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1. Introduction 

This study investigates sandstone reservoir development in the Niger delta and the reservoir 

development process is the basis for economic and effective development of hydrocarbon 

reservoirs and enhancing oil recovery. The success or failure of reservoir development largely 

depends on the research degree of reservoir development geology. These geological and 

petrophysical properties such as lithology, porosity, permeability and density that can make or mar 

reservoir development have been found in recent time to be shaped by more fundamental 

geomechanical properties. 

In situ stresses have been widely used to estimate reservoir properties and as such are sacrosanct 

for reservoir development of which sandstone our reservoir of focus is of no exception. Sandstone 

reservoirs accumulation and development on the surface are largely determined by the magnitude 

of her porosity and permeability. The stress orientation is also very important to reservoir 

permeability. 
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This project evaluates insitu stresses and her impact on sandstone 

reservoir development using a field in the Niger Delta and presents a 

well-scale geo mechanical model to address the pore pressure, 

geopressures and borehole stability. The rock strength and elastic 

properties were evaluated using logs and relevant models, an average 

vertical stress gradient of 0.9PSI/feet is interpreted from the extrapolated 

density logs. The hydrostatic pressure gradient of 0.43 PSI/feet. Pore 

pressure against the shales are estimated by Eaton’s disequilibrium 

compaction method, which are found to be mildly overpressure (0.45 

psi/feet). The minimum horizontal stress (σh) gradient ranges between 

0.59 and 0.81 psi/feet. Wellbore stability is shown to be a function of the 

insitu stress as addressed by the Mogi failure model and the assessed 

failures are corroborated with the caliper log observations. Safe and 

effective downhole pressure window is calculated from the interpreted 

pore pressure, collapse pressure and minimum horizontal stress (  ) to 

avoid any kick, loss or compressive wellbore failures by optimum mud 

weight designing. Inferences on drilling are discussed which will be 

helpful for better reservoir development and be a foundation for the 

mode of EOR processes to be carried out in future. 
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The geomechanical property to be looked into is the in-situ stress as the key component of a 

comprehensive geomechanical model is knowledge of the current state of stress [1] In situ stress 

state is the original stress status in the rock before excavations or other perturbations. In situ 

stresses are also called far- field stresses. As a first approximation, one can assume that the three 

principal stresses of a natural in situ stress field are acting vertically (one component, σv) and 

horizontally (two components, σh and σH ) [2]. 

 

Figure 1 Schematic of the various insitu stresses in the reservoir 

 

The study area, the Niger Delta basin is a normal fault stress regime, constraining the magnitude 

of the in situ stress is based on the assumption that the three principal stresses at depth are the 

vertical, maximum horizontal and minimum horizontal stresses even though stress is a tensor with 

six independent components [3]. 

In-situ stress data plays a crucial role in various stages of oil and gas well planning, construction, 

operation and production, in operations which include drilling, well completion, well stimulation, 

production, and wasted re-injection. Knowledge of in-situ stresses and mechanical properties of 

the rock formation are vital for the assessment of wellbore construction and production[4]. In situ 

stresses have been found to have  a direct influence on the petrophysical properties of a reservoir 

[5,6,7]. 

The need to better understand the behavior of the reservoir has become increasingly essential. It 

has been recognized that in-situ stress magnitudes have an effect on petrophysical properties of a 

reservoir but their overall impact on reservoir development isn’t clear cut most especially in 

sandstone reservoir. 

Despite their critical importance, the acquisition of in situ stresses has not received much attention 

and sometimes little attempt is made to collect this significant information [8] of which the Niger 

delta is no exception. This study therefore gives a holistic outlook that shows not just how in-situ 

stress shapes reservoir development but how it helps reduce uncertainties in wellbore construction. 

This study aims to determine the impact of in-situ stresses on sandstone reservoir development in 

the Niger Delta by determining the in-situ stress using relevant method and models, thorough 
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analysis on the impact of the in-situ stress on reservoir properties, thorough analysis on the impact 

on the stability of the wellbore drilled in the reservoir. 

 

2. Methodology 

2.1 Techlog software 

The techlog schlumberger software was used in this study to aggregate the wellbore information 

by plotting and interpreting the logs to determine a host of information and trends needed various 

computations to help achieve the pre-stated objectives. 

2.2 Well Logs  

The logs used from the dataset of well six in the Niger delta field were comprising majorly of 

sonic logs (compressional and shear sonic log), density, gamma ray log and the resistivity logs. 

Although other logs were employed for subsequent calculations such as the porosity log, the shale 

volume log etc. 

 

  

Figure 1 log view of well 06 
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2.3 Dynamic Elastic Properties 

The elastic properties of the Rocks (Young’s Modulus (E), shear modulus) (G) and Poisson’s ratio 

(ν)) were calculated using logs (sonic and density log) and standard correlations models.  

𝐺𝑑𝑦𝑛 = 13474.45                                                                                                                          1 

𝐾𝑑𝑦𝑛 =13474.45  −  𝐺𝑑𝑦𝑛                                                                                                                         2 

𝐸𝑑𝑦𝑛=                                                                                                                               3 

𝜈𝑑𝑦𝑛=                                                                                                                             4 

 

The dynamic youngs modulus were converted to the workable static youngs modulus using Eissa 

and Kazi model for Sedimentary rocks. 

  

𝐸𝑠=0.74𝐸𝑑yn− 0.82                                                                                                                              5 

2.4 Rock Strength Parameters 

Compute the Rock Strength Parameter (Unconfined compressive strength and Internal friction 

angle (φ) 

UCS was obtained using the static young’s modulus correlation under the rock properties section 

of the Geomechanics module for techlog software. 

 

Internal friction angle φ was obtained using the friction angle from gamma ray log tool under the 

rock properties section of the Geomechanics module for techlog software. 

Energy density is dependent on the diffusivity, particle radius, thickness and specific modulus. 

 

2.5 Vertical stress 

The overburden stress or vertical stress is calculated using   

  

                                                                                                                  6 

 

Since the density logs (RHOB) typically records only at deeper intervals (is not logged from the 

surface), a synthetic density log is built and constrained using the indicative trends observed in the 

available section to compute for the vertical stress using the above formula. 

The overburden/vertical stress tool under the geomechanics module has several models to execute 

this task such as the Extrapolated density, Amoco density, Gardner density, Miller density etc. 

The miller density was used having shown to be best fit with our density log. 

 

 

2.6 Pore pressure 

The pore pressure is obtained using the pore pressure wizard tool in the geomechanics section.  

The Eaton’s relationship is given as: 

 𝑃𝑝g= 𝑂𝐵𝐺 − (𝑂𝐵𝐺 − 𝐺ℎ𝑦𝑑) ( ) 3                                                                                                     7 

  

Hydrostatic pore pressure gradient was calculated as 0.43psi/ft from the  well plot of hydrostatic 

pressure against depth 
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Considering that the NCT can be tricky to determine from log the non-linear depth dependent 

equations for the normal values in Eaton’s method published by Zhang (2011) reformulates the 

equation to 

𝑃pg=𝑂𝐵𝐺 − (𝑂𝐵𝐺 − 𝐺ℎ𝑦𝑑) ( ) 3                                                                               8   

 

Pore pressure gradient was computed as 0.45 psi/ft 

2.7 Minimum and maximum horizontal stresses 

The minimum and maximum horizontal stresses were computed using Mohr-coloumb stress 

model using the horizontal stress segment of the geomechanics section in techlog. In which the 

stresses are functions of friction angle vertical stress and pore pressure.  

 

2.8 Failure mechanism 

2.8.1 Mogi Coulomb model   

The Mogi Coulomb model as reformulated into a linear function by [9] is used ahead of others 

such as Mohr-Coulomb (which underestimates rock strength), Drucker-Prager (which 

overestimates rock strength) etc having proven to be most accurate [10]. 

2.8.1.1 Shear failure 

Stress at which Shear failure will occur leading to borehole collapse 

These induced principal stresses(tangential(hoop)  , radial  , axial ) are a function of the 

insitu stress and for shear failure or breakouts to occur the magnitude of stress are calculated using 

the equations as presented by [11].  

=3 pw                                                                                                                                                                                       9 

=pw                                                                                                                                                                                                                      10 

=                                                                                                                   11 

 

For failure computation 

𝜎𝑚=                                                                                                                                         12 

𝑐=𝑈𝐶𝑆(1−𝑠𝑖𝑛(𝜑))/(2cos(𝜑))                                                                                                            13 

𝑞=(1+sin(𝜑))/ (1 − sin(𝜑))                                                                                                               14 

𝜏𝑜𝑐𝑡=𝑎+𝑏𝜎𝑚                                                                                                                                     15   

                                                                                                                                         16 

                                                                                                                                     17 

 

2.9 Safe mud window for drilling  

The safe mud window will be between the mud weight corresponding to pore pressure and that 

corresponding to the minimum horizontal stress. The safe and stable window lies between mud 

weight from shear stress and that corresponding to the minimum horizontal stress. (Shear failure is 

usually caused by low pressure because of a too low mud weight stress at which Shear failure will 

occur leading to borehole collapse is therefore used as a lower boundary for mud weight design) 
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as calculated from the Mogi coulomb model and the mud weight corresponding to the point of 

tensile failure (used as an upper boundary for mud weight design). 

  
Figure 3 Safe mud window 

[12] 
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3. Results and Discussion 

 

Figure 4 Elastic properties computation for well 6 

 

  
 

Figure 5 Log view of UCS                                  Figure 6 Log view of friction angle 
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from static young modulus        from gamma ray log 

 

 
 

Figure 7 synthetic density and overburden stress for well 6 from Miller correlation 

 

 

 
Figure 8 Vertical/overburden stress plot 
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The overburden/vertical stress gradient was calculated as 0.9 psi/ft 

 

The pore pressure gradient was calculated to be 0.45psi/ft 

The vertical stress was used to estimate the pore pressure and pore pressure gradient to aid our 

understanding of the geo pressure regime (over pressure) our pore pressure gradient was 

calculated as 0.45ppg indicating a mild overpressure therefore the shale sections of the well will 

be prone to hydrofractures and sand injectites structures(formation of structures by sediment 

injection)  

 

 

 

Figure 9 Log view of minimum and maximum horizontal stress 

The minimum horizontal stress was found to have a gradient in the range of 0.59-0.81psi/ft 
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Figure 10 Computation for induced principal stress   

 

Figure 11 Computation for octahedral stress 
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Figure 12 Equivalent mud weight from minimum horizontal stress 

The various mud weights were computed to obtain the following 

Kick mud weight from pore pressure averaged 8.7ppg 

Mud weight from shear stress averaged 9.5 ppg 

Mud weight from minimum horizontal stress ranged from 9.75ppg to 11ppg upper sections of the 

well and 11-12.78 in the lower well sections inclusive of our reservoir 

Mud weight from Tensile strength averaged 14.7ppg 
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Table 1 Effect of Insitu stress on wellbore stability 

Well 

Section  

Equivalent mud 

weight (ppg) 

Implication  

Upper 

section 

<8.7 The well will experience a kick therefore unsafe and unstable 

8.7-9.5  Safe and unstable for drilling i.e the well will be at high risk of 

breakout especially in the shale section 

9.5-11 Safe and stable for drilling  

11-14.7 Stable but unsafe for drilling due to the challenges that will arise 

from the well losing fluid to the formation.  

 

>14.7 Formation breakdown will occur 

Lower 

section 

<9 The well will experience a kick therefore unsafe and unstable 

9-10 Safe and unstable for drilling; the well will be at high risk of 

breakout especially 

10-12.78 Safe and stable for drilling 

12-14.7 Stable but unsafe for drilling due to the challenges that will arise 

from the well losing fluid to the formation 

>14.7 Formation breakdown will occur  

 

 

The exercise starts with the determination of elastic properties using (Eqn. 1-5) as shown in 

(Figure 4) and rock strength properties using logs i.e. UCS (Figure 5) and friction angle (Figure 6) 

continues with the generation of an overburden/vertical stress ( ) profile using the bulk density 

log (Eqn.6). The bulk-density log was only available from the 4490ft of measured depth interval. 

So for the top 4490ft, a pseudo density profile was modelled using miller empirical equation found 

to best model the already logged section, as presented in Figure 7, Average overburden pressure 

gradient is found to be 0.9PSI/feet, by plotting the calculated   against  the burial depth (Figure 

8). 

The reservoir sandstones are found to have a hydrostatic regime with 0.43 PSI/feet gradient 

(Figure 6). Pore pressure against the shales are estimated by indirect method (Eaton’s equation) 

having a gradient of 0.45 PSI/feet shale pore pressure gradient. Shales are found to be mildly 

overpressured.  

Horizontal stress ,  is calculated using the Mohr coulomb model (Figure 9), usually,   

provides a higher value against the pore pressure intervals. Minimum horizontal stress gradient 

ranges from 0.5 9–0.81 PSI/feet. It is to be noted that the estimated minimum horizontal stress 

could not be calibrated due to the unavailability of leak-off test (LOT) or mini-frac tests. 

The induced principal stress ((tangential(hoop)  , radial  , axial )) were obtained (Eqn. 9-

11) on account of the insitu stress computations as shown in Fig.10. and used to compute the 
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failure mechanism using the Mogi coulomb model which has been found to best estimate shear 

stress and tensile strength (Eqn. 11-17) as shown in Fig. 11. 

A comprehensive wellbore stability analysis was done by converting the pressures (pore pressure, 

shear stress minimum horizontal stress and tensile strength) into mud weight and understood with 

information from Fig. 3  as shown in Fig. 12 The various mud weights were computed to obtain 

the following Kick mud weight from pore pressure averaged 8.7ppg ,Mud weight from shear 

stress averaged 9.5ppg , mud weight from minimum horizontal stress ranged from 9.75ppg to 

11ppg upper sections of the well and 11-12.78 in the lower well sections inclusive of our 

reservoir, mud weight from Tensile strength averaged 14.7ppg. 

To address the wellbore instabilities against the mildly overpressured shales, drilling mud weights 

need to be kept above the interpreted mud weight from shear stress. We have worked out the sub-

surface kick-loss-failure and breakdown windows in Table 1. based on the interpreted pressure 

gradients. Drilling mud properties for subsequent wells in the area should be designed taking into 

account the effect of various pressure cum mud weight windows as presented in Table 1. 

  

4. Conclusion 

In this paper we have presented a comprehensive insitu stress interpretation from the studied field, 

Niger Delta. Shales were found to be mildly overpressured with an average pore pressure gradient 

of 0.45 PSI/ft, a function of the insitu stress (vertical stress). A lithology dependent horizontal 

stress was estimated from Mohr coulomb model the stresses were used in determining the induced 

principal stress and by extension the failure criteria at tensile and shear using the Mogi coulomb 

model.  

Her impact was shown on overall wellbore stability with the minimum horizontal stress of 

gradient 0.59-0.81 psi/ft forming the upper limit for wellbore stability. Depending on the 

interpreted downhole pressure gradients, an optimum mud weight range was presented to avoid 

influx and wellbore instabilities. The results of this work will be useful for optimum drilling fluid 

design for subsequent wells to be drilled in the area. 

 
Nomenclature 

A Coefficient 

B Coefficient 

C Coefficient  

C 

Dm 

Dml 

Formation cohesion Diffusivity 

Reference sonic slowness (µs/ft )   

Mudline sonic slowness (µs/ft )   

Edyn Dynamic youngs modulus (Mpsi) 

Es Static youngs modulus (Mpsi) 

Gdyn 

Ghyd 

Dynamic Shear modulus (Mpsi) 

Hydrostatic pressure gradient 

Kdyn 

NCT 

OBG 

Dynamic bulk modulus (Mpsi) 

Normal compaction trend 

Overburden pressure gradient (psi/ft) 

Pp Pore pressure (psi) 

Ppg 

UCS 

Vdyn 

Pore pressure gradient (Mpsi/ft) 

Unconfined compressive strength(Mpsi) 

Poisson ratio 

Z Depth (ft) 

  

  

Greek letters 

Δtc                               

Δts   

 

compressional-wave slowness, μsec/ft 

shear-wave slowness, μsec/ft 
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Minimum horizontal stress (psi) 

 
Maximum horizontal stress (psi) 

 
Vertical stress (psi) 

 Radial stress (psi) 

 Axial stress (psi) 

 
Hoop stress (psi) 

𝜎𝑚 Median stress (psi) 

𝜎1 largest principal stresses (psi) 

𝜎3 least principal stresses (psi) 

ρb  Bulk density g/cm³ 

 Friction angle  

𝜏0 Tensile strength (psi) 

 Octahedral shear stress (psi) 
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