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ABSTRACT

Earthquake disasters not only deal damage to buildings, but also may significantly
affect people’s lives owing to the impacts on critical infrastructures such as water supply,
wastewater, electricity, gas, and other lifeline systems. This study will focus on the natural
gas network, analyzing the risk of failure in the mid/low-pressure pipelines from the
earthquake scenario. During the assessment, it is also considered that the closure of valves
as the emergency response could enlarge the affected range. In this study, repair rate, R.R.
is applied to evaluate the failure of natural gas pipelines. The simulation of the natural
gas network is conducted with Monte Carlo method. In addition to the impacts within the
natural gas system itself, the leaking gas may also cause a potential risk of worsening
post-earthquake fire. On the other hand, the repair of damaged pipelines may affect the
traffic. These cascading effects should be considered during the restoration process. This
study refers to the domestic and foreign literature on the method proposed for the
simulation analysis of pipeline subject to earthquake disasters, considering the closure of
valves, the risk of worsening post-earthquake fire and the influence on traffic. This study
provides an analytical framework to access the earthquake hazard risk of natural gas
pipelines from the perspective of system functionality and community resilience. The
proposed method is demonstrated on the natural gas system in Xinhua District, Tainan,
subject to a 6.9 magnitude earthquake scenario. Decision makers can refer to the
simulation results when planning related emergency responses and disaster mitigation
strategies.

Keywords: Resilience, Natural gas network, Monte Carlo simulation, Seismic risk

assessment, Interdependency.
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Figure 7 # 3 i 4%

Yo ARR T 0 R R F AR BB CRER SR T R F A M R
BlA fr= 2R F 0 GIS FALP B A 477 41 F & 4 5 (Repair Rate, RR.) » 45 ¥ i
7 % # + B fs(Monte Carlo simulation) » # 3|+ =t it 2 ¢ SR FA5 > A0 E
SBRHCRS o R R op BT R W E R LR G E R
iRtk SR TR T O R BT A R R R B o
P b g S ML R Gk SR Rt o 10 SR R TR AR S

o sk G R R R RF RBIEEFHE -

34 HFIEBERDHE

AEIRBFL A TR F S g B FREA Y Ry
iv s T A AFY S k2 Bk B

Lo e SR AU AR 9
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E}%&Eﬂm_%;f?zﬁk;}'gﬁ:? S‘E’}fr} s TR A5

o+
=2
¥
ol
EE.&'
o
]
]
EX)
k
3

PE T MBARFIMERTIFATAN I IR RES F AL
B T RMELIT L p AR 2 R .

2. XARFRAERDTF:
RHEABFERERE > ARG AMERIFLFRG G 81

BB AMED MRS BRG] N AE FENR RN K

3. BMM YD FE i § ST P RRE MR
AT EHEHIRALFEHPHERERE S 2B WP HRER
MRAR S BAREAFETEr 2840 2 A LT LIFL PN T 4o d 0
AARF LI RE AR FR O F A dep ROk E R A RS
PR kR R AF P LR IR R RS F R
o R pRAR B F -

4, B4R EARIE RIA
B G R ARG R S L S P R R R TR R
BT REIPET RS ARG > AP 20 ERE B

bt 12w R T BRI E AR

A2 BB YE S8R Ay B4 3= & (Taiwan Earthquake Loss
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Estimation System, TELES)#t 88 :& {7 & ¢ 4p B 3k T2 fftis » %] SIER X )
QGIS ##8 ¥ /u* >TELES #r# ¥ ¢ T R4 K FH 2R F A2 BRE BRI 3
AR EFREEBEE > B RAERBIAE ARG R GIS FHEAY
URE R E S R E R S
352 FHRLIFF AN
AT BCEE SRR )4 B AULHE 5 (RepairRate, RR.) > 258 4 p g
TORFIF SR Bk ROk ERE RL G F Y (S]] B =5 Bfe/* 22
B+ B 4 4eiE B (PGA)frA A ¥ 4 % 2(PGD)Z $ i 2 58 A Bl 4o ;
RRpga =4.5-Cq_pga -Cy -(PGA—-0.1)""
(3-1)
RR.g, =0.04511-C, ., -C, - PGD"™®

(3-2)
#¢ PGA H =5 g>PGD 8 =5 24 ° Cg_pga~ Cs_pgp & T A28 I 2l Cr 5 ¥
HiEr ey PGAE M0 [P R AH 2 RBRA T K01 ¥ RZ4 RRpga =
0 Fisr12 ¢ 413 fhfiche Table 2 #1777 :

Table2 /& ~ ¥ # X4pF B & ik [51]

A Cr #H o
T2 0.63 L] v Twater ¢ T2~ T3 4
T3 1.00 *ERE s 5%
Cs_ Cs_
P ¥ £ mm) B zf;—PGSAPZﬂ [ 3 B ii—PczDPZ ik
s1 <100 2.00 2.00
S2 100-200 0.70 1.00
(P 4E) 200-250 0.45 0.75
S3 250-450 0.20 0.50
(M 4E) 250-500 0.14 0.38
S4 500-750 0.08 0.25
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R PN FTE TSR R TR S LE R e
% I O LD AR 3 Coopoa ™ R Compep o ¥ L8 F HBE e »

CRES EES LN U P EFEE PRI B TR EEE SN Y

M

RF F RN D B 4o (3-3) [51]:
RR = max (RRogss Pyt X RRogpgrauty P % RRecogat) )

(3-3)
bR MR B R D s e ARG R B Do ® Prgp 0 9?2
RETAE L B LR MRS PR LR BRI AR
(TELES)z $Ljir< @ Zp [52] > H #fcd B 3Bk 2 Pgd_fault¥ic® < ¥ ¥
B2 P T RE X  RRpgp 23 (6 WAL G d MTA BLH B A R il Rahg
MU I ERPT pg B BolgFa 2R AN RE & EHEIEFL
Wb RSB S E R GIS FERPEAES IR TTREEE R
B o
353 B MAIEF
T E SRS & R 2 4 # (Poisson Distribution) ¢ 43¢ (3-4) #T :

et Ak

P(X =K) ="

(3-4)
PR B P(X =K) &0 ARG ke 5 B¢ kA AR B A LA
FRIEREREEZ 22) #F3]- 324k #c(Repairs) > 7 2 pA T 2B Y
B oo E & ED AR LPT o PP FSEP(X =K) 0 Bk=1,23,...%7F &

BRI T 2 oo R T R - %lf'“/‘]; > E AR (k=0)2 i 3] E SRS
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P, =1-P(X =0)
=1-e*
(3-5)
x F] A=RRxL -
P, =1-e ™t
(3-6)

dRCRFORERT ST RAKG AR FARCBHRA T EPHBIE T
#is o a3 g2 TELES “riy & 2 tfics R S 8cB g - B f » 1 QGIS fi#e e i 4
BAYT L ERBIETLFRAF2ZHRE - FERT L FED P ERS R SR
Bows A ks p AR TR AT AL FREAE O S
&4l is ek BT 3124 Bl (Repairs) > 563 - # Rh3L2 B3 B4R Bche i
Tod Jp A F(FF]E R RIS P

AT AFERH IR FRALFEE I PE TAEFL S BB E R R DY

1

B b N A R RENS > RE LT SRR AT R

(uncertainty)2. B2~ A4 FE VA F A2 HFVRFRBEFAL 0 5+ T BERE

B2 ABELEFARERTELFESAF > LA D RHAFTREEESR

AL R B = i N>5000 74 % B o jeat » B % 3E 3 N=10000 » #¥ 2 2 Hidw

THE PP ERAEEFR Y ATVRIZFEF B A RELRF A F KRR R

PRIF2LEEAFERL PP EF L2 i‘ﬁf - LA RS R

ol & A 73 0 FletiE #0v 5 s F B s (Monte Carlo Simulation) * 3¢ ksg i o

TRF AP AR A TR g+ B fiCH (Monte Carlo Simulation,

N=10000):& {7 » 12 % ? Bz it BB B S S8k 7 MATLAB #ic#8
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¢ 5 8 5 i poisstnd S 3Y 2 S HEEE SRR B BN 4ot (3-8) o ¥ AUE 4 B pE
%Fggf}?ﬁ}f%m}?’“&gﬂg » 1 RS §1E1’rqu‘£wl% MF’“}@IKq‘gJ_ ’#;‘ Ef%,r&gf;ﬁfggrﬁgﬁgg

SAEHD FASLE Y S F R I A ACRE SRR P A b AL
BHR " 22 Rz el G v AP A BMAMPfor © 2 Ll s B%
R
N, ; = poissrnd(4;), j € all pipelines
(3-7)
354 pgMARZH>A
BREIEL G

PR AR o AFTY

\\\?{r

5 q» 5 (2004) [43]12 & Stk A1F 2 £ Bk ok R

FRE > S5 AM2 P E2B

4?

BB GG ST T Twater 2 FALiE

{w
\\?{y
o
w

%4 B E (CIP){r PE § A 5155 A 2B~ 22 g 112
4 SRR H A MM AT 4 Table3 477 0 AT HERE AP ARFGLEE T L F
BT FIA R BARPER LR FIS 2 £ HE (R E )R 5Y Twater § R
BRI PF L BRARFE ER 2P Y Eed 5T 2 P RFRFEF 5 2004 £
ForE s

PNl SRR S T AL T8 R REILE STER S0 SR

# I & (Table 4) -

Table 3 "F‘:%EUZ?:EQ\ AEEER 2T [43]

PR

A /1351

150k ] /AL B/ )

A ko] P/ R PR/ Ree)

w3 r (ND/ A

CIP % /&

14.9

59.6

94,147
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CIP ¥ /= 4 122 48.8 58,119
PE + § /2 3.75 7.6 28.8 48,650
PE ¥ # /% 2.6 4 10.4 7,799
PE /| § /2 2 2 4 3,700

*#32:CIP % § /2:150mm 12+ ~ CIP ® % /2:80mm~100mm ~ PE % 3 £ 6”1/t ~ PE © § j2:3"~4" ~ PE - § /22711

Table 4 & 4013 1 ¥ P& %

k! 1 FI%| B/ (] B/ ) %7 (ND/ )

LR - Wl 14.9 156,829
LR Wl 122 96,826
&Rl IE 3.85 17,600

EN YRVl 7.6 81,051

Y F T 4 12,993

el i 2 6,164

3.6 XARF A F N4 ER

FAAFEMEERUT Y S I AR R AR B el
Bh o R e- H o F A FRMP LI AL R NR S

£ BHAPHET F 2 RSB E R IBE R

R F i * T > doFigure 8 ()% # 1 Figure 8 (b)» 27 2 J v ME G B4 7
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GARIL H AR RS W BM R @ F P T 4L £ § 4 Figure 8 () s £ B M

M¥EBZXFPERD L - FE o PIEFEY HRZERBA L A i FBER B

M B T X AF R TR RN R R T 3

B R E AT R B s o

Valve

Failure Pipe

Demand Node

%

Valve

N\,

Demand Node

(2)

Failure Pipe

Demand Node

A J

BARN

Valve

BARN

Demand Node
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Figure 8 ™ P54/ 3 &

362 Hj a4 ik

Ao AEFHE K EFALREL 2 F R EREF PR b B
Y2 dpikSer(t) s A v RERT > SRR F PR EMA A R FEDR

SWF A A AN (3-8)F A o

ser(t) = o L 100%

total
(3-8)
HE N (D)5 EHBf 2™ 27 BB Ny 5 # L 2 HIPN 575 2 F Ll -

FU= 0P Ny(0)h7 %3 § T3 H BF 27 5 F R R Ser(ORl 47 %7 i

-« I’< /uli——ir: 2 °

37 ARFRRABE—REFRL AT LEF

L RAFRTod TELES 12 # RAHRIA & § 0§ trfe FEwas v
RE AR ENRT LR IAEASI T ERE S FAREI Al AL H
ﬂ%U%@aﬁ&mﬂibﬁﬂwﬁﬁw?éﬁﬁ&rﬁaa%mnﬁgﬁ%@
e 3 g ae(N,) 15 R 5 & @I Fa R(Tie )2 Bl 4 i dirig

/ffl:}f?k’\ 'T' ﬁﬁﬁ_& T ?E(DShelterl)wuf HF zﬂﬂr l"i =~ F 3‘Eﬁi(NLane)IFFb fg" —E—
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¢
i
et
=
P
=
g

R (T, et (3-9) B4 240§ i 2 B0 b in .

F_‘-
ol

gl
=3
wR
15
g

VERR B T e FRRER R R o

/
Z D Shelter i

Tfc,, IOCkII\l , i eblocks which pipeline go through

Lane
(3-9)

38 AAFELPREE_ELRBLR

ARFERAFZPBFFAT LN T ARG REAL c BEFL kP A

BIrH S AT AR X R e MR E 2B RN LE

R DG o R TR A T BAR(D,) s Bl Al (N ) e E ALk
(Re)ip» % & > #¢ 4 v g A(D)E R ALV B(N )T F % p TELES i
2y RSECR A o B AIEV (R, )R] R ?ﬁwﬁafu R G A2 TR

e Tl RSB S D TR TR &R LT (1) F SRS (P);

>

T EE R R AR BRHRT E R G Rpgr) 0 4o A1 (3-10) ~ (3-

= > D;xN; xRy, i eblocks which pipeline go through

block i

(3-10)

(3-11)

s w g > FHE®C RSV OBSE RIp IRl () 5 4o X 3F F SBUR
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BEN P ECRELYLFF(,)2HE ot (G-12) T EFFRB AR IAT
LE- 2 :‘?Iﬁfj%ﬂ?ﬁi‘k“ é_'u L i;«.)\, N ‘i_i-g‘fbﬁ'{&io

loee (©) = D N, x1,,,, j  failure pipelines at t

pipe j
(3-12)
39 HRREETHRpHE
391 HTHE{RR
BRFRT O PRBEFFRLEAR[ET IR LBAERL TR 0 AR

PR T EBHARE R AR A SR A

PP Z TRIR G R R PTG R EMBRRAE J ik

FRR2ZPEREBBEI TH T RABAHREMR L2 AT miEr

PR B R AR RS R L B g

Fm™ G B4R F Ao AP iR BLEL gt S H R ()L F R

dN X ARF R L B F RS AR R EMR
B

fo b2 h'wod A’}E”E. MipL2 BRI '\iﬁﬁ‘—#kﬁf- Jdﬁ’]‘ ¥ B

27

doi:10.6342/NTU202302084



{
w
&
el
i
)
S
T
~
7
1
4\-
B
AR
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* A W(lpgr (0)

AEREPEL Y > ARF2ZBRABET RLE VL2 B S o

WA AR FREREF N R g gt EHE E4HEQ®) ¢

o

TR CHBAEERIE PR E RN LTI 5 AoT NE-13)H T

> They,,

Q(t):Ser(t)X 1—% % 1_IPL(t)
Z TfCDe Z Iw
All pipes All pipes

(3-14)

Ho Ser(t) s AR U2 FAIS AF RAEF 4 5 7 Y RN B kR Y

FREERL LR s s > Tfep, &4 &3&@?5@1?%5@@:&

Repairing

i

*“3‘!

LR A Y Tiey, A om B R E AT iE ik 2 2R EEHILFL

All pipes

SRR ERFECTAERA AL Y BB ARMUL L 60 v i R AR

o

DEF R RER A EEC RS LRE A

ﬂ\j.

S o () 5 B

PEEHT AR REE BB R AR D I R PR B R LY

All pipes
Fl& o PR - fork A AR PR R R I RAG SRRV LFR

bl R Y RENRE LA o 0 HA B QM) T @I R

R XN AR Y REL TR ARAR

310 g il

MG BB F R AR R A S BLFTY SE eE

28

doi:10.6342/NTU202302084



MU F 4 HEFFRACERER FERLF AR -BHRfr =7 ka2
WM G B RF el mg i N2 EEEFFA T2 4470 52
Bl X AF ERERAMERY BRI FRR R R E B R

Fh 2R o hde > WEITIELEPE

1"“1&‘

It 5 Mk Sz R B R R

PR e ML RN R RS EMTRE Y 2
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Chapter4 % t)4 47

4.1

L% 1)
<Q|a‘,

P - R R T AR 2 > AR R E A G TR N a4
ol FOES BRI R L B4 6 K (TELES)#* T F7 4 #7132 F R FF
FopFad B 22 Flafml da? SRS RPN ERBIT T
He A &3¢ A v B2 FREFEREGR I THEMGIP R AR B FARF
2 FRFHRY AT RLZARFERRIAS I F I IREBRRNFAIFEHE
BRI R e B AT R TLIAY RS T U TR L S
RPE69 2+ BT LT B HX RS "E:‘ﬁl*‘“"ﬂif"’ Ch R A AT o

AR AR LR TR FRR BRI (42) ERP RS
ERFWAIBFERFLREP LB S FTEL R IF B 24
TA(4.4) R HRE SRR E AP R R 2 04 e A iR AR
(4.5:4.6) B fe NF L AR IRA )T FH X R F R0 8 REFET 2 U ER
T Ak % o

42 EEBEXDH

FrREEGTRZ2EE -2 2 rET 32230 FREgd i
W0 T B A2 BT
- E T AL

dRARARTH [BEFEL RSP LA FLARE T ARG AL

g AR MRE MR EANT A R R RS ALY ¢

TP B G R AEE AR R A RAY SAE - 2 F R b
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PERFEET T ERL e AT R 2 F RS 56 7 e
2. FAALE R

d FTRFFALE T 5 [53]#0T 2 HMGISEIF M (53 p AR 110 #)

21N

PR FABRTRACE LE MR OIS B AR WY F A2
WO bl B AATE S TR BE Lo M k2§ AT B

PO XA H B A RBFTRENET A REWEL Y TN %

2t F AR B TR L E YT AR A B Ak

IFLREN S kP SRR SRR R R P

3. FMMEFGE:

AEHAITY FARGIS RFHEANTL ARG A 20T

EEB/F AT ERLEF AN FHB T R RK ) F Twater [51]
“f s #f2 T2 g T3(Table2) 5 24 ¢ SUps 7 80 £ g0 A R 5% < prorip )
HRFL Mg s PEF 2 DIP # TR Y B fWAR D B (Table 4) -

43 RS ERFETA

ARG TR REE o F R RAE D KPS nd s

..r‘; % 2=

=
=
gl
=
'l
_~
o+
)
e
N
e
=
F
3

T IER e HE L R TR R
BRI R KRB 6.9 £ 4r BRI 2Rk %™ (TEMPSHA2015) [54]

S g0 ¢ g Ak 30 & PR} 24%:PiB B 2 B 6.9 B B 0 P Rt r

~
o

LR RS ST BRI RL % [S5] P HEF R A
B ERER AT 4o Figure9 “77 o o 44K B4 R0 4 S(TELES) Wtz = A F

37 P 4e Table 5 > H & 3% BB S8 7] Table 6
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PHEEME

Figure 9 @ MWHE@ 97 A I 6.9+ RER RAE A T [55]

Table 5 TELES & ¢ #4865 = 7

[y =5 (3 ar) v (F ) EH(h5E) e %= A
fa P AT 189 85 54 40 94
a7 e 2374 1005 628 460 1088
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Table 6 ¥ Z 5 S8k

Parameter Numerical value
Scenario code CCS69
Earthquake magnitude Mw 6.9

Earthquake moment

2.82x109(Nt-m)

Fault length/fault width 29.2(km)/24.0(km)
Fault area 700.8(km?)

Fault plane 13°

Dip/rake 30°/90°

Rupture velocity 2.4(km/s)
Displacement 1.15(m)

Asperity

Length: 10.59(km)
Area: 112.13(km?)

Displacement: 2.01(m)

44 BFRIFFEBZPBFLTF
441 ¢ S LHF F (Repair Rate, R.R.)

#F S GIS FIF 24 % B4 4355 4 S(TELES)# 11 2 & B 24§ = »
QGIS #: 48 ie 7 0 ] & 17 (Figure 10) 1 i BT § = % 3.522 2 N @ E 37 F 34 4
% 4f 5 (Repair Rate, R.R.) > v Figure 11 #77% » ¥ & U582 4 JZ ~ # Hfoiriniz
R R AEAM A RARE 2otk B A F K B Rl 814D 010 R
FOT s BRRA 2 B RO FRE > L w27 NFREY § L LFF LT
g2 P o 4oFigure 11 2.3~ B> 2 gz st g dwHF g H2L R

GREEFEEEI L ERE P E R
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EQ Parameters and Natural Gas Networks

B Gas Station
Vaulve
Dremand Node

= mid pressure
CCSe9
PGA(unit: g)
0.397 - 0.447
0447 - (1464
[0 0,464 - 0,477
B 0.477 - 0.525
Bl 05250613

0 750 1,300 m
I 0000

Figure 10 3 & 58 % R f # e g o # R

) N
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Pipeline Repair Rate

D)) 4 v 2

)
\2k

‘;B\

& Valve
CCS69
R.R.(repairs/km)
0.138-0.341
0.341 - 0.399
(399 - ().444
w— (). 444 - (.76 /
— 7601380 p

I Xinhua District
Figure 11 ¢ % 4 F(RR.)

442 FRARASF

FPRAZPID =L 2NG0)" AR T ot s T
W RlE 2 A F e Figure 12 gty BIFR T 0 P SBURPB T BB ALE 20% 0 # <
PREEREZAERT O BT H RUTEWSLEE T AT k- TR LE
=

iR ERBEPF T L s T RE B S IRERT M AL ARR
FARTHY ZFMBILETFALS - PRAFET FERFEEEHR ST TR
PRI FEAESE BRI IR DERT (FAEHAAR  KiER -
Br)o BARERARERIZEA M ARPIFARF o F 27 PRI T F TR L
®a TR A T (S 2 F RS S 0 B Figure 12 F SUBLIRS S

(PP F B S Bl cna F A2 0§ B F ST S s R SEA
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FARIT 2 o R e [ \

+ Valve
CCS69
Pf
0-1.3%
1.3%-3.3%
3 30-6.1%
= 0,1%-11.7%
= 11.7%-20.6%

I8 Xinhua District

Figure 12 ¢ sUBL3 % 5 (Py)

45  KBEF WA

451 % & + B4 (Monte Carlo Simulation)
g % B+ R fici(Monte Carlo Simulation) 2 = # Sk B #c N 17 2 &g
W PREA RSB N S 0 F N>5000 154 & N, 2 T 3o B ok b

& 1 N=10000 = + g 2 #icL £ & 3% 0.1 » & A8 7 B N=10000 it {7 (Figure

13) -

36

doi:10.6342/NTU202302084



740 7.37

7.27

7.20

714 7.09
' 704703 705

7:047.04
6.99 7.01

7.00
6.95 6.95
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. 6.78 6.77

6.69
6.60

6.40

6.20
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BN

N_fEE S8

Figure 13 N, % £ #icjcac i

~

DO ML F A R B - AT FED R R Ak

=
K=
=l
o
3
e
=
g

e PR TR EE AR FRED N LS R
fe ek B 173 532 4 A (Repairs) $03t I — F M52 53518 4R ficte
£ % MATLAB #c#8 4 = g sz S8 -

defE AT 3R 3.6 iR ARFEMIFIHRLTIFE FHFHER
MRERE SRR EF AHPRHRERIBELY » 7 RAFRH 4 2T

EERl = S & ER RER E a0 2 E Y S S e

HF T ARSI IR 35 B 2 fep £ PP 4o Table 7 # o

B
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Table 7 & ¥o i 47 82 % B4R =

&

Frh g

Ave. Repairs

Ave. Impacted Demand Nodes

7.0668 (215 pipelines in total)

35.2552 (56 in total)

4.5.2

Bogzh s

=R PEE T

¥ + % firkk (Monte Carlo Simulation){é ¥

7 Rz B MR

MEFS Rz BHRE =3 ks T 2 558 R
B LBHMRMBEE 4 F RS B

BTN ARAT T RGAFNLE RARRET OMP R LB ER IR F B
Rer# @2 fed(Table 8) > & At B F R H =% (Figure 14) > * A 3 2 X B ¥
2% 5T RN MR T LA Sl L - LR R
RSN EERERIESER Y Y SRR F EE SR E
B BMRE® 27 Rz 50t o
Table 8 & b '& B B R &2 % = 3 Rahis 5
Valve Rank Closure Probability Demand Node Rank Impacted Probability

1 0.6241 1 0.9842

2 0.6168 2 0.9816

3 0.5274 3 0.9816

4 0.5164 4 0.9816

5 0.4730 5 0.9657
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Y

High Risk Valves & Demand Nodes

& (CCSAY Lligh Risk Valves
® (S0 High Risk Demand Nodes
CCSe9
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0.138 - 0.341

0.341-0.399

—).309 - 0.444

/ — (].444 - 1).769

0 750 1,300 m 0769 - 1388

|
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Figure 14 3 h 'k 2 B R R 2 = 7 f=4
453 BoP-lRAREF Rk
BRI S T R M I > T ORI ECRRAR B g 2
B BARSTFPER Aoty 32 354 05 RARY AL AR BRT
BRI BRI EF R R R0 d SRR 4 R TN R AR

FooTDM R R b ARGt R Eh A Y - SR R % S b|(Figure 15) 0 R X
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b
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fiard
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b
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e
o

4 Figure 16 o 33 BT E N7 MF R A d M2 Ti2EpiT > 2 ¢ § - Bk

# A gL b ac 7 2 (Figure 17) o
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#Valve B 5 (%)
100000735 5.51
100000791 0.49
1381 62.41
1380 24.73
1376 31.84
1351 473
1343 6.94
1342 3.11
1340 0
1262 52.74
1206 31.31
1205 13.56
1204 0
1169 0.49
1405 61.68
1416 21.68
1415 5.77
1422 51.64
1424 0.48
1426 9.6

UEFETTI R

#Demand Node

X TED

41731429

62.41
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61660053 87.68
160160216 62.41
179590002 91.82
75360212 62.41
41322403 87.76
41322402 87.76
170170213 96.03
170170217 77.46
40471353 62.41
70800873 96.57
1 29.39
2 37.29
3 20.56
4 62.41
5 62.59
6 70.7
7 70.7
8 70.7
9 72.42
10 62.41
11 62.41
12 62.41
13 62.41
14 62.41
15 62.41
16 62.41
17 77.46
18 36.97
19 36.97
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20 91.82
21 91.82
22 91.82
23 91.82
24 94.29
25 94.29
26 94.29
27 94.29
28 96.03
29 96.03
30 96.57
31 5,51
32 5,51
33 5,51
34 551
35 551
36 0.48
37 98.16
38 15.07
39 98.16
40 15.07
41 98.16
42 98.42
43 61.68
44 61.68
45 61.68
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