A rock physics model for characterizing the total porosity and velocity of shale：A case study in Fuling area, China
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Introduction
Total porosity of shale is an important parameter to evaluate shale reservoir capacity and free gas resources, making it is the basic parameter for shale gas resource investigation and selection. Currently in order to obtain accurate data regarding the total porosity in shale gas reservoirs, various laboratory tests must be carried out. Generally, total porosity is only tested for in limited target layers, which is then constrained by laboratory test data. Instead, our model forgo’s lab testing by quantitatively predicting, and characterizing a shale reservoirs total porosity using well logging data (Lee et al., 2014; Mavko et al., 2003). Well logging data can be used to predict a reservoirs total porosity rapidly and accurately because geophysical rock properties (e.g. seismic Vp and Vs) and petrophysical properties (e.g. total porosity) are strongly correlated (Close et al., 2012; He et al., 2012). Wyllie et al. (1958) established a time average empirical formula describing the relationship between porosity and velocity in rock physics. Gassmann (1951) established a mathematical model to characterize the bulk modulus of a rocks mineral composition, porosity and velocity. Existing empirical equations (i.e. Wyllie empirical formula) and theoretical equations (i.e. Gassmann equation) are well established for sands, but predicting the total porosity of shale reservoirs remains a challenge due to large analytical uncertainties.
Methodology
The total porosity is not the only factor that affects the formation velocity – mineral composition and content, pore pressure, pore fluid-type and saturation, as well as pressure also affect the change of formation velocity. Therefore, the characteristics and laws that influence these various parameters must be considered in order to accurately describe a formations velocity. Taking a series of artificial cores as test objects, an individual parameter (total porosity, mineral composition and content, pore fluid type and pressure) response template is established, systematic analysis the characteristics and the law between velocity and other parameters. On the basis of this, a multi parameter rock physical characterization equation of the total porosity and velocity is established, and its applicable conditions are analyzed. Under the constraint of the rich geological and geophysical data in southern china, after much analysis from the well logging data and core test data in the Fuling area, a perfect model predicting the total porosity based on the well logging data can be created.
Results
Using the model predict the total porosity of this area, the total porosities of wells JY41-5 and JY11-4 were calculated. By comparison with measured porosity, the correlation between measured porosity and calculated porosity of well JY41-5 is 70.4%, while the correlation between measured porosity and calculated porosity of well JY11-4 is 81.2%. Fully demonstrated the porosity characterization equation established is accurate and feasible.
Discussion
The prediction model of velocity established from the petrophysical characteristics of artificial cores. Among them, porosity, quartz content, confining pressure, clay content, organic carbon content, pore fluid type are the main parameters affecting the propagation speed of acoustic wave in shale. In different shale study areas, these affect parameters are constant. Therefore, theoretically the velocity prediction model established in this paper is applicable to other shale study area. In contrast to the calculation of porosity using a single sonic log, density log, or neutron log, the established model combines velocity, density, and neutrons in the same model. The calculation of porosity using a single logging model is often limited by conditions such as lithology, mineral type and pore saturation conditions. The establishment of a joint model of velocity, density, and neutrons takes into account conditions such as lithology, mineral type and pore saturation conditions. Therefore, the porosity calculated by the joint model is more accurate than calculated by the single well logging model.
Conclusions
1. Using multi parameter optimization method and convergence analysis, determine the rock physical response parameters of quantitative characterization of total porosity.
2. Establish the velocity prediction equation influence by individual parameter (total porosity, mineral composition and content, confining pressure and pore fluid type).
3. Establish the characterization equation of total porosity in the Fuling area and test the accuracy of the equation. 
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