Basin modeling of a pilot CO2- storage
In a dolomite reservoir
Bohemian Massif, Czech Republic

Juraj Francu, Robert Prochac, Petr Jirman,
Lukas Jurenka, Jakub Vacha, Vit Hladik, Vladimir Opletal, Walter Wheeler

géch:')GICAL MND) rSB| SEJCICE:EI“#Y | (F)‘;(':JIL;;NC ‘ INSTITUTE OF GEOPHYSICS Néﬁ}R C E
A -j SURVEY ||| OF OSTRAVA | AND GEOLOGY el oanakins """’-
COORI \TOR
Norway Programme Kappa »
grants C R
grar‘ﬁ:a - o c R

Petroleum Systems technology Days 2022 Aachen, 30 Aug - 1 sep 2022 ,



Zar-3 pilot CO,- storage
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* Building a geological Petrel (Slb) model

* Reservoir and cap rocks geochemical properties
* Depositional settings in Jurassic and Paleogene
* Formation water geochemistery

* Burial and thermal history model

* CO2—water—rock interactions
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Lithofacial model SS: of the Jurassic in Zar-3
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Building the 3D static model
of the storage site
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3D view of the top of pre-Carboniferous (on the left) and pre-Jurassic (on the right) basement
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Bottom Seal

3D view of the top of the Carboniferous
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3D view of the top of the Jurassic Vranovice formation Principa| Reservoir
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3D view of the top of the Jurassic Mikulov formation
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Primary Seal 2

3D view of the top of the Paleogene

Fm.

Paleogene
Nes.

8
g

o)
c
@)

o)
o
2
©
o




SPICER),.

3D view of the stratigraphic succession at the Zar-3 site Seconda ry Seal 1
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Exploration and

production wells
in the Zar-3 field

Lithostratigraphic
units
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Lower_Carboniferous

G eochemistry
& Microscopy

. Core samples
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Geochemistry - Elementai analysis of rock samples
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PPL, XPL and Fluorescence Light Microscopy
Image analysis — Optical porosity
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Oolitic limestone impregnated by oil, pressure solution

Jurassic,
reservoir — upper part
ZAS5H, TVDSS 1467 m
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Vuggy & fracture porosity
Blue epoxy resin impregnation of the reservoir rock

PPL
U. Jurassic, Vranovice Fm., ZA4A, TVDSS 1507 m 17
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Zonal crystals of dolomite

Change in chemistry evidenced by dark and light green fluorescence
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Vranovice Fm. —
Dolomitic limestones

P — free pore space
filled with blue epoxy
resin,
rD — replacement
dolomite
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pD — pore-lining dolomite (arrow in fluorescence light) 19
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Optical porosity estimated by image analysis of color-coded pore space

altered peloidal-
bioclastic wackestone
with fracture porosity

polymodal
planar-s dolomite with
cavernous porosity

Reservoir - Vranovice Fm.
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Carbonate Depositional Environments & Lithofacies
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Piper Plot Formation Water Zar-3

Geochemistry
of the produced
formation water

Used in geochemical
CO2-water-rock
modeling

NaCl type
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Burial and thermal history ZA-3

Cepth [rm]

SPICER),.

Present day PSE
temperature
a 200 40.0 GO0 °C
| Incision of | =
q- submarine 0- s
S )
- canyon 1 | a
1 T R e Q.
(O
Z
500 500 Y seal
Temperature [°C] c
0]
F oo 2 O
T s &0.0 R N
1000 Z; c (@) et 1 A
| @ £S ol
O ol o © c ol . — [ Nesvac seal
o @ o = © Vs _
1500 { © & 0.0 o 2 S S F |50 {Res. T = 52-53\\°C Vran reservoir
15 & ' >Z © S = ]
|55 £ 5 =7 Mysle] |
jlma D © T > \ ysle] sea
|> > 0 £ a O o
EDDD T T | T T 1 T T 1 L T T T T T T | T T | — T T 1
300 200 100 0
Time [ka]

Past and current temperature distribution in the subsurface 23



Thermal maturity of source rocks used for model calibration
based on Rock-Eval Tmax, VRo and biomarkers
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Numerical modeling of CO,—-water-rock interactions

Aims
1. Prediction and understanding the changes
in primary reservoir and cap rock matrices (silicate/carbonate)
2. Predicting mineral neoformations.
3. Identification of phases capable of mineral CO2 trapping

Input parameters

1. Mineralogical composition of rocks and porosity data

2. Formation water chemical composition

3. Temperature 51,53 — 53,43 °C, Pressure 17,59 — 12,47 MPa

4. Temperature of stored supercritical CO2 - Cooling effect in reservoir
5. Relevant equilibrium and kinetic data to parametrize the model
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Predicted CO, - Water - Rock Interactions

Equilibrium model

Dissolution / Precipitation (mol)
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Predicted CO, — Water - Rock Interactions
Kinetic model of the caprock
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Conclusions

* Mid term results of the CCS pilot project provide details on the
- improved geometry of the oil field
- chemistry and mineralogy of the reservoir and caprocks.

e PetroMod shows the burial and thermal history related to the rock
properties.

* Equilibrium and kinetic modeling predicts a series of dissolution and
precipitation reactions following the injection of CO, into the reservoir.

* Next phase modeling aims to extend the reaction simulations to the 3D
space.

* Primary importance: storage integrity, seal efficiency, and safety.
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