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Topics Covered

• Overview of natural gas supply system
• Key performance issues for natural gas 

systems
• Key seismic hazards for natural gas 

pipeline systems
• Safety issues related to the use of natural 

gas in earthquakes
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Key Seismic Hazards
• Primary hazard is permanent ground 

displacement
– Lateral spread displacement
– Surface fault rupture
– Triggered landslide
– Liquefaction settlement

• Ground shaking can typically be ignored
– Current understanding can not relate ground shaking 

to a damage mechanism
– Uncertainty in ground motion response does not lead 

to improvement measure other than replacement
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Approaches to Address Known 
Ground Displacement Hazards

• 2004 PRCI Guidelines represent most 
current recommended practice 
(www.prci.org)

• Replace pipelines to improve performance
– Improve pipeline alignment
– Replace vulnerable welds
– Increase pipe wall thickness and yield 

strength
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Improving Performance of Gas 
Distribution System

• Options severely limited because of restrictions 
of construction in urban setting
– High levels of compaction to prevent road damage
– Pipelines must be in road ROW
– Pipeline alignment must avoid other buried utilities

• Feasible options limited to replacing pipelines 
with known vulnerabilities
– Cast Iron
– Threaded Steel
– Copper
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Issues Related to Seismic Damage 
to Natural Gas System

• Potential fire risk related to ignition of natural gas
– Utility transmission and distribution pipelines in urban 

areas
– Damage to customer facilities

• Interruption of services that rely on natural gas 
as a fuel source
– Heating/Cooking
– Electric power generation
– Manufacturing
– Transportation
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Safety Issues for Natural Gas 
Usage in Earthquakes

• 2002 CSSC Report 
provides state-of-
practice summary 
of background, key 
issues, and 
recommendations
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Consequences of Earthquake 
Damage to Natural Gas System

• Gas leakage and potential ignition
• Prolonged service interruption 

– Limited damage may be handled by utility with 
restoration in 1 to 2 weeks

– Widespread damage with multiple mutual aid support 
teams restored at a rate of 10,000 to 20,000 per day 

• Business interruption
• Increased emergency shelter requirements
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Post Earthquake Fire Experience

• Gas system damage
• Time to restore service
• Post-earthquake fire experience
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Summary of Post-Earthquake Fire 
Experience in Recent Earthquakes

• Gas-related fires 
are not the 
dominant factor
– Typically about 

30% or less
– Leaks must lead 

to ignitable 
concentration

– Ignition source 
required
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1906 San Francisco

• San Francisco had a history of fire losses 
two to three times greater than 
comparable cities

• Individuals quickly extinguished many fires 
that started in residential buildings

• Not included in discussions of earthquake 
ignition statistics
– No detailed statistics
– Oil and gas use not relevant today
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1987 Whittier
• 20,600 customers required 

restoration (80% by 
customer)

• Service restored in 10 days
• 22 distribution leaks (21 

corrosion)
• 5,900 leaks discovered

– About 2,000 from earthquake
– About 75% at gas appliance

• 155 LAFD fire calls
– 6 from earthquake
– 3 related to natural gas

Sources of Gas Leakage
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1989 Loma Prieta
• Over 5,000 customers 

isolated in Marina
• 160,000 service 

interruptions (most by 
customer)

• About 98% restored in 9 
days

• 1,094 leaks discovered 
over 2-weak period
– 601 potentially hazardous
– 510 potentially hazardous at 

customer service connection

Fire Ignitions by Region

Source of Fire Ignitions in SF
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1994 Northridge
• Gas system damage

– 35 older transmission
– 123 distribution mains
– 117 service connections
– 394 corrosion leaks

• 150,000 customers lost 
service (89% by customer)

• About 15,000 leaks 
discovered during service 
restoration

• 80% restored in 12 days, 
6% out of service more 
than 30 days
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Options to Improve Customer 
Gas Safety
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“Automatic” 
Options to 
Improve 

Residential 
Gas Safety
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Pros and Cons of Safety Measures
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Pros and Cons of Safety Measures
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Cost-Benefit Considerations

• Determining cost effectiveness 
complicated by several factors
– Earthquake occurrence
– Likelihood of natural gas leakage
– Likelihood of natural gas ignition
– Consequences of ignition
– Cost of mitigation measure
– Effectiveness of mitigation measure
– Perception of benefit
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Post-Earthquake Fire Ignition
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Approximate Costs of Gas Safety 
Improvement Measures
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Approximate Example of Cost-
Benefit Considerations

• Basic Assumptions
– Building square footage = 2,000 sq. ft.
– Probability of earthquake = 1/475
– Earthquake PGA = 0.7g
– Rate of gas-related fires to total fires = 33%
– Total fire ignitions given by HAZUS 1999
– Annual risk of non-earthquake fire is 0.008 

based upon 1996 Fire Protection Handbook
– Life-safety not considered
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• Likelihood of gas-related 
earthquake fire in 20 
years is about 0.002% 
(within factor of 2 to 4)

• Likelihood of non-
earthquake fire in 20 
years is about 15%

• Fire loss covered by 
relatively low insurance 
deductible

• Assumptions
– 100,000 single-family 

homes
– Fire ignition destroys home
– Safety measures 100% 

effective
– Cost of gas safety measure 

is $250 ($25M “tax”)
• Given the earthquake

– 50 post-earthquake fires 
expected without safety 
measure

– 33 post-earthquake fires 
with safety measures

• $1.47M per ignition 
prevented

SINGLE RESIDENCE COMMUNITY
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Limitations of Example Calculation

• Individual Example
– Even though risk is small, cost to implement may be 

considered negligible
– Even though safety risk is small, value of incremental 

protection of building and contents can be viewed as 
very high

• Community Example
– Local conditions that could lead to conflagration will 

greatly reduce cost per building saved
– Implementation costs can be greatly reduced by 

targeting high-risk neighborhoods within community
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Conclusions
• Utilities can improve earthquake performance by 

identifying implementing pipeline improvements to resist 
ground displacement hazards and replacing pipe with 
know vulnerability

• Natural gas is not a dominant factor in post-earthquake 
fires

• Many options exist to reduce contribution of gas to post-
earthquake fire risk
– Risks are very small for individual but cost of protection is also 

comparatively small
– Evaluating benefits of community-based risk reduction measures 

needs to consider specific conditions
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