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Matrix

« Capillary entry pressure
« Seal permeability

* Pressure seals

« High permeability zones

Figure: IPCC
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Flow on faults
Flow on fractures

Flow on hydraulic
fractures

Flow between permeable
zones due to
juxtapositions

Fractured shales

Geomechanics

» Hydraulic fracturing
» Creation of shear fractures
« Earth quake release



Slip tendency analysis

J.E. Streit, R.R. Hillis | Energy 29 (2004) 14451456

* Requires good
Information on
pre-existing
fractures.

e NO occurrence
of new fractures.
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Geomechanical Modeling of seal leakage S&l
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Geometric influence on o, &
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Modeling thermal effects

Gas saturation at 2 Mt/year allowing
fracture propagation
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Gas saturation at 2 Mt/year allowing
fracture propagation and thermal cooling
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Sleipner case study QY

Vtsira 1ormation

€O, imgrcuan well

Figures: Statoil



Subsurface leakage through fracture caused 1)
by water injection on Tordis

(Utsira formation same as on Sleipner)

Bilde 4.2: Utstrekning av gropen pé havbunnen

Source: Statoil, FMC



Mitigation main problem addressed

« Currently there is no method to
stop reservoir leakage except
depleting the injection formation

« With thousands of sequestration
projects do we expect no cap-
rocks to leak?

 If leakage occur what should we
then do?

Source: Aftenbladet.no

-~

No guarantee against CO, leakage.
CO, sequestration should solve Norway's climate

the subsurface?

\

budget. But when water can leak is it safe to store CO, in

/
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Project objective

The main objective for this project is to simulate cap rock leakage and
simulate the success of remediation of leakage paths through the
cap rock for a shallow CO, injection site through coupled reservoir and
geomechanical modeling. The specific objectives is:

I. develop a detailed 3D shared earth model, to use as a
consistent data set for coupled reservoir and mechanical
simulations.

i. develop the methods to perform coupled 3D reservoir and
multi scale geomechanical simulations and conduct
simulations on a detailed shared earth model for the City
Utilities of Springfield CO, sequestration demonstration site.

lii. develop fracture leakage remediation methods for sealing
fractures and faults if a leak through the cap rock occurs and
develop modeling capabilities for evaluating success of fracture
remediation.
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Overview of Geological Storage Options m—— Droduced oil or gas

1 Depleted oil and gas reservoirs S S ssscssessse INIhieciediC O
2 Use of CO, in enhanced oil and gas recovery Stored CO

3 Deep saline formations — (a) offshore (b) onshore 2
4 Use of CO, in enhanced coal bed methane recovery
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Why shallow sequestration in the Lamotte )
sandstone?

Source, PCOR
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Scope of work statement

Develop a coupled 3D geomechanical and reservoir modeling approach
to simulate the possibility of leakage of CO, through the cap rock and
further to simulate remediation technologies for sealing faults.

A detailed shared earth model to conduct a more geologically correct
explicit coupled reservoir and geomechanical simulation to capture the
effect increased pore pressure and reduced temperature has on the
stability of the cap rock.

This approach will give a much higher reliability of the location where
the leakage in the cap rock may occur.

The project scope further includes the development methods to
remediate leakage of CO, by sealing of leaking faults or fracture.

Different options of fracture sealing materials for leaking fractures will
be tested in the laboratory which will further incorporated in the
geomechanical simulations.
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G ant C h art 1.0 Project Management, Planning, and Reporting
>

2.0 Development of a shared earth model >

2.1 Geological and petrophysical model

2.2 Geomechanical characterization

A 4

2.3 Rock mechanical testing

A\ 4

3.0 Model development >

3.1 D Finite element (FE) model construction
3.2 Calibration of the 3D FE model to the in

situ state of stress

\ 4

\4

3.3 Static reservoir modeling >

Task 4.0 Coupled modeling >

4.1 Coupling of res. and geomech. model

4.2 Coupled modeling reservoir model

v

4.3 Coupled modeling — geomech. model

\4

4.4 Res. and geomech. results analysis —

5.0 Experiments of fracture remediation

5.1 Design of fracture filling materials

v

5.2 Fracture filling shear apparatus test

\ 4

5.3 —Fracture filling triaxial test

6.0 Numerical verification of fracture remediation P[



ask 2.1 1D Geological model
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Task 3.1 1D FE-model
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Task 3.3 Static reservoir modeling

Grid model of reservoir
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Task 4.1 —Explicit coupling of reservoir and
geomechanical model

Leakage phase

Reservoir
Simulation
Model

Complete failure
of the caprock

PHASE 1 To
Pre-injection: Pco2=0 Injection time step 1 Injection time step 2 Injection time step 3
Reservoir Reservoir Reservoir Reservoir
Simulation — Simulation EE— Simulation « > Simulation
Model Model Model Model
Change k at
Shared Earth location of
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Model fractures
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Task 5 Design and
selection of fracture
filling materials,
cement grouts,
polymers.
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Task 5.2 —Fracture filling test in shear
apparatus

Modified direct shear flow test
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Task 5.3 —Fracture filling test in triaxial cell
at elevated stresses S&l

Triaxial test with existing fractures
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Task 6.0 — Numerical verification of fracture
remediation

PHASE 2

Mechanical Earth
Model

location & extent of
fractured region,
orientation and type
of fractures

Remediation
tests

Injection time step

Reservoir
Simulation
Model

/

new fracture
properties

N

PT

v

Mechanical Earth
Model after
injection step 1




Project impact and benefits

*Develop new numerical simulation methods to identify
rates and location where leakage can occur

*Develop new materials to seal of fracture leakage in cap
rocks

*Developed materials will be beneficial for wellbore
remediation



Summary

OBJECTIVE
* Locate CO, leakage from subsurface injection

« Simulate cap rock leakage probability and rates
» Develop fracture leakage remediation methods for sealing fractures and faults

TECHNICAL APPROACH

* Create a shared mechanical earth model of City Utilities of Springfield shallow CO2
sequestration demonstration site

 Perform coupled 3D reservoir and multi scale geomechanical modeling of leakage risk and
rates

» Develop fracture leakage remediation methods for sealing fractures and faults

IMPACTS

» Develop new numerical simulation methods to identify rates and location where leakage
can occur

» Develop new materials to seal of fracture leakage in cap rocks
» Developed materials will be beneficial for wellbore remediation



