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Agenda
 Federal Design 

Requirements
 Landslide Classification
 Risk Management for 

New Pipelines
– Desktop Study
– Field reconnaissance
– Routing
– Geotechnical evaluation

 Takeaways



Federal Regulation
 Natural Gas and hazardous liquids pipelines are 

required to be designed to resist external loads 
including those that may be imposed by geological 
forces.
 49 CFR 192.03 (natural gas pipelines)
 49 CFR 195.110 (liquids pipelines)



2019 PHMSA Advisory Bulletin
 Pipeline Safety: Potential for Damage to Pipeline 

Facilities Caused by Earth Movement and Other 
Geological Hazards 



Landslide 
Classification



Landslide Definition
 In simple terms:

– A landslide is defined 
as a downslope 
movement of soil or 
rock material.

– A landslide can be 
classified by the 
following 
characteristics:
 Activity level
 Type of Movement
 Material that is 

moving (earth, mud, 
rock, debris)



Causes of Landslides
 Water – surface water, groundwater, rain, snow melt, drainage 

pattern changes
 Slope steepness
 Geology – material strength and rock discontinuities
 Excavation and Fill Placement

– Eroding or cutting the slope or toe
– Loading or filling the crown or slope
– Poorly compacted fill slopes

 Wildfire (more erosion and less infiltration)
 Man-induced vibrations
 Volcanic and earthquake activity



Landslide State of Activity
 Active/Recent: <50 yrs
 Dormant-Young: 50 to 500 yrs
 Dormant-Mature: 500 to 5,000 yrs
 Ancient/Relict: > 5,000 yrs

*Modified from McCalpin, 1984



Types of Landslides
 Falls and Topples
 Slides

– Rotational Slides
– Translational Slides

 Spreads
 Flows
 Avalanches
 Complex failures

Varnes, 1978



Rotational Slide



Rotational Landslide



Translational Slide



Translational Landslide (Soil)



Translational Landslide (Rock)



Debris Flow



Debris Flow



Complex Landslide



Landslide Hazards – Risks to Pipelines
 Induced strain on pipeline

– Pipeline rupture (can occur from compression and from 
tensional forces)

– Pipeline bending

 Loss of ground support under pipeline
– Can exceed maximum allowable free span length

 Impacts to pipeline from debris flows
– Dents, gouges and scrapes to coating



Large Deep-Seated/Native Slopes



Constructed Slopes



Risk Management 
for New Pipelines



Geotechnical Scope
 Desktop Study
 Field Reconnaissance
 Routing Analysis
 Geotechnical Evaluation
 Design/Construction 

Specifications



PHMSA Bulletin
 Main takeaways:

– Identify areas surrounding 
the pipeline that may be 
prone to large earth 
movement

– Utilize geotechnical 
engineers during design, 
construction and ongoing 
operations of a pipeline 
system

– Develop design, 
construction and monitoring 
plans and procedures for 
each identified location

– Monitoring plans



Desktop Study 
 Review published geologic information
 Interpretation of aerial imagery and remote sensing

– Google Earth and aerial photos (stereo and time series)
– LiDAR (Light Detection and Ranging)
– Drone imagery
– Satellite imagery
– InSAR



Published Geologic Information
 Geologic Maps
 Geologic Hazard 

and Landslide 
Mapping
 Published articles



Historical Aerial Photograph Review



LiDAR
 High-resolution ground 

surface elevation data for use 
in hazard mapping, routing 
and geotechnical design
 Ability to process out 

vegetation and buildings
 Relatively inexpensive to 

perform site- or route-specific 
surveys
 Publicly available for many 

states (quality varies)



Historic Landslide – LiDAR



InSAR
 Technique for mapping 

ground deformation using 
radar images collected from 
satellites

 Product is a deformation 
time-series

 Pipeline corridors can be 
assessed relatively quickly 
as part of an initial geologic 
hazards study or long-
term monitoring technique 
(early warning system)



Field Reconnaissance
 Confirm findings of the 

desktop study in the field
 Assess the activity level 

and risk to the pipeline 
from landslide hazards



Routing
 Avoiding known/mapped landslide hazard areas
 Minimize sidehill orientation
 Orient with fall line of slope
 Follow ridge lines



Routing Comparison



Geotechnical 
Considerations
 Pipeline 

Orientation
 Water 

management
 Fill slope 

construction
 Slope gradient



Sidehill Orientation











If geotechnical controls are inadequate… 



Water Management
Roads, ROWs, and 
pipeline trench can 
capture, concentrate and 
divert water.







Temporary Fill Surcharge

GROUND SURFACE WITH SURCHARGE

FAILURE SURFACE

SURCHARGE LOADS SLOPE CREST:  DRIVING 
FORCES ARE INCREASED

FORMER GROUND SURFACE

Driving Forces

Resisting Forces



Permanent Fill Slopes



Permanent Fill Slopes













Geotechnical Risk Reduction Measures



PIPETRENCH SLOPE

4-INCH OUTLET DRAIN

PIPETRENCH SLOPE

4-INCH PERFORATED
DRAIN PIPE

INSTALL OUTLET  
DRAIN AT LOW POINT

PIPETRENCH

PROPOSED  
PIPELINE ℄

INSTALL RIPRAP APRON ON  
STABLE NATIVE GROUND ON THE  
DOWNSLOPE SIDE OF THEROWIN  
ACCORDANCEWITHRIPRAP
APRON DETAILAND NOTES

PIPETRENCH SLOPE

4-INCH PERFORATED
DRAIN PIPE

INSTALL OUTLET DRAIN AT LOW
POINT AND AT UPGRADIENT
SIDE OF TRENCH BREAKER

PROPOSED  
PIPELINE ℄

PIPETRENCH SLOPE

TRENCH BREAKER

3
-

PLAN VIEW - BLEEDER DRAIN 
WITH SLOPED PIPE TRENCH
SCALE: NOT TO SCALE

2
-

PLAN VIEW - BLEEDER DRAIN 
AT TRENCH LOWPOINT
SCALE: NOT TO SCALE

4-INCH OUTLET DRAIN

4-INCH PERFORATED  
DRAIN PIPE

RIPRAP APRON IN
ACCORDANCE WITH RIPRAP
APRON DETAILAND NOTES

TEMPORARYFILL

ENGINEERED FILL  
TORESTOREROW

(1.75 TO2.5)H:1V  
FILL SLOPES STEEPERTHAN 2H:1V SHALL  

INCLUDEGEOGRID REINFORCEMENTIN
ACCORDANCEWITHNOTES (SHEET 2 OF 2)

1
-

TYPICAL SECTION
SUBSURFACE DRAINS ROW RESTORATION
SCALE: NOT TO SCALE

4-INCH PERFORATED  
DRAIN PIPE

2% MIN

4-INCH OUTLET DRAIN

INSTALL RIPRAP APRON ON  
STABLE NATIVE GROUND ON THE  
DOWNSLOPE SIDE OF THEROWIN  
ACCORDANCEWITHRIPRAP
APRON DETAILAND NOTES

PIPETRENCH

BEDROCK/ 
COMPETENT  
MATERIAL

SELECTTRENCH  
BACKFILL

PADDING

PIPELINE

COLLUVIUM

COLLUVIUM

GEOTEXTILE FABRIC

DRAFT SUBMITTAL- NOTFOR CONSTRUCTION

Subsurface Trench Drains



Fill Compaction
 Compaction Specifications and Nuclear Densometer
 Visual Observation, Proof Rolling, Probing
 Moisture Control- Lime Amendment
 Mechanically Stabilized Earth 



Reinforced Fill Slope



Most Important Takeaways
 Upfront due diligence
 Proper earthwork construction and drainage controls
 Preventative measures = cost savings



Questions?
Trevor Hoyles, PE, LEG, Principal
thoyles@geoengineers.com
503.799.8620

mailto:thoyles@geoengineers.com
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