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Abstract

Pipelines in the Arctic must contend with a variety of geotechnical obstacles affecting their construction
and long-term operation. For example, thawing permafrost leads to unstable terrain, especially on slopes
and pipeline river crossings. Research funded by the US Department of Transportation is underway to
investigate how unmanned aircraft systems (UAS) could be used to monitor permafrost and unstable soils
in order to develop a proactive decision-support system for pipeline operators. Leading this research is the
University of Alaska Fairbanks (UAF) in cooperation with the Alyeska Pipeline Service Company. The
research will evaluate a variety of unmanned aircraft systems (UAS) to determine an optimal technology
mix, and best practices for the persistent surveillance of thawing permafrost and shifting soils, thereby
providing pipeline operators a broader picture of, and a means of mitigating, the geotechnical hazards that
affect pipelines.

Introduction
The use of unmanned aircraft systems (UAS) equipped with remote sensing capabilities offers a new
method to provide insights into Arctic pipeline operations. Advantages over traditional approaches may
be seen with this approach:

1. UAS can operate safely at altitudes lower than that of manned aircraft.
2. Unmanned systems can loiter and hover, allowing unprecedented close-range inspection of

facilities.
3. Robotic performance of a UAS encourages the same type of inspection to be conducted repeatedly

and persistently, which over time may contribute to a more reliable data set.
4. UAS offer the opportunity for significantly decreased operations costs as these technologies

continue to mature.

These goals are of interest to the US Department of Transportation, which has sought a greater
understanding of how these capabilities could be integrated into the daily business of pipeline operations.
Improved decision support systems (DSS), linking integrity monitoring with engineering analysis and
more efficient management, represent the prime driver for this research. The investigation also looks at



how UAS operations could be safely integrated into the National Airspace System, a concern of interest
to the Federal Aviation Administration. Additionally, lessons may be learned about pipeline rights-of-way
integrity management and close-range visual inspection that could be utilized by the Pipeline and
Hazardous Materials Safety Administration (PHMSA). Both the FAA and PHMSA are part of the US
Department of Transportation, so this research program encourages collaboration among these agencies
with respect to the study’s outcomes.

The Scenarios Network for Alaska and Arctic Planning (SNAP) is leading this research in conjunction
with the Alaska Center for Unmanned Aircraft Systems Integration (ACUASI), both located at UAF. UAF
has actively conducted research into UAS since 2000, with more missions and mission diversity than any
other North American university. UAF is home to one of the six FAA test sites for UAS research, which
provides the university a natural advantage for Arctic research and an experience-based understanding of
regulatory concerns related to UAS.

Arctic Geotechnical Challenges
Infrastructure on Arctic permafrost poses special geotechnical challenges. Permafrost is rock or soil that
is continuously frozen for more than two years. On top of the permanently frozen earth is a layer of soil
called the active layer that thaws during summer months. The freeze-thaw cycle of permafrost particularly
affects infrastructure design, construction, and maintenance, especially for roads, railways, and pipelines.

With seasonal temperatures ranging from �80 F to �90 F, Arctic regions are subject to the seasonal
dynamics of permafrost. Fluctuation also may be on the rise. A study commissioned by ConocoPhillips
in 2006 to consider temperature trends in the Arctic reported that summer temperatures recorded in the
years 1949 to 2007 have warmed 3.4 degrees F.1 Over the same period, winter temperatures rose by 6.3
degrees F. This warming trend continues.2

Insulating vegetation stripped from pipeline rights-of-way aggravates the deeper thaw, thereby increas-
ing geotechnical challenges. Longer and deeper cyclical freeze-thaw activity affects slope stability
through the heaving of annual frost, which progressively ratchets soil and rock down hill. A similar
phenomenon known as frost jacking also ratchets objects up out of the ground. Posts and poles set on
inadequate footings are not able to prevent the jacking and are thus vulnerable to damage.

Slope instability also finds its way to river crossings — locations of special interest in the Arctic, where
roads are few and river crossings are points of strategic concern. A recent slump at the Yukon River
adjacent to the bridge on the sole road connecting Fairbanks to Prudhoe Bay offers a prime example of
infrastructure challenges posed by slope instability. The Alyeska pipeline crosses the river on the same
bridge. Symptomatic of longer and warmer Arctic summers, riverbank slumps such as this one are a
reminder of how slope instability can impact a range of infrastructure that may be clustered around a
single location.

2 OTC-25582-MS



Another challenge brought on by warmer temperatures is the thawing of ice lenses previously frozen
for thousands of years. Water draining away from melted ice creates cavities under rock and soil, leading
to sinkholes in unexpected places, including pipeline rights-of-way. Such sinkholes may be only noticed
when a driver on the pipeline right-of-way is there for other activities.

A relatively new geotechnical phenomenon in Alaska is the frozen debris lobe (FDL), a type of
slow-moving landslide. Over the past few years, FDL have been observed encroaching the rights-of-way
of the Alaska haul road and Alyeska Pipeline.

The behavior of the FDL is not well understood, and the first research was not conducted until 2012.
Another round of research was recently funded to attempt to understand more fully the movement
characteristics and velocity of these lobes. It is believed there are different types of movement in the
vertical structure of the lobes, separated by shear zones that become lubricated with water during the
annual freeze/thaw cycle.

Figure 1—Slump on Yukon River bank adjacent to bridge and pipeline. Image courtesy of Frank Wuittig, Alyeska.
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Geotechnical Monitoring with UAS
Given all of the geotechnical challenges of the region, additional monitoring and inspection of infrastruc-
ture built in the Arctic will likely be necessary. Traditional methods may not scale at a workable cost to
meet the demand. The use of unmanned aircraft systems (UAS) offers an opportunity to consider a new
approach that, combined with traditional methods, may help operators scale monitoring and inspection
efforts to meet growing challenges.

It is already recognized that UAS flying at low altitude would permit closer resolution inspection of
geotechnical assets. However, additional research and developments are needed to bring this method of
inspection into the operational mainstream.

To better understand how UAS could be utilized for pipeline monitoring and inspection, especially in
addressing Arctic geotechnical issues, research is in progress by the University of Alaska Fairbanks
(UAF), working in partnership with Alyeska Pipeline Service Company. This research seeks to evaluate
a variety of UAS aircraft, sensors, and data processing relative to the following goals:

● Determining optimum monitoring frequency beyond PHMSA minimums
● Evaluating the impact of human factors such as team interaction during inspections
● Evaluating the efficacy of various imaging products for close-range inspection
● Observing how real-time situation awareness impacts management and decision-making across

organizational levels

Three areas of research were selected for the UAS project:

1. Integrity monitoring of pipeline rights-of-way
2. Close-range aerial inspection of facilities
3. Operational inspection of thermosiphon heat-exchangers that mitigate permafrost thaw, keeping

soils and slopes stable

Rights-of-Way Integrity Monitoring

UAS patrols of pipeline rights-of-way for leaks and encroachments are likely to augment manned aircraft,
but not replace them. PHMSA requires pipeline operators to patrol their rights-of-way every two weeks,
depending on weather. The primary goal of these patrols is leak detection. A leak may not be directly

Figure 2—Frozen debris lobe impinging on road and pipeline right-of-way. Image courtesy of Margaret Darrlow, UAF.
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observable, but because vegetation may be distressed or killed by leaking natural gas and/or a refined
product, the presence of dead vegetation in a given right-of-way may allow for the detection of a leak by
proxy. One issue with using distressed vegetation as a proxy is that ponding water in a field as well as
clay soils can cause a false positive of a leak.

More commonly, however, these patrols identify encroachments of heavy machinery on the rights-
of-way, which is a concern because such machinery could damage the pipeline. Excavators observed near
a pipeline right-of-way may be simply parked or readying for future activities that could create a threat.
During routine patrols, more instances of encroachment are likely to be noted than possible leaks.

UAS could be used to increase the frequency of patrols and enhance inspections in areas of clustered,
dense infrastructure such as at pump stations or critical road and river crossings. The ability of an
unmanned system to patrol at lower altitudes—using its hover/loiter capability and with a remote
monitoring team assisting and directing the UAS pilot—has advantages over manned surveillance patrols.
Beyond providing additional “eyes” on the monitoring mission, the naturally evolving process of
questions and answers from the monitoring team may give rise to improved monitoring and inspection
outcomes. UAF has explored such human factors in this research.

Close-range Inspection
The ability to operate UAS at lower altitudes than manned aircraft, along with UAS loiter and hover
capabilities, allow detailed investigation, cataloging, and reexamination of areas of interest in the right of
way. Examples include monitoring river scour at low-water crossings and bridge abutments. Anomalies
in the rock and soil along a right-of-way can also be recorded and investigated for geotechnical issues.
When issues are discovered, previous video logs can be consulted to understand the evolving issues and
determine if there are indicators to be watched for during future UAS flights.

Displacement of geotechnical assets, such as retaining walls, culverts, and bridges, can also be
monitored during routine surveillance of the right-of-way. Inspecting the vertical alignment of structures
above ground provides clues about geotechnical integrity. An imagery baseline can be used to monitor
rates of displacement and plan a mitigation approach. The low-altitude perspective of a UAS provides
significant advantages over ground inspections.

UAS can be an effective means of augmenting other forms of persistent monitoring of pipeline
infrastructure as well, particularly in-situ sensors. A variety of electronic in-situ sensors are often already
in place in sensitive areas experiencing unstable slopes. Thermistors monitoring soil temperatures may be
useful in understanding the dynamics of the permafrost active layer. Piezometers measure static pressures,
providing data for slopes that may be under strain, especially from water due to thawing frost. Tilt meters
track displacement of vertical support members and movements of the permafrost they are built upon.
Deflection monitors track the flexing of the pipeline by recording movement of the shoes on which the
pipeline rests. The UAS approach allows persistent monitoring and a different perspective of areas already
being tracked with these in-situ sensors, adding valuable understanding to the local geotechnical dynam-
ics.

Thermosiphon Inspection
Mitigating permafrost thaw is often accomplished with thermosiphons that keep small local patches of
permafrost frozen. The thermosiphon is a closed-loop refrigeration system that absorbs heat from both the
ground and warmed coolant, then climbs to a heat exchanger where the heat is radiated and cooled,
returning cooler temperatures in the closed-loop cycle back into the ground. This form of refrigeration
works automatically, although the loop may become blocked, usually at the top of the cycle in the heat
exchanger. When the thermosiphon is blocked, it is not able to properly cool the permafrost.

Currently, thermosiphon operation is monitored with a handheld infrared camera. UAS equipped with
similar cameras can improve the efficiency of thermosiphon monitoring. The image below shows a
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partially blocked thermosiphon radiator, distinguished by the pronounced difference in the temperatures
of the thermosiphon radiator vanes.

UAS Aircraft and Sensors
The use of UAS technology in the monitoring process accrues several advantages, the most notable of
which is the alternative perspective that an unmanned aircraft operating at low altitudes can provide.
Loiter and hover capabilities of specific unmanned systems also permit close-range inspection. Another
advantage of UAS is persistence, with potentially more frequent flights available for monitoring critical
infrastructure. Finally, UAS offer the ability to precisely repeat flight paths over time, permitting very
accurate measurements and comparisons.

The vast Arctic environment of Alaska poses a unique set of challenges of both distance and
temperature under which suveying operations must be conducted, requiring different sets of tools for some
applications. Both rotary-wing and fixed-wing aircraft have been tested in the course of UAF pipeline
research. Battery-powered rotary-wing platforms have a 20-30 minute endurance range, which has proven
adequate for monitoring a compact facility with dense infrastructure. However battery-powered rotary-
winged aircraft are not well suited for longer endurance missions, such as the surveillance of a
right-of-way. In the research to date, we have not evaluated gasoline or micro-diesel engined copters,
though these platforms hold promise for longer-endurance missions.

Fixed-wing UAS play an important role in the longer duration flights needed to support vast distances
associated with much of Alaska’s pipeline environment. Fixed-wing aircraft, even battery powered ones,
have longer flight times of up to several hours. Flight characteristics of these aircraft, with their large,
soaring wings, limit low-altitude operations to favorable weather. Hover-capable rotary-wing UAS
perform better in variable weather with gusting winds.

The very low temperatures of the Arctic pose omnipresent issues to battery life. Effective power for
lithium and lithiumpolymer batteries tapers off quickly with low temperatures, decreasing by 25% or more

Figure 3—Infrared image showing a blocked thermosiphon radiator on the left. Image courtesy of Larry Mosley, Alyeska.
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from standard temepratures. One operational solution employed during our research has been to keep an
idling vehicle close to the UAS pilot and observer, charging replacement batteries in a warm vehicle cabin.

For future applications, we are investigating a number of potential platforms, including the combus-
tion-engined copters mentioned above. In adition, we are examining the effectiveness of pairing UAS with
a ruggedized, long-duration unmanned ground vehicle (UGV) for increased mission reach and versatility.
In this configuration, UGVs may provide both a mobile local docking station as well as supporting power
and data logging requirements, and perhaps even UAS temperature needs.

Streaming video from a low-cost camera provided the bulk of our situation-awareness/human factors
evaluation during the majority of the research to date. The same camera also collected still images for
detailed analysis. The only notable issue experienced with the video relay was its telemetry range. With
an omnidirectional antenna, high-quality video could be provided within about a half-mile radius. We did
not work with directional antenna in our 2014 missions; however it is anticipated that longer, beyond-
line-of-sight operations will require this data link in 2015 missions.

Conclusions
Unmanned aircraft systems are experiencing rapid evolution, and UAS applications such as geotechnical
engineering are burgeoning. The remote sensing capabilities of unmanned aircraft systems with high-
resoluton streaming video, even from austere locations such as the Arctic, permits real-time pipeline
integrity analysis. Unmanned aircraft are not only augmenting imaging methods, they are enabling the
integration of imagery in the business decision making process.
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