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Geotechnical hazards pose the most significant
geohazard threats to pipeline integrity and are
responsible for more ruptures & pipeline damage

Geotechnical Hazards .. Hydrotechnical Hazards
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Slopes - the most common geotechnical hazard
and most damaging to pipelines
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Perception of hazard and actual pipeline
vulnerability to hazard can be very different
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Many of the old landslide features on a route
can be benign, but it can be challenging to tell

1-2 inches/year . -§] ,flf" T T 1600t

o e | 700t




Common Characteristics of 7 Recer{t Pipeline Ruptures
Transmission Pipelines — mix of Oil and Gas
Very High Consequence Ruptures

_* All were caused by slope movement
o All.were located within pre-existing landslide features
e All'had a history of on-going slope movement prior to rupture
that was recognized after the fact (one inferred)
Average age of 29 years when rupture occurred
3 of 7 were after exceptionally wet periods
e Acceleration added to accumulated strain
e 5 of 7 had subtle or no visible signs of activity that were
recognized by operator — failures were a surprise
e Long term movement rates, where known or inferred generally
1to 2 in/yr
e 3 of 7 had adjacent construction or 3™ party activity that played
some contributing role



An inventory of all credible geohazard threats is

critical to integrate data and reduce risk
4 of 7 were not identified as slide terrain or in an inventory
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Publicly available aerial imagery
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Publicly available LIDAR Imagery (same image as previous)
can be a powerful and often under-utilized data source for
hazard identification
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How could precursor movements have been
detected early with remote or existing data sets?

e LIDAR

* INSAR
e In-line Inspection IMU tool

..~ * Key issue is dealing with false negatives and false
" positives
o all of the above can be dominated by both

o Challenge is finding movements of real concern vs data
errors or non-critical movements



Monitoring Slope Conditions - LIDAR Change Detection

_,Analysis of repeat LIDAR surveys can
also help characterize the direction
rate and magnitude of ground
movements in plan e

Can help evaluate zones of movement, &
_areas of higher rates of movement.” 3
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Deep seated landslide movements picked up by LIDAR change detection
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LIiDAR change detection is a valuable and low cost means to
iIdentify movement over large area but can miss slow, creeping
slide activity
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IMU data from In-Line Inspection can be an effective
tool at revealing sites where on-going slow ground
movement is deforming the pipeline
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Slope movements that are engaging the pipeline can be
detected by the irregular bending strain signatures they

cause
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