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Modeling transients of pressure, temperature, pollutants in porous fluid saturated rocks is a rather difficult task. In
particular, (i) nonlinear rock parameters bring to nonlinear evolution equations and (ii) local variability of these
parameters needs to to be properly investigated.

In this context, recently, some theoretical results about 1-D nonlinearities have been found in some articles (e.g.,
Merlani et al., 2011; Garra & Salusti, 2013; Caserta et al., 2015; 2017; Droghei & Salusti, 2015; Garra et al.,
2015). By analyses of the symmetry of considered evolution equations, the solutions are essentially functions of
x2/t (with x the 1-D space in linear, radial or cylindrical coordinate systems..... and t the time). One can feel that
these early results are far from constituting a general solution of full nonlinear models but some new ideas are
obtained.....Moreover, from Garra et al. (2015) one can see that fractional derivatives (space or time averages of
usual punctual derivatives) can be of some utility about the second problem (ii), namely to overcame the well
known local variability of the rock intrinsic parameters. Indeed if one doesn’t consider punctual space derivatives
but a space average values in a rather large geological zone, such local variability can somehow be simplified.
This kind of fractional differential models are however difficult to handle being related to a very complex
mathematical treatment. One can, however, remark how fractional derivatives of polynomials are proportional to
another polynomial, thus models of nonlinear fractional equations can have relatively simple solutions, a facts of
remarkable practical utility. This kind of analysis can thus be applied to some poro-mechanic problems, of interest
as new analyses of classical transient problems as thermal pressurization, micro-earthquake clouds evolution,
pollutant nonlinear diffusion, deep oil drilling, or classical building conservation.

References

Caserta, A., Kanivetsky, R., & Salusti, E. (2015). Towards a theory of solitary shock waves of fluid pressure and
solute density in geologic porous media. Procedia Environmental Sciences, 25, 44-49.

Caserta, A., Kanivetsky, R., & Salusti, E. (2017). On the theory of solitons of fluid pressure and solute
density in geologic porous media, with applications to shale, clay and sandstone. Pure and Applied Geophysics,
174(11), 4183-4196.

Droghei, R., & Salusti, E. (2015). A comparison of a fractional derivative model with an empirical model
for non-linear shock waves in swelling shales. Journal of Petroleum Science and Engineering, 125, 181-188.

Garra, R., & Salusti, E. (2013). Application of the nonlocal Darcy law to the propagation of nonlinear
thermoelastic waves in fluid saturated porous media. Physica D: Nonlinear Phenomena, 250, 52-57.

Garra, R., Salusti, E., & Droghei, R. (2015). Memory effects on nonlinear temperature and pressure wave
propagation in the boundary between two fluid-saturated porous rocks. Advances in Mathematical Physics, 2015.

Merlani, A. L., Salusti, E., & Violini, G. (2011). Non-linear waves of fluid pressure and contaminant den-
sity in swelling shales. Journal of Petroleum Science and Engineering, 79(1-2), 1-9.



