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1. GeoMechanical Facies (GMF)
2. Facies Index (FI)
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1. Servo Control
2. Uniaxial Compressive Strength (UCS)
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Introduction

Geomechanical studies of hydrocarbon reservoirs
play a crucial role, particularly in their exploration,
production, and development (Garcia et al., 2008).
Petrographic studies on core-based thin sections
provide high-resolution micro-textural data which are
the key-link between the rock depositional/diagenetic
history and its physical properties. Furthermore,
sedimentological and textural characteristics have
been correlated to petrophysical and rock mechanical
behavior [e.g. 2, 3,4, 5,.,6.,7].

In this study, we develop a Geomechanical Facies
(GMF) concept that addresses the mechanical
heterogeneity of the Asmari reservoir. The latter
allows to characterize and better understand which
sedimentological features control the mechanical
behavior and its distribution throughout the formation.
The main objectives of this study are; (1) establishing
a relationship between sedimentological and
geomechanical characteristics according to a GMF
concept, (2) creating an empirical correlation between
petrographycal features (Facies index) and key rock
mechanical parameter (UCS).

Methodology

In the research, data collected from outcrop and
subsurface. The 22 blocks cover all the sedimentary
facies present in this formation. Out of the 22 blocks,
140 core samples with a length of 80 to 120 mm and
a diameter of 54.5 mm were extracted. Furthermore,

Accepted: June/05/2020

15 core plugs, standard thin sections and conventional
well logs (neutron, density and sonic) were available
from the wells #A & #B.

Petrography

Based on a quantitative image analysis of the
sedimentological features a “Facies Index” (FI) was
defined. The F1 s calculated based on five components;
G (grain), M (matrix / microporosity), P (visual
porosity), C (cement) and D (dolomite), all expressed
in percentage (Eq. 1). Here, G (grain) include bioclasts,

ooids/peloids, intraclasts (shell fragments), etc.

M +P
Facies Index G+M +P (D
C+D

Summation of all the five components is equal to 1.
Based on a color threshold of components (grain,
matrix, porosity, cement and dolomite) in the thin
section, JMicroVision software allowed to quantify
the amount of components. A low FI value indicates
high influence of diagenesis on the facies, i.e. very
cemented or dolomitized facies with low porosity
while a high FI value reflects the high percentage of
grains, matrix or (micro) porosity of a facies.

Triaxial/Uniaxial Compression Tests

A total number of 45 core specimens were selected for
triaxial and 22 for uniaxial test from all the constituent
facies of the Asmari Formation. The specimens were
tested in a triaxial compression test set up following
the [8]. The experiments were performed using a
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hydraulic, servo-controlled stiff testing system
manufactured by HEICO, model NL.502.302 that
comprises a hydraulic pump unit, a data logger and
various measurement sensors. The tests were carried
out on NX size, solid cylinders with a diameter of 54.5
mm and a length/diameter ratio of about 2.

Brazilian Tensile Strength Test

In the Brazilian test, a disc shaped rock specimen is loaded
by two opposing normal strip loads at the disc periphery.
Forty-five cylindrical specimens were used with a diameter
(D) of 54.5 mm and a thickness (T) of 27 mm, maintaining
a T/D ratio of 0.5, according to ASTM D3967.

Results and Discussion

In this study, Geomechnical Facies (GMF) is defined
based on a combination of sedimentary facies and rock
mechanical properties. For the determination of GMF
of these rocks, the FI for all microfacies are calculated.
Subsequently, the uniaxial compressive strength
(UCS) of rocks and porosity of the microfacies are
determined. By plotting the FI versus porosity and
UCS, 5 GMFs (GMFI1 to GMFS5) are distinguished
within the Asmari Formation (Figure 1).

Triaxial Compressive Strength Test

Asmari Formation in the studied oilfield is in the depth
of 3400 m below surface. The samples were subjected
to stresses equivalent to in-situ conditions, with a
maximum confining stress of 40 MPa. The tests were
carried out under undrained conditions. Results of
the triaxial tests at confining pressures of 20, 30 and
40 MPa are presented in figure 2, where stress-strain
curves for the 5 GMFs are illustrated.

The Mohr-Coulomb failure criterion is utilized in the
interpretation of triaxial test results. Based on six core
samples of GMF1, nine core samples of GMF2, twelve
core samples of GMF3, six core samples of GMF4
and twelve core samples of GMF5, Mohr circles are
plotted for each group of samples.

A best-fit tangent to these circles is drawn based on
which the values of ¢ and C are obtained. The results
show C values which range from 3.46 MPa for GMF1
to 8.12 MPa for GMF5. Furthermore, it seems that
cohesion increases with an increase in grain contact
and cementation of the samples.

The friction angle ranges from 31.7 degrees for GMF1
to 49.8 degrees for GMF5.

Indirect Tensile Strength

The tensile strength is increased from GMF1 to GMFS5.
Grainy texture with different grains (ooid, peloid and
various shell fragments) and low cement content likely
explains the low tensile strength of GMF1. Also, the GMF2
with partially compacted matrix and low content of grains
shows a higher tensile strength than GMF1. The main
reason for a higher tensile strength for GMF4 and GMF5
is the increase in the amount of cement and dolomite.
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‘ .
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® & 'S b *GMF1
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0
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Fig. 1 Determination of GMFs within the Asmari Formation

based on three parameters: 1- facies index, 2- porosity and
3- UCS.

Fig. 2 Triaxial compression curves of each GMF. From
GMF1 to GMFS5 stress-strain curves changed from smooth
softening to sharp softening.

Brittleness

In this study, by using P-wave, S-wave and density of
the tested samples, LambdaRho (4p) and MuRho (up)
were determined. Moreover, the Ap—up template has
been used (by us) to predict BI from the sonic wave
velocity for the core samples (Figure 3).

Some petrophysical parameters of reservoir rocks can
be estimated from Ap-pp cross-plots [7].

The cross plot is divided into four sectors that show
brittle to ductile behavior from left to right.

As shown in Figure 3, samples from GMF1 are clearly
plotted in the ductile field, and samples from GMF5
are clearly plotted in the brittle field respectively,
while the other GMFs plot in between.

The wide range of the brittleness, i.e. from ductile to
brittle, reflects the digenetic and microfacies heteroge-
neity of the Asmari Formation.
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resistance of a rock is the result of friction as a function

Brittleness Index . . . . .
of interlocking grains and particles, and cementation.

I Ductile . . ..
Lece ductle For creating a relation between parameters statistical
B Loss bxitis methods is used [8]. By plotting FI versus UCS, a

B st linear regression best fit curve can be derived allowing
to predict UCS from petrographical observations
(Figure 4). The latter is statistically significant at 87%
confidence level. Therefore, the linear regression
empirical equation can be used to predict UCS based

up [Gpallgiem?]

g gx; on microfacies characteristics (Table 2).
o gms The FI values of facies from various depositional
O GMF5 conditions clearly show that the environmental
condition (i.e. energy and water circulation) are
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 important factors that controls the geomechanical
4o (Gpallier] characteristics of the studied rocks (Figure 5).

Fig. 3 Ap-up cross plot showing brittle and ductile fields
and the positioning of the analysed GMF samples (template
based on [7]).

Table 2 Results of Spearman’s rank correlation indicating
a strong relationship between FI and UCS. Empirical equa-
tions for predicting mechanical properties based on FI (pe-
trography).

The main rock mechanical properties of GMFs are - - -
. Variables | Spearman rank correlation | Sample size
presented in Table 1.
FI and UCS | P: 1.479¢-08 22
Relationship Between Facies Index and UCS Predicted equation Correlation
The correlation coefficient of Spearman indicates a coefficient
strong reverse relationship between FI and UCS (Table FI=-0.2088UCS + 10.824 R:-0.867
2). If R? is close to 1, and the probability value, P, is
below 0.05, the two variables under investigation (in i
our case FI and UCS) display a strong relationship. By z . -
plotting FI versus UCS based on five GMFs, a strong i ..
relationship is observed between sedimentological/ . Ty, 1 i
digenetic and mechanical properties. - g '. ©
: ? e e
As FI decreases from GMF1 to GMFS, the quantity 3 -
of particles as well as particle size also decreases, 2 ‘
and the amount of cement and dolomite increases. 1 ... -
This implies that an increase in particle results in a o 2 & = % = x
decrease in UCS. By the increased amount of calcite ucs (Mpa)
and dolomite, the value of FI decreases, and inversely, Fig. 4 Plot of FI versus UCS allowing to construct an empiri-

the amount of UCS increases. Because of the shear cal equation between both parameters.
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Fig. 5 Facies index distribution model in the Asmari ramp. The FI changes display good correlation with the energy level of
environments and facies changes.
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Conclusions

According to the study which has been carried out, the
following results are obtained:

1- A major finding of this study is the quantification
of facies based on the calculation of the “Facies In-
dex” (FI). This index takes the main components of
sedimentary rocks into account based on image analy-
sis. FI for the Asmari Formation varies between 0.1
to 9. Moreover, the value of FI is highest in porous
shoal grainstone facies, based on the high frequency of
grains and interparticle porosity. For the deep marine,
central lagoon and supratidal sediments, FI is moder-
ate to high while for the shallow open marine and mar-
gin of the lagoon facies, it is moderate. In the seaward
and leeward shoal facies, because of the high rate of
calcite cementation, FI is low. Finally, the lowest FI-
values were encountered in the restricted to dolomud-
stone tidal flat facies.

2- In the Asmari Formation the high energy shoal envi-
ronments within porous grainy lithologies and FI > 7,
the UCS is between 12 to 18 MPa (GMF1). For lithol-
ogies that reflect back and front shoal environments
that are cemented, FI varies between 1 to 3 and UCS
is rather high (38 to 46 MPa) (GMF4). For lithologies
that reflect medium energy environments such as shal-
low open marine and margin of a lagoon, FI values
vary between 3 to 5 and UCS between 28 to 38 MPa
(GMF3). For the lithologies deposited in low energy
environments with mud/microporosity dominated fa-
cies such as deep marine, central lagoon and the mud-
dy parts of tidal flats, FI increases from medium to
high (5 to 7), and it is inversely correlated to UCS that
is about 18 to 28 MPa (GMF2).

3- Facies index and UCS show a good reverse correla-
tion (R* = -0.87). Thus, UCS can be predicted based
on petrographical analysis. Other mechanical param-
eters such as tensile strength, cohesion and friction
angle display a similar trend with facies index as that
for UCS.

Nomenclatures

FI: Facies index

GMF: Geomechnical Facies

UCS: Uniaxial compressive strength
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