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Abstract

Basin models are currently used to reproduce the present-day observed pressures in basins by modeling coupled processes such sedimentation,
compaction, heat-flow and fluid flow. Measured pressures are consequences of the geological history of the basins and are related to an obvious
estimate of the history of permeability fields. Permeability variations can be explained by geological, physical and chemical processes occurring
in the course of the basin evolution. Moreover diagenetic phases have usually been associated with brine fluxes within basins.

The aim of our work is to calculate paleo-fluid flow which is then compared with fluid circulation assumptions proposed in geochemical studies
to explain the main diagenesis stages identified in reservoirs. Therefore we developed a prototype for salinity transport based on Temis3D
Software, which is a coupled numerical simulation program that evaluates pore pressure, porosity, overburden and other petroleum parameters
through time. In our prototype, the salinity transport processes are calculated with an advection equation for a non-reactive solute such as salt.
The heat and transport equations are coupled with the flow equation through the dependence of fluid density and of fluid viscosity on
temperature and salinity. Equations are processed numerically by a finite-volume method on a square grid throughout the simulation of the basin
evolution. For salinity transport, we require that groundwater along the halite bed maintain a salinity corresponding to saturation with respect to
this mineral, and constant concentrations at surface are used in distinguishing marine and continental environments. Finally the integration of
salinity transport through the geological history of the basins permits one to constrain the past evolution of a basin particularly in terms of
paleosalinity and paleotemperature using fluid-inclusion data. As basin models try to reproduce through geological time coupled phenomena,
they are dedicated tools to distinguish likely patterns of paleo-fluid flow for diagenetic models.

A simulation of the 200Ma geological history of the North Louisiana Salt Basin is presented and discussed.

Copyright © AAPG. Serial rights given by author. For all other rights contact author directly.
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Outlines

= Salt Transport and Basin Modeling

= The Model for the origin and the transport of
basinal brines

m Case study: North Louisiana Salt Basin
= Results and Discussion

m Conclusions
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Salt Transport and Basin Modeling

= Basin modeling: two major aims
= Overpressure assessment
= Oil migration pathways

= Basin plumbing very important
m stratigraphic geometries
= petrophysical properties of rocks

m Overpressures and good understanding of
sedimentation rate = estimate of permeabilities

= Without overpressures, a way for estimating flow
velocities = use of tracers

Guichet et al. — Rio — AAPG ICE 2009 Rio de Janeiro — November 16.

H
© IFP




H © IFP

s}
o .
L | L]
L]
S S
=

Salt Transport and Basin Modeling

= Salinity like a geochemical tracer of fluid flows
= Present day: salinity measurements
= Past: fluid inclusion

= Salinity is also a key parameter for processes linked
with geochemical reactions
= salinity determines ionic strength, activity of chemical species
= salinity has an indirect control on CO2 solubility, for example
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Model

m Advection Law

ot | V(C -\7): g

ot

= Equilibrium Assumption Source law q (Buried Halite)
= groundwater along the evaporite bed Salinity Is calculated by polynom
maintains a salinity corresponding to function of the temperature_
saturation with respect to halite The polynom based on Harvie-
(Bethke, Basin 2) Moller model (1984)

= Boundary Conditions (set of salinity along the basin surface)
m for each event, the user provides the salinity
m 35 g/L offshore, about 1 g/L onshore
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Case Study: North Louisiana Salt Basin

= Numerous available data

= A. Salvador " The geology of North America. Volume J : the
Gulf of Mexico basin’', 1991

= Produced Water Data (USGS)
http://energy.cr.usgs.gov/prov/prodwat/

m Studies of reference

= Basin Modeling
= Harrison & Summa (1991)
= E. Mancini (2006)
= Geochemical studies about the Origin and Transport of
basinal Brines
= J. Hanor (Baton Rouge, LSU)

= Thermal history
= S. Dutton (BEG, UT Austin)
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North Louisiana Salt Basi
history
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Simulation Results (general observations)

m Plumes around Diapirs

m Lithologies determine the
extension of the salinity
plumes
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Union County (South Arkansas)

OTUnion Co., Arkansas  y=-250.98-1.1846e2x A?= 0970 = Hanor (1984) suggested that
the systematic linear increase
In salinity represents an
ongoing, steady-state mass
transport of dissolved NaCl
from evaporites at the base of
the section to the base of the
shallow meteoric regime.

m  Numerical modeling by
Ranganathan & Hanor (1987)
showed that molecular and
Soret diffusion are probably
not rapid enough to account
for the observed profile
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Union County (South Arkansas)

TDS (g/L)
(o] 50 100 150 200 250 300 350 400 450

Assumption: halite was present with
Ferry-Lake Fm. in the NE part of the
block, but it has been eroded.
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When sedimentation stops,dilution of
brines with meteoric waters occurs.
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Union County (South Arkansas)

= Ad-hoc permeability calibrations allow fit of the salinity trend and
the contact between meteoric water and basinal brines

TDS (g/L)

Depth (r
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Conclusions

= We propose a new algorithm for 3D calculations
including
= halite dissolution
= salinity transport by advection

m The algorithm gives us access to
= salinity history
= water mixing

m The new tool is relevant to assess present and paleo-
fluid flows in basins with salinity contrasts

m Next steps
= chemistry for evaporites
= toward a simplified reactive transport at basin scales
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