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Orthogonal Fractures in Sandstone (Jon Olsen)



An example of saturated fracture spacing comes from the Oil Mountain area in Wyoming. This is an 

unfolded outcrop near Oil Mountain, which is a thrust-cored anticline. Here, the fractures running up and 

down in the diagram, which parallel the fold axis of the nearby anticline, have very regular spacing that is 

about equal to bed thickness for the formation (the Frontier Sandstone).

Saturated Strike Joints
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Joint Spacing ïProportional to Bed Thickness 
Sandstone (Jon Olsen)
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Photo -Jon Olsen
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Complex Fracture Scenarios

(SPE 115769) 

(SPE 114173) 

(SPE 119890)

(SPE 115769) 
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Proppant Transport Scenarios

(SPE 115769)
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Discrete Fracture Network Model
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Discrete Fracture Network Model

Major Assumptions

Dominant or primary fracture

Secondary fractures 

Å initiate when

Å principle planes (propagate perpendicular to 

minimum stress)

Å discrete (saturated or unsaturated)

Ignore interfacial joint dilatancy

Include fracture interaction

Stimulated Reservoir Volume - Ellipsoidal

minfp s>
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Governing Equations ïPrinciple Axes
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2 0L

w
q q

t

µ
Ð + + =

µ

() () ()
0

( ) 0
t

f l spq d V t V t V tt t- - - =ñ
Momentum Conservation

2 31 /
2

p f q wrÐ =-

Continuity Equation

( )f

W

p H
w

E

xs-
=G

¡

Width-Opening Pressure



Discrete Fracture Network (DFN) Model

Mass Conservation Equations
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Momentum Equations ïPrinciple Axes

Laminar Flow
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Momentum Equations ïPrinciple Axes

Laminar Flow

Turbulent Flow



Discrete Fracture Network (DFN) Model

Interaction Factors ïDFN
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Elastic Interaction Factor
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Net Pressure Ratio for Multiple Fractures
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Proppant Distribution

Primary Fracture

p f t f DFNm m m mc= =

Secondary Fractures
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Dominant
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Uniform
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Discrete Fracture Types

Multiple

Åx-z plane

Åself-similar

Åsaturated

Åinteraction

DFN

Åprinciple planes

Åspacing; dx,dy,dz

Åsaturated 

Åunsaturated

Å

Åcontinuum/discontinuous

Åinteraction

Cluster

Åprinciple planes

Åspacing; dx,dy,dz

Åsaturated 

Åunsaturated

Åaperture ratio

Åinteraction

1 2 3, ,s s s
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Cluster Fractures


