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�� Activist groups continue to oppose hydrau-
lic fracturing, a new application of old technol-
ogies that is unlocking vast supplies of oil and 
natural gas in the United States and Canada. 
This opposition has resulted in the establishment 
of moratoria in several Canadian provinces, pre-
venting the extraction of resources that could 
provide Canadians with significant benefits.

�� Research on the safety of hydraulic fractur-
ing confirms that while there are indeed risks 
with it, they are for the most part readily man-
ageable with available technologies and best 
practices.

�� Ground water contamination is one of the 
greatest concerns voiced by opponents of 
hydraulic fracturing. But as a recent US Envi-
ronmental Protection Agency multi-year study 
found, hydraulic fracturing has not led to sys-

temic impacts on drinking water. Research has 
also found that risks from well integrity failure 
are minimal when best practice procedures are 
implemented.

�� Risks from exposure to the various air emis-
sions generated by hydraulic fracturing are 
found to be minimal and manageable. Hydraulic 
fracturing and the natural gas it produces could 
also lead to fewer CO2 emissions if natural gas 
displaces coal in electricity generation.

�� While hydraulic fracturing can cause in-
creased seismic activity, the tremors generated 
by the process are often very small—undetect-
able at the earth’s surface. When compared 
with other industries such as mining and con-
ventional oil and gas extraction, the magnitudes 
and incidences of earthquakes caused by hy-
draulic fracturing are quite minimal.
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Subsequent to the publication of the Green 
(2014) paper, several additional analyses have 
been published, including some in Canada, and 
importantly, a long-awaited analysis by the 
United States Environmental Protection Agency 
(EPA) on the risks posed to drinking water re-
sources by hydraulic fracturing.

Introduction
Canada has tremendous potential to produce 
oil and gas from shale using hydraulic fracturing. 
The US Energy Information Agency (EIA) places 
Canada in the top 10 countries based on tech-
nically recoverable shale oil and gas resources 
(EIA, 2013).1 Also, natural gas consumption, par-
ticularly for electricity generation, is expected 
to grow considerably in the future (EIA, 2015). In 
the face of such trends, development of Canada’s 
shale gas could generate significant wealth, em-
ployment, and prosperity for Canadians.

As with other methods of hydrocarbon extrac-
tion (or any extractive activity for that matter), 
hydraulic fracturing is not without risks. Late 
in 2014, we published a study that summarized 
what was then known about the risks of hy-
draulic fracturing, and examined what addi-
tional measures might help to further mitigate 
those risks (Green, 2014). To avoid charges of 
cherry-picking individual studies that might be 
non-representative of the broader literature on 
hydraulic fracturing, we focused on the find-
ings of large, government empaneled review 
organizations, and review articles published in 
top ranking journals such as Science. Further, 
as hydraulic fracturing practices in Canada are 
somewhat different than those employed in the 
United States and elsewhere, where possible, 
we gave preference to Canadian sources, par-
ticularly an assessment published by the Cana-
dian Council of Academies in 2014. The docu-
ments we reviewed in 2014 included:

�" Australian Council of Learned Academies 
(2013). Engineering Energy: Unconvention-
al Gas Production—A Study of Shale Gas in 
Australia.

1  Canada has the 10th largest shale oil reserves and 
the 5th largest shale gas reserves according to EIA 
(2013).
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These new comprehensive analyses include:

�" C.S. Long, Jens T. Birkholzer, and Laura C. 
Feinstein (2015). An Independent Scientific 
Assessment of Well Stimulation in Cali-
fornia: Summary Report. An Examination 
of Hydraulic Fracturing and Acid Stimula-
tions in the Oil and Gas Industry. 

�" Robert Mair, Michael Bickle, Dougal Good-
man, John Roberts, Richard Selley, and 
Zoe Shipton (2012). Shale Gas Extraction 
in the UK: A Review of Hydraulic Fractur-
ing. 

�" Robert B. Jackson, Avner Vengosh, J. Wil-
liam Carey, Richard J. Davies, Thomas H. 
Darrah, Francis O’Sullivan, and Gabrielle 
Pétron (2014). The Environmental Costs 
and Benefits of Fracking. Annual Review of 
Environment and Resources 39: 327-62.

�" Intrinsik Environmental Sciences (2014). 
Phase 2: Recommendations Report. 

�" Environmental Protection Agency [EPA] 
(2015). Assessment of the Potential Im-
pacts of Hydraulic Fracturing for Oil and 
Gas on Drinking Water Resources: Execu-
tive Summary.

This bulletin will recap the results of the Green 
2014 study on hydraulic fracturing and summa-
rize the findings of the additional reports pub-
lished subsequently.

The major risks of hydraulic fracturing
Most discussions of the risk of hydraulic frac-
turing center on five areas: 

�" risk to surface and ground water 

�" well integrity and fracturing induced stress

�" water requirements

�" impacts on air, and 

�" induced seismicity

The below reviews new research regarding the 
risks of hydraulic fracturing for these five areas.2

Water risks
Risks involving water are at the center of the 
debate over hydraulic fracturing. Hydraulic 
fracturing can affect water supplies in sever-
al ways: first, hydraulic fracturing consumes a 
considerable amount of fresh water even net 
of recycling or reinjection; second, it injects 
considerable quantities of chemicals into the 
ground that have the potential to migrate into 
groundwater; and third, it produces consider-
able amounts of wastewater contaminated with 
a range of substances that includes toxic sub-
stances and radioactive materials. 

Water pollution
The US Environmental Protection Agency (EPA) 
(2015) recently conducted a multi-year analy-
sis of the potential for the contamination of 
ground water from hydraulic fracturing activi-
ties. Specifically, the EPA assessment “reviews, 
analyzes, and synthesizes information relevant 
to the potential impacts of hydraulic fractur-
ing on drinking water resources at each stage 
of the hydraulic fracturing water cycle. Impacts 
are defined as any change in the quality or 
quantity of drinking water resources” (p. ES-3).3 

2  For longer analysis of many of the studies cited in 
this bulletin, see Green (2014).

3  Note that the EPA cast its net very widely when 
assessing risks to drinking water resources. EPA 
(2015) states that, “[d]rinking water resources are 
defined within this report as any body of ground wa-
ter or surface water that now serves, or in the future 
could serve, as a source of drinking water for public 
or private use. This definition is broader than most 
federal and state regulatory definitions of drinking 
water and encompasses both fresh and non-fresh 
bodies of water” (p. ES-3, emphasis added).
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We acknowledge that the EPA report is marked 
as a draft, but nonetheless, it was released onto 
the Internet and was covered extensively by the 
media. Should the EPA’s report be revised in a 
way that changes what we cite here, we will ad-
dress such changes at that time.

The major findings of the EPA’s draft water re-
port were that:

[f]rom our assessment, we conclude there 
are above and below ground mechanisms 
by which hydraulic fracturing activities 
have the potential to impact drinking 
water resources. These mechanisms 
include water withdrawals in times of, or 
in areas with, low water availability; spills 
of hydraulic fracturing fluids and produced 
water; fracturing directly into underground 
drinking water resources; below ground 
migration of liquids and gases; and 
inadequate treatment and discharge of 
wastewater.

We did not find evidence that these 
mechanisms have led to widespread, 
systemic impacts on drinking water 
resources in the United States. Of the 
potential mechanisms identified in this 
report, we found specific instances where 
one or more mechanisms led to impacts 
on drinking water resources, including 
contamination of drinking water wells. 
The number of identified cases, however, 
was small compared to the number of 
hydraulically fractured wells (p. ES-6, 
emphasis added).

Jackson et al. (2014) come to similar conclusions 
about the risks hydraulic fracturing pose to sur-
face and ground water. Jackson et al. found that:

In principle, hydraulic fracturing could 
open incipient fractures (cracks) thousands 

of meters underground, connecting 
shallow drinking-water aquifers to 
deeper layers and providing a conduit 
for fracturing chemicals and formational 
brines to migrate upward. In practice, 
this occurrence is unlikely because of the 
depths of most target shale and tight-sand 
formations (1,000–3,000 m) and because 
microseismic data show that man-made 
hydro-fractures rarely propagate >600 m. 
A somewhat more plausible scenario would 
be for man-made fractures to connect to 
a natural fault or fracture, an abandoned 
well, or some other underground pathway, 
allowing fluids to migrate upward.

A simpler pathway for groundwater 
contamination, though, is through poor 
well integrity. In the first study to test for 
potential drinking-water contamination 
associated with unconventional energy 
extraction, Osborn et al. analyzed 
groundwater wells for 68 homes overlying 
the Marcellus Shale in Pennsylvania. They 
found no evidence for increased salts, 
metals, or radioactivity in drinking water of 
homes within 1 km of shale-gas wells.4

Additionally, Jackson et al. (2014) state that:

Kell compiled groundwater contamination 
incidents from oil and gas operations in 
Ohio and Texas. For a 25-year period, the 
state of Ohio acknowledged 185 cases 
of groundwater contamination caused 
primarily by failures of wastewater pits 
or well integrity. Ohio had about 60,000 
producing wells, for an incident rate of 
about 0.1% (~5 in 100,000 producing well-
years). The rate for Texas was lower, with 
211 total incidents (~0.02%, or 1 in 100,000 

4  Internal citations deleted for clarity.
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producing well-years). Interestingly, Kell’s 
study also included 16,000 horizontal 
shale-gas wells in Texas, none associated 
with reported groundwater contamination. 
(p. 339)

There has been some evidence of higher meth-
ane and ethane concentrations in water close 
to hydraulically fractured wells. That being said, 
Hammack et al. (2014), studied gas and fluid mi-
gration in the Marcellus formation for the US 
Department of Energy, finding that “there has 
been no detectable migration of gas or aqueous 
fluids to the Upper Devonian/Lower Mississip-
pian gas field during the monitored period after 
hydraulic fracturing” (p. 2).

Mair et al. (2012) in the UK also investigated 
whether fractures would pose major risks to 
surrounding aquifers, finding that:

The available evidence indicates that this 
risk is very low provided that shale gas 
extraction takes place at depths of many 
hundreds of metres or several kilometres. 
Geological mechanisms constrain the 
distances that fractures may propagate 
vertically. Even if communication 
with overlying aquifers were possible, 
suitable pressure conditions would still 
be necessary for contaminants to flow 
through fractures. More likely causes of 
possible environmental contamination 
include faulty wells, and leaks and spills 
associated with surface operations. 
Neither cause is unique to shale gas. Both 
are common to all oil and gas wells and 
extractive activities. (p. 4)

The conclusions of Mair et al. (2012) found 
low risk for underground water contamina-
tion at greater depths. But not all fracturing 
takes place at great depths: in California, wells 
tend to be rather shallow, potentially posing a 

greater risk for ground water. Even here, Long 
et al. (2015) found “no documented instances 
of hydraulic fracturing or acid stimulations di-
rectly causing ground water contamination in 
California” (p. 52). The authors do, however, go 
on to say that more research and monitoring is 
needed to better evaluate any potential effects 
hydraulic fracturing could be having on ground 
water in California.

The Canadian Council of Academies (CCA) 
(2014), on the issue of potential contamination 
of ground water, found that “[t] he risks due to 
surface activities will likely be minimal if proper 
precautionary management practices are fol-
lowed” (p. xiii).

And even though New York has banned the 
practice of hydraulic fracturing, on the issue 
of water contamination, the New York State 
Health Department (2011) found:

analyses… demonstrate that no significant 
adverse impact to water resources is likely 
to occur due to underground vertical 
migration of fracturing fluids through the 
shale formations… there is no likelihood 
of significant adverse impacts from the 
underground migration of fracturing fluids.

No significant adverse impacts are 
identified with regard to the disposal of 
liquid wastes. (pp. 11-12)

Finally, according to a recent review in the 
journal Science: 

Since the advent of hydraulic fracturing, 
more than 1 million hydraulic fracturing 
treatments have been conducted, with 
perhaps only one documented case of 
direct groundwater pollution resulting 
from injection of hydraulic fracturing 
chemicals used for shale gas extraction. 
Impacts from casing leakage, well 
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blowouts, and spills of contaminated fluids 
are more prevalent but have generally been 
quickly mitigated. (Vidic et al., 2013: 6).

Vidic et al. (2013) also noted that when spills of 
contaminated fluid do occur, potentially pos-
ing a threat to ground water, they are usually 
quickly mitigated.

Water requirements
Concerns have also been raised about the po-
tentially large volumes of water used in the 
fracturing process. For example, a single frac-
tured well in the Barnett, Marcellus, and Fay-
etteville shale formations typical requires 
between 8,000 to 80,000 m3 (8 to 80 million li-
tres) of water (Jackson et al., 2014). While these 

numbers seem large, comparisons to the huge 
amount of water required for agriculture and 
thermoelectric uses helps put these figures in 
context. Consider that the city of Fort Worth, 
Texas, uses over 55 million litres of water just 
to water their lawns every day (Levant, 2014). 
Also, as pointed out in the review of hydraulic 
fracturing in California, the water requirements 
for hydraulic fracturing in the areas where this 
activity is taking place in the drought-stricken 
state represent less than 0.2 percent of human 
water use (Long et al., 2015).

That being said, Jackson et al. (2014), did find 
that during early development in the Marcel-
lus formation, too much water was being with-
drawn, and lower water levels were starting to 

Table 1: Water Intensity for Extraction, Processing, and Electricity Generation, by 
Energy Source

Energy Source Water for  
extraction  

(l/GJ)

Water for  
extraction and 

processing (l/GJ)

Water consumption 
intensity of electricity 

generation (l/MWh)

Natural gas, conventional 0.7 6.7 See below
Natural gas, unconventional 8.6 15 See below
Natural gas combined cycle (once through) See above See above 520
Natural gas combined cycle (closed loop) See above See above 850
Pulverized coal (once through) 9 27 1,400
Pulverized coal (closed loop) 9 27 1,900
Saudi Arabian crude 79 110 NA
Oil shale 200 240 NA
Oil sands NA 110 NA
Nuclear (once through) 14 47 1,700
Corn ethanol (unirrigated) 300 430 2,100
Corn ethanol (irrigated) 14,000 14,000 16,000
Solar photovoltaic 0 0 10
Concentrated solar power NA NA 3,100
Wind 0 0 4

Source: Jackson, Vengosh, Carey, Davies, Darrah, O’Sullivan, and Pétron (2014).



Managing the Risks of Hydraulic Fracturing: An Update

fraserinstitute.org     FRASER  RESEARCH BULLETIN    7

have adverse consequences, which were identi-
fied by the state and rectified. 

Recycling is also reducing water use. Prior to 
2011 only 13 percent of wastewater was recycled 
in the Marcellus, but by 2011 that number had 
risen to 56 percent, and more recently recycling 
is approaching 90 percent (Jackson et al., 2014).

Water use for hydraulic fracturing also needs to 
be considered in the context of other ways we 
use water, for extraction, processing, and elec-
tricity generation for other energy sources (see 
table 1).

As Jackson et al. (2014) state:

… given all the attention that hydraulic 
fracturing receives for its water 
requirements, shale-gas extraction and 
processing are less water intensive than 
most other forms of energy extraction 
except conventional natural gas and, 
especially, renewables such as wind and 
solar photovoltaics that consume almost 
no water…. The water intensities for coal, 
nuclear, and oil extraction are ~2 times, 3 
times, and 10 times greater than shale gas, 
respectively. (p. 336)

Although water use for natural gas shale frac-
turing sounds large in isolation, when com-
pared to other industrial processes or other 
forms of energy extraction it does not seem so 
extreme. Also, when problems have arisen, cur-
rent oversight measures have been able to de-
tect and rectify them.

Well integrity 
One of the major concerns about hydraulic 
fracturing is well integrity and failure in this 
area likely presents the greatest risk to the con-
tamination of water resources. In general, but 
especially during the fracturing process, liquids 

or gases can escape through “holes or defects 
in the steel casing, through joints between cas-
ing, and through defective mechanical seals or 
cements inside or outside the well” (Jackson et 
al., 2014: 337). With the nature of some of the 
chemicals used in the fracturing process being 
toxic, such seepage can pose risks to the envi-
ronment.

When there is a buildup of pressure inside the 
well that might force fluids into the environ-
ment this is called Sustained Casing Pressure 
(SCP), and it can be used as a measure of well 
performance. Jackson et al. (2014) reviewed the 
SCP literature and found significant differences 
between regions.

Results from surveys of wells offshore 
and onshore show distinct differences in 
rates of SCP, reflecting the importance of 
geology and well construction. In the Gulf 
of Mexico, 11–12% of wells in an 8,000-
well survey showed SCP on outer casing 
strings, with results ranging from 2% to 
29% across fields. In Alberta, companies 
reported that 3.9% of 316,000 wells 
showed evidence of SCP, with one region 
east of Edmonton having 15.3% SCP. Davies 
et al. recently reviewed well integrity and 
SCP globally. For studies with >100 wells, 
SCP was found to range from 3% to 43% of 
wells in Bahrain, Canada, China, Indonesia, 
the United Kingdom, the United States, 
and offshore Norway and the Gulf of 
Mexico; 12 of 19 studies showed SCP values 
for ≥10% of wells. Publicly available data for 
well failure rates are still relatively scarce. 
(p. 338)

These results are similar to those by Mair et al. 
(2012), who found in their review of the safety 
of hydraulic fracturing for the United King-
dom (UK) that “[t]he probability of well failure 
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is low for a single well if it is designed, con-
structed, and abandoned according to best 
practice” (p. 4).

As Jackson et al. (2014) describe, many of the 
causes of well failure are well known, making it 
easier to address the associated risks. Different 
shale formations can have different effects on 
well integrity and failure rates. The local nature 
of issues suggests that regulation should likely 
be carried out at the state or provincial level, 
where specific differences can better be ad-
dressed.

As Green (2014) points out, jurisdictions might 
pursue additional policies to reduce the risk of 
well failures further. Among them is the cre-
ation of for-profit or non-profit third party ver-
ification entities that would have to certify that 
a well was properly drilled and cased before 
production could commence.

Conventional air pollution and 
greenhouse gas emissions

Air quality
Like most industrial processes that consume 
energy, hydraulic fracturing releases pollutants 
into the atmosphere. In addition to the pow-
er-generation emissions used in the hydraulic 
fracturing process, the process itself first in-
jects, then brings a variety of volatile chemicals 
to the surface that could, if not trapped and 
safely handled, escape into the atmosphere. 

Intrinsik (2014) Environmental Sciences recent-
ly conducted a human health risk assessment 
focusing on the potential impacts of oil and gas 
activities, which includes hydraulic fracturing, 
on human health. The study was commissioned 
by the BC Ministry of Health, after concerns 
were raised by residents in northeastern BC.

The conclusions of the general human health 
risk assessment, which centered mostly on the 
health effects from airborne Chemicals Of Po-
tential Concern (COPC)5, were that:

[o]n a short-term basis, the predicted air 
concentrations of the COPC generally 
were less than their health based exposure 
limits. The potential combined effects of 
these COPC were also not predicted to 
result in adverse health effects in people 
living or visiting the study area…

Long-term inhalation exposures to the 
COPC were generally predicted to be 
associated with a low potential for adverse 
health effects…

In the assessment of potential exposures 
to the COPC that people in the area might 
receive over the long term through the 
consumption of local foods, drinking 
water, contact with soils and water, it was 
determined that the potential for adverse 
human health effects is low. (p. 8)

Intrinsik (2014) went on to conclude that BC’s 
existing regulatory framework is quite exten-
sive and protective of human health. However, 
the report did have some specific recommen-
dations regarding hydraulic fracturing, after 
noting that “the probability of adverse human 
health impacts occurring in relation to fractur-
ing-related water emissions was determined to 
be low” (p. 12). 

Intrinsik (2014) recommended that companies 
disclose the small proportion of chemicals used 
in the fracturing fluid to government and health 
officials. The disclosed chemical information 
would be kept confidential in order to protect 
trade secrets. The Canadian Association of Pe-

5  I.e., NO2, SO2, PM2.5, formaldehyde, etc.
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troleum Producers (CAPP) and the American 
Petroleum Institute (API) both support chemi-
cal disclosure.

It should come as no surprise that the hydrau-
lic fracturing process results in some air pollut-
ant emissions and as CCA (2014) notes, many of 
these emissions are the same as those generat-
ed by conventional oil and gas production, min-
ing, and other industrial activities.6 But there 
is a distinction to be made between emissions, 
exposures, and risk.

Emissions that do not reach a vulnerable pop-
ulation do not turn into exposures, and those 
non-exposures do not turn into risks. What 
matters is whether or not hydraulic fractur-
ing processes are producing enough additional 
emissions to pose additional risk to susceptible 
populations and ecosystems. On this front, the 
evidence is limited and in line with the recent 
findings of Intrinsik (2014), at least in Canada.

An environmental assessment of shale gas con-
ducted for the government of Quebec (2014) 
found that the risk of widespread pollution 
from hydraulic fracturing is small, and can be 
remedied by the use of existing technologies.

Finally, a study by the Argonne National Labo-
ratory (Clark et al., 2013) in the US suggests that 
more evidence is needed, but at present, the 
estimated pollutant levels are below the level of 
health concern.

Greenhouse gas emissions
Hydraulic fracturing locations are generally re-
mote, meaning that the energy used to engage 

6  One of the largest sources of emissions during the 
process of hydraulic fracturing comes from the use 
of diesel generators. Considine et al. (2011) estimated 
that a typical hydraulic fracturing job uses about 
15,000 gallons (approx.. 57,000 litres) of diesel fuel.

in the activity has to be generated on-site. For 
the most part, conventional power generators 
fueled by diesel fuel, natural gas, or other fos-
sil fuels, the combustion of which leads to the 
emission of greenhouse gases (GHG), are used 
to generate the necessary energy. Other ways 
by which hydraulic fracturing can emit GHGs 
are leakage of methane and other greenhouse 
gases, particularly if a well has been drilled im-
properly, and when burned, the fuels produced 
by hydraulic fracturing also lead to the emis-
sion of greenhouse gases. The latter issue is re-
ally a matter of relative comparisons between 
hydrocarbons produced via hydraulic fracturing 
and hydrocarbons produced in other ways.

On the matter of fuel displacement, the CCA 
(2014) is mixed, finding that the relative ben-
efits of hydraulic fracturing depend on wheth-
er natural gas displaces coal and oil or nuclear 
and renewables.7 Although there is disagree-
ment among experts on this point, there does 
appear to be evidence that natural gas is dis-
placing significant amounts of coal fired elec-
tricity generation. A Joint Institute for Strate-
gic Energy Analysis (Logan et al., 2012) report 
found that:

[l]ow-priced natural gas has led to more 
than 300 terawatt-hours of fuel switching 
from coal to gas in the US power sector 
between 2008 and 2012. This switching, in 
combination with rapid growth in certain 
renewable energy generation sources, has 
led to a reduction in power-sector carbon 
dioxide emissions of about 300 million 
tons—about 13% of the sector’s total. (p. 120)

7  CCA (2014) also noted that the extent to which 
hydraulic fracturing is a benefit towards reducing 
GHGs vis-à-vis displacing higher carbon fuel sourc-
es will depend on the volume of methane leakage 
that occurs.
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And natural gas produced via hydraulic fractur-
ing does not seem to be particularly dissimi-
lar from conventionally produced gas in terms 
of GHG emissions. Natural Resources Canada 
(2012) found that most shale gas development 
has similar GHG emissions per unit as conven-
tional gas. Long et al. (2015) in their review for 
California actually found that: 

[o]il and gas production from hydraulically 
fractured reservoirs emits less greenhouse 
gas per barrel of oil than production using 
steam injection. Oil produced in California 
using hydraulic fracturing also emits less 
greenhouse gas per barrel than the average 
barrel imported to California. If the oil and 
gas derived from stimulated reservoirs 
were no longer available, and demand for 
oil remained constant, the replacement 
fuel could have larger greenhouse 
emissions. (p. 58)

The Australian Council of Learned Academies 
(2013) also examined the question of relative 
emissions. They found:8

[o]n average, a shale gas-fuelled, baseload 
combined cycle gas turbine (CCGT) plant 
will produce 23% more life cycle GHG 
emissions per MWh, when compared 
with a conventional gas-fuelled CCGT, 
and will produce life cycle GHG emissions 
per MWh that are 53%, 66%, and 69% 
of the emissions produced from coal 
combusted in a subcritical, supercritical, or 
ultra-supercritical pulverised coal plants 
respectively. 

8  The report adds that gas fired electricity genera-
tion will likely first replace the less efficient subcriti-
cal coal fired facilities and that for this reason, this is 
the most relevant comparison between natural gas 
and coal.

On average a shale gas-fuelled open cycle 
gas turbine (OCGT) plant will produce 12% 
more life cycle GHG emissions per MWh, 
when compared with a conventional gas 
fuelled OCGT, and will produce life cycle 
GHG emissions per MWh that are 71%, 
88%, and 93% of the emissions produced 
from coal combusted in a subcritical, 
supercritical or ultra- supercritical 
pulverized coal plant, respectively. (p. 146)

Then there is the issue of methane leakage. 
Several authors have claimed that hydraulic 
fracturing would increase natural gas emissions 
to the atmosphere due to leakage during the hy-
draulic fracturing process, and at the beginning 
of gas recovery. Methane is considered to be one 
of the more potent of the greenhouse gases.

The Argonne National Laboratory (Clark et al., 
2013) considered the question of leakage and 
found that the risk can largely be solved by ex-
isting, cost-effective technologies. And the as-
sessment report for the government of Quebec 
(2014) found that the leakage rate for fracked 
gas production would only be about 3 percent, 
considerably lower than estimates cited by en-
vironmental groups.

Earthquakes (induced seismicity) 
Opponents of hydraulic fracturing often cite 
the potential for earthquakes as reasons for 
stopping the activity. These critiques, however, 
are often devoid of context and frequently ig-
nore the literature that has analyzed the link 
between earthquakes and hydraulic fractur-
ing. For reference, table 2 provides an example 
of the effects that can occur within a range of 
magnitudes.9

9  Earthquakes can be measured in many different 
ways. The one people are most likely familiar with is 
the Richter scale (ML), which determines the magni-
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Table 2: Effects of Earthquakes 

Magnitude Effects as measured by Modified Mercalli Intensity Scale

1.0-3.0 Not felt except by a very few under especially favorable conditions.

3.0-3.9 Felt only by a few persons at rest, especially on upper floors of buildings. 

Felt quite noticeably by persons indoors, especially on upper floors of buildings. Many 
people do not recognize it as an earthquake. Standing motor cars may rock slightly. Vibra-
tions similar to the passing of a truck. Duration estimated. 

4.0-4.9 Felt indoors by many, outdoors by few during the day. At night, some awakened. Dishes, 
windows, doors disturbed; walls make cracking sound. Sensation like heavy truck striking 
building. Standing motor cars rocked noticeably.

Felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects 
overturned. Pendulum clocks may stop.

5.0-5.9 Felt by all, many frightened. Some heavy furniture moved; a few instances of fallen plaster. 
Damage slight.

Damage negligible in buildings of good design and construction; slight to moderate in well-
built ordinary structures; considerable damage in poorly built or badly designed structures; 
some chimneys broken.

6.0-6.9 Damage negligible in buildings of good design and construction; slight to moderate in well-
built ordinary structures; considerable damage in poorly built or badly designed structures; 
some chimneys broken.

Damage slight in specially designed structures; considerable damage in ordinary substantial 
buildings with partial collapse. Damage great in poorly built structures. Fall of chimneys, fac-
tory stacks, columns, monuments, walls. Heavy furniture overturned.

Damage considerable in specially designed structures; well-designed frame structures 
thrown out of plumb. Damage great in substantial buildings, with partial collapse. Buildings 
shifted off foundations.

7.0 and higher Damage slight in specially designed structures; considerable damage in ordinary substantial 
buildings with partial collapse. Damage great in poorly built structures. Fall of chimneys, fac-
tory stacks, columns, monuments, walls. Heavy furniture overturned.

Damage considerable in specially designed structures; well-designed frame structures 
thrown out of plumb. Damage great in substantial buildings, with partial collapse. Buildings 
shifted off foundations.

Some well-built wooden structures destroyed; most masonry and frame structures de-
stroyed with foundations. Rails bent.

Few, if any (masonry) structures remain standing. Bridges destroyed. Rails bent greatly.

Damage total. Lines of sight and level are distorted. Objects thrown into the air.

Source: United States Geological Survey [USGS] (2014).
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The CCA (2014) found that hydraulic fracturing 
can cause minor earthquakes. However, most 
cannot be felt by the public and are not nec-
essarily directly caused by the fracturing but 
rather by the wastewater injection that occurs 
after the hydraulic fracturing has taken place. 
The study goes on to find that “[m]ost experts 
judge the risk of hydraulic fracturing causing 
earthquakes to be low” and “[t]he risk by injec-
tion of waste fluids is greater but still low, and 
can be minimized through careful site selec-
tion, monitoring and management” (p. xvi).

The National Research Council of the National 
Academies (2013) came to similar conclusions 
as CCA (2014), finding that hydraulic fracturing 
“does not pose a high risk for inducing felt seis-
mic events” (p. 1).

In addition, Ellsworth (2013) reviewed the im-
pact of fracking on earthquakes. He found that 
both the act of fracking and the later injection 
of wastewater can induce seismic events. That 
being said, the magnitudes of the earthquakes 
(usually micro-earthquakes) from the fracturing 
process are quite small, with “the vast majority 
[being] MW < 1” (p. 3). Ellsworth went on to find 

tude of an earthquake by using the logarithm of the 
amplitude waves (USGS, 2012). Another more recent 
scale is called the moment magnitude scale (MW). 
The MW scale differs little with the Richter scale at 
magnitudes below 8, but only the MW scale is ca-
pable of measuring larger events accurately. The 
MW scale is based on the total amount of “moment” 
releases, moment being defined as “a product of the 
distance a fault moved and the force required to 
move it” (Michigan Tech, 2007). Earthquake intensity 
is different than their magnitudes. According to the 
US Geological Survey (2013), an earthquake’s inten-
sity is the effect that it has, ranging from minor feel-
ings to catastrophic destructions. Scientists use the 
Modified Mercalli Intensity Scale to help understand 
the effects that earthquakes can have and the scale 
is based on observed effects (USGS, 2013).

that although there had been recent reports 
of earthquakes linked to hydraulic fracturing 
that were large enough to be felt, they were 
ultimately “too small to cause structural dam-
age” (p. 3). The greater issue regarding fracking 
and earthquakes is the potential for wastewa-
ter injection to cause somewhat larger seismic 
events. Although Ellsworth (2013) notes that 
while “[l]ong-term and high-volume injection 
in deep wells clearly carries some risk… most 
wells are apparently aseismic” (p. 6). 

Davies et al. (2013), in a review of hydraulic 
fracturing and induced seismicity, found that 
“[h]ydraulic fracturing of sedimentary rocks, 
for recovery of gas from shale, usually gener-
ates very small magnitude earthquakes only…. 
It should be noted, however, that after hun-
dreds of thousands of fracturing operations, 
only three examples of felt seismicity have 
been documented” (p. 183). Davies et al. (2013) 
also compared induced seismicity from frack-
ing with other industrial and resource indus-
tries, finding that, as seen in figure 1, hydraulic 
fracturing features far fewer cases of induced 
seismicity than other industries, significantly 
reducing the legitimacy of arguments that in-
duced seismicity from fracturing poses system-
ic threats.

In addition, Skoumal et al. (2015) in a review 
of induced seismic activity in Poland Town-
ship, Ohio, found that “[t]he temporal and spa-
tial proximity of the Poland Township earth-
quakes to active hydraulic fracturing operations 
strongly suggested that the stimulation process 
triggered the seismic events” (p. 194). This arti-
cle generated quite a bit of publicity from anti- 
fracturing activists who argued that hydraulic 
fracturing should be banned based on the re-
sults of the survey. The authors of the study felt 
that calls for bans were unfounded, stating that 
“millions of people saw this [study], and the 
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comment section was just a train wreck. Peo-
ple didn’t really see what we see what we were 
doing, what we were arguing…These are pret-
ty small events, so an outright ban [on frack-
ing] wouldn’t be appropriate” (Melchior, 2015, 
January 21). Indeed all of the earthquakes in 
the study ranged from ML ~1 to 3, magnitudes 
which would be barely felt at the upper end, as 
seen in table 2 (Skoumal et al., 2015).

While it is true that hydraulic fracturing can 
cause earthquakes per se, the resulting induced 
seismicity is often a magnitude that cannot be 
felt by humans, and the number of earthquakes 
is quite small considering the scope of the in-

dustry and the amount of earthquakes induced 
by other industrial processes. 

Conclusion
The additional research on the safety of hydraul-
ic fracturing reviewed since the publication of 
Green (2014) results in many of the same conclu-
sions. Additional research on the safety of hy-
draulic fracturing confirms that while there are 
indeed risks from this process as there are with 
all industrial activities, they are for the most 
part readily managed with available technolo-
gies and best practices. Some of the latest re-
search, such as EPA (2015), which found that 
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hydraulic fracturing does not pose widespread 
or systemic effects to drinking water, cleared 
up much of the uncertainty which was present 
in the earlier comprehensive reviews. 

Green (2014) also analyzed the regulatory en-
vironment in Canada, finding that Canada has 
a robust regulatory process that covers the en-
tire range of hydraulic fracturing processes at 
both federal and provincial levels. In addition, 
the industry, through its trade association, has 
stringent self-regulation that exceeds regulato-
ry requirements. More research is needed into 
the potential environmental impacts of hydrau-
lic fracturing as well as the risks it may pose 
to human and ecological health—and of course 
that research is continuing both in Canada and 
around the world.

Calls for bans and moratoria are passion-
ate, and no doubt heartfelt by those who fear 
the technology or oppose the product of that 
technology (hydrocarbons), but policymakers 
should ignore the siren song of the simplistic 
solution. Bans and moratoria may make it seem 
like one is taking action against risk, but they 
are not—they simply defer those risks to a later 
date, if and when activity resumes, which, given 
the vast economic potential of shale gas and oil, 
it most likely will.
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