRER 00N BEBEEIEEmL)
FIONIN BEMEBHFERETBERTE -
L: E#EREEAHEE®R ML)
S EERE
5 EEESE

(130-Tolidine iEW W 135 M _FE - H_SERF_SEFBR( (CH, - C:H,
« NHqyp « ZHCE] &R 800l SRR - A0 3% E B 150 - BANEE
BlAME IL- BFEREQRT -

(E S mERk 058 o 1148 -

(EFE EBRE i~ 10T REREBRER B AN S M RESH (N HPO,)
TRHEE 22.86p REE S #H(KH,POLTER 4o 1dp BB - S LBEHEME
BoR: 1L EFESFEEEAMHAENED  LEEESERE - #F 400mL
FEfpmA B _ st EAMANE L HEFEEHE - LLEFEL pH
B 549 -

(e EE EHEEAEE M A4eipHmBH K. COR 1.5 EHEBH(K.Cr0.)
FLEW ERMEHERLNR L- hEEHEERAENEAEE  SEEM
FWEF AT EREMBOCHTMA(TEEE- HEEEB c@ALLEEST
BHH -

(EETELL AN FHSEBE E4BESIENMNEEREEIEERS
HEAER ML HEEE  EEEETHESERIBE (ppm)-
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fifsrd SRR AMELLEE (FEE 20cm)

E®ppm | BESA BEHEBHEE L 7E i
1.} 1.0 55,0
0.2 2.0 8.0
03 ERY 57.0
0.4 4.0 96.0
0.4 5.0 55.0
0.6 6.0 540
0.7 7.0 3.9
0.8 8.0 52.0
0.5 5.0 91.0
1.0 19.0 20.0
1.2 12.0 88.0
1.3 13.9 B7.0
1.5 15.0 85.0
2.0 6.7 80.3

(EERE(MnL)  F2RH 29em T HEMPEEECEE HEE 20+0.3em
R O FIE 100mL Z EEE -

e HBSR HinlB_FE - -H_FEWIEELE K 100nLEEE
EoMEEAEESR (pHIILTIEE I hE-BEEAERs 20MEY
FRAAENGEEELORETHE MEAFSTELE SRR HEES
BE(ppmyBEFERFROEZAEERIER(ppm) MR MRS &
BERppm)l ZHEFERIRE -

b BE AEEPIREES SR BELAER 4 NFLACERE-
) BERERES 4 FLARTHERE  ATEWESBEEMBESEER pH
BALT L 0O 1%EERM A MEHEE £ 24 RFLAETHER-

b1 HEREE
(iR F
(DA FTSHEEGERS - REMRABADPL 10~ 20ppm 2 BE 93 A0 4&

MEIXAER FEIEEAR, - FRE2HERAELARIHERA-
(A EBEEE 8 e fBHA (CusO, s SH,O) ERFERAEE 100mL -
(M- BELZEHEMFERE H4-FBLFBHLF [ 4-Amincantipyrine r [ CH, - O

CHINH OO « N(CHyp 0 N[CH3 ) | 0.25g R ERAEE 100nl » B7F R

RHERE - FERLEAHARAE—25 -

()@ (M)w AL EE B 0.5 B (TDHE AH [ K,Fe(CN) ) &Rk KK
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il - FEEAESEFARESNES -

(o) BEAZIETH - M 0.5 B EAEC H MO SNanERERARER L #5FR
EERE -

(THHREBEE HHREBLBANARERE 10 -

(B)RREE B ATYE  BY 1045 BAEE & — 49 (K,HPOLE 72.3g BR & — 8 48 (KH,PO,)
—REER: MR IL-

(MEEERE W g BCHOHMERMANARER 1L BABEAHEFE R
B OEFRREEE - -REBRENAEREFEEHAMNREER -
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Foreword

This British Standard has been prepared by Technical Committee PSE/10, Iron pipes
and fittings and is a revision of BS 7892:1997 which is withdrawn.

WARNING This specification calls for the use of substances and/or procedures that
may be injurious to health if adequate precautions are not taken. It refers only to
technical suitability and does not absolve the user from legal obligations relating to
health and safety at any stage.

Product certification

Users of this British Standard are advised to consider the desirability of third-party
certification of product conformity with this British Standard based on testing and
continuing surveillance, which may be coupled with assessment of a supplier's quality
systems against the appropriate part of BS EN ISO S000.

Enquiries as to the availability of third-party certification schemes will be forwarded by
BSI to the Association of Certification Bodies. If a third-party certification scheme does
not already exist, users should consider approaching an appropriate body from the list
of association members.

Annexes A to F are normative.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity from
legal obligations. Attention is drawn to the following statutory regulations.

— Water Supply (Water Quality) Regulations 1889 as amended by the Water Supply
(Watef Quality) (Amendment) Regulations 1991 [1] (in particular Regulation 25).
— The Water Supply (Water Quality) (Scotland) Regulations 1990 [2] (in particular
Regulation 25).

Summary of pages

This document comprises a front cover, an inside front cover, pages i and ii, pages 1
to 11 and a back cover.

The BSI copyright notice displayed in this document indicates when the document was
last issued.

Sidelining in this document indicates the most recent changes by amendment.

© BSI 04-2001
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Introduction
The intended purpose of the seal coat is to control leaching of lime (CaOHjy) and other hydroxides from the |
cement into the water supply such that the pH of conveyed water is maintained below 9.5 during normal use.
A pH of 9.5 is the maximum prescribed value permitted by the Water Supply (Water Quality) Regulations
1989 as amended by the Water Supply (Water Quality) (Amendment) Regulations 1991 [1] and the Water
Supply (Water Quality) (Scotland) Regulations 1990 [2]. The seal coat is also intended to control leaching of
other deleterious materials which could cause their maximum permitted concentration or value to be
exceeded.
Attention is drawn to the fact that National or International Water Supply or Water Quality Regulations,
effective within the region, may apply when seal coated surfaces come into contact with, or are likely to
come into contact with, potable water, when used: .

a) in accordance with the product manufacturer’s instructions for use; and

b) under any other appropriate conditions defined for that product within any published list of substances,

products and processes approved to those Water Supply or Water Quality Regulations.
Seal coatings are usually specified where the pipeline is to convey soft water, and/or where water residence
times are very long. Supply water quality data for such pipelines should be discussed between the
prospective client and the manufacturer of the product so as to ensure the suitability of the product for use.

1 Scope

This British Standard is issued to satisfy the requirements of both users and suppliers for a standard
specification for seal coats on cement mortar linings in ductile iron pipes and fittings. It specifies
requirements for seal coatings for factory application to the surface of cement mortar linings which are
factory applied to the interior of ductile iron pipes and fittings.

This standard is applicable to products for potable and other water applications.

This standard gives requirements for routine testing for visual appearance, coating thickness, adhesion and
odour; it also gives type test requirements for water quality effects (pH), durability, and abrasion resistance.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute
provisions of this British Standard. For dated references, subsequent amendments to, or revisions of, any of
these publications do not apply. For undated references, the latest edition of the publication referred to
applies.

BS 3887:1991, Specification for pressure sensitive adhesive closing and sealing tapes.

BS 3900-C.5:1997, Methods of test for paints — Group C: Tests associated with paint film formation —
Part C5: Determination of film thickness.

BS 6068-2.50:1995, Water quality — Part 2: Physical, chemical and bicchemical methods —
Section 2.50: Determination of pH.

3 Terms and definitions

For the purposes of this British Standard the following terms and definitions apply:

3.1

ductile iron

cast iron in which graphite is present substantially in spheroidal form

3.2

fitting ¢

casting other than a pipe which allows pipeline deviation or change of direction or bore

NOTE Flanged-socket pieces, flanged-spigot pieces and collars are classified as fittings.

3.3

test film

film of consistent thickness and density, morphologically stable at the temperature of the substrate during
seal coat application, used as a surrogate surface for the measurement of coating thicknesses
3.4

pipe

casting of uniform bore, straight in axis, having either spigot, socket, flange or plain ends
NOTE This does not include flanged socket pieces, flanged spigot pieces and collars, which are classified as fittings.
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3.5
product
seal coated, cement mortar lined iron pipe or fitting

3.6

seal coat

coating applied over a cement mortar lining to control the interactions between the lining and the contents
of the main

3.7

type test

proof of design test which is done once and only repeated after change of design

4 Type test requirements

4.1 Water quality (pH)
When tested in accordance with annex A, the pH of the test water shall not exceed 9.5.

4.2 Durability
When tested for a period of six months in accordance with annex B the pH of the test water shall not
exceed 9.5 after a 24 hour contact time.
4.3 Abrasion resistance
When tested in accordance with annex C, the pH of the test water shall not exceed 9.5.
€
5 Routine test requirements
5.1 General

Coating and re-work procedures (e.g. drying regimes for solvent based coatings and mixing and curing
regimes for multi-component materials) shall be defined by the manufacturer of the product in agreement
with the seal coat supplier, where necessary, such as to enable the product to conform to the requirements
of this standard.

The tests specified in 5.2 to 5.5 shall be carried out on factory seal coated pipes or fittings as opposed to
separately prepared test pieces.

Sampling plans for the tests specified in 5.2 to 5.5, specific to the seal coating material used, the size of the
batch and the storage conditions, shall be specified by the coater for each batch of product.

Where a non-conforming product is identified, the product shall be re-worked such that it meets the
requirements of this standard, or rejected.

5.2 Visual appearancé

When examined visually, the seal coat shall be free of any defects likely to be detrimental to coating
performance. The manufacturer of the product shall define those defects taking into account the nature of
the seal coat material.

5.3 Coating thickness

When tested in accordance with BS 3900-C.5:1997, method 1A, or annex D of this standard, the wet or dry
coating thickness shall be within the limits specified by the manufacturer of the product in conjunction with
the seal coat supplier, where necessary.

5.4 Adhesion

When tested in accordance with annex E, the adhesive strength shall fall within the range of 1 to 3.
Adhesive failure of the seal coat to substrate bond shall be considered a fail. A cohesive failure within the

seal coat or within the mortar (evidenced by a white/grey layer on the underside of the detached coating)
shall not be considered as a fail in this test.

" The area damaged during testing shall be repaired in accordance with a procedure defined by the
manufacturer of the product in agreement with the seal coat supplier, where necessary.
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5.5 Odour

When tested in accordance with annex F, no significant difference in odour shall be detectable, by
inhalation, between test water and tap water.
NOTE 1 It is not normally considered necessary to test fittings for odour as they generally only constitute a minor proportion of a

main; however, some installations are fittings intensive (for instance pumping stations) and odour tests should therefore be carried out
on seal coated fittings by agreement between the manufacturer and the customer.

NOTE 2 Some seal coat materials (for instance solvent-based single pack coatings) which dry by solvent evaporation will exhibit odour
levels which diminish with increased storage time. In these cases the pipe batches should be stored and released by the coater only
when they exhibit an acceptable level of odour. Other seal coat materials (e.g. multi-<component solvent-free epoxy coatings) which
harden and cure by chemical reaction may not improve with increased storage time. Failure of the odour test of such materials probably
results from a process abnormality which should be investigated. All pipes in the batch from which the test sample was taken should be
considered suspect and quarantined pending investigation of the process records etc.

NOTE 3 This test is a production quality control test to be undertaken by the manufacturer of the prodict as part of his Quality
Assurance procedures. It is not a test of conformance with the requirements of statutory regulations. Attention is drawn to the fact that
statutory regulations may apply when seal coat materials are used in contact with potable water. See the Foreword and Introduction of
this standard. .

The manufacturer of the product shall define a procedure for the investigation and resolution of repeated
failures of the odour test within a batch, taking into account the nature of the seal coat material and the
process abnormalities which might cause repeated failure of the test.

6 Marking
Each seal coated pipe or fitting shall be identified with the pipe manufacturer’s name or mark.

In addition, seal coated pipes shall be indelibly and legibly marked on the external surface with the
following:

a) either the batch number or code, or the date of manufacture (effectively date of seal coat application);
'S
b) the number and year of this-standard).
NOTE Where pipes are bundled, the markings required by a) and/or b) may be applied to the bundle rather than to individual pipes.

1) Marking BS 7892:2000 on or in relation to a product represents a manufacturer's declaration of conformity, i.e. a claim by or on behalf
of the manufacturer that the product meets the requirements of the standard. The accuracy of the claim is solely the claimant’s
responsibility. Such a declaration is not to be confused with third-party certification of conformity.
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Annex A (normative)
Water quality (pH)
A.1 Principle

The effect of a seal coated cement lined surface upon the water quality (pH) of a given test water is determined
by measuring the pH of test water after three successive 24 h periods of exposure within a seal coated pipe
sample.

A.2 Apparatus and materials
A.2.1 DN 100 seal coated and cement lined pipe, with double spigot and at least 150 mm long.
A.2.2 Paraffin wax, solvent-less epoxy, silicone resin or other suitable sealing material.

A.2.3 Test water, having bicarbonate alkalinity of approximately 26 mg/l as CaCOs, at equilibrium with the
atmosphere (i.e. no artificially induced carbon dioxide level) and with a pH of 8 £ 0.1.

This water shall be produced by dissolving (0.0278 £ 0.0005)g of CaClg (calcium chloride) and (0.0420 + 0.0005)g
of NaHCOj3 (sodium bicarbonate) in 11 of distilled water.

NOTE It should be noted that such a soft, poorly buffered water would be considered to represent the worst case for UK waters.
A.2.4 Petroleum jelly

A.2.5 pH meter, having capacity to measure pH 0 to pH 14, with discrimination of a pH of 0.01 or better.

A.3 Procedure

A.3.1 Seal the pipe (A.2.1) at its lower end in molten paraffin wax, uncured liquid epoxy, uncured silicone
resin or other suitable sealing material (A.2.2). Allow the sealant to cool or harden.

A.3.2 Fill the pipe with test water (‘i&.2.3) at room temperature.

A.3.3 Cover the top of the pipe with a glass plate and seal it with petroleum jelly (A.2.4).

A.3.4 After (24 £ 1) h, dispose of the water and refill with test water (A.2.3).

A.3.5 Repeat A.3.4 twice, sampling the water after the third fill period.

A.3.6 Determine the pH of the water supply with the pH meter (A.2.5) in accordance with BS 6068-2.50.

.

Annex B (normative)
Durability type test for seal coats

B.1 Principle

The ability of a seal coat to maintain its sealing efficiency for an extended period is determined by measuring the
performance of the seal coated surface after exposure to flowing water for six months.

B.2 Materials
B.2.1 Test water, as defined in annex A.

B.3 Apparatus

B.3.1 Pump, capable of a pumping rate in accordance with B.5.2.

B.3.2 pH meter, having capacity to measure pH 0 to pH 14, with discrimination of a pH of 0.01 or better.
B.4 Preparation of test samples

The test shall be carried out using nominally 500 mm long, DN 100, sections of seal coated, cement lined, ductile
iron pipe samples. These samples shall be cut from pipes taken from normal production batches.

B.5 Procedure
B.5.1 Seal both pipe ends to allow water to be recirculated through the pipe sample and set up apparatus in

accordance with Figure B.1. Ensure that the test water does not come into direct contact with the cement lining
which can be exposed at the pipe ends.
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B.5.2 Using a peristaltic pump (B.3.1), recirculate a total volume of 40 I of test water (B.2.1) through the pipe

sample. The retention time of water in the test pipe shall be approximately 1 h. The test water shall be replaced
every seven days.

B.5.3 After a minimum of 26 weeks, assess the lime leaching potential by replacing the test water and

measuring its pH using the pH meter (B.3.2), in accordance with BS 6068-2.50, under static flow conditions after
a minimum 24 h contact time.

_—
[ E Direction of flow

________ 4
\ €
Test water Peristaltic pump Pipe sample

Figure B.1 — Schematic diagram of durability rig

Annex C (normative)
Abrasion type test for seal coats
C.1 Principle

The resistance of a seal coated, cement lined surface to withstand the abrasion which may result from swabbing
during the commissioning or use of a pipeline is determined by testing the performance of the seal coated
surface after five cycles of simulated abrasive pigging.

C.2 Apparatus and materials

C.2.1 DN 100 cement mortar lined, seal coated pipe, of standard length, having a spigot at one end.

C.2.2 Soft bare swab, bullet shaped, base coated, 125 mm nominal diameter, 28 to 32 kg/m? nominal density.
C.2.3 Silica sand, mean grading 500 pum, maximum grain size 1000 pm.

C.2.4 Polypropylene or nylon rope, minimum of 10 m in length.

C.2.5 Test water, as defined in annex A.

C.2.6 End cap for pipe, fitted with a valve.

C.2.7 pH meter, having capacity to measure pH 0 to pH 14, with discrimination of a pH of 0.01 or better.

C.3 Procedure

C.3.1 Fit the rope (C.2.4) through the swab (C.2.2), such that the swab may be pulled through the pipe, tapered
nose first.

C.3.2 Incline the pipe (C.2.1) relative to the horizontal with the spigot at the lower end as shown in Figure C.1.
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C.3.3 At the lower end of the pipe introduce (100 £2)g of sand (C.2.8) and the swab. Bring the rope through the
pipe and out of the higher end.

C.3.4 Fit the lower end of the pipe with an end cap fitted with a valve (C.2.6).
C.3.5 Fill the pipe from the spigot end with tap water.
C.3.6 Pull the swab through the pipe by hand, at a rate between 0.25 m/s and 0.5 m/s.

C.3.7 Repeat four times (total of five passages of swab). Fill the pipe with test water (C.2.5), leave for a
maximum of 2 min, then drain the water through the valve.

C.3.8 Fill the pipe with test water and leave for a minimum of 24 h.

C.3.9 Empty the water from the pipe through the valve.

C.3.10 Rinse the pipe for a minimum of 1 h with tap water.

C.3.11 Empty the water from the pipe through the valve.

C.3.12 Fill the pipe with test water (C.2.5) and leave for a maximum of 2 min.
C.3.13 Empty the test water from the pipe through the valve.

C.3.14 Fill the pipe with test water (C.2.5) and leave for a minimum of 24 h.

C.3.15 Drain approximately half the contents of the pipe. Measure the pH of the test water using the pH
meter (C.2.7) in accordance with BS 6068-2.50.

Figure C.1 — Schematic diagram of abrasion test rig

Annex D (normative)
Dry coating thickness measurement using test film
D.1 Principle

The average thickness of dry coating on a test film is determined to within 5 um either by using a micrometer or
by using a weight and area method.

D.2 Apparatus

D.2.1 Test film, having a minimum area of 10 000 mm2,

D.2.2 Micrometer, having the capacity to measure to at least 10 mm, with a resolution of 5 um or less.
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D.2.3 Tape measure, at least 1 m in length, with a resolution of 1 mm.
D.2.4 Analytical balance, having at least 200 g capacity and a resolution of 0.01 g.
D.3 Preparation of test samples

D.3.1 The test shall be carried out using a piece of test film (D.2.1) of known thickness and mass/unit area with
a minimum area of 10 000 mm2.

D.3.2 Immediately prior to coating application, attach the piece of test film to the surface of the lining using
self-adhesive tape.

NOTE The test film may be attached to the surface by applying tape to two edges of the film.

D.3.3 After the coating application, remove the test film. Allow the coating on the film to dry.

D.3.4 When the coating on the film is dry, determine the dry film thickness using one or both of the
methods D.4 or D.5.

D.4 Micrometer measurement method \
D.4.1 Pracedure

D.4.1.1 Select positions on the test film, where readings are to be taken, that are free from surface irregularities
and are not less than 20 mum from the coated test film edge and not less than 20 mm apart.

For large areas of coated test film, select the number and distribution of the test areas to give a representative
indication of the coated film thickness.

D.4.1.2 Position the micrometer (D.2.2) with the fixed jaw in contact with the underside (uncoated side) of the
coated test film immediately opposite the first test area. Gently screw home the movable jaw until a resistance is
felt and no further movgment of the jaw occurs on turning the ratchet.

Note the reading on the micrometer. Record the reading on a test sheet.
D.4.1.3 Release the micrometer and repeat the whole procedure (D.4.1.2) at each of the other test positions.
D.4.2 Calculation

D.4.2.1 Calculate the film thickness at each point by subtracting the mean thickness of the test film from each
thickness reading.

NOTE The mean thickness of the test film, if unknown, may be determined in accordance with D.4.1.2, using an uncoated test film
sample, taking the average of ten or more results thus obtained.

D.4.2.2 Calculate the mean value for the thickness of the coating to the nearest multiple of 5 pum or less
(depending upon the accuracy of the micrometer).

D.5 Weight and area method
D.5.1 Procedure

D.5.1.1 Cut away areas of the coated test film which have adhesive tape attached to produce a rectangular
sample.

D.5.1.2 Using a tape measure (D.2.3), measure the sides of the sample to an accuracy of 1 mm, and then
determine the area of the remaining film A in square metres (m2) to three significant figures.

D.5.1.3 Weigh the coated test film G in grams (g) to three significant figures using the balance (D.2.4).
D.5.1.4 Determine the coating thickness 7' in microns (pm), using the following equation:
1,G—-W
T=p*—2—
where
D is the density of the coating dry film in grams per cubic centimetre (g/cm3); and
W is the mass per unit area of test film in grams per square metre (g/m?).
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Annex E (normative)
Adhesion test

E.1 Principle

The adhesion of a seal coat to a cement mortar substrate is assessed by applying and removing clear pressure
sensitive self adhesive tape over an X cut made in the film.

E.2 Apparatus )

E.2.1 Cutting tool, sharp bladed knife, scalpel, high speed micro abrasive disc or other cutting device.
E.2.2 Cutting guide, steel or other hard metal straight edge to ensure straight cuts.

E.2.3 Soft brush, for removing debris from the cut area.

E.24 [Mumination, a source of light to assist in determining whether the cuts have been made through the film
to the substrate. i

E.2.5 Tape, 25 mm wide clear or semi-transparent pressure sensitive self-adhesive tape, conforming to BS 3887.
E.3 Procedure
E.3.1 Select an area of seal coated surface and ensure that it is clean and dry.

E.3.2 Using the cutting tool (E.2.1) with the straight edge (E.2.2) as a guide, in one steady motion, make two
cuts in the film, each about 50 mum long, which intersect near their middle with a smaller angle of between 30°
and 45°. Remove any cutting debris using a soft brush (E.2.3).

E.3.3 Using the source of illumination (E.2.4), inspect the incisions to establish that the coating film has been
penetrated. If not, repeat E.3.2. €

E.3.4 Remove a length of self-adhesive tape (E.2.5) at least 75 mm long from the roll, and place the centre of
the tape at the intersection of the cuts in the same direction as the smaller angles. Smooth the tape into place
using finger pressure in the area of the incisions.

E.3.5 Within (60 * 30)s of application, remove the tape by grasping the free end and pulling it off rapidly (not
jerked) perpendicular to the plane of the seal coated lining.

E.3.6 Inspect the area of the tape corresponding to the position of the X cut for removal of seal coat from the
substrate, and determine the adhesion in terms of the following scale:

1) no peeling or removal of seal coat;

2) traces of peeling or removal along incisions or at the intersection;

3) jagged removal of seal coat along incisions up to 2 mm either side;

4) jagged removal of seal coat along incisions up to 4 mm either side;

5) removal of most of the area of the X onto the tape;

76) removal beyond the area of the X.
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Annex F (normative)
Odour test

F.1 Principle

The capacity of a seal coated, cement lined surface to release odoriferous substances into tap water is assessed
by comparing the odour of test water which has been in contact with the seal coat for 24 h with that of a control
sample.

F.2 Apparatus and materials

F.2.1 Cement mortar lined, seal coated pipe, of standard length, having a spigot at one end.
F.2.2 Potable tap waler.

F.2.3 End cap for pipe, fitted with a valve.

F.2.4 Screw top glass bottles, which are cledn, airtight, and have at least 500 ml capacity.

F.2.5 Glass bottles, which are parallel sided, stoppered, clean and have at least 500 ml capacity.
F.3 Procedure

F.3.1 Hold the pipe (F.2.1) with its axis at an angle to the horizontal in an environment representative of that of
the production batch, such that the test water is in contact with the seal coated surface. Fit an end cap (F.2.3),
which permits sampling and draining of the test water, to the lower end of the pipe. Drain the pipe through the
end cap. .

F.3.2 Fully charge the pipe with tap water (F.2.2).

F.3.3 After a minimum of 24 h, collect a test water sample from the pipe in a screw top glass bottle (F.2.4),
filling the bottle so as to leave only a minimal air gap.

F.3.4 Collect a tap water control sample in a screw top glass bottle (F.2.4), filling the bottle so as to leave only a
minimal air gap. Store the test water sample and the tap water control sample in the dark at 23°C to 27 °C until
required.

F.3.5 Carry out steps F.3.6 to F.3.8 when the test water and tap water control samples have stabilized at 23 °C
to 27 °C. The odour test shall be conducted by suitably trained individuals in a controlled environment designated
as suitable for such testing which shall provide odour-free, ventilated air and seclusion from distraction and
noise.

.

F.3.6 Remove the screw top from the test water sample bottle and immediately either:

— dispose of approximately one-half of the contents; or

— transfer approximately 200 ml of the test water into the 500 ml stoppered, glass bottle (F.2.5).
F.3.7 After refitting the stopper or screw top, shake the bottle containing the test water or control sample
vigorously by hand, remove the stopper or screw top, immediately inhaling the vapour which has accumulated in
the neck of the bottle. ‘ .
F.3.8 Repeat steps F.3.6 and F.3.7 with the tap water sample, inhaling the vapour as a comparison test.

If no significant difference can be determined between the odour of test water and control samples, then the
odour test shall be repeated by another suitably trained individual. Only if neither trained individual can detect a
significant difference between the odour of the test water and control samples may the batch be considered to
have passed and be released.

F.3.9 If the test water sample fails, drain the test sample completely and repeat the original procedure on the
original test sample or a new sample from the same batch. No test sample shall be tested more than twice. The
product shall be deemed non-conforming when a total of six consecutive failures have been recorded. (See
also 5.5, Note 2.)
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BSI — British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
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Fax: 020 8996 7400. '

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.
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stored in a retrieval system or transmitted in any form or by any means - electronic,
photocopying, recording or otherwise — without prior written permission from BSL

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
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104.1.16

1 AN 9:00 22.9 6. 46 60 255 14 -2.38
104.1.16

2 AN 9:10 22.8 6.97 h9 256 15 -1.85
104.1.16

3 AN 9:30 22.6 7.08 58 287 18 -1.68
104.1.1

4 AN 10:03 22.°7 7.12 68 321 19 -1.56
104.1.16

5} AN 11:00 23.3 7.23 71 325 17 -1.47
104.1.16

6 P 13:00 23.6 7. 31 76 315 18 -1.33
104. 1.1

7 Pﬁ 17:03 18.0 8.69 90 381 15 -0. 05
104.1.17

8 AN 9:00 19.2 9.46 109 445 14 0.78
104.1.18

9 AM 9:00 17.1 9.77 112 431 12 1.00
104.1.19

10 AN 9:00 19. 7 10.12 108 450 12 1.37
104.1. 20

11 AN 9:00 21.3 10. 41 115 489 19 1.90
104.1.21

12 AN 9:00 20.1 10. 77 121 479 17 2.22
104. 1. 22

13 AN 9:00 20.4 10. 94 131 485 21 2.52
104.1. 30

14 AN 9:00 20.6 11. 31 219 701 94 3.73
104.2.6

15 AN 9:00 15. 4 11.59 221 797 141 4.09
104.2.13

16 AN 9:00 26. 3 11.53 231 923 178 4.29
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1 AN 9:00 23.3 6. 75 72 271 15 -1.98
104.1.16

2 AN 9:10 22.7 6. 90 h9 262 16 -1. 89
104.1.16

3 AN 9:30 22.6 6. 95 62 264 21 -1.71
104.1.1

4 AN 10:03 23.3 6. 96 61 278 20 -1.72
104.1.16

5} AN 11:00 22.9 7.04 60 282 20 -1.68
104.1.16

6 P 13:00 23.1 7. 31 62 270 18 -1.41
104. 1.1

7 Pﬁ 17:03 18.0 8.57 67 317 17 -0. 23
104.1.17

8 AN 9:00 19.0 10. 26 86 373 17 1.57
104.1.18

9 AM 9:00 17.1 10. 95 136 416 11 2.23
104.1.19

10 AN 9:00 19.6 11.11 155 438 9 2.39
104.1. 20

11 AN 9:00 21.3 11. 22 176 483 9 2.57
104.1.21

12 AN 9:00 19.9 11. 38 225 488 16 3.07
104. 1. 22

13 AN 9:00 20.3 11.46 246 479 10 2.99
104.1. 30

14 AN 9:00 20.5 11.66 324 686 12 3.3D
104.2.6

15 AN 9:00 15.3 11.96 306 729 20 3.72
104.2.13

16 AN 9:00 25.9 11.92 348 760 18 3. 88
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1 AN 9:00 23.5 6. 80 67 280 14 -1.99
104.1.16

2 AN 9:10 22.4 7.10 67 260 15 -1.67
104.1.16

3 AN 9:30 22.7 7.13 59 270 18 -1.62
104.1.1

4 AN 10:03 23.6 7. 21 68 253 17 -1.48
104.1.16

5} AN 11:00 23.2 7. 31 72 256 17 -1. 36
104.1.16

6 P 13:00 23.1 7.52 h 258 18 -1.11
104. 1.1

7 Pl\(/][ 17:03 18.0 7.63 74 282 17 -1.11
104.1.17

8 AN 9:00 18.9 7. 85 84 302 19 -0.78
104.1.18

9 AM 9:00 17.0 7.91 91 301 27 -0.56
104.1.19

10 AN 9:00 19. 7 7. 96 93 303 27 -0.46
104.1. 20

11 AN 9:00 21.6 8.07 105 297 40 -0.10
104.1.21

12 AN 9:00 20.1 8.09 106 276 40 -0.09
104. 1. 22

13 AN 9:00 20.4 8.15 105 283 42 -0. 01
104.1. 30

14 AN 9:00 20.5 8. 26 112 A) 46 0.17
104.2.6

15 AN 9:00 15.2 8. 33 96 295 46 0.57
104.2.13

16 AN 9:00 26.6 8.34 93 326 47 0.25
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104.1.16

1 AN 9:00 23.2 6. 86 Y 284 17 -1.92
104.1.16

2 AN 9:10 22.7 6.97 60 246 16 -1.81
104.1.16

3 AN 9:30 23.0 7.05 64 234 15 -1.72
104.1.1

4 AN 10:03 23. 4 7.11 63 263 19 -1.57
104.1.16

5} AN 11:00 23.3 7. 15 64 258 17 -1.57
104.1.16

6 P 13:00 23.2 7.27 62 250 17 -1.46
104. 1.1

7 Pl\(/][ 17:03 17.8 7. 36 66 276 18 -1.41
104.1.17

8 AN 9:00 19.2 7. 47 68 286 19 -1.25
104.1.18

9 AM 9:00 17.0 7.43 70 274 19 -1. 30
104.1.19

10 AN 9:00 19.9 7. 46 66 273 20 -1.23
104.1. 20

11 AN 9:00 21.8 7. 46 72 282 23 -1.11
104.1.21

12 AN 9:00 20. 3 7. 40 70 244 23 -1.19
104. 1. 22

13 AN 9:00 20,7 7.5b 69 228 22 -1.06
104.1. 30

14 AN 9:00 20.6 7.78 72 274 24 -0.78
104.2.6

15 AN 9:00 15.3 7. 82 62 266 30 -0.79
104.2.13

16 AN 9:00 26.6 7. 83 63 288 29 -0.63
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1 AN 9:00 23.5 6. 94 62 280 14 -1. 88
104.1.16

2 AN 9:10 22.8 6. 98 64 245 16 -1.77
104.1.16

3 AN 9:30 23.2 7.00 58 254 16 -1.79
104.1.1

4 AN 10:03 24.1 7.06 h9 262 17 -1.69
104.1.16

5} AN 11:00 23.7 7.08 60 254 17 -1.66
104.1.16

6 P 13:00 23.6 7.21 59 235 16 -1.56
104. 1.1

7 Pl\(/][ 17:03 19.4 7.29 60 267 16 -1.55
104.1.17

8 AN 9:00 18.5 7. 37 61 271 18 -1.42
104.1.18

9 AM 9:00 17.0 7. 38 62 241 18 -1.42
104.1.19

10 AN 9:00 18.8 7. 36 60 255 16 -1.48
104.1. 20

11 AN 9:00 20.5 7.41 61 257 18 -1.35
104.1.21

12 AN 9:00 19.5 7.43 58 226 17 -1. 38
104. 1. 22

13 AN 9:00 19.4 7.5b 63 225 17 -1.22
104.1. 30

14 AN 9:00 20.0 7. 56 60 230 16 -1.26
104.2.6

15 AN 9:00 15.0 7. 66 60 236 18 -1.11
104.2.13

16 AN 9:00 22.8 7.53 71 240 31 -0. 89
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1 AN 9:00 17.8 7.19 220 833 79 -0.53
104.1.16

2 AN 9:10 18. 4 7.31 215 857 72 -0.45
104.1.16

3 AN 9:30 19.6 7.33 213 849 76 -0.40
104.1.1

4 AN 10:03 20.8 7. 26 210 850 79 -0. 44
104.1.16

5} AN 11:00 23.6 7.28 209 817 81 -0. 37
104.1.16

6 P 13:00 24.5 7.68 211 821 74 0.01
104. 1.1

7 Pﬁ 17:03 21.8 8.02 197 810 79 0.31
104.1.17

8 AN 9:00 18.8 8.78 194 854 73 0.98
104.1.18

9 AM 9:00 17.1 9.74 181 847 39 1.62
104.1.19

10 AN 9:00 18.6 10.16 177 886 37 2.02
104.1. 20

11 AN 9:00 19.9 10. 41 179 880 23 2.09
104.1.21

12 AN 9:00 19.0 10. 66 177 873 20 2.26
104. 1. 22

13 AN 9:00 18. 2 10. 94 182 892 17 2.47
104.1. 30

14 AN 9:00 20.4 11.48 287 958 13 3.11
104.2.6

15 AN 9:00 15.5 11.78 353 1073 25 3.70
104.2.13

16 AN 9:00 25.6 11.59 358 1151 26 3.67
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1 AN 9:00 17.7 7. 34 219 828 72 -0.42

2 1A0M4.91:.1106 18.3 7.33 212 808 76 -0.41

3 1A0M4.91:.3106 19.6 7. 34 216 826 74 -0. 39

4 1‘3141(1) (l)g 20,7 7.29 214 832 83 -0. 38
104.1.1

5} A]\(/][ 1 :Og 23.1 7. 35 211 789 82 -0. 29

6 11)3[41;(1)3 23.9 7.67 210 844 82 0.03

7 11)]\(/][41 ; (l)g 20. 2 7.97 217 831 85 0. 31
104.1.1

8 AOM 9:007 18. 7 8.40 191 862 85 0. 66

9 1A0M4.91:.0108 17.0 9.16 183 831 60 1.23
104.1.1

10 AOM 9:009 18.8 9.73 183 875 43 1.68

11 1A0M4.91:.0200 19.9 10. 12 195 869 26 1.89

12 1A0M4.91:.0201 19.0 10. 43 199 881 19 2.06
104. 1. 22

13 AOM 9:00 18.3 10. 61 197 909 17 2. 17

14 1A0M4091:.0300 20.4 11.00 188 892 7.8 2.24

15 :&49203 15.5 11. 38 218 889 8.8 2. 66
104. 2.1

16 AOM 9:003 25.6 11.26 208 975 9.8 2.70
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1 AN 9:00 17.7 7. 37 219 8.43 74 -0. 38
104.1.16

2 AN 9:10 18. 2 7. 45 218 822 71 -0. 31
104.1.16

3 AN 9:30 19.3 7. 40 217 830 82 -0. 29
104.1.1

4 AN 10:03 20.3 7. 36 220 823 83 -0. 30
104.1.16

5} AN 11:00 22.8 7. 38 219 824 80 -0. 26
104.1.16

6 P 13:00 21.1 7. 45 216 798 82 -0. 21
104. 1.1

7 Pﬁ 17:03 19.5 7.67 213 794 81 -0.02
104.1.17

8 AN 9:00 18.6 7. 88 225 853 84 0.21
104.1.18

9 AM 9:00 16.9 7.90 222 808 83 0.20
104.1.19

10 AN 9:00 18.8 7.97 215 852 79 0.25
104.1. 20

11 AN 9:00 20.0 8.07 216 840 80 0.38
104.1.21

12 AN 9:00 18. 8 8.18 224 841 80 0.49
104. 1. 22

13 AN 9:00 18.9 8.27 224 851 78 0.57
104.1. 30

14 AN 9:00 20. 3 8.39 211 796 () 0.67
104.2.6

15 AN 9:00 15. 4 8. 50 231 821 7 0.76
104.2.13

16 AN 9:00 24.9 8.49 248 860 82 0.94
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1 AN 9:00 17.8 7.29 217 833 68 -0.50
104.1.16

2 AN 9:10 18. 2 7.33 213 804 h -0.42
104.1.16

3 AN 9:30 19.3 7. 32 219 822 80 -0. 37
104.1.1

4 AN 10:03 19.0 7.27 217 808 81 -0.42
104.1.16

5} AN 11:00 22.5 7.28 214 818 78 -0. 39
104.1.16

6 PIL 13:00 22.3 7. 39 215 797 76 -0. 28
104. 1.1

7 Pﬁ 17:03 19.1 7. 46 212 786 85 -0. 22
104.1.17

8 AN 9:00 18.5 7.50 215 794 85 -0.18
104.1.18

9 AM 9:00 17.0 7.51 217 781 81 -0. 21
104.1.19

10 AN 9:00 18.9 7.58 212 813 78 -0. 14
104.1. 20

11 AN 9:00 20.0 7.67 212 838 84 -0.01
104.1.21

12 AN 9:00 18.9 7.59 219 821 84 -0.09
104. 1. 22

13 AN 9:00 19.4 7.61 223 839 82 -0.06
104.1. 30

14 AN 9:00 20.4 7. 65 215 842 80 -0. 04
104.2.6

15 AN 9:00 15.3 7.59 219 822 86 -0.13
104.2.13

16 AN 9:00 24. 8 7. 47 283 841 90 0.02
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1 AN 9:00 17.8 1.22 216 847 73 -0. 54
104.1.16
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