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DISCLAIMER  

The opinions and interpretations presented in this report represent Petrenelôs best technical interpretation of the 

data made available to us. Due to the uncertainty inherent in the estimation of sub-surface and environmental 

parameters, we cannot guarantee the accuracy or correctness of any interpretation and we shall not be liable for 

any loss, damages, or expenses incurred or sustained by anyone resulting from any interpretation made by any 

of our officers, agents, or employees. 

 

EFFECTIVE DATE OF THE REPORT  

This report was first drafted by January 2014. Some (but not all) events and publications that have been issued 

subsequently have been noted and in some cases commented on.  
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EXECUTIVE SUMMARY   

Introduction 

There has been increased interest in the shale gas industry in the UK in the last five years, following the award 

of licences for shale gas exploration in 2008. In 2013, the British Geological Survey (BGS) announced the 

results of a study quantifying the potential gas resource for the Carboniferous Bowland/Hodder shale and the 

UKôs coalition government has expressed support for its development.  

There are many interested parties with diverse opinions on the impact and benefits of establishing a shale gas 

industry in the UK. Supporters of shale gas development highlight the potential value such as increased tax 

revenues, security of energy supply, improved balance of payments, job creation and lower CO2 emissions 

compared with coal. Opponents underline the impact on the environment including the potential contamination 

of water supplies, induced seismicity, the impact of CO2 emissions from shale gas on climate change, the visual 

impact on the landscape, risks to the local environment and a concern that investments in shale gas development 

may detract from investments in renewable energy and other low carbon technologies. Nevertheless the 

coalition government has indicated that, given the potential benefits it sees at a national level, there is an 

overriding intent to promote at least the first stages of evaluating the potential.  

Shale oil and gas development could have a profound impact on the UK countryside and in recognition of this 

the Countryside Alliance, sponsored by the late Mark Donegan, commissioned Petrenel to undertake a study to 

describe the shale gas and oil opportunity and the state of the emerging industry in the UK and assess the 

potential environmental impacts shale gas and oil development could have on the UK countryside. The intended 

use of the study was to help promote a discussion with decision makers and policy setters in government on the 

suitability of current legislation and the regulatory environment when considering the possible development of 

the shale gas and oil industry within the UK.  

The study is being undertaken in two phases. Phase 1 has involved i) describing the shale gas exploration and 

development process, ii) providing an overview of the shale gas potential in the UK, iii) describing the state of 

the nascent shale gas industry in the UK and how it might evolve, iv) summarising current UK legislation as it 

applies to the industry, v) reviewing the potential effects shale gas and oil development could have on the 

environment, and vi) identifying and recommending further actions that could be taken to protect the 

environment. Whilst the original brief was to focus on shale gas, shale oil development could potentially effect 

some areas, and the study was extended to briefly cover this aspect. Phase 2, would include a more detailed 

assessment of issues and actions identified in Phase 1.  

This report summarises the results of the first phase of the study. It is emphasised that this report has only 

addressed the potential environmental impact that shale gas exploration and development could have on the UK 

countryside. It has not considered the societal or economic impacts or benefits which could be significant.  

Shale Gas and Oil and its Exploration and Development 

Shale gas and oil is a naturally occurring petroleum fluid trapped within shale formations. Shale, a very fine 

grained low permeability rock, is present throughout the sedimentary stratigraphic column in the UK and 

underlies much of the country. However, not all shale, can be considered to be a potential source of gas or oil.  

The shale needs to contain organic matter in relatively high concentrations and to have been buried sufficiently 

deeply and exposed to a high enough temperature over its geological history for that organic matter to have been 

transformed into oil and gas. The shale needs to be either of sufficiently low permeability or encased in low 

permeability rock that it has not lost its petroleum over geological time, and to contain either open natural 

fractures or thin more permeable beds of siltstone or limestone that will enhance the shale permeability and 

encourage the gas and oil to flow. 
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The processes involved in exploring for and developing shale gas and oil are essentially the same as those 

employed in conventional oil and gas exploration and production. The discovery, evaluation and development of 

a potential shale gas deposit, as with conventional petroleum deposits, typically follows five stages: exploration, 

appraisal, development, production, and decommissioning. Exploration and appraisal usually involves 

undertaking seismic surveys and drilling wells to test the vertical and lateral extent of the shale deposit and 

establish its physical and chemical properties. 

Shale gas development typically involves drilling horizontal wells in the shale deposit at a relatively close 

spacing to maximise the efficient recovery of the petroleum fluid. The horizontal drain-holes are typically 

between 1 and 2 km long, between 1000 and 3000m deep, and between 100 and 600m apart, covering the area 

of the shale but potentially also the vertical section (depending on the thickness of the formation).  

Wells are drilled from a surface location (known as a well pad or well lease) which typically has an area of 

about three to five acres depending on the number of wells drilled from that location. Multiple wells can be 

drilled from a single pad (typically between two and three, though numbers as high as 20 are known). 

The horizontal wells are normally stimulated using hydraulic fracturing prior to their initial completion. 

Hydraulic fracturing involves pumping water, proppant (treated sand or man-made ceramic materials) and 

chemicals at high pressure into a well to create an artificial conduit that allows gas to flow more easily into the 

wellbore. Hydraulic fracturing is normally carried out shortly after the well has been drilled, but may be 

repeated at times during the wellôs life to sustain production. Multiple fractures may be carried out in each well 

(multi-stage fracturing) to maximise the well productivity and the recovery of gas and liquids. 

Gas pipelines and gas processing facilities are installed to gather the gas and remove entrained liquids (water 

and condensate) and impurities such as carbon dioxide. The gas is compressed and metered before entering the 

export pipeline system (the National Transmission System in the UK). The condensate may be exported by road 

tanker. Produced (and drill) water may contain salts and other chemicals and may be removed by tanker and 

taken to a central processing facility or re-injected locally deep underground.  

Access roads to each well pad, pipelines, processing facilities, camps, offices, and storage areas are also 

constructed. The number of centralised processing facilities that would be required would depend on the areal 

extent of the productive shale, accessibility, and environmental factors.  

Development is likely to be phased and may start with a pilot project to prove that commercial development is 

feasible before embarking on a full scale development. Development is also likely to start in those areas with the 

most productive shale and the highest liquid yields at a relatively wide initial well pad and well spacing. Once 

production has started additional wells and well pads (known as infill wells) will be drilled to maximise the 

economic recovery. The initial development phase to establish production will typically last two to five years. 

Thereafter additional development drilling may continue for many years.  

Once production has been established, the producing life of a shale gas deposit may be around 20-40 years. 

During the production phase, there are on-going operational activities to manage the assets and keep the wells 

and facilities operating safely. Production facilities may need to be repaired or altered and wells may need to be 

re-fractured or cleaned out to sustain production. These are intermittent activities and each well may not require 

significant attention for a number of years.  

At the end of the productive life of the shale gas deposit the production facilities, wells and infrastructure are 

decommissioned. During the decommissioning phase wells that are no longer economic to produce are plugged 

with cement and well heads, pipelines and production facilities are removed and materials recycled. The well 

pads are decommissioned and rehabilitated to restore the site close to its original condition. The 

decommissioning phase may last a number of years and may start before the cessation of economic production 

from the field as a whole.  

Experience in North America has shown that typically 10-20% of the gas initially in place can be recovered 

depending largely on the number of wells (or lateral branches) of wells that can be drilled into the shale, the 

initial production rates that can be achieved from each well after hydraulic fracture treatment and the properties 

of the shale rock. 
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Oil can be extracted from shale by both surface mining (oil shale) or subsurface methods (shale oil). Oil shale 

extraction, which has not been addressed in this report, is usually performed above ground by mining the oil 

shale and then treating it in processing facilities (as was carried out in Scotland until 1962). Shale oil extraction 

utilises methods that are similar to shale gas extraction including the drilling and fracturing of multiple 

(horizontal) wells. However the well density may be higher and heating of the ground may be required to 

improve the mobility of the oil. Oil may be exported by road, rail or pipeline and surplus gas may be either 

piped to the local gas network or, if quantities are small, may be flared. 

Shale Gas and Oil Potential in the UK 

Oil and gas bearing shale is present in the Central Lowlands of Scotland (largely shale oil with some gas 

potential), the Northern Pennine Basin (largely shale gas potential), and the Weald and Wessex Basins in 

Southern England (largely shale oil with possibly some limited gas potential). The Northern England Pennine 

basin is the most prospective area for shale gas and this area, as a consequence, has experienced the most 

interest to date, and is the region where shale gas development is most likely to start.  

The prospective area for the Bowland shale in the North Pennine Basin covers an area of about 10,400 km
2
 (or 

about 4.3% of the area of the United Kingdom), the prospective shale oil and gas area within the Weald and 

Wessex Basins amounts to about 800 km
2
 (or about 0.3% of the UK land area), and the prospective area for 

shale oil and gas in the Midland Valley amounts to about 4000 km
2
 (1.5% of the area of the UK). The 

prospective areas for shale oil and gas constitute only a relatively small proportion of the total land area. Large 

parts of the UK countryside will therefore be unaffected by shale gas or oil development. 

The BGS have over the last few years assessed the potential quantities of shale oil and gas initially in place in 

these three prospective areas. The Carboniferous Bowland/Hodder shale in the North Pennine basis is gas prone 

with an expected (un-risked, potential) quantity of gas initially in place estimated to be 1329 tcf (trillion cubic 

feet) ranging from a low estimate of 822 tcf to a high estimate of 2281 tcf. The Jurassic shales in the Weald 

Basin have not been buried sufficiently for thermogenic production of gas to occur and the shales were more 

likely to contain oil. The expected (un-risked, potential) quantity of oil initially in place is estimated to be 3.2 

billion bbls (barrels) (with a range of 2.2 to 4.4 billion bbls). The Carboniferous shale in the Midland Valley of 

Scotland potentially contains both oil and gas. The potential gas in place is estimated to be 80 tcf (range 49 to 

135 tcf) and the oil in place was estimated to be 6 billion bbls (range 3 to 11 billion bbls). 

Only a small proportion of this gas and oil in place will be potentially recoverable. With a higher population 

density, more restricted land availability, and a lack of infrastructure in the UK, the average well spacing and 

recovery factors for shale gas are unlikely, certainly initially, to reach the levels being achieved in the USA. 

Whilst there is considerable uncertainty in the magnitude of the recoverable shale gas resource in the UK and 

much of it is unproven at present, the potential volumes (even if say only 10% of the gas initially in place is 

recovered) are substantial. 

Preliminary economic screening of a generic UK shale gas project, based largely on average data derived from 

shale gas projects in the USA but with adjustments for an early stage project in the UK, indicates that 

development could potentially be commercially viable on the assumption that UK gas prices remain at or above 

current levels. The economic threshold for shale oil will be higher (oil is much less mobile than gas and more 

difficult to extract) and is less likely to be commercially viable at current oil prices. 

Despite the potential for shale gas (and oil) in the UK, the commercial viability of its development is uncertain, 

due to the limited testing of the shale to date. Whilst the country has significant shale gas and oil potential it is 

important, in formulating a sensible and pragmatic policy, to realise that there are still large technical, 

commercial, and political uncertainties, in particular those associated with the productivity of wells, the 

proportion of gas that can be recovered, and the general acceptance of the extraction methods by the public. 

There is a significant chance that, after the initial exploration and appraisal phase in the UK, shale gas (and oil) 

development may prove not to be commercially viable (under current prices and fiscal conditions) and that the 

industry will see a reduction in interest and a decline in activity that may last for decades. This has happened 

recently in Sweden and in Poland where the shale gas prospectivity has proved disappointing when compared 

with initial expectations. Whilst there is considerable optimism in the press and government on the benefits of 

shale gas as well as concern about hydraulic fracturing, it is possible that these may never occur on the scale that 

some envisage. 

http://en.wikipedia.org/wiki/Chemical_plant
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The Shale Gas and Oil Industry in the UK 

Shale gas industry is in an embryonic state in the UK and at an early exploration and appraisal phase. Although 

there has been significant media exposure and discussion, as well as a number of reports and government 

initiatives, with respect to the shale gas opportunity in the UK, the actual activity specifically targeted at shale 

gas exploration and development to date has been limited. Only a handful of exploration and appraisal wells 

have been drilled specifically for shale gas (for example by Cuadrilla Resources and IGas). There has been no 

development with regards to shale oil. Companies that currently hold onshore licences are largely pursuing 

conventional oil and gas or Coal Bed Methane (CBM) although many have recognized that the licences do cover 

areas that have shale oil or shale gas potential and have been collecting relevant subsurface data 

Up until relatively recently the interest in shale gas has been confined to smaller onshore oil and gas companies, 

with none of the larger corporations owning all or part of any licences onshore in the UK. Many of the smaller 

current onshore operators do not have the capital to invest heavily in exploration, appraisal and commercial 

development. Some larger companies have recently begun investing in shale gas operations through transactions 

with the smaller companies. The increase in investment from larger companies is likely to speed up the rate of 

exploration and appraisal of the multiple basins across the north of England. If commercial rates are proven then 

it is likely further interest and investment will follow.  

Notwithstanding the economic benefit that shale gas could potentially bring to the UK, it is likely that the scale 

and rate of development of shale gas that is occurring in the USA, will be much more difficult to reproduce in 

the UK given the relative scale of the shale gas deposits, constraints of population density, land use, lack of 

associated infrastructure and services, and concerns for the environment.  

The rollout of shale gas exploration and development, despite the efforts of the government to promote its 

exploitation, is likely to be relatively slow given the UK planning process and public opposition from some 

quarters. Whilst pilot gas production could potentially start in the next few years, it may be many years before 

full scale development commences. 

Firstly, the operators would look to prove the existence and the commercial viability of the gas resource. If 

further development is not viable, the rate of drilling additional wells is likely to be slow or curtailed. Should 

development look commercially attractive, the second stage would lead to a roll out programme, sighting well 

pads in locations which are most easily approved by the planning authorities (i.e. not in environmentally 

protected areas), and are least likely to cause public opposition.  

During the third stage, to maximise the recovery and economic benefits, the operators would, over time, look to 

infill the remaining prospective areas by drilling more wells in their licence area. This may shorten the distance 

between well pads or result in more wells being drilled from existing pads. A denser well pad distribution would 

mean a greater impact on the landscape and the associated environmental risks. This is of a particular concern in 

ecologically, culturally and recreationally important areas. The location and density of drilling is likely to 

therefore depend on economics, surface constraints, regulatory approvals and public acceptance. 

Oil and Gas Regulation in the UK 

The UK has a well established set of regulations for managing onshore oil and gas operations. The Department 

of Energy and Climate Change (DECC) plus its regulatory partners are charged with permitting and oversight of 

both onshore and offshore exploration and development activity for the oil and gas upstream industry. At the 

present time the process of obtaining consent to drill a well is similar whether the well is targeted at 

conventional or unconventional hydrocarbons.  

An operator proposing to drill an exploration well is required to hold a licence from DECC, negotiate access 

with landowners for the drilling pad area, seek planning permission from the Minerals Planning Authority 

(MPA) (or the local planning authority), obtain the appropriate environmental authorisation/permits from the 

Environment Agency, notify the Health and Safety Executive of the well design and operation plans, serve 

notification of an intention to drill to the Environment Agency, and apply for consent to drill from DECC. If the 

operator wishes to drill a further appraisal well or start production operations, it must start again with the 

process described above. 
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Under the existing system licence holders do not have automatic rights to drill under land owned by third parties 

without the land ownerôs permission. However, the UK government has issued a consultation document that 

seeks to streamline underground access through the introduction of a new Infrastructure Bill. The proposals 

would change access rights for petroleum exploration licence holders to make it easier for them to carry out 

drilling and well operations for shale gas beneath land owned by third parties. 

Environmental Risks and Mitigation 

Many of the environmental risks associated with shale oil and gas exploration and development are similar to 

conventional onshore oil and gas development. The principal difference is in the likely scale and intensity of the 

activities and the effect that this has on the probability and severity of the environmental risks.  

The principal environmental risks associated with both conventional and unconventional oil and gas exploration 

and development are i) increased greenhouse gas and other potentially harmful emissions, ii) the potential 

contamination of surface water and soil due to oil, waste water and chemical spills from leaking wells and 

facilities and well blowouts, iii) the potential contamination of shallow aquifers through leaking wells and 

possibly uncontrolled hydraulic fracturing, iv) increased solid and liquid waste generation and disposal, v) 

increased ambient noise and road traffic, vi) increased water demand and consumption of other natural 

materials, vii) reductions in biological habitat and biodiversity due to changes in land use and deforestation, vii) 

the potential damage to property as a result of induced seismicity associated with hydraulic fracturing, and ix) 

the visual impact on the landscape. 

Greenhouse gas (GHG) emissions associated with shale gas development include direct emissions (venting, 

flaring and fugitive emissions) and indirect emissions (resulting from products and processes used in the 

exploitation of shale gas). Shale gas and oil development is an energy intensive process and greenhouse gas 

emissions during construction are likely to be higher per unit of energy produced when compared with 

conventional oil and gas extraction. Carbon emissions from the energy supplied from shale gas are less than 

from coal or oil. However, continued exploitation of fossil fuels is likely to exceed global GHG emission targets 

set to avoid significant effects from climate change.  

The risk of contamination of soil and surface waters due to oil, waste water and chemical spills will be higher 

than conventional oil and gas because of the larger number of wells and flow-lines being constructed and the 

greater number of vehicle movements. Whilst the probability of an individual well blowing out or leaking is 

relatively low (typically around 1 in 5000 for onshore wells), the large number of wells that need to be drilled 

increase the chance of such an event happening. The consequences of such an event however will be smaller 

than with conventional oil and gas well drilling as the effluent will primarily be gaseous and the low 

permeability of the formation will reduce emission rates and ease well control. 

Contamination of shallow aquifers with water and chemicals used in hydraulic fracturing or with hydrocarbons 

through either induced fractures or leaking wells is considered by many to be a significant risk. However the 

shale gas deposits are usually many hundreds of meters below the depth of the base of potable aquifers and the 

intervening rock, as shown by micro-seismic monitoring, acts as an effective barrier to the vertical growth of 

hydraulic fractures. The chances of a properly designed, well placed, carefully monitored hydraulic fracturing 

operation causing contamination of a shallow aquifer is considered to be very low. The contamination of 

shallow aquifers with hydrocarbons due to migration through poorly constructed or old wells is much more 

likely.  

There is a significant amount of water produced during shale gas operations including injected fracturing fluid, 

formation water, and drilling and completion fluids (flow-back fluid). The produced water may contain 

potentially harmful salts, hydrocarbons, and radionuclides. Activities associated with the collection, storage, 

transportation, treatment and disposal (or re-use) of this waste water may require additional facilities.  

Construction of a shale gas well typically requires about 10,000-30,000 m3 (cubic metres) of water. With many 

thousands of wells to be potentially drilled, there could be a significant increase in the demand for water 

although the increase will represent only a relatively small proportion (less than 0.5%) of the total UK demand. 

The requirement to increase local supply to fulfil any significant increase in local demand is more likely to 

depend on establishing the basis of the source of that supply through the local water authorities and the 

regulator. Specific commercial arrangements may be required to alleviate any undue burden on local utility 

customers.  

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/317477/the-queens-speech-2014.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/317477/the-queens-speech-2014.pdf
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Whilst much attention has been focussed on the threat to property and human safety from induced seismicity 

associated with hydraulic fracturing (particularly in the UK as a result of the earthquake recorded during the 

fracturing of a Cuadrilla well), the risk to property and human safety associated with a properly designed and 

carefully monitored hydraulic fracturing programme in the benign tectonic environment in the UK is considered 

to be very low. Seismic events are always associated with hydraulic fracturing but these are generally small in 

magnitude (micro-seismic) and at the depths associated with a shale gas well are unlikely to have any noticeable 

surface impact. A large number of fracturing operations have already been carried out in the UK associated with 

conventional onshore oil and gas development with no significant consequential damage. 

The increased noise and traffic associated with shale gas development is likely to be a significant environmental 

issue. The volume of traffic required to supply equipment and materials for the large number of wells to be 

drilled and for the hydraulic fracturing operation will be substantial. This results in increased noise, air 

pollutants, disturbance to communities and wildlife, damage to roads and bridges and increased risk to civilian 

transportation. However this will be intermittent and temporary as the greatest impact will be during well and 

facility construction and in particular during the hydraulic fracturing of wells. Access roads in the more remote 

parts of the country are small and may need widening. 

Shale gas development will impose a larger environmental footprint on the land compared with conventional oil 

and gas. Construction of wells pads, infrastructure and drilling activities all result in vegetation and topsoil 

removal, noise, increased traffic and air pollution and habitat fragmentation. In the USA, intensive onshore oil 

and gas development, including shale gas, has led to a fragmentation of natural habitats and a loss of previously 

intact forest habitats in some areas. The size of the footprint will be more critical in areas of environmental, 

cultural and historic significance, such as sites with International, National and Local protection or designation 

(e.g. National Parks, Areas on Outstanding Natural Beauty, Sites of Special Scientific Interest, Special Areas for 

Conservation, Special Protection Areas, Ramsar Sites, National and Local Nature Reserves, Local Sites, World 

Heritage Sites, National Trails).  

The visual impact of shale gas and oil development on the landscape will depend on the viewing point. It can be 

relatively small at ground level. Well pads, with their low vertical profile, can be hidden from sight with 

carefully placed trees and bushes. Wells and facilities are therefore capable of being shielded from a horizontal 

viewing point, except possibly during drilling operations. As an example of this type of camouflage for several 

decades there has been a large conventional oil development located in Dorset, in the Weald basin, (the Wytch 

Farm Oil Field), where the impact on the environment has been relatively small and largely unnoticeable. 

However shale gas operations are more intense than conventional oil and gas, and, depending on the scale of 

development, the visual impact on the landscape may be greater. This will be particularly evident from an 

elevated perspective and during the construction of roads, pipelines and facilities. 

Although hydraulic fracturing and induced seismicity has been the subject of much controversy, the most 

significant environmental risks associated with the development of shale gas are similar to those associated with 

conventional oil and gas operations including: 

¶ gas migration and groundwater contamination due to faulty well construction, blowouts etc; 

¶ above-ground leaks and spill of waste water and chemicals used during drilling and hydraulic 

fracturing; 

¶ the increased noise and traffic during construction; and  

¶ the possible loss of natural habitats and biodiversity. 

Effective monitoring will assist early identification of any indication of below-the-surface problems. There is 

some data available in the USA but in many cases this has been inconclusive partly due to the lack of baseline 

studies, the assessment of groundwater systems prior to the initiation of shale operations and long term 

monitoring. In the UK the BGS has initiated the preparation of baseline studies of aquifer systems etc. in order 

to make any contamination easier to identify.  

The oil and gas industry has well established methods and techniques to minimise the potential impact of its 

operations on the environment. Petrenel supports the recommendations from the study conducted by the Royal 

Society and Royal Academy of Engineering in 2012 which concluded that the environmental, health and safety 
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risks associated with shale gas exploration in the UK could be managed effectively as long as operational best 

practices are implemented and enforced through regulation and effective monitoring.  

Recommendations 

There are a number of positive steps that could be taken by the government to ensure that operators maintain the 

use of best practices and that areas that are environmentally sensitive areas are not exposed to unnecessary risks.  

The roll out of shale gas exploration, appraisal and development in the UK should be carefully regulated and 

staged to minimise the environmental impact on the countryside and maximise the benefits to the people that 

live within it and the population as a whole.  

It is recommended that land that is least susceptible to incremental environmental damage be utilised at the early 

stages. Brownfield or existing well sites should be used for initial appraisal and development. Through 

monitoring those projects and proving their viability, a more informed decision can then be taken to allow 

expansion into other areas. 

The protection already awarded to National Parks, Areas of Outstanding Natural Beauty, Sites of Special 

Scientific Interest and Nature Reserves to preserve and conserve these areas should not be undermined by any 

changes to current regulations or planning policy in order to establish a UK shale industry. Approximately 15% 

of the currently identified prospective shale gas areas underlie National Parks and any detrimental impact on 

these areas will have a negative impact not just on public opinion but also on the ability to gain planning 

approval in the future. Planning approval for shale gas operations proposed inside these protected areas should 

be avoided.  

The UK shale gas industry needs to be closely supervised by government, its agencies and local authorities to 

ensure an orderly, staged process, taking into full account the impact of development on the local environment 

and to ensure that stakeholders fully support project development. It is recommended that adequate resources be 

made available to undertake this role.  

Extending the Strategic Environmental Assessments to identify, for example, the suitability of existing 

infrastructure, the availability of water and availability of suitable well sites before issuing licences in a 

particular area will promote a better understanding of the impact of the full life cycle of exploration and 

development of a shale operation given this is likely to have a higher level of intensity compared to 

conventional oil and gas projects. 

The government should exercise control over the renewal, re-issue or issue of future licences for petroleum 

exploration and the terms associated with each licence award. Licences that lie within prospective areas for 

shale gas should either exclude environmentally sensitive areas or include terms and conditions that restrict 

activities within these areas. 

Prior to awarding licences, DECC normally reviews the technical and financial capability of applicants. It is 

recommended that this is extended to include an assessment of whether the company has sufficient insurance to 

cover any potential environmental liabilities and remediation if any damage were to occur during shale 

operations.  

The National and local planning policies (including local Mineral Planning Policies) require updating in order to 

more thoroughly address the issue of shale operations. Where appropriate this may include the introduction of 

buffer zones between shale developments and local communities similar to those proposed in Scotland. 

Oversight of large scale shale gas developments is likely to require a significant increase in regulatory 

manpower. In particular the environmental regulator will need sufficient resources and capacity to ensure 

operators carry out robust and long term monitoring programs on the impact of shale gas development on both 

air and groundwater quality.  

The industry should be encouraged to invest in the further development of technology that promotes the 

efficient use of land space and minimises the number of surface locations for large scale shale gas operations. 
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Addendum 

The announcement of the 14th Onshore Oil and Gas Licence Round subsequent to the completion of the drafting 

of this report and the significant area on offer (see map on page 13) has pre-empted some of the conclusions of 

this report before its final release. Although it does not change significantly the conclusions or recommendations 

contained herein it underlines the need for careful consideration in preserving the countryside in particular those 

areas that are already protected under agreed designations. The further guidelines issued by the government 

agree with that sentiment. 

ñGuidance on the environmental aspects of any application ï landwardò, published in August 2014 states that 

applications which represent major developments in National Parks, the Broads and Areas of Outstanding 

Natural Beauty should be refused except in exceptional circumstances and where it can be demonstrated that 

they are in the public interest. Although this has merit in offering a level of protection for those areas it leaves 

some considerable uncertainty, for example it is not entirely clear how ñexceptional circumstancesò would be 

determined. This guidance omits Sites of Special Scientific Interest and Nature Reserves. 

The applicant for a licence is also charged with providing an ñEnvironmental Awareness Statementò and the 

inference is that information provided in this document will include material to assess both the applicantôs 

awareness and their plans to preserve these areas.  

The real test of this good intention will be judged when the scale of any shale operation is revealed and 

resources both in the operatorôs organization and in government and its agencies are shown to be adequate to 

implement and police operations to ensure compliance. Much will depend on an effective on-going working 

relationship between industry and government to address these issues. It would be worth considering whether 

additional obligations in the terms and conditions of the licence itself and the selective award of licence areas to 

initially avoid protected areas, could better enforce compliance and the required diligence to protect these areas. 
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1. INTRODUCTION  

1.1 Project Context and Objectives 

Project 

The late Mark Donegan and the Countryside Alliance commissioned Petrenel to undertake a study into the 

impact Shale Gas development could have on the UK Countryside. The objective is to provide an unbiased view 

of the potential development of shale gas industry in the UK in relation to the likely environmental impact on 

the UKôs countryside. 

The work is being undertaken in two phases. Phase 1 is an initial review of the state of the nascent shale gas 

industry in the UK and its potential social and environmental impact on the UK countryside. 

Phase 2 includes a more detailed assessment of industry practices and regulation and how these might be 

adapted (if necessary) in a sustainable way to the benefit of both the UK economy and the countryside. This 

report is a part of Phase 1 although the scope has been increased to also include some of Phase 2. 

Objectives and Scope of Work 

Objective:  

To undertake an independent study to describe the shale gas industry in the UK in relation to the likely 

environmental impact on the UKôs countryside. 

Scope of Work (Phase 1): 

¶ Prepare an objective overview of the shale gas opportunity in the UK. 

¶ Provide an overview of current standard practices of the shale gas industry including the drilling and 

hydraulic fracturing process. 

¶ Provide a description of the key drivers in the shale gas industry and the commercial framework. 

¶ Outline the key environmental risks. 

¶ Gather and prepare a summary of current UK legislation as applicable to the industry. 

¶ Research and identify key players in the shale gas industry. 

¶ Complete an example of a high-level overview of a typical UK shale project and its economic value. 

¶ Describe how the roll-out of a UK shale gas industry might look. 

¶ Recommend any areas where there may be opportunities to improve on the framework, especially the 

environmental aspects, for evaluating the control over shale gas development in the UK and how it is 

regulated.  

¶ Translate the current slides together with these additions into a short report for public information. 

 

The following areas have not been fully considered. Petrenel recognizes that these topics are important and 

should be addressed by others: 

¶ The impact on local communities in terms of rural economic activity, services, house prices, transport, 

community harmony and other areas.  

¶ The impact on amenity, rural recreation and leisure, including public rights of way and areas of open 

access. 

¶ A broader appreciation of landscape character and quality (to include issues of tranquillity).The impact on 

archaeological, historical and cultural resources. 
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1.2 Shale Gas and Industry in the UK 

Shale gas has become an increasingly important source of natural gas in the United States of America (USA) 

since the start of this century. In the year 2000 shale gas provided only 1% of USA natural gas production; by 

2010 it was over 20% and the USA government's Energy Information Administration predicts that by 2035, 

46% of the United States' natural gas supply will come from shale gas. The successful development of shale gas 

in the USA has spurred the evaluation of the shale gas potential in other areas of the world, including the United 

Kingdom. The Energy Information Administration (EIA) estimates that out of a possible world-wide future 

potential gas resource of over 22,000 tcf as much as 32% could potentially be sourced from shale. Shale gas 

exploration is now active in many parts of the world including Canada, China, South Africa and South America. 

The first instance of gas being produced from shale in the UK was reported in 1875 when a well was drilled into 

the Upper Jurassic Kimmeridge Clay in Southern England. Research at Imperial College in London and 

published in 1987 identified Carboniferous age shale in the Midlands and Jurassic Shale in the Weald area of 

Southern England as having potential for gas production. Older Pre Cambrian and Lower Palaeozoic shale were 

considered to be too metamorphosed to be potential reservoirs and the younger Mesozoic and Cainozoic 

sediments were considered to be too immature to contain significant gas. Little interest was shown in shale gas 

potential of the UK until 2008 when several petroleum exploration licences were awarded to a number of oil and 

gas companies that allowed conventional and unconventional petroleum exploration. That same year the British 

Geological Survey (BGS) began to review the UKôs shale gas potential. 

A UK company, Cuadrilla Resources (Cuadrilla), drilled the first shale gas exploration well in 2010 and 

although results have not been released, the well is believed to have encountered gas bearing shale. In 2011 well 

stimulation using hydraulic fracturing resulted in the curtailment of operations when the fracturing was thought 

to have initiated a seismic event recorded at the surface. As a consequence Cuadrilla suspended further 

fracturing operations. The government agreed that a review will be carried out and temporarily withdrew their 

permission for continued shale gas activity. Cuadrilla carried out a number of studies following the seismic 

event and the government commissioned a review of the findings from these reports followed by a further 

review conducted by the Royal Society and Royal Academy of Engineering (Shale gas extraction in the UK: a 

review of hydraulic fracturing, 2012). The latter recommended that future operations should deploy certain best 

practises with effective monitoring to minimise risks to the environment and local communities.  

In March 2013 the then Secretary of State for Energy and Climate Change, Ed Davey MP, established The 

Office of Unconventional Gas and Oil (OUGO) with the governmentôs stated intent to promote the safe, 

responsible, and environmentally sound recovery of the UKôs unconventional reserves of gas and oil headed 

initially by Mr Duarte Figueira. Ed Davey MP confirmed his opinion on UK shale gas in his quote: ñBut shale 

does... over-time, with public acceptance and weighed against its environmental impact,é shale does have the 

potential to contribute significantly to the UKôs energy security, to attract inward investment, to boost growth 

and jobs in certain areas, and to make a notable contribution to the Exchequer.ò Countering this statement he 

also notes that: ñThe communities in which such rapid development... (of shale gas)é has taken place have 

found the attention they have received a curse as well as a blessing.ò He then cleared the way for re-starting 

exploration activity for shale gas. 

The Energy and Climate Change Committee issued a report in April 2013 on the impact of Shale Gas on Energy 

Markets (HC 785) highlighting that the development of shale gas in the UK is unlikely to resolve energy supply 

issues for the future but the government should look to encourage the development of the skills necessary to 

develop shale gas. It was also recognised that shale gas development in the USA is unlikely to be developed in a 

similar way in the UK and gas prices are not likely to fall substantially as a result of a domestic shale gas 

industry. A government research briefing was issued in September 2013 to further elaborate on the background, 

regulatory regime, environmental considerations and government policy for shale gas (Shale gas and fracking, 

note SN/SC/6073). Also in September, DECC issued a report on ñthe Potential Greenhouse Gas Emissions 

Associated with Shale Gas Extraction and Useò (MacKay & Stone). The report concluded that if adequately 

regulated, local GHG emissions from shale gas operations should represent only a small proportion of the total 

carbon footprint of shale gas, which is likely to be dominated by CO2 emissions associated with its combustion. 

In addition any local greenhouse gas (GHG) emissions from shale gas operations would fall within the non-

traded sector of the UKôs carbon budgets. If the carbon budgets impose a binding constraint, any increase in 

emissions associated with domestic shale gas operations would have to be offset by emissions cuts elsewhere in 

the economy. The carbon footprint of shale gas extraction and use was quoted as likely to be in the range which 
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makes shale gasôs overall carbon footprint comparable to gas extracted from conventional sources and lower 

than the carbon footprint of Liquefied Natural Gas (LNG). Also, when shale gas is used for electricity 

generation, its carbon footprint is likely to be significantly lower than the carbon footprint of coal. However any 

additional fossil fuel resources, if then used to replace other sources of fossil fuel is likely to increase cumulative 

emissions in the long run and may therefore impact the intent to lower overall emissions and their effect on 

climate change. This potential issue is not specific to shale gas and would apply to the exploration of any new 

fossil fuel reserve (MacKay & Stone, 2013).  

In July 2013 the Department for Communities and Local Government issued a guidance note ñPlanning practise 

guidance for onshore oil and gasò for planning applications including ñunconventionalsò (shale gas, shale oil 

and coal bed methane). Also in July the government issued a consultation paper ñHarnessing the potential of the 

UKôs natural resources: a fiscal regime for shale gasò for the taxing of shale gas production suggesting that there 

will be some relief applied to the existing conventional oil and gas tax levels to encourage shale gas 

development and offset high initial costs. 

Surveys of public perception of shale gas, conducted by the University of Nottingham from March 2013 to 

September 2013 (OôHara et al.) show an increased awareness about the shale gas industry in the UK: 37.6% of 

respondents acknowledging that they were aware of shale gas in 2012 compared with about 65% in September 

2013. The latest survey was conducted after the protests in the Sussex village of Balcombe where Cuadrilla was 

drilling a well. Protests were widely covered in the media and results show that the publicity may have had an 

effect on public perceptions, as the percentage of respondents who believed that shale gas should be part of the 

energy mix dropped from 61.6% in July to 54.7% in September 2013 and shale gas was then at the bottom of the 

preferred list of energy sources. 

 

1.3 Statement of Limitations 

The Review is a limited and non-comprehensive assessment intended to provide an unbiased view of the 

potential development of the shale gas industry in the UK in relation to the likely environmental impacts in the 

UKôs countryside. 

Petrenel has prepared this report at the request of, and for the sole use of, its Clients for the purposes stated in 

the agreement between the Clients and Petrenel under which this work was completed. This report may not be 

copied, duplicated, disclosed or relied upon by any other third party without the express written permission of 

the Clients and Petrenel. Petrenel accepts no duty of care to any such third party and accepts no liability for any 

loss or damage arising from any interpretation or use of the information contained in this report, or reliance on 

views expressed therein.  

Petrenel has exercised due and customary care in undertaking this review and has not, unless specifically stated, 

independently verified information provided by others. The findings and conclusions contained in this report are 

based upon information provided by third parties and it is assumed that all relevant requested information had 

been provided to Petrenel. Therefore, Petrenel assumes no liability for any loss resulting from errors, omissions 

or misrepresentations made by others, or from the use of inaccurate or incomplete information. Petrenel makes 

no warranty, express or implied, in relation to the contents of this report and to the provision of our services.  

There are many environmental conditions which are uncertain and unknown to Petrenel, and not subject to 

Petrenelôs control, for which Petrenel can neither guarantee results nor accept liabilities or make any warranty 

regarding the results of this report and the provision of Petrenelôs services. Any recommendations, opinions or 

findings stated in this report are based on circumstances, facts and site conditions as they exist at the time 

Petrenel performed the work. Any changes in site conditions, circumstances and facts upon which this document 

is based may affect findings, results of the assessment, recommendations or conclusions contained in this 

document.  

All conditions, representation or warranties, either express or implied, relating to the accuracy, correctness, 

completeness or fitness for purpose in relation to this report, are hereby excluded. 
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2. INTRODUCTION TO SHALE OIL AND GAS 

2.1 Petroleum Geology 

Hydrocarbons are found in a variety of settings. They can occur in óconventionalô reservoirs, whereby oil and/or 

gas are found within the pores of rocks or within naturally occurring fractures. Gas can be present in reservoirs 

independently of oil (this is known as non-associated gas), as well as occurring within solution in oil (this is 

known as associated gas). Unconventional hydrocarbons refers to hydrocarbons sourced from previously 

unknown mediums such as tight sands, coalbed methane, shale oil and gas.  

Conventional hydrocarbon accumulations occur when all five parts of the petroleum systems concept are 

present: 

¶ Source rock ï the organic material where the gas is generated 

¶ Migration Pathway ï the route to a collection point in a reservoir 

¶ Reservoir ï the storage place over geologic time 

¶ Trapping Structure ï the method by which the reservoir forms a collection point for migrating  

  hydrocarbons 

¶ Seal ï Part of the trap preventing upward escape of hydrocarbons 

Itôs the job of geologists, geophysicists, geochemists and others to ascertain whether these requirements are 

present to justify the investment in drilling for hydrocarbons.  

Natural gas is divided into two types: biogenic gas and thermogenic gas. The division is based on the way in 

which the gas is generated. Biogenic gas is created by methanogens, micro-organisms that produce methane as a 

metabolic by-product in marshes, bogs, landfills and shallow sediment in anoxic conditions. Thermogenic gas is 

generated by the maturation of organic material at greater temperatures and pressure, which increase with depth 

of burial.  

A source rock is defined as a sedimentary rock with a high enough total organic content (TOC) that when buried 

and heated, will begin to generate and expel hydrocarbons. A typical TOC for a good source rock is anything 

greater than 2%. Some of the prospective shale rocks in the Jurassic Weald Basin have TOCs as high as 21.31%, 

such as the Kimmeridge Clay (BGS, 2014). The organic content is derived from algal material, planktonic 

debris and detrital plant debris. 

For the organic detritus to be preserved, it needs to be deposited in anoxic-stagnant conditions, followed by 

rapid burial. As more and more sediment is deposited on top, the organic rich formation will get buried deeper. 

The temperature within the Earthôs crust increases with depth. The increase in temperature eventually leads to 

the process of catagenesis, the formation of oil hydrocarbons from kerogen. This is followed by the process of 

metagenesis, the formation of gas from kerogen at higher temperatures. The formation of hydrocarbons occurs 

in two main windows: Oil is generated in the oil window between 60°C / 2 km and 120°C / 4 km, with gas 

generated in the gas window between 120°C / 4 km and 225°C / 9 km, below this no hydrocarbons are 

generated. The different hydrocarbons are generated at increasing depth and temperature through the Earth (See 

Figure 2.1.1). 
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Figure 2.1.1 Hydrocarbon Generation Schematic showing the Different Proportions of Hydrocarbon 

Generation at Different Depths / Temperatures and the corresponding Geochemical Process 

  Source: Adapted from Tissot and Welte (1978) 

The generated hydrocarbons can remain in the source rock but often escape and, if a migration pathway is 

available, will begin to rise due to their low density/high buoyancy. They will continue to rise to the surface 

unless they are trapped in place by a trapping structure and/or seal.  

Shale is often the source rock for many petroleum systems around the world. The fine grained composition is 

associated with low enegery environments such as deep lakes and deep ocean floors; anoxic environments 

perfect for the preservation of detrital debris.  

Conventional oil and gas accumulations are found within reservoir rocks where the porosity and permeability 

allows the sufficient charge and drainage of hydrocarbons. A good producing reservoir will need to have a high 

porosity (sufficient space between grains) and a good permeability (the connectivity of these pores for flow) 

(See Figure 2.1.2). 

 

Figure 2.1.2 A Descriptive Illustration of Porosity and Permeability 

Source: Petrenel 

Pores must be connected to

allow flow. The connectivity

of these pores is known as

permeability.

Space between grains are

known as pores. The

volume of pore space to the

volume of the whole rock is

known as porosity.
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The best reservoirs are arguably sandstones and fractured or vuggy carbonates, with porosities reaching up to 

30% whilst also having a high permeability. Some of the poorer reservoirs are muds and shales. The latter have 

average porosity around 1 to 3% and their permeability is as low as 0.001mD. Hence shales can act as both the 

source of hydrocarbons and as sealing layers above reservoirs, keeping hydrocarbons trapped in a reservoir.  

A combination of a geological structure, reservoir and a sealing lithology may result in the trapping of 

hydrocarbons. Trapping structures can be created by both tectonic mechanisms, such as folding or faulting, or 

by stratigraphic processes such as erosion and truncation (Figure 2.1.3). 

 

Figure 2.1.3 Different Types of Trapping Structures 

Source: Petrenel 
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2.2 Shale Oil and Gas 

The terms shale oil or shale gas refers to hydrocarbons which have been generated within the shale but have not 

yet completely migrated out of the shale. Conventional trapping mechanisms are not normally applied to shale 

gas, with the reservoir distribution presumed uniform unless proved otherwise by organic sweet spots or minor 

mircroscopic variations in the geology of the formation such as existing natural fractures or lateral variations in 

porosity associated with varying conditions in the environment of deposition. 

Shale is a fine grained, dark rock composed of a mixture of minerals including clay, quartz, calcite, chlorite, and 

mica. Shale itself is not necessarily a homogenous rock. Shale varies layer by layer, with more silty and sandy 

layers present amongst clays and muds. Whilst some sand rich shales may be fissile, shale as a whole is a ductile 

rock. Many shale oil and gas wells target the sandy, silty and limestone layers within shale as they tend to be 

more fissile and thus are more prone to fracturing.  

Shale Oil refers to oil which has been generated from thermally mature kerogen and has been expelled into the 

microscopic pore spaces within the shale. Oil Shale (not Shale Oil) refers to an organic rich shale in which the 

organic material (the kerogen) has not been buried/heated enough for oil generation to occur. Oil Shale is 

artificially heated either at depth or at the surface using retorting techniques to generate oil from the shale. This 

report doesnôt consider the resource potential of Oil Shale in the UK. The report only focuses on Shale Oil and 

Gas. 

Table 2.2.1 Highlights the differences between Oil Shale and Shale Oil 

Oil Shale 
Shale Oil 

Shale rich in Kerogen. The organic matter within the 

rock has not been heated sufficiently to expel 

hydrocarbons. No free oil or gas. 

Oil which has been generated following thermal 

maturity of kerogen within shale. Oil is present as a 

liquid in the pore spaces of the shale. (Can also be 

present in interbedded layers such as limestone, 

sandstone and siltstone. 

Oil Shale must be heated to accelerate the maturation 

process. This is either done at depth or by mining the 

shale and heating it at the surface using retorting 

techniques. 

Oil is extracted by wells following hydraulic 

fracturing. 

Source: Petrenel 

 

 

Figure 2.2.1 A Sample of Shale 

Photo Courtesy of: Michael R. Clapp/BGPS 
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2.3 Shale Oil and Gas International Resources 

Shale is a common sedimentary rock, accounting for 70% of all sedimentary rocks on Earth (Encyclopaedia 

Britannia, 2013). Sedimentary rocks are estimated to represent only 8% of the volume rocks present in the crust, 

the outer part of the Earthôs structure (Buchner, 2011). 

It occurs in a multitude of different basins to ancient cratons within the centre of continents. 

Such is the abundance of shale that in 2013 the Energy Information Administration (EIA) conducted a full 

global study on prospective shale gas recoverable volumes. The findings of this are simplified in Table 2.3.1. 

The EIA believes that gas within shale across the world could account for 7,201 tcf (31.4% of possible future 

gas resources) which accounts for 61 years of current total world usage (EIA, 2010). 

In 2013, the EIA followed up the study with an assessment of the prospective shale oil volumes around the 

world.  

Table 2.3.1 The Energy Information Administration Estimates of Shale Gas Resources in tcf 

Region 

Jan 1
 

2013 

Proved 

Natural 

Gas 

Reserves 

2013 

Unproved wet 

shale gas 

technically 

recoverable 

resources 

(TRR) 

2012 

Conventional 

unproved 

TRR wet 

natural gas 

Total 

Technically 

Recoverable 

TRR wet 

natural gas 

Unproved 

Shale gas as 

a percentage 

of TRR wet 

natural gas 

Europe 145 470 184 799 58.8% 

Former Soviet Union 2178 415 2145 4738 8.7% 

North America 403 1685 2223 4312 39.0% 

Asia Pacific 418 1807 858 2885 62.6% 

South Asia 86 201 185 470 42.7% 

M. East and N. Africa 3117 1003 1651 5772 17.3% 

Sub Saharan Africa 222 390 831 1443 27.0% 

South America and 

Caribbean 
269 1430 766 2465 58.0% 

Total World 6839 7201 8842 22882 31.4% 

Data Source: EIA Technically Recoverable Shale Oil and Gas Resources Assessment, 2013 
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Table 2.3.2 The Energy Information Administration Estimates of Shale Oil Resources in tcf 

Region 

Jan 1
 

2013 

Proved 

Oil 

Reserves 

2013 

Unproved 

Shale Oil  

technically 

recoverable 

resources 

(TRR) 

2012 

Conventional 

unproved 

TRR Oil  

Total 

Technically 

Recoverable 

TRR Oil  

Unproved 

Shale Oil 

as a 

percentage 

of TRR Oil 

Europe 11,748 12,900 14,638 39,286 32.8% 

Former Soviet Union 118,886 77,200 114,481 310,567 24.9% 

North America 208,550 80,000 305,546 594,096 13.5% 

Asia Pacific 41,422 61,000 64,362 166,784 36.6% 

South Asia 5,802 12,900 8,211 29,913 43.1% 

M. East and N. Africa 867,473 42,900 463,407 1,273,770 3.4% 

Sub Saharan Africa 62,553 100 140,731 203,384 0.0005% 

South America and 

Caribbean 
325,930 59,700 258,234 643,864 9.2% 

Total World 1,642,354 345,000 1,639,610 3,356,964 10.3% 

Data Source: EIA Technically Recoverable Shale Oil and Gas Resources Assessment, 2013 

 

Shale Oil and Gas plays occur in all different stratigraphic periods from the Pre-Cambrian to the Cenozoic. The 

major USA and European plays are found within the Devonian, Carboniferous, Jurassic and Cretaceous. In the 

UK, the two major age constrained shale formations are the Carboniferous Bowland/Hodder Formations in the 

North of England and the Jurassic shales of the Weald Basin in the South East (See Figure 2.3.1).  
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Figure 2.3.1 Stratigraphy of Major Shale Gas Plays (red denotes Shale Gas Formations, green denotes Shale 

Oil Formations) 

Data Source:  International Commission on Stratigraphy (2012) 

  

Eagleford(US)
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2.4 The Exploration  and Production Cycle 

The search for hydrocarbons has developed dramatically over the past 100 years. In the late 19
th
 century local 

exploration companies in the USA would only need to drill down a few hundred metres to encounter a gush of 

oil bursting out of the surface. Over time new technologies have been developed to explore and extract 

previously unobtainable hydrocarbons in many different environments. Offshore exploration and development 

was considered to be more unconventional when it began, but is now accepted as orthodox. 

 

Figure 2.4.1 Exploration and Production Lifecycle of Hydrocarbon Fields  

Source: Petrenel 

The discovery, evaluation and development of a potential shale hydrocarbon deposit, as with conventional 

petroleum deposits, typically follows five stages: exploration, appraisal, development, production, and 

abandonment. During the exploratory stage desktop studies, using offset well, geophysical and geological data 

will initially be undertaken to establish the possible presence of organic rich shale in the area of interest. If the 

results are positive, geophysical surveys (usually 2D or 3D seismic) will be carried out to better define the likely 

extent thickness and depth of the potential deposit. An environmental impact assessment may also be carried out 

for shale oil or shale gas (currently the Minerals Planning Authority determines if it is required based on certain 

conditions). Exploratory drilling is then undertaken to confirm the presence of organic rich hydrocarbon bearing 

shale. Exploratory wells are typically drilled vertically and are logged and cored to establish the physical and 

chemical properties of the rock and to provide an initial indication of the thickness and hydrocarbon content of 

the prospective formation.  

Wells are typically drilled to depths of 2-5 km and may take around one to three months to drill. Exploratory 

wells, if unsuccessful, are abandoned by plugging the well with cement and cutting and retrieving the surface 

wellhead and surface casing. If organic rich shale is found the well may be suspended to allow further hydraulic 

fracturing and testing to be undertaken. The exploratory phase may typically last between one and five years. 

Exploration for shale oil or gas may be being undertaken in areas that have already been explored and appraised 

for conventional hydrocarbons, in which case a considerable amount of relevant data may be available, and 

exploratory work may be limited to desktop studies only before proceeding to the appraisal phase. 



 
A Review of the Potential Impact of Shale Gas Development on the UKôs Countryside 

 

 

 

25 

 

Having discovered or confirmed the 

presence of organic rich hydrocarbon 

bearing shale, the deposit is then appraised 

to establish its likely vertical and areal 

extent, the quantity of in place and 

recoverable hydrocarbons and the 

productivity of the formation. During the 

appraisal phase, further geophysical surveys 

(usually additional 2D and 3D seismic) are 

undertaken and additional wells drilled. The 

extent of the geophysical surveys and the 

number of wells drilled will depend on the 

geological complexity and variability of the 

accumulation.  

 

   Figure 2.4.2 Aerial view of a Marcellus Shale well site near Waynesburg, PA  

Photo Courtesy of: Michael Bryant 

The objective of the appraisal phase is to reduce the uncertainties in the quantity of recoverable hydrocarbons 

and the productivity of the formation to the point where there is reasonable certainty that a commercial 

development is possible. During the appraisal phase, wells are logged and cored. Wells are generally vertical, 

but deviated drilling may be required if there are restrictions on well site locations. Wells may be drilled 

horizontally in the shale and may be tested to establish the productivity of the formation and, at this stage, wells 

may be hydraulically fractured to establish the productivity improvement that can be achieved with this type of 

treatment. 

The development phase typically starts with feasibility studies followed by a declaration of commerciality. 

Having established that commercial development is feasible, a field development plan is prepared and submitted 

to the government (The Department of Energy and Climate Change - DECC) for approval. Front end 

engineering design (FEED) would be carried out to define the surface facility requirements, oil and gas sales 

agreements are put in place, and planning applications are submitted for the various development activities. 

Shale gas or shale oil development typically involves drilling horizontal wells in the shale deposit at a relatively 

close spacing because of the low formation permeability. The horizontal drain-holes are typically between 1 and 

2 km long and between 100 and 600m apart, covering the area of the shale but potentially also the vertical 

section (depending on the thickness of the formation). This relatively close well spacing is required to maximize 

an efficient recovery of the hydrocarbons. The wells would generally be drilled in a common direction that is 

perpendicular to the maximum horizontal principle stress direction in order to intersect potentially open natural 

fractures and so that the wells can be stimulated using hydraulic fracturing. Wells will be drilled from a surface 

location using a land rig.  

The surface location (known as a well pad or well lease) typically has an area of about 3 to 5 acres subject to the 

capabilities of the drilling rig, the pad size, the optimum location for well placement within the shale body and 

finalising the appropriate facilities design and engineering. This not only reduces the environmental impact (by 

reducing the land take) but may also be more efficient (fewer rig moves). In the USA the average number of 

wells drilled from a single well pad is between two and three.  

The horizontal wells are stimulated using hydraulic fracturing prior to their initial completion. At this stage the 

process of hydraulic fracturing may include multiple fractures in each well (multi-stage) to maximise the 

recovery of hydrocarbons and the productivity of the well. Hydraulic fracturing involves pumping water, 

proppant (treated sand or man-made ceramic materials) and chemicals at high pressure into a well. The type of 

chemicals used may vary between different locations and the regulations covering the reporting and use of such 

chemicals varies between countries. In the UK, chemicals used in drilling and hydraulic fracturing fluids are 

assessed for hazards on a case-by-case basis for each well by the appropriate environmental regulator (the 

Environment Agency - EA, Natural Resources Wales - NRW or the Scottish Environment Protection Agency - 

SEPA). Operators must declare the full details of the chemicals to the regulator and will publish a brief 

description of the chemicalôs purpose and any hazards it may pose to the environment, subject to appropriate 
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protection for commercially sensitivity information (DECC, Feb 2014). The high pressure fluid causes the 

formation around the well to fracture and the water and sand to enter the induced fracture as it propagates away 

from the well bore. Pumping ceases after the fracture has propagated a few tens to a few hundred meters from 

the well bore. The water dissipates into the formation leaving sand to prop open the fracture and provide a 

conduit for hydrocarbons to flow to the well. Hydraulic fracturing is normally carried out shortly after the well 

has been drilled, but may be repeated at times during the wellôs life to sustain production. 

On the surface, well heads, flowlines and 

separators are installed. This is to separate any 

gas produced from liquids. For shale gas 

development, gas pipelines and gas processing 

facilities are installed to gather the gas and 

remove entrained (carried along) liquids such as 

water and condensate (hydrocarbon liquid 

condensed from gas due to a change in pressure 

and temperature) and impurities such as carbon 

dioxide. Typically small diameter flow-lines 

would connect each well on the well pad to a 

production header (manifold). Gas and liquids 

are then piped from each well pad to a central 

processing facility where liquids are separated 

from the gas and the gas dehydrated to remove 

moisture. Other impurities such as carbon 

dioxide may also need to be removed in order to 

meet the sales gas specification and the gas may 

have to be compressed to meet the gas sales 

pipeline pressure. The conditioned gas is 

metered and pumped into an export system (the 

National Transmission System in the UK). 

Liquids produced along with the gas are separated into water and condensate and temporarily stored in storage 

tanks. The liquid condensate anticipated as associated with shale gas production is expected to be small and 

hence would probably be exported by road tanker. Even in a typical oil well, gas is produced as associated gas 

which comes out of solution in the well as pressure decreases closer to surface conditions. Oil produced from 

shale oil wells will most likely be stored in storage tanks and transported to a refinery by road tanker. Many of 

the producing oil wells in the South East already transport oil using this method. Produced (and drill) water may 

contain salts and other chemicals and may be removed by tanker and taken to a central processing facility. 

Where produced water contains contaminants from hydraulic fracturing fluids (flowback water) it cannot be re-

injected without treatment if it does not meet certain specifications. In addition permits will now be required 

from the Environmental Agency prior to disposal. Access roads to each well pad, the pipelines, processing 

facilities, camps, offices, and storage areas are also constructed. The number of central processing facilities that 

would be required would depend on the areal extent of the shale development area, accessibility, and shale 

thickness as well as environmental factors.  

Development is likely to be phased and may start with a pilot project to prove that commercial development is 

feasible before embarking on a full scale development. Development is also likely to start in those areas with the 

most productive shale and the highest liquid yields at a relatively wide initial well pad and well spacing. Once 

production has started additional wells and well pads (known as infill wells) will be drilled to maximise the 

economic recovery. The initial development phase can therefore last some considerable time and might typically 

be from two to five years.  

Once production has been established the producing life of a shale gas deposit may be around 20-30 years. 

During the production phase, there are on-going operational activities to manage the assets and keep the wells 

and facilities operating safely. Production facilities may need to be repaired or altered and wells may need to be 

re-fractured or cleaned out to sustain production. These are intermittent activities and each well may not require 

much attention for a number of years.  

At the end of the productive life of the shale deposit the production facilities, wells and infrastructure are 

abandoned. During the abandonment phase wells that are no longer economic to produce are plugged with 

Figure 2.4.3 The Impact on Rural Landscape from 

Building Shale Gas Storage and Processing Facilities in 

and around Carroll County, OH  

Photo Courtesy of: David Beach, GreenCityBlueLake 

Institute of the Cleveland Museum of Natural History 

 

 

 

http://ecowatch.com/wp-content/uploads/2013/09/infrastructure.jpg
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cement and the surface well heads and casing removed. The well pads are decommissioned and rehabilitated to 

restore the site close to its original condition. Surface facilities are removed and the steel recovered for scrap. 

Pipelines may either be left in situ or recovered and sold as scrap. Different parts of the shale deposit may reach 

their economic limit at different times. The abandonment phase may therefore last a number of years and may 

start before the cessation of economic production from the field as a whole. Wells, well pads, pipelines, and 

facilities, that individually have become uneconomic and where there is no foreseeable use for them, are 

generally abandoned as soon as practically possible.  
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2.5 Drilling and Completing Shale Oil and Gas Wells 

Shale oil and gas wells are drilled in the same way as conventional wells. The technology known as ófrackingô is 

a colloquial term for the engineering practice known as hydraulic fracturing. The wells are drilled from a drill 

site (well pad) with drilling confined to a rotary table drilling platform with a drill derrick located vertically 

above the well bore. Wells are based on a similar design to conventional oil and gas wells. Figure 2.5.1 shows a 

typical vertical well completion schematic. Wells are drilled in stages, with different casings (steel tubes) placed 

in at each stage to seal off the well from the rock through which the well is drilled. Each casing is cemented in 

place to ensure an effective seal between the well and any permeable rock, such as aquifers, and also from the 

surface. This is designed to contain any fluids that are produced through the well in the well from the reservoir 

to the surface. Table 2.5.1 illustrates a 

typical casing programme that might be 

used in a well. 

Drilling technology has improved 

substantially over recent times and, 

through improvements to drilling 

equipment such as top drive drilling rigs 

and bottom-hole rotary steerable tools, the 

ability of drillers to drill long horizontal 

wells and to place the bore-hole more 

accurately in specific locations has 

significantly improved. 

After drilling wells can be stimulated by 

hydraulic fracturing, either using a method 

to fracture single sections of the rock or, 

through isolating sections of the rock in 

sequence, multiple fractures can be placed 

along the horizontal section.  

Wells are then completed which may 

include the placement of a tubing string 

inside the casing which may be run with a 

rubber packer between the tubing and the 

casing to seal the annulus from the surface 

and which may also include sub-surface 

valves to seal the well in the event of an 

emergency. 

 

  

Figure 2.5.1 Typical Well Completion Schematic 

Source: Petrenel 
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Table 2.5.1 A Description of the Types of Casing used in a Well 

Casing Description 

Conductor Casing 
During the first phase of drilling, a shallow steel conductor casing is installed 

vertically to reinforce and stabilise the ground surface. 

Surface Casing 

After installation of the conductor casing, drilling continues to the bottom of 

freshwater aquifers, at which point a second casing (surface casing) is inserted and 

cemented in. 

Intermediate Casing 

A third (intermediate) casing is installed from the bottom of the surface casing to a 

deeper depth. This is usually only required for specific reasons such as additional 

control of fluid flow and pressure effects, or for the protection of other resources 

such as minable coals or gas storage zones. 

Production Casing 

After the surface casing is set (or intermediate casing when needed), the well is 

drilled to the target formation and a production casing is installed either at the top 

of the target formation or into it. 

Source: Adapted from Tyndall Centre (2011) 

In a conventional reservoir, a well is drilled into the crest of the structure and hydrocarbons flow out due to their 

buoyancy and the pressure differential. The spatial distribution and low permeability of shale requires wells in 

shale gas operations to be closely spaced. The initial flow of hydrocarbons into the well will be from the 

artificially induced and natural fractures immediately next to the well. In relatively thin shales (<50 m) a vertical 

well will pass through only a relatively thin section, with limited shale thickness in contact with the well-bore. A 

horizontal lateral extension can extend as far as 2,000 metres and therefore, through a much larger flow area, a 

greater volume of hydrocarbons can flow into the well. It is important to note that in the UK, the prospective 

mature shales are much thicker than those in the USA, with the thickest part of the mature Carboniferous 

Bowland shale reaching 1900 metres. Therefore, theoretically, a vertical well in the thickest part of the Bowland 

shale could have the same coverage as a typical horizontal well in the USA. Also, multiple horizontal laterals 

off several wells at different depths could cover a large volume of shale, increasing production whilst 

minimising the surface impact. 

Horizontal and long-reach wells are not a new concept and have been extensively used for conventional oil and 

gas development since the 1970s.  

 

 

Figure 2.5.2 Shale Gas Horizontal Well Schematic 

 Source: U.S. Energy Information Administration, Shale Gas and the Outlook for U.S. Natural Gas Markets and 

Global Gas Resources, June 2011 








































































































































































































































































