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GRI AGNM

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, BRAmoco Downhole Talk, Issue 80
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GRI AGNM

Wellbore Instability Problems

A High Torque and Drag

A Bridging and Fill

A Stuck Pipe

A Directional Control Problem

A Slow Penetration Rates

A High Mud Costs

A Cementing Failures and High Cost

A Difficulty in Running and Interpreting Logs
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Wellbore Stability Fundamental
Stress vs Strength

Controllable Factors

Well Near-Wellbore _
Trajectory Pore Pressure Mud fhemlStrv
Near Wellbore Formation
Stresses Strength
In-Situ Formation Cementation | Lithology
Stresses Pressure Fabric

Uncontrollable Factors
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Mechanical Aspects
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GRI

Typical Wellbore Problems
(Aadnov and Chenevert, 1987)

Events which occur at
high wellbore pressures

Horizontal Fracture

Vertical Fracture

Events which occur at

Tight Hole
low wellbore pressures

Borehole Enlargement
or Collapse

\JJ
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GRI AGNM
Bore Hole Enlargement in Shale
(Simpson et al., 1988)

_ SHALE HYDRATION;
~ EROSION AND WEAR




Lost Circulation

A Naturally fractured

A Unconsolidated = =

A Highly permeable

A Cavernous or vugular =%

A Mechanically =
induced fractures —
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Lost Circulation Material

A Granular - nut hulls,
asphalt, seeds, grains,
limestone, salt crystals, etc.

A Fibrous - wood fibers,
straw, mineral fibers, etc.

A Lamellar - mica,
cellophane, shredded
plastic, etc.

A Liquid - polymers, etc.
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GRI AGNM

Compressive Failure (Collapse)

Collapse
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Effect of Borehole PressuresRI e

COLLAPSE LOST CIRCULATION
(TOO LOW) (TOO HIGH)
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GRI AGNM

‘ Wellbore Failure Mechanism
MAURY et al., 1987

INTERMEDIATE STRESS

MUD WT
MODE
HIGH
LOW

<A> SHEAR

BOREHOLE
ELONGATION
INTERMEDIATE
MED
MED
<B> SHEAR
INTERMEDIATE T%';E“_E%L

HIGH
<C> SHEAR
LOW
VERY HIGH
EiiiﬂRiiiT <D> EXTENSION
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Rock Failure

GRI
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GRI AGNM
Micro-fracture Pressurelime Curve
Soliman, et al, 1989

<~— Breakdown Pressure

N

Reopening

Pressure ‘\

~—ISIP
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g

CIB (MPa)

(o]

Deviator Stress U1 -
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GRI AGNM

Rock Triaxial Stress Test
McLean & Addis, 1990

300
200 [
100 | 50
20
0 10 Confining Pressure (MPA)
O | | | |
0) 1.0 2.0 3.0 4.0

Axial Strain (%)
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GRI AGNM

Effect of Pore Fluid Saturation

) o: S Z SO:SZ+ pf

Il

P: = Fluid Pressure

o [/
SOLID ROCK POROUS ROCK
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Effective Rock Stress
Sz: S o pf
S,= Overburden Stress

S,= Matrix Stress
P = Pore Fluid Pressure

GRI
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Change In NearWellbore Stresses
Caused by Dirilling

Before Drilling After Drilling
In-situ stress state Lower stress within wellbore

Sy (overburden)

P,, (hydrostatic)
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. GRI AGN
Stress Concentration around
an Open Wellbore
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Strength vs Stress
ldentifying the Onset of Rock Yielding

>

Shear Stress
Shear Stress

Stable Strg)sfs
Stress State

Effective Compressive Stress Effective Compressive Stress
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Types of Yielding Occurring
around Wellbore

MAXIMUM STRESS

REIRER

High shear e
stress zone -«
Limits of ~—— <«— MINIMUM
IMITS O borehole |
damaged Sy «— SIRESS
region -«
. . <“—
Extensional strain zone
(usually single fracture)
BREAKOUTS
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‘ Rock Yielding around Wellbores
Laboratory Tests

Rawlings et al, 1993

Isotropic Stresses Anisotropic Stresses
TT00-03 25



GRI AGNM
Wellbore Radial Decrease

Dr = (8,-p,)(1+m)?/ E

m = Polssonos Rati o
R = Wellbore Radius

S, = Original horizontal earth stress

P, = Wellbore pressure

E = Youngos Modul us
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GRI AGNM

Borehole Deformation
Dunbar et al., 1985

RADIAL DEFORMATION IN.

II\J\I A\~ A4

0.018 HOMOGENEOUS MATERIAL
E= 1.0E+0.6 PR= 0.2

0.009

BIT GAGE
POINT

-2 -1 0 L 2

X/D= (DISTANCE FROM HOLE BOTTOM)/(HOLE DIA.)

[~



Effect of Permeabillity B
Hsiao, 1987
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