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Overview

ÅGeneral

ÅMechanical Aspects

ÅPhysico-Chemical Aspects

- GRI Funded Groups

- Other Groups (Worldwide)

ÅMEI Wellbore Stability Model 

ÅSummary of Mechanisms

ÅRecommendations for Future R&D
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General
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Cost of Wellbore Instability Problems

$500 million/year, before 1992
G.M. Bol, SPE 24975

1992 SPE European Petroleum Conference

$92 million, BP 1997

$38 million, BP 1998 first quarter
J. Kijowski, BP-Amoco Downhole Talk, Issue 80
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Wellbore Instability Problems

ÅHigh Torque and Drag

ÅBridging and Fill

ÅStuck Pipe

ÅDirectional Control Problem

ÅSlow Penetration Rates

ÅHigh Mud Costs

ÅCementing Failures and High Cost

ÅDifficulty in Running and Interpreting Logs



GRI AGM ô99

TT00-03 6

Wellbore Stability Fundamental
Stress vs Strength

Near Wellbore

Stresses

Formation 

Strength

Near-Wellbore

Pore Pressure Mud Chemistry
Well

Trajectory

In-Situ
Stresses

Formation
Pressure

Lithology
Fabric

Cementation

Controllable Factors

Uncontrollable Factors
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Mechanical Aspects
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Typical Wellbore Problems
(Aadnov and Chenevert, 1987)

Tight Hole

Borehole Enlargement

or Collapse

Vertical Fracture

Horizontal Fracture

Events which occur at

low wellbore pressures

Events which occur at

high wellbore pressures



GRI AGM ô99

TT00-03 9

Bore Hole Enlargement in Shale
(Simpson et al., 1988)
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Lost Circulation

ÅNaturally fractured

ÅUnconsolidated

ÅHighly permeable

ÅCavernous or vugular

ÅMechanically 

induced fractures
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Lost Circulation Material

ÅGranular - nut hulls, 

asphalt, seeds, grains, 

limestone, salt crystals, etc.

ÅFibrous - wood fibers, 

straw, mineral fibers, etc.

ÅLamellar - mica, 

cellophane, shredded 

plastic, etc.

ÅLiquid - polymers, etc.
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Compressive Failure (Collapse)

Collapse

ůr
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Effect of Borehole Pressures



GRI AGM ô99

TT00-03 14

Wellbore Failure Mechanisms
MAURY et al., 1987
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Rock Failure
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Rock Failure Mechanisms

PLASTIC
BRITTLE
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Micro-fracture Pressure-Time Curve
Soliman, et al, 1989

Breakdown Pressure

Reopening
Pressure

ISIP

FCP

Pumping
Shut in
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Rock Triaxial Stress Test
McLean & Addis, 1990
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Effect of Pore Fluid Saturation

POROUS ROCKSOLID ROCK

Pf = Fluid Pressure

so=sz
so=sz+pf
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Effective Rock Stress

sz= so - pf

so = Overburden Stress

sz = Matrix Stress

pf = Pore Fluid Pressure
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Change In Near-Wellbore Stresses

Caused by Drilling

sV (overburden)

sHmin

sHmax sHmin

sHmax

Pw (hydrostatic)

Before Drilling
In-situ stress state 

After Drilling
Lower stress within wellbore
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Stress Concentration around 

an Open Wellbore
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Strength vs Stress

Identifying the Onset of Rock Yielding

S
h

e
a

r 
S

tr
e

s
s

sr´

Effective Compressive Stress

Stable 
Stress State

sq´

sr´

S
h

e
a

r 
S

tr
e

s
s

sr´

Effective Compressive Stress

Unstable 
Stress State

sq´

sr´

sq´

Min
Stress

Max
Stress

sq´



GRI AGM ô99

TT00-03 24

Types of Yielding Occurring

around Wellbore

MINIMUM 

STRESS

High shear
stress zone

Limits of
damaged
region

Extensional strain zone
(usually single fracture)

BREAKOUTS

MAXIMUM STRESS

borehole
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Rock Yielding around Wellbores

Laboratory Tests
Rawlings et al, 1993

Isotropic Stresses Anisotropic Stresses
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Wellbore Radial Decrease

m = Poissonôs Ratio

R = Wellbore Radius

sh = Original horizontal earth stress

Pw = Wellbore pressure

E = Youngôs Modulus

Dr = (sh-pw )(1+m)R / E
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Borehole Deformation
Dunbar et al., 1985
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Effect of Permeability
Hsiao, 1987


