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Motivation

* Hydrocarbon and Geothermal energy potential in (pre-salt)
carboniferous carbonates

» Difficult reservoir characterization, large uncertainty in
spatial distribution of discontinuity networks =2 unpredicted
hazards
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Reduce risks of subsurface applications by improving the
geomodeling workflow of fractured & karstified reservoirs.
This requires integration of coupled flow and reactive
transport in porous media with outcrop and lab data.
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Linearization

* Implementation depends on a
— nonlinear formulation
— number of phases and components
— fluid and rock properties
— efc...

* Involves huge volumes of code

The most difficult part to design and optimize
(especially for new hardware architectures)
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Which data involved in simulation?
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Simulation framework for inversion

Delft Advanced Research Terra Simulator

- Discretization in space, time and physics (OBL)
-  C++/CUDA implementation of performance-critical kernels +
open-source Python interfaces

« Validated for various geothermal and petroleum applications
« Adaptive parametrization in space of unknowns
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Compositional simulation with reactions

Reducing number of mass balance equations:
— Aris and Mahi, 1963: Reaction invariants
— Rubin, 1983: Tenads
— Lichtner, 19895 & 1996: Primary species
— Molins et al., 2004: Components
— Fan et al., 2012: Elements

Multiphase thermal multicomponent reactive transport
(Sequential or Fully Implicit schemes):

— TOUGHREACT (Xu et al., 2012)

— PFLOTRAN (Lichtner et al., 2019)

— DUMUX (Flemisch et al., 2011)

— AD-GPRS (Farshidi, 2016)
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Equilibrium reactions with OBL
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ability treatment
= -=Z| Non reactive volume (V) - Reactive Volume (V,) Ii Pore Volume (V)
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Bulk volume is a sum of reactive (V,), non reactive (V,,) and pore volume (V).

Vb: Vq,l- l’;—‘l' K‘LT

We introduce the concept of total porosity which is defined as
' =rt+o
Fluid porosity can be calculated using the mineral saturation values
(Pﬂ-l'l =t (PT (1 — Z"'_'lm S;:ﬂ-l-l)
L

Power law transmissibility multiplier using upstream fluid porosity

A
TM(Q?“+1) - (Eﬁ%&) - (1 i Z:lm Si""'l)A

In this way, TM € [0, 1], i.e. at any time: T = [T TM
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Operator form of equations

a(©)(@c(@) — ac(wn) + ) b(E @)Be(w) = c()ye(w) = 0
[

©a(€) = gV (®), a (@) = (14 ¢,(p — Pres) ) Z;%1 Xejp)S;,
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© b ) = 8@ Y | folw) = 57, T

© c(§) = AtV(S), V(@) = ik, verti

Example for a single kinetic reaction:
CaCO; - Ca*? + CO,%

Q
Ye(w) = v kA (1 - E) ZCaco3
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Slower Kinetic rates

Les = 100 [m]; H,es= 10 [m]; Q;; = 1 [m¥/day] = v,,, = 0.001 [m/day]

K.ate = 0.0005 [1/day] > Da ~ 0.5 K.ate = 0.00001 [1/day] - Da ~ 0.01
TU Delft




Conclusion and future work

« Parametrization approach extended for kinetic and
equilibrium reactions

» Flexibility of the OBL framework helps in
implementation of complex physics

On-going work

« Validate simulation results with reactions
-~ CO, sequestration
— Gas-hydrates

— Geothermal scaling
—~ Chemical EOR

« Add diffusion operators
»  Apply framework to fracture network
* Link to real cave data and laboratory experiments
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Conclusion and future work

» Parametrization approach extended for kinetic and
equilibrium reactions

+ Flexibility of the OBL framework helps in
implementation of complex physics

On-going work

« Validate simulation results with reactions
— CO, sequestration
— Gas-hydrates

— Geothermal scaling
~ Chemical EOR

» Add diffusion operators
»  Apply framework to fracture network
» Link to real cave data and laboratory experiments
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Wormholes in different discretizations

Les = 100 [m]; H,es= 10 [m]; Q;; = 1 [m¥/day] = v,,, = 0.001 [m/day]
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Kinetic reactions with OBL
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