Seismic plume evolution in a heterogeneous sandstone
reservoir: Role and impact of patchy CO2 saturation.
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Introduction
The demonstration of storage integrity and containment of injected CO2 requires
a successful monitoring plan. This entails:
- the detection of plume migration, growth and trapping,
- ability to quantify stored volumes of CO2 within the reservoir.
The use of seismic methods to quantify and image CO2 migration is not well
understood due to
- uncertainties regarding the fluid saturation distribution within the reservoir,
- uncertainty of the most applicable rock physics model, & resulting velocities.
So what do we need?
- End-member forward-models to understand the possible range of velocities,
- A clear, model-driven workflow

Fig 1: Range in velocities which could be encountered for
each rock physics model for a given saturation.

In this work;
- We estimate the synthetic time-lapse seismic response of a
heterogeneous saline reservoir through the application of a threestage model-driven workflow; 1) CO2 flow modelling, 2) Rock physics
modelling, 3) Seismic modelling
- Apply two end-member fluid distribution models, patchy and uniform,
to represent end-member velocities which could be encountered.
- Analyse the synthetic time-lapse seismic data to provide an
understanding of the potential of seismic techniques to image CO2
plume evolution.

Bunter reservoir model

1) CO2 flow modelling

Adapted from Williams et al., (2013)
- Bunter Sandstone, UK sector of the North Sea
- Imaged by 3D seismic reflection data
- Four way dip-closed anticline
- Reservoir separated into 5 zones based on
changes in depositional environment
- Very heterogeneous, saline reservoir
- Reservoir properties calculated from
geophysical log analysis

Simulation of CO2 migration and plume evolution within the Bunter Sandstone.
- Using Permedia’s Black Oil Simulator
- Snapshots highlight three stages of plume evolution, and associated CO2 saturations
5 years – 0.5 MT CO2

Fig 2: Seismic reflection section across the structure
(Williams et al., 2013)
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Fig 4:Cross section through the reservoir, highlighting the
degree of heterogeneity and interpreted zones
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- CO2 accumulated below
two baffles in zone 4
- Bimodal saturation
distribution, average of
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- CO2 migrated into
zone 2, mobile
migrating front
- 62% max saturation,
22% average

3) Seismic modelling

2) Rock physics modelling

2D elastic finite-difference modelling using Nucleus+
- Simulated the acquisition of a single line towed
streamer survey
- Performed for each time-step and velocity model
- NMO corrected and depth-migrated

To understand the end-members velocities, and the underlying role and impact of patchy
saturation on seismic detectability, we employed Gassmann fluid substitution workflow,
assuming both end-member models.
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Fig5: Depth migrated seismic section, juxtaposed
with velocity model
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CO2 increases reflectivity and results in time-shift
Clear difference between patchy and uniform models
Plume evolution successfully mapped in both models
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- Negative impedance at
structurally trapped CO2
- Accumulations within each
zone interpretable
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Patchy Model
- Modified Gassmann-Hill
- Slight change in velocity at
low saturations, ∼-200 m/s
- Allows for intra CO2-plume
interpretation
- Linear relationship
between velocity and CO2
saturation
Uniform Model
- Gassmann-Reuss
- Large change in velocity
throughout
- -550 m/s from the outset
- Large contrast with
background
- Features within body
indistinguishable

Conclusions
1. Synthetics provide confidence in seismic detectability of injected CO2
- Both models highlight the ability to detect CO2 growth and accumulations within each zone
2. Synthetics show key differences between the patchy and velocity models
- Uniform model showed large changes in amplitude throughout, but difficult to distinguish
changes within the plume
- Patchy model resulted in a more subtle change in amplitude; each negative impedance
change was directly related to accumulations of CO2
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Fig 3:Geophysical log analysis of the Bunter Sandstone Formation and
interpreted depositional environments of the reservoir subdivisions
(Williams et al., 2013)
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3. Amplitude change is directly related to CO2 saturation within each zone
- suggests that patchy saturation not only has great implications regarding detectability
- but also when quantifying volume of injected CO2 within the reservoir.
Williams, J. D. O., Jin, M., Bentham, M., Pickup, G. E., Hannis, S. D. & Mackay,
E. J. 2013. Modelling carbon dioxide storage within closed structures in the
UK Bunter Sandstone Formation. International Journal of Greenhouse Gas
Control, 18, 38-50.

The authors would like to thank E.ON and ETP for
sponsoring this work as well as PGS for providing
Nucleus+ and for allowing the use and publication of
the Bunter modelling results.

