Workshop Sinergia LNCC-EMPRESAS

Marcio A. Murad
COMOD-LNCC

Laboratério
Nacional de
Computacdo
Cientifica

LNCC-EMPRESAS

1/7



Scientific Challenges

@ Deep Offshore Exploration

@ Carbonate Rocks: Heterogeneity

@ Geological Complexity

@ Fractures, Faults, Vugs, Cave Network
e CO, disposal
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Pre-Salt Reservoirs: Carbonate
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Trapping Mechanisms: iv) Mineral Trapping

@ Solubility —— Acidification —— Weak carbonic acid

CO, + H,O = HCO, + H*

(water acidification)

@ Trigger Dissolution — Precipitation Geochemical Reactions

CaCo; (s) + H,CO; (aq) = Ca?* (ag) + HCO;™ (ag)

CO, () +H,O ()
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Presence of a Cave Network

Karst Conduits

e Fractured Corridors. Enlarged due to Dissolution Collapse

Kars! vasey fomed Irom
colescing sinkholes
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Presence of a Cave Network
Karst Conduits

ABC COMOHR/LNCC 23 / 25



Dimension Reduction

Coupled 3D - 1D Model
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Summary - High-Fidelity (Fine-Scale) Model

Bmaait’" —V - (KnVPp) = KI(Pm — P)éa QCR3
Bfaaif — V. (KfVoPf)= (v —v,)-n T CR?
8o+ S = (P~ P)

Ve = — cC:]I,)SC in v, R!

da — Dirac line source
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[l Incorporate Outcrop Data

e GPR — Elecro-Magnetic Waves Near-Surface Seismic Acustic Waves

loctodo.
.....

e — Joint Work with F Hilario Bezerra and F Pinheiro (UFRN)
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Outcrop FURNA FEIA
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RADAR FACES

RADARFACIES

TIPO DE REFLETOR
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IMAGE PROCESSING
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Extension to 3D Scenarios

Preliminary Results— One-Way Formulation

°
@ Given a Homogeneous Initial Total Stress
@ BB Normal Contact Stress Given

o

o088 = (o1 +ap)n
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Pre-Processing Approach

Pr,=40 MPa

(fractures)

Po=55 MPa
(matrix)

Transient simulation

to compute equivalent permeabilities to compute exchage coefficient
Input Data
Kx(mD) | Ky(mD) | Kz(mD) | K¢(D) (avg) | B (Pa") | B (Pa™!)
Mat+-Fract 343.29 343.29 0.026 5522.21
Matrix 343.29 343.29 0.026 0.0
Fractures 0.0 0.0 0.0 5522.21
Exch Coeff 343.29 343.29 0.026 0.0 | 7.1x1071 | 8.7x10716
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NEED FOR UPSCALING

Célula de Reservatorio
(200mx200mx20m)

Escala Meso
(Flow based)

Reservatdrio (Km)

Escala Macro

Célula representativa da matriz

Caverna (m) [
| com microfraturas e microvugs (m)

Escala Micro

XA
(Método analitico - Oda)
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PLUG-IN : UPSCALING

Plugins for the gOcad software

RINGToolKit

RING Team main Gocad/Skua piugin (n development)

Gocad plugins

SCube

correlations.

Gocad plgins J Scube]

FractCar

SCube is 2 SKUA-GOCAD piugin to perform stochastic muit-well correlations.

it andthen

With a set of rules, it computes the cost of
outputs the wel

pai of

‘The tules that can be chosen are various such as the size of the units, the depth, the facies, ... o also the frequence

of observation of the association in a training forward model,

It can be used for lation and itis pos

FractCar is a module of allow

ds from these

fracture networks.

at natural in order to repr
| scale in fractured reservoir modeling workflow.

Contact: Francois Bonneau

organization and connectivity at various

Sponsor's menu

Ring Meeting papers
Plugins
Trainings

RING Meeting




PLUG-IN : UPSCALING

GRGLib
Bass plugin.

Gocad plugins Jll GRGLID

RestorationLab

Restorationlab is a research plugin which aims at removing deformations undergone by rocks to get the paleo-
geometry of a geological model. It is a great tool able to perform 3D restoration on both impiicit and expiicit geological

models.

Concretely it unfolds and removes the displacement due to the faults. It solves mechanics-based problem using finite
element element and DirichletNeumann boundary conditions. This plugin can also decompact a model atter removal
of alayer using classical porosiy laws. Since Gocad 14 this plugin uses RINGMecha, therefore restoration can be
applied independently to Gocad by command lines.

Contact : Benjanin P. Chauvin.

KarstMod

KarstMod is a olugn developped for 3D karstic network simulations. It is currently available on the Gocad 2009.4 platform and will soon be
moved to Gocad 2014.
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Water Alternate Gas Injection WAG
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Summary

@ LNCC team responsible for the High-Fidelity Model

@ Need for UPSCALING

@ Development of Plug-Inw for bridging LNCC work and
Coarse-Scale Commercial Simulators

Celula de Reservarcrio
(200mx200m20m)

Escala Meso
(Flow based)

Resenvatério (m)

Escala Macro
510 represertative Ga matriz
om micrafaturas e miconugs ()

Cavernz (m)

Escala Micro
{Método analitico - Oda)
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