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Abstract

Hydrostatic compression tests on rocks, if conducted at
stresses below failure, typically exhibit both non-linearity
and hysteresis in the stress—strain curve. This behavior
can be associated with the presence of cracks and pores.

In this work, porosity and bulk volume deformation were
analyzed and the different behavior under loading/
unloading conditions reveals the grain/pore interaction
influence on these properties.

Experiments were conducted increasing hydrostatic
pressure from 400 psi to 1000 psi, registering loading and
unloading data, on carbonate samples of American
outcrops.

The dissipated energy related to frictional sliding and
adhesion effect, during confinement cycle, was estimated
by the area of hysteresis loop in the effective pressure
versus bulk volume graph.

Introduction

Geomechanical understanding of reservoir is controlled
by yielding, failure, and elastic processes, which are
strongly related to mineralogical composition, porosity
and pore structure. There is a lot of previous work
dedicated to analyze these properties (David et al., 2012).

Most part of these works, meanwhile, does not make any
references to the unloading data. It means: Does the rock
loading behavior the same on unloading? Three main
factors govern the differences between these two modes:
The porous volume available to be deformed, the grain
shapes alterations and the number of contacts
grain/grain, grain/pore and pore/pore, which are
determinant on the friction and adhesion coefficients
calculation.

If the cracks of a porous rock are all open and randomly
distributed, the overall response is isotropic. Otherwise, if
some preferential cracks start to close, it causes frictional
sliding and the overall response will depends on the
loading conditions (Nejati et al., 2013).

Mukul (1994) reports adhesion as a mechanism
associated with asperities, relating roughness with the
confinement pressure required to cause attenuation in
local contact surfaces.

According to Garcia et al. (2006), characterization of the
hysteretic behavior of rock materials is essential for the
propitious monitoring of depletion rates on reservoirs.

The magnitude of the hysteresis cycles is related to the
attenuation properties of the rocks and to explain the
phenomena, it is important to investigate the relationship
between friction and adhesion (Tutuncu et al., 1998).

The objective of this work is to analyze the influence of
the pore structure compression on petrophysical and
mechanical properties, giving particular attention to the
phenomena occurring on each loading/unloading stage.

Methodology

The experiments were carried out using four cylindrical
samples at Petrophysics Laboratory of UENF/LENEP.
Initially, each specimen was previously oven-dried at 100
0C for 8-24 h to reduce humidity and Ultrapore system
was used to determine the grain volume.

The samples were submitted to porosity measurements
on the Coreval 700. The equipment is capable of
acquiring data from rock samples while hydrostatic
confinement pressures are applied performing a loading-
unloading cycle from 400 psi up to 1000 psi. The maximal
stress (1000 psi) chosen, which was the same for all four
tests, is less than approximately 20% of the UCS (Table
1).

Measurements were taken from each rock sample three
times on each confinement pressure stage, to guarantee
data accuracy.

The equipment measures porosity, bulk volume and
length and diameter of samples, through a piezoelectric
transducer, on each confinement stage.

Effective pressure (Peff), relative porosity (¢re) and
volumetric deformation (evol) are defined as:

Peff = Pc — Pp (1)
trel = (¢ - do)/ do (2)
€vol = (Vb — Vbo) / Vo (3)
Where:

Pc— Confinement pressure

Pp— Pore pressure

¢ — Porosity

¢o— Porosity at atmospheric pressure

Vb — Bulk volume
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Table 1 shows the main measured properties for the samples.

Sample code Description Vg [cm?] Lo[mm] Do [mm] Voo [cm?] UCS [psi]
SD Silurian Dolomite 64.42 65.19 38.21 74.75 8000
ILS-70 Indiana Limestone 61.38 65.26 38.26 75.03 5000
ILS-10 Indiana Limestone 67.18 64.44 38.23 73.97 5000
EW Edward White 49.76 65.05 37.67 72.50 5000

Table 1 — Samples characteristics
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Figure 2 — Violumetric deformation varying with

Red points represents loading, while black points confinement pressure for SD (a) and EW (b)
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Figure 1 — Relative porosity varying with confinement Figure 3 — Relative porosity varying with confinement
pressure for SD (a) and EW (b) pressure for ILS-10 (a) and ILS-70 (b).
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Figure 4 — Violumetric deformation varying with
confinement pressure for ILS-10 (a) and ILS-70 (b)

Figure 5 shows the relationship between the confinement
pressure and the bulk volume of SD and EW samples.
The area between the loading/unloading curves was
calculated to estimate the magnitude of the hysteresis,
which allows correlating the internal frictional and
adhesion processes occurring inside the sample during
the tests with its attenuation properties.

EW exhibits a dissipation energy of 0.10377J (area
between its two curves on figure 5) and SD of 0.14927 J.
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Figure 5 — Bulk volume varying with confinement pressure

Discussion and conclusions

As higher is the area between loading/unloading curves,
more dissipative are the samples, it means, the difference
between the energy required to cause sample's
deformation and the energy required to return it to its
original mode is higher and, consequently, the attenuation
on the sample will be more relevant, because during the

passage of a compressional or shear acoustic wave on
the sample, more energy will be lost causing its elastic
deformation.

For EW, which is a sample of higher porosity (around
30%), deformations were easier to be made on loading
conditions. In contrast, on SD, which is a sample with
porosity around 13%, deformations were easier caused
on unloading conditions.

It allows concluding that in samples with higher porosity,
which has a larger number of possible contact between
grain's surfaces, the adhesion mechanisms is more
weighty that in samples with lower porosities, which for
friction between the grain’s surfaces act more intense as
a deformation mechanism.

The area between the two curves has a unique meaning:
Despite the two possible mechanisms acting, both causes
the dissipation of the energy on the rock, in other words,
as much more adhesion or frictional processes occurring
in the sample, as much more attenuation it causes.

EW shows a dissipation energy of 0.10377J (area
between its two curves on Figure 5) and SD shows it
equals to 0.14927 J, so, due respect to the frictional
sliding and adhesion processes occurring during elastic
deformations, SD causes more seismic waves attenuation
than EW.
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