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Briefing on the scientific evidence regarding the impacts of methane leaks 

from Hydraulic Fracturing (Shale Gas) 

 

Compiled by Adam Harper, Independent Environmental Consultant 

1. Introduction 

This briefing is based on research papers published in respected academic journals. Please refer to 

references at the bottom for exact sources cited. Most of the studies below relate to evidence in the 

USA, since it has a very high concentration of operational as well as abandoned shale gas (further 

referred to as fracking) sites. 

Natural gas extracted by either conventional or hydraulic fracturing contains methane (CH4), along 

with smaller amount of alkanes (e.g. ethane, propane), Nitrogen (N2) and Carbon Dioxide (CO2) 

(Peischl et al., 2015). 

2. What do studies say about Methane leaks to the atmosphere? 

Studies show that unwanted methane leakage to the atmosphere occurs from both conventional gas 

extraction and from fracking methods. Methane emissions released to the atmosphere are 

problematic for a number of reasons. Firstly Methane (CH4) is recognised to be 84 times more 

powerful as a greenhouse gas than Carbon Dioxide on a 20 time horizon (Myhre et al., 2013, p. 714), 

as such methane release makes a significant contribution to climate change. Secondly Methane 

leakage from fracking sites may pose a safety and air pollution hazard (Karion et al., 2013).  

A number of USA studies have reported on atmospheric methane releases from fracking operations. 

The key findings were as follows: 

Allen et al. (2013) found that: 

 Methane emissions emanating from equipment leaks and pneumatic controllers were higher 

than emissions figures held by the regulator the EPA. 

Brandt et al. (2014) found that: 

  Official government figures have consistently underestimated methane emissions from 

leaks. 

 A small number of gas well sites emit a disproportionately large amount of methane and 

have been termed ‘super emitters’. 

 Disused/abandoned wells are likely to be a significant source of methane emissions. 

 There are significant benefits to preventing methane leakage. 
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Karion et al (2013) found that: 

 Methane leakage from one fracking region was equivalent to between 6.2 - 11.7%1 (8.9% 

median value) of the hourly natural gas production of the region; methane leakage sources 

were: fractured wells, compressors and processing plant.  

 Production figures suggest that above leakage rates are fairly typical and unlikely to varying 

much from one day to the next. 

 Gas leakage is around 80% higher than US government figures show. 

Howarth, Santoro and Ingraffea (2011) found that: 

 Methane leaks to the atmosphere from hydraulic fracturing operations are 30% - 100% 

higher (by volume) than methane leaks from conventional gas extraction.  

 The reason being that during fracking, methane is released from the flow back fluid and 

during ‘drill out’ after fracturing. Drill out is the process of drilling out plugs used to separate 

fracturing stages in order to release the gas. This process doesn’t occur in conventional gas 

extraction.  

 That between 3.6 – 7.9% of methane gas is lost via leakage for the shale gas process as a 

whole (i.e. from extraction to distribution) see Figure 1 below; of this 2.2 – 4.06% (of total 

production gas) leaks at well sites during various processes: well completion, routine gas 

venting, equipment leaks and emissions during liquid unloading. 

Peischl et al (2015) investigated: 

 Methane leaks in 3 major shale gas regions in the USA. 

 Methane leaks (expressed as a percentage of production) were found to be 1.0% - 2.1% in 

Haynesville, 1.0 – 2.8% in Fayetteville region and 0.18 – 0.41% in the Marcellus region. The 

first two sites show similar results to those found by Howarth et al (2011). 

 The quantities of methane equate to 80 tonnes/hour (Haynesville), 39 tonnes/hour 

(Fayetteville) and 15 tonnes/hour (Marcellus).  

 They compared their results to four other studies, leakage rates of the studies ranged from 

0.3% to 8.9%, (see Figure 2 below). 

 

Process Conventional gas Shale gas (fracking) 

Emissions during well completion  0.01% 1.9% 
Routine venting and equipment leaks at well site 0.3 – 1.9% 0.3 – 1.9% 
Emissions during liquid unloading 0 – 0.26% 0 – 0.26% 
Emissions during gas processing 0 – 0.19% 0 – 0.19% 
Emissions during transport, storage, and distribution 1.4 – 3.6% 1.4 – 3.6% 

Total emissions 1.7 – 6% 3.6 – 7.9% 
Figure 1: Methane emissions released into the atmosphere from conventional Vs shale gas processes (as the 

percentage of methane produced over well lifecycle) (Howarth, Santoro and Ingraffea, 2011, p. 683). 
 

                                                           
1
 Technical note: where methane leakage is expressed as a percentage this always refers to emissions as a 

percentage of natural gas produced for distribution, unless otherwise stated. 
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Figure 2: Methane emission quantities and % loss rate (expressed as % of overall production output) from oil 
and gas producing regions in the USA (Peischl et al., 2015, p. 2137).  

Note: 10
7 

g/hour is 10 tonnes per hour, so Haynesville emitted 80 tonnes of methane per hour. 
 

Petron et al (2014) found that: 

 Methane leakage was 19.3 tonnes per hour at their study site. 

 Methane leakage was 3 times higher the Environmental Protection Agency (EPA) figures for 

the site. 

 Benzene a known carcinogenic compound was being released to the atmosphere by shale 

oil and gas extraction operations at a rate of 173 Kg/hour. 

 75% of the methane measured in the study area was emanating from oil and gas extraction. 

Caulton et al (2014) found that: 

 The methane leakage from seven well pads which were in the drilling phase was between 

100 and 1000 times higher than the EPA estimates from the extraction process. 

 The leakage rate found was 3 – 17% (expressed as % of overall production output). 

 High methane leakage rates are likely to be an issue of national significance. 

 There is an urgent need to identify and prevent methane leaks. 

 

3. What do these studies tell us? 

 

1. Methane leakage is being significantly underestimated by EPA and US government figures. 

2. Methane leaks from fracking are higher than from conventional gas extraction, due to the 

differing processes used in fracking. 

3. Methane leakage is an inevitable side effect of fracking.  

4. Across the studies leakage rates (as a percentage of production) range from 0.18% - 17%. 

5. Disused/abandoned ‘fracked’ wells may leak significant amounts of methane. 

6. Methane leakage could pose a safety and air pollution risk. 

7. Methane leakage has significant consequences for climate change. 
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4. Methane implications for energy policy & climate change 

A 2009 study found that we have already exceeded a safe planetary boundary in terms of climate 
change (Rockström et al., 2009). A safe concentration of carbon dioxide in the atmosphere is 
350ppm (parts per million) (Rockström et al., 2009), current concentrations of carbon dioxide are 
402ppm (NOAA, 2016), so significantly above safe levels. The authors warn that going beyond the 
safe 350ppm levels: 
 
Risk irreversible climate change, such as the loss of major ice sheets, accelerated sea level rise and 
abrupt shifts in forest and agricultural systems.(Rockström et al., 2009, p. 473) 
 

As such mitigation of greenhouse gas emissions is an urgent priority.  

Given that methane is a very powerful greenhouse gas, particularly over a 20 year time horizon 

(Myhre et al., 2013) leaks from fracking operations are a significant cause for concern. One well 

referenced study states that methane leakage from extraction, production and distribution can 

offset the climate benefit of using natural gas for power generation (Alvarez et al., 2012) 

If methane leakage from extraction, production and distribution exceeds 3.2%, then it is worse 

than coal in terms of climate impact, when used for power generation (Alvarez et al., 2012).  

Howarth, Santoro and Ingraffea (2011) conclude that climate change impact of shale gas is >20% 

than coal, and on a 100 year horizon it is at equivalent to coal in terms of climate impact.  

In carbon emission terms the case has also been made against utilising more gas in the UK. The 

government’s gas strategy which proposed an expansion of gas was described by the Committee on 

Climate Change (the government’s official advisers in climate change) as follows: 

This would not be economically sensible, and would entail unnecessary costs and price increases. 

Neither would it be compatible with meeting carbon budgets and the 2050 target…Early 

decarbonisation of the power sector should be plan A – and the dash for gas Plan Z. (Committee on 

Climate Change, 2012).   

Given that a number of studies above have found leakage rates at well sites to be in excess of the 

3.2% critical benchmark, it is extremely questionable whether natural gas from fracking can be 

justified as a ‘low carbon bridge fuel’.  

5. Implications of the research 

 Given the scale of methane leakage found at sites in the USA and its potential to exacerbate 

climate change, why does the Department of Energy and Climate Change (DECC) believe gas 

from hydraulic fracturing is a ‘low carbon bridging fuel’? 

 Will the government and/or companies undertaking hydraulic fracturing fund independent 

scientists to monitor their sites for methane leakage into the air and ground water? And will 

they allow public access to this data? 

 How will hydraulic fracturing companies prevent safety and air pollution hazards from 

methane emissions? 

 For how long are hydraulic fracturing companies responsible for the maintenance of 

‘abandoned’ wells in order to ensure they are not leaking methane? 
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Terms 

Term Explanation 

Drill out A technique used in hydraulic fracturing where plugs which are used to separate 
fracturing stages are drilled out to release the natural gas (Howarth, Santoro and 
Ingraffea, 2011) 

EPA Environmental Protection Agency, the US equivalent of the environment agency 

Flow back 
fluids 

Chemicals and water which flow back to the surface after it has been hydraulically 
fractured (Howarth, Santoro and Ingraffea, 2011). 

Routine gas 
venting 

High pressure release of natural gas (including methane) directly to the atmosphere 
(OGP, 2000)  
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