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Worldwide Natural Gas Pipelines Data

Country Matural Gas Pipeline Length (KMs)
Turkey 12,603
United States 1,614,936
United Kingdom 28,603
Russia 163,872
India 17752
Germany 26,985
France 15,322
China 104,000
Brazil 17,312
Argentina 29,930
Australia 30,054
Iran 20,794
Italy 20,223
Mexico 18,074
Ukraine 36,720

https://www.cia.gov/library/publications/the-world factbook/fields/2117.html



Examples of Gas Pipeline Failures in Previous Major Earthquakes

b) 1999 Kocaeli Earthquake
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Methodology for seismic hazard evaluation
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Methodology for seismic hazard evaluation: |) Pipe inventory, Il) available maps of the region,
lIl) hazard factors, IV) GMPEs, V) PGA, PGV, VI) Sa (0.1), Sa (0.2)



Methodology for SeismicRisk Evaluation
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Seismic risk evaluation: 1) hazard parameters Il) vulnerability analysis, Ill) loss figures,
V) fragility functions (methodology), and V) Damage maps



Urban Earthquake Risk of Buried Pipeline

a) Turkish regional map and buried gas pipelines network b) High-pressure gas network of
Dizce — Gebze regions as a test-bed scenario

Pipe Element Diameter (m) Thickness (m)
PE-1 0.4572 0.0041
PE-2 09144 0.0088
PE-3 0.6096 0.0064
PE-4 0.5080 0.0048
PE-5 0.6096 0.0064
PE-6 0.6096 0.0064
PE-7 0.6096 0.0064
PE-8 09144 0.0088

Pipelines diameter and thickness
(Ref: www.botas.gov.tr)



Fragility Relationships: Japan Waterworks Association (1998)

Rm(PGV)=R(PGV)x Cpx Cgx Cl Bured Gas P e dam age functon - welded steel-
where

Rm(PGV): damage ratio (points/km)

PGV: Peak Ground Velocity (kine = cm/sec)
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Botas Natural Gas Pipeline Risk Assessment Results

Tokyo Metropolitan Area (1997)
was implemented for BOTAS
natural gas pipeline system in pilot
area (Kocaeli) to test the REDAS
(Please see the next slides).
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Botas Natural Gas Pipeline Risk Assessment Results

w5 REDAS Ver 1.1.0.0 - Scenario Output
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Fig. 1: Kocaeli Eartquake Event and Fault Information in Run Interface
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Botas Natural Gas Pipeline Risk Assessment Results

B! REDAS Ver 1.1.0,0 - Scenario Output
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Fig. 4: PGV(cm/s) Distribution Map

5 REDAS Ver 1.1.0.0 - Scenario Qutput

- %" Operabional Maps
oI-#= Seenanos Output
= 19990817000100
&) 19990817000100_1
®-F 19990817000100_2
5 19990817000100_3
-7 19950817000100_4
&) 19990817000100_5
2-F 19990817000100_6
[+ 19990817000100_FauhEpi_ she
[ 13330817000100_FautLine_shp
[+ 19930817000100_Hazard_Gnd shp
#- 19930817000100_LeLine_S0.shp
[+ 13990817000100_LieLine_S1 shp
[ 19990817000100_Fisk_Geoshp
[+ 19930817000100_Resk_Grid shp.
[+ _19990817000100_Eventinfo.xml
[+ _19550817000100_Eventinput s
=) 2022011101010
&P 2023020601700

DRATIO -|

Map Plot Table Data

HOT - World Map 7]
Faut Map [

236511 [40.7654

Shape File Data Plotting is Finished [192]

record : 118
0.0572

record : 103
0.0674

Fig. 5: Ratio of Damage Distribution Map




Fragility Relationships: ALA (2001)

* Proposed two different vulnerability functions for wave propagation using the data from O’Rourke and Ayala (1993),
Toprak (1998), and Isoyama et al. (2000).

(a) WP Hazard (b) PGD Hazard
0.12 o | 1 6 |
0.1

0.08

RR (repairs/1000 ft)
O
=
(@)

0.04
0.02 1
0 [ | | | [ |
0 10 20 30 40 50 60 O 50 100 150 200
PGV (in/sec) PGD (in)
Wave Propagation: Permanent Ground Deformation:

RR (repairs/1000 ft) = K; x 0.00187 x PGV RR (repairs/1000 ft) = K, x 1.06 x PGD®31°



Fragility Relationships: Chen et al. (2002)

* Assessed the performance of natural gas (types of polyethylene (PE), steel, and cast iron, Cl) and water pipelines
during Chi-Chi earthquake.
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Fragility Relationships: O’Rourke et al. (2015)

Ground-strain based fragility relations of buried segmented pipelines using the data from 10 different earthquakes.
The pipeline damage data observed in Adapazari due to 1999 Kocaeli Earthquake is included.
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Fragility Relationships: Logic Tree

» Considering all the fragility relations

ALA (2001): w = 0.4 presented, a logic tree of fragility curves will
be constructed to account for epistemic

. uncertainty in the damage assessment to
\O’Rourke et al. (2015): w=0.3 |° Current Status: The application of these
relationships through REDAS...
ALA (2001): w = 0.6
PGD Hazard

O’Rourke et al. (2015): w=0.4

N




Deliverable D.T3.4.1: Earthquake Damage Assessment of Natural Gas Pipelines (Pilot Study)

REDAC Black
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