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What Causes a Fault to Slip?

Changes in stress

A Shear stress
A Pore pressure change o X o
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Three Principal Stress Directions
Vertical - Sv

Maximum Horizontal - SH
Minimum Horizontal - Sh




What can Cause Stress to Change?

Lake

Dominant cause Aquifer

Naturaltectonics Injection Well

Production Well

Uniguecircumstances

Aquifer level changes
Dam/reservoir impoundment Faults
Mining

Waste water disposal wells

0O&G injection/extraction

Hydraulic fracturing




Most CitedExample of Salt Water Disposakismicity
The Exceptiog Not the Rule
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WASTE WATER

Fault orientated to
g potentially slipwith
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Oklahoma Seismicity
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EOR injection wells
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Produced Formation Water Relationship

Millions of barrels
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Hydraulic Fracture Induced Seisntvents
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Pennsylvaniag Ohio Unconventional Development

Salt Water Disposal

A
A

Flow back water

Black Hand Member (*Big Injun”)

Shallow and deep disposal zones
Smaller volumes and lower rates than
Oklahoma

A few deeper wells have been linked to

induced seismicity

Hydraulic Fracturing

A Very rare- Instances limited to one area
A Utica stimulation
A No events associated with Marcellus
stimulation

A lsolation from deep seated faults?

“Big Lime"

Approximate base of potable groundwater (==

Berea Sandstone
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Ohio Shale/ &=
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Trenton Limestone/
Black River Group
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Regulatory Responses in Higher Risk Areas

Salt Water Disposal

A Volume/rate restrictions
A Revised permitting conditions
A Enhanced monitoring requirements

A Traffic light systems

Hydraulic Fracturing

A Enhanced monitoring requirements

A Traffic light system

Oklahoma
Volume / Rate Restrictions

Alberta
AER Traffic Light System - \
Duvernay Zone, Fox Creek
4.0M,

O > cease operations,
inform the AER
2.0M

> inform the AER,
invoke response plan

o =
NO action required
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Pennsylvania State Network



