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Presently, the available approaches to diagenetic modeling tend to be based on rigorous
thermodynamic, kinetic, and transport theory. These models typically require experimental data
and geological input that is difficult to obtain. Furthermore, the extrapolation of laboratory
experiments to geologic conditions requires very accurate and precise measurements that are so
far not attainable. Small errors in the temperatures and heating rates during experimentation can
become major during their extrapolation. On top of that, changes in reaction mechanisms
complicate the validation of kinetic parameters for wide temperature ranges, such as those
encountered in geological settings.

An alternative approach to estimate rate changes over large time scales (millions of years) is to
model them using geologic observations and time-temperature burial data. There are several
examples of empirically derived reaction kinetics in geologic systems, such as the kinetics of
petroleum generation (Lopatin, 1971; Waples, 1980), aromatization and isomerization of
hydrocarbons (Mackenzie and Mackenzie, 1983; Gallagher and Evans, 1991), and vitrinite
reflectance (Burnham and Sweeney, 1990).

We have developed a forward numerical simulator, based on empirically calibrated kinetic models
for several diagenetic reactions, to provide a reservoir quality prediction, that is, a porosity and
permeability prediction, suited for exploration problems. The model provides accurate predictions
for changes in sandstones from commonly available geologic data.

The simulator performs calculations in a matter of seconds, and results can be either plotted for
easy visual analysis or simply viewed in their raw form. A considerable amount of effort has been
placed into presenting a user-friendly graphical interface which allows for easy comparison of
results from simulations with visual tools to help spot various trends.
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With the simulator, different diagenetic processes are reproduced and compared to available
geological trends reported in different basins. Some of the algorithms and kinetic rates that our
forward simulator calculates are taken directly from the literature. Some other reservoir quality
controlling processes are shown and tested for the first time. The simulator calculates:

1) Sandstone compaction through geological time, based on data from the work of Pitmann
and Larese (1991), Lander and Walderhaug (1999), Chuhan and Bjorlykke.

2) Quartz cementation through geological time, based on work by Walderhaug (1994 and
1996).

3) Porosity reduction through geological time, based on the work of Lander and Walderhaug
(1999)

4) Albitization of plagioclase, based on Perez and Boles (2006),

5) Smectite to illite transformation, based on Huang et. al. (1993), Velde and Vasseur (1992)
and Elliot and Matisoff, 1996).

6) Fracture formation due to thermoelastic contraction, based on the uniaxial stress model of
Perez and Boles (2006).

7) Precipitation of intergranular calcite through geological time as a function of anorthite
dissolution, also through geological time.

All these processes aid in the prediction of porosity and permeability distribution in basins and
may be used to predict the two dimensional distribution of porosity and cements. Furthermore as
a paleothermometer and independent calibrator we included a popular vitrinite reflectance model
(Sweeny and Burnham, 1990). As mentioned, for the most part, the input parameters for each one
of these processes are derived from petrologic analysis.

To illustrate the utility of the model, we applied it together with vitrinite reflectance to regions in the
San Joaquin basin in California, Lake Maracaibo basin in Venezuela, Denver basin in Colorado,
Texas Gulf Coast basin, Paris basin in France, and geologic data from the Norwegian North Sea
basin. In all cases we see satisfactory results when compared to realistic geologic data, and are
able to reproduce reservoir trends.
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