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Step 1: Drill a well

Well can
go 10,000
feet deep

Shale layer



Hydraulic Fracturing

Hydraulic Fracturing

Step 2: Inject fluid to generate fractures
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Step 3: Sand “props” fractures open allowing gas/oil to flow out
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Halliburton in the late 1940’'s
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Horizontal Drilling “Slickwater”
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Compound Purpor Common application

Helps dissolve minerals
Acids and initiate fissure in Swimming pool cleaner
rock (pre-fracture)

Allows a delayed
Sodium Chloride breakdown of the gel Table salt
polymer chains

T Minimizes the friction Water treatment, soil
T/ between fluid and pipe  conditioner
0.5%
CHEMICAL Prevents scale deposits  Automotive antifreeze,
ADDITIVES Ethylene Glycol in the pipe d:aicmg agent, household
cleaners

Maintains fluid viscosity  Laundry detergent, hand

Borate Salts as temperature increases  soap, cosmetics

Sodium/Potassium  Maintains effectiveness  Washing soda, detergent,

et of other components, soap, water softener,
axoon such as crosslinkers glass, ceramics

(8o

Eliminates bacteria in Disinfectant, sterilization

Glutaraldehyde deis of medical and dental
equipment *
. Thickener in cosmetics, .
Thickens the water to
Guar Gum suspend the sand baked goods, ice cream,
toothpaste, sauces

v Prevents precipitation of  Food additive: food and
metal oxides beverages; lemon juice
Used to increase the Glass cleaner,
Isopropanol viscosity of the fracture  antiperspirant, hair
fluid coloring .

Sauree: DOE, GWPE: 1 . 2
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A5

“Super Fracking” Today
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Total Potential Resources (Mean Values, Tcf)

[W Coalbed gas resources

[ Traditional gas resources
(conventional, tight, shale) shale gas: 686.6 Tcf (m.1.)

N\ Volume of shale gas (“most L

shale gas: 1,073 Tcf (m.l.)

likely” value) within total 1,836

Traditional resources shale gas: 615.9 Tof (m.L.)

——— (shale gas assessed but not reported separately) —|

shale gas: ~200 Tcf (m.1.) 1,321 |
1,091 1127 1,119 L
1 (gL

1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Potential Gas Committee (2011)



Hydraulic Fracturing

Hydraulic Fracturing

U.S. dry natural gas production
trillion cubic feet

a5 History 2011 Projections
30
25
20 Shale gas
15
Tight gas
10
~ Coalbed methal ]
5 Associated with oil
g Non-associated onshore

1900 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: U.S. Energy Information Administration, Annual Energy Outlook 2013 Early Release
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‘Lower 48 states shale plays‘
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1.
Source: Energy Information Administration based on data from various published studies
Updated: May 9, 2011
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Problem: Earthquakes known since 1976

150

3000

Number of earthquakes
g
Monthly reservoir pressure (psi)
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C. B. Raleigh et al. Science 191(4233), 66-75
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Problem: Earthquakes

5
Horizontal distance (km)

R. A. Kerr. Science 335(6075), 1436-1437
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Problem: Earthquakes from fluid reinjection

Maximum Seismic Moment versus Injected Volume
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Problem: Contaminated Drinking Water
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Problem: Contaminated Drinking Water
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Summary
o Main source of natural gas for the next 40 years
o Causes earthquakes

o May contaminate drinking water
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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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Sites Bonds Cluster
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Modified Invasion Percolation

Stacked Histogram of Probabilites

T

I "Trapped" Bonds
60000 Il Broken Bonds |

50000 1

40000 1

30000 1

20000 1

10000 1

%.0 0.2 0.4 0.6 0.8 1.0



Invasion Percolation

Modified Invasion Percolation

Histogram of Failed Strengths around p=0.5
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Waterlevel Bursts
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Waterlevel Bursts




Bursts

Waterlevel Bursts

Frequency-Magnitude of Bursts(cutoff=0.49)
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Reduce dimensionality by looking time-series of

strengths

©tP—2,P-1,P0,P1,P2" "
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Information Theory Measures

Probability
(2]

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Pit+n—Pt
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Encodings
Strength encoding:  Temporal encoding:
Pt < Pi+1 — 1 St n.n. Sy — 1

p: > prr1— 0 St A Sp1 — 0
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Bayesian Inference: Strength Encoding
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Bayseian Inference: Spatial Encoding
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Permutation Entropy
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1:1 1:1 1:1 1:1
2:2 2:2
3:3 3:3
2:2 2:2
1:1 1:1 1:1 1:1
4:4
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r; =2.03 x 2.6793'
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Tokunaga Branching
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