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ABSTRACT

Some of the large petroleum reserves in the world located in highly seismic and
tectonically active regions. In conventional and unconventional petroleum reservoir rocks,
wellbore stability is a challenge to drill a horizontal, vertical or inclined wellbore, especially
in a high-risk basin. The geological features such as discontinuities and the anisotropy
effect drilling event and mud weight pressure. Also, the water injection induces minor
earthquakes along with drilling vibrations to cause a dynamic effect on productivity and
stability of hydrocarbon basin. Therefore, the understanding of petrology, permeability,
physical and mechanical properties of reservoir rocks under static and dynamic conditions
are very important to design safe mud weight for drilling a stable wellbore. The Tipam
sandstone from Upper Assam oil basin is considered for the present work. To understand
the anisotropic behaviour, temperature and water content effect, various experiments were
performed on Tipam sandstone samples after thermal treatment with varying temperatures
between 100° and 800° C. The investigation related that the physical properties are
influenced by the temperature and anisotropic nature of rock.

The petro-fabric study from XRD, SEM and thin section analyses of Tipam
sandstone shows the presence of feldspar (F), quartz (Q), carbonates (C), illite (I), mica
(M), kaolinite (K), pyrite (P), magnetite, strained quartz and clay minerals. Quantitatively,
it is observed that quartz, kaolinite, mica, illite, feldspar and carbonate were present in 45%,
5.42%, 2%, 0.1%, 0.12%, 2.8% respectively. It is observed from the XRD pattern that there
is a transaction of mineral’s peak height and location for 400°C to higher temperature and
dehydration, weight loss take place. Thin section analysis of theses rocks shows micro-
level pores, laminated structure of micron thickness and overgrowth of quartz. Also, it is
observed that the oxidation magnetite (Fe3O4) at 400°C crystallized into hematite (Fe2Os,
ferrihydrite) at 600°C. The SEM analysis shows the quartz overgrowth, minor authigenic
quartz, locally fragmented pore throats and cracks, increased due to increasing temperature.

Mechanical properties of Tipam sandstone were investigated by considering
strength anisotropy. The specimens were prepared at anisotropy angle, £ = 0°, 30°, 45°, 60°
and 90°. The influence of loading direction with foliation on tensile strength of Tipam
sandstone is studied and the tensile strength was found to be maximum at £ = 90°. It is
found that the tensile strength increases with increase in f. Further, point load test results

show that the diametrical point load value decreased with increase in loading angle. The
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maximum and minimum values of point load strength of Tipam sandstone were found to
be 9.97 MPa (dry) and 1.14 (saturated) MPa respectively.

Investigations related to the permeability of Tipam sandstone showed that the
coefficient of permeability (k) of the -8 order. Usually, rock permeability parallel to the
bedding is more significant than that of perpendicular to it. A decrease in the coefficient of
permeability values was observed with increase in confining pressure from 50psi (0.34
MPa) to 1200psi (8.27 MPa). It was observed that the coefficient of permeability value
decreases from = 0° to 90° due to lamination effect. With an increase in head, hydraulic
conductivity decreased because the pores of the rock close at higher confining pressure.
Increase in temperature shows a decrease in the dynamic viscosity of the fluid.

The uniaxial and triaxial tests were conducted on thermal treated at 100°C, 400°C,
600°C and 800°C Tipam sandstone for both dry and saturated conditions. It is observed
that the compressive strength at f = 90° was highest and lowest at /= 45°. Failure occurs
along two conjugate shear planes located symmetrically reduces the axial direction.

It is also observed that the modulus of elasticity does not show considerable
variation with the increase in the water content. Young’s modulus is decreasing with
increase in the anisotropy angle from £ = 0° to 90°. The static triaxial tests were conducted
at confining pressure 0, 5, 10 and 15 MPa. It is observed that strength anisotropy reduces
with increase in confining pressure. Moreover, unconfined compressive strength is found
to be maximum in at = 90° with minimum value at = 0°. The Tipam sandstone shows
the ‘shoulder-type anisotropy’ and it is because of the presence of weak bedding planes.
The cyclic triaxial tests conducted on anisotropic specimen with the confinement of 0, 5, 7,
10 MPa at 1, 2 and 3 hertz frequency, varying relative UCS percentage, base load and
amplitude. The strength increased with increase in the confinement pressure from 0 to 10
MPa. The failure strength shows decrease with decreasing frequency, increase in the fatigue
life at lower UCS percentage with minimum values at f = 30° and highest at 3 Hz
frequency. With the increase in numbers of cycles and applied stress, the UCS percentage
is decreasing. The S-N curve is plotted for all anisotropy angles in dry and saturated
conditions.

1D Mechanical Earth Model was designed using conventional logs and laboratory
static and cyclic test data by Techlog software. The conventional logs of two wellbores of
Tipam sandstone are selected up to 2400m from Digboi oil field. Shear strength is
attempted on both static and dynamic conditions. 50% to 90% peak strength of UCS in
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static condition was used for cyclic loading to design the wellbore stability (WBS) under
the dynamic condition with different . It is found that the calibration of strength is less
conservative by the Modified Lade failure criteria. The result indicates accuracy and
applicability of suitable failure criteria for safe mud window. The stress map in different
P is generated from the 3D MEM by Petrel software. Using cyclic test data for WBS is a
new approach of the study to predict basin problem under long term vibration. It is
investigated the stress maps counter values are maximum at = 90° and minimum at =
30° to 45°. It observed that the values of the counters are much higher in absence of
hydrocarbons. The results of the modeling will be of immense value to locate a safe

wellbore in the Digboi oil field.
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o Longitudinal Stress

or Radial Stress

UCS Unconfined Compressive Strength

Pp Pore Pressure

D Friction Angle

MEM Mechanical Earth Model

Ov Overburden Stress

C Centigrade
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Wellbore Stability Analysis
Prestack Depth Migration
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Sonic Travel Time Data, Compressional Slowness
Density Log

Porosity Log Data

Total Porosity

Effective Porosity

True Vertical Depth

Bulk Density

Pore Pressure Log

Vertical stress computed by the Extrapolation module
Overburden Stress

Pore Pressure Gradient

Shear Modulus

Young’s Shear

Normal Pore Pressure
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Shear Modulus (Dynamic)
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Static Young's Modulus
Dynamic Young's Modulus
Poisson’s Ratio (Static)
Friction Angle

Fracture Pressure for Eaton
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