
 
Shale gas and 
fracking: peril 

or saviour? 
 
 

Mike Stephenson 

British Geological 
Survey 



EIA outlook 

Fact Fact 



Fact? 

Methane in domestic 
water supplies from 
fracking?  

…or natural methane? 

Fact? 



Cracks in a bridge from 
earthquakes caused by 
fracking 

…or cracks that were 
already there 

Fact? 



2006 to 2011, CO2 from fossil fuels 
declined by 7.7% due to substitution of 
shale gas for coal in power stations 

Fact? 

…but more greenhouse gas 
emissions due to ‘fugitive 
emissions’ of methane 
associated with fracking? 



Contestable areas in shale gas 

Do shale gas 
wells 
contaminate 
groundwater? 

Does fracking 
cause dangerous 
earthquakes? 

Is shale gas 
lower carbon 
than coal? 

Does fracking 
produce 
dangerous 
radioactivity? 

Does shale gas use too much 
water? 

Does shale gas cause  
subsidence? 

Shale gas 



Peer reviewed science 

I’m going to show how science can be applied to some of these contestable  issues. 



SOME SHALE AND FRACKING BASICS 



Gas in sandstone and shale 
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• Cracks the shale 
• High pressure water 

or nitrogen, 350-700 
bar 

• Sand pumped in to 
hold cracks open 

Fracking 



From Shale gas extraction in the UK: a review of hydraulic fracturing. The 
Royal Society and The Royal Academy of Engineering, Report DES2597. 

Fracking site in Alberta 



Frack trucks 



Flowback tanks 



Truck carrying proppant 



DO SHALE GAS WELLS CONTAMINATE 
GROUNDWATER? 
 
SOME BASICS 



Water wells  

Shale gas well 
Water wells  

Shale 

biogenic methane 
released by bugs 

Thermogenic 
methane released by 

fracking 

Types of underground methane 



Distinguishing biogenic and thermogenic 
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Marcellus, Pennsylvania 





Contamination from fracking? 
Osborn et al. 2011, Duke University 

• Measured methane content 
and δ

13C 

• Higher methane 
concentrations in water 
wells close to shale gas wells 

• δ13C  suggests thermogenic  

• Authors then say ‘likely to be 
shale gas from the fracking’ 

 



Dec 2011 

Thermogenic methane unrelated to fracking? 
Molofsky et al. 2013  

• Looked at  some of the 
Osborn et al data 

• Also at baseline water 
data: historical records 
show flammable and 
effervescing natural 
springs and water wells 
back to the late 1700s.  



Molofsky et al. (2013). 

Thermogenic methane related to topography? 



Molofsky et al. 2011 

Methane signature indicates layers above Marcellus  



Duke University  Group 
 
Statistically significant evidence 
 
141 water wells studied  
 
methane concentrations six 
times higher for water wells 
within 1 km of shale gas wells 
 
No correlation with topography 
(valleys)  

Another look at the water wells 
Jackson et al. 2013 



Llewellyn et al. 2015 
 
• groundwater supply 

contamination incident 
• additives probably 

derived from drilling or 
hydraulic fracturing fluid 
were present in 
groundwater 

Darrah et al. 2014 
 
• Noble gas and methane 
• Suggests leakage at 

intermediate depth due 
to casing and cement 
problems 

Darrah et al. 2015 
 
• Noble gas, methane and 

other geochemistry  
• Outside shale gas areas 
• Diffusison of deep shale 

gas into shallow aquifers 
helped by neotectonic 
fracturing 

More recent research 



Shale gas wells do leak but only a small number… 
And mostly in Pennsylvania…. 
Water contamination most likely from leaky wells - not fracking 
 

Outside Pennsylvania 
 
Arkansas 
 
127 drinking water wells 
 
Fayetteville shale 4000 wells drilled since 2004  
 
very low concentrations of methane 
 
biogenic, not thermogenic  
 



Reagan et al. 2015 

2015 

Production will 
reduce chance of 
stray gas  
• reduction of 

free gas  
• lowering of 

reservoir 
pressure 

2015 

• Modelling 
hypothetical 
decommission
ed shale gas 
well 

• For the 
poorest 
cementation 
scenario, 
maximum stray 
gas within 1 
year after well 
closure.  

Nowamooz et al. 2015 

• Much 
previous 
modelling 
studies 
neglected 
production  

• overestimate
d the 
likelihood and 
quantity of 
stray HF 

2015 

Birdsell et al. 2015 

• Where there 
is an upward 
gradient, 
permeability 
is low, upward 
flow rates are 
low, and 
mean travel 
times are long 
(often 
>1000000 
years). 

2014 

Flewwlling & Sharma 2014 

2014 

• Bowland 
Shale discrete 
fracture 
model  

• Crack size 
affects 
likelihood of 
upward 
migration  

Cai & Ofterdinger 2014 

Modelling studies… 



Shale 
gas well 

Shale 

aquifer 

Water 
well 



IS SHALE GAS ‘LOWER CARBON’ THAN 
COAL? 
 
SOME BASICS 



If 1400 natural gas power stations were substituted for an equal number of coal-fired power 
stations then this would save one wedge of CO2 emissions 

Pacala and Socolow R 2004 

Context 



Fuel 
Pounds of CO2 emitted per 

million BTU of energy

Coal (anthracite) 228.6

Coal (bituminous) 205.7

Coal (lignite) 215.4

Coal (subbituminous) 214.3

Diesel fuel & heating oil 161.3

Gasoline 157.2

Propane 139

Natural gas 117

Source US EIA 



But what about methane? 

Open flowback tanks 



Shale gas  
well 

Emissions 
from tank 

‘Fugitive’ emissions 

Shale layer 

On the ground 
direct 
measurements 



Howarth et al. 2011 (Cornell 
Uni)   
 
direct measurements 
 
3 to 8% of the total methane 
production escapes to the 
atmosphere through the lifetime 
of every shale gas well 
 
This is enough leaking gas to 
really make a difference 
 

Is shale gas is worse than 
coal? 



Cathles et al. 2012  (Cornell Uni) rebuttal 
 
High leakage rates of Howarth unrepresentative? 
 
(ten tests of wells drilled into the Haynesville shale) 
 

Source 
(mainly scientific papers and 

reports) 

Shale layer Volume of Gas released during flowback 

(thousands of cubic metres per well) 

Jiang Marcellus 603 

Howarth Haynesville 6800 

Howarth Barnett 370 

EPA Various 260 

O’Sullivan and Paltsev Haynesville 1180 

O’Sullivan and Paltsev Barnett 273 

O’Sullivan and Paltsev Fayetteville 296 

O’Sullivan and Paltsev Marcellus 405 

O’Sullivan and Paltsev Woodford 487 

from McKay and Stone (2013). 



Allen et al. 2014 (Uni Texas) 
 
Direct measurement of 190 shale gas sites 
all over the US  
 
leakage rate is about half of one percent 
of gas production,  
 
much less than the 3 to 8% estimated by 
Howarth 
 

Howarth et al 
3 to 8%  

Allen et al  
<0.5% 



Touché Howard (2015) 
• Allen et al. 2014 

underestimated emissions 
• They used the Bacharach 

Hi- Flow® Sampler which 
in previous studies has 
been shown to exhibit 
sensor failures 

• The BHFS measurements 
at these sites were too low 
by factors of three to five 



• Yes, in Pennsylvania, but in a 
small number of cases 

• Fracking doesn't seem to cause 
it directly 

• Other areas of the USA don’t 
seem to be affected 

• It might be to do with the 
cement completion of the well 

Jury’s out 





On 1 
April and 27 May 
2011, two 
earthquakes 
with magnitudes 
of 2.3 ML and 
1.5 ML were 
detected in the 
Blackpool area 

http://earthquakes.bgs.ac.uk/research/events/BlackpoolApril2011.html
http://earthquakes.bgs.ac.uk/research/events/BlackpoolApril2011.html
http://earthquakes.bgs.ac.uk/research/events/BlackpoolMay2011.html
http://earthquakes.bgs.ac.uk/research/events/BlackpoolMay2011.html


The volume of frack fluid (mainly water) injected in the fracking of the Preese Hall 
well and the volume of flowback coming back after the fracking. The yellow line 
showing water injected jumps in five places and these are the five separate fracks 
that were carried out on the Preese Hall well. The red line shows the volume of 
flowback water. From Royal Society and Royal Academy of Engineering (2012), 
modified from de Pater and Baisch (2011) 



The traffic light system 
designed to manage 
earthquakes triggered by 
fracking. Essentially 
fracking can continue if 
earthquakes remain below 
zero on the ML scale. If 
earthquakes rise in energy 
to between zero and 0.5 ML 
then the amount of frack 
fluid injected must be 
reduced. If they go above 
0.5 ML then injection must 
stop. From Green et al 
(2012) 



Permanent (blue triangles) and temporary monitoring 
stations (green triangles) in the North of England 



Seismicity at Preston New Road, October 2018 



Conclusions 

• Science can be applied to the contestable issues 
in shale gas 

• Leakage is a problem in Pennsylvania; not many 
other places 

• Fugitive emissions yet to be quantified 
accurately 

• Fracking has been intermittently been going 
ahead at Preston New Road 
 

 
 



Open access 
summary paper 

In all good bookshops! 


