In perspective:
Seismic activity induced
by hydraulic fracturing

H

ydraulic fracturing is a regulated,
safe, controlled and essential
process for recovering natural gas
from deep geological formations such
as shale rock. In Western Canada, the
petroleum industry has used this process
for more than 60 years.
Hydraulic fracturing, by definition, is
a form of induced seismicity – or, put
differently, induced seismicity is the
desired outcome of hydraulic fracturing.
This seismicity is typically contained
underground and rarely felt on the
surface. In fact, emerging scientific
consensus suggests hydraulic fracturing
poses no serious earthquake risk.
Seismicity associated with hydraulic
fracturing is usually recorded as
microseismic events because of their
low magnitude. Microseismic events are
a normal, routine feature of hydraulic
fracturing: pressurized fluids are injected
into a wellbore, lined with steel and
cement, to deep underground formations
to fracture the rock to free the natural gas.
This process releases energy and creates
tremors, which are called micoseismic
events. They are generally contained in
the zone where the gas is extracted and
are rarely felt on the surface.

Examples of induced seismic activity:
GEOTHERMAL
Induced seismicity has been recorded and documented in several
geothermal fields around the world. An example is the Cooper Basin
in Australia, where water is injected into a hot zone to induce fracturing.
Test injections in the Cooper Basin have triggered seismic events
of magnitudes of about 3 M L (see “white paper” in right-hand menu:
http://esd.lbl.gov/research/projects/induced_seismicity/egs/).

MINING
Mining has long been known to induce seismicity. Mining leaves voids,
or cavities, underground. These alter the balance of the rocks, causing
the voids to eventually collapse. In many cases, these collapses are
planned (they are called controlled roof collapses). Such collapses
cause seismic events. The magnitude of induced seismicity associated
with mining varies, but tends to be higher than 2 M L.
(http://earthquake.usgs.gov/earthquakes/eqarchives/mineblast/#A2012).

DAM BUILDING
Filling a reservoir behind a hydro dam with water can cause seismic
activity. As the water gradually fills the reservoir, the weight of the water
exerts stress on the earth, causing changes in stress load. This can
cause seismic activity. An example is the construction of the Hoover
Dam, which has increased seismic activity in the area. The largest
seismic event linked to the Hoover Dam was of a magnitude of 5 M L.
(http://usgsprojects.org/lee/Rogers_Lee_BSSA1976.pdf)

hydraulic fracturing

Inset: Shale rock formation
at 2,300m below the surface

Hydraulically fracturing of a shale gas well was confirmed as the cause
of a seismic event at one location near Blackpool, England. The largest
seismic event associated with this well had a magnitude of 2.3 ML. There
has been no evidence of any damage. The British Columbia Oil and
Gas Commission (B.C. OGC) also confirmed a link between hydraulic
fracturing and minor seismic activity in the Horn River basin of British
Columbia. There has been no evidence of property damage, injury or risk
to public safety or the environment.

SEISMIC EVENT ENERGY RELEASE (IN JOULES)

SEISMIC EVENT FREQUENCY & IMPACT
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GLOBAL FREQUENCY

9 - 9.9

CATASTROPHIC: can cause irreparable damage
and immense loss of life

1 per decade

8 - 8.9

GREAT: can cause severe damage and loss of life

1 per year

7 - 7.9

MAJOR: can cause serious damage over large areas

1 per month

6 - 6.9

STRONG: can be destructive in populated areas

2 per week

5 - 5.9

MODERATE: can cause damage to poorly
constructed buildings over small regions

4 per day

4 - 4.9

LIGHT: noticable shaking but significant damage
is unlikely

1 per hour

3 - 3.9

SMALL: often felt but rarely causes damage

15 per hour

2 - 2.9

MINOR: easily recorded at surface but not felt

2 per minute

<2

MICRO: not felt at surface, causes no damage
and can only be measured deep underground
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TYPICAL MICROSEISMIC EVENTS DURING
HYDRAULIC FRACTURING ARE -2
Recorded seismic events during hydraulic fracturing in the Horn River Basin range from about -3ML to 3.8 ML. None of these events
caused any injury, property damage or posed any risk to public safety or the environment, according to the B.C. Oil and Gas Commission.
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MAGNITUDE* (ON RICHTER SCALE)
*each whole number increase on the richter scale represents
32 times more energy release and 10 times more ground motion.
Source: USGS. Chart courtesy of ConocoPhillips

