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Hydraulic Fracturing
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Hydraulic Fracturing

Step 1: Drill a well
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Hydraulic Fracturing

Step 2: Inject fluid to generate fractures
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Hydraulic Fracturing

Step 3: Sand “props” fractures open allowing gas/oil to flow out
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Hydraulic Fracturing

Halliburton in the late 1940’s
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Hydraulic Fracturing

USGS Potential Gas Committee (2011)
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Hydraulic Fracturing

Horizontal Drilling “Slickwater”
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Hydraulic Fracturing
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Hydraulic Fracturing

“Super Fracking” Today
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Hydraulic Fracturing

Potential Gas Committee (2011)
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Hydraulic Fracturing



Hydraulic Fracturing Simple Model Invasion Percolation Bursts Information Theory Tokunaga Branching

Hydraulic Fracturing
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Hydraulic Fracturing

Problem: Earthquakes known since 1976

C. B. Raleigh et al. Science 191(4233), 66-75
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Hydraulic Fracturing

Problem: Earthquakes

−10

−8

−6

−4

−2

0

Horizontal distance(km)

D
ep
th
(k
m
)

S Nwell #1well #5

EndersFault

15 10 5 0 –5

M4.0M4.7

M3.9

Magnitude4.1

OzarkAquifer

Precambrian

R. A. Kerr. Science 335(6075), 1436-1437



Hydraulic Fracturing Simple Model Invasion Percolation Bursts Information Theory Tokunaga Branching

Hydraulic Fracturing

Problem: Earthquakes from fluid reinjection

Art McGarr (USGS)
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Hydraulic Fracturing

Problem: Contaminated Drinking Water
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Hydraulic Fracturing

Problem: Contaminated Drinking Water

Osborn et al. PNAS, 108(20), 8172-8176.
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Hydraulic Fracturing

Summary

Main source of natural gas for the next 40 years

Causes earthquakes

May contaminate drinking water
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Simple Model
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Simple Model

P = 0
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Simple Model

P = Pd
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Simple Model

P = Pd
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Simple Model

P = Pd
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Modified Invasion Percolation
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Modified Invasion Percolation
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Modified Invasion Percolation
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Modified Invasion Percolation
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Modified Invasion Percolation

Sites Bonds Cluster
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Modified Invasion Percolation

t = 1000 t = 2000 t = 3000
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Modified Invasion Percolation
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Modified Invasion Percolation
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Waterlevel Bursts
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Waterlevel Bursts
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Waterlevel Bursts
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Information Theory Measures

Reduce dimensionality by looking time-series of

strengths

· · · p−2, p−1, p0, p1, p2 · · ·
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Information Theory Measures



Hydraulic Fracturing Simple Model Invasion Percolation Bursts Information Theory Tokunaga Branching

Information Theory Measures
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Information Theory Measures

Encodings

Strength encoding: Temporal encoding:
pt < pt+1 → 1 st n.n. st+1 → 1
pt > pt+1 → 0 st n.n. st+1 → 0
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Information Theory Measures

Bayesian Inference: Strength Encoding
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Information Theory Measures

Bayseian Inference: Spatial Encoding
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Information Theory Measures

Permutation Entropy

0 5 10 15 20 25
L

0

5

10

15

20

25

H
L



Hydraulic Fracturing Simple Model Invasion Percolation Bursts Information Theory Tokunaga Branching

Tokunaga Branching
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Tokunaga Branching
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Tokunaga Branching
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Tokunaga Branching
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Tokunaga Branching

100 101 102 103 104 105

r

10-1

100

101

102

103

104

105

106

107
N

N=11412703r−1.547762



Hydraulic Fracturing Simple Model Invasion Percolation Bursts Information Theory Tokunaga Branching

Tokunaga Branching
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