Induced Seismicity
Associated with Shale
Energy Development

Presented by Dave Yoxtheimer, P.G.
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Induced seismicity is earthquake activity resulting
from human activities that cause increased rates or
Instances of energy release (i.e. seismicity) beyond the
historic or normal levels

Known human actitivies
1) geothermal reservoirs
2) mining
3) dammed impoundments
4) oil and gas operations
5) underground injection of fluids for waste disposal

Two main types of induced seismicity:
1) Shear-cause of largest earthquakes

2) Tensile-associated with microseismic events, e.g. hydraulic
fracturing

masie . Marcellus Center
ﬁ for Outreach and Research



Earthquake Magpltude
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« Seismicity with hydraulic fracturing typically
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Shear Stress

\ T = Shear Stress at Failure
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Concept of Effectlve Stress o

Tp =S, + UO,
G, = Normal Stress

L = Coefficient of Friction
S, = Rock Strength

Effective Normal Stress = (G,— P)

P = Pore Pressure
T=95; % (C:—P)

Source: US Dept. of Energy

Injecting fluids into the subsurface increases the pore
pressure, reducing effective stress thus causing faults
and fractures to fail or slip more easily, thereby inducing

an earthquake.
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Every 300-500 feet of casing is perforated Approximately 0.2-0.5 million gallons
to inject fluids into the shale for hydraulic of fluids are injected into each stage.
fracturing.
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Table 1. Felt Induced Seismic Events Related to Energy Technology in the
United States

Number Number of Number
of Current Historical Felt | of Events | Locations of
Energy Technology Projects Events M=>4.0 Events M>2.0
Geothermal
Vapor-dominated (The 1 300-400 per 1 to 3 per CA
Geysers) year since 2005 year
Liquid-dominated 23 10-40 per year | Possibly one CA
Enhanced Geothermal ~8 pilot 2-10 per year 0 CA
System
Qil and gas
Withdrawal ~6,000 fields 20 sites ) CA, IL, NB,
OK, TX
Secondary recovery |~108,000 wells 18 sites 3 AL, CA, CQO,
(waterflooding) today MS, OK, TX
Enhanced Oil ~13,000 wells | None known | None known | None known
Recovery today
Hydraulic fracturing ~35,000 wells 1 0 OK
for shale gas recovery today
Waste water disposal | ~30,000 wells 8 7 AR, CO, OH
wells (Class II) today
Carbon capture and 1 None known | None known | None known
storage (small scale)

- Source: Induced Seismicity Potential in Energy Technologies, National Academy of Sciences, 2012 sse . Marcellus Center
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Hydraulic Fracturing Microsei
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Hydraulic Fracture VertlcaIGfg"“th

Marcellus Shale Mapped Fracture Treatments (TVD)
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FRAC BARRIERS

Depth below land surface (drilling depth)

7000 -

Source: PaDCNR

Permian and
Pennsylvanian
sandstone,
siltstone,
shale,
limestone,

and coal

Mississippian
and Upper
Devonian
sandstone,
siltstone, and
shale

Tully Limestone

Mahantango
Formation

A frac barrier is a rock
formation that supposedly
keeps hydraulically
generated fractures from
penetrating upward and
downward into adjacent
rock formations.

Frac barriers for the
Marcellus include the
underlying Onondaga
Limestone and the
overlying Tully Limestone.

Marcellus Formation
Onondaga Limestone

Huntersville Chert

Oriskany Sandstone
Helderberg Limestone
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Fracture Growth in US ShaIePra\ys
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Bowland Basm, UK-ExampIe of Hydra"tllc
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Cuadrilla Resources fractured the Reese Hall well in the Bowland
Shale of the UK and caused induced seismicity events (N=50)
with highest magnitudes of 1.5 and 2.3 g Marcellus Center
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US Underground Injection W

% ' Figure 1: Class Il Injection Wells
' Across the Country
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Depth Review of the literature published in the past § decades indicates that

feet 0 . P ;

(o) fewer than 40 incidents of seismic activity that were felt at the surface
were potentially associated with Class Il injection wells in the United
States.

masie . Marcellus Center

for Outreach and Research




LORDSTOWN

=
eS|
=
RN ADEN.
PENNSYLVANIA

N
-§~A
J
s
.

=33

=

Sy
/

—’
Et‘f
|4
i
| R '
; NEW 13
4 MIDDLETOWN |/
4f 0 1 2 3 4 miles EXPLANATION
l | 1 1 ]
T rats : ;
T W T O 7-mile radius from Northstar #1 @ Earthquake epicenters
O 10-mile radius from Northstar #1 @ OhioSeis Station

A Permitted injection wells [l Portable Seismometer Stations



Map of Ohio UIC Wells Showing the Northstar Disposal We
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Casing description
(CASINGS SET FROM SURFACE
TO DEPTHS NOTED BELOW)

Drive pipe to 12 ft

11.75in. casing set at 72 ft

8.625 in. casing set at 1,033 ft

Northstar Well
drilled to 9,192
feet, open from
8,215 -9,192 ft

5.5-in casing set at 8,215 ft
2.875-in tubing set at 8,215 ft
Packer assembly set at 8,215 ft

Onen hole to total denth of 9 1972 ft
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» Review of existing geologic data for known faulted areas
within the state

» Avoid the locating of new Class Il disposal wells within
Precambrian or faulted zones;

» Run complete suite of geophysical logs (including, at a
minimum, gamma ray, compensated density-neutron, and
resistivity logs) on newly drilled Class Il disposal wells.

» Measurement or calculation of original downhole reservoir
pressure prior to initial injection;

» Conducting a step-rate injection test to establish formation
parting pressure and injection rates;

» Installation of a continuous pressure monitoring system;

» Installation of an automatic shut-off system set to operate if
the fluid injection pressure exceeds a maximum pressure;

» Use of an electronic data recording system for purposes of
tracking all fluids brought by a brine transporter for injection.
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» Hydraulic fracturing creates permeability that rarely
creates unwanted induced seismicity that is large
enough to be detected on the surface

» UIC wells have caused detectable seismicity in
Isolated cases, with magnitude of 4 or less

» Assessment of subsurface stress, faulting, and other
geologic structure conditions critical to avoid seismic
Induction

» Implementation of a robust regulatory and monitoring
program can minimize the risk of induced seismicity
with fracturing or disposal practices
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