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Introduction
Outline

• Pore Pressure at depth in sedimentary basins;

– Importance and definition of pore pressure

– Reservoir compartmentalization

– Mechanisms of overpressure generation

– Estimating pore pressure at depth

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Definition and importance

• Pore pressure & stress magnitudes are closely coupled

– Effective stress

– Pore pressure vs. stress

• Drilling

– Constraints on drilling Mud density (Mud weight window)

• Maximum hydrocarbon column height 

• Reduction in reservoir pore pressure with production 
(depletion) 

– Deformation, compaction, and permeability loss

– Induce faulting (seismicity)



Definition and importance

• Pore pressure

– Scalar hydraulic potential acting within an interconnected pore psace at depth

– Hydrostatic pressure: 10 MPa/km or 0.44 psi/ft

• Magnitude of pore pressure

– Overpressure

– Upper bound: overburden stress, Sv

– The ratio of pore pressure to the vertical stress 
λp = Pp/Sv

– Lithostatic pore pressure: Pp = Sv

– The following will hold always: Pp < S3 

 Because tensile rock strength is usually small

– Assumption: pore pressure in quasi-static
Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Definition and importance

• Monte Cristo field (Gulf of Mexico)

– Typical example of pore pressure variation (and 
overpressure)

– Zone with >8000 ft is isolated from the shallow 
zone

– Hard pore pressure: Pp ~ Sv

– λp = Pp/Sv ?

Pore pressure can change at a given depth from one area to another

(Norwegian sector of northern North Sea)
Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Reservoir Compartmentalization
Case in Northern Egypt

• A reservoir can be compartmentalized

– A series of permeable sands + 
impermeable shales

– Hydrostatic or overpressure 

– Pressure increase is hydrostatic within 
each compartment

– Mud weight: between Pp & S3

Drillstem test: 산출시험

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Reservoir Compartmentalization
Case in Gulf of Mexico (oil/gas/water)

• South Eugene Island (SEI) Block 330, Gulf of Mexico

– Young (Pliocene-Pleistocene < 4 million years)

– Sand & Shale 

– Data at SEI330 act as separate reservoir

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Supplementary #1
Geologic Time

• Reservoir Engineers must be familiar with Geology

– 캄오실데석탄페노으면트김쥐포백마리 제3기 제4기

Goodman RE, 1993, Engineering Geology, Wiley

Paleozoic (고생대) Mesozoic (중생대) Cenozoic (신생대)Precambrian



Reservoir Compartmentalization
Case in Gulf of Mexico (oil/gas/water)

• Structure Contour Map (OI 
sand)

– one of deeper producing 
intervals

– Divided into different fault blocks

– Distribution of water, oil (green) 
and gas (red) are markedly 
different in adjacent fault blocks

– Oil columns at Fault block B, C 
vs. A, D, E are different

oil

gas

water

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Reservoir Compartmentalization
Case in Gulf of Mexico (oil/gas/water)

• Structure Contour Map (OI sand)

oil

gas

water

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Reservoir Compartmentalization
Pore pressure variation within compartments (1)

• Pp variation with depletion (SEI330)

– SAND1 & SAND2 are not far away but their responses are 
different

• Pp responds like a single 
interconnected hydraulic unit

• Pp responds very differently

• Compartmentalized at a smaller scale 
than the mapped faults

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Reservoir Compartmentalization
Pore pressure variation within compartments (2)

• Miocene sand in Southern Louisiana

– The role of sealing fault

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Mechanisms of overpressure generation

• Underpressure is rare  will not discuss

• Mechanisms of overpressure

– Disequilibrium compaction

– Tectonic compression

– Hydrocarbon column heights

– Centroid effects

– Aquathermal pressurization

– Dehydration reaction

– Hydrocarbon generation

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Mechanisms of overpressure generation
Disequilibrium compaction (undercompaction)

• Compaction under high/low 
permeability system

– High permeability

Speed of compaction is 
comparable to permeability 
no overpressure

– Low permeability

Speed of compaction is too fast 
compared to permeability 
overpressure generation



Mechanisms of overpressure generation
Disequilibrium compaction (undercompaction)

• Characteristic time for linear diffusion

1 D (darcy) = 0.987x10-12 m2 ~ 10-12 m2

Diffusion equation
Dimensional Analysis

• Dimensionless group dictate the nature of diffusion process or demonstrate the 
competition between two rate process
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+ indicates a dimensionless quantity 

L   : some characteristic length

te : some characteristic time

he : some characteristic head

L: length of the model (1D) or some length 

associated with fluid movement (2D)
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Mechanisms of overpressure generation
Disequilibrium compaction (undercompaction)

• Characteristic time for linear diffusion

– Sandstone (high k): short diffusion time

– Shale (low k): long diffusion time



Mechanisms of overpressure generation
Disequilibrium compaction (undercompaction)

• Permeability vs. hydraulic diffusivity



Mechanisms of overpressure generation

• Tectonic compression

– Occur in a similar manner as compaction

– Locations under tectonic compression (high Pp in compression, low Pp in 
extension) - Coast ranges of California, Cooper basin in central Australia, North Sea

• Hydrocarbon column heights

• Centroid effects

• Aquathermal pressurization: 

– pore pressure expansion due to radioactive decay

• Dehydration reactions

– Mineral diagenesis (expulsion of water from crystal lattice of montmorillonite…)

• Hydrocarbon generation

– Thermal maturation of kerogen in hydrocarbon source rock *kerogen: organic matter in 

sedimentary rockZoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Estimation of Pore pressure at depth
Direct measurement & Importance of estimation

• Direct measurement 

– Wireline logging

– Through drill pipe

• Mud weights are also indicator of Pp

• Importance of estimating Pp

– Estimation from seismic reflection data 
before drilling

– Direct measurement of Pp at 
impermeable rock is difficult

Rider M and Kennedy M, 2011, The geological interpretation of well logs, 3rd ed., Rider French

Direct measurement of Pore pressure 

by wireline logging (Rider & Kennedy, 2011)



Estimation of Pore pressure at depth
Estimation from Porosity

• Underlying physics - Porosity 
decrease with the increase of 
(vertical) effective stress (Sv-Pp)

• Example of shale (Fig.2.13)

– Overburden gradient: 23 MPa/km, 
Vertical effective stress gradient: 13 
MPa/km

– Porosity logging, sonic velocity, or 
resistivity 

– Example1) Φ=0.17 at 2 km depth

– Example 2) Φ=0.26 at 2 km depth

– Needs to be used cautiously. Why?

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Estimation of Pore pressure at depth
Estimation from Porosity

• Abnormally high porosity at a given depth can be used to infer 
the presence of overpressure

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Estimation of Pore pressure at depth
Estimation from Resistivity/sonic velocity

• Resistivity & sonic travel time Δt(P wave velocity Vp
-1) can be 

used to estimate Pp

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Estimation of Pore pressure at depth
Estimation from seismic reflection data

• Estimation of Pp from seismic reflection data prior to drilling

Measured velocities

Inferred pore pressure

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press



Estimation of Pore pressure at depth
Cautions

• Complicating factors

– Estimation applicable to shale but 
not in sands and carbonates

– Other factors may have affected 
(other than effective stress)

– How to relate the lab data to field 
(scale, pressure, role of horizontal 
stress…)

– Complex burial history and 
unloading

Zoback MD, 2007, Reservoir Geomechanics, Cambridge University Press


