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Geomechanics role

ÅTo reduce NPT

ÅTo deduct costs

ÅTo reduce risk
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How?

ÅDuring Exploration

ïReduces exploration risk with Fault Leakage Analysis

ÅDuring Drilling

ïProvides more accurate Safe Operating Mud Window

ÅReduces kicks and lost circulation

ïImproves wellbore stability

ÅReduces stuck pipe, sidetracks, washing and reaming

ïReveals feasibility of Underbalanced Drilling

ÅDuring Production

ïImproves production from Natural Fractures

ïPredicts and manages Sand Production

ïOptimizes Hydraulic Fracturing operation

ïReduces Casing Shear and Collapse
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How Much?

ÅAMOCO $0.6 to $1 Billion per year

ÅARCO 17% of total well cost

ÅExxonMobil Min. 10% of total well cost

ÅWestern-Atlas >$6.4 Billion per year

ÅHES & SHELL ~$8 Billion per year & ~30% total 

budget

ÅBP $0.6 ï$1 Billion per year
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Overall Cost of WBS

Å%41 of non-productive drilling time is caused by wellbore 
instability (GOM study by Dodson, published in 2004)

ÅAverage cost: $8 billion per year
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Geomechanics Applications
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The Geomechanical Model

A geomechanical model 

comprises six components:

Sv = Vertical stress

SHmax = Maximum horizontal stress

Shmin = Minimum horizontal stress

SHmax Azi = Stress direction

Pp = Pore pressure

UCS = Rock strength 

Pp

7
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Pore Pressure (Pp)

Using MDT/RFT/PWD, drilling 

incidents, sonic/resistivity/density 

logs & seismic

Rock Strength (UCS)

Using Core tests, logs, cuttings, 

wellbore failure analysis

Building a Geomechanical Model: 
Generic Work Flow

Min Horizontal Stress (Shmin)

LOT, XLOT, minifracs, losses 

SHmax Orientation

Wellbore failure analysis (Using 

image and/or caliper log), fault 

analysis, world stress map

Max Horizontal Stress (SHmax)

Wellbore failure analysis (Using 

image and/or caliper log), 

laboratory measurements, sonic 

scanner 

Overburden Stress (Sv)
Using density and/or sonic logs
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STRENGTH MODELING
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Formation Strength Evaluation

Sources:

ÅRock Mechanics Tests

ÅPetrophysical logs

ÅCuttings analysis

Parameters:

ÅUniaxial Compressive Strength, UCS

ÅTick-Wall Cylinder Strength

ÅFriction Angle

ÅCohesion

ÅYoungôs Modulus

ÅPoissonôs Ratio
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Pros and Cons 

ÅLaboratory Tests

ïDirect measurement of strength

ï Limited amount of available core

ï Time consuming

ïCostly

ï Biased toward stronger intervals

ï Discontinuous 

ÅPetrophysical logs

ï Available 

ï Continuous

ï Provide data for weakest intervals

ï Need calibration to lab data
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Dynamic Elastic Constants

ÅRequired logs

RHOB, DTS, DTCO

Poissonôs Ratio, n 
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UCS Models for Sandstone

UCS: Uniaxial compressive strength [MPa]

Dt: Compressional sonic transit time [ms/ft]

E: Youngôs modulus [GPa]

f: Porosity [fraction]
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Empirical Equations for Sandstone
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UCS (MPa) Region General comments Reference

254 (1 Ĭ 2.7f)2 -
Siliciclastic rocks ranging from clean arenits to 

wackes
Vernik et al.(1993) 

277 exp(-10f) - High porosity sandstones (f> 10%) Chang et al.(2006) 

(254-204 Vcl) (1 Ĭ 2.7f)2 - Porosities less than 5% Chang et al.(2006) 

258 e-9f - Porosities less than 30% Sarda et al.(1993) 

115 e-11.6f Porosities more than 30% Sarda et al.(1993) 

ůmax =  43 + 8ůc + 0.1 ůc
2Ĭ 140 fĬ 63f͡2Ĭ 11f͡ůc Norwegian Calibrated against over 200 samples Raaen et al.(1996) 

ůmax =  140 + 12ůc + 0.1ůc
2ī 2.1Dtcī 0.0083͡D͡tc

2ī 

0.063Dtců͡c

Norwegian Calibrated against over 200 samples Raaen et al.(1996) 

0.087 Ĭ10-6 E.Kb (0.0087Vsh+ 0.0045 (1 Ĭ Vsh)) - - Bruce (1990) 

0.035 Vpð31.5 - Freyburg (1972) 

1200 exp(-0.036Dt)
Fine grained, both consolidated and unconsolidated 

sandstones with all porosity range
McNally (1987) 

3.3³10-20r2Vp
4 [(1+n)/(1-n)]2(1-2n) [1+ 0.78Vclay] Applicable to sandstones with UCS >30 MPa Fjaer et al.(1999) 

1.745³10-9rVp
2 - 21 Low strength sandstones Moos et al.(1993) 

1.4138³107Dt-3 US Weak unconsolidated sandstone Chang et al.(2006) 

3.3³10-14r2np
2[(1+n)/(1-n)]2(1-2n)(1+0.78Vclay) - Sandstone with UCS>30 MPa Fjaeret al.(1992) 
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UCS: Uniaxial compressive strength [MPa]

Dt: Compressional sonic transit time [ms/ft]

E: Youngôs modulus [GPa]

f: Porosity [fraction]

UCS Models for Shale
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Empirical Equations for Shale

UCS (MPa) Region General comments Reference

2.922 fð0.96 North Sea Mostly high porosity Tertiary shalesHorsrud(2001) 

10(304.8/Dt ï1) NorthSea - Lal (1999) 

0.43 (304.8/Dt)3.2 Pliocene and younger Chang et al.(2006) 

1.35 (304.8/Dt)2.6 Globally - Chang et al.(2006) 

0.77 (304.8/Dt)2.93 North Sea - Horsrud(2001) 

1.001f-1.143 - Low porosity (f< 0.1) shales
Lashkaripourand 

Dusseault(1993)
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UCS Models for Carbonates
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Empirical Equations for Carbonates

UCS (MPa) Region General comments Reference

(7682/Dt)1.82/ 145 Global Limestone and dolomite Militzerand Stoll (1973)

10(2.44 + 109.14/Dt) / 145 Global Limestone and dolomite
Golubevand Rabinovich

(1976)

C (1-Df)2
Korobcheyev

deposit

The coefficient value can vary (2<D<5) 

depending on pore shape

Rzhevskyand Novick

(1971) 

143.8 exp(-6.95f)

Quick reference for UCS, No 

hydrocarbon and shale effects were 

considered.

Chang et al.(2006)

135.9 exp(-4.8f) -

Representing low to moderate porosity 

(0<f<0.218) and high UCS 

(10<UCS<300 MPa)

Unpublished
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Log-Derive Strength

19
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Develop Correlations 

Linear Model

UCS = 4107.04 ï11211.78*(PHI)

Quadratic Model

UCS = 6859.65 ï31747.89*(PHI) + 

36305.22*(PHI)2

Filter: 
USAND to BASE

Well: THEBE1 THEBE1CH THEBE2 THEBE2CH 
XUCS.UCS vs. XELAN.PIGN Crossplot

Wells: THEBE1 THEBE1CH THEBE2 THEBE2CH

Functions:
ucspign : Regression Logs: XELAN.PIGN, XUCS.UCS, CC: 0.805243

UCS = (4107.042 - 11211.78*(PIGN))

ucspignq : Regression Logs: XELAN.PIGN, XUCS.UCS, CC: 0.878722

UCS = (6859.652 - 31747.89*(PIGN) + 36305.22*(PIGN)**2)
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Empirical equations for 

Friction Angle

j(deg) General comments Reference

Sin-1[(Vpð1)/(Vp + 1)] For shale Lal (1999) 

18.532 ĬVp
0.5148

For shale Chang et al.(2006) 

57.8 ð105 f
For sandstone Weingarten and Perkins (1995) 

j

j

Cos2

)Sin1(UCS
c0

-
=Cohesion:
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Rock Strength Histograms

Sand Interval

Shale Interval
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OVERBURDEN STRESS
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Sources of Density Estimates

ÅDensity Logs

ÅCalculated pseudo-density from sonic/seismic (Gardnerôs 

Method: r = aVb)

ÅRegional empirical relations

ÅCuttings, Cavings, Geological Reports

ÅCore densities from whole core or sidewall coring
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Calculation of Overburden Gradient

Sv =Úr(z)gdz

Sv = rwgzw + Úr(z)gdz

Correcting for water depth in offshore areas

Sv: Vertical stress [Pa]

z: Depth [m]

zw: Water depth [m]

g: Earth acceleration [m/s2]

r: Rock density [kg/m3]

rw: Water density [kg/m3]
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PORE PRESSURE 

PREDICTION

26
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What is Pore Pressure?

Pore pressure or formation pressure is defined 
as the pressure acting on the fluids in the pore 

space of a formation. 

27
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Pore Pressure Profile

28

Hydrostatic pore pressure corresponds to a column of fluid in equilibrium with

the free water level and implies an open and interconnected pore and fracture

network from the depth of interest to the surface.

Abnormal
Subnormal



© 2009 Weatherford. All rights reserved.

Overpressure Generation 
Mechanisms

Bowers, G.L., 2001
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Pore Pressure Prediction Methods

ÅUsing Overpressure Indicators

ÅField Measurement ïDST, RFT, MDT

ÅNormal Compaction Trend-line Methods

ÅEffective Stress Methods

30
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Normal Compaction Trends

dtsh (us/ft) rsh (g/cc)Rsh (ohmm)
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A normal compaction trend is an estimate of the log response in a 

normally pressured environment.

Normal 

Trend
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Å The difference between observed values and the normal 
trend-line extrapolated to the same depth is proportional to 
the increase in pressure. 

Å for sonic logs =

Å for density logs =

Å for resistivity logs =

Where : ȹTn = the value of the normal trend-line at a given depth, P = 
the pressure value to be calculated, Phyd = normal hydrostatic pore 
pressure, ȹT log = log-value value for each curve corresponding to the 
required pressure value.

Ratio Method
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Eaton Method

ÅCalculates a pore pressure based on the relationship 

between the observed parameter/normal trend-line ratio and 

the overburden gradient

Åfor resistivity

Åfor sonic

Where : P = formation pressure, S = overburden, Rsh = resistivity of 

shale,   DT = sonic transit times, log = observed values of the log at the 

given depth,    n = value of normal at the given depth, hyd = normal 

hydrostatic pressure
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Pore Pressure Prediction:
Example
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STRESS ORIENTATION
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World Stress Map

(http://www-wsm.physik.unikarlsruhe.de/pub/home/index_noflash.html)

http://www-wsm.physik.uni/
http://www-wsm.physik.uni/
http://www-wsm.physik.uni/
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World Stress Map ïMiddle East
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Induced Stresses

ÅMax hoop stress 

acts in the direction 

of sh

ÅMin hoop stress 

acts perpendicular 

to sh direction

ÅShear failure 

expected along sh if 

stresses exceeds 

rock compressive 

strength
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Borehole failures on Image Logs

(Drilling Induced -

Hydraulic Fracture  or 

Tensile Failure)

(Borehole Breakout )

Sh

SH
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Electrical Image Acoustic Image
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Caliper Analysis
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MAXIMUM HORIZONTAL 

STRESS MAGNITUDE
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MPa
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SHmax

Stress Polygon To Constrain SHmax

Using Tensile Fractures


