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Outline

* Pore pressure prediction.
* Fracture gradient prediction.
* Wellbore strengthening.

* Borehole stability.
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Pore pressure prediction

Statistics show: PPFG incidents (including wellbore instability events ) account for
over 41% of total NPT for subsalt wells in GOM (OTC-20220), including influx,
kick, blowout, mud losses, lost circulation. wellbore collapse, and pack-off etc.
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Pore pressure prediction is a key to avoid influx, kick, well blowout
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From West Kern Oil Museum

Pore pressure-related blowouts

» Exploration wells have big
uncertainties in pore pressure
prediction.

» PPP may be underestimated 1-2
ppgs, causing kicks, even blowouts.

The Lakeview gusher of 1910 spewed 9 million
barrels of oil. The largest oil-well blowout, took
18 months to get under control.



-

ARKOMA
BASIN

SPE GCS Geomechanics Congress

Recent pore / Woodford shale play

pressure-related
blowout and
explosion
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Oil rig explosion in Quinton Jan
22,2018. (Photo Courtesy
Zayne Erickson)

Blowout and explosion in Arkoma basin in Oklahoma 0
Killed 5 people: Deadliest U.S. Drilling Accident In Ye

An initial report released by the Oklahoma Corporation Commission C|al
caught fire. A rig worker attempted to activate a device known as a blow
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Pore pressure predictions in shales and sands are different

Pore pressure prediction in sandstones - “permeable” rocks or reservoirs:

a)
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If measured Pp is available, A
then fluid connection C B
model can be used. N

Pa=Ps — P, 9(Zg —2Z,)

Zhang, 2011. Pore pressure prediction from well logs: Methods, modifications, and new
approaches. Earth-Science Reviews. Volume 108, Issues 1-2, 50-63.
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Pore pressure prediction in shales

Based on Karl von Terzaghi’s effective stress law, 100 ‘ 1
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Zhang, 2013. Effective stress, porosity, velocity and abnormal pore pressure prediction accounting for
compaction disequilibrium and unloading. Marine and Petroleum Geology 45, 2-11.
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NCT and abnormal pore pressure in shales

Overpressure caused by undercompaction.

Pressure

Porosity Transit time Resistivity
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Generalized normal compaction trends (NCTs) and abnormal pressures caused by under-compaction
From left to right: porosity, transit time, resistivity, D-exponent, and pore pressure plots.

Zhang and Yin, 2017. Real-Time Pore Pressure Detection: Indicators and Improved Methods. Geofluids.
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Gulf Coast Section

Pore pressure prediction from velocity or DT

Transit time (ps/ft) Pore pressure gradient (ppg)
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Pp from DT (e.g., Eaton method): 0 * 0
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Gulf Coast Section

Pore pressure from resistivity

Pp from Res, Eaton method: a) Resistivity (ohmm) b) Pore pressure gradient (ppg)
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Zhang, 2011. Pore pressure prediction from well logs: Methods, modifications, and new
approaches. Earth-Science Reviews. Volume 108, Issues 1-2, 50-63.
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Fracture gradient prediction
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Fracture gradient prediction

Fracture gradient is the pressure gradient required to fracture the formation and

cause mud losses from the wellbore into the induced tensile fractures.

It is the upper bound of the MW. Pore pressure gradient (ppg)
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Note that FGs in shale and sand are different.
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LOT pressure gradients in shales versus the effective overburden gradients
(OBG) in 229 offshore wells in several worldwide petroleum basins

LOT = Leak-Off Test or measured FG

Zhang and Yin, 2017. Fracture gradient prediction: an overview and an improved method. Petroleum

Science.14 (4), 720-730.



SPE GCS Geomechanics Congress

Wellbore strengthening



SPE GCS Geomechanics Congress

Wellbore Strengthening to increase FG Pressure depletion reduces fracture gradient
= Wellbore strengthening technology, e.g. Stress Cage, can be used. ) 200':'s“‘;;‘;"ss’sgg‘;ss“;‘30((';’5" os0 12008
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Fracture width for WBS

To apply wellbore strengthening, it needs to calculate fracture width for selecting the particle size.

L
2-D vertical well solution, Alberty and Mclean, 2004: - -_———
R
4,2
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Semi-analytical solution using superposition principle (Zhang et al., 2016):
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Borehole stability
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Gulf Coast Section

Borehole stability analysis — workflow

In-situ stresses +
Pore pressure

Core test or
Velocity/DT data
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Zhang, Y. Zhang, J., 2017. Lithology-dependent minimum horizontal

stress and in-situ stress estimate. Tectonophysics. 703-704, 1-8
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Zhang, 2013. Borehole stability analysis accounting for anisotropies in

drilling to weak bedding planes. Int. J. Rock Mech. and Min. Sci. 60, 160-170.
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Gulf Coast Section
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Major kick Oriented Stable Hole Hydraulic
or collapse shear failure wellbore ballooning fracturing
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Conclusions

» Accurate PPFG prediction and wellbore stability

analysis can reduce drilling risks and cost.

» Wellbore strengthening technology can increase FG

and make undrillable wells drillable.

» Geomechanics analysis can reduce drilling NPT.
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Thank you and questions

zhangjincai@yahoo.com



