
What Makes a Good Gas Shale?What Makes a Good Gas Shale?

Rick Lewis 

Schlumberger

Oklahoma City



Key Parameters for Gas Shale Plays

•Gas in Place 
•Permeability
•Organic richness

• Frac containment

• Frac conductivity

• Fluid compatibility
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•Organic richness
•Thermal Maturity
•Adjacent water 
bearing formations
•Reservoir pressure

• Fluid compatibility



Factors controlling gas reservoir quality
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Adsorbed gas on kerogen
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Shale Gas Plays
Lower 48 States



A-R Bulk 
Density

A-R Grain 
Density

Dry Grain 
Density

Porosity
Water 

Saturation
Gas 

Saturation
Mobile Oil 
Saturation

Gas-
Filled 

Porosity

Bound 
Hydrocarbon 

Saturation

Bound 
Clay 

Water

Pressure 
Decay 
Perm

TOC

(g/cm 3) (g/cm 3) (g/cm 3) (% of BV) (% of PV) (% of PV) (% of PV) (% of BV) (% of BV) (% of BV) (md) (wt %)
2.48 2.622 2.645 6.65 15.16 81.4 3.43 5.42 0.5 6.21 0.00027 3.77

2.436 2.559 2.584 6.26 18.5 76.44 5.05 4.79 1.29 7.03 0.00023 6.75
2.48 2.633 2.652 6.87 15.43 83.9 0.66 5.77 0.5 6.8 0.00027 3.36

2.327 2.487 2.509 7.74 13.09 83.02 3.87 6.43 0.73 6.67 0.000347 7.41
2.373 2.539 2.558 7.58 11.17 85.92 2.9 6.52 0.34 2.63 0.000359 5.95
2.461 2.605 2.63 6.87 16.26 80.42 3.32 5.53 0.99 7.19 0.000298 5.04
2.75 2.812 2.818 2.48 7.41 88.89 3.69 2.21 0.29 1.87 0.000044 0.98

2.341 2.511 2.527 7.66 7.67 88.39 3.93 6.77 0.82 4.9 0.000463 7.84
2.428 2.573 2.599 7.11 17.77 79.06 3.16 5.62 0.75 7.01 0.000292 4.12
2.468 2.633 2.645 6.87 5.5 91.15 3.34 6.26 0.91 4.58 0.000305 4.02
2.525 2.593 2.661 6.53 54.54 40.42 5.03 2.64 0.1 5.19 0.000112 2.29

Critical Reservoir Parameters

2.525 2.593 2.661 6.53 54.54 40.42 5.03 2.64 0.1 5.19 0.000112 2.29
2.637 2.73 2.765 5.27 34.63 64.44 0.92 3.4 0.05 5.04 0.000149 6
2.451 2.543 2.599 6.97 47.77 51.58 0.64 3.6 0.28 9.45 0.000161 5.3
2.432 2.574 2.605 7.29 24.19 75.19 0.61 5.48 0.28 7.48 0.000333 5.73
2.436 2.56 2.579 5.96 18.23 81.01 0.75 4.83 0.28 5.05 0.000346 6.59
2.445 2.548 2.573 5.38 9.65 75.13 15.21 4.05 0.4 3.12 0.000243 5.19
2.523 2.619 2.687 7.02 9.07 51.88 39.04 3.65 0.67 3.22 0.000176 5.68
2.472 2.606 2.621 5.99 13.06 85.56 1.37 5.13 0.25 4.76 0.000325 6.26

Saturations: Sliquid < 45%

Permeability: > 100 nD

TOC: > 2 wt%

Effective phi: 4 to 12 pu



Composite of Five Different Gas Shales
Average Sw vs. Average Perm



Shale in Perspective: 
Permeability 
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Unconventional
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Matrix Permeability is Important in Barnett Shale

Km = 0.0005 md
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TOC vs. Permeability



Wettability
• Kerogen is hydrophobic

• Low Sw correlative with 
high TOC

• Pore water driven out 
during compaction / during compaction / 
diagenesis / maturation

• Water never in pore

– When did pore develop 

• Function of kerogen 
texture

– Pore lining

Hydrophobic Hydrophilic



Argillaceous Beds in Shale
Washout on Clay Beds

Potential Stimulation “Barrier”
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Potential Production (Vertical Perm) Barrier

Impact of Laminations on Vertical Fractures
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Mechanical Properties for Shales
• Shales can be very anisotropic due to 

laminations Comp.
Vertical
Velocity

Not the Same!!

Comp.
Horizontal
Velocity



Laminated Anisotropy—Cookie Perspective

Fast
Strong

Slow
Weak



Traditional Stress Modeling: Isotropy
• s v

• Stress Profile

• Shale

• We traditionally measure 
only verticalrock 
properties.

• s h• s v• s p

( ) tectonicspvph +-
-

=- ss
u

u
ss
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• Shale

• Sandstone
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Stress Profiles in Anisotropic Rock

• Where:

• E = Young’s Modulus Vertical

• s v E, v
E’, v’

• v = Poisson’s Ratio Vertical

• E’ = Young’s Modulus Horizontal

• v’ = Poisson’s Ratio Horizontal

( ) tectonics
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Argillaceous Shale Bed
Eh = 6 x 106 psi
Ev = 3 x 106 psi

nh = 0.26
nv = 0.25

Overburden Argillaceous Shale:
Isotropic:      � h = 0.66 psi/ft 
Anisotropic: � h = 0.87 psi/ft 

Siliceous Shale:
Isotropic:      � h = 0.53 psi/ft
Anisotropic: � = 0.57 psi/ft

Impact of Anisotropy on Mechanical Properties and Stress

Siliceous Shale Bed
Eh = 8 x 106 psi
Ev = 6 x 106 psi

nh = 0.16
nv = 0.13

Assume: 

D = 8,000 ft
Pr = 0.43 psi/ft
s v = 1.13 psi/ft
a = 1.0

Anisotropic: � h = 0.57 psi/ft
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Sonic Scanner in a Vertical Well
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Expandable Clay
Stress Concentration PayLithology

sHmin

2D      3D

Red – low stress
Blue – high stress



Conclusions

• Three characteristics of economic gas shales
– Adequate GIP

– Good matrix permeability (> 100nD)

– Create conductive fractures of adequate height and – Create conductive fractures of adequate height and 
surface area

• Characteristics are driven by shale mineralogy and 
maturity
– TOC 

– Clay content and clay type 

– Vertical distribution of shale



Thank You!


