Classification: Internal Status: Draft

Ongoing research about CO2 storage in StatoilHydro

Terje Andresen
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Main activities

— Storage potential

— Seismic modeling

— Sleipner chimney

— Sand injections

— Monitoring

—CO, storage sites:
 Sleipner, Norway
* Snghvit, Norway

 In Salah, Algeria
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Storage potential on the Norwegian shelf

® Traps:

— Abandoned fields

—Undrilled structures

— Dry structures

— Storage outside structural closures
® Areas:

— Utsira Fm.

— Tampen megaclosure

— Treenabanken

— Alpha structure, Haltenbanken

— Abandoned fields
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The Utsira Formation with Sleipner
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Seismic monitoring of Sleipner CO, injection

¢ 8,4 million tonnes injected in period
1996-2006

* Area of CO, plume: 2,8 km?
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® Length of CO, plume: 3760 m
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Vertical CO, distribution

2/3 of the CO, in layers 1 — 7: below mapped closure
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CO, distribution — with chimney
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How was the chimney created?
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Modified
color scale

Origin of
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event?
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Sleipner reservoir modelling

® Darcy flow
—Modelled by Sleipner reservoir asset team

— Eclipse black oil reservoir model with CO,, as oil

® Invasion percolation modelling
—Modelled by Permedia using Mpath

— Mpath originally designated for modelling of secondary migration of oil
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Eclipse model results year 2002 and 2006
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Mpath (Permedia) model: Results year 2002 and 2006
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Choice of modelling tools may influence the simulation
results.
- And ultimately the CO, storage site choice?

StatoilHydro



15

Occurrence of sandstone intrusion systems

O Sandstone intrusion networks
® Blow-out/fluidization pipes
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Santa Cruz - California

Sand injection
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Panoche - California

® Sand injections
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Gravi met
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ry measures in-situ CO, density
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Fressure [bar]

Density from e.o.s. of pure CO, [kgfmS]
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® Different temperature
estimates give very different
values for the density of
CO, in situ

®* Time-lapse gravimetry can
tell the difference

Sleipner/Utsira conditions
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Curnulative CO2 plume thickness in meters (2006)
Contours show top Utsira at 752 and 800 m bsl
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Snghvit

Snghvit 8 wells + 1 CO, injector

Albatross 4 wells
Askeladd 8 wells (2013/14)
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Reinjecting up to 700,000 tons CO,/year
COZ2 injection started spring 2008
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The In Salah CO2 storage site at Krechba

Satellite
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migration



24

The Road ahead for Underground Storage

StatoilHydro is currently involved in storing CO2:
® Offshore (Sleipner and Snghvit) and onshore (In Salah)
°*Below, above and within the producing formation

StatoilHydro will continue to reserch injection and storage
Issues related to these topics.

StatoilHydro



