Modeling Pore pressure, Fracture pressure and Shear Failure gradients in the Takouazet Field, Illizi basin, Algeria: Implications for wellbore stability, drilling and completion design
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Abstract
This work presents the assessment of overburden stress, pore pressure and fracture pressure distribution in the Paleozoic stratigraphy in Takouazet field, eastern Illizi basin, Algeria. We studied a vertical exploratory well, where significant hydrocarbon discoveries have been established from Devonian and Ordovician sandstone reservoirs. Overburden stress, interpreted from density log has an average 1.07 PSI/ft gradient. Pore pressure from sonic log reveals hydrostatic condition (0.43 PSI/ft) in Devonian and Ordovician units, whereas abnormal pore pressure with a maximum 0.66 PSI/ft gradient has been recorded against marine Silurian shale. Fracture pressure has been modeled from both effective stress ratio models as well as Poisson’s ratio based approach. Rock property based fracture pressure estimate is more sensitive to lithological variations and hence used for determining safe drilling mud window. Estimated pore pressure and fracture pressure have been calibrated with direct downhole formation pressure measurements and leak-off test (LOT) respectively. Shear failure gradient using Mohr-Coulomb rock failure criterion detected the minimum allowable mud pressure to avoid wellbore instabilities and the result has been validated with caliper log observations. Based on interpreted pressure gradients and image log analyses, optimum drilling (mud and casing design) and completion policies have been recommended for safe and successful operational planning. 
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1. Introduction
Pore pressure and wellbore failures are considered the most critical drilling challenges. If uncontrolled, it can lead to well abandonments and plugs in extreme case. Significant non-productive times (NPT) are usually associated with these issues. Various geological processes (sedimentation, compaction, overburden, tectonic regime etc.), rock mechanical strength and petrophysical properties (porosity, density etc.) control the pore pressure distribution and reflects on the stability of borehole walls. Sufficient mud overbalance within the safe drilling window (above pore pressure and below fracture pressure) is the minimum required criterion to deliver a safe and stable wellbore till its target depth. Detection of overpressure and compressive failure gradient equip the geoscientist and drilling engineers to better plan the drilling policy (mud, casing and equipment) and completion design. Hence pore pressure and wellbore stability analyses have become necessary part of pre-drill and post-drill studies and these have a long term implications in exploration, reservoir development and abandonment life cycle.
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Fig. 1. Location of Illizi basin in North-Central Africa (Boote et al., 1998; Klett, 2000). Studied well TAKW-1 has been presented as black triangle.
3. Material and methods
We had analyzed a vertical exploratory well named TAKW-1, drilled till 2675m TVD (true vertical depth)in Takouazet field, eastern Illizi basin. This well encountered the principal formations of interest belonging to Devonian sandstones, Silurian shale and Ordovician sandstones. Wireline log (Gamma, caliper, resistivity, sonic, density and neutron), downhole formation pressure measurements, leak-off test (LOT) and drilling reports were available. A quality check (QC) has been performed on the collected data before calculation stage. This work integrates all available dataset to estimate and interpret formation pressure profiles. GEO Suite of software (Geologix Limited) has been used for this analysis. In this section, we discuss the methods and workflow applied in this study. A brief workflow diagram has been presented in Fig. 3.
3.1. Estimation of Overburden pressure (Sv)
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3.2. Estimation of Pore pressure (PP)
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3.3. Estimation of Fracture pressure (FP)
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3.4. Estimation of Shear failure gradient (SFG)
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3.5. Model calibration and finalization
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Fig. 3. Workflow diagram, as followed in this study

4. Results
4.1. Overburden pressure gradient

4.2. Pore pressure distribution across stratigraphy

We have estimated pore pressure from sonic log and calibrated with downhole measurements (Fig. 5). 
4.3. Fracture pressure gradient

4.4. Rock failure and wellbore stability 
[image: image11.png]A) (B)

TVD (m) Fm. Gamma Formation Pressure (PSI) TVD (m) Fm. Gamma Formation Pressure (PSI)
GR Overburden Pressure GR Overburden Pressure.
0 GAPI 300 2000 PsI 9000 0 GAPI 300 2000 Psi 9000
Hydrostatic Pressure. Hydrostatic Pressure
2000 PSsI 9000 2000 PsI 9000
Interpreted Pore Pressure Interpreted Pore Pressure
2000 PsI 9000 2000 Psi 9000
Fracture Pressure - Eaton Fracture Pressure - Eaton
2000 PsI 9000 2000 Psi 9000
Fracture Pressure - Mathews & Kelly Fracture Pressure - Mathews & Kelly
2000 PsI 9000 2000 Psl 9000
— e
£ £
2 K]
3 3
@ @
— L
MDT : MDT %





Fig. 7. (A) Represents present casing policy followed in the studied exploratory well TAKW-1, (B) Represents suggested casing policy, where a shoe to be placed at the base of abnormally pressured Silurian shale and new section against the normally pressured Ordovician reservoir
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Fig. 8.Two runs of FMI log in the studied well with an eight days’ time lapse. 
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Fig. 9.Interpreted Pore pressure and Shear Failure pressure against three Devonian sandstone reservoirs (F6-A/B/C). 

6. Conclusion
In this study, we have interpreted the overburden pressure, pore pressure and fracture pressure from geophysical logs and calibrated with downhole measurements. Estimated shear failure gradient have been validated with wellbore failure observations from caliper logs. Our analyses reveal overpressure against Silurian shale due to under compaction, while hydrostatic pressure regime prevails in Devonian and Ordovician sandstone reservoirs. Optimum drilling and completion strategy have been recommended to deliver stable wellbore and avoid wellbore instability as well as solid production issues. Further work plan includes the integration of future appraisal well data to prepare a robust well scale geomechanical model.
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