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A CONCISE GUIDE TO GEOPRESSURE

Geopressure drives fluid flow and is important for hydrocarbon exploration, carbon
sequestration, and designing safe and economical wells. This concise guide explores the
origins of geopressure and presents a step-by-step approach to characterizing and predicting
pressure and least principal stress in the subsurface. The book emphasizes how geology, and
particularly the role of flow along permeable layers, drives the development and distribution
of subsurface pressure and stress. Case studies, such as the Deepwater Horizon blowout,
and laboratory experiments are used throughout to demonstrate methods and applications. It
succinctly discusses the role of elastoplastic behavior, the full stress tensor, and diagenesis
in pore pressure generation, and it presents workflows to predict pressure, stress, and
hydrocarbon entrapment. It is an essential guide for academics and professional
geoscientists and petroleum engineers interested in predicting pressure and stress, and
understanding the role of geopressure in geological processes, well design, hydrocarbon
entrapment, and carbon sequestration.

PROFESSOR PETER B. FLEMINGS holds the Leonidas T. Barrow Centennial
Chair in Mineral Resources with the Jackson School of Geosciences at The
University of Texas at Austin. He leads “UT GeoFluids,” a long-running industry-
sponsored effort dedicated to developing new concepts and approaches to predict
pressure and stress in the subsurface. He served on the U.S. Department of Energy’s
well integrity team during the Deepwater Horizon blowout, he is a Geological
Society of America fellow, and he was a distinguished lecturer for the American
Association of Petroleum Geologists and the International Ocean Drilling Program.
He has served as chief scientist on numerous scientific drilling expeditions.
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This list contains definitions of symbols, dimensions, and the section of the book where they
are first used. All symbols are defined in the text. There is, inevitably, some duplication.

English Units
ST

Symbol Name Dimensions Unit  Reference

A Parameter in velocity-effective LZWT P Chapter 5 (Eq. 5.7)
stress equation

A Parameter in velocity-density z\% k’g—: Chapter 6 (Eq. 6.7)
equation

A Surface area L’ m’ Chapter 2 (Eq. 2.12)

A Reservoir area L’ m’ Chapter 10 (Eq. 10.2)

A, Parameter in velocity full effective LT P Chapter 7 (Eq. 7.14)
stress equation

B Parameter in velocity-effective - - Chapter 5 (Eq. 5.7)
stress equation

B Parameter in velocity-density - - Chapter 6 (Eq. 6.7)
equation

B Skempton coefficient - - Chapter 4 (Eq. 4.7)

B, Parameter in velocity vs. equivalent - - Chapter 7 (Eq. 7.14)
effective stress equation

BSE Backscattered electron Chapter 3 (Fig. 3.4)

Ca Coefficient of secondary - - Chapter 3 (Eq. 3.5)
consolidation

Cp Bulk compressibility L;IT ﬁ Chapter 2 (Eq. 2.8)

cr Fluid compressibility LZWT é Chapter 4 (Eq. 4.8)

Cs Solid compressibility % é Chapter 2 (Eq. 2.8)

X
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X List of Nomenclature
(cont.)
SI
Symbol Name Dimensions Unit  Reference
¢y Coefficient of consolidation % ”’TZ Chapter 4 (Eq. 4.24)
C Parameter in Butterfield equation - - Chapter 5 (Table 5.1)
C Loading efficiency - - Chapter 4 (Eq. 4.9)
C Parameter in Eaton equations %T o Chapter 5 (Equations 5.6
and 5.12)
C. Compression index (conventional - - Chapter 3 (Eq. 3.1)
log space)
C. Expansion index (conventional log - Chapter 3 (Fig. 3.5)
space) Chapter 6 (Eq 62)
dtya Matrix travel time % - Chapter 5 (Eq. 5.3)
dt Travel time I £ Chapter 5 (Eq. 5.3)
e Void ratio - - Chapter 3 (Eq. 3.1)
Emin Minimum void ratio - - Chapter 6 (Eq. 6.1)
e, Void ratio, unloaded - - Chapter 6 (Eq. 6.2)
e Void ratio at s'= unity along any - - Chapter 3 (Eq. 3.21)
stress ratio 1
7 Void ratio at s = unity under - - Chapter 3 (Eq. 3.25)
uniaxial strain conditions
€ Void ratio at s = unity under - - Chapter 3 (Eq. 3.22)
isostatic (t=0) conditions
€ Void ratio at s'= unity under - - Chapter 3 (Fig. 3.17)
Coulomb failure conditions
ey Void ratio at 0-,\10 - - Chapter 3 (Eq. 3.1)
e; Void ratio at the end of primary - - Chapter 3 (Eq. 3.5)
consolidation
€100 Void ratio at stress 100 kPa - - Section 3.2.1
EI-330 Eugene Island 330 oil field, Gulf of Chapter 5
Mexico
EMW  Equivalent mud weight % mk,{ > Chapter 2 (Eq. 2.10)
ESP Effective stress path Chapter 3 (Fig. 3.9)
f Parameter in Issler equation - - Chapter 5 (Eq. 5.3)
F Applied load % Pa Chapter 4 (Eq. 4.2)
FBP Fracture breakdown pressure % Pa Chapter 8 (Fig. 8.8)
FCP Fracture closure pressure % Pa Chapter 8 (Fig. 8.8)
FIT Formation integrity test 25 Pa Chapter 8 (Fig. 8.8)
FPP Fracture propagation pressure L% Pa Chapter 8 (Fig. 8.8)
FWL Free water level Chapter 9 (Fig. 9.2)
FOL Free oil level Chapter 9 (Fig. 9.6)
g Acceleration of gravity % z Chapter 2 (Eq. 2.1)
G Flow focusing ratio - - Section 10.2.2
GR Gamma ray Section 5.3.1
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List of Nomenclature xi
(cont.)
SI
Symbol Name Dimensions Unit  Reference
GWC  Gas-water contact - - Chapter 2 (Fig. 2.1)
hewr Height above free water level L m Chapter 9 (Fig. 9.5)
hror Height above free L m Chapter 9 (Fig. 9.6)
oil level
hewe Height of gas-water contact above L m Chapter 2 (Eq. 2.23)
free water level
howe  Height of oil-water contact above L m Chapter 2 (Eq. 2.24)
free water level
ISIP Instantaneous shut-in pressure % Pa Chapter 8 (Fig. 8.8)
Koy Mudrock permeability L’ m’ Chapter 10 (Eq. 10.2)
k Permeability L’ m’ Chapter 4 (Eq. 4.18)
K Principal stress ratio - - Chapter 3 (Eq. 3.15)
Ky Lateral stress ratio for one dimen- - - Chapter 3 (Eq. 3.3)
sional strain
Kone Normally consolidated lateral stress - - Chapter 3 (Fig. 3.8)
ratio for one dimensional strain
Ky Stress ratio at Coulomb failure - - Chapter 3 (Eq. 3.8)
LL Liquid limit - - Section 3.2.1
LOP Leak-off pressure % Pa Chapter 8 (Fig. 8.8)
M Slope of the Coulomb failure line in - - Chapter 3 (Equations 3.4
s-t space and 3.18)
m Sedimentation rate Lr - Chapter 4, (Eq. 4.30)
m, Coefficient of volume L = Chapter 4 (Eq. 4.11)
compressibility
mbsf  Meters below seafloor L M Chapter 3
n Porosity - - Chapter 3 (Eq. 3.2)
ngy Reference porosity - - Chapter 5 (Eq. 5.1)
A Fraction of porosity that is bound - - Chapter 6 (Eq. 6.10)
water
N Normal interparticle force % Pa Chapter 4 (Eq. 4.1)
NCT Normal compaction trend Chapter 5
OwWC  Oil-water contact Chapter 2 (Fig. 2.6)
PPG Pounds per gallon % % Chapter 2 (Eq. 2.10)
q Darcy flow velocity L n Chapter 4 (Eq. 4.18)
q Deviatoric stress LMT Pa Chapter 3 (Fig. 3.9)
0 Volumetric flux % % Chapter 4 (Eq. 4.19)
r Capillary tube radius L M Chapter 2 (Eq. 2.16)
I Threshold pore throat radius L M Chapter 2 (Fig. 2.12)
R Radius of curvature L M Chapter 2 (Eq. 2.16)
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xii List of Nomenclature
(cont.)
SI

Symbol Name Dimensions Unit  Reference

R Resistivity Ly Q.m  Chapter 5 (Eq. 5.10)

R Bubble radius L M Chapter 2 (Eq. 2.13)

Ry, Resistivity at equivalent hydrostatic LT?]” Q.m Chapter 5 (Eq. 5.10)
effective stress

RBBC  Resedimented Boston blue clay Chapter 3 (Fig. 3.2)

RGoM- Resedimented Gulf of Mexico — Chapter 3 (Fig. 3.2)

EI Eugene Island mudrock

RPC Resedimented Presumpscot clay Chapter 3 (Fig. 3.2)

s Average or principal effective L% Pa Chapter 3 (Eq. 3.10)
stresses in plane of shearing

s’ Average stress under isotropic LMT Pa Chapter 3 (Eq. 3.20)
conditions

S Storage coefficient LA;—T = Chapter 4 (Eq. 4.32)

S Storage coefficient LZVT Pia Chapter 4 (Eq. 4.35)

S Smectite Chapter 6 (Fig. 6.10)

S+1 Smectite plus illite Chapter 6 (Fig. 6.10)

Sy Wetting phase saturation - - Chapter 2 (Fig. 2.12)

Sigma  Present effective stress % Pa Chapter 6 (Fig. 6.8)

Sigmax Maximum past effective stress L% Pa Chapter 6 (Fig. 6.8)

t Maximum shear stress in plane of L% Pa Chapter 3 (Eq. 3.11)
shearing

t Time T S Chapter 4 (Eq. 4.19)

T Tensile strength 25 Pa Chapter 8 (Eq. 8.1)

T Dimensionless time factor for - - Chapter 4 (Eq. 4.30)
sedimentation

T, Dimensionless time factor for pore - - Chapter 4 (Eq. 4.27)
pressure dissipation

sP Total stress path Chapter 3 (Fig. 3.9)

TVDrkb True vertical depth below kelly L M Chapter 6 (Fig. 6.8)
bushing

TVDgs  True vertical depth below sea L M Chapter 2 (Eq. 2.1)
surface

u Pressure 2L Pa Chapter 2 (Eq. 2.3)

up Borehole pressure LMT Pa Chapter 8 (Eq. 8.1)

U, Capillary pressure L% Pa Chapter 2 (Eq. 2.20)

Uego Gas-oil capillary pressure % Pa Chapter 2 (Fig. 2.6)

Ucrg—qir Mercury-air capillary pressure Lj‘f_, Pa Chapter 2 (Eq. 2.22)

Uemig Minimum capillary pressure for % Pa Chapter 2 (Eq. 2.24)

migration of non-wetting phase
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List of Nomenclature xiil
(cont.)
ST
Symbol Name Dimensions Unit  Reference
Ucow Oil-water capillary pressure % Pa Chapter 2 (Eq. 2.22, Fig. 2.6)
ue, Critical reservoir pressure at which /7 Pa Chapter 9 (Eq. 9.3)
seal leakage occurs
ug Displacement pressure L—% Pa Chapter 2 (Fig. 2.12)
Uge Extrapolated displacement pressure LMT Pa Chapter 2 (Fig. 2.12)
Ug Gas phase pressure % Pa Chapter 2 (Fig. 2.6)
u, Hydrostatic pressure LMT Pa Chapter 2 (Eq. 2.1)
u™ Pore pressure induced by mean % Pa Chapter 4 (Eq. 4.34)
stress
U, Oil phase pressure LMT Pa Chapter 2 (Eq. 2.13)
ud Pore pressure induced by shear % Pa Chapter 4 (Eq. 4.34)
stress
uy Pore pressure induced by average % Pa Chapter 6 (Fig. 6.14)
stress
u Threshold pressure LMT Pa Chapter 2 (Fig. 2.12)
Uy Water phase pressure % Pa Chapter 2 (Eq. 2.13)
uyes Water pressure in reservoir L—% Pa Chapter 9 (Eq. 9.4)
u* Overpressure % Pa Chapter 2 (Eq. 2.3)
T Reservoir overpressure L—% Pa Chapter 10 (Eq. 10.2)
Uy, Mudrock overpressure LMT Pa Chapter 10 (Eq. 10.2)
U Average degree of consolidation - - Chapter 4 (Eq. 4.28)
U Cohesion energy per molecule MT—L; J Section 2.6.1
U Slope of the velocity-effective LZVT ’;’C—? Chapter 6 (Eq. 6.4)
stress unloading curve
ucs Unconfined compressive strength % Pa Chapter 8 (Eq. 8.3)
V Velocity % = Chapter 5 (Eq. 5.4)
14 Volume L’ m’ Chapter 2 (Eq. 2.12)
Vi Velocity at equivalent hydrostatic Lr . Chapter 5 (Eq. 5.4)
effective stress
Vinax Velocity at preconsolidation stress % - Chapter 6 (Eq. 6.5)
Vy Interval velocity % n Chapter 7 (Eq. 7.8)
Vnmo ~ Normal moveout velocity % n Chapter 7 (Eq. 7.7)
v, Volume of oil L’ m’ Chapter 2 (Eq. 2.12)
Vo Reference velocity in velocity % 2 Chapter 6 (Eq. 6.7)
density cross plot
v, Vertical velocity L n Chapter 7 (Eq. 7.9)
Vims Root mean square velocity % n Chapter 7 (Eq. 7.3)
Vi Unloaded velocity % “ Chapter 6 (Eq. 6.4)
Vi Velocity of sound in water % 2 Chapter 5 (Eq. 5.7)
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Xiv List of Nomenclature
(cont.)
SI

Symbol Name Dimensions Unit  Reference

Vy Volume of water L’ m? Chapter 2 (Eq. 2.12)

v Specific volume - - Section 5.4.1 (Table 5.1)

Vo Reference specific volume - - Chapter 5 (Table 5.1)

wr Liquid limit - - Section 3.2.1

2

w Work done MT—L; kgs'j" Chapter 2 (Eq. 2.12)

z Depth L! m Chapter 2 (Eq. 2.4)

z Centroid depth L m Chapter 10 (Eq. 10.1)

Zhase Depth of reservoir base L m Chapter 10 (Eq. 10.3)

Zerest Depth of reservoir crest L M Chapter 10 (Eq. 10.1)

V4 Relative depth of centroid - - Chapter 10 (Eq. 10.1)

Zwa Water depth L m Chapter 2 (Eq. 2.2)

Greek Units

Symbol Name Dimensions SI Unit Reference

o Pore pressure coefficient - - Chapter 2 (Eq. 2.7)

o Fitting parameter in Eaton velocity % N Chapter 5 (Eq. 5.5)
equation

o Fitting parameter in Eaton resistiv- LT?]",I Q Chapter 5 (Eq. 5.11)
ity equation

o Fitting parameter for Gardner vel- % - Chapter 7 (Eq. 7.10)
ocity-density transform

ap Bulk sediment thermal expansion £ % Chapter 4 (Eq. 4.33)
coefficient

of Fluid thermal expansion coefficient % % Chapter 4 (Eq. 4.33)

U Matrix thermal expansion £ % Chapter 4 (Eq. 4.33)
coefficient

as Solid thermal expansion coefficient £ + Chapter 4 (Eq. 4.33)

s Compaction coefficient LWTZ Pia Chapter 5 (Eq. 5.1)

s Fitting parameter for Gardner vel- - - Chapter 7 (Eq. 7.10)
ocity-density transform

y Interfacial tension % % Chapter 2 (Eq. 2.14)

y Fitting parameter in Eaton velocity % o Chapter 5 (Eq. 5.5)
equation

y Fitting parameter in Eaton resistiv- LTi—]A’,I Q- Chapter 5 (Eq. 5.11)
ity equation

YHg—air ~ Mercury air interfacial tension TM % Chapter 2 (Eq. 2.22)
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List of Nomenclature XV
(cont.)
Symbol Name Dimensions SI Unit Reference
Vrws Non-wetting fluid-solid interfacial ~ 4% ol Chapter 2 (Eq. 2.14)
tension
Yow Oil-water interfacial tension % ";n—N Chapter 2 (Eq. 2.12)
Vs Wetting fluid-solid interfacial % % Chapter 2 (Eq. 2.14)
tension
0 Thomsen delta - - Chapter 7 (Eq. 7.9)
Aey Change in void ratio due to average - - Chapter 3 (Eq. 3.26)
stress change
Aey Change in void ratio due to shear - - Chapter 3 (Eq. 3.26)
stress change
n Slope of line in an s -¢ plot - - Chapter 3 (Eq. 3.14)
n Slope of line in a a'm-q plot - - Chapter 7 (Eq. 7.15)
n Bulk viscosity U Pa-s  Chapter 4 (Eq. 4.38)
Hes Slope of line in an s - plot at critical - - Chapter 3 (Eq. 3.18)
state
1, Slope of line in an s -¢ plot under - - Chapter 3 (Eq. 3.19)
uniaxial compression
7, Slope of line in an s - plot at - - Chapter 3 (Eq. 3.17)
Coulomb failure
0 Contact angle - radians Chapter 2 (Eq. 2.14)
0 Inclination of a surface relative - radians Chapter 3 (Fig. 3.12)
to the plane upon which the
principal stress is acting
0., Inclination of Coulomb failure - radians Chapter 3 (Eq. 3.9)
surface relative to the plane upon
which the principal stress is
acting
Org—qair  Mercury-air contact angle radians Chapter 2 (Eq. 2.22)
(7 Oil-water contact angle - radians Chapter 2 (Eq. 2.22)
A Slope on a plot of void ratio vs. - - Chapter 3 (Eq. 3.21)
natural log of average stress
2 overpressure ratio - - Chapter 2 (Eq. 2.11)
u Viscosity o Pa-s  Chapter 4 (Eq. 4.18)
Em Mean stress loading efficiency % # Chapter 4 (Eq. 4.34)
&g Shear stress loading efficiency % ﬁ Chapter 4 (Eq. 4.34)
u Unloading coefficient - - Chapter 6 (Eq. 6.8)
v Poisson’s ratio - Chapter 8 (Eq. 8.5)
p Density Y = Chapter 2 (Eq. 2.4)
Py Bulk density y = Chapter 2 (Eq. 2.5)
Pq Gas density M % Section 2.2
P Density at preconsolidation stress 2—’{ L4 Chapter 6 (Eq. 6.8)
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XVi List of Nomenclature
(cont.)

Symbol Name Dimensions SI Unit Reference

Po Oil density y 4 Section 2.2

Ppw Pore water density y % Chapter 2 (Eq. 2.2)

Pow Seawater density u g Chapter 2 (Eq. 2.2)

Py Density for an observed velocity % i—g Chapter 6 (Eq. 6.8)
under normal compaction

Po Reference density in velocity- % % Chapter 6 (Eq. 6.7)
density cross plot for normal
compaction

o Effective normal stress % Pa Chapter 4 (Eq. 4.1)

o Total normal stress % Pa Chapter 4 (Eq. 4.2)

a}f Normal effective stress on failure LMT Pa Chapter 3 (Eq. 3.7)
plane at Coulomb failure

O',h Minimum horizontal effective LMT Pa Chapter 3 (Eq. 3.3)
stress

o*/e Equivalent stress LMT Pa Chapter 7 (Eq. 7.15)

o Minimum horizontal stress % Pa Chapter 3 (Eq. 3.13)

on Maximum horizontal stress Lj‘ﬁ_, Pa Chapter 3 (Fig. 3.14)

Om Mean total stress % Pa Chapter 4 (Eq. 4.7)

a’m Mean effective stress % Pa Chapter 3 (Fig. 3.9)

o Preconsolidation stress % Pa Chapter 6 (Eq. 6.2)

a; Unloaded vertical effective stress 74 Pa Chapter 3 (Fig. 3.5, Eq. 6.2)

oy Vertical total stress Lj‘ﬁ Pa Chapter 2 (Eq. 2.6)

O'; Vertical effective stress % Pa Chapter 2 (Eq. 2.7)

a’vh Vertical effective stress if pore % Pa Chapter 5 (Eq. 5.4)
pressure is hydrostatic

oy Maximum principal stress AL Pa Section 3.3

a’, Maximum principal effective stress LMT Pa Chapter 3 (Eq. 3.8)

02 Intermediate principal stress L% Pa Section 3.3

03 Least principal stress % Pa Section 3.3

0'3 Least principal effective stress % Pa Chapter 3 (Eq. 3.8)

ol Least principal stress in seal above % Pa Chapter 9 (Eq. 9.3)
reservoir

0/9 Normal effective stress to a plane at % Pa Chapter 3 (Fig. 3.12)
angle theta to the principal stress

T Shear stress % Pa Chapter 3 (Eq. 3.6)

T Shear stress on failure surface at Lj‘ﬁ Pa Chapter 3 (Eq. 3.7)

Coulomb failure
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List of Nomenclature xvii
(cont.)
Symbol Name Dimensions SI Unit Reference
1) Shear stress on a plane at angle 6 to % Pa Chapter 3 (Fig. 3.12)
the principal stress

Tor Shear stress at failure along critical % Pa Chapter 3 (Fig. 3.13a)

failure plane
¢ Friction angle based on effective - radians Chapter 3 (Eq. 3.7)

stress
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