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Executive Summary 

The phenomenon of shale gas is both topical and controversial. Its proponents claim that 

it is a clean, environmentally friendly and abundant source of cheap natural gas; its 

opponents believe the opposite. In various countries it is a fast growing industry and 

operations have begun in the UK. 

With conventional reserves of natural gas being quickly depleted, gas prospecting is 

turning to “unconventional resources”, one example being gas found in shale. 

Uncommon technologies, notably hydraulic fracturing and horizontal drilling, are 

necessary for shale extraction to be economical. 

Shale Gas has been haunted by allegations of environmental pollution. In the US, an 

influential film was released alleging that the waste fluid from hydraulic fracturing, 

“flowback water”, was polluting groundwater. While it is possible for methane to enter 

groundwater through a faulty well completion, IGEM is satisfied that Environment 

Agency and HSE policy is adequate to prevent risks to the environment or human health, 

and recommends that if flowback water is to be held temporarily in open pits, an 

adequate overspill system be in place. 

There have also been two earthquakes in Lancashire thought to have been caused by 

shale gas operations. Furthermore, the cause of a magnitude 4.7 earthquake in Arkansas 

near to where waste water was injected into a shale gas well has not been fully 

determined. The results of an investigation into the Lancashire earthquakes are pending, 

and IGEM recommends that seismic activity near hydraulic fracturing operations be 

monitored and that the suitability of reinjection for disposal of water be investigated. 

IGEM has identified a need for standards in this country pertaining to shale gas and its 

extraction processes.  

With the lack of public information and sometimes animosity towards shale gas, drillers 

need to consider developing corporate social responsibility programs tailored to the 

needs of the communities local to drilling, with especial consideration towards 

environmental initiatives. 

Worldwide, shale gas has had a significant and growing impact on US gas production, 

and looks likely to rapidly transform the energy situation of other countries. In Europe, 

Poland and France have the largest reserves; Poland has embraced the industry and is 

looking forward to its shale gas reserves ending dependence on Russian gas. France, on 

the other hand, has outlawed the hydraulic fracturing technology vital to shale gas on 

environmental grounds. 

The UK’s shale gas reserves are unlikely to be large enough to be a “game changer”, but 

they would contribute to gas security and the UK’s energy mix, as well as being a lower-

carbon alternative to coal-fired electricity generation. 

 

 



 

1 
 

1. Introduction 

1. This report has been compiled by IGEM for the information of its membership and the 

general public. It aims to discuss the current issues of shale gas exploration and 

production as well as its prospects for the UK. 

2. During the writing of this report, IGEM interviewed those responsible for various 

aspects of the licensing and policy-making process. We extensively reviewed the 

literature on the topic and drew our conclusions from careful consideration of all sources. 

3. This report is intended as a broad overview of shale gas, with brief excursions into 

detail on various issues. A video report and a web-based report are also provided for the 

alternative information of the readership and can be found at igem.org.uk.  

2. What is shale gas and where is it found? 

4. Shale gas is natural gas trapped inside impermeable shale rock and is part of a group 

of gas resources called ―Unconventional Resources‖. Conventional gas is generally gas 

originating from shale or coal that has diffused out over millennia into overlying porous 

rock and has become trapped by a seal of another impermeable rock on top, see Fig. 1. 

Figure 1. Left to right - an associated conventional well, a shale well, a non-associated conventional well 
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5. Unconventionals are sources of ―natural gas that cannot be produced at economic flow 

rates nor in economic volumes of natural gas unless the well is stimulated by a large 

hydraulic fracture treatment, a horizontal wellbore, or by using multilateral wellbores or 

some other technique to expose more of the reservoir to the wellbore‖1.   

6. The difficulty of extraction may be due to the lack of pressure or permeability of the 

rock or material in which they are trapped. However, recent higher gas prices, an 

increase in demand for gas and new technology have thrown unconventionals into the 

limelight of oil and gas exploration. 

7. Unconventional sources include tight gas (gas in less permeable sandstone), gas 

hydrates (methane trapped inside ice-like structures called clathrates, stable only at low 

temperatures and found in permafrost and ice caps) coal bed methane (methane found 

in coal seams), coal seam gasification (where coal in situ is heated with oxygen, 

producing hydrogen, carbon dioxide and methane, which is then extracted from the 

mine) and shale gas. 

8. In the case of shale gas, it is the impermeability of the reservoir that has, until 

recently, meant that shale gas has been uneconomical to produce. Advances in 

technology, specifically multi-stage ―hydraulic fracturing‖ or ―fracking‖ combined with 

horizontal drilling, have opened up the shale gas plays2 of America in particular to 

commercial production. 

9. Shale gas resources have been identified in several countries throughout the world3 

and it is thought that large enough reserves lie beneath UK soil to contribute significantly 

to the national gas reserves. DECC has estimated that 135 billion cubic metres (bcm) 

could be found in the Bowland shale alone; additional gas could be found in other 

onshore shales4, although, according to Toni Harvey from Oil and Gas Licensing in DECC, 

―we are at the absolute infancy stage in shale gas production… we really don’t know 

what we have.‖ Offshore shales have not yet been considered, as their additional cost is 

still prohibitive. 

2.1. Background to shale drilling 

10. Whereas shale gas is new on this continent, it has been used as a resource for years 

in North America and in large scales since around 2005. Its first recorded extraction was 

in 1821, in the Marcellus Shale in the US states of Pennsylvania and New York. 

Production at that time did not involve fracture stimulation, but rather consisted of 

drilling a hole into the ground from which gas was piped off. Production was small-scale, 

slow, and could power only a farmstead or a school; however, the gas would last for 

decades5. 

                                                           
1 NPC, 2007. Topic Paper #29 “Unconventional Gas”, Available at: <www.npc.org/Study_Topic_Papers/29-TTG-
Unconventional-Gas.pdf> [accessed13/08/2011] 
2
 Because of their vast size – spanning tens of thousands of hectares – shale resources are called “plays” rather 

than “fields” 
3 EIA, 2011. World Shale Gas Resources: An Initial Assessment of 14 Regions Outside the United States.  
Available at <www.eia.gov/analysis/studies/worldshalegas> [accessed 01.07.11] 
4
 DECC, 2010. The unconventional hydrocarbon resources of Britain’s onshore basins – shale gas. Available at 

<og.decc.gov.uk/upstream/licensing/shalegas.pdf>  
5
 Selley, R., 2011. Shale Gas: Blessing or curse? Geoscientist 21.4 pp 14 – 19. Available at 

<www.geolsoc.org.uk/page9767.html> [accessed 14.08.11] 
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11. Unlike coal gas, shale gas is of the same chemical makeup as natural gas, being 

mostly methane with some proportion of higher hydrocarbons and traces of impurities; 

the shale is often the source rock for nearby conventional reservoirs. The gas from the 

Bowland Shale in Lancashire is of ―almost pipeline quality‖6 and therefore may not need 

refinement, especially if it were to be burned on site.  

12. UK shale gas potential was recognised and examined in depth as far back as 19877, 

however, it is only with the emergence of new technologies to access the shale gas that 

have made shale gas competitive with conventional gas (possibly even cheaper8) that 

these resources have been explored.  

13. The processes, too, are not entirely new to the UK. Onshore drilling is common in the 

UK, and 2103 onshore oil and gas wells have been drilled nationwide as of July 20119.  

14. Horizontal Drilling has traditionally been important as a lot of gas is located 

offshore. It is expensive to build an offshore platform, and sometimes drilling vertically 

onshore then horizontally out to sea is more cost-effective. This has been used 

successfully in the UK, for example at Wytch Farm on the Dorset coast, and could be 

used to access shale reserves in the Firth of Forth. 

15. In the case of shale gas, horizontal drilling maximises the contact area to the 

―payzone‖ – the shale rock - from a single well and many wells can be constructed on 

the same pad (see fig. 8, page 15). Thus the geographical footprint of a multi-well pad is 

much smaller for the same productivity as several pads. 

16. Hydraulic Fracturing, or Fracking, is a technology that has been used successfully 

and without incident for coal bed methane (CBM) in the UK. Shale formations are a lot 

deeper than coal, meaning the environmental risks from shale should be less than those 

from CBM. An examination of environmental consequences is found in section 4. 

3. Technology and processes 

3.1. Well life cycle 

17. There are several stages to well production, and several public bodies involved. 

Prospecting 

18. In the UK, the Government holds mineral rights and has the power to licence them 

exclusively to operators. A company may apply to the Department of Energy and Climate 

Change (DECC) Oil and Gas Licensing, Exploration and Development for a ―Petroleum 

Exploration and Development Licence‖ (PEDL), or may purchase an existing licence from 

the company to which it has been granted. The awarding of PEDLs takes into account the 

competence of the operator as well as the financial viability of the proposed operations10. 

                                                           
6
 Interview with Mark Miller, 28.07.11, available at: igem.org.uk 

7
 Selley, R., 198 . 1987. British shale gas potential scrutinised. Oil & Gas Journal, June 15, pp 62-64 

8
 Stevens, P., 2010. The “Shale Gas Revolution” – Hype and Reality. Chatham House, pp11-12 

9
 DECC, 2011. Basic Onshore Well Data. Available at <og.decc.gov.uk/upstream/licensing/onshore_10th/ 

basic_onshore_info.htm> [accessed 14.08.11] 
10

 DECC, accessed 05.09.11. Onshore Oil and Gas Exploration and Development: Roles of Regulatory Agencies. 
Available at <og.decc.gov.uk/upstream/licencing/onshore_agencies.doc> 

file:///C:/Users/Aaron/Documents/Shale/Glossary.aspx#hse
file:///C:/Users/Aaron/Documents/Shale/glossary.aspx#ea
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19. Licences are awarded in rounds; the most recent 13th round started in November 

2007 and finished in March 2008. The time from application to starting drilling is fairly 

long, so companies will typically apply long before they drill. A Strategic Environmental 

Assessment (SEA) must be made before the Licencing round is opened to applications; 

the SEA for the 14th round has been published and the government is now issuing a 

response to the feedback from the SEA before inviting applications. 

Exploratory drilling 

20. Once a company has identified a location within their licence with favourable 

prospects, they will purchase or lease the land from the landowner and apply to the local 

authority for planning permission. 

21. The Local Authority must issue planning permission and may commission an 

Environmental Impact Assessment (EIA) in consultation with the Environment Agency 

(EA). The EA will advise the Local Authority on containment measures including bunding 

around the site and an impermeable membrane on the ground to contain any leaks. 

22. The Health and Safety Executive (HSE) will examine the risk to people - they will be 

interested in the safety precautions and the integrity of the well, since fugitive emissions 

of methane to air can be hazardous. They will inspect the site and check that the 

operators are following the HSE regulations (see section 3.4).  

 

23. The EA will inspect the site and the operator's environmental safeguards. They are a 

statutory consultee; if they find the activity could pose a risk to drinking water and are 

satisfied that the risks can be controlled, they must issue a permit in order for that 

activity to proceed. In the event of a spillage the EA has powers to ensure measures are 

put in place to minimise environmental impact. (Tony Grayling, EA, 2011, IGEM 

interview) 

24. A method statement would be required by the HSE, detailing equipment including 

rig, drilling path, completed dimensions and proximity to mines or existing wells, 

geology, schedule of works, activities that risk discharging fluid into the well and 

completion procedures according to Schedule 1 of the Borehole Sites and Operations 

legislation (see section 3.4). If they find the well construction inadequate, they can serve 

an Improvement Notice requiring modifications to the well. The EA may also issue a 

notice to request details on the operations proposed. 

25. At this point the company may face opposition from local residents, who may object 

to the noise or impact of the drilling rig or the environmental impact of the drilling. The 

company must also acquire access to the drilling site, either by purchasing or leasing the 

land from the landowner. 

26. Before drilling, the company must again apply to the DECC, this time for Well 

Consent, and must demonstrate approval of planning permission and submit 

geotechnical data. 

file:///C:/Users/Aaron/Documents/Shale/processes.aspx%23fracking
http://uk.reuters.com/article/2011/05/12/europe-shale-gas-outlook-idUKLDE74B0F420110512
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Completion 

27. This includes installing the final casing and perforating it in the shale strata with a 

―perf gun‖, in order to provide a route from the shale to the surface. This has been 

achieved in Cuadrilla's operations in Lancashire11 and in 3 Legs Resources' operations in 

Poland12. This is in contrast to around 40,000 shale gas wells that have been drilled in 

the US13. 

28. A properly engineered well completion is critical, as a leak in the casing could provide 

a pathway for contaminants from the shale or fracking fluid to enter the top layers of soil 

(which sometimes contain freshwater aquifers)14. 

Stimulation 

29. Well stimulation is needed when either the pressure of the gas reserves or the 

porosity of the rock is insufficient, with the latter being the case in respect of shale gas. 

Fracturing of the rock is needed to release the gas from the shale; the most common 

process involving pumping high pressure water with sand suspension and chemicals 

(Hydraulic Fracturing). Other processes involve injecting pressurised nitrogen foam 

(Nitrogen Foam Fracking) or ―propellant stimulation‖ – localised pulses of high pressure 

gas. All aim to fracture the rock to increase permeability. 

30. Following this, the well may be cleaned out by flushing water, nitrogen or methane 

into the bore to remove debris. ―Green Completion‖ or ―low-emission completion‖ 

methods may also be used, which capture the gas produced before capping for reuse. 

This is required near the urban area of Fort Worth, Texas15. 

Testing, production and abandonment 

31. The stages after stimulation are much the same as for conventional wells. The gas 

from the well is tested and its chemical composition determined. If the gas is to be 

injected into the grid, it may need refinement should its proportions of methane not be 

sufficiently high to be of pipeline quality. This would remove "gas condensates" - 

impurities such as ethane, propane, butane, hydrogen sulphide etc. 

32. Following testing, the well is capped. It is likely that pioneering shale developments 

will use the gas to generate power on-site, as is happening at Cuadrilla’s conventional 

gas site Elswick 1, although the EA would prefer a movement towards usage of shale gas 

in combined cycle power stations where efficiencies can reach 55%16. 

 

                                                           
11

 Cuadrilla Resources, 2011. Lancashire Operations Status Report [press release] 28.06.11. Available at 
www.cuadrillaresources.com/cms/wp-content/uploads/2011/06/Lancashire-Operations-Status-Report-28-06-
11.pdf> 
12

 3 Legs Resources, 2011. Drilling of Łebieo LE-2H horizontal well. [Press Release] 21 June. Available at 
<www.3legsresources.com/media/Lebien-2H-well-announcement.pdf> [accessed 22.06.2011] 
13

 Reuters, 2011. Shale gas no Europe game changer this decade [report] [Available at: 
uk.reuters.com/article/2011/05/12/europe-shale-gas-outlook-idUKLDE74B0F420110512 
14

 Wood, R. et al., 2011, Shale Gas: a provisional assessment of climate change and environmental impacts. 
Page 59 
15

 Fort Worth City Council, 2008. Ordinance Number  18399 [ordinance] 
16

 Najjar, Y. S. H., 2000. Efficient use of energy by utilising gas turbine combined systems. Applied Thermal 
Engineering 21 (2001) pp 407 - 438 
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33. The well site is mostly unobtrusive. Care must be taken to ensure there are no leaks; 

the operator should monitor this, and take action to repair the leaks as soon as possible. 

Cuadrilla Resources pressure test each layer of casing (―casing string‖)17 to ensure they 

are all pressure tight.  

 

Figure 2. Unconventional well with Christmas Tree at Keele Science Park (Coal Bed Methane) 

34. Production rates from a shale gas well are unlike those of conventional wells. 

Following fracture, flow rates are extremely high in the first two years. As fractures close 

under pressure, and gas gets depleted, flow rates decrease sharply. Decline rates may 

be 35-40% in the first two years, dropping to 5-7% thereafter18. The well may be re-

fractured several times before abandonment (generally at 5 year intervals for wells in 

the Barnett Shale, Texas) 19.  

35. When the well is no longer profitable to maintain, it is abandoned. Fluid may be 

disposed of into the well bore, or the well filled with drilling mud and cemented. Well 

integrity is still important as fluids or remaining gas from the shale could travel up a 

faulty well bore20.  

 

Figure 3. Shell's exploratory drilling at Skåne, Sweden, showing from left to right: Before, during and after 

drilling. The well was abandoned as it would not be profitable to complete. Images: www.shell.se 

                                                           
17

 Interview with Mark Miller, 28.07.11, available at: igem.org.uk 
18

 Cuadrilla Resources, 2011. Memorandum submitted to Energy and Climate Change Committee Enquiry. 
Available at <www.publications.parliament.uk/pa/cm201011/cmselect/cmenergy/writev/shale/sg08.htm> 
19

 Schlumberger, 2008. StimMORE service increases EUR in Barnett Shale Well by 0.25Bcf, [case study] page 1 
20

 Wood, R. et al., 2011, Shale Gas: a provisional assessment of climate change and environmental impacts. 
Page 59 
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3.2. Hydraulic Fracturing 

36. Hydraulic Fracturing, or Fracking, is the most popular method of well stimulation. 

After drilling the well into the shale rock, the rock must be stimulated. Hydraulic 

fracturing is a method of stimulation; other methods include nitrogen foam fracturing, 

acidisation and propellant stimulation. 

37. Following drilling, casing and perforation, tens of thousands of litres of "fracking 

fluid" are pumped into the well under high pressure. The fluid is mainly water and 

proppant, with additional chemicals for various purposes. The rock is fractured in order 

to increase permeability of the matrix by opening pathways in the rock, either by 

expanding existing fractures or creating new ones. The proppant, either sand or ceramic 

beads, ―props‖ the fractures open so that gas can flow when the water is removed. 

38. Fracking is a technology that has developed extensively in the last decade, although 

the technology was pioneered in the 1930s and used commercially for decades.21 

39. Chemicals include: 

 Biocides –to kill bacteria whose growth in the fractures might impede the flow of gas, 

 Weak acid – to clean away drilling mud at the start off the fracture (used only in the 

initial fracture), 

 Gelling agent – to hold the proppant in the fluid, 

 Liquefier/Breaker – to release the proppant when it has penetrated the fractures, 

 Friction Reducer – to reduce the pressure needed to pump the water in, 

40. After the fracture is complete, the fluid is allowed to flow back above ground, where 

it is collected and taken away for re-use, treatment, or in some cases stored in pits in 

the ground. This fluid is called "flowback water" and ranges from 15-80% of the volume 

of fracking fluid used, meaning that a sizeable proportion is left in the rock22. 

41. Of this, some flows back regularly over the well lifetime, known as "produced water" 

– this occurs even in conventional (i.e. non-fracked) wells. Both produced water and 

flowback water contain dissolved chemicals from the rock as well as those added. This is 

of environmental concern and will be discussed later. 

42. More advanced technologies have led to the emergence of "multi-stage fracking", 

where only the endmost 300m of the well is fractured, then a plug added, then the 

fracturing repeated for the next 300m, and so on until the entire horizontal section is 

complete. To date, up to 13 stages have been used in some US wells23. 

43. Cuadrilla has stated that they pressure test the well casing after each fracking 

operation to ensure its integrity. 

44. Fracking has been carried out in the UK before, but not for shale gas. Coal Bed 

Methane may need fracture stimulation, but usually only using water and possibly sand 

                                                           
21

 Montgomery, C. T., Smith, M. B., 2010. Hydraulic Fracturing: History of an Enduring Technology (excerpt 
from Legends of Hydraulic Fracturing. 2010, SPE International [CD]) 
22

 US EPA, 2010. Hydraulic Fracturing Research Study (background information for upcoming study) Available 
at: <www.epa.gov/safewater/uic/pdfs/hfresearchstudyfs.pdf>  
23

 New York Department of Environmental Conservation, 2009. Draft SGEIS on the Oil, Gas and Solution 
Regulatory Program. Page 5-92. Albany: NYSDEC 
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due to lower pressures and greater permeability in coal24. As such, there is some 

experience in the UK of hydraulic fracturing, but not in shale. 

 

Microseismic monitoring 

45. Fractures are not predictable in the sense that their exact path can be mapped, but it 

is possible to determine the extent of the fracturing. The mechanical properties of the 

rock, obtained from samples and seismic data, can be used to estimate the extent of 

fracture propagation.  

46. However, if two wells are drilled close together, microseismic events from fracking 

can be located and recorded, and from this data the extent of fracture propagation can 

be accurately measured. As Mark Miller, CEO of Cuadrilla Resources explained to the 

Energy and Climate Change Committee, ―If your modelling were using microseismic data 

in the process of fracture mapping, you can see with real precision how far the fracture 

goes, how wide it goes and how high it goes‖. 

 

Figure 4. Microseismic data for a well in the Marcellus. The size of the marker indicates magnitude. Source: 

ESG Group (esg.ca) 

 

3.3 Horizontal Directional Drilling 

47. Shale formations lie in a roughly horizontal plane. Drilling horizontally through the 

shale therefore maximises the payzone exposed and therefore the gas flow rates. The 

drill bit is effectively steered towards the reservoir or sweet spot.  

48. This technique has been used analogously in Coal Bed Methane, where wells are 

drilled horizontally through the coal seam, as well as to reach offshore reservoirs from 

an onshore drilling site. An example of the former is at Keele Science Park, and of the 

latter at Wytch Farm Oil and Gas Field in Dorset. This technology is established in the UK 

and there is a large base of experience. 

                                                           
24

 House of Commons Energy and Climate Change Committee, 2011. Shale Gas Vol. 1, Fifth Report of Session 
2010-12 page Ev 20 
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Figure 5. Wytch Farm: a horizontal distance of 10 kilometres was achieved in 1999. Source: BP Publication 

3.4. Standards and regulations 

―Laws and regulations do not even make reference to unconventional gas‖  
Professor Paul Stevens, Chatham House, 2010 

49. Unconventional resources, in this country a relatively new phenomenon, were not a 

consideration when the current regulations were made in the 1990s; for this reason, no 

specific mention of horizontal directional drilling (HDD) and hydraulic fracturing is made 

in the regulations used in shale gas production, the Borehole Sites and Operations 

Regulations 1995 and the Well aspects of the Offshore Installations and Wells (Design 

and Construction, etc.) Regulations 1996. 

50. This is not to say that regulations are inadequate for shale production, as most of the 

processes are the same as those of conventional drilling. The technologies of hydraulic 

fracturing and HDD have been in use for a long time. There is, however, a distinct lack of 

standards for these processes. 

51. There are British Standards covering hydraulic fracturing proppants and hydraulic 

fluid power, however, there are none covering chemicals used or the fracking procedure 

itself25. A standard on directional drilling is under development26. 

52. In the US, there are API (American Petroleum Institute) ANSI-accredited (American 

National Standards Institute) standards and guidance documents. According to the API 

website, there are four standards that apply specifically to Hydraulic Fracturing: Well 

Construction and Integrity Guidelines27, Water Management28, Mitigating Surface 

Impacts29 and Isolating Potential Flow Zones30. 

53. In addition, the Local Authorities would require the drilling site to be bunded and an 

impermeable membrane to be laid down as part of mandatory precautions. Disclosure of 

                                                           
25

 British Standards Institution, 2009. BS EN ISO 13503-2 Petroleum and natural gas industries. Completion 
fluids and materials. Measurement of properties of proppants used in hydraulic fracturing and gravel-packing 
operations. Milton Keynes: BSI. 
26

 British Standards Institution, (under development). BS EN 16228-3 Drilling and foundation equipment - 
Safety Part 3: Horizontal directional drilling equipment (HDD). Milton Keynes: BSI. 
27

 American Petroleum Institution, 2009. HF1, Hydraulic Fracturing Operations-Well Construction and Integrity 
Guidelines, First Edition. Washington: API 
28

 American Petroleum Institution, 2010. HF2, Water Management Associated with Hydraulic Fracturing, First 
Edition. Washington: API 
29

 American Petroleum Institution, 2011. HF3, Practices for Mitigating Surface Impacts Associated with 
Hydraulic Fracturing, First Edition. Washington: API 
30

 American Petroleum Institution, 2010. Std. 65-2, Isolating Potential Flow Zones During Well Construction, 
Second Edition. Washington: API 
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fracking chemicals to the EA would be mandatory, and the EA could serve a notice to 

prohibit the use of a chemical if it was deemed to be an environmental risk. Tony 

Grayling, head of Climate Change and Communities at the EA, says that they ―would 

expect [operators] to use industry best practices‖ (IGEM interview, 2011). 

54. Mark Miller, CEO of Cuadrilla Resources, says, ―API sets a lot of standards but we 

don’t really follow a rigid API Standard. Most of the industry worldwide has API standards 

but they have standards developed for each country. So there are some things we do 

here that are unique to the UK that aren’t really required in North America, but to us 

they are Industry Best Practice and add another level of safety to what we do.‖ (IGEM 

interview, 2011) 

55. It is clear that British and ISO standards are lacking in this area. The unique element 

of hydraulic fracturing to unconventional gas exploration introduces dangers from 

pressurised water as well as chemical and water spillages. 

 

4. Environmental impact 

“The only safe place for shale gas remains in the ground” 

Professor Kevin Anderson, Tyndall Centre 

56. Several parties have expressed concerns about the methods used and the execution 

of shale gas drilling. It is imperative to determine what the risks to the environment are 

and whether they can be sufficiently mitigated. Various issues exist; this report aims to 

cover the most pressing. 

4.1. Water pollution 

57. In the US, where well water is often used in rural areas as drinking water, high 

concentrations of dissolved methane have been reported. However, most of these 

occurrences have been biogenic gas (gas produced by recent bacterial action, usually 

found in strata near the surface, in the water table) rather than thermogenic (produced 

by the decomposition of organic matter under heat and pressure). 

58. There is, however, evidence of thermogenic methane in groundwater: a recent study 

by Duke University in the Marcellus and Utica Shale Plays in Pennsylvania, USA, suggests 

concentrations of thermogenic methane in groundwater increase with proximity to a 

shale gas well. They suggest this is most likely due to faulty well bores or abandoned, 

uncased wells from previous decades, a view which Tony Grayling from the Environment 

Agency believes likely (IGEM interview, 2011). They also note a small possibility of the 

change in subsurface pressures and fracture systems allowing seepage through the 

rock31. 

59. According to Professor Peter Styles, the fractures produced by fracking are blade-

shaped and anastomotic (cross-connecting), unlikely to be conduits for gas flow to the 

surface. Such fractures are more likely to be formed by coal mining – but even in coal 

mines, the methane is trapped in the mine and does not appear at the surface. A faulty 

                                                           
31

 Osborn S. G., Vengosh A., Warner N. R., Jackson R. B., 2011. Methane contamination of drinking water 
accompanying gas-well drilling and hydraulic fracturing. PNAS 108 (20) pp 8172 - 8176 
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well completion is the most likely cause for thermogenic methane in groundwater 

(Osborn, Vengosh, Warner and Jackson, 2011). 

60. It is worth noting that methane (mostly biogenic) occurs in groundwater in some 

areas of the US and UK, in large enough quantities to cause explosions32. In most areas 

in the UK, however, private abstraction of groundwater is rarely used for domestic 

consumption. Indeed, in France and Germany, underground aquifers are even used for 

natural gas storage33. In the area of Lancashire where fracking is being carried out, the 

Environment Agency have deemed that there are no vulnerable near surface aquifers.  

61. Of the 2103 onshore wells in the UK there have been no reported cases of faults with 

well bores or casing leading to a release of gas. 

 

Figure 6. Scene from the 2010 Documentary "Gasland" showing a man in Colorado, USA lighting methane in 

his tap water34. 

62. The chemicals in fracking fluid have also been cause for concern; however, the same 

study by Duke University shows no sign of fracking chemicals in groundwater, having 

tested for common elements within the fluids and the produced water. The Tyndall 

Centre’s Report, however, suggests that faulty cementing on wells – and certain states 

in the US do not require full cementing below the level of the lowest groundwater 

source35 – could provide a path for migration of fracking fluid or flowback water 

containing solutes already extant in the shale to the level of aquifers. 

63. The flowback fluid, which is the fluid that comes out of the well after 

fracking contains not only the chemicals added to compose the fracking fluid but also 

dissolved chemicals from the shale itself. It can even contain a mixture of radioactive 

elements, called NORM (Naturally Occurring Radioactive Material), which has been 

                                                           
32

 <www.bgs.ac.uk/research/groundwater/quality/methane_groundwater.html> [accessed 15.08.11] 
33

 <www.bgs.ac.uk/research/energy/undergroundGasStorage.html> [accessed 01.08.11] 
34

 This particular case has been shown to be naturally occurring biogenic gas: State of Colorado Oil and Gas 
Conservation Commission, 2010, COGCC Gasland Correction Document, available at 
<cogcc.state.co.us/library/GASLAND%20DOC.pdf> [accessed 26.08.11] 
35

 GWPC, 2009. State Oil and Natural Gas Regulations Designed to Protect Water Resources. US Department of 
Energy. Page 19 
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shown in a study by the Pennsylvania Department of Environmental Protection not to be 

a risk36.  

64. In the US, flowback water has been allowed to stand in open (lined) pits near the 

fracking site, where it could pose a threat to surface water (during heavy rain, for 

example) or could allow volatile organic compounds (VOCs) to evaporate into the 

atmosphere. Cuadrilla’s current operations involve the water being stored in tanks and 

being taken away for treatment at a specialised plant in Manchester, however, the 

Environment Agency has not ruled out lined pits for temporary storage – this would be 

assessed site by site. (Tony Grayling, Environment Agency, 2011, IGEM interview) 

65. In the US there have been documented and anecdotal incidences of fracking fluid 

escaping37,38. The film GASLAND also shows footage of flowback water being sprayed 

into the air in order to evaporate it39. 

66. The Environment Agency will review plans for disposal of water and will consider 

lined pits and injection into the rock formation as alternatives to carrying the flowback 

water away for treatment in tanks.  

 

4.2. Water consumption 

67. Fracking uses a large amount of water, and estimates of water requirement vary 

enormously depending on the source and the depth of the well, the permeability of the 

rock and other factors. Cuadrilla estimate that 13 million litres (Ml) of water could be 

used for one hydraulic fracturing (―frac job‖) of one well40. The Tyndall Centre (Tyndall 

Centre, 2010) place the water requirements of one well at 9-29 Ml for one ―frac job‖ of 

one multi-stage fracked well, extrapolating to 54-174 Ml for a 6 well pad and 560 – 

1,300 Ml per year on average to supply 10% of UK gas consumption over 20 years (i.e. 

9bcm gas/year). 

68. In comparison to water intensive industries, for example paper and pulp (130 Ml per 

annum), shale gas hydraulic fracturing does not rank particularly highly. In 2010, the 

energy sector in total used 30,000 Ml of water from the public supply and abstracted 

3,772,000 Ml from rivers, groundwater, lakes and the sea41. 

69. It is possible to reduce the amount of water required by recycling and reuse of 

flowback water. However, this is only practical in multi-stage fracking and not in the 

exploration stages Cuadrilla is currently in. Indeed, Tony Grayling from the EA points out 

that re-use may concentrate the contaminants in the water, making it harder to dispose 

of or treat. (Interview, 2011) 

                                                           
36

 New York Department of Environmental Conservation, 2011. Preliminary Revised Draft SGEIS on the Oil, Gas 
and Solution Mining Regulatory Program, page 6-63. Albany: NYSDEC 
37

 Simpson, J. L., Graham, L. E., 2010. Riverkeeper Industrial Gas Drilling Reporter  Vol. 8, July 2010 page 12 
38

 Simpson, J. L., Atkin, H., McAleese, J., 2009. Riverkeeper Industrial Gas Drilling Reporter  Vol. 8, June 2009, 
pp 7-8 
39

 Gasland, 2010, Directed by Josh Fox, Commissioned by The Cooperative 
40

 House of Commons Energy and Climate Change Committee, 2011. Shale Gas Vol. 1, Fifth Report of Session 
2010-12 page 43 
41

 Office for National Statistics, 2010. Environmental Accounts, February 2010 Update. Available at 
<www.statistics.gov.uk/downloads/theme_environment/EA-Feb10.pdf> 

http://www.sustainablefuture.cornell.edu/news/attachments/Howarth-EtAl-2011.pdf
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70. The EA do not believe that the use of water for hydraulic fracturing will be enough to 

have a significant impact on water supplies. In the North-West of England, rainfall is 

higher than UK average42 and only 11% of public water supply is abstracted from 

groundwater43.  

 

4.3. Fugitive emissions 

―Compared to Coal, the [greenhouse gas] footprint of shale gas is at least 20% greater‖ 
Howarth, R., Santoro, R., Ingraffea, A., 2010. 44 

71. Fugitive emissions are losses of methane from between the well cap and the end 

user. These can be due to leaks in pipelines, venting from pressure valves and so on. 

Most sources of these emissions are likely to be the same as from conventional gas. 

However, the fugitive emissions from the fracking process are of more concern, as they 

have not been examined in detail and could potentially be significant. 

72. After fracking, before the well is capped and the gas piped away for use, the well will 

be cleaned by flushing fluid or gas into the bore, removing debris and also flushing away 

produced methane that is not profitable to store or transport. In a study based on EPA 

estimates, academics from Cornell University have calculated that the venting of such 

emissions could mean shale gas may be actually worse for global warming than coal45. 

 

Figure 7. Graph from Cornell University study. Low and high estimates of lifecycle carbon dioxide equivalent 

from various fuel sources 

73. Coal releases more carbon dioxide per unit energy than natural gas, but methane is 

a far more potent greenhouse gas – 72 times more powerful per unit mass than carbon 

dioxide over a 25 year period, falling to 25 times as much over a 100 year period. The 

EA believe, however, that good practice can mitigate such fugitive emissions, and are 

considering options for monitoring air quality near the site to keep track of any leaks. 

                                                           
42

 Met Office, 2011. [online] <www.metoffice.gov.uk/climate/uk/nw/> and 
<www.metoffice.gov.uk/climate/uk/datasets/#>  [accessed 01.08.11] 
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 Environment Agency, "Underground, Under Threat—the State of Ground Water in England and Wales", 
2006, p 11 
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74. Cuadrilla plan to flare the gas that is produced during testing prior to production 

proper46. Venting is undesirable in urban areas as it contributes to air pollution; in Fort 

Worth, Texas, ―green completion‖ methods are required, which can capture over half the 

methane emissions47; the gas they capture can then be sold. Practically, however, the 

value of the gas sold is roughly equal to the cost of installation of ―green completion‖, 

meaning it has only an environmental benefit48. 

75. Other studies have come to the opposite conclusion from that of the Cornell 

University Study. A team from Carnegie Mellon University have studied the lifecycle 

greenhouse gas emissions of wells in the Barnett Shale in Texas, concluding that they 

are similar to domestic gas. Furthermore, ―Green completion and capturing the gas for 

market that would otherwise be flared or vented... would significantly reduce the largest 

source of emissions specific to Marcellus gas preproduction‖49. 

4.4. Landscape impact and disruption 

76. As with other industrial sites, during the well construction, completion and 

stimulation phases there will be heavy road traffic. The Tyndall Centre’s report (Tyndall 

Centre, 2010) estimates 4,300 – 6,600 truck visits based on a well pad of 6 wells, 3,900 

– 5,800 for the fracking alone. This would equate to around 30 truckloads a day – not 

significantly more than other industrial sites. Cuadrilla plan to source their water from 

United Utilities and to transport the water away for treatment in Manchester (Mark 

Miller, 2011, IGEM interview), which would mean there would be several truck visits to 

the site, however, this is unlikely to lead to deterioration of local roads as in 

Pennsylvania, US50, as most public roads in the UK are tarmacked. 

77. The landscape impact of drilling sites is also a problem exacerbated by the high 

population density in the UK. The population of Lancashire is approximately 1.45 

million51 and the density – 471 people per square kilometre52 - is approximately three 

times as high as New York State, four and a half times as high as Pennsylvania and 

twelve and a half times as high as Texas. 

78. This problem has been addressed by situating several wells on the same site ("pad") 

and drilling horizontally away from the pad. Nevertheless, to supply 10% of the UK's gas 

consumption, which the Energy and Climate Change Select Committee suggests shale 

gas could do (ECCC, 2011), the Tyndall Centre estimates 2,500 – 3,000 wells need to be 

drilled over a 20 year period (Tyndall Centre, 2010).  

79. A large drilling rig is also constructed, which is unsightly and can be noisy. This, 

however, is only temporary – drilling lasts only a few weeks. After drilling and fracking, 

the rig is replaced by a "Christmas Tree" well top, as shown in fig. 2, page 6. 
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Figure 8. Arrangement of well pads over target formations. Source: Tyndall Centre, 2010 

4.5. Seismic activity 

80. It is well known and documented that injecting fluid underground at high pressure 

can lead to tremors. Injecting fluid either fractures the rock or enlarges existing 

fractures. The normal stress between the two faces of the fracture is reduced due to the 

hydrostatic pressure of the fluid in between. Therefore the friction force that keeps the 

rocks from moving, which is proportional to the normal force between the two faces, is 

reduced. This leads to movement of the two faces relative to each other, which is 

recorded as seismic activity. 

 

Figure 9. Diagram to show earthquake mechanism. On the left, the friction force balances the transverse stress 

component and the rock does not move. On the right, hydrostatic pressure acts against the normal force and 

the friction force is now less than the transverse force; the two faces slip against each other. 

http://www.huffingtonpost.com/2011/04/21/fracking-shutdown-earthquakes-arkansas_n_851930.html


 

16 
 

81. Although induced seismic activity from wells has been recorded before (and the 

majority of earthquakes in the UK are induced, mainly from coal mining53) the size of the 

tremors alleged to have been due to Cuadrilla’s operations are surprising, with 

magnitudes of 2.3 and 1.5 in April and May 2011 respectively. The dimensions and depth 

of the well are not atypical of shale gas wells in the US although in previous fracking 

operations such magnitudes have typically not been recorded54. 

82. The relatively soft shale rock, however, is most probably incapable of producing 

earthquakes of a magnitude large enough to cause damage to property55. The failure 

stress of shale is smaller and therefore earthquakes can be expected to be of a smaller 

magnitude56. It is worth noting that earthquakes of magnitudes 2-3 are common in 

areas with mines, and that such magnitudes are rarely felt. 

 

Figure 10a (left). Coalfields of England, Wales and Scotland57 

Figure 10b (right). Earthquakes 1984-200458 

 

83. The only outlier is a magnitude 4.7 recorded in Arkansas, USA, where both fracking 

fluid and waste water from the well were being injected subsurface; it is not clear which 

operation, if either, caused the earthquake. Earthquake swarms with links to hydraulic 

fracturing there and in Texas59 have led to a fracking moratorium in Arkansas.  

                                                           
53

 Interview with Professor Peter Styles, (Professor of Applied and Environmental Geophysics, Keele University; 
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 Ibid. 
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58
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84. However, should the earthquakes be shown to be a risk to the integrity of the well 

bore the critical factor in halting fugitive emissions and pollution of groundwater and air - 

a ―remedial cement job‖ is required60. 

85. According to Professor Peter Styles of Keele University, who is investigating the 

earthquakes with the British Geological Survey, the link between hydraulic fracturing and 

seismic activity can be exploited to some extent to mitigate the risk of a serious 

earthquake that could cause damage to property and the integrity of the well bore. 

Seismic activity can be monitored and fed back into production so that if seismic activity 

were to intensify, fracking could be attenuated or halted. (Professor Peter Styles, 2011, 

IGEM interview) 

86. The integrity of the well bore is crucial in ensuring no fracking fluid or shale gas is 

allowed to contaminate the surrounding rock, in which there may be an underwater 

aquifer. In the case of the two wells already drilled, Preese Hall 1 and Grange Hill 1, 

there is no nearby groundwater abstraction (groundwater is highly saline and unsuitable 

for use as drinking water), nevertheless Cuadrilla pressure test each casing string after 

every fracking operation to ensure there is no leakage. If a leak is found, it can be 

repaired with a remedial cement job. 

87. The short, half-second delay between the P and S waves in the May 2011 earthquake 

indicated that the epicentre was almost directly below the seismometer. It was shown to 

come from around 3.6 kilometres below the site, where fracking was being carried out. 

88. The World Wide Fund for Nature recommend a halt to fracking activities in the event 

that a link be validated, unless the magnitude of future earthquakes can be proven to be 

insufficient to cause damage to property or to the integrity of the well bore61. 

89. The Environment Agency reiterate that all risks, including that of seismic damage, 

must be taken into account when submitting a planning application to the local council 

and will be considered when deciding whether to issue a permit. 

 

4.6. The alternatives 

90. It is also important to consider the environmental risks of the alternative methods of 

gas supply – pipeline and LNG. LNG requires around 12% of the energy value of the gas 

to be spent on liquefaction and transport (Chatham House, 2010). Pipelines also emit a 

large amount of gas every year: DECC’s figures suggest 0.48 bcm of gas escaped 

through pipeline losses in UK pipelines in 201062. 

91. Fugitive emissions from shale, according to the report from Cornell University 

(Howarth, R. Santoro, R., Ingraffea, A., 2010), could be 3.6% – 7.9% of the total gas – 

thus to supply 10% of UK production that would imply a worst-case scenario of 0.72bcm 

per year. Considering that fugitive emissions from production of the conventional gas are 

1.7% – 6%, this means an increase of around 0.15bcm per year. 
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92. Coal mines also emit significant fugitive emissions, and their mineshafts are many 

times larger than natural gas boreholes. Methane is also contributed from abandoned 

and open cast coal mines, about 19,000 tonnes per year63. 

93. It is worth noting that no energy source has zero energy investment: energy must 

be put in to get energy out. In the case of shale gas, the carbon emissions of, for 

example, the truck visits and the energy used in drilling and fracking are not atypical of 

other industrial operations and are not disproportionate.  

4.7. Who manages the environmental risks? 

94. In England and Wales, the Environment Agency (EA) is in charge of managing the 

environmental risks of gas drilling onshore and up to one nautical mile offshore, which 

directly relate to potential pollution of water and large-scale refinement combustion. 

They would require information about the chemicals used in the fluid and could require 

the operator to apply for a permit.  

95. Although they are currently monitoring the flowback water for pollutants and 

radioactive material, they would not normally test flowback water from the site where a 

permit is not required. Tony Grayling, Head of Climate Change and Communities at the 

EA, stresses that this would normally be the responsibility of the operator64. 

96. If they assess the site as posing a risk to groundwater, a permit would be needed. 

They would consider all risks, including seismic activity, in their decision as to the 

necessity of a permit as well as whether to issue that permit. Of the 5 sites currently 

with planning permission in Lancashire, three have been assessed as not needing a 

permit and two are as yet unassessed. 

97. Measures that are currently mandatory for all fracking sites are an impermeable 

membrane to prevent spills entering the soil, and bunding to contain leakages65. 

98. In April 2011, a blowout at one of Chesapeake Energy’s wells in Pennsylvania caused 

spillages of tens of thousands of litres of fracking fluid66. The EA believe such an incident 

would be highly unlikely, as the above measures, as well as such conditions that are 

attached to planning permission at the discretion of the EA or the local authority, would 

make it highly improbable that such an accident would occur. In the case of a spillage, 

the EA have powers to ensure action is taken to protect the environment. 

99. The EA are looking at options for monitoring the fugitive emissions of methane to the 

air67, however, since this poses a risk to the human operators as well as the 

environment, this risk is managed by the Health and Safety Executive (HSE). The HSE 

must be satisfied by the companies’ plans and will ensure appropriate checks, for 

example of well integrity, are in place if necessary. They can serve an improvement 

notice requiring repairs to be made to the well. 

100. If shale gas drilling were to take place offshore, the environmental risks would be 

managed by DECC and the Marine Management Organisation. 
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5. How could it transform the UK? 

“If anything can give the economy in this country a kick-start, if shale gas works, then it will.” 

Gerwyn Williams, Director, Coastal Oil and Gas68 

101. In the US, shale gas has been a ―game changer‖ in onshore gas production. It is 

important to speculate whether such a transformation can occur in the UK as well. 

 

5.1. Current activity in the UK 

102. At the time of writing, only one company – Cuadrilla Resources - has drilled 

exploratory wells for shale gas in the UK, however, others have expressed an interest or 

are actively pursuing shale development. 

 

Cuadrilla Resources (Cuadrillaresources.com) 

103. Cuadrilla is the first shale gas company to drill for shale gas in the UK. Their first 

two wells are at Preese Hall and Grange Hill in Lancashire; drilling has begun on a third 

site at Hale Hall, in the same vicinity. 

104. The directors of the company are experienced in shale and unconventional 

operations, with CEO Mark Miller having worked in the Marcellus Shale in the North-East 

USA and other directors in various other shales. 

105. The gas that they have found is similar to gas found in the area before: ―mostly 

methane… [the gas] should be almost pipeline quality when it comes to the surface‖ 

(Mark Miller, 2011, IGEM Interview) 

106. Cuadrilla have licences in Lancashire, the Netherlands, Poland and Hungary, and 

plan to start drilling wells in the Netherlands in late 201169. They were called to give 

evidence to the Energy and Climate Change Parliamentary Select Committe enquiry into 

Shale Gas, published in March 2011. 

107. Following two earthquakes near their well at Preese Hall, Lancashire, fracking at 

that site has been halted pending a detailed investigation carried out by the British 

Geological Survey and Keele University. 

 

Coastal Oil and Gas 

108. Coastal Oil and Gas is a small unconventional gas exploration company based in 

South Wales with a background in Coal Bed Methane. They are now intending to explore 

in the Namurian age shales near Bridgend, currently taking samples from various places 

in their South Wales licences. 
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109. They have licences in South Wales, Somerset and Kent. Their partners, Eden 

Energy, are an Australian multinational ―clean energy company‖ that is involved in 

extraction and production of methane, hydrogen and other ―clean fuels‖70 

 

UK Methane 

110. UK Methane holds licences in the Mendip Hills in Somerset. It expressed an interest 

in developing the shale reserves in partnership with Eden Energy earlier this year. 

Gerwyn Williams is also the director of UK Methane. 

 

Composite Energy (composite-energy.co.uk) 

111. Composite Energy is a Scottish Coal Bed Methane (CBM) company that is now part 

of Dart Energy Plc., an Australian CBM producer. It has a functioning CBM project at 

Airth in Scotland, and is looking to develop the shale reserves that lie beneath this site71. 

112. It aims to begin drilling before the end of 2011. It also has licences in Shropshire, 

South Wales and near York. 

 

IGas Energy (igasplc.com) 

113. IGas Energy, formerly Island Gas, has announced that it has significant shale 

reserves in its licences72 but has announced no plans so far. They gave evidence to the 

Energy and Climate Change Committee enquiry along with Cuadrilla Resources. 

 

Egdon Energy, eCorp Resources, Star Energy Oil and Gas, Greenpark Energy 

114. These four companies all hold part of two licences, PEDL 139 and PEDL 140 near 

Sheffield, which are prospective for shale gas. In August 2010 an agreement was made 

between the companies as to the division of costs and sharing of the licences for shale 

gas exploration73 and submitted to DECC for approval, but no results have yet been 

announced. 

                                                           
70

 <www.edenergy.com.au> [accessed 15.08.11] 
71

 Ladd, C., 2010. Composite Energy’s Plan Draws Ire of Environmentalists. Natural Gas for Europe, 29 May 
2011. Available at < naturalgasforeurope.com/shale-stirs-debate-scotland.htm> 
72

 Ladd, C., 2010. IGas Energy PLC Finds Shale Resource off Northern England. Natural Gas for Europe, 16 
February 2010. Available at < naturalgasforeurope.com/igas-energy-plc-finds-shale-resource-off-northern-
england.htm> 
73

 Egdon Resources, 2010. Agreement in Relation to UK Licences PEDL139 and PEDL140. [news release] 



 

21 
 

  

Figure 11a (left). Licences offered in the 13th round, 2008, source: og.decc.gov.uk 

Figure 11b (right). Prospective Gas Shales in the UK. Source: DECC, 2010, The Unconventional Hydrocarbon 

Resources of Britain's Onshore Basin 

 

 

 

 

 

 

5.2. Gas security in the UK 

115. As of 2010, the UK has only 252bcm (billion cubic metres) of confirmed 

(conventional) resources over all its sites. With a yearly demand in 2010 of 89bcm, 

including 32bcm for power generation alone74, the future gas supply of this country will 

likely be more reliant on imports. As of 2004, the UK is a Net Importer of gas (importing 

more than it exports); 31% of gas used in the UK in 2010 was imported (see fig. 13). UK 

conventional gas production peaked in 2000 and has since been in decline, as shown in 

fig. 12. 
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Figure 12. Natural Gas Production and Net Exports/Imports. Source: DECC Digest of UK Energy Statistics, 2011 

116. Gas contributed 47% of the UK’s energy generation in 201075. Security of supply is 

therefore relevant for energy security in the UK. However, natural gas is not used solely 

for power, heating and cooking. Like other minerals, it has a number of applications in 

manufacturing. It is used in iron and steel processing, in lime production and 

technologies are even being developed to turn it into hydrogen gas and carbon 

nanotubes, which can be used in a matrix material to improve strength. 

117. In Mumbai, India, the city’s fleet of a quarter of a million rickshaws now run on 

compressed natural gas76 and a new hydrogen-methane mixture fuel is being developed, 

with 30% less carbon emission than ordinary methane. 

 

Figure 13. Gas activity in the UK in 2010 from source to end user. Values in Terawatt Hours (1 bcm = 11TWh) 

Source: DECC, Digest of UK Energy Statistics, 2011 
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118. It has often been opined that the UK’s 14 days of gas storage at average winter 

demand (mostly in the form of LNG) is the pressing factor in UK Gas security77,78, 

however, this is not as significant as it seems. We have several gas pipelines from 

Norway, the Netherlands and Belgium; if one is damaged, the remaining can deliver the 

remaining demand. This, coupled with the fact that gas storage is expensive to develop, 

suggests that more gas storage is not vital for gas security.  

119. More relevant is developing indigenous gas production to secure supply. This is 

especially true in light of the Russian state gas company Gazprom cutting off supplies to 

Bulgaria and Ukraine in January 200979. In the event of this happening again, markets 

could facilitate gas flow from the UK storage into Eastern Europe. Such a political 

disruption would not be ameliorated by more gas storage – the only long term safeguard 

against this would be indigenous production. 

120. DECC have suggested that the Bowland Shale Play alone could provide up to 135 

bcm of gas, if it proves as productive as the Barnett Shale in Texas (DECC, 2010), with 

resources totalling around 150 bcm in the whole UK. According to the Energy and 

Climate Change Committee, this will reduce dependence on foreign gas. 

121. Site selection would likely be based around factors such as vehicle access, amount 

of land available, as well as the quality of the gas – usually the same as that of nearby 

conventional reservoirs, since the shale is more often than not the source rock. An 

additional consideration specific to shale wells may be the access to sustainable water 

supplies, due to the large amounts of water needed compared with conventional drilling. 

122. Knowledge of the qualities of the shale are crucial for choosing the site. Coastal Oil 

and Gas are drilling core holes to sample the shales on their licences as well as looking 

at existing boreholes. The results of analysis have suggested a similarity in some of their 

licences to the Barnett play in Texas, USA (Gerwyn Williams, 2011, IGEM Interview) 

123. Properties of the shale that will affect the recovery factor (i.e. the recoverable gas 

as a proportion of the total gas in place) are the natural fracture intensity of the rock, its 

frac-ability (linked to brittleness: broadly, more silica and less clay is more brittle and 

therefore preferable), the maturity (proportion of methane to other organic compounds), 

reservoir pressure and structural setting - whether the rock is under tension 

(extensional) or compression; extensional rocks have more open fractures80. 

124. The amount of gas in place in the shale itself is also relevant; this is determined by 

the thickness of the shale strata, their gas content and total organic content. These can 

be estimated by testing samples taken from the rock formation. 

125. Since current knowledge is based on analogies with the US, the figure of 150bcm 

may be optimistic as there are a variety of factors unique to or more pronounced in the 

UK which will restrict industry growth: 
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 The shale may turn out not to be as productive as the US. DECC’s estimate of 

135bcm is based on productivity as good as the Barnett Shale in Texas. If, 

however, it is comparable to the Antrim Shale, it may only yield 60bcm.  

 In the US, the landowner owns mineral rights underneath his or her property, for 

which the drilling company must pay royalties on the commodity extracted. Such 

a concept does not exist in the UK or elsewhere in Europe, where the government 

owns the mineral rights and the landowner can only profit from the lease or sale 

of their land to the operator. This means local support for gas drilling will be more 

limited, as there is no continuing income as incentive81,82. 

 The UK is more crowded than the US and there are no vast expanses of land that 

can be built on - everywhere in the UK’s shale plays is at least 30 miles from a 

large town. Lancashire has a population density three times that of New York 

State, 4 ½ that of Pennsylvania and 12 times that of Texas. Therefore ―factory 

drilling‖ as practiced in the US would be unfeasible. This is a process where wells 

are drilled in a grid pattern over the formation in order to pinpoint ―sweet spots‖, 

i.e. areas of richer shale. It is likely that the lack of land access in the UK will 

require more prospecting in order to find ―sweet spots‖. 

 Environmental regulations are stricter and public awareness is greater in the UK 

than in the USA. Federal regulations, for the most part, govern oil and gas 

operations in the USA, and bodies such as the Texas Railroad Commission, the 

Pennsylvania Department of Environmental Protection and the New York 

Department of Environmental Conservation are in charge of environmental 

protection. The Environment Agency has several requirements of developers, 

which the EPA and state level regulators do not demand in the US. 

126. An analysis of how the UK compares to other global regions is found in fig. 14. 

127. Although environmental regulations are stricter, this is not likely to impact on the 

running costs when the industry is established in this country. The regulations required 

by planning permission, including bunding and an impermeable membrane, are neither 

time nor cost-intensive compared with the costs of the rig, pipelines, labour, tooling etc. 

(a drill bit, which may need to be replaced several times in the drilling of one well, can 

cost around £35,00083).  

128. Furthermore, from speaking to operators, the EA and DECC, dialogue between 

these parties and with the HSE appears to be regular and open, with the operators 

finding the department helpful in their endeavours. This is commendable, as the 

department has a role to promote UK-based energy. 

129. The Government do not provide any extraordinary tax breaks, grants or other 

financial incentives to shale developers; during the Energy and Climate Change 

Committee Enquiry, the representatives of Cuadrilla Resources and IGas Energy opined 

that none were necessary at this point in time (House of Commons Energy and Climate 

Change Committee, 2011). 
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Figure 14. Conditions for shale gas in various global regions as assessed by Wood Mackenzie. Source: Wood 

Mackenzie Global Gas Service 

130. Others, including the World Wide Fund for Nature (WWF) believe that focusing on 

producing shale gas in the UK will not cause a decrease in foreign imports, but rather an 

increased dependence on gas as a fuel. 

131. The Energy and Climate Change Committee conclude that shale gas will not be a 

"Game-Changer" in the UK as it has been in the US. However, rich deposits of Gas Shale 

in other EU countries such as Poland and France could contribute to gas security, as well 

as leading to a decrease in gas prices. 

5.3. Effect of shale gas on gas prices 

 

Figure 15. Regional Gas Prices 1984-2011. The sharp fall in 2009 has partially recovered in the UK and Japan, 

but not in the US or Canada. This suggests oversupply from shale gas may be keeping prices down in those 

regions. Graph: BP, 2011, Statistical Review of World Energy 201184 
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132. It is not entirely clear whether the post-2008 fall in world gas prices is due to solely 

to the shale gas glut in North America or also to the Global Recession. However, if the 

price stays low even while other commodities recover, it can be safely deduced that the 

low prices are due to other factors such as the rise of shale gas. 

133. It must be considered that despite the rise of LNG and the resulting partial 

mobilisation of gas, as a commodity gas is still difficult to transport and gas prices reflect 

a series of regional markets rather than a global one (Chatham House, 2010). This is in 

contrast to oil, which is a high value, low volume commodity and can be transported 

relatively cheaply. 

134. That said, owing to the pipelines straddling the sea from Norway and from Eastern 

Europe, the UK’s gas prices are closely linked to those in Europe. The availability of 

cheap shale gas in Poland or Germany (or perhaps, following a parliamentary change of 

heart, France) may increase supply in Europe and result in a lower price even in the UK. 

 

 

 

6. Worldwide impact and operations 

135. Beginning with the US, shale gas looks set to change the energy future of the 

world. The US Energy Information Administration has identified rich unconventional 

resources in several countries worldwide (EIA, 2011). 

136. The Tyndall Centre’s Report (Tyndall Centre, 2010) suggests that the total 

additional carbon dioxide from shale gas resources worldwide would range from 46 – 183 

billion tonnes – enough to raise the atmospheric concentration of CO2 between 3 and 11 

parts per million. 

 

6.1. USA 

137. Rich plays of shale gas in the United States have transformed onshore gas 

production. The growth of shale gas is so rapid that the US Energy Information 

Administration predict that in 2035, almost half of US gas production will be from shale 

gas, with another 25% from other unconventionals85. So far around 40,000 shale gas 

wells have been drilled in the US. LNG terminals that were designed for import are now 

being retrofitted for export following a drop in demand for foreign gas in the US86. 
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Figure 16. EIA Annual Energy Outlook predictions for US gas production. Scale is in trillions of cubic feet (tcf; 

1tcf = 28bcm) 

138. Legislation has been distinctly pro-shale gas and the US Department of Energy has 

been broadly supportive of shale gas. Mineral rights legislation in the US mean 

exploration is also favourable for landowners. Environmental regulation is largely state-

controlled and although federal laws such as the clean air act apply, the state enforces 

regulation on the industrial processes. 

139. The top 10 shale gas producers in the US: EnCana Corp., Burlington Resources, 

Devon Energy, Marathon Oil, Talisman Energy, EOG Resources, XTO Energy, Chesapeake 

Energy, Murphy Oil and Noble Energy had a total Market Capitalisation of $192bn in 

200587 and $165bn in 201188,89 (both totals excluding Burlington Resources. This was 

acquired by ConocoPhillips in 2005 and therefore its individual Market Capitalisation is 

unavailable.)90.  

6.2. Poland 

140. Poland, estimated as having 5,300 bcm of shale gas, is keen to develop its 

resources, not least to end gas dependence on Russia91. The response of the Polish 

Government to the recent interest in shale gas has been supportive92 and the Ministry of 

the Environment has granted unconventional exploration licences to at least 32 

companies as of 31 July 2011. These include multinational and international companies 

including ConocoPhillips, ExxonMobil, Aurelian and RWE as well as smaller native 
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companies such as Strzelecki Energia Sp. z.o.o. These leases are under licence terms 

similar to those in the UK.93 

 

Figure 17. Unconventionals Licences from the Polish Ministry of the Environment. Source: Ministerstwo 

Środowiska (Polish Ministry of the Environment) 

141. On 21 June 2011, 3 Legs Resources, a company based in the Isle of Man, 

announced on 21 June that drilling of the first horizontal shale gas well in Poland, in 

Łebień, Kashubia, had been completed and would be stimulated by hydraulic fracture in 

the third quarter of 201194.  

6.3. France 

142. Identified by the US Energy Information Administration (EIA) as having the second 

largest reserves of shale gas in Europe, France has declined to pursue shale gas. 

Concerns raised were the impact on tourism and contamination of groundwater aquifers. 

Their relative abundance of energy through nuclear and renewables may mean that 

France’s energy security needs are less urgent that the UK’s. 

143. Furthermore, campaigning by environmentalists and prominent politicians95, 

particularly the Environmentalist MEP José Bové, has been particularly strong. An online 
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petition against fracking reached 100,000 signatures in July 201196. This has led to a 

government ban on the technology97.   

 

Figure 18. Protests near Lyon, France, against proposed shale gas development. Image: ledauphine.com 

 

6.4. The rest of the world 

144. In the rest of the world, shale gas is yet to be developed. Prospecting by Shell in 

the Alum Shale of Sweden (contemporary with the Cambrian shale in Wales once 

considered prospective) yielded poor results and was abandoned98. Cuadrilla resources 

has conducted test drilling in the Netherlands and exploration has started in Hungary 

although shale development has met with limited success in the latter99. 

145. China has expressed an interest in shale gas100 – it is thought to possess more 

shale gas resources than the US (EIA World Assessment, 2011). However, China’s coal 

and conventional gas reserves are hardly thought to have peaked nor show any sign of 

peaking in the near future.  

146. Canada, too, has rapidly started developing shale gas; however, in March the 

province of Quebec halted shale operations to study the ecological dangers of fracking101. 
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7. Public perception 

―This kind of gas extraction leads to water contamination on a massive scale, killing 

wildlife and causing irreversable (sic) harm to local people” 
Pressure group ―the Vale Says No!‖102 

147. Shale gas has generated a lot of public attention worldwide, little of it favourable. 

Whereas Petrochemicals news media such as oilandgasinvestor.com and 

naturalgasforeurope.com have been following the development of unconventionals and 

specifically shale gas with particular interest, it has only been in the public eye for a few 

years.  

7.1 Shale gas and the media 

148. A documentary launched in January 2010, ―Gasland‖, has brought to public 

attention some environmentally unfriendly practices current in some US shale gas 

companies, for example the spraying of flowback water into the air and its storage in 

open lined pits as well as the industry’s apathy towards private landowners’ claims of 

thermogenic methane in their well water (groundwater). It portrayed fracking as an 

inherently unsafe procedure, exacerbated by irresponsible practice103. 

149. It also aroused suspicion of corruption when it alleged that the 2005 Energy Act 

was ―pushed through‖ US Congress by Dick Cheney, who was the then CEO of the shale 

gas producer Halliburton. Although the majority was achieved by 275:156 in the US 

House and 74 Yea votes in the Senate, the allegation of corruption is nevertheless 

quoted and believed. The act specifically exempts Hydraulic Fracturing from 

―underground injection‖ referenced in the Safe Drinking Water Act104.  

 

Figure 19. Google Trends, showing search volume index for shale gas. ―A‖ also coincides with the mainstream 

premiere on HBO of the film ―Gasland‖ in June 2010. Source: trends.google.com 
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150. Such widespread media attention has damaged shale gas’ reputation immensely. A 

claim that one’s water is being polluted is more alarming than the counterclaim that 

one’s water is fine – the former will stick in the public psyche. 

151. The industry response to such claims in North America has been badly formulated. 

Energy in Depth, a public relations organisation supported by independent gas and oil 

companies in the US, has produced a point by point rebuttal of many of the claims in the 

documentary105 – certainly not as impactful as the film. In Pennsylvania, Talisman 

Energy has even published a colouring book featuring ―Talisman Terry the Friendly 

Fracosaurus‖, drawing criticism for presenting an oversimplified viewpoint and targeting 

children106. 

7.2. Shale gas and the public 

152. Jenny Banks from the World Wide Fund for Nature (WWF) opines (Jenny Banks, 

2011, IGEM interview), ―there has been a relatively limited amount of public information 

provided [by the EA and SEPA]‖. She suggests information be ―available to reassure the 

public so that when they read about these things, they and [WWF] can be confident that 

the EA has appreciated all the complexities and concerns raised in the US and that they 

are adequately equipped to regulate and to mitigate these concerns‖ 

153. When Coastal Oil and Gas announced their intention to drill exploratory wells in the 

Vale of Glamorgan, Wales, local pressure group ―The Vale Says No‖ was formed and to 

date has gathered over 1000 signatures for their petition to stop hydraulic fracturing in 

the Vale of Glamorgan107. They have also gained the support of their local MP, Alun 

Cairns.  

154. In France, an online petition, led by politician and environmental activist José Bové, 

to impose a moratorium on shale gas exploratory operations and exploratory licence 

permitting gathered over 100,000 signatures108, following which a government ban was 

imposed, as described in section 6.3.  

155. In the experience of Cuadrilla, (Mark Miller, 2011, IGEM interview) ―we have an 

open door policy where we invite people to the site. When we get a chance to spend an 

hour with somebody, show them how we design the well and take them on a tour of the 

well site, if they’re being honest they’ll say ―you’ve answered all of our questions‖. It 

doesn’t mean they’re automatically converted to being supporters of local drilling but we 

take a lot of concerns off the table just by explaining to them how we do it and the 

safety procedures in place.‖ 

156. The most vocal public response to the shale gas debate has come from the 

blogosphere, mostly from independent bloggers. Blogs such as desmogblog.com, with 

3843 followers on Twitter and gazdeschiste.ardecheecologie.fr (448 likes on Facebook) 

are highly influential in the public sphere and can reach a wide audience. Holding the fort 

on the pro-shale gas camp is Nick Grealy with nohotair.co.uk (828 followers on Twitter). 
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8. Conclusions 

157. IGEM welcomes the findings of the HM Government Energy and Climate Change 

Select Committee as well as its recommendations. It finds the requirements of the 

Environment Agency adequate to reduce the risks of environmental damage to within 

the normal range and mitigate the risks inherent in the procedures.  

1. IGEM recommends that if flowback water is to be contained in open pits, 

an overspill system must be in place to ensure water cannot leak into the 

ground or surface water even following a one in 300 year rainfall event.  

 

158. IGEM echoes the Environment Agency’s call for best practice use.  

2. IGEM recommends that consideration should be given to the existing 

remit of the Environment Agency, with a view to permitting the agency to 

recommend technological developments in the US such as green 

completion as an alternative to flaring or venting, especially near urban 

areas.  

 

3. IGEM recommends that standards are needed within the UK and 

internationally to ensure the consistency of safety measures and to 

guarantee that environmentally damaging or dangerous practices such 

as have been recorded in the US do not occur within the UK. IGEM would 

welcome the opportunity to work with interested parties to develop a 

standard for the exploration and development of shale gas. 

 

159. As to the risk of earthquakes from hydraulic fracturing, IGEM understands that all 

subsurface activities where water is injected or removed from under the ground may 

cause seismic activity.  

4. IGEM recommends that monitoring of seismic activity and the integrity of 

the well bore after significant seismic activity be carried out to ensure no 

fugitive emissions to air or groundwater (where applicable).  

 

160. IGEM is concerned that the causation of one magnitude 4.7 earthquake in Arkansas 

is not fully understood.  

5. IGEM recommends that research should be undertaken to allow 

operators and licencers to make an informed decision about whether the 

injection of waste water back into the well should be permitted. Overall, 

IGEM recognises that induced seismic activity will need to be 

investigated further in order to define the risk to the well bore integrity.  

 

161. It is clear that public confidence in shale gas exploration is low, and that in order to 

restore or inspire faith in shale gas a much greater dialogue with the public and local 

government is needed. In addition, European mineral rights do not incentivise shale gas 

drilling to local populations. 

162. If the shale gas industry does not promote itself, offer complete information about 

its processes to local communities and if it cannot incentivise shale exploration or 

production for the resident population, it will find no supporters within the community. 
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Without proponents, the popular coolness towards shale gas could grow and could reflect 

on all unconventionals as well as on the gas industry as a whole. It is important that 

public perception is not biased towards environmental problems in the US and the safety 

of current UK onshore operations is emphasised.  

6. IGEM recommends that in order to improve their image shale gas 

companies must consider developing a Corporate Social Responsibility 

program which resonates with the needs of the communities arising 

within their geographic operations. Such support may not be merely 

financial but may involve finding innovative ways of deploying their 

industry knowledge and experience for the advancement of 

environmental challenges. Inspiration may be taken from the 

introduction of wind farms in Fintry, Scotland109, as well as the 

development of the Shetland Islands due to the oil industry110. 

 

163. IGEM believes that shale gas can be a safe and useful contribution to UK energy 

and gas supplies. IGEM has a role to promote the gas industry and the use of gas in the 

UK and worldwide. IGEM believes shale gas can be a significant contributor to the UK 

energy mix and of benefit in terms of heightened energy security as well as aiding the 

transition from coal to gas-based energy generation, in accordance with the UK 

Government’s Carbon Plan. 
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