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Project overview

To ensure the safe operation of an underground CO2 storage
site, it is important to understand how CO2 is migrating
through the reservoir. This is often a function of rock
heterogeneities, which act to control the distribution of CO2
from the pore scale to the whole reservoir. A revised analysis
of seismic data at Sleipner has revealed large-scale, roughly
north-trending, channelled ‘fairways’ at a range of levels in
the Utsira Sand. The data also reveal localised stratigraphic
‘point discontinuities’ within the reservoir, some of which
show evidence of having provided vertical conduits for
earlier natural gas flow. This study is investigating the effects
of incorporating these heterogeneities into reservoir models
with flow properties constrained by the arrival time of CO2 at
the reservoir top just prior to the first repeat survey in 1999.

Fig. 1 Channelling in the topmost reservoir sand at Sleipner as observed on
seismic data. a) Isopach map of the top reservoir sand showing elongate NS channels. b) Seismic section through these channels. A vertical gas conduit
(chimney) is also imaged in (b).

Key objectives:
1) Investigate the effect of incorporating horizontal and
vertical heterogeneities observed on seismic data into
reservoir models of the Sleipner CO2 storage site.
2) Improve the history match between reservoir model and
seismic observations of the CO2 plume.

Research highlights

1) A new 3D reservoir model of the whole Sleipner plume
has been built, incorporating heterogeneities observed
on seismic data.
2) This model has been used to provide a good fit to seismic
observations of CO2 layer development at Sleipner.

Emerging findings

1) Seismic observations on reservoir structure and heterogeneity have
been used to develop an improved reservoir model of the Utsira
Sand at Sleipner.
2) Numerical flow simulations using the revised reservoir model show
markedly improved history-matches for key CO2 layers within the
plume compared with models that have laterally homogeneous sand
properties (Fig. 2).
3) Synthetic seismograms of the preferred plume flow model,
calibrated by recently acquired laboratory rock physics data from the
Utsira Sand, provide strikingly good matches to the observed timelapse seismic datasets, in terms both of reflectivity (Fig 3a,b) and
time-shifts (Fig 3c).

Fig. 2 Evolution of key layers 9, 8 and 5 in
the CO2 plume. White polygons delimit
the CWC observed on time-lapse seismic
data.

Fig. 3 Comparison of 2D synthetic
seismograms computed along a 2D
profile through the reservoir model (a)
with the coincident inline from the 2010
time-lapse monitor survey (b). c)
Modelled Vs. observed pushdown of the
base reservoir reflection.

Next steps

1. Conduct a detailed analysis of reservoir properties of the Utsira
Sandstone as measured on Petrophysical logs in regional
hydrocarbon exploration wells.
2. Incorporate these updated properties into the reservoir model to
improve robustness.
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