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Abstract. Physico-mechanical behavior of reservoir rocks in static condition of
an oil field is critical to assess the stability of wellbore and other production re-
lated issues. Especially if the rock formation is anisotropic, the problem be-
comes more complex. An attempt is made in this paper to present test results of
anisotropic Tipam sandstone from Digboi oil fields of Upper Assam, India un-
der static conditions. The collected sandstone samples subjected to rock me-
chanics tests at different angles p=0°,30°,45°,60°,90° were conducted. Also,
high-pressure triaxial tests in static loading conducted in dry and saturated con-
ditions. The reservoir 1D and 3D Mechanical Earth model was carried out using
Techlog and Petrel software from two wellbore data sets up to a depth of 2400
m to assess the wellbore stability incorporating anisotropy into consideration.
The results indicate that the wells are critical at 3=45°, under saturated condi-
tions. Necessary wellbore stability measures are recommended based on the re-
sults of Digboi oil field.

Keywords: Reservoir rocks, Anisotropy, Static loads, Wellbore stability,1D
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1 Introduction

In wellbore stability assessment in petroleum industry is critical for exploration and
production. Wellbore stability is a big challenge when it comes to drilling a horizon-
tal, vertical or inclined wellbore. Anisotropic properties of rock influence on fluid
pressure (Rao, 1984™). To reduce the problem of wellbore instability is required pre-
drilling study of physical and mechanical properties and behavior of reservoir rock
under static condition( Bradley, 19791 Bell and Gough, 1979%!; Zoback et al.,
1985™; Plumb and Hickman, 1985 . Prediction of reservoir failure mechanism
under different loading conditions with mechanical earth model (MEM) helps to min-
imize the risk and project delivering in less time (Plumb et al., 2000) [°1.

Understand deformation and strength behavior of anisotropic hydrocarbon basin is
need to design safe mud window for wellbore stability. The anisotropy properties is
an influence on the mechanical properties of rock (Wang et al., 2016) "\ Under static
loading, failure mechanism is changing from axial cleavage in dry to shear failure in



water saturation specimen (Hawkins and McConnell, 1992) ©!. Also, the geomechani-
cal reservoir analysis and characterization helps to describe the failure mechanism
behavior of reservoir rock under dry and saturated conditions. The location of study is
in North of Himalayan whiten highly seismic and tectonic active region. For this
study selected reservoir rock with anisotropic properties from Tipam sandstone with
Miocene age in Digboi oil fields of Upper Assam, India. The two wellbores data up to
2400 m depth used for analysis and characterization wellbore stability with different

B.

2 Testing Procedure

2.1 Sample Preparation

Tipam sandstone as reservoir rock selected and specimens at different
3=0°,30°,45°,60°,90° with L/D =2, D= 38 mm tested in dry and saturated conditions.
The specimens in dry condition 24 hours are kept in oven 101°£3° C and after10 hour
cooling strain gauges attached and for saturated condition 29 hours kept in water with
strain gauges. The triaxial test procedure is as per (ISRM,1983) ! standard in static
loading condition. The deformation of rock specimens measured with strain gauges
assembly horizontal and vertical. Axial and diametrical strains were measured using
electrical strain gauges of 120 Qm during tests. The triaxial test equipment used I1T-
Delhi compression unit, and this machine generates confining pressure up to 140 MPa
with a frame 1000 kKN capacity, as shown in Figure 1. Most of the specimens failed
within 3-5 min.
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Fig. 1. Control system and control software of static loading unit of 11T-Delhi



Fig. 2. Prepared specimens for Point load test at different 3

2.2 Physical and Mechanical Properties

Physical and mechanical testing provides valuable data to design per-drilling 1D and
3D MEM with different anisotropy angle. All index properties of anisotropic Tipam
sandstone are listed in Table 1 in dry and saturated condition. These average results
used to design the 1D and 3D MEM model under static loading.

Table 1. Average physico-mechanical properties of Tipam sandstone

PROPERTIES AVERAGE VALUE
Density Dry (g/cc) 2.40

Density Sat (g/cc) 243

Porosity % 0.13

Permeability (ms™x10°®) 9.28

UCS Dry (MPa) 61.75

UCS Saturated (MPa) 38.34

Cohesion, ¢ (MPa) 12.73

The angle of Internal Friction (Degree) 48

Deere and Miller Classification DL

3 Experimental Results and Analysis

The values of Tipam sandstone under static loading shows mostly lower in saturated
compare to dry condition. Strenght values are much higher at f=0° and 90° in Bra-
zilian test in dry specimens. The values are comparable with the suggested values
from the literature of different anisotropy angle (Rao, 1984) ™. The UCS test results
show minimum values are at = 45° due to weak bedding planes of saturated rock
specimens and higher values at dry situation. The triaxial test was conducted at 5,10
and15 MPa confining pressures with different 8 in both dry and saturated conditions.
The strength values show an increase with increasing the confining pressure from 5
up to 15 MPa and value at B = 45° is less than other anisotropy angles especially in



saturated water content as shown in Figure 2. The failure mode shows most of the
specimens splitting in shear planes.
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Fig. 3. (a) Stress-strain curves of triaxial dry and (b) saturated conditions at § =45°
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Fig. 4. Failed Tipam sandstone of triaxial test in dry condition at § =45°

o=35
MPa

4 1D and 3D Mechanical Earth Model (MEM)

The log data help to know about rock properties in subsurface according to the lithol-
ogy types and geological features. It is essential to study rocks deformation in re-
sponse to drilling event and production operation. The mechanical earth model in this
study, derived from conventional logs, core data and seismic logs with a graphical
representation of the state stress and mechanical rock properties in two wellbores, at
Digboi oil field of Upper Assam. Using conventional log data is required to generate a
mechanical earth model (MEM) and predict instability wellbore in the field with suit-
able failure criteria. Mechanical earth models represented in 1D around the wellbore
and 3D in field scale.

The 1D mechanical earth model of Tipam formation is design based on the exper-
imental data and log data in static condition with incorporate the anisotropic property



in different = 0°,30°,45°,60° and 90° in both dry and saturated conditions. For fail-
ure mechanism prediction used Mohr-coulomb criteria to design WBS.

The strength property of core and log data of Tipam sandstone, calculate and corre-
late in 1D MEM and later populate in 3D MEM for the entire basin. The 1D mechani-
cal earth model was carried out using Techlog software of two wellbore data up to
2400 m depth to assess the wellbore stability. The stress maps generate form 3D
MEM used Petrel software as shown in Figure 5. The stress maps indicate maximum
and minimum strength of Tipam sandstone and show minimum values that at f=45°,
under water saturated content and is critical due to presence of laminated structures in
rocks. The strength of these rocks is found on the map counters from 8 to 23 MPa.
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Fig. 5. 3D Stress map of Tipam sandstone at 3= 45° in saturated condition

5 Conclusions

The aim of this paper was to study the mechanical properties of reservoir rocks under
static loading condition for wellbore stability of anisotropic formations in the oil field.
The study investigations suggest anisotropy property effect on wellbore stability and
mud weight pressure in Tipam sandstone as reservoir rocks at both dry and saturated
conditions. The area selected is the Upper Assam, Digboi oil field as the most produc-
tive hydrocarbon zone in India. The strength is increase with increasing the confining
pressure from 5 up to 15 MPa at 3 = 45° . After conducting the mechanical laboratory
testing, the 1D and 3D MEM models were developed form different § by populating
mechanical and geological property and generate the stress maps for the entire region.



The wellbore stability analysis due to extensive laboratory and field data indicated
that wells are fairly safe at f= 0° to 45°. Maps are useful based on the 3 and the stress
contours; it is very easy to locate a suitable well location for drilling event. It is ob-
served the water content effect on the stress map and shows a reduction in values at
different 3. The stress map indicated the maximum values are for f= 90° and the
minimum is betweenp= 30° and 45° .
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