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Planing of Underground Pipeline Monitoring Systems

Stndent : Chung-Chi Chen Advisor : Dr.Wen-Chen Jau

Institute of Civil Engineering

National Chiao Tung University

ABSTRACT

Cracks appearing in underground pipelines in recent years pose a
severe threat to public safety. Toxic and flammable gases,
transported with liquids through pipelines, may cause negligible
effect when leaked in small amounts. However, leaks from more
extensive cracks pose the deadliest of threats to life and property.
Moreover, in our present highly environmentally-conscious society
leaks of any quantity are sufficient to contaminate the surrounding
environment.

Therefore, a pressing issue is to develop a pipeline monitoring
system suited to the pipeline conditions found in Taiwan. Most
monitoring systems currently available internationally focus on
corrosion and leak detection monitoring. In other words, monitoring
in the broad majority of outside force monitoring is done in non-real
time. This thesis thus seeks to address the issue of how to conduct
outside force monitoring research without utilizing either traditional
corrosion and leak testing systems in a relatively easy &
methodologically simple way using a company experience model.
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3 RMERREMERGB RS -
(1994~1999.6.21 )

(13 £ARBESRBERBST (OPS 4t #dg)
OFFICE OF PIPELINE SAFETY
HAZARDOUS LIQUID PIPELINE

ACCIDENT SUMMARY BY CAUSE
1/1/94 - 6/21/99

FHAE HZHE FRESLE
eEiga 81 8.48
S EREEEE 151 15.8
1Rk 49 5.13
BIEHR 63 6.6
ERRE 51 5.36
e A=) ] 239 25
RS 49 5.13

Hih 272 28.5

et 955 100




k14 2ERBESRP| TS T A (OPS st #i5)

OFFICE OF PIPELINE SAFETY
HAZARDOUS LIQUID PIPELINE OPERATORS
ACCIDENT SUMMARY STATISTICS BY YEAR
01/01/1884 TO 08/21/1999

Year No. of Fatalities  Injuries Property Net Loss

incidents Damage bbis
1984 186 0 17 $2,085,016 172610
1985 183 S 18 $5,132,647 149,480
1986 209 4 32 $16,027,846 219413
1987 237 3 20 $13,140434 312,654
1988 193 2 19 $32,414 812 114,251
1989 163 3 3B 95,813,604 121,179
1990 180 3 1 $15,720,422 4,663
1991 216 0 8 $37,788,944 85,774
1892 212 9 B $38,651,062 88,742
1993 230 0 10 $28,873,851 55,108
1994 243 1 r $56,453,604 112,348
1995 188 3 11 $32,518,689 3113
1996 195 S 13 $49,704,731 9,141
1697 175 0 S $36,565,295 105,952
1988 154 1 2 $57,211,487 31,730
1989 3 0 1 $7,336,040 1472
Totals 3,003 35 A7 $438.468,304 1,176,336

Historical totals may change as OPS receives supplemental information on accidents.



40 REKAFR L EMERAGA LS 1 (1986~1999.6.21)

£ 15 £H X% A 58 (Distribution) 4 £ T4tk (OPS st #if)

Year

86
87
88
89
80
91
82
83
94
95
%
87
88
99

Totals

OFFICE OF PIPELINE SAFETY
NATURAL GAS PIPELINE OPERATORS
INCIDENT SUMMARY STATISTICS BY YEAR

01/01/88 - 06/21/1999

DISTRIBUTION OPERATORS
No. of Incidents Fatalities Injuries

142 29 104
164 1 115
201 23 114
177 20 91
109 6 52
162 14 77
103 7 65
121 16 84
141 21 91
97 16 43
110 47 109
102 9 67
134 16 62
37 8 K} |

1,800 241 1,105

Property
Damage
$11,078,800
$11,788,125
$12,131,438
$8,675,816
$7,594,040
$7,765,748
$6,777,500
$15,346,655
$53,260,1668
$10,950,873
$16,252,842
$12,493,163
$18,081,118
$3,341,350

$195,535,432

Historical totals may change as OPS receives suppiemental information on incidents.



% 1.6 £B XK A &% (Transmission) £4 ¥ T43t %k (OPS 43t i)

OFFICE OF PIPELINE SAFETY
NATURAL GAS PIPELINE OPERATORS
INCIDENT SUMMARY STATISTICS BY YEAR
01/01/86 - 06/21/1998

TRANSMISSION OPERATORS

Year No. of Fatalities Injuries Property

Incidents Damage

88 83 6 20 $11,166,262
87 70 0 15 $4,720,466
88 89 2 11 $9,316,078
89 103 2 28 $20,374,543
80 89 0 17 $11,302,316
91 L4 0 12 $11,931,238
82 74 3 15 $24,578,165
83 96 1 18 $23,035,268
94 81 0 2 $45,170,293
85 84 2 10 $9,957,750
% 7 1 ] $13,078 474
87 73 1 5 $12,078,117
98 98 1 11 $29.6852472
99 18 0 0 $11,840,000
Totals 1084 39 189  $238,085,838

* Historical totals may change as OPS receives supplemental information on incidents.

BHASHBEATKRBRETORMREEZE L BRATRAK
EREAA - MPURETRELEETOHER > LAAHEE
FREGEOTME T EGES



Rl S B R

2.1 s
2.1.1 BRIAEAOMOER (ERBEY W)

c BWE
EHBLRANBR (RIRR)
c REANERG L TURFH  HNBEANRLEETRL A
A & R K

E— 0O -

top view

B 21 BREABRGEGEER
540 : 3%41t48 (steel-reinforced) > 2£ & M4# > (D/t) > 100
o ¥ IETRALARAMEM
FABIEE —EE EEFBETR > MR —18 hinge » KL A
FHFEE L (REFREOEHBOBAE —JURORER
%) Mk EEE & B AT 4 BERIH AR 907 ke | R
T ER o Rt
s WM T EEKRALRARR ¢
TP 3]

2.1.2 BN R

ko RIS BGE  Flbo BB SBAKRVELA  ER
EABRRGE  REMELAHER

8



s

side view

2.2 BREEA K
o R A HT

R Fim e ekt
R Einla
c RESBBELAA > HEERERS  THHOBREABBASL
AR H

Rk ERTERALERERK (RHLAREEIREVALE ) §
FHESHEPRESF L ALARBEHEK > §F AL
Bk B2 A

2.1.3 BReN .

- BEHEAYRAR LR

—

E%J

[-%

side view

B 2.3 #AFR
o T HEHE A ML
o R Fimeh ek
© R YR

2.1.4 B50R¥:

- hREARNNEAREE  FBAT IS RERBER



CH—3 o«

any position

B 24 H#BEHER
c A KR EREE > BAEA EHOFA
cBENABE

2. 1.5 Bearing fractures :

(= } e

bottom view (sometimes top)

2.5 Bearing fractures
o AP IRER
Bl © FEBT

2.1.6 BEmA:

o M ()40 : 458K (iron steel) » cement-based + steel) % %3 rR
HEERBBORALR

o Gk RAMHBRIGIRD P BRI REEELBEHRL
(Bl WERAMLREHEMBROTRYE ) T4 AN
HIAE SR BmELRR

2.1.7T ¥HMBFALRE  BRAVEHERRK

10



HX 3t

Bl 2.6 ERBHEXBE  BAVEHAHR ]

9X

B 27 TH/BELEE RABEGHHIE2

2.1.8 M3 Faha

CHREEEREF IS LB

c HMEBE N FRERGUENERTRFE LR

cHEXLE

BRI mELBYERABE

2.1.9 #3#BtX (shell mode of buckling) :

BGIEAREGT > BFEKAE (RA>I100) 23R BE

11



FHL—BIERE ARAREEWAREN

2.1.10 RERMBIERA FROAPTH

e

B 28 EHANITA
- ERHPIIFERE

2. 111 # 47 X A

(r——————
———

Opening of Joint
by Shear

r——— e

ﬂ Opening of Joint
by Bending

 Pult=out
Failure

2.9 AR

2. 1.12 M 0 R Al s WA
HRAME 1

2.1.13 sk B9 8 AN R 69 T 44
HAKME 2

12



2.2 ER B
o Bfy 0 dh R E
(X0 Y) sa% 287
c BRYMARBET AR LU EHN (BRER) R8T £
VRAESHREFRFEINERE (X Y) %52
c HHREH/RBEF TS H (ke £ A GPS) > RIBHBMZ shia ¢t

X
254

7
Y4

1 B 6 K AL

210 THXYZHELE

2.3 #BERVELHERBHRRMAZR

SR BRI o 3H2.4.18
DR RBE A E AR
- *“l" X BB/ RE (%8
Al , /kn) - (% 2.4.2)
Shiiasa I S SRS
fFd RENE ol FEAX 24
l AR Ft&Ek 2
FS (RALEREFHHE) st H p AR SEMES
l HEEG SR

13



a! EHEHEERKMMERE

'

> & B kT4

D, : AREER
h 4

D: % shig
4

;}%/ﬁismin Lx&Smax

Pl sl AE 528
$E K22

o BA2.43CHH

'

HEER RN

l

SL4F 5 PR 4% A EL 82

P #2432 (=) HtEARE
R 25 ERARN 2.6

o HHRAEAGERE (SF

l

REBHBERUHE
LA ] PR R Y
BHEHE

VA KF B PR %A 6973
EHEAE

h 4

2.4.4)

c M EESBKUALE

R EBRALE

ESEY

c B BLEARHHE
Bl FIZE » FH K
Eo

o Sy ---XEFiE

s WERIINGE

AR (54 524-(2))

HEERLGHTAE

L1

BESEEAEGASRERALRES

l

BHETURRAAGERRSE

14

o EE256
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s %L > 10 0RFAE BB LT (RELEAIE):

9>
VEL]
N
N \]l\ > \J[\
L3 L3 13

B 213 ERRIHAS
c XBBHRBATINEREENUORIN (LW TFTEAT)

R

B 214 BHABRLME

2.4.2 AR HHE

c HBBH YN
£ 2.1 B EHH» 4 (Donald Ballantyne, PE. 1996 [10])
Pipeline Vulnerability Class

Vulnerability Class Damage Rate Probability of Vulnerability
Damage in 1 km Rating
| High 1.4< Damage Rate 0.75< probability 5
Moderate - High 0.7<Damage Rate<1.4 0.50<prob.<0.75 4
Moderate 0.1<Damage Rate< 0.7 0.10<prob<0.50 3
Low - Moderate 0.01< Damage Rate < 0.1 0.01<prob<0.10 2
Low Damage Rate < 0.01 _probability<0.01 1

16
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o HELTFHAT

o =0— 0,~0 (&K egst HH A Mk 2)

o, BEAERAES T

o, RIHABAER BT

o, REAAEATMARS (EARME)
S A Z N EKB%E (minimum  yield strength)
(4781E)

(=) ERzseit &

— R EHA TSGR ERT MK AR IRRA
PR R BRI ERS B2 TR AIMERERES
M (dES R EFe ) ERHNHRGE R daNE
EERNERGEARELEEER  RERAX —HERM
HRELEROAETE  BRHAHEERBRFEmEEL (K
FHE—NEERNTBAHE) M ERERERTRHESEE
EaRMAREELE  BEROEMHEEL  BFRAEARIEAH
AX (X2.5) mEREBEEAK (X2.6) &TF

Ao ZERAE:

| —

1
S, = a? XL,”*xD,/D (25)

X
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S, A% -—BRGREAY (Fl4e 1 S,)
a: R AMEmRE (g) BE a=0.03g(MMI=5 L F)
Ma = 003g3itB(g: EHmRAE)
L, CR{LBF) = (1/FS)
A
FS: 2Eribai ot (245M8sk 6) (2BXR)
D, 2K &H5F 52883y (£BK)
D: #&44g (mm)

£22 ARENR

ADER / WEH BREY D, (ERE)
Class 1 0.4
Class 2 0.5
Class 3 0.6
Class 4 0.72

(:A ASME B31.8&y4#azh®)
Class1 @ g% B @
Class2 : # & MR R Ih
Class3 7@ (ADEEE  #loB ¥ FEE ' TEE
B —AeE ) BERARY (FRBEAFE )
— AR TR 0 ML A FHE
Class4 : XBEHE - AT Pl Th SARER
FERAMAEE HFEAYEY (RARERYE):
 EFKREBE > R KT BBMK
CEHN B AOKLE (i ) FERELE (THIE
LiERE ) REMAEENEE (KF8) £& ARRLAR
# (D

»

ww R

2) = 0.72



& 23 AHHERERNIEE

a | 0.03g ~ 0.83g (~MMI 10)

L 1732 ~ 1/0.3

D, 0.4 ~ 0.72

cEHEANS AATIRGEHINRHE AL FTEHS A D

A B c D
A2t PRy B Aot

< > K s, f
it

» D By sk C AR
A B A B AR
° R§+§-B~C é‘]@ﬁﬁ

s BAR26FHMTEaN (RBEE) AR TG A
B -
! !
a? :(0.83/0.03) = 5.26
L, :(32/03) = 4.84
D, :(0.72/04) = 1.8
1

D3 :(500/75) = 1.88
AN Tooa (eEmik &) #L, (LRRACETF)

HEABRROYE

BeumsnEaEstE: (FEm:#%EHB/nE)
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N" —_ (Sn _Smin)
(Smax _Srnin)
¥

N, A EE@RELH
S, - At EE et AR

XK, +K, --(26)

Spin * HANREAH (FRTFTBHCRA)
Srax - BRBERAH (FATHCRHA)
K, 4 :
L <10:
K,=2000/L — 67
L > 10
K,=3000/L — 67
K, =67 (3#)
K K, &T@datER
BRl4e T :
K, ' %S, %EFE-K,
K, : #¥S %REFE= 67

K,+K, = 667

Co S 8S,, B9BER :
Sin B EER R
-MMI i < 52X F (MMI ($£#FM5%7) BbE
hoik B 4 M ko F )
o RTEFRICEECEUBERYEF
c M E2BRUT |
c HNBHEBFEFREAETUAT AR
c BARBEIRUTHR A
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S e BTER R A
C A A BRUTHRRA

*  a(bEA iR B)E MMI &4
& Tayler 82 (1991):
Log g=-2.94 + 0.286 MMI
MMI6~7 (0.059g~0.115g)
MMI7~8(0.115g~0.223g)

MMI9 2L b (0.223g~0.43g 1A L)

D o 3% 3% R AR

67 < D £ 667 (2.7)

(B4 B#/ENE)
b R
1000/15 = 667 (B4x: R/ ENE)

1000/15 = 67 (F4n:@ B/ HNE)

(=) Mm#lE:

A

K (2.8)

a

K

K =K, (2.9)

R L E Y R

k, | ARARIRNEKHEE (minimum yield strength)
et A ey E

mEdy ciid (24) XEH
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2.4.4 3] R# R4

(=) BMESanbs RREZARILRAZ &3 (54241
wE

(=) ZEIHEN > 1000/L 2 M4 F
N (¥ %EHEB/E)
c BAMEBRERANOlgALE (RFEABERER) T
UBBRAEEGRSE
s B35 1R (RARWRER4)
- R H BAARYBE (HIF)
Gldo : FAABEH > FHAREY (HER)

() BELRRIE
c REWHN > 1000/L

R EBERAMSEAZGERMEKRAZERE D

() $H3eREH ET
ac 4 ALRABAR

AR IR SR

B 2.15 $Hk AL RABAE
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bo BRI X4

 Fik 1

ZEGPSIER -

(X2, ¥y2)

4— uix

B 2.16 ERH K

HEUR BT

(x1 * y1)

dl1

02 y2)

B 2.17 xEREE

d1=/((x2 - x1)? + (y2 - y1)’) (2.10)
c R F T

RE

dl 42 43 d4 ds

S

SREI[
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B 2.18 éhF3HEE

d2»d3>d4-d5.... st EH KR dl
JEIHN > 1000/L

2

EERE
XE4 T

B 219 £ ERSHE
B ER e T

220 EEABHHEMER

o —fXEN P SEE
s R EA KT
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THREERRX

B 221 et EHXE

(&) $F&Hy

c BRI F X TF

ju
Y Es12°5(8
23]
B 222 $ELEH
c B BE kT
Bkl 2 22 588
32415
i) » y#f
| 28§f
o 1]

’ 5 2 1
y‘ﬂ . o o
%_

B 223 3125 (345) 9 X(ER )R Z 34



SR

B 2.24 212345 9% B (A HRAER)

(%) HEARMEY R AREY
E MR eyR B & AR 1000/L

2.4.5 e EEFR

RS EARRARBEHELE N2 PRBEEE ) WHEEK

SR

TR EAEHB S Aok EAY S RXEEE

=
cHNBAB OB N RETYCETUAEA RS o CRERAK

#H &
cHANFAWERGHETRNERFTALER
cHLEREEMMIT U LHSR R e RB T

2.4.6 MBEATH KX

C SARBEGHE
o= LD (2.11)

[+ 72k
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RE

%
& g1
Bk2
SEZTEFH
5

B 225 MAERIBABRNG S ESAK

|

SRR R ¢ &
g1 =
&

SRR

B 2.26 &R &I

2.5 BRKS

2.5.1 HEEA:
(1) RFEFARBH:

BRE:

A ARBEHRE KA ERTRAZBILERASH L
Wik CHRAESRHEZIZHNALBKLEET LEEH
AETiEmm (FE#EF) £FHTE £100mm

o AT 12mm @ 2 PU % > # 45 4 2 8K
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BT K E

B
FRK
" | I 1
i — i
g ] E ! . jw i

= e \—mm’z

TR A ¥ L

S )

pEEEEE RGN EE
B 2.27 &2 BRI TER

ERBRBMIE
0~200mm # & +0.2%

(=) #]F GPR R HEA

SR

F
a° Al -

s -

# 3. F 1% (Ground Penetrating Radar) #§#% GPR » & B #T3k
BEMRAZERZIAE RARBSATHE > SHRITEY
BRSNS BTEIZHBRAENRTHABERNE
IRBEFHRINER - ERE  AERORDLIC KA
BRSNS IREMAEL BCRZEBANEBILEKRY
B2HB] -

b RERE:
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N

Graphic Control
& Video
Recoder €«— Unit

Y
rd

|

Trans. Antenna
Recev. Antenna

Surface

AN Va
AN /
N/ Interface

Basic operation of ground penetrating radar.

B 2.28 GPR % 4448 1

co &35 .
o FEH E A
© BHETE
° 305k B
s RAMERHEES
c AT B R
GPR % #4545 4 T B A% ¢

gﬂ aPR || TRA

-
12 veX

B 229 244#%%EH?2

de ATRHITEARKE -
c BERELEEKRR
° RAMEARE EMRA
o Mit Ao LT IP RSN B Z AR
LR OB AFRELEERKREEZGR
° S8 K/ RS ZE 644 R
o AR B T SR
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o KIRRFBLANZFHRILHK
s TR BZFE
s ThHIEAT &G T E Y23

eoé*'}l-\'

wa off ¢

BT MR AR B

o BN HE AL &R (iron pipes) 4B E ) H
R

o SRR LM E R SMERNEERE

s H{HHPVC ERAR HEAR LR

c BIGERBRRRAETRKEN AR THERTFHER

s HEARAREBRER | ERFERE  FNLTEE
A

cRIARRAEANERE

RiZBRHAEEM
GSSI XRENFK

PLAR
(EMHE)

RE
EARE (AR

|

80
100

120

300

1000

R 5—30
R 4-25
R
R 4-20
g
B AR _—
I8
R
Bt R 05-35
I&
g
E7-1
BL 0-1
L3
5
wiE
Bt 0—05

( GSSI #8% - 1993)

%24 BHEERADARDAE

(=) SaAERE:
2EBeER (3.228)

(w) R4THHPIG :
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BRI

T ABAE AR ER1E B (caliper measurements) £ 38 # A PIG
AP REHTRHBETIGHEH:

“3DMRTENY > THEGRIELLFTLE—EL L 38
TR E B

- M EH AT TG EH

R RFEARIE  BE > FREHE > BRYETHAFEAR
OB E

c BER A G #

- HHEHFTRETRYMG  HE BRIEERER

A BEWH 0 BK

2.5.2 B (%) it:

R EEMK
RENHABALHEMELRET % > o & tank ¢948 58 > £ valve
EH1EEE > AL BHEE

R BHK
(=) R#HABLEBE
ERAERE
1o Y3t
HMNARGBERELEERY  REAMELETHEEL
KEIAE  HEERALRAGTFFTRMBI -
RAMABEE © £1500 X 10 ®strain
FRBZEEB : 0C ~65C
BB AR A% 0 10.8 ppm/C

PAR-Y

@

%

T ARMEAFRERS)

3o 4B
BREBERSEAEFHEL P I A TEBRAESHEL  ©
TrRERMAZHEERL
FRMARBHRE
WHE
FRBAKE 0C~+50C
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mAEE BE = (001593 #+0.15 #4z) /C
g 0 £0.0029% #H#/C
BB E RS E I MAESE=] #Mx
B 0.1 E=1 %4
TRl pse=1 M
= 01°F=1 #4x
{E R BN TRRMER 12 ) BF
g B M@ 6V,6AH T EX T T44 DC10-15V, 1A &
it

(=) EFXAEE:H -

EHRBEBRE
ABAGOERE ERE  LRES) KBS > TH
8 & 23
A A T

1o fsst
FATARXEERRELTERY  REXRRIANER
BB RRAEER  REMEEHREMNFZ AR
Bpel KiF % -

EEAE T 2000 X 10 Cstrain
MEFN  EER

EAERRE  1.5mv/v
JE& M 1%RO LT -

23T H
Féagit A EmMA BB CRAKRMNABRLE -
BBRKE

Bl ESE 0~ £19999 u Strain T # K 44

% B ¢ 1 Strain

BAEME = (08% kA +2 $4d)

ERAEER  TEKERA 8

£ B K 6VOAH THAEXEib » 2 RE@ MR 12V
T 44 DC 10-15V, 1A Tk

(=) mA3t:
FRMERERE
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FIRAABRBRBRAFHZEE  ARBEZBRAXREFREN - 4R
% 0~250bar & 1 & £0.01bar # &

FEIRBBRAE

(1)0~20bar 150 X250 X7mm
(2)0~50bar 200 X300 X 10mm
(3)0~200bar 400 X400 X 12 m

2.5.3 R £B&AL :

REEHE
c HMWMBALEEETURE

c#do=0- u,=0" TURFEKESRS V> sand & & L1

EF¥ o  HAEN
o BREA
u, P FJLIRAKR A
c BRI BRI ERAAEI R BRI

TURAGEELT -

(—) BAKAR
- ERABAE (HFAME3)
KEBHAE B SE-SRZERBTHLZIR - ERE
BARAE - BB AMAE S R RABER > RERDHAE
HEFH REGRBITAKES

c IRBMME
BARKRIHBER A COKBIAE  HEHATAR
3t ¥

(=) Kaa@mal#  (BHAME4)

IR B

c ABERAMALIERBOERAARIEBE » THALE

& RAw

c T AMMEARAKMETS (BE—2RARPERHTH)
BB FE

AR ETBEZTAMAMITH  BERBRREAPVCEF - §F
EABAET KARTERK LA EHKMLRE
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3.1 BERBAR:
c BN BEER - BRFER
o B 4% S EN K AR B R
o & L3 By ik AR

3.2 BERARS

3.2.1 M & (Pearson) & :

ac bR A HEANBEZ BB R4TE S TRE ACRENKE
BEURLBRERYOMEEE  HHATHETMEZIABRELE
FUER H ARG -

be &% :
A H  LRBEAMH BT R E# 1000 Mk
RFMPR AR AZHEEHMH 2R ABEE RIS H B
184 175 2k & ZRAIR
c B H  MBUSTRHIAEHAZERNRE  A-FR
RR B
o i FRIHFHOLATRIPTHMAR AL
c B BPREFAERBGMZTHELE
B HBHRBRAES

cCofER Ak
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RS

EMFEERRRR2E

B3l RBAAEEERAIER

de- &35
CHRRAEAAEREMBEIHERF  wBRGRE
BREEATRZIIELBIHHME -
cHNATAMARERS SMREBEETFHRBEFRTEHZAR
WRIMLEFRE > BEHH— R FHBIER S o AHR

€ &2
cFRATABERERFLBYBLE
o BRELBIMB  RBRL S THRERHER
cHEHBMBSERETEFIIIELRY
c BIETREBHREN
c RBANERVHR
o BIKBATRIRIE ARG A
AR EREHAKE (BREXAREL)
c RBBREEH SN
c BERTEBER

3.2.2 Sk ERXE
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ac LETRA ACRRABE AN MISELRTE > butig ¢
EEHGHARE HATREAXBR DY LALERE L
B CHESBERARRIAFABEG TR A ALEETES
HR A 2 LR

be{£% :
cBHH
o Hik B
B BHBEERALESR

RAEREIONE ML

B 32 EieTRRAERRE

do 45
cFRARFABEKETRAEZIBGE  MTRELAF
THAARRHGREERZEH > dol 3 BIE -~ THIA
B 5T RSN R EE
s TRIHEHITRZRE
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cHRBRTHEbERE

B AEHEZ FRME 0 TR T AREAMHEERNZS 1
5

s TR AM BB R EN

o TEMKMEREMALE

€ HE
BB EBERZMBARGEEEHER Y
Cc BERB TGN E  BAH R/ REAZET
R R A AE
° HERINFERFH
o Bk TREBHEAKS
c BB KIEMNBEENKA
o 3 E HhE G
c BIETREBER
MERHRITEAE LB ELES SIS E Liad

3.23 XETEN:

8 ik BAA SRS TALE X TR 2R
BAKR
be 4% :
° A&t R
o B A HIEES
- HERI A A T
- I
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o B E B
- ERHAM C REAHA

.
co{ERAFE
T»ﬂi\.ﬁﬂ-l&#ktﬁ. PEEAR
\
MRE — /' PATA % mIMEE |j
L TRRL E”J;EE;

|
Eal] #&

Y T 0]

RERLURRAZE

33 RETHERE

do &3
o 2B RHEMABIEMIT KA
o FRAFH R & 5 #13]
[ TRREHEBITREALE
c AEHETMR > FT A ALK SE T RLEk
AT RRBHAIES BRZAR SR E A
s T TRKALBRAETHIRFEERY BFHR
. ?i!ﬁl’&*ﬁ!‘ﬁéx R &
o TRAA TR TFHER

39



€ HRE
c BEREGTR TR ELAABERTRITEZHG
cMABHK ~ RREIBRITARBZRAE RS A
c BIERA BB AMHRET f 8
o BT BEEE

3.2.4 Be#HRE PIG:

* PIG i1 :
PIG RERFKS HHIMBE R REFARAFAR T H LS
HIHFAMGLE -  AEREORER AR MR OKBLERENT
NEEE  EHREEHRMRFAAB L RRR AL LK PIG
Bl E 5 B AL 8 RIRABr 45 B a8k PIG

a - %8 & PIG

R
M AMBERILHRERBARRGRA T BELHT

sensors E

AR . i

B sk R

W34 @ ERARE

Sensor A E BRI 2 fa] » sEB WP TR EERERIEME
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%% Sensor B R AW B T N EETG1E 3R #% sensor A fo
sensor B #9153 ol bt » AT HER T NEBRZ
B 0 T RIFAB A KM EFo K

o REAL 04t tBERER) A LEBRG BN (BHE
3t X3tIAF) TIH 90% A Lkt &

o WA B (RTAMN3 X3t) FEAO2t R LEEFH
95% MM Eehieh® > HRTEHEETEET0.1% RN

1
c BANE - ARBETSR
o T AEFE X & IR B ERF AL

HR3E
cERHR EHREBETAPIGRE
- AfAHT ITH/BRD
o T HE B AR BB
c BATAARAELHNRAEN
c BIXRANKBOHER
o HHX MR ERK
c HRERRAAVE
o BikEHBABRTEA

b &% PIG
B
o A2 % ik PIG 4R R R B 4o F AT *
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by

CRERE 25 F8ia
BIERYFEE

B35 BEEABRAEREZE

3
- THREZETHBEBREA
AE RIS E PSR R BR P B K]
c B BEBRLIMBR T
o 3] on-line 3£/
c RERFETHRMREE

BrEs
R PR
c ARREANRBMESRT
 HATHAKRAMREE
- HEHFREEZRRSG  FRAFFEIR
- BARAARBELRROESN
o R &R 2 AR F SR K
c BIEABHBHREALFER

ce AERMAEHY PIG
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BiE
- B PIGHBYPICRANAALBAAXALHRLYFER
BATENYEaERIE Rt TH

N

s

AR N S PR

/ 4 7 4 : \
gyorlc WRE RARAENE REX /ﬁﬁﬁfﬁ?ﬂ%& cup
’ BRA8PIG

KL REPIGAIAEE

Pl PS4

. T i
o) :*-}-*—-lnl-i“!__g N arm—y B
: R :I, 2 ¢
mg  my=E | aRmE | ELT
e B 1% EBXIER
SERBEPIC

B 3.6 x% B4 ®/¥ PIG

MBS A8 PIG AR PIG ATEGH /1 -

HEE s AR PIG @it cups~ PIE - Bl - TF
B EBAREAKRYE  HBABIREARRAZ 1600psi 58 /1 »
BGBAAFRESHSAREALGTHARBEFIRE
1R

3
c AR 6 AT TS
o 3] on-line #&4%
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c BREBABEREPIGER
c T EBERNEHT I

3% I3
o A A FEBER A
s RAEMEKTRONITER

3.2.5 ¥ RBEEARV AR

acR% -
o ¥ M
- 4535
- BALE
o ¥
cHABEE
- AR
S ¥
. MAMAE R

Erel

c ERE
c BEBAKRE

be{ERF &



AC 110V AC llov
SONY
[© © © ol
B
ERE
HEHAS
B
NEC CHIPER
s
10000 o000l 152 o ~
ZRM SR AR lﬁmgza

YR
TaE
//_— A% 018 [ 2 O 2

st =
- » 4

SFE nRER
o L

—f— 70 P{: E.3-2:]

. EII@ME =E I‘-.’?Jii! AR (o ]
£
"" AC 1lov

EIRWTESANBEERKR

B37 £33 XTERRBBYVERARE

3.2. 6 Coupon (weight loss coupons) :

a- B
St —EnEREeEE (MPY) ETRAHEM A
ERERBEHE
be B8
» Coupon £ 4t

co 1&3:
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s THEANRBRAMER

° ST LRI A &R ARAR AL

o B REZMEA

- KEME

- TRAER

c AMELH s

o sE #1345 4 &£ (uniform corrosion) 324% —{8.FE &8y 8 7

de £3%5
c RAERBPFHETHRA
o RAE L fofT e E AL A R
o kAR ERIT HAEINT Ao
o REFIRAE RAF AR 48 K e B4
o HBit— BB GO EHNER
o 5B AR F AR B3R ALIE R coupon AL A KA
o % BAREJEE /I R coupon AR IR KA
- AT ERRAEER
o R E5R (pitting) BARAEF4F 4o

3.2.7 ER (electrical resistance probe) : ——&-F X & 4+

a- BRI
HEAAKEHRRI 0 EREHEEMRKR)  TRYES

R=pL/A
PR
R: Em
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o Erafh
L: S8 KE
A B & B

BhEaitE
MPY = ADIV/Atime X0.365 XProbe Span

MPY -ﬁﬂ_ x .365 x Probe Span

Division aTi
ons ( damy.. ) (miis)
1000 7/
800 /
~ Probe
600 // Span
400
200 -
100
TIME
days
% 3.1ER BER&ER
bo 4R35

- EF RIS (P TH)

L { @ I e ) [ |

Temperature compensator

Wire element \‘ ’ /- ]_\_—/—-\___}__\

T T TS5 X £
£ 2 €D N

Shield _/ ‘_J——\_’_\‘—/

Electrical resistance probe for corrosion monitoring.

-«—— Electrical connection

B 3.8 ER T F X K4 W
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co 4%
CTAERANRIEUAR A
° B AR
° 54 E (20mA)

> 9 4§ ] erosion corrosion

AN ERNFBLBEE

° R B~

- FREFETRER

d- 43
AR FIEAR
> lifetime % M&
cFAERHABEUE  RBARE
c REEL I TR B BEA
° REE 4 fo B A7 48 A2 K,
cENSEBRETEAEAEIES
cEHEBHMHNERE > TR RFB ERES
cFRFERER

3.2.8 LPR (linear polarization probe) : -—- & F X #E 8t

ao};ﬁ}g_:

PEREHFRER--EREEMAF- - —EEE

R E Y
MMPY (MPY) = [,/C X K,/D X1000/L X K,

48



o
I, B#Em (Alem?)
A EHATH (kg)

C : 96487
mpy - Milli-inches per year

mmpy - Millimeters per year

be A3 :
- EF RIS (L THAF)

| %ﬁé%é:‘abl

SIDE VIEW BOTTOM VIEW

F1G. 4a—Typical three-electrode polarization resistance probe.

——

I3 r -y
C 3 : ~ 23
i/ i Pl LSt by ] 1
i 1 1 f1 T -— -
~Ir= =1 1 I = r B et
ik P T R
1
Vol oy on SRR
e e b e W SRR B g
bt D ] !
"1“-7"' Mmoo J
1
L_ezd

PROBE IN 14" PIPE FITTING PROBE IN WELDED LINE PROSE IN 2"PIPE TEE

Typical installation of polarization resistance probes (I in. = 25.4 mm)

B 3.9 LPR EFAKEHE

ceo4fxs
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c ARNBRBETHARL

° HEH 3 2R RIAF 40

o %&£ %9 % 5% pitting corrosion ( X4k /& £% )
CRREANGRREE AL

do 2
c R d) R s
c BRBEABZEIER
c HNF LB Fe, S, FRARREEIHMNESR ERE
&t sb— P RRAE F9 I AR R
c ENGEMAYBART TR REBBRGRE
cFAFERER
c EEABA RN AR BRRLF

3.2.9 Acoustic emission( M # 5 &8 H X ER])

a- BiE
Rk (BEXRER) §FEREHET  ALRNK
(stresswaves) » RELABR A AR LIER N L EELELR
ik

b HARMREL
. 35 % : 0.1Hz~100Khz
SR T T AR R S MR
o By /KIKER 7
o IR MR 5
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co{ERFE
EEREFE L » BEEFE RKTiE 250 AR
CEFRAEKE

de- &2
o AR E K RAMS %IF R 4 % (radiography) F4x#E s &
R AT RSB N L THR T4
° $7 B H B #RAIE (stress corrosion cracking) A8 #4 424 — 18
R4 &4 B R
° RES9 4R L Bpay B

e #rEL
c AIBBRAALKERARR
cEMHMOHBBREAB RS W ETRRERT

3.3 RBRERm ¥

° se i A (turbulent flow) #93b&
Bl :
- B MY 0
c ERARIUBR
> terminal point
CRER BB G
° {5 %o
- WER CTHE
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o BB RAR A
o fplde D BRADHER
o i% % erosion (iP&R) &
o fplho  MER OCTHE
° g i& % galvanic &
ENOEY, E&: ¥
cBE - BAFBMAMUER
- RELEWED
AR EHARN  ERFABRINREXLAEN
c BARR AN BEREETTUEEM] (gate-valves) £3%

3.4 MK AKX

o FEBIRAT 0 BRI Lk sb Oy A M AR &
c R LR ER A SRR B BFER
o BARRER - A HEFEAU LY ERRMH (all on one sensor) M Ff
% 64 sensor MEAK ST 8 B AR L X BB BERIR B
o 3 3E{# A all on one sensor 8| ZEEFH F18 ¢
c HEREATHRLTE
o BB BT F AR E|
- RBHMHFESERT
- HAEBEREERT
o #N R A AR A A TR FORE
o WAHBIM 0 SNEREARERRS 0 TTIER PIG > B A PIG 47T 2L on-iine
BEz o RATABBREMNSEFTRAREHSG S L BaeM (K
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WAk RE) 9—FF %
o BIRAME S DMRBIE - R&{E A E A on-line & off-line & % &4, 4
RGPS BRAEEM  BRYEE > EEHNWNEBME T4 etk

2]
(Bats mE R TEBXE4)
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FwE Rk & R

4.1 B4%
- MR ERRR S
- R E M B
CREERD

4.2 RIRBRAF &

4.2.1 BERMARA

a- BRI
AP ARASRGRY SHIRRAALRSY > MRALTK
MABERT RS FARGIIMEB LG ERATZEE
R RTHEFZRALE  RRBET MW AR (laminar
flow) # %3#% (turbulent flow) £ iuse & & 4 ¥k M
BARERRIRART 0 RRGRFRBEILGLAK ~ Kb
RBORHFRE - ECRERCAREAMW

be ERFR
cHRBTUSABFAREBEX
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A=l
|

i

/-

% 3 gcfgﬁ
BERENRRE

B 4.1 BEERARLRE

A EBRUBTRGERFWARBEE LRI R K
- B ATAHASER 0 FEE A 10~100 2R
o £ B EPA 2 K4 1988 AL AT ERTEF LA
5 E A &R RRIR
o 5T A F RAE R % B (50 psig ~ 50000 psig) & 4
o A 107 %stdem’ /s 9 B E

co &%
cERAES
o MIRADTHAEE L
o LR A/ NTHAEE H
o R B F] B
o TREMER
o T LARI4E 1/32 in &9 IRFLIR

do &%
RERETEAHERTRAROSBMARKGRK M
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BEMHE
cFEHBRRMBMRE  FRUAHKRETRER

4.2.2 ¥ (AE-Acoustic Emission) Ri&%
a- RIT:
RARBEDGEDRSRERATEIEZZSAHHSERY

REAFBEHRZEAK (BRAK) REFRER - T4

be HRBEURMAHF R -

PC A
(Signal Analyzer)[—] Printer
Probe+Cables : Signal
Ar;lpliﬁcr
High Sampling _
Rate Oscilloscope || Plotter

B 42 AEARECER

c WA MRS

> 8% : 0.1Hz~100Khz

c MIRLR  MBRB T L BRAH = BEL
o 5 KK IR

o IR KR AT

- BHA % 2kgem?

o B EHE 1 03 m
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A

200 »S Doy

Sudtecier

o

Comgressor

— 250 —

Leax

A TR0

R (@@

System Configuration

Recorangs colaned kom
OFLANSLON INOWN ON HOM.

Signal aner norse unccuanmme Cancellation
e ' o W sisvon?
-'((((((((((((((((((((((((( N IDMPINN))_

& o &

Distance to Leak

e

B 43AE ARIE& R
cofE M ik
7R
o BERLEHIUAAERBEATINMAR > A EARRELE
WBHAR HEBELR > BH LB BET#H
B RIE L BB EARAITIRA P IR T RLR

11 °
B2 RERTE
iile 8K EFELE (FBEARXAL)
de 4%

c FER BT R R IR

o A4 (£150m)

o 3tHEE

° R

- HHAE

c ABETHRENHRS

o THREAREROM AR (RAFELIR2)
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€- HREs
° KIS
° BRI
cEAH-HEMEHAEEARASCERBTRRZ AL
M RRERER HRE
- ERARE
o R A AR T
o HEfA K REHE (8 3)
c HRAFHATH

4.2.3 epME(RaKiE)

ac BERHMEMERHBIANBTELABRA  THEREIHBR
B B THRBEBZAL  ARARSITREAAHBETI
FIBTAL O 4 B Fo K] o

be A%
- M B
o B F B
> ¥Na & " Br
s BELBEEEN  BHARERE MK HHS

cCoEAFE
cARBMABKNHER  MA FTHAMERE B F X

RN J
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o H A BRI EIL E B RIENRR B LT
Br o FUHE RRAEENE BRI KRES
RIER > FRES  BUARSAEETSIERRME

o HECE: P B 100 EFSAREF

o WAMNERZT F R AR

il ik
c MHM A THEEARTERAN  EwBELSG
BORE o ARG EAMA KBS A
REMAEEAMMRBERONE  KAeEREE
EHMRZ2E MEREZARSTRESRMLE -
o AR RIE T KIMNRR M

i1 hask
o 3 FMLE RN F AT £ AR s BIE - 2
FRARH AR THBRR—E  EREHRIURIA
EROABT  EABAFHILFRRLY
s FRAAESZHRAETR

ive M@k :
c LHERRCEHET ERME T AT EM
FRHB > THMBAHGO T ORI ARIMRMLE
BF O ot SR HERBFEHOH
&

de &%
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o R KM FT LR

° 4B

kil

o 3] on-line 34k

- &A% (0.004 gph)

* FHEE RN
cFIBELHBRHAKALRAEZRE FHE
o M E BEA R EMLE R 58 TS E|

c RTERBRRFHF &

=3
c BBH L EFA
R EEHERMRER
s RAEDSRIEE AR
c HEWT KEFR TRV ERL MM
c BRRREFMMH LT AT

4.2.4 SCADA (ERFHARS AL KUANR)

ac RERF ik
FATHMARER  BHETRKGMRAEEMAR > TLEFRE
BMBRAZLRN AT - FERBRZOEETC SHTH
4y 7K B #: KR FE % 4 (monitoring hydraulic mode ) #f & & 3% -
@ﬁid%ﬁ‘?é@éé’té@lﬁﬁ CRESH 0 Sb—RBA A B b ey
HESHAH HETRTORR (RYE) 958 AEBY
TRH (BHTH) P XREREETOREYTRE £F
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FEEREI A » o LR AR R L = 555 05 RAEBR ¢ F

b mAZH :

5=
AR
] 1
! 1
2¥ER g;ng
l ]
] L
KEZR
2R
F 8% R A
& =
.3
RERS I 4
AAER
EEwg| I
P
SCADA &H

& 4.4 SCADA 42 H

o ;2 B %4 # (thermal observation) 4 B R £ 213 % 2] ;7 54 o 3
BECHMAAE » AL ENRER
o FHUE :
RANRERBOBHR  HND4B QIR TFHRER
) BERRETFHH AEHE
o IR ERILE AN
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FAEREARENEEFET > BERREL L
ERAZERES  CRERTLGNE > DERS
RIM PR BRI R B ARGRES > 22480
B3t H oy o5 R

° RAEBFF :
H TR LARE T FHESMRHR AR,
EHBRXENH R B TRE MR F A $ 8RBT 1L 24
R H AR G EAR

c BERBMTHE :

1800

T

1600} —1 Leak stopped

Pump

Regt  Stopped

1400

Pump restarted
Leak started

1200

weo- L . L L ; 1 1
[¢] 200 400 600 800 1000 1200
Time , secs

Example of transient real time modelling of pipelines (data from Ref 9)

B 4.5 SCADA & X

cofEs:
° T LA 24 BB R U AR E R EA
° MhofRE & (TIREAER B eytafr (offset) B E -~ dl4kiEss
ABRBBREARBIMERAMNEHER)
T FHABREERALE (BHEHAEMEIORLSL)

do &35
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cRANBETRBEGRHER

4.2.5 o seR

a- RERF £

FALSRAEBRURE  AHAETHMETE L RBESH RBIK
REB > ERRARRABI AR » Rl b s o B4 b

SRR EIRES AR BB A MAT T R AR RLRE AN R

B
be Rk
R SounCE DETECTOR
MEASUREMENT VOLUME
T e e e = — —
45 cm <— 100 MEIER (nominal)—s
v GROUND LEVEL
7 ~ ~ ~ " ~ / ~~ /./
S S — __CABLE
R A R P e
LR GAS FLOW LINE (obova or balow ground) S
’ AL B B2 b B

o WHE ¢ T RI4F S0~100ppm Z A &R K

coify::

> i@ F KT AR BRRIF

do 235 :
c RIEHTERS BB
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o ¥ BARBURR

AT ELAEFIRAAS AR b E S ek AT
£

- 4 B T 4% B3

s LM A DRI GRE TS HLER

4.2.6 FIANMKGEARAE

a- FEF ERZARN T % BYETRY P LEFREXF
Lok b BT FROKAABEEIHAEKRR > ERETR
RERE

bo4EEs:
o X5 5T LABE E

Co HREE:
c EHETR®
s LAAMEH R TER
c BHEATHAN AERKRRBRER
o RBILA A B K RREH 40

4.2.7 HAFREREE

(=) BRAZ/AEEENS# % (THSCADA R R KkM)

ao}ﬁ}ﬁ!
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FAARESIBEAF ZRBTGZEHNFTEX > BrEedy
HEFARENGTRERME BITLLE RAFRFH I BHEL

be BB URERFK
L H eyt &3t

= &t
- B’ A3t

d~

o -~

Bd
P
%

=i
e

o

it
o KEF AT Ui F

B 47 BRAZ/REZIHHELXE
P: Rt
T: ®AE
Q: mEs
p - EA
ERLHRERALTF
c BRABN TR AR T —ERARAREANS
HREITREBEAFRALT ¢
- HMMAETRLEAE  HHARTTER ERL
- BEYN AT RAMRRERGBERR N3
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CHEWRERUZE SR RALHH EEEIELELY

cofE%:
AT RN ERE T E R
° HE R BF R IR
o BrEEMAE
c BRArhsE (£500 2 E)
c BEAZLIEEREBE
- AR FESE
o TR RAEIRR

do s
o WEMH REFE
“tEEFX
c HAARREERZFE K
c EHMEZRNRE  BERANEZRH2ZHEE

(=) BRAMRKA2# %

ac RIE:
OB BSRERAAERIEBVREAELEZEHE (ARSA
B RTARGRABICRAART A MR L

b- 8 :
o Bk AR
o RIEEFR] | HFPEH S
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% EMSE 30 E
o {A R B 4 Rdw B 4k
cAAREEE 1/16 in

co ke
° FERBFR IR IR
- BB ERETS
° #HE R TR
o T A RIERR

- BEfrrhse (£300ft)

de 4%
o Atk £
o EIEIEHRBE KD
- HXHEERROVE
o FEAAR P AR E MR
o A RIRG AR

(=) FXRR*®E
a- RIE:
BESAGEHRATE  AEH—REETRAIGEH S 3%

BUCRIE AR AT IR AT SRR 6 BT AHROR )
Tk EE ST H AR
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be BE:
» FERA B
° REEFF 600 £
K EME:I8AE
AR Y8 R 4o B 4tk

co %
c RERAFRAERR
o KAtk
*3tEE
o T RA R RAEAA R

do sk
c BHEAE
o RiBAMMERIG (B A ERE /] BIIEGHRRMEG)
o HERMEH A NIREME
o HEFFHRATE (FlorrIMM - ¥ESE)
A RMBROTHER IR AL AIGHER

4.2.8 R|R PIG

a- B3
ZEAEERERAARTENORITBERABAT (REBSH)
gy AMBARIATR (RBH) B BARK > AR PIG
BPRAMALERE U FHERI AN TR PHIHRG
MERCZARRAFRBELAME
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be k2 :
- R F i PIG

co1hE:
L
c TR HEMET AR
> 3] on-line &4k
o EALMAE

de #2355 :
- BARR
c FEMBREEE  REFRBEIE

4.2.9 ®A&THE ChRRETH %)

a- BIE:
BN REOERREZSNRY > BLETRANMRELFT &
SRR R RBRFREIM A LB T » MBEANLHNY R
BAOET dAHORE  BIMANH T LB RN GAR S Ao
Uo# o BEZEFRELR  BEERTASRANHKAAMA
£ MAARTAHRBREL

b &% :
o # 3 F1t# 8 % (Photo-Ionization Detector £ 4% PID )

K Kia#kF % F (Flame-ionization Device f§#§ FID)
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- HiE (ATRAMAEAS)

o BEAET i M3 NE

° PID : #4355 F % Meh s Lo

° FID : $#32 & k&2 B 095 S4cd4h

AR AR RBERTRAAE B R RIS

cofE:
c R RE SR
- FHME (100ppm B T R4%)
c IS BUES
° TIA 24 R K E A

de &3 :
) i
R TAMERARANNE
o RALME £
c B ARG AR AN &
ERGEREGHBESEANARANELEREGRE

4.2.10 R R %

a- BRI
HROTRORNERBTEERFAHRTE I BHEA

bo s

c BATE G
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° TARBN AR
s FARAKBARTEREK G

Co 2% !
o B EE MR
° 7N AE AL
c HNTREBRBAA KA (ke LPG)
- BENGRICAELE
° 0.3% 8% £
c BEARIHBEIAE (THEAZ B 20hr)

4.2. 11 Mpk-PARRE (TR SCADA #RIRKA)

a- BRI
E—BRERAARRY  ERALTABINGRL TRRE
ERARKERGENEFHEATH
AV =V, =V, —V
EF:
AV IR
V, ' AORH
V. @ Homfk
M ERERT

be FBFBERAIE
o RAKBM T3t
s TUERAFH
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o ¥k EHSH RTM (real time model) &85 K, » Bl £
T2

s ENABRMRLILBIEURR A AHEEERE — KR
Wy ME o R b AN R REAFHRRER 0 R RE
REBEABRBSTHROZZRE B ML EAREMNT

RN 3L
o B RIRME R T RIRSAEN T HRF
 ARBARE
cEBEHERAVHBEELE R TR EFR T EAHHER

do &r35:
o REEM B MR ER KD
o Mk BPIFRIMARMER

o WAMONRBELEGMEMR (ko 1 /8F)
4.2.12 RRseE

a° B
B IR R NER R LAY TR £ REB ESME
BEBEATE  TRAHBLHERKRRARINE

be A& :

- B

Cxm
HASENHTALEBUB T RRFHERAEBEACAY
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FRBITINRAR > SR RELLRD > B a5 BILESY
BRBOARRBEG  RERATE  TrAFAYL dEH
HLRILAR > HBRTHINREL

Co4E%L:
& At
o R
de #2235 ©
c B L%
AN E

- ERAS
c FIEMEE (M1 NE)

4.2.13 RBERE

ac BIF:
FRAERNOREDTRRZNORBERILERE

beERFE:
RBAABEBRBSLEFHE T F A

coRB(BTHT)

£41 XERMABBRBERE
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1878/ % | FID 148 2 |HIGH DENSITY | FLAMMABLE |INSPECTION| RECOGNIZE
B8 1A R B AR B 1278 & 1R B
AR AR (e |ZRUME TR |2 COd |HELEY
84 E |0~10000ppm |0~ 100% Methane | CO & & |0~10000ppm

LEL%  |0.01~0.1%
#E K |2 ppm 0.2% LEL 2% 0.01% 2 ppm
BE  |BTHEE AASEL REHK AREL |RE S &
* &%
&2 c HEKE |CRBRE |  RETHM |- X H# | THINAK
o <7 ] GAS W i 2 R B
a RS AR
% ™43 5|
78, 2k
53 4 o ZEmey |-CO,K% o th &3t & FID
HABE i px 15 £t HEER |GHER
EE® E3
AR |BRAR  |(BRAE  |[BERAR RERZ BERAR
RERE
4.3 ME R KF K

> SCADA % #6942/ » A3t H e A e 8T U A BM T RR
EUBRRAE/FEEER S
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° M7 SCADA o L —FETUHE TR WRBERGIRE - L BLA A
SCADA 4 F Ry BABSHBERER
B R A{EH—FEF K EFMER
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BEE  BARFAERES

RS BE:E Y

QRSS2 EPY P ) F 2 pl 2R FEE 2424

l HH  FA KRS

En S RAESREMIES BAEE > %2# %21
HHEXEE T #HE
a: (ﬁkﬁbgﬁﬂig> >
23 &
. FA23E

L, : (£4KEx)

D, : (4K 52&R)
D: oz

'

;‘k/’ismin ‘LX&Smax 3 %%243C%{$/ﬁ\

h 4

HES, (deq25)

v iy AR AESA 23 BT
HEN, (deq26)
l 445 4 #E i
& B R EE R » B 5245244

{ o KEB524%E
HEEH S

¢ %244 (B) %
4B 2R > R FHHISEE 524
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AR R R RE R 2
%R B R BE

o AEEA $EFmE

'

J& 40 85 R BE 3R

BRI 54532

BREER 2 ELFLE

'

JEG i B

g £ 531

l

p RBER I £H2528
BB SA 533

L3R RACE A

BRI 24534

p| BRBEA I £A 2528

5.2 44367 RATHARE (D) ARF

5.2.1 $RMEMNHT > AR eGRXHRIARE

T4
mhE (AOFRRE) L
D, el » RITATE

aRst il
RAOHRIE
' IERDARE

Sith » H
R FR

Sl EREMAERAT D,

5.2.2 3BT AREHXH R HBAERML
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D, fRE fRM T R

AT B4 D 072
fEE
HEBEEY

“ kﬁgmp—ﬁzm)
fgﬁﬁﬁ
S

D 4106

SEARE
D072

52 BT » FREAGNEYIBFHH D, A

EibiE

BBHER (ERATHL) SHERHERRABHETUD,
0.72 % Efl4o :

BiBE & - D, =0.72

5.2.3 AR EFR
c X EMEEEE14F (CERBEREE) RKELZEDHA2 &3
HEBEAME (5% 2.4.1)
o BAMEF R RGN BRI EAZH BB D, A R

B — Ay D, B E
CERBUMER REGARE 0 AR E R RBE R BARRS

A& 4o
/ﬁﬁ@% IR
EEY).F
=

JtETR o] SANn3ERs
AER

B 53 AERER

78



c R EBLHMHILTH

O CEEEY

o B50|EE %ﬁggl})ﬁlﬁﬁ%

= e

B 54 HEERIREIE

c —ERBNHFTH

D08 B —K&E
BHEEXTER D,:05

R —%E
D,:04

H —RE

N2D,05  me-RE

FHRMME D, 05 HU—KE
BHR{bE D 4: 04

I¥R&E :06

B 5.5 TR EG
oD, &9 BERE MBS
BEEHRE > B —KH
4o
BiD, 04 (—f&H)
Ry ¥t L@ ¥ A ER 2 mEE (£4%) D, 1 072 (%
bt )

5.2.4 #5336 R X W T
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(—) %%
s AEHE o HEBERBHT
cWMEBHFXEAL244- (B) H%REF K

(=) — MEETHRE
o ELdo F A
o lrE (D, ) &84
c BAHMEEFREFTERK
cHIEANSBRAWMFIAEHE  AEBEURRERME
(LR%ZE2HR3%) %

(Z) i@ R (RQBFHLEEL)
B (REHE)
M AE—ETUHALSAEREYBERZRURELHN=
1000/L %%
s HNENBHERE TR E RS T
iR (REeBFHLEE)

|
/h
1

. /0 4

+heot® —h i

RBE | pEmest

= B REHIERES

1B
1B
s 2.6

— ot |

ﬁ///%mm&* o
e

- BREERE
= fyERIBIERE

Bs56 % HLRENE

() & -
o pEEd (BRAER) A-BETURERELBEKEHHRE D,
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STl A 0.6 4L
cRELBALNHE  BBIUN=1000/L % E (fli : &id
FTIREE SR )

5.3 Bk AR TEN
5.3.1 RBABSERLIE:
(—) ZRERBITELRA

cERMEREHN AL TEREBYY
cHREMNNERTERBEER » BITHEE A
c H R EFA HHLRBRGE  AFTHEEE&ER

(=) 2HRERME

c REAENBIEERER RGBT

K EBERUBBAATR  BE BRARSEEXETESEERNRS
c MERKRT BEEA T £(erosion) R

o TR AW

- AR BEMZTRR
cHAEHBBAERUAFARARBIZERABELEARS

o 4% 4 (turbulent flow) &
CHRBHERBAEIERARTDENERT

B 5% F :

& ket
o R fRESESEN
l 2

Fb RS R iRl
A nE

werminal

. \

o of
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J'L

5.3.2 RIRE R

o EEIRERE
—> dryline

- T e TRE S wetline

-
~—

B 57 BE&RHKRERNE

CIEXMERABRBURERE
cARBERERRGXTIERT
o LA LA 5.4 Byt B i)

5.3.3 BWiRE

o BIRSLNE MRS
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c MAR LY ERGER

o HE Z AR R

CHEMMHBEARNGE (REBHMHE) 25
s ALFHER (BFREY)

REB T

wEY

N
™ s

~

\\ﬂﬁﬁ

—

B 5.8 REHAER

5.3.4 ERLBRILE
ﬁﬂiﬁ\%nﬁ TEEATAMES 18

ithR
B
L 1
. =
B
o BBIES
O &4
®
o BXBIRS

BS59 #MFTARUMERNE
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5.4 XK

A ETHRMKELT

; FOOTH!
Legend: [FESOERT 2" L.A. AquEDUCT
X Pipeling Repair St LA mi
JENSEN Sy ?__..,_,.__2 ’
® g‘cl!;\;zge"o: EiTRATIONNC & s AQUEDUCT 5 L
ilet/outlel | PLANT \ L4y, Skm
! A QMACLAY /
Epicenter $§£}Q‘ADA HIGH 's‘x%’éMAN RESERVOIR
2 Number of (0AMA D s COMPLEQ"’@ /
Repairs af given ] “‘.‘ LA RESEF{W - /
location ’ / — v
D S / NG e BYPASS
E_SOTO o RESERVOIR:
runk Line
EAST VALLEY
Qa)’ FEEDER
| STONE \8,
CANYONNE,
INLET 7
. $ N
E [HAYVENHURSTI™
TRUNK L.A. CITY
Vanowen St. TRUNK
g BEVERLY
g EN
Wi
0 | ENCINO
'.':-g i
¥ zELZAH &R . Y
TOPANGA TANK 322;%37 d
TANK (DAMAGED) BEVERLY - ). OLOWATER
GLEN PS. gﬁ#;ON
SANTA MONICA MTNS (DAMAGED)

B 5.10 E&8 K #)

ERAEAM
L = 62K
FEME B
REEREARS
o ek EE B AR (allonone HR)
BB ERRE
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- SCADA 44 -— x2&

o FRRAMA - #E (LEHRE 8km)
T®ECB>AB>ADDF ' DH ' HE DI & 33t 4

B EERUREEERMT

c REBEARESMEAKT

cRBREABRENEAHT

B HBXBMERHME (RAREN S33 FaliestE)

c AR L3R KB (FS<1 3B ABEHRXE— » B EAA XA

AERBARE)

5.4.1 AAKE T 5 &k
(=) BRERRMEL T (54 24.1)

>
Yif
* N \
3 3 N

WEFE 1 1000/3= 333 (&EBHKB/NE)

5.4.2 & S51 A AT
(=) HELEHARE
AB £ :
BIE A8 718
B 100E
BIEE 1 7/10= 0.7
Fl3E :
BC £ : 29/10= 2.9
AD £ : 1/7.5= 0.133
ID & :3/5= 0.6
DH £ : 9/7.5= 1.28
BH £ : 0/6.67= 0

(=) BoS@sf® (dE214):
A% BC &gz b — s
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(Z) S’ S IHKHRLBERERY (£E4F %)

S ax B4 TF
a (WEmwigE): 04
FS (&AEEE) = 075
47 Class 3 #93& @ EFRE 0.6
D = 12.75
IE

I I
Sex= a2 XL ?’xD,/D?

1
= 0.4% x (1/0.75) ?*X0.6/343
= 0.142

S e MM F
a (Emig&):0.03
FS (RALEAE) : 1.39
RAEHHE © 2RE 0.4

D = 45
HE
!
S.. = 003 x (1/1.39) **x04/(4.5)°
= 0.034

5.4.3 £EHRGFHRT AT

(—=)BC#&
4C AD
PT
G| %
o TR EE l 10km
PT 1
» EERREZE|
e S > skm
T B
P st B n

® 5.11BCRARRIN
RA#ERECABBS R HBREREAML TR
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$RERLHE
o WRILEE 333 (HRIHE/NE)
o X EHF 333 X10= 3300 &
REBERMNARBTEIRKE
o A E o B AT
HF 2

RARERRBMERAHKE
cFRABREE (FREAEBRANET KALERERETT
)
#F 1
LE:wHE

» SCADA ($RA2RIR % 4)
A 2
Rt :4
BE

(=) AB&

B3% AB REBHHELTH

P
|
10km

l |
[ﬁ -t 81 s M FE B

B 5.12 AB &/AFEBHE

2% CA-BHIBEEBRT N TR aNEBREYE
g (D) &R BXELREAR—LTLobE 5>
>33t E (FS)

HNEARE EH/ITE
B % F
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A-Al ¢

FiA
10km

g1

A[ Al

&

B 5.13A-Al HERALELER

HNER | HABRERFER 1 HARMERE AT RS H
SR

FFEEK ] HE -

HAF
a (BEARKE): 007
FS (&AbEsE) * 1.1
AE T 05(5#52)
D = 45

HA

!

S = 007 x (1/1.1) **x05/(4.5)°
= 0.075

N" = M X Kl + K2
(Smax - Smin )
= (0.075-0.034) / (0.142-0.034) X266 + 67

= 168 (HZELHH/EBLE)

B 1 #E

88



RISV RN

A—— mmumE |

B S5.14 B 1 89 FHER

frh
a (#FEmRAE) " 0.07
FS (Ab®se) © 1.1
AME T 072 (%£#52)

D = 45
i
!
S, = 0.07% x (1/1.1) **x0.72/(4.5)3
= (.108
FM XK, +K,
(Smax _Smin)

= (0.108-0.034) / (0.142-0.034) X266 + 67
= 250 (ZEBHENE)

#E Check 4o F
RE23MTER ] HRH MR BERK 23 ARARIH

8 R AR
1000/L= 1000/6= 167 < 250----OK

3 3 E4E/ 7 1000/L B & 4E A 1000/L

Flae :

Al-A2 93+ B A48 F)
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n EEREESE
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PG e ZiREiRES
BEEMNRZSTIRHE
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W e EES R
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c AITAREKRBFEER KK — | BER)
WA LENMEMABIL 3% | A X ety RE R
ERRERLGLE
XY dhehdh RE R
° Z 38T (FRBAH)
BB FRUORIRE (REFAL |- EHRESRN
FiE | ®H)
° XA EH MR
R -HERTHERATERN R |- RESETAHEYER (Flio &K
E | BRUELSETERN AAREH | ARLHFBELE)
g | EHKRNDERE
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° TATRK E L BRITRE
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4h3k |- BB % c ERBAFAHMBE ) RALER
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cHBEXTHAEGE LT

BFE A EBREER I
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Selected Pipeline Earthquake Loss Study Results

Project/Earthquake/System Pipe Number | Failure | Dollar Losses
Length of Rate
{km) Failures fkm
Marin Municipal Water District (Kennedy/Jenks, 1995)
San Andreas Earthquake - 165 400 0.41
Backbone System
San Andreas Earthquake - 1250 5000 0.25

Distribution System

Unified Sewerage Agency, Hillsboro Oregon (Dames & Moore, 1995)

Operating Basis Earthquake 112 37 0.33 $0.5 million (1% of $50 million
total pipeline replacement cost;
6% of total losses inciuding
WWTP's)

Design Basis Earthquake 112 910 8.1 $12.2 million (24% of $50 million
total pipeline replacement cost;
15% of total losses including
WWTP's)

City of Bellevue, Washington (Dames & Moore, 1936)

Operating Basis Earthquake 887 24 0.03

Design Basis Earthquake 887 350 0.39

Seattle, Washington (Ballantyne, 1990)

Operaling Basis Earthquake 1055 84 0.08 $0.1 miilion

Design Basis Earthquake 1055 831 0.78 $1.9 million (assumes repair cost
double of OBE because of more
severe post-earthquake
conditions)

Everett, Washington (Kennedy/Jenks, 1991)

Design Basis Earthquake T 570 ] 196 | 0.34 [ $0.63 million

Greater Vancouver Regional District, Burnaby, B. C Canada (Kennedy/Jenks, 1993)

Operating Basis Earthquake

440

0.01

Design Basis Earthquake

440

31

0.07
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Summary of Damage to Water Distribution I

Damages Damages to pipe bodies Damages to joint
Vaterworks | podeStrajgh Fitting Slip-out Failure _Intrysion
Bureau kind pipe | Bends | Branch | Others [SubtotalStraightFittingStraight|FittingStraighyFitting’ Unknos
of pipe pipe pipe pipe !
DIP 9 0 1 0 10 669 23 0 0 5 0
CLP 135 44 36 253 1l 13 6 3 0 0
VP 11 0 0 0 11 11 | 0 0 0;
Kobe City {SP 9 1 0 0 10 0 0 3 0 0 0
SGP 0 0 0 0 (1] 0 0 0 1] 0
cP 0 0 ( 0 0 0 0 0
Inknown J 1 2 9 1 1 ]
ybtotal 20 46 4 1 304 89 3 11 i 0
DIP 0 0 0 0 65 18 0 0 0
CIlP 54 67 3 0 14 0 0
VP 33 37 10 61 0 ;
Ashiva [S P { 0 0 0 0 0 ;
City SGP 0 0 0 0 0 0 1 0 0 0
ACP 0 0 0 0 0 0 0 0 0 0
1 ¥n 0 0 _0
ybtotal 8 5 ] 105 18 18 1
DIP 0 0 234 10 0 4
clPp 68 10 86 9 2 2 0 |
VP 92 24 | 88 5] 15 96
Nishinomiyai{S P 0 | 0 0 0 0
City SGP 0 3 0 0
cP 3 0 3
own 0 0 —_
ubtotal 153 23 20 38 27 [ ]
DIP 0 F] 0 0 0
ClP 2 i 0 19 0 0 2 0 0 i
VP 29 0 0 2 | 0 0 0 0 :
Takarazuka [S P 0 0 0 0 0 0 0 0
City SGP 0 0 0 1 0 0 0
ACP 44 0 0 0 44 0 0 0 0 0
Jnknown 2 0 0 0 0 0
ubtotal i 1 ] [} 0
DIP 0 0 3 4 0 0
ClP 31 5 8 0 44 2 2 1 0 '
VP 0 0 0 1] 0 0 0 0 !
Apagasaki [S P 0 0 0 0 0 0
City SGP 0 0 0 0 0 0 0 0 0
CcP 0 0 0 0 0
nknown 0 0 ]
ubfotal | .4 54 44 1
D 0 1] [ 7 0 0 0 0
C 13 14 S | ] 1
VP 0 0 0 0 0 0 0
0saka SP 0 0 0 0 0 0 0 0
City [SGP 0 0 0 0 0 0
cP Q 0 [} 0 0 0 0
nknown 1 0 0 0 0
ubtotal 140 7 | (43 | 1 1}
[P { 0 0 0 0 !
ClP 0 0 0 0 0 0 0 0 0 {
V P 22 5 5 0 32 1 0 1 0 0
Hokudan-cho(S P 1 0 0 (1] 0 0
SGP ] 0 0 0 0 0 0
ACP 4 0 b 0 0 0 0 0
nknown 1 0
ubtota] 29 42 1 )
D 10 0 1 0 1 112 5 0 0 10 0 l
C _449 68 1 19 607 24 ] 32 S I 0
vp 147 K| 19 0 197 8] ] 128 2
Tota! of theS P 14 0 0 15 0 5 [}
above SGP 3 0 0 4 0 2 0 1
(o3 8 3 ¢ 0
nkows 1 4 y
otal 0 9% | 947 15 91 71 [ [{

1. Mos!| ol damages (o the pipe bodies of DIP were due lo local breakage by hard objects such as H-beams directly belov

installed in the upper portion of the culvert. o A
2. 1n addition to the damages described above, there were works for temporary piping explcratory drilling, and gate %



’ipes in 7 Waterworks Bureaus

Relerences Accessories
Unknown|| Total ExtensiomfMean damage Air Gale Fire [Snap taps Total of
mSubtotal rate valves | valves hydrantg& others| Unknown |Subtotall damages
(km)| (case/km)
3 100 0 710 | 34521 0. 206
4 0 394 316.4 1 245
I 0 24 128. 6 0. 187
0 0 i3 104. 9 0.124
0 0 - -
0 0 - -
103 0 12 - -
96 (1] 1264 4007 0 316 127 23] 60 29 0 493 1
86 4 90 72.1 249
0 17 4 9. 4 985
1 74 5 1 2.8 5. 066
] 0. 197
0 1 0 1 - —
0 0 0 — —
[ — —_—
1 13 2 84, 17 6 2 93 0 10 0 _69 362
56 0 256 635. 1 . 40 ]
] 01761917 301 !
128 0 21 _185. 1. 162 !
D ] 0 I 29. 1 0. 034 i
2 0 5 .3 . 178 :
0 4 16. 2 599 !
0 = = -
43 63 986. 3 0. 721 12 80 1 24 0 12 824
L b 10 132.0 0. 142 [
2 3 200 1170 0171
| 0 30 6.9 4. 348
0 0 0 — -
1 0 | 7.0 0. 059
) 0 0 44 1.3 33. 846
0 2 4 -— -
| { 2 874 . 23 ] 16 | H 0 22 225
3 721 . 054
0 5 110. . 514
4 0 4 6. 058
) 0 4 7.3 0,348
| 0 0 0 - -
| 0 8 0 26, 667
] 46. .13 0 T2 [ 5 0 1 130
0 3508.0 0. 00
0 19 0 0,
0 0 - =
| | 110.0 0. 009
0 0 0 - -
: I—
l - —
1 218 499 0. 04 0 0 0 4{ 13 17 235
1L 15 40.7 0.3
0 0 1.7 0
15 0 47 80. | 0. 587
0 0 89 0.1
0 0 - -
0 22. 1 0. 387
1 1 1 e -
2 25 4 94. | 0 | i 0 | 0 3 97
120 13 12331 9161.3 0.135
3 1 9321 2107.1 04
‘23 H 437 4 0
6 | 2 260. . 084
4 0 9. 3 . 415
2 3 10 40. 5 2.5
2] ] 48 = =
| 50 7885 [ 12019. 9 0. 724 147 443 13 74 T 145 3630

pipe body or due to differential settlement of the ground through which pipes were

{ves—inserting

(Japan Water Works Association » 1996)
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OFFICE OF PIPELINE SAFETY
HAZARDOUS LIQUID PIPELINE OPERATORS
ACCIDENT SUMMARY STATISTICS BY YEAR

01/01/1984 TO 08/21/1999

Year No. of Fatalities Injuries Property Net Loss
Incidents Damage bbis

1984 188 0 . 17 $2,085,016 172,610
1985 183 5 18 $5,132,847 149,480
1988 209 4 32 $16,027,848 219,413
1987 237 3 20 $13,140,434 312,854
1988 193 2 19 $32,414,912 114,251
1989 163 3 38 $8,813,604 121,179
19980 180 3 7 $15,720,422 54,883
1991 218 0 9 $37,788,944 55,774
1992 212 5 38 $38,651,082 88,742
1993 230 0 10 $28,873,851 58,108
1994 243 1 T $56,453,804 112,348
1995 188 3 11 $32,518,689 §3,113
1998 195 5 13 $49,704,731 98,141
1997 175 0 5 $38,585,295 105,952
1998 154 1 2 $57.211,497 51,730
1999 38 0 1 $7,336,040 14,722
Totais 3,003 ki 247 $438,468,394 1,776,336

Historical totals may change as OPS receives supplemental information on accidents.

(OPS &f}fE1~1999.6.21)

2K 1251238 B

R % 1 3003/251238 = 0.012
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ASMEB31.8 (A AT %):

S,= 0.75 SFT
o
S, REEAME

: SMYS
PRIHETF (A&
T:BERF (R%4-2)

T W2

&-1:
Type Design Factor F
A 0.72
B 0.6
C 0.5
D 0.4

Type A: AURBLVEHE > o> iE > FL Aa
Type B : # 7 » sS4

Type C: # % » MEANHEEMAFRBI ARG
TypeD: Z R EH&HHE

£-2
BEF | BEAF T

250 AT 1.000

300 0.967

350 0933

400 0.900

450 0.867
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%-3 SMYS 40 F &A% :

Allowable stress values (S) shown in this Tabie are equal t0 0.72 X £ (weld joint factor) X specified minimum yield strength
AN

of the pipe.

Allowable stress values shown are for new pipe of known specification. Allowable stress values for new pipe of unknown
specification, ASTM A 120 specification or used (reclaimed) pipe shall be determined in accordance with 402.3.1.

Far some Code computations, particularly with regard to branch connections (see 404.3.1 (d) (3)] and expasision, fex-
ibility, structural attachments, supports, and restraints (Chapter If, Part §), the weld joint factor £ need not be considered.

For specified minimum yield strength of other grades in approved specifications, refer to that particular specification.

Allowable stress value for cold worked pipe subsequenty heated to 600 F or higher (welding excepted) shall be 75 per-

cent of value listed in Table.

Defnitions fou the vadous types of pipe are given in 400.2.

106

Specified «)
Min Yield (] Allowable Stress Value
. Strength Weld Joint -20F10250F
Specification - Grade psi Notes Factor psi
Seamiess
AP 5L A2S 25,000 (43} 1.00 18,000
APUSL, ASTM A 53, ASTM A 106 A 30,000 mQ) 1.00 11,600
APl SL, ASTM A 53, ASTM A 106 B 35,000 Q@ 1.00 25,200
ASTM A 106 C 40,000 Q) 1.00 28,800
ASTM A 524 1 35,000 [¢)] 1.00 25,200
ASTM A 524 It 30,000 (b 1.00 21,600
APl SLU uso 80,000 (1) 4) 1.00 57,600
AP! SLU U100 100,000 {(H4) 1.00 72,000
API SLX X42 42,000 (1)) 1.00 30,250
AP1 SLX X46 46,000 (1) (2) 4) 1.00 33,100
API SLX X52 52,000 (1)(2) 4) 1.00 37450
AP1 SLX Xs6 56,000 (1) @) 1.00 40,300
AP? SLX X60 © 60,000 (OX0)] 1.00 43,200
APT SLX X85 65,000 (1) (4) 1.00 46.800
APT SLX X70 70,000 [§3X¢)) 1.00 50.400
Furnace Welded-Butt Welded
ASTM A §3 25,000 12 0.60 10,800
API SL Class | & Class 1 A2S 25000 (M@ 0.60 10,800
AP SL (Bessemer), ASTM A $3 (Bessemer) 30,000 (1) (2) (5) 0.60 12,950
Furnsce Welded-Lap Welded
API 5L Class | 25,000 (@) ©6) 0.80 14,400
APLSL Class I 28,000 (1) (2) (6) 0.80 16,150
API SL (Bessemer) 30,000 (1) (2) (6) 0.80 17,300
API SL Electric Furnace 25000 (1} (D) 0.80 14,400
Electric Resistance Welded and Electric Fiash Weided
API SL X A2S 25,000 (183 ¢)] 1.00 18,000
APl 5L, ASTM A 53, ASTM A 135 A 30,000 (4] '0.85 18,360
APl SL, API SLS, ASTM A 53, ASTM A 135 A 30,000 (1) 1.00 21,600
AP1 SL, ASTM A S3, ASTM A 135 B . 35,000 2) 0.85 21,420
APl SL, AP 5LS, ASTM A $3, ASTM A 135 B 35,000 (1) 1.00 25,200
APl SLS, APL 51X T X42 42000 D@ 1.00 - 30,250
APL 5LS, API SLX X46 46,000 (1)(2) @) 1.00 33,100
APl SLS, API SLX Xs2 52000 (LHQW 1.00 37,450
APL 5LS, API SLX X56 56,000 (1) (4) 1.00 40,300
APt SLS, AP SLX X60 60,000 (1 10)) 1.00 43,200
APl SLS, API SLX X653 65,000 1«4 1.00 46300
API SLS, AP 5LX X70 70,000 (1) (4) 1.00 50,400
APl SLU uso - 80000 . (@) 1.00 57600
APl 5LU U100 100,000 (1)(4) 1.00 72,000

( Piping Handbook * 1992)



Specified (%))

Min Yield &) Allowszble Stress Yalue
Strength Weld Joint ~20Ft0 250 F

Specification Grade psi Notes Factor psi
Electric Fusion Weided
ASTM A 134 - - 0.80 -
ASTM A 139 A 30,000 Q) 0.80 17,300
ASTM A 139 B 35,000 Q) 0.80 20,150
ASTM A 155 - - 2)® 0.90 -
ASTM A 155 - - (1) (8) 1.00 -
Submerged Arc Welded
AP! SL, API SLS A 30,000 1) 1.00 21,600
API 5L, API SLS B 35,000 (1) 1.00 25,200
AP1 5LS, API SLX X42 42,000 (1))@ 1.00 30,250
AP SLS, API SLX X46 46,000 (1@ 1.00 33,100
AP 5LS, AP1 SLX Xs2 §2,000 (D@ 1.00 37,450
API 5LS, API SLX Xs6 56,000 (1) (@) 1.00 40,300
API SLS, APl 5LX X60 60,000 (1) 4) 1.00 43,200
API SLS, API SLX X65 65,000 (1) @) 1.00 46,800
AP! SLS, API SLX X170 70,000 1) @) 1.00 50,400
API SLU . uUso 80,000 (1) @) 1.00 57,600
API SLU U100 100,000 (1) @) 1.00 72,000
ASTM A 381 Y35 35,000 (1 Q) 1.00 25,200
ASTM A 381 Y42 42,000 1@ 1.00 30,250
ASTM A 381 Y46 46,000 Q) 1.00 33,100
ASTM A 381 Y48 48,000 (1) 1.00 34,550
ASTM A 381 YSs0 50,000 (1)) " 1.00 36,000
ASTM A 381 Ys2 52,000 1) 1.00 37,450
ASTM A 381 Y60 60,000 ) 1.00 43,200
ASTM A 381 Y6S 65,000 (1 1.00 46,800

NOTES (1)Weld joint factor E (see Table 402.4.3) and allowable stress value are applicadle to pipe manufsctured after
1958,

(2) Weld -joint factor £ (see Table 402.4.3) and allowable stress value are applicable to pipe manufactured before
1959.

(3)Class Il produced under API SL 23rd Edition, 1968, or earlier has & specified minimum yield strength of

28,000 psi. )
(4) Other grades provided for in API LS, API SLU, and APl SLX not preciuded.
(5) Manufacture was discontinued and process deleted from API 5L in 1969.

(6) Manufacture was discontinued and process deleted from API SL in 1962.

(7) A25 is not produced in electric Mash weld.
(8) See applicable plate specification for yield point and refer to 402.3.1 for calculation of (S).

( Piping Handbook » 1992 )
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1983 Iowa Gas Main Breakdowns

Cast iron 870 miles (7.8%)
Steel 9,323 miles (83.5%)
Plastic 946 miles (8.5%)
Other 20 miles (0.2%)

11,159 total

5 eI T ¢
Type of Pipe Leak Reports % of Pipe in Service
Cast Iron 12 (31%) %
Steel 17 (44X) 82%
Plastic - PE 8 (20%) 11%
Plastic - PVC 2 (5%) less than 1%
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MMI: s E% R 58H (ERE TRAT)

Modified Mercalli Intensity Scale
(excerpt, abridged)

I-V

Not significant to structures.

Felt by all, many are frightened and run outdoors. Some heavy furniture
moves; a few instances of fallen plaster or damaged chimneys. Damage

slight.

Everybody runs outdoors. Damage negligible to buildings of good design
and construction; slight to moderate in well-built ordinary structures;
considerabiv ‘n poorly built or badly designed structures; some chimneys
broken. Noticed by persons driving motorcars.

Damage slight in specially designed structures; considerable in ordinary
substantial buildings, with partial collapse; great in poorly built structures.
Panel walls thrown out of frame structures. Chimneys, factory stacks,
columns, monuments and walls fall. Heavy furniture overturned. Disturbs
persons driving motorcars.

Damage considerable in specially designed structures; well-designed frame
structures thrown out of plumb; damage great in substantial buildings with
partial collapse. Buildings shifted off foundations. Ground cracked
conspicuously. Underground pipes broken.

Some well-built wooden structures destroyed; most masonry and frame
structures destroyed. along with foundations; ground badly cracked. Rails
bent. Landslides considerable from river banks and steep slopes. Shifted
sand and mud. Water splashed (slopped) over banks.
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e Pipeline repair 0 1000t
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Map of locations of pipeline repair and ground deformation features in
Potrero Canyon. [Based on map prepared by Rymer, et al. 1995.]
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(b) Liquefaction
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(c) Seismic Intensity

( Japan Water Works Association > 1996 )
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(Japan Water Works Association » 1996 )
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A~004 #-008 A-009

TRERE
(& EHNE > 1985)
94 BIEEHBATHTF

9.4.1 Esfn ERHURR L& T (b4 FHT)

:Damage to steel pipes (circumferential breakage, partial cracks)
:Damage to GM | joints (slipping—out)

:Damage at manholes (loosening of dressers and flanges)
:Damage at governors (loosening of dressers and flanges)
:Others

Ceenp

E3):Liquefaction areas
%ok ;Areas with S17
~ :Active faults

Damage distribution map on medium-pressure system
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9.4.2 45 A H SRR R 1 0 1 AR R4k

o B[ Ll pu b F 1y

Cross Tabulation of Damage to Water Dis

Failure mode Material
Straight{ Fittirg| Joimt | Joint Joint Joint

pipe | Failure{slip-out| failurelirtrusion unknown |Accessories| Unknoen| DI P | C1 P VP SP SGP | ACP [Unknowr
Straight] 411} - - - 1= - - - 9| 27| 88 10 2 30 15
pipe 1268104} - T .o Tol.ToloTo T [1874.45)405.141231.54] 29.57) 1.09] 24.12111s.11
failure | 0.15| - - - - - - - 0.00] 0.63] 0.38] 0.34] 1.83] 12| 012
Fitting i - - - -1 - 1 124 40 1 1 1 <
Failure | w4 - | - - |- - — |1874.45] 40s. 14| 231.54] 29.57] 1.09] 24.13]ms.11
0.06] - - - - - - 0.00] 031] 0.17] 0.03] 091 0.04| 0.0z
Joint 12571 — - - - - 80| 199 76 o 1 o] e
slipout 2681.04] — - -~ - —  |1874.45] 405.14] 231. 54| 29.57] 1.08] 24.13]u1s.11
o 0.41] - - - - - 0.47] 0.45] 0.33| o©.00] 0.91] 0.27] 0.8
8! Joint 150) - - - - 2| 2| s 2 L IE
o failure 2681.04] - - ~ | = [1874.45{405.14] 231.54] 20.57| 1.09] 24.13{115.11
=2 0.06] — - - = 0.00] 0.06 o0.s0| o0.07] 18] ec.o8 o0
< Joint 9 - - - 5 1 3 0 0 0 f
intrusion ~ 268104 - - —  |1874.45 405, 14| 231. 54| 20.57) 1.09] 24.13[115.1.
0.00] - - = 0.00] 0.00] 0.01] 000 000 000 0.0
Joint 21 - - 14 1 4 1 0 1 ¢
unknown 2681.04] - = |1874.45| 405. 14| 231. 54] 29.57| 1.08] 24.13115.1.
0.01] - - 0.01] 0.00] o0.02] o0.03] o000 o004 o0
Acceszories 572 - 225 94 36 0 4 4 20

Failure - - - — - - - - -
B 13 4 4 5 0 0 0 :
Unknown 2681. 04 |1874. 45| 405. 14| 231.54| 29.57] 109 24.13|115.11
0.00] o.0o0l oo1l o002 o.00| o.00] 0.00} oo

95| - - - - - -

DIP ’ - 1874. 45 - :—- ”_'-' -

0.43] - - - - - -

s11] - - - [

CIP 405.14] - - - - -
N

151 - - - - -

31| - - - -

vp 231.54] - - - -

14| - - - -
= - - -
5| SsP 29.57) - - -

3 0.47] ~ - -

- Z

SGP Tl = =
549 - -

al -

ACP 24.13] -
118 ~
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rnbution Pipes: Total of Kobe, Ashiya and Nishinomiya

Diameter Seiswic intensity Geolosy of surface layer Liquefaction
I
4100 ¢ 200 ¢ 300 Exceeding] Bedrock | Natural |Reclaimed
~475 | -4150 ] -4250 | - 4450 | 6500~ | Unknown| =~4 5 6 7 7 or (HMiuviuw| levee, | ground | go S0% | 100%
diluvium] sand bar
124 196 53 32 6 0 14 206 103 65 23 198 216 31 56 261 98 52

177.16]1433. 48| 442.62] 30039 155.92| 18.80] 280.61]1168.40] 703 20| 388.79| 140.02] 94791} 1292 40

156.21] 285.42 bMO. 33| 388.32| 232.3%

045] 0.14] o012] on| oos o000l oos| o018 o1s] o017 o016 o011 17, o020 020 o012 025 022
R 9 3 0 6 73] 52 26 1s 6] 107 13 6] 86| 67| 19
65| ' 1168.40| 703.20| 388.79| 140.03| 947.01] 1252 40| 156.21| 285.42[2060.33| 388. 32| 232.39
0.06) 0.07] 007 o0.11] 0.04] o008 008 006 004 017] 008
733  280] 127 s6| 3| 407 s1|  3s0] e77] 297| 282
1168.40| 703.20] 388.79] 140.03] 947.01 1232.40] 156.21) 285.43}2060.33} 388. 32 232. 38
0.63| 0.40| 0.33] o0.40] o046 o031] 038 1.26] 033 076 122

1] 39 21 5 @ 76 23 8] s8] 52| 10
1168.40| 703.20] 388.79| 140.03| 947.01] 1292 40| 156.21] 285 43p060. 33| 388.32 232.38
“To.07] 0.06] 0.05] 004 005 006 015 003 004 013 004
s 3 1 0 1 5 2 1 ‘ 3 2
1/1168.40] 703.20| 388.79| 140.03| 947.01} 1292. 40| 156.21| 285 43j2060.33) 382 32| 232.29
0.00, 0.00| 000 o000 035 000 o001 000 000 001 001
1 9 0 0 9 8 s | 6 1
1(1168. 40| 702.20| 388.79| 140.03] 947.01; 1292.40 156.21| 285.43 (2060, 33| 388. 32| 232. 39
0.01] 0.061] o.00] o000 oo1j o6o01] 002 000 coi 002 000
94| 188] 116 62| 132 3 12 62| 9| 1] 4«

166. 17 [1422. 60| 433, 90
07| o.06] 0.0
T1a) es1] 249
166.12|1422. 60] 439. 90
0.53 0. 48 0.57
8] 5o 7
266. 121422, 60| 43990
0.2] 0.04] 002
3 2 I3
266. 12|1422. 60] 439.90
“o.c1] o000 o.00
4 n 5
266.12]1422. 60| 439, 20
0.zl 0.0t o0
s] 286 70

6 4 1 2 0 0 0 3 8 1 1 5 8 [ 0 10 3 0
266.12|1422. 60| 439.90] 362. 65| 169.50] 20.27| 280.61]1168.40| 703.20| 388.73| 140.03] 947.01] 1252.40] 156.21] 285.42p060.33| 388. 32| 232.39
0.02) 0.00[ 0.00] 0.01f ©0.00f 0.00f 0.00f 0.00] 0.01] 0.00 0.01 0.01 0.01 0. 00 0.00f 0.00] ©0.01] 0.00

59 540 182 117 7 0 43 550 199 89 34 324 256 40 295 472 212 231

67.96[1111. 28| 333.87] 243.62| 114.55| 4.07] 216.48] 722.32] 460.18] 303.37| 112.09] 65510 s8s.57| 105 39| 225 29|lad5. 27) 255.56] 172. 65
193] 0.49] o0.55] o0.48] o0.06] o0.00] 020 o070 o043] o029 03] o049 o020] o038] 13l 033] o] 13
oo 322 1| 15[ 10 of 26 288 170 3 “l el e 2] o | | 1

23.081 173.13( 85.35] B8.19f 33.21 v —2. 191 33.71( 172.03} 123.09] 57.09 19.23] 158.48; 197.47 20. 10 .29.09 310.52| 64.79) 29.83

2.60 1.86 1.69 0.85 0.30( o0.00 0.77 1.67 1.38 1.45 .29 1.08 1.57 3.47 1.16] 2.64| 2.65

~
—
tn
-

22 §1 10 29 62 30 2
4478} 52.60 3.42 14.30] 87.42] 15.30( 12.39
0.£: 0.97 2.92 2.03 0.71 1.96 1.70

3 69 10 19 12 0 10 33 25 29
7.56{ 52.64| 11.54{ 20.11[ 10.32| 12.93| 19.17{ 46.19} 31.43] 14
c.40 1.31 0.87 0.94 1.16 0.00 0.52 0.7 0.80 1.94 4.

w0
~
[}

26| - 85 ol - Z 0 7| 204] 80 34 s| 6] 11 38 ol 23] 101] w7
157.M] 73.44] 0.08] — | =— | 1.00] 21.03| 137.73] 5477 14.52] 3.49] 74.96' 126.64| 24.04| 5.91]185.68| 23.43] 1942
1.57] 116 0.00] —~ | — | 0.00] 0.3 148 1.46] 234] 172] 141 1.41] 1.58] 1s2] 113] 4.31| o.88
1 1 P p . 0 0 10 3 1 0 3 1 3 7 1 3 7
0.76] 1.40| 6.37] 9.76| 11.22] 0.07] 5.35| 14.28| 7.47] 1.57] 0.91] 1033] 860 1.04] 9.61] 2060 242 655
132] 0.71] o0.63| 041 036 000 000 070 o040 o064 000 o021 o012 z9]| 073 o019 Lz2¢| 107
6 o| - - -] - 0 3 2 1 0 2 1 1 0 4 2 0
0.12| o.31] - - N 0.23] o0.75] 002 o010 o000 wo007| o081 o0.10] o012 09| o010 000
8.32] o000 - | - g 0.00| 4.02] 929)] 993 000 .52 363 995 000 402 1994 0.00
6| 14 2 1 0 0 o 2] 15 1 0 10 27 5 N §| 12
9.9t 10.33] 2.70| ©0.98] 0.20| 0.01] 4.04] 1134 7.97| o0.78] o0.00] 22| 17.70] 212] 1ozl 22.15] o0.88] 0.2
2.62] 1.36| 0.74] 1.02| 0.00] o000 0.00| 212| 1.88| 513 o000] 3! 153 238 o098 110| 7.00 2214

16

40
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s8] — - = _ - 20]  210] 133 70 3] 10| 235 51 23| 36| 120] 9
2] - - - - — | 4.20[ 137.79] 62.15| 18.05| 4.93] 117.07] 119.28] 20.90| 8.88[ 223.46[ 30.83] 11.76
L] - - Z Z - 0.46] 196 2.14] 388 z.64] 152 1.97] 24| 3.27] 1.55| 3.88] 332
17| - - - - a]  es| 18] 197 a1l 43| 16 8S 18s] 83s| 35| s
Tz e - _ - — | 134.24] s69.32] 406.00] 232.75| 80.20| s04.51] 726.10| 91.46] 100.52[1134.06] 207.70] 80.84
0.93 - - - - 0.31] 108 o.91] 0.8 1.16] o085 o8s| 093 184 o074 1s1] 179
a2 - - -~ 6] 230 38 46 2 8| 148 u 154] 194 9] 121
9.9 - - — | 49.56] 20596 o5.64| s1.16] 27.57| 156.72| 185.63] 20.35| 77.20]212.23] 62.98] 64.69
0.04] - - - 0.52] 1.12] o.92] o.75] o087 o065 o080 o069 199 062 157 187
B /4] — - 711 59 20 2 0 11 10 122] 115 Y
- 362.65] - — | 3s.60] 186.51] 75.33| 41.86] 20.35| 112.:3] 158.34| 16.21] 75.94] 244.78] 58.15| 59.71
B 0.78] -— - 0.18] 0.93] o.78] o048 118 o038 o.70] o0.62] 1.62] 047/ 129 157
87| - 4 16 N 8 1 51 1 1] 4] 31| 10
169.50] —~ | 12.43) 58.42| s8.54| 33.38] 673 49.13] 93.93] 6.32| 20.12] 130.53] 26.26] 12.71
B 0.51| — 0.32] o.27] 0.0 o0.72] 119 0.2z o0.54] 174 0.70] 0.35 1.18] 0.79
) 1 0 0 0 0 0 0 0 0 0 0 0 0 0
B 20.27] 2.60| 10.29] s5.4s| 1.59| o0.24] 7.31] 9.12| 0.96| 2.87] 15.28] 2.34] 267
e 0.00] 0.00] 000 0.00 o000 000] o001 o000 000 000 o000 000 000
[ O R SO .t - Y I U S Lot L N
S SO N 0.00) T - — ] 25226 19.20/ 0.3  880)270.02] 4.95| .64
0.33] - - - - 0.21] 0.63| o0.00] 3.75| 0.23] 1.21] s.50
N 1306] - z - as] 48 s6|  464]  586] 3u| 376
N 164,63 - - = | a08c] 428.89] 59.39 269.25[ 733.63] 209. 12] 225. 65
I o Li2| - | - 1 Trerl os] 0e4f 72| 0.80 184 167
682 - - 64| 403 107 8| 42| as8| 2
s T 684.94| - = | 1798s| 4s4.42] 72.32] 661|575 65| 126.46] 110
T A Loo| - - o.o1| o091 148 L21| 073 204 182
87| - 5] 269 17 o] 209 48 0
1 292.35| - | 713.45] 22.01] 22.57] 0.77] 345.24| 43.55] 0.0
R R T 091 — | ricl o.92| 0.5 o.00] o090 110] 000
162 2] 129 o] 1s8 4 0
T T 139.11) 31.43] 107.88] 1.57| 0.00] 135.79| 4.24] 0.00
N T 1.16] 1oz| 1200 ce4| o0.00] 118 o0.94] o000
7680 - - - 768 0 0
T I wur.01] - - T {ear.01| o.00] o.00
0 T os| - | - 7= 0.81] 0.00| 0.00
et - — 711 41| 40
T T 2ez w0 - — | 986.85] 281.57| 22.98
[ e A A D A ) 03] < T I 072 hes| 1er
N ] - w6 12 2
T - | A - T T se ] T s a2] ws1z] 278
i 1 Loa| - 0.40| 323 o072
1 LT ses u| 1] 8
R T ’ L Tassiaal 1i1s| 68 63| 205,64
YT ] i L77] o998 18] 179
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[ N B o B T T e -
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(Japan Water Works Association > 1996)
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Plot of Historical Pipeline Damage Data From Various Sources

(Jeyapalan, J. K. 1995 [2])
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Permanent Ground Displacement Damage Algorithms

(Jeyapalan, J. K. 1995 [2])
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