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Why monitor overburden

- 4D seismic time shifts in 
overburden give information 
about depleted areas

- Independent of reservoir 
fluid changes



Reactivated 
fault

Leakage /  
pressure 
build-up

In
je

ct
or

oozi

Waste Injector

Fractures

Why monitor overburden

4D seismic might capture all effects inducing velocity changes
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Examples of overburden time shifts
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Monitor

• 4D seismic time shifts capture changes in both thickness (z) and velocity (v)

• Røste et al. (2005) and Hatchell et al. (2005) independently assumed:

(1) * 
Δ"
" ≈ −% Δ&&

Time shifts and geomechanics

Note! The dilation factor % is sometimes referred to as '.
The relation is % = −'

* 

Δ"
" ≈ −%)**



• Input:

− Reservoir pressures 

(Eclipse model)

• 4D geomechanical model:

− Displacements

− Stress changes

− Strain (    )

• Output:

− Velocity changes (    )

− Time shifts

Workflow for modelling time shifts

modelled 4D time shifts

Eclipse mod.; ∆P

geomechanical 
displacements

Statoil-
workflow

Δ"/" ≈ −&'((
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Geomechanical model (97-14)
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Gravity Monitoring

(Increasing subsidence) Max modelled 
subsidence (97-14) 
around 0.55 m

http://library.seg.org/doi/abs/10.1190/tle36050423.1
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! inverted - Snorre  
Cross-section intersecting 
an area with large time shifts
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Summary

• Overburden geomechanical changes:

− Occur for all fields

− Detected as 4D seismic time shifts 

• Time shift workflow:

− Useful for updating reservoir model

− Indicates !"#$ ≈ 15 for overburden
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