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ABSTRACT
In this work, we determined the geomechanical properties of a typical hydrocarbon well within the Niger Delta Basin using geophysical well logs.
Geomechanical properties we estimated using acoustic velocities derived from interval transit time which was obtained from the well logs. The
results obtained shows that down the well, there is a general increase in trend of Young’s modulus ( ), unconfined compressive strength (
), bulk
modulus ( ) and shear modulus ( ) down the well, while Poison ration decreases as we go down the well. The average values obtained form ,
,
, , and are
,
,
,
, and
respectively.

1. INTRODUCTION
A proper understanding of geomechanics is needed to proffer solutions to reservoir compaction and subsequent
surface subsidence resulting from previous oil and gas exploratin within any petroleum system. In developing a
geomechanical earth model, there is need to identify and estimate some important geomechanical/poromechanical
parameters. The values of these parameters are not readily available for a typical Niger Delta reservoir system,
hence requiring some authors to use approximate values from reservoirs in Europe and America with similar
characteristics as that of the Niger Delta basin, or standard values which may sometimes lead to slightly erroneous
results, or results that may not be completely reflective of the typical Niger Delta reservoir. This is true especially in
the academic sector where well log data, seismic data and relevant software may not be available. There is
therefore, the need to calculate or have an estimate of the geomechanical parameters in building a geomechanical
earth model, or at least have an estimate of the stress/pressure distribution within a Niger Delta reservoir system.
There are diverse ways of estimating the needed properties, depending on the available data set. Sometimes, the
properties can be estimated using empirical correlations (Horsrud, 2001), using acoustic velocities derived from
interval transit time of well log data (Sharma & Arya; Eyinla & Oladunjoye, 2014). Although one can infer some of
these properties directly from seismic or a combination of seismic and well log data (Słota-Valim, 2013). Hsu et al.
(2012) used a nonlinear poroelastic model to estimate some elastic and hydraulic parameters assuming an
incompressible soil grain and obtained fantastic results useful for both geomechanical, mining and groundwater
engineering. Similar works have been carried out by authors, using well logs to determine rocks mechanical
properties (Karacan, 2009; Archer & Rasouli, 2012; Eyinla & Oladunjoye, 2014). In order to build a
geomechanical model, there is need for a proper estimation of the poromechanical properties of the reservoir under
consideration. In order to do this, we need to evaluate the shale sections which are seldom available.
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Horsrud (2001) carried out an extensive study on shales, mainly from the North Sea to establish some correlations
that will enable us predict the static mechanical properties of shale from sources such as sonic log and acoustic
measurements using the shale principal wave velocity. Geomechanical modelling of reservoir, source rocks and
seals have been carried out by numerous authors using well logs derived parameters and other methods (Grazulis,
2016).
2. THEORETICAL BACKGROUND
Geomechanical properties of rocks are either statically or dynamically measured. Static measurement involves
principally the use of core specimens in the laboratory, where the core specimens are exposed to incremental
compression until they undergo fracture while recording the stress-strain curve, such that the required mechanical
properties can be estimated numerically from the stress-strain curve. On the other hand, dynamic mechanical
properties can be obtained using p-wave velocities obtained from seismic, well logs or laboratories-analyzed core
data (Al-Shayea, 2004; Hongzhi, 2005; Chang et al., 2006; Xu et al., 2016). To avoid numerous drilling problems,
relative to wellbore stability or pore pressure-induced problems, scientist and engineers will need to precisely
describe the geomechanical properties of a rock. This can be achieved by numerically describing the stress and
mechanical properties of the rocks for a given stratigraphic section of the geologic field or basin of interest. Hence,
beginning from the 1950s, sonic and density logs were employed by geophysics, geosciences and others in
determining the dynamic mechanical properties of a reservoir rock which include bulk modulus, young modulus
Poisson’s ratio and shear modulus, which can then be converted to static mechanical properties, which can
thereafter be used to estimate rock strength properties (Archer & Rasouli, 2012; Najibi et al., 2015; Xu et al., 2016).
Typically, dynamic moduli values are usually less than their equivalent static moduli, and as such the ratio of
dynamic moduli to static moduli gets smaller with increasing confining pressures, while their difference increases
in tight sands and shale reservoirs (Adham, 2016).
In this paper, we will focus on obtaining dynamic rock mechanical properties beginning from sonic log by
converting the compressional interval transit time,

to p-wave velocities and then applying well established

empirical relations, estimate the static mechanical properties as well (Archer & Rasouli, 2012; Słota-Valim, 2013,
2015; Jamshidian et al., 2017). The obvious advantage of this method over measurement of static properties
directly, using uniaxial loading test is that it is less destructive to the specimen, more cost effective and time
efficient (Zhang & Bentley, 2005). The p-wave,

and s-wave,

, velocities are the inverse of interval transit

times (Brandås, 2012; Horsfall et al., 2013, 2014; Schön, 2015).
(1)
(2)
Accurate reservoir geomechanical behavior can aid in the prediction of production and restitution rates of
hydrocarbon reservoirs (Bemer et al., 2001). Rock mechanical responses are greatly influenced by the presence of
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freely moving fluids in the rock, either as a result of induced increase in dilation by pore pressure or, by rock
compression induced pore pressure increase, especially where the fluid cannot escape from the pore network, as
seen in shales and shaley formations (Detournay & Cheng, 1993; Kumer et al., 2012; Hassanzadan, 2013). Hence,
the justification to begin computation from interval transit time. P-wave velocity is a function of the rocks’
mechanical properties and is therefore proportional to the strength of the rock, while the s-wave velocity which
depends on the matrix composition and microstructure as well as the pore network and pore fluid distribution is
inversely proportional to the strength of the material (Eyinla & Oladunjoye, 2014). Principally, the well log suite
compressional interval transit time, thus s-wave velocity can be obtained using Greenberg and Castagna (1992)
correlations for shales and shaley sandstones (Mavko et al., 2009; Horsfall et al., 2014).
(

)

(3)

(

)

(4)

3. METHODOLOGY
Beginning from Hooke’s law, external stress applied per unit area is proportional to the resulting fractional
deformation (strain), there are three (3) possible types of deformation described by different elastic moduli
depending on the manner in which the external force is applied to the material under investigation. The moduli are
Young’s, bulk and shear moduli. While Young’s modulus measures a materials ability or inability thereof to
undergo elastic deformation, the strength of a material is defined by either the bulk modulus or the shear modulus
(Archer & Rasouli, 2012; Eyinla & Oladunjoye, 2014).
Young’s modulus ( ): This is the extensional stress to the extensional strain ratio in a uniaxial stress state (Mavko
et al., 2009). Assuming there is no change in the orthogonal normal stresses, the ratio of incremental normal stress
to its resultant strain gives the Young’s modulus for any mechanical body (Bjørlykke et al., 2015)
(5)

(6)

where,

are the principle normal stress and the compressive strain respectively in the z-direction.

In order to determine static and dynamic Young’s modulus we can begin the ratio of axial stress

to axial strain

,

(7)

As was mentioned earlier, there exist a relationship between

and the elastic moduli. Dynamic Young’s

modulus can be obtained from elastic wave velocity from well logs (Archer & Rasouli, 2012; Eyinla & Oladunjoye,
2014; Jamshidian et al., 2017);
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(

)

(

(8)

)

And static Young’s modulus, typically determined from deformation experiments in the laboratory, we can
substitute the following equations by Wang and Nur (2000) as cited in (Mavko et al., 2009)
(
(

)

(9)
(10)

)

The bulk modulus, K is the extent or measure of a substance’s resistance to isotropic squeezing. A material
subjected to an isotropic pressure from P2 to pressure P2 will compress from its initial volume v1 to a new smaller
volume v2. The ratio of the increase in pressure to the resulting volumetric decrease gives the bulk modulus of the
substance thus;
(11)

Bulk modulus, K, is the change in volume under hydrostatic stress

(Brinson & Brinson, 2008; Fjar et al., 2008).
(12)

(13)

Gases are easily compressed, while solids and liquid are only compressed with difficulty. It is the reciprocal of
compressibility .
(14)

For an isotropic material (Bjørlykke et al., 2015),
(15)

We can compute the dynamic bulk moduli with the following relationship obtained from velocity and density data
(Jizba, 1992; Brinson & Brinson, 2008; Mavko et al., 2009; Archer & Rasouli, 2012)
(

)

(16)

(17)
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The shear modulus,

is the degree to which a material can be subjected to a shearing stress and still resist

shearing. Just like bulk modulus, dynamic shear modulus can be estimated from density measurements and sonic
velocities (Mavko et al., 2009; Eyinla & Oladunjoye, 2014). The importance of shear modulus cannot be
overemphasized when comparing the strength of different geologic formations.
(18)
(19)

Poisson Ratio
Poisson’s ratio is the measure longitudinal contraction due to lateral elongation caused by the application of a
uniaxial stress (Fjar et al., 2008). Like other mechanical properties can be used to predict geomechanical behavior
of rock formations and is therefore affected by production- or injection-induced reservoir volume changes (Zhang
& Bentley, 2005).
(20)

According to Burshtein (1968), dynamic Poisson ratio can be obtained using the resonance method above or the
pulse test method involving the use of sonic velocities, but the later gives more accurate results. The pulse test
method was also used by (Fjar et al., 2008; Mavko et al., 2009; Archer & Rasouli, 2012).
(21)
(

)

Fei et al. (2016) using both static methods (using core data) and dynamic method (sonic velocities) showed that
there is no obvious relationship between static and dynamic Poisson ratio. For this paper, we assume that

Unconfined Compressive Strength

.

Formation compressive strength and tensile strength typically increases with increasing rock density and
decreasing rock porosity as they are both closely related to rock mineralogy and porosity distribution (Xu et al.,
2016)
UCS can be estimated either by static method by applying uniaxial or compressive stress to a core specimen until
fracture occurs, it can also be predicted dynamically from sonic log data-derived

,

or

depending on the

availability of data (Mavko et al., 2009; Najibi et al., 2015). However, according to Najibi et al. (2015), estimating
UCS from

gives a more accurate value compared to that obtained using

or

. Just like other mechanical

properties defined above, UCS can be used in the estimation of in situ stress, reservoir compaction, stability
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analysis of reservoir wellbore , and other geomechanical characteristics of geologic formations, and is derived in
this paper using empirical correlation by (Chang et al., 2006).
(24)
3.1 Results and Discussions
Several wells were delineated for the purpose of this research; however, results are only presented for one well as
the results obtained for all the wells are similar. The well is about 11, 000 ft (~3,000m) deep and has just two (2)
major reservoirs, separated by shaley caprock/seal. Reservoir 1 is principally oil, while reservoir 2 is a composite of
oil and water. Below, the table shows the column statistics showing minimum and maximum values of the
geomechanical properties as well as the mean values. The mean, minimum and maximum of the geomechanical
properties are shown below.
Table 1: Column Statistics of the well

Number of values

Esta (Pa)

Ksta (Pa)

Gsta (Pa)

UCS (Pa)

967

967

967

967

967

Minimum
Maximum
Mean
Below is the distribution of geomechanical properties downhole of the well, separated top and bottom of reservoir
zones and shaley seals/caprock zones.
Table 2: Distribution of mechanical properties, top and bottom, downhole of formation zones
Well 2

Caprock 1

Reservoir

Top

2091.39

Bottom

2174.44

Top

2174.60

(oil)
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Bottom

2188.46

Seal/caprock Top

2188.62

Bottom

Reservoir

Top

(oil)
Bottom

Reservoir

Top

(gas)
Bottom

The results obtained shows that all through the well,

. Below is a representation of the results

obtained by plotting a graph of the geomechanical properties against the mean depth (MD) for each caprock/seal
and reservoir sections of the well using Microsoft Excel.
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Figure 2: Poisson ratio vs. MD for Well 2

the well
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Figure 1 shows that the variation of the geomechanical properties is similar to that of the sonic velocities from
which they are calculated. The values of these properties increase at deeper depths, which is most likely due to the
magnitude of the overburden and increased compaction, as is depicted by the increasing sonic velocities. These
geomechanical properties vary differently within various formations. The results are different for Poisson ratio, as
seen in Figure 3,which generally decreases with increasing depth, therefore indicating more overburden as we go
further downhole. Within the transition zones however, we can observe very significant variation in geomechanical
properties compared to the values of same within reservoir and caprock zones.
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Figure 5: Variation of Poisson ratio with depth within
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Figure 7: Variation of Poisson ratio with depth within

within reservoir 1 (Oil)
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Within the caprock zone, which is principally shale, there is only a slight increase in the geomechanical properties
as we go downhole, as seen in Figure 3. The slight variations observed could be as a result of the clay minerals/fluid
within the caprock. Observe the kink around 2090m, which is a transition zone from sandstone to shale. As shown
in Figure 5, apart from the kink observed in the transition zone from shale to reservoir sandstone, the
geomechanical properties within this reservoir sandstone zone only varies slightly, with Poisson ratio decreasing
with increasing depth, and other elastic properties increasing slightly with increasing depth.
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Figure 9: Variation of Poisson ratio with depth within

within Caprock/Seal separating the two reservoirs

Caprock/Seal separating the two reservoirs.
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Figure 11: Variation of Poisson ratio with depth within
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reservoir 1 (oil zone).
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Within this reservoir (oil) zone, geomechanical properties are relatively constant with only a slight change,
observed in the variation of Poisson ratio with depth, which appears to decrease with increasing depth (as shown in
Figures 9 and 10).
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Figure 13: Variation of Poisson ratio with depth within
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The change in Poisson ratio with depth within this reservoir (gas) zone is very obvious. From Figures 11 and 14 it
can be seen that while Poisson ratio is decreasing remarkably with increasing depth, other geomechanical
properties are increasing with increasing depth.
3.2 CONCLUSION
Generally, as we go down the well in any formation, overburden increases. The increase in overburden leads to a
decrease in porosity and thus formation compaction. This is evidenced by the increase in Young’s modulus (
Unconfined Compressive Strength (

),

)Bulk modulus and Shear modulus. This implies that as we go deeper, the

formation become more difficult to compress or twist by the application of external pressure, i.e. the less likely the
formation appears to undergo deformity, except by the application of stresses larger than estimated above. Poisson
ratio on the other hand, decreases with increasing depth, i.e. the less likelihood of the formation contracting.
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