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ABSTRACT
During recent years, ground motion monitoring using radar
satellite technology has been increasingly applied in heavy oil
operations in Alberta, Canada. The main objectives of InSAR
monitoring are to identify potential zones of excessive
pressure, to detect ground surface disturbance and to
contribute to monitoring the integrity and safety of operations
and infrastructures. In addition, ground motion monitoring can
also be used to help better understand steam propagation and
steam chamber growth.
Two kinds of InSAR techniques are generally applied using
either Corner Reflectors (CR) or Natural Reflectors (NR). In
Alberta, ground monitoring with CRs has become one of the
most commonly used monitoring tools for oil fields since the
land cover is often subject to significant seasonal changes.
Snow in the winter season and wet muskeg in the summer
both pose challenges to finding reliable natural scatterers that
are able to reflect the satellite signal.

can they help identify the spatial extent of the patterns of
motion, as is the case with NRs. In this context, based on over
seven years of experience in Alberta’s oil fields, Altamira
Information has adapted its own NR processing chain with the
goal of obtaining a higher density of measurement points over
these kinds of land cover.
This paper presents an overview of recent developments in
InSAR technology using an adapted NR processing technique
combined with CRs. Recent results from two oil field case
studies are shown, including an analysis of the main statistical
differences between the two techniques in a common area,
including time-series.

Even though reliable measurements can be taken with CRs
year-round, they do not provide results over wide areas, nor
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INTRODUCTION
As the requirements for frequent, high resolution and high
precision monitoring of oil fields in rural areas such as
Alberta’s Athabasca region have increased, InSAR technology
has been adapted to address previous limitations of the
technology. Now, monitoring programs are developed that
measure ground motion over both Natural Reflectors (NR) and
Corner Reflectors (CR). Processing techniques for NRs have
been optimized for areas that are developed in phases, while
CRs are used in areas with dense vegetation and snow. Recent
results from two SAGD projects in Alberta show examples of
these two types of measurement techniques.
INSAR TECHNOLOGY
Interferometric Synthetic Aperture Radar technology, or
InSAR, is used to detect ground motion by comparing changes
in the distance between the ground’s surface and the satellite
over time.

Natural Reflectors (NR) are those points in the observed scene
that naturally reflect the radar signal towards the satellite.
These NRs can be buildings, infrastructures, bare soil and
low-vegetation areas.

Figure 1: Example of Natural Reflectors in an oil field.

CRs are trihedral structures that can be installed on a pile
driven below the surface in order to ensure measurable points
where NR density is very low. CRs do not need any
maintenance after installation, and a power supply is not
required. Their shape and material ensure a very good radar
backscattering signal to the satellite.

The Synthetic Aperture Radar (SAR) is an imaging radar
system mounted in this case on a satellite, and
“Interferometric” refers to the superimposition of waves to
detect differences over time in fractions of wavelength. These
satellites capture radar images by precisely recording the
travel phase between ground surface and sensor. If several
measurements are compared over time, the difference between
measurements indicates ground motion over time. Additional
effects have to be filtered such as atmospheric changes and
slight variations in the position of the satellite.
The satellites that capture these SAR images continuously
orbit the earth on a fixed polar orbiting track, taking more or
less 100 minutes to complete one full orbit. Because of the
earth’s rotation, the satellite revisits the same location after
some 11 to 46 days, depending on the satellite.
Two different types of measurement points are measured by
the radar sensor on the satellites, NRs and CRs.
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Figure 2: Corner Reflector installed in Athabasca’s oil
sands.
Comprehensive ground motion monitoring programs often
involve a combination of both NRs and CRs, thus providing
data both at a large scale, with a high density of measurement
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points, while also guaranteeing precise measurement points
year-round in specific locations.

PROCESSING TECHNIQUES FOR NATURAL
REFLECTORS AND CORNER REFLECTORS

Before installing a CR network it is also useful to conduct a
study based on NRs in order to know where there may be gaps
in data and plan to install CRs in these locations. An initial
NR study is also useful in determining the best locations for a
reference CR, by identifying areas that are completely stable.

In the GlobalSARTM processing chain, two different
processing methods are used for NRs and CRs. The technique
used for NRs takes into account the complete stack of images
and combines the data with the aim of improving the quality
and density of the measurement points in rural areas where
vegetation is an issue. The CR processing technique, on the
other hand, treats each image and point individually; each CR
measurement (for each new image acquisition) is treated by
itself since its signal is robust in time. Because of this, the
standard deviation (precision) of the results obtained with the
CR processing technique reaches accuracies of up to 1 mm,
while NR result reach 2-3 mm of accuracy.

MEASUREMENTS BASED ON NATURAL
REFLECTORS AND CORNER REFLECTORS
It is important to take into account some differences between
the two types of measurement points, NRs and CRs, in order
to compare them. The measurements in NR monitoring studies
are based on the response of points located on the ground’s
surface and may show slight seasonal effects. However, the
measurements from CR monitoring are based on very precise
points that have been installed on piles that are driven several
metres into the ground in order to avoid any seasonal ground
motion experienced in the top layer of soft soil or muskeg.

The GlobalSARTM methodology combines several processing
techniques and algorithms to obtain the best possible accuracy
of measurements for all ranges of ground motion, even strong
non-linear deformation patterns. The technique achieves the
highest possible density of measurement points (NRs), even in
areas with difficult ground conditions, such as vegetation. As
long as there are no drastic changes to the surface, such as
major construction work, GlobalSARTM provides reliable
measurement points, regardless of the intensity of the
movement.
The algorithms used to detect millimetric motion belong to the
PSI (Persistent Scatterer Interferometry) family of software.
These algorithms are capable of extracting precise
displacement and position information of the radar stable
points.

Figure 3: Backscattered signal from CR and NR.

Figure 3 shows the different backscattered signal in both
cases. The measurement points in each case are therefore
intrinsically different in nature.
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PSI algorithms work by identifying high quality reflectance
points in the radar imagery. Model fitting methodologies are
applied to these points to derive the precise height and
displacement measurements. During the process, the
atmospheric effects are compensated. Points that do not
present enough reflectance quality due to major surface
changes are rejected.
The algorithms are applied to a set of input interferograms.
Interferograms are images that represent the radar phase
differences between a pair of SAR images. In an interferogram
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the phase value is related to the deformation ( φ DISPL), the
topographic error (φTOPO), the atmospheric effects (φAPS) and

the noise (φNOISE). The basis of the technique is the separation
of these different components (deformation, topographic error
and atmospheric effects) from the input data. Step-by-step, the
data is processed taking into account the physical behaviour of
each component characterized in terms of the radar signal
reflectance and image geometry. Finally, the atmospheric
effects are estimated and eliminated as spatially lowwavelength and temporally high-frequency effects. Afterwards
a high resolution analysis is carried out to extract the precise
values of the deformation as well as the topographic error.
Figure 4 shows the GlobalSARTM processing flow chart.

The processing algorithm applied for the study of CRs has
also continued to be developed over the last seven years with
constant improvements in order to reach the best possible
accuracy. The five main processing steps are presented in
Figure 5.

Figure 5: Corner Reflector flow chart.
As in the NRs processing chain, the first step consists of data
extraction from different satellites. This step is followed by
the precise signal detection step, which treats the precise
positioning of the CRs by using the surveying data. The third
step is based on exploiting the phase-difference, i.e., the
interferogram only computed over each CR.
Figure 4: GlobalSARTM processor flow chart for
millimetric motion.
This technique offers millimetric precision of the ground
displacements not higher than approximately 20-25 cm/year.
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One of the key factors in being able to obtain such high
accuracy over CRs is the ability to remove φ TOPO from the
interferogram. The surveying process has used GPS data to
provide the precise location and height of each CR.
Furthermore, the CR design (metallic trihedral) and the
accurate orientation of the CR minimize φNOISE.Regarding the
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atmospheric effects, it is possible to isolate this component
since φDISPL and φAPS have different frequency characteristics
in space and time.
Generation of the time series requires a transformation of the
interferometric phase into the absolute phases per image. For
this reason, it is crucial to compensate the different offsets
between interferograms using the same CR reference point.
The final stage consists of transforming the interferometric
phases as a function of their former images in order to
reconstruct the final time series of displacement for the whole
period of measurements. In this context, over-determined
systems algorithms are typically applied in order to obtain the
displacement values and get the final time series.
Figure 6 shows an example of a time series generated using
the CR processing chain to monitor an oil field in Alberta
where SAGD is taking place.

temporal decorrelation is especially significant since the snow
causes a loss of the backscattered signal.
In this scenario, the main measure to reduce the temporal
decorrelation is to apply different de-noising filtering
strategies (typically employed in image processing
applications, to reduce additive Gaussian noise) on the
interferometric phases. These filters are being adapted for
InSAR studies at Alberta’s oil fields, demonstrating an
excellent performance under multiplicative speckle noise
conditions. The rationale is to improve the interferometric
phase quality in order to detect the deterministic point-like
scatterers, but also the natural distributed scatterers, within the
area of interest. Improving the density of measurement points
as much as possible is key to the characterization of heave
patterns.

(a)

(b)

Figure 7: Adaptive filtering applied over interferometric
phase at a SAGD field in Alberta, Canada.
Figure 6: Example of CR time series over a SAGD field in
Alberta, Canada.
IMPROVED GLOBALSAR™ FOR ALBERTA’S OIL
FIELDS. JACKFISH CASE STUDY
The GlobalSARTM processing chain has been adapted in order
to obtain the highest possible density of measurement points
in challenging environments such as remote oil fields in
Alberta. One characteristic of InSAR is that the temporal
decorrelation is one of the main constraints that directly
affects the measurement density. In areas with several months
of snow, as is the case in many of Alberta’s oil fields,
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Annual InSAR studies have been conducted at Devon
Energy’s Jackfish project using Radarsat-2 satellite images to
detect NRs such as points on infrastructures, roads and bare
ground. These NR studies have provided reliable wide-scale
information about overall ground motion trends over the areas
of interest. Furthermore, two networks of CRs were installed
to provide highly precise information on specific points over
critical parts of Jackfish 1 and Jackfish 2. Together, the NR
and CR monitoring results provide a comprehensive study of
the ground motion occurring at Jackfish.
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For the Jackfish 2 study, in addition to the measures described
above, a time-adaptive methodology is being used for the NRs
to produce a map of the whole area of interest showing the
accumulated motion since production started at each pad.
Owing to the fact that production start dates vary for each pad,
instead of looking at images from April 2011 onwards for the
entire area, the results of accumulated motion for each pad are
reported on by taking into account the start dates of
production. The main goal of this strategy is to obtain more
NRs in areas where they are thinning out because of the long
time-frame being used in this study.

Figure 9 shows the benefits of applying the adaptive technique
described previously to improve the density of measurement
points. Figure 9(a) illustrates the original results at Jackfish 2
area while Figure 9(b) shows the new and improved results.

Using timing information on the completion of construction
for each pad, the area of interest was subdivided into sections,
as seen in Figure 8. The analysis for each smaller area utilized
images from the end of construction onward, thus minimizing
the temporal decorrelation that would occur in an analysis that
treated all areas the same and included periods where
significant ground work and surface disturbance took place.

(a)

Figure 8: Detail of the areas used for the adaptive
processing at Jackfish 2. The area outside the coloured
contours is analysed using all radar images.
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(b)

Figure 9: Comparison between the default strategy (a)
and the improved GlobalSAR™ strategy (b) at the
Jackfish 2 area.
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Figure 10 illustrates the proportion of measurement points
detected using the default technique and the new timeadaptive technique.

Figure 11 illustrates a good example of CR distribution at a
SAGD field in Alberta’s Athabasca region.
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Figure 10: Comparison between the measurement density
of the default technique and the adaptive technique
applied at the Jackfish 2 field.

MONITORING DURING PERIODS OF SNOW.
CORNER REFLECTORS CASE STUDY
In locations where precise measurement is required, CR
measurement points provide an excellent quality of radar
backscattering due to the adapted design of the reflector. The
accuracy of each measurement achieved is 1-2 mm. In order to
reach this accuracy, proper piling and correct orientation of
the CRs are crucial in order to avoid a loss in amplitude
power.
Ideally, CRs are installed in a diamond shaped pattern with a
maximum distance of 300 metres between them in order to
optimize the spatial coverage of the area of interest. This
technique maximizes the amount of heave information while
restricting the number of CRs installed in order to avoid
unnecessary ground disturbance.
It is important to place a reference CR in an area that will be
unaffected by heave. Therefore, the reference CR must be
located far enough from the horizontal wells to ensure that it
will be stable throughout the entire monitoring period.
Furthermore, it is advisable to have more than one set of
reference CRs in order to mitigate the risk of one particular
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Figure 11: CR network at a SAGD oil field in Alberta,
Canada. The distribution roughly follows a grid and the
reference CR is a good distance from the well pairs.
It is important to note that CR-based heave monitoring
programs can include high frequency updates, with a new
delivery available every month, or even every week. In
contrast, NR-based monitoring requires a minimum number of
images to obtain a reliable quality estimation, so updates
usually occur every 6 to 12 months. The shape and material of
the CRs are adapted specifically to withstand the climate
conditions in Alberta’s oil sands in order to act as consistent
and reliable measurement points year-round, independent of
weather.
Figure 12 illustrates the ground motion monitoring results
based on CRs installed on a portion of the SAGD field.
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CONCLUSION
There are many advantages to measuring ground motion using
NRs. These measurement points are cost effective as they
require no site visit since they are automatically detected by
the satellite from space. Recent improvements in processing
chains such as GlobalSARTM mean that even hard to measure
areas, such as those with some vegetation and ground
disturbance, can still be monitored using NRs. For large areas,
such as a SAGD field, this can mean hundreds of thousands of
data points over a very large area. The abundance of NRs can
be valuable in determining the spatial extent of the heave
pattern surrounding a well pad.

Figure 12: Results at a SAGD oilfield.
When monitoring ground heave over oil fields in northern
Alberta, where there are often several months of snow, the
main advantage to using CRs is that key locations can be
monitored throughout the year without any interruption during
the winter period. This allows for temporal continuity of data
as compared to monitoring studies based on NRs alone.
Figure 13 shows a comparison between two neighbouring
measurement points, plotted over time; the green diamonds
indicate measurements based on a Natural Reflector, and the
red triangles indicate measurements from a Corner Reflector
nearby. Although there are small variations related to the
difference in accuracy, the results are consistent.

Where data is required year-round, even during heavier snow
months, and in very precise locations, CRs guarantee
measurement points through all seasons. These reflectors are
usually installed on piles that are driven below the muskeg,
providing the added benefit of excluding frost heave from the
measurements.
Comprehensive ground motion monitoring programs often
involve a combination of both NRs and CRs, thus providing
data both at a large scale, with a high density of measurement
points, while also guaranteeing precise measurement points
year-round in specific locations.
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Figure 13: Comparison of a CR (red triangles) with its
closest NR (green diamonds)
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InSAR = Interferometric Synthetic Aperture Radar
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SAGD = Steam Assisted Gravity Drainage
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