
OIL AND GASOIL AND GAS
GROUND DISPLACEMENT MONITORINGGROUND DISPLACEMENT MONITORING

InSAR  /in·sär/
noun
1. Interferometric Synthetic Aperture Radar, a satellite-

based remote sensing technique used by TRE ALTAMIRA to  
measure ground movement to millimetric accuracy.    
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High Resolution Satellite Imagery

Typically, conventional satellite imagery has a pixel size of  
3m x 3m. High-resolution satellite imagery has pixel sizes as 
small as 25cm x 1m.  This significantly increases the number 
of deformation points recorded over an AOI and results in much 
clearer deformation boundaries.

Rapid Delivery of SqueeSAR Results

Semi-automatic data processing developments have now made 
it possible to continuously deliver SqueeSAR® results each time 
a new satellite image is acquired, giving the advantage of a  
point-cloud of deformation measurement points. The associated 
time-series show a history of linear and non-linear motion, each 
with a millimetric level of accuracy.

Casing Failure Identification

Surface deformation data can provide many benefits in 
reservoir management. Observing the spatial patterns of 
vertical displacement provides insight into the structural 
geology of the reservoir, often highlighting the location 
of active faults. Integrating this data within reservoir 
models further assists the optimization of production.

Time-Series Analysis

Well Failure Water Flood

Steam Cycle Reservoir Compaction

Model Validation
Geomodels can be 
tested and refined by 
comparing the meas-
ured and calculated 
deformation responses 
to injection and produc-
tion.

The actual ground 
movement observed with 
SqueeSAR®.  

The rapidly produced 
interferograms initially 
show no unusual 
ground movement.

Sixteen days later 
they show evidence  of  
significant localized 
uplift. Further  onsite 
investigation shows 
three failed wells.

The water injection 
is consequently shut 
down and the ground 
elevation surrounding 
the affected wells 
subsides. 

Geomechanical Modeling

Percentage Volume Change (%)
≤ -20 (%) ≥ + 20
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Production OptimizationProduction Optimization



Satellite data archives going back to 1992 allow a deformation history to 
be produced over many oil and gas fields in North  America. SqueeSAR® 
processing of radar satellite data produces numerous measurement points, 
each of which has an associated time-series showing how that specific point 
has moved over time.

Historical data can be used to:

  Define deformation baselines prior to injection or production.
  Correlate ground movement with well engineering issues. 
  Validate geomodeling of reservoir performance.

Ongoing monitoring allows: 

  Reservoir management in EOR, steam, CO2 and waterfloods.
  Steam management in heavy oil operations.
  Regulatory and lease boundary compliance.

Ongoing monitoring typically uses satellite data acquired on image repeat 
intervals of 8, 11, 16 and 24 days. 

InSAR Products One Day

Three Days

Interferograms as well 
as deformation maps 
can be produced after 
each satellite image is 
acquired, This allows 
end users to monitor 
changes in surface 
elevation in response to 
recent field operations.

Four Days

Deformation Maps

Active Fault Detection
Cross-sections  can be used to illustrate change in ground 
surface profiles over time. This  allows the identification of 
differential movement and active fault planes.

Fault
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Reservoir MonitoringReservoir Monitoring
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Benefits of SqueeSAR®

 Spatially dense and highly precise results 
 With a measurement point density that can 

exceed 10,000 points/km2 and a precision of ±1 
mm/year, SqueeSAR® provides a clear picture of 
surface deformation. 

 Non-invasive
 The increased density of measurement 

points obtained from natural reflectivity often 
eliminates the need for on-site installation of 
artificial reflectors.

 Historical data
 Satellite data archives extend back to 1992 and 

can be processed with modern algorithms to 
produce a historical record of ground movement.

 Cost-effective 
 Provides dense measurements of ground 

motion at a fraction of the cost of other survey 
techniques.

 Vertical and horizontal movement
 By combining data stacks from different satellite 

orbits, measurements of true vertical and  
east/west displacement can be obtained.

TRE ALTAMIRA Inc.

Suite 410  
475 West Georgia  St.
Vancouver, BC  
V6B 4M9   Canada

Ph. 1 604 331 2512
Fax 1 604 331 2513
www.tre-altamira.com HOW InSAR WORKSHOW InSAR WORKS

Surface Deformation MonitoringSurface Deformation Monitoring

TRE ALTAMIRA’s proprietary PSInSAR® and SqueeSAR® algorithms 
enable monitoring of surface deformation by analyzing phase 
changes in radar images captured by satellites.  

SqueeSARTM  

The SqueeSAR® algorithm uses both point scatterers (PS)  (such as 
buildings, pipelines and rock outcrops) and distributed scatterers 
(DS) (such as rangeland, roads and bare earth) to produce a 
high density of measurement points.  Each point has millimeter 
precision, allowing the tracking of non-linear ground motion.   
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PS (Permanent Scatterers)                  PS (Permanent Scatterers)                  DS (Distributed Scatterers)DS (Distributed Scatterers)

No Data No Data 

 Fast delivery/TREmaps®

Rapid satellite image acquisition and the fast delivery 
of results with our TREMaps® portal, allow SqueeSAR® 

to be part of an active reservoir management plan.
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