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Infrastructure

@
OpenSRA: Open-Source Seismic Risk Assessment Tool

o Infrastructure {EimREU T TERIT oI T 000 SRES)™
Visualization

Load from CSV File (headers in CSV file must match those shown in the table below)
General Path to file: /use'slsleveloownloads/seqments_at__'lOOm,csvl

Information - Enter the IDs of one or more gas pipelines to analyze.
alls | Define a range of gas pipelines with a dash and separate multiple gas pipelines with a comma.
L

GIS Data
Startpoint - Latitude:  LAT_BEGIN ) Endpoint - Latitude:  LAT_END Midpoint - Latitude:  LAT_MID

Component Length (km): LENGTH_KM PO ongitude: LON_BEGIN £} Endpoint - Longitude: LON_END & Midpoint - Longitude:  LON_MID

Decision

Variable I — . OpenSRA: Open-Source Seismic Risk Assessmer|

-119.30749 393 -119.308 Unknown Diameter SoCalGas

-119.308 34.363 3 talgas Unknown Diameter SoCalGas

Infrastructure (Limited to a maximum of }°* oka] 0% Unisiown Dismetec SoCeldes
-119.30904  34.3621 BRI \/isualization algas SoCal Gas Unknown Diameter SoCalGas

Damage
Measure -119.30852  34.36271

Engineering
Demand -119.30956  34.3615 -119.30966 34. algas SoCal Gas Unknown Diameter SoCalGas

Parameter . .
Lt -119.30966 34.36123  -119.3097 34, Load information fromgaigas SoCal Gas Unknown Diameter SoCalGas

Intensity -119.3097 34.36067 -119.30969 3 L balgas SoCal Gas Unknown Diameter SoCalGas
Méastire General Pipelines Path to file: /Users/s

-119.30969 34.36036 -119.30969 algas SoCal Gas Unknown Diameter SoCalGas
-119.30969  34.36019  -119.30952 34. Information T Enter the IDs of one o, SoCal Gas Unknown Diameter SoCalGas

Input Define a range of gas

Variables -119.30952  34.35943 -119.30934 algas SoCal Gas Unknown Diameter SoCalGas

-119.30034 34.35866  -119.30916 34. - — ‘ Component Locat|, . SoCal Gas Unknown Diameter SoCalGas
Results -119.30916 34.3579 -119.30898 v Gls Data :. C ‘ algas SoCal Gas Unknown Diameter SoCalGas
-119.30898  34.35714 -119.30881 ; athea ' Startpoint - Latituteigas SoCal Gas Unknown Diameter SoCalGas
-119.30881 34.35638 -119.30863 algas SoCal Gas Unknown Diameter SoCalGas

-119.30863 3435561  -119.30789 34. Future Infrastructure algas SoCal Gas Unknown Diameter SoCalGas

-119.30789  34.35498 -119.30716 s component Leng':algas SoCal Gas Unknown Diameter SoCalGas

-119.30716 34,35435 -119.30642 < algas SoCal Gas Unknown Diameter SoCalGas

-119.30842  34.35371 -119.30576 S -algas SoCal Gas Unknown Diameter SoCalGas

-119.30576  34.35302 -119.30509 . A SoCal Gas Unknown Diameter SoCalGas
-119.30609  34.35233 -119.30432 3 DecIS|on AR : ) ) SoCal Gas Unknown Diameter SoCalGas




Infrastructure

OpenSRA: Open-Source Seismic Risk Assessment Tool
Visualization

Add a basemap:

General Google Road a8

Information 7
Pipelines

= California_Natural_Gas_Pipeline
GIS Data ¥ 1994_Northridge
Google Road
Open Street Map

Infrastructure

Decision
Variable

Damage
Measure

Engineering
Demand
Parameter

Intensity
Measure

Amqueeque

Input
Variables

Results
|

Add selected assets to analysis list

Chuded Asbrer

Clear all selected assets

.

1legend entries removed. Scale 16,479,691 s ®ersG3es7 | @

0 Q Program Output
1 - ShakeMap 1994_Northridge loading complete.
- Loading visualization for 277716 assets
- Done loading assets




Methodology

OpenSRA: Open-Source Seismic Risk Assessment Tool

Decision Variable (DV)
Visualization

Pipe Rupture

General Available Method(s)

Information

BainEtal2022 - weight=1
Bain et al (2022)

Returns:

GIS Data This method returns "probability of pipe rupture (prob_rupture]”
Upstream Dependencies:

This method requires "pipe strain [pipe_strain]® from the *Damage Measure - Pipe Strain™ tab,
Infrastructure Additional Input Parameters (see the “Input Variables" tab):
1.d_pipe:
[mm] pipe outside diameter
Decision 2.t_pipe:
Variable Imm] pipe wall thickness
3. sigma_y:
(kPa] pipe yield stress
Damage 4. op_press:
Measure [kPa) pipe internal operating pressure
5. welding:
i i flag for welding - *True" for welded, "False” for seamless or SMLS
5 Dg;?::r:gg 6. steel_grade:
Parameter *Grade-B","%-42","%-52","%-60","%-70","X-80"

Intensity
Measure

Input
Variables

Results

Aleatory Variability: » Epistemic Uncertainty:




OpenSRA: Open-Source Seismic Risk Assessment Tool

Decision Variable (DV)

e PP Pipe Rup

Pibe RUpture

Pipe Rupture | faisole et Pipe Rupture Available

[ |
Returns Ba ne
etu
Upstream Dependencies:
equires
Additional Input Parameters
1. d_pipe

2. t_pipe

wall th

3. sigma_y

2] pipe yle!
4. op_press:
kP pipe internal oper

5. welding

flag for welding
6. steel_grade

ade-B","%-42","X%-52","%-6: %-70","%-80

Aleatory Variability




Methodology

Pipe Rupture

Available Method(s)
Bain et al.(2022)
Returns:
This method ref]




Methodology

o)

etal(2022)
Returns:
This method returns "probability of pipe rupture [prob_rupture]”.
Upstream Dependencies:

This method requires "pipe strain [pipe_strain]" from the "Damage Measure - Pipe Strain" tab.

Additional Input Parameters (see the "Input Variables" tab):




Methodology

o)

Additional Input Parameters (see the "Input Variables" tab):

1. d_pipe:
[mm] pipe outside diameter
2. t_pipe:
[mm] pipe wall thickness
3. sigma_y:
[kPa] pipe yield stress
4. op_press:
[kPa] pipe internal operating pressure
5. welding:
flag for welding - "True" for welded, "False" for seamless or SMLS
6. steel_grade:
"Grade-B","X-42","%-52" ,"X-60","X-70","X-80"




Methodology

Additional Input Parameters (see the "Input Variables" tab):

1. d_pipe:
[mm] pipe outside diameter
2. t_pipe:
[mm] pipe wall thickness
3. sigma_y:
[kPa] pipe yield stress
4. op_press:
Input [kPa] pif)e internal operating pressure
Variables 5. welding: .
flag for welding - "True" for welded, "False" for seamless or SMLS
6. steel_grade:
"Grade-B","X-42","%-52" ,"X-60","X-70","X-80"

D



M 3. sigma_)

OpenSRA: Open-Source Seismic Risk Assessment Tool

Decision Variable (DV)

Pipe Rupture

Pipe Rupture

Returns:

Upstream O

Additional §

1. d_pipe

2. t_pipe

1 pig
4. op_pres
5. welding
6. steel_gr|

—

Damage
Measure

Engineering
Demand
Parameter

Intensity
Measure

Aleatory Variability:

Epistemic Uncertainty: Pruferred



Uncertainty in Inputs Parameters

ece
OpenSRA: Open-Source Seismic Risk Assessment Tool
2 G Input Variables
Visualization
Random Variables
General ; g Description: il  From Model | Source 7 ibution Type 1 Mean or Median
Information [mm) pipe outside diameter Pipe Rupture-BainEtal2022 From Infrastructure Table DIAMETER
[kPa) pipe internal operating pressure Pipe Rupture-BainEtal2022 Preferred
GIS Data (kPa] pipe yield stress Pipe Rupture-BainEtal2022 Preferred
[mm] pipe wall thickness Pipe Rupture-BainEtal2022 Preferred
Infrastructure dist_water [km] distance to nearest water body  Ground Settlement-Hazus2014 From user-provided GIS maps Lognormal DistWater.shp

Constant or Fixed Variables

Decision ' - : -
Variable R “Grade-B*,"X-42","%-52","X-60","X-70" ,“X-80" Pipe Rupture-BainEtal2022 Preferred

welding flag for welding - "True" for welded,"False” for seamless or SMLS Pipe Rupture-BainEtal2022 Preferred

UCEEEIEI - tructions for using this tab
Engineering

Demand
Parameter

Intensity
Measure

Results




Uncertainty in Inputs Parameters

a | ' 1)

ion d_pipe [mm)] pipe outside diameter Pipe Rupture-BainEtal2022
op_press [kPa] pipe internal operating pressure Pipe Rupture-BainEtal2022

ta sigma_y [kPa] pipe yield stress Pipe Rupture-BainEtal2022
t_pipe [mm] pipe wall thickness Pipe Rupture-BainEtal2022

‘ture dist_water [km] distance to nearest water body  Ground Settlement-Hazus2014
i.

n
le

steel_grade "Grade-B","X-42","X-52","%-60","X-70","X-80



ncertainty in Inputs Parameters

Random Variables
From Infrastructure Table Normal DIAMETER
Preferred
Preferred
Preferred

From user-provided GIS maps Lognormal DistWater.shp

Constant or Fixed Variables

-60","X-70" ,"X-80" Pipe Rupture-BainEtal2022 Preferred




Uncertainty in Inputs Parameters

ece
OpenSRA: Open-Source Seismic Risk Assessment Tool
2 G Input Variables
Visualization
Random Variables
General ; g Description: il  From Model | Source 7 ibution Type 1 Mean or Median
Information [mm) pipe outside diameter Pipe Rupture-BainEtal2022 From Infrastructure Table DIAMETER
[kPa) pipe internal operating pressure Pipe Rupture-BainEtal2022 Preferred
GIS Data (kPa] pipe yield stress Pipe Rupture-BainEtal2022 Preferred
[mm] pipe wall thickness Pipe Rupture-BainEtal2022 Preferred
Infrastructure dist_water [km] distance to nearest water body  Ground Settlement-Hazus2014 From user-provided GIS maps Lognormal DistWater.shp

Constant or Fixed Variables

Decision ' - : -
Variable R “Grade-B*,"X-42","%-52","X-60","X-70" ,“X-80" Pipe Rupture-BainEtal2022 Preferred

welding flag for welding - "True" for welded,"False” for seamless or SMLS Pipe Rupture-BainEtal2022 Preferred

UCEEEIEI - tructions for using this tab
Engineering

Demand
Parameter

Intensity
Measure

Results




Ground Motion Characterization

OpenSRA: Open-Source Seismic Risk Assessment Tool
Visualization

Add a basemap:

General Google Road a8

Information 7
Pipelines

= California_Natural_Gas_Pipeline
GIS Data 994_Northridge
Google Road
Open Street Map

Infrastructure

Decision
Variable

Damage
Measure

Engineering
Demand
Parameter

Intensity
Measure

Jr—
Input
Variables

Results
|
Add selected assets to analysis list

Chuded Asbrer

Clear all selected assets = z . .

1legend entries removed. Scale 16,479,691 o1 #®EPSG:3857

0 Q Program Output
1 - ShakeMap 1994_Northridge loading complete.
- Loading visualization for 277716 assets
- Done loading assets




Ground Motion Characterization

OpenSRA: Open-Source Seismic Risk Assessment Tool

Visualization

Visualization

Add a basemap:
Boag yQliey

General Google Road 8 |/ @. Tasihen
Information ’ Antiil Acte
Pipeli FENT
o \ YT -

= California_Natural_Gas_Pipeline 3
GIS Data 994_Northridge New Cuyama
Google Road £ A
Open Street Map

Infrastructure { \ Noenac
ake Hughes

Decision
Variable

Damage

Cucerne

Measure g . - - Y Valley

Engineering
Demand
Parameter

Intensity
Measure

Input
Variables

Results
|

Add selected assets to analysis list

Clear all selected assets
1legend entries removed. Scale 899,009

0 Q Program Output
1 - ShakeMap 1994_Northridge loading complete.
- Loading visualization for 277716 assets
- Done loading assets




Example Results — Statewide

Figure C.9 — Annual rate of repairs per kilometer due to liquefaction induced ground settiement

Statewide performance from
previous exercise using
UCERF3 as seismic source
(being updated with new
research models)

Fragility used: updated American Lifelines Alllance
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N repairs s 0.001/yr
0.001 <N repairs = 0.01/yr
0.01 <N repairs = 0. 1/yr
0.1 < N repairs < 1/yr
1 < N repairs < 10/yr
10 < N repairs




Example Results — Component level

Distributions for annual probability of rupture for a specific component given landslide and
liguefaction-induced deformations.

out of 1000 samples out of 1000 samples

40 60
probability of rupture (%)

20 30 40 50
probability of rupture (%)




Example Results — Component level

Distributions for annual probability of rupture for a specific component given landslide and
liguefaction-induced lateral spread.
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