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Remote Sensing

USGS

NASA illustration courtesy of Jenny Mottar
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https://www.uk-blog.com/compelling-reasons-to-use-laser-

scanning-technology/https://www.geospatialworld.net/blogs/how-drone-based-lidar-is-hcanging-the-game/

Aerial & Land-based LiDAR



Photogrammetry – Structure from Motion
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Satellite-Based 
InSAR Monitoring
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Satellite Data Collection Data Processing – 
Ground Deformation

Andrea Tamburini, Sara Del Conte, Alessandro Ferretti, Stefano Cespa, TRE - Milano – Italy, Advanced Satellite InSAR Technology For Fault Analysis And Tectonic 

Setting Assessment. Application To Reservoir Management And Monitoring, International Petroleum Technology Conference held in Doha, Qatar, 20–22 January 2014. 

USGS
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GeoHazards Assessments

Terentieff et al. 2005 U.S. Climate Normals. Maps by NOAA Climate.gov, based on data from NOAA National Centers for Environmental Information.



Purpose

• Implement a methodology to 
evaluate potential geotechnical 
threats to the integrity of existing 
infrastructure systems.

• Determine hazard zones and, if 
appropriate, identify remedial 
measure(s) to reduce those 
hazards.

• Applicability: geographically 
distributed infrastructure systems
– Transportation arteries

– Transmission/Distribution pipelines
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Motivation to Establish a Framework
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IDENTIFY HAZARDS

▪ Past performance

▪ Corrosion/Cracking

▪ Manufacturing/ 

Construction defects

▪ Third-party damage

▪ Improper operation

▪ Outside forces

CHALLENGE

▪ Kilometers of systems

▪ Aging infrastructure

▪ Increased service demand

▪ Heightened risk of hazards

BENEFITS

▪ Better compliance

▪ Risk reduction

▪ Accident prevention

▪ Cost savings

▪ Reliability improvement

▪ Prioritize work

• Between 1999 and 2018, gas pipeline incidents in the United States contributed to 
291 fatalities and 1,267 injuries at a cost of over $9 billion.

• The vulnerability of our aging infrastructure is increasing over time.

Sources: PHMSA, Annual Gas Transmission and Gathering Data 2018

 PHMSA Annual Hazardous Liquid Data 2017



Regulations – Federal

The “Mega Rule” explicitly requires 
the Operator to identify and evaluate 
all potential threats including:

“consideration of seismicity, 
geology, and soil stability of the 
area.”
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Source: https://www.exponent.com/knowledge/thought-leadership/2020/03/gas-transmission-pipelines

https://www.exponent.com/knowledge/thought-leadership/2020/03/gas-transmission-pipelines


Regulations – State & Local
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• California PUC Rulemaking R.13-11-006

– Incorporated risk-based decision-making into the 
General Rate Cases (GRCs)

– Requires funding requests to show how safety and 
reliability are connected to the quantitative decisions 
in the GRC

– Risk-based decision-making framework RDF 
submitted in two filings:  Safety Model Assessment 
Proceeding (S-MAP) and Risk Assessment Mitigation 
Phase (RAMP)

• California PUC Rulemaking R.20-07-013

– Strengthens the risk-based decision-making framework 
that regulated energy utilities use to assess, manage, 
mitigate, and minimize safety risks
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Three Recent Examples
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Golf Links Road 
Gas Release

Case Study 1



Golf Links Road Gas Release
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Photographs Source: PG&E



Pipeline Rupture
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Pipeline Rupture at Hayward Fault
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Image source: Pridmore (1992)



Fault Creep Loading
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Satellite Data – InSAR 
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Chaussard, E, Bürgmann, R, Fattahi, H, Nadeau, RM, Taira, T, Johnson, CW, and Johanson, I (2015), Potential for larger earthquakes in the East San Francisco 

Bay Area due to the direct connection between the Hayward and Calaveras Faults. Geophys. Res. Lett., 42, 2734– 2741.



Evidence of Ground Movement in Vicinity of Site
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Encina Way



Creepmeter – Oakland Zoo
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Source: Bilham, R. (2007?) 
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Satellite Data – InSAR 
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2D TerraSAR-X Satellite 2009-2020

East (+) West (-) Up (+) Down (-)

Hayward Fault

Landslides

Fill Settlement



Risk Assessments
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Qualitative Risk Assessment Quantitative Risk Assessment
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Geotechnical Pipeline Assessment Tool
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Example of Landslide Hazard Assessment
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Segments Categorization Example
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Pipeline segments can be categorized by likelihood of pipeline failure:Hazard Level 1: lowHazard Level 2: moderate Hazard Level 3: highInsufficient Data: currently lacking sufficient data regarding past performance or hazard indicators

Pipeline segments can be categorized by 

likelihood of pipeline failure:

• Hazard Level 1: low

• Hazard Level 2: moderate 

• Hazard Level 3: high

• Insufficient Data: currently lacking sufficient 

data regarding past performance or hazard 

indicators
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Damage During 
& 
After Construction

Case Study 2
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• Cracked walls & uneven floors in houses

• Heaved street & driveway pavements 

• Damaged surface drainage works 

• Damaged underground utilities 
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Site Wide Data

Satellite Data
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Satellite Data

Time-history of 
Ground Movement 
at Specific Points
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Satellite Data

Profiles of 
Ground Movement
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Satellite Data

Ground Truthing
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Satellite Data

Ground Truthing
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Satellite Data

Looking into

the Future



34

Tale of Two Uses:
Power of Data Visualization & 
Analyses Gone Awry

Case Study 3



Water Main Failure
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During Failure After Failure



Data Visualization – Site Orientation
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Question?
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Did grading occur over pipe?



Remote Sensing to the Rescue?
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Consultant B Consultant C 



Remote Sensing to the Rescue?
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Consultant B Consultant C 



Remote Sensing to the Rescue?
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Consultant B Consultant C 



Remote Sensing to the Rescue?
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Consultant B Consultant C 



Admissibility of Remote Sensing Data in Court

• Has the Technique Been Tested?

• Has it Been Subjected to Peer Review or Publication? 

• What is the Known or Potential Rate of Error?

• Is the Methodology Generally Accepted in the Scientific 
Community?
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Conclusions

• Technological advancements in remote sensing allow:

– Unprecedented potential for evaluating and monitoring distributed 
infrastructure systems.

– Analyzing response to environmental stressors such as human activity, 
natural hazards, and climate change.  

• Remote sensing has become commonplace, especially for large, 
distributed infrastructure systems such as pipeline and transportation 
corridors.  

• Remote sensing can be integrated into a system-wide Hazards 
Assessment Framework.  

• Remote sensing data is often collected on an automated and regular basis 
and can be used to assess present and past conditions. 
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Conclusions (cont.)

• Remote-sensing tools can be used to:

– Monitor surface and structural deformations to explain past performance.

– Evaluate existing conditions.

– Analyze potential future behavior.

– Assist in diagnosing the cause of past performance problems or failures.

– Demonstrate compliance with regulatory requirements.

– Assist experts when controversies arise following the manifestation of 
undesirable events.

• Remote sensing is becoming a fundamental part of designs, risk 
assessments and mitigation strategies, construction monitoring, and expert 
opinions in disputes.

– As a result, findings that rely on remote sensing data are increasingly a 
subject of scrutiny.
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Thank You

Principal Engineer

Exponent

Juan F. Perri, Ph.D., P.E., G.E. 
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