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Agenda

 Background and motivation
e Short on CO, storage mechanisms
 Model review: equations and physics

 Examples, storage mechanisms:
1. Comparing two viscosity ratios: 1. n3, > m, 2. m > m,

2. Solubllity trapping: Comparing dissolution of CO, vs. no-
dissolution

3. Residual trapping
Poroelasticity (including dissolution of CO,)
5. Calculating pH

e




Background and motivation

Two main areas of interest:
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2. Gas flow into and out of a well; T
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CO, storage mechanisms

« Storage idea: Inject CO, into a suitable porous formation
below an intact cap rock so that it will not leak

« Types of storage mechanism of CO.,:
1. Structural trapping: Migration blocked by
impermeable cap rock 100

Structural &

2. Residual trapping: CO, stabilized by capillary stratigraphic

trapping

pressure

3. Solubility trapping: In time CO,, will dissolve
in salt pore water (heavy, descends)

4. Mineral trapping: In time CO, will chemically
react with rock to form carbonates and
precipitate
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Modelling challenges

1. How does the CO, migrate in the formation,
considering perforated/poorly plugged wells, faults,
fractures, etc.

- Two-phase flow (maybe even more phases)

2. How does CO, injection affect the rock
- Poroelasticity

3. Chemical reactions and borehole integrity

- Solubility of CO,, in water

(Other effects are: chemical reaction with rock formation,
corrosion, erosion, degradation of bore hole)




Model review

Equations and physics




Two-phase flow equations
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Two-phase flow equations
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Biot linear poroelasticity equation
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Mass balance equation, CO,(aq)
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pH calculation

CO,(sc) CO,(aq), dissolution (sc — super critical)
CO,(aqg) + H,0() H,CO,(aq), hydration

Treating CO,(aq) and H,CO,(aq) as one entity, CO,*:

CO,*+ H,0 HCO,; (aq) + H;0*(aq), first dissociation, pKa,
HCO, (aq) CO,? (aq) + H;0O*(aq), second dissociation, pKa,

Using:

* Protolysis constants, K, and K,

» Steuchiometric relation for initial concentration ¢ of carbonic acid
» Water constant, K,

 Electro neutrality

Four equation, four unknowns: pH =- Ioglo(\/Kalc +K_,ct+K, )



CO, density and solubllity

Symbol | Value Unit Description
PH20 1000 [kg/m3] | Density of water-phase
Peos 700 [kg/m3] | Density of CO,-phase
Csat 1300 | [mol/m?] | Saturation concentration of CO, in water
Solubility of C02 in water
2
g
f: 15
100
50
& 12.3

Temperature, [C°]

30

20

Pressure, [Pa]



Model (200 x 250 m?), axial symmetry
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Example 1: Viscosity ratios



Example 1: Viscosity ratios, version 2
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Example 2: Solubllity trapping



Example 3: Residual trapping



Example 4. Poroelasticity
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Example 5: Calculating pH
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Conclusion 3

A robust model (2D and axial symmetric) that considers
many main features related to CO, injection

 More chemical reactions to be added

* More realistic material models (poroelasticity)

Most important storage mechanisms:
* Residual and solubility trapping

Remaining tasks:
» Verification (planned lab-experiment summer/fall 2009)
o Simulation of “real-life” cases

Thank you for you attention!



CO, solubility and pK,,
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Pressure, [Pa]

Solubility of CO2 in water

Temperature, [CO]
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