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Why InSARfor oil&gas?

»At the beginningInSARwasconsideredan imortant tool to provideground
displacementinformationover largeareasfor buildingsafetyassesmentand
environmentalmonitoring

»In the last 10 years it has been recognisedthe value of this layer of
information for reservoirmonitoringandmedeling

»Especiallyin secondaryrecoveryphase

whenlot of unknownsplaya role in

definingthe bestpreductionstrategy

5

Groninghen
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SAR interferometry evolution

Type Principle Product Precision

DInSAR

(ó90s)

comparison of 2 images, 

interferometry
Deformation map Centimetric

PSInSARÊ

(1999)

stack of radar images 

(min 20), multi

interferometry

- Permanent Scatterers (PS)

with time series of displacement

for each point

Millimetric

SqueeSARÊ

(2010 ï2012)

stack of radar images 

(min 20), multi 

interferometry

- Permanent Scatterers (PS)

- Distributed Scatterers (DS)

with time series of displacement

for each point

Maps of:

- Average Displ. Rate

- Elevation

Millimetric
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A Typical Result

Cumulative displacement March 2003 ςOctober 2007 

Displacement [mm]
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Reservoir Monitoring and modeling

ÅSurface displacement data can provide valuable information about
reservoirgeomechanicsbehaviour

ÅDifferent informationcanbeextracted

o Reservoirpressure-volumechanges

o Identificationof fault-fracture reactivation

o Elasticmodelcalibration

8
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From Reservoir to Surface

Geomechanical Model

Á¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ
ÁCompressibility
ÁPoisson's Ratio
Áetc.

Reservoir Model

ÁPermeability
ÁPorosity
ÁFaults
Áetc.



tre-altamira.com  |  © TRE ALTAMIRA 2019A CLS Group Company

From Reservoir to Surface



tre-altamira.com  |  © TRE ALTAMIRA 2019A CLS Group Company

From Reservoir to Surface



Volume/Pressure changes

estimation
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Producing Reservoir Characterization

»Followingthis methodologywe can infer volume/pressurechangesand then the
relativepermeability

2 Volume changes are converted into pressure changes

3 The inferred pressure filed can, then, be used to get information about premeability

1 From the surface deformation we estimate the volume changes in the reservoir

METHODOLOGY
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Volume change estimates

Weconstruct a linearequationsystemrelatingvolumechanges to deformation
observations

)(tv
)(tu ),(),( yɊvxu tt =

u´Y

0),( ¢yv t
With inequality constraints

Where the coefficientsof the matrix representtheDǊŜŜƴΩǎfunction relatingsurface

deformationat locationx to volumechangesat locationy.

ThisDǊŜŜƴΩǎfunction dependson the geometryof the reservoirand on the PoissonΩǎ
ratio of the medium,in particular:

Y
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Reservoir discretization

» It is assumed that the reservoir volume has been discretized into a 3D configuration of grid blocks. Each 
grid block within the reservoir can undergo a fractional volume change due to changes in fluid pressure 
induced by production.

],,,,,,[:),( 12321 NpsNpsNpsi jjjjjj --=Y 22

i-th grid element
DǊŜŜƴΩǎ ŦǳƴŎǘƛƻƴ 
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From volume changes to pressure changes

Relationship between pressure and volume changes

direct elastic relationship                                     propagation of the stress

+

direct elastic relationship

)()( tt vp bd =

Where ʃis the compressibility
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» To validate the suggested methodology a synthetic test has been 
performed

Å Eclipse has been used to infer the space/time evolution of  
the pressure filed at the reservoir layer which is 1500 m depth

Å The pressure model has been used as input for Abaqusto 
generate the surface displacement field

Å Displacements have been inverted into volume/pressure 
changes at the reservoir layer

Methodology validation
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Volume changes comparison
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Pressure changes comparison


