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1.  

2. SCOPE 

The Balcombe Parish Working Group is tasked to prepare a factual letter to inform the 
Balcombe residents of the implications of the proposed hydraulic fracturing oil well that will 
be in close proximity to the village.  

Section of the letter covered: 

The possibility and consequence of chemicals added to the water employed in the process 
entering the local ecosystem, aquifers and Ardingly reservoir. 

Information should be unbiased and factual using credible references where appropriate.  

This paper focuses on contamination risk from the ‘Well injection’ process, highlighted in red 
below: 
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(A separate section will cover contamination risk from the above ground storage and disposal 
of the retrieved flowback fluid). 

 

3. SUMMARY FOR RESIDENTS’ NEWSLETTER 

The drilling and extraction process starts with the drilling of a bore down to 2000 ft to 2600 ft, 
steel metal casing is periodically inserted along the length of the bore followed by cement, and 
this will form a protective walling to isolate the surrounding ground from the intended 
hydraulic fluid and/or flowback fluid and extracted oil. The oil bearing Portland Beds strata is 
at a depth approximately 2000 ft. It is expected the aquifer planes nearer to the surface should 
be protected by at least a triple casing. 

The hydraulic fracturing continues after the drilling stage, whereby the oil shale rock strata is 
fractured by pumping fluid at high pressure, forcing the strata apart and releasing the trapped 
oil.  The fissures are kept apart by a proppant which is typical sand. 

The purpose of the other chemicals employed in the fracturing fluid are to aid lubrication, 
prevent clotting and as bactericide / fungicide. The operator Caudrilla have reported they 
propose to use follow in the fluid: 99.750% fresh water and sand, 0.075%, (9000 litres) 
Polyacrylamide, 0.125% Hydrochloric acid, 0.050% (600 litres) Biocide, (in bracket actual 
quantities per ‘frac’). Both polyacrylamide and biocide are considered hazardous and 
environmental risks.   

There is no risk of groundwater contamination if the well integrity is maintained and 
preserved.  Comparisons have been made that there is no difference to the same concerns 
encountered during the extraction of oil from conventional reservoirs, of which there are many 
that have been in operation around the Weald for a number of years. The exception for 
hydraulic fracturing is it can be repeated as necessary to maintain the flow of oil/gas to the 
well, in this respect concerns have been expressed that the cumulative effects over time of 
such repeated high-pressure operation could be detrimental to the integrity of the well 
components and casing and the cement. The Geological Society has stated though that there 
"is no recorded evidence of contamination and as the process takes place at depths of many 
hundreds of metres below the water aquifer.” There is no apart direct threat to the Ardingly 
reservoir by contamination of the aquifers, however 74% of Southern water is sourced from 
groundwater.  Balcombe’s water is sourced from <need to find this out from South East 
Water?>. 

The Environmental Agency will be expected to monitor for contamination and pollution 
regardless of whether a specific permit is required. It is also expected the Health and Safety 
Executive will test the integrity of wells before allowing the licensing of drilling activity to 
commence. If wells are properly designed and constructed, and the use of chemicals is strictly 
controlled, this should mitigate the risk of environmental damage from the process.i   
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There is however a risk that contaminated water and spills could enter the local ecosystem, as 
the site is situated in designated ancient woodland, and flanked by two nearby streams that 
form part of the watercourse for the river Ouse.  

If it is considered commercially viable this could be the first of many wells in the surrounding 
area. The Parliamentary Committee report on ‘Shale Gas -  Energy and Climate  Change’ 
included in their conclusions “We are, however, concerned about the large volume of water 
and chemical additives required for hydraulic fracturing each well, and the large volumes of 
waste water generated, especially as commercial shale gas production requires so many more 
wells than conventional gas.” ii 

4. HISTORY 

A well was drilled at Balcombe in 1986 by Conoco but was plugged after the evaluation of 
that well. Cuadrilla acquired a new licence in 2008 and, following appraisal work, gained 
planning permission in 2010 from West Sussex County Council to upgrade the existing well 
site and drill a new exploratory well.  

Cuadrilla have not approached DECC for drilling consent for the Balcombe well and would 
not be able to carry out any such drilling operations until DECC, the EA and HSE had each 
considered and agreed to such a proposal. 

Questions & Answers 

5. HYDRAULIC FRACTURING PROCESS, SPECIFICITY THE 
CHEMICALS & MATERIALS EMPLOYED 

5.1 What additives / chemicals and proppants used in the fracking fluid 
and their purpose in the process? 

Use of hydraulic fracturing (or fracking) is a technique to increase the flow of oil or gas from 
shale by fracturing the strata using water under high pressure.  The chemical additives to the 
water are to ensure lubrication, anti-clotting and bactericide / fungicide. 

5.1.1 Water 

Water is by far the largest component of fracking fluids. The initial drilling operation itself 
may consume from 65,000 gallons to 600,000 gallons of fracking fluids. Over its lifetime an 
average well will require up to an additional 5 million gallons of water for the initial fracking 
operation and possible restimulation frac jobs.iii 

Mark Miller estimated that Cuadrilla would probably use "about 1,000 cubic metres total for 
our drilling process and probably another 12,000 [cubic] metres for the fracturing process 
13,000 cubic metres [in total] about five Olympic swimming pools". Mr Miller added that in a 
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year they might use 20 Olympic swimming pools-worth of water in their future operations. 
Cuadrilla bought their water from the mains. "iv 

The Environment Agency states that "in terms of large scale usage of water from the 
environment, an abstraction licence is required from the Environment Agency and we 
wouldn't license unsustainable abstraction". The Environment Agency states that the water 
required for hydraulic fracturing is considered in the same way as any other industrial process. 
v 

5.1.2 Proppants 
Typed of proppants used to keep the induced fractures open include: silica sand, resin-coated 
sand, and man-made ceramics. 

5.1.3 Chemical additives 
Chemical additives are applied to tailor the injected material to the specific geological 
situation, to help protect the well, and improve its operation.  Additives typical comprise of 1-
2% of the injected fluid.vi 

The composition of injected fluid is sometimes changed as the fracturing job proceeds. 

Often, acid is initially used to scour the perforations and clean up the near-wellbore area. 

Afterward, high pressure fracture fluid is injected into the wellbore, with the pressure above 
the fracture gradient of the rock. This fracture fluid contains water-soluble gelling agents 
(such as guar gum) which increase viscosity and efficiently deliver the proppant into the 
formation. 

As the fracturing process proceeds, viscosity reducing agents such as oxidizers and enzyme 
breakers are sometimes then added to the fracturing fluid to deactivate the gelling agents and 
encourage flowback.vii 

At the end of the job the well is commonly flushed with water (sometimes blended with a 
friction reducing chemical) under pressure. 

5.2 Composition of Hydraulic Fluid submitted by Cuadrilla 
As required by the Environmental Agency, Cuadrilla have declared the following constituents 
of the fracturing fluid: 

99.750% Fresh water and sand, 0.075%  Polyacrylamide, 0.125% Hydrochloric acid, 0.050% 
Biocide (if required). xv 

Based on 12,000 cubic metre average fracturing process described by Cuadrilla, will require 
9000 litres of Polyacrylamide and 600 litres of Biocide. 
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5.2.1 Polyacrylamide 

Polyacrylamide (IUPAC poly(2-propenamide) or poly(1-carbamoylethylene)) is a polymer 
(-CH2CHCONH2-) formed from acrylamidesubunits. It can be synthesized as a simple linear-
chain structure or cross-linked, typically using N,N'-methylenebisacrylamide. Polyacrylamide 
is not toxic. However, unpolymerized acrylamide, which is a neurotoxin, can be present in 
very small amounts in the polymerized acrylamide,[1] therefore it is recommended to handle it 
with caution. 

In dilute aqueous solution, such as is commonly used for Enhanced Oil Recovery applications, 
polyacrylamide polymers are susceptible to chemical, thermal, and mechanical degradation. 

In a study conducted in 1997 at Kansas State University the effect of environmental 
conditions on polyacrylamide were tested, and it was shown that degradation of 
polyacrylamide under certain conditions does in fact cause the release of acrylamide. viii 

5.2.2 Hydrochloric acid 
Hydrochloric acid is a solution of hydrogen chloride (HCl) in water, that is a highly corrosive, 
strong mineral acid with many industrial uses. It is found naturally in gastric acid. 

5.2.3 Biocide 
The chemical composition has been unspecified by Cuadrilla. The level toxicity is 
current unknown but by its very purpose is considered hazardous. 

A biocide is a chemical substance or microorganism which can deter, render harmless, or 
exert a controlling effect on any harmful organism by chemical or biological means. Biocides 
are commonly used in medicine, agriculture, forestry, and industry. Biocidal substances and 
products are also employed as anti-fouling agents or disinfectants under other circumstances: 
chlorine, for example, is used as a short-life biocide in industrial water treatment but as a 
disinfectant in swimming pools. 

Hazards and environmental risks: Because biocides are intended to kill living organisms, 
many biocidal products pose significant risk to human health and welfare. Great care is 
required when handling biocides and appropriate protective clothing and equipment should be 
used. The use of biocides can also have significant adverse effects on the natural 
environment.ix 

5.3 How often is a well typically fracked? 
The number of wells that you can drill off a single pad, so you are minimising the 
environmental impact is up to 16 wells.x 

Experience indicates that although unconventional gas wells deplete faster than conventional 
wells production levels can be improved by re-fracturing of wells. 
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Hydraulic fracturing can be repeated as necessary to maintain the flow of gas to the well, but 
there are concerns about the cumulative effects of such repeated fracturing. For example, the 
effects of repeated high-pressures on the well components, such as the casing and the cement. 
Nigel Smith, of the British Geological Survey, told us "they are going to fracture probably 
every three or four years […] They will do their best to keep it going as long as they can".xi 

5.4 Are more wells need to extract ‘unconventional gas/oil’ compared 
with ‘conventional’ sources? 

Both shale and tight gas are dispersed over much wider areas than conventional gas, meaning 
many more wells need to be drilled to extract the same amount of gas as from conventional 
resources. 

5.5 Do the chemicals vary depending on the type of fracking e.g. 
between gas or oil extraction and geology encountered? 

The successful injection of hydraulic fracturing fluid to release shale gas should result in 
natural gas production without the contamination of underground sources of drinking water, 
but this relies upon the integrity of the well and the correct fluid design. However, as 
Professor Richard Selley of Imperial College London states, "there are different types of shale 
gas formations that respond differently to different type of fracturing". The fluid design is 
determined by the often-unique geology of the particular shale gas formation.xii 

5.6 Contamination from naturally occurring substances 
There are many naturally occurring substances in the shale formation, and the process of 
hydraulic fracturing can affect their "mobility", which means their ability to move around and 
potentially enter a water source. These substances can include: naturally occurring 
"formation" fluid (such as brine) found in the shale rock; gases, such as the target natural gas 
(mostly methane), carbon dioxide, hydrogen sulphide, nitrogen and helium; trace elements of 
substances such as mercury, arsenic and lead; naturally occurring radioactive material 
(radium, thorium, uranium); and "volatile organic compounds" (VOCs) that easily vaporise 
into the air, such as benzene.xiii 

5.7 Reported contamination by the injection process 
Mitigation of the risk to water aquifers from hydraulic fracturing relies on companies 
undertaking the proper measures to protect the environment from pollution. However, there is 
no evidence that the hydraulic fracturing process itself poses a direct risk to underground 
water aquifers.xiv 

6. LOCAL GEOLOGY 

Research questions 
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• Quantify the chemical contamination risk to local aquifers based on the known 
geology in the Balcombe and Ardingly area. 

• Is there a possibility factures extending outside of shale rock starta to strata supporting 
the aquifers? 

• What is the process in which the chemicals/oil/gas migrating into the aquifers and 
ground water? 

6.1 What depths are is the fluid expected to be injected? 
The proposed depth of operation is approximately 2,500 feet below ground level. xv 

6.2 At what risk are the aquifers from contamination from the 
chemicals or extraction oil 

A well bore is first drilled and care is taken when drilling through an aquifer plane.  
Immediately past aquifer plane, surface casing is inserted in to the well followed by the 
creation of a cement lining that serves to prevent contamination from fluids and material 
passing through the bore. Caudrilla’s Bowland Shale Well Schematic, highlighting there are 
triple casing near to the surface to protect the aquifers (see diagram below). 

During the fracturing process, some of the hydraulic fracturing fluid may flow through the 
artificially created fractures to other areas within the shale gas formation, in a phenomenon 
known as "fluid leakoff". Fluid leakoff during hydraulic fracturing "can exceed 70 percent of 
the injected volume if not controlled properly", which could result in fluid migrating into 
drinking water aquifers.[224] In comparison, coal-bed methane formations are mostly 
shallow, so where hydraulic fracturing is used there is a risk that it could be happening in—or 
very near to—shallow drinking water supplies.xvi 

Depending on the local geology what are the contamination risks of the oil/chemicals finding 
their way through the fractured rock into the aquifers? 

The US Environmental Protection Agency (EPA) believed that—from evidence it had 
gathered so far—that "if hydraulic fractures combine with pre-existing faults of fractures that 
lead to [drinking water] aquifers or directly extend into aquifers, injection could lead to the 
contamination of drinking water supplies by fracturing fluid, natural gas, and/or natural 
occurring substances"xvii 

DECC has stated that while there might have been cases of well integrity failure on some US 
shale wells, they "do not believe that such a situation would occur in the UK". They added 
that the operator was obliged to ensure that the well design is "safe and fit for purpose", and 
that this obligation was "checked very carefully by the Health and Safety Executive".xviii 

The Geological Society has stated that there "is no recorded evidence of this [contamination], 
and [they have] good reason to think it untrue, since the process takes place at depths of many 
hundreds of metres below the [water] aquifer". With regard to the issues of fugitive methane 
emissions during shale gas exploration and production, the Geological Society believed that 
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this "is very unlikely to be due to hydraulic fracturing, since this occurs at depths of several 
thousand metres beneath the surface".xix 

 

6.2.1 Type of petrochemical rock strata? 

Liassic shales (the know source of oils in the Weald Basin) almost certainly do not hold gas 
reserves.xx 
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6.3 How much of the chemicals are expected to be extracted back out 
and residual irretrievable quantities?  (Link to ‘flowback’ liquid 
question) 

Injected fluid is to some degree recovered up to 80% and in worst cases only 30% (see section 
6.2) and is managed by several methods, such as underground injection control, treatment and 
discharge, recycling, or temporary storage in pits or containers while new technology is being 
developed to better handle wastewater and improve reusability.xxi 

6.4 Risk of spillage at the surface (link to ‘flowback’ question) 
There is no evidence that the hydraulic fracturing process poses any risk to underground water 
aquifers provided that the well-casing is intact before the process commences. Rather, the 
risks of water contamination are due to issues of well integrity, and are no different to 
concerns encountered during the extraction of oil and gas from conventional reservoirs. 
However, the large volumes of water required for shale gas could challenge resources in 
regions already experiencing water stress. xxii 

In the US, Texas scientists reviewed evidence and concluded that fracking cannot be linked 
directly to reports of groundwater contamination. The scientists found that many problems 
attributed to hydraulic fracturing are common to all oil and gas drilling systems. Many reports 
of contamination could be traced to above-ground spills or mishandling of wastewater rather 
than the fracking technique itself, they said. xxiii 

There is a small seasonal stream close to the access road within Lower Meadham Woods and 
which take water off the access track.  A recommendation precaution from the Planning 
permission application Ecology report that “should surface water be directed to the stream 
within Lower Meadham Wood, that this water should be clean and free of contamination.” xxiv   
 
This then posses a possible water contamination risk to tributaries to the river Ouse.  South 
East Water recently have proposed to top up Ardingly Reservoir from the river Ouse, which if 
contamination could be a potential human health issue. 

6.5 Where does Balcombe receive its water from? 
It would be informative with the source of the drinking water for Balcombe residents 
were determined.  South East Water should be able to answer this. 

REGION Percentage of water region supplied by 
ground water 

North West  11% 

North East 14% 

Wales 3% 
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Midlands 40% 

Anglian 37% 

Thames 35% 

South West 30% 

Southern 74% 

Source: Environment Agency, "Underground, Under Threat—The State of Ground Water in 
England and Wales", 2006, p 11 

7. REGULATIONS 

7.1 What are the UK regulations covering the industry and permission 
necessary to allow exploration and full scale commercialization 

UK has a very strong and established regulatory system to control onshore oil and gas 
operations, from the exploration stage right through to possible commercial production. 

All onshore oil and gas projects, including shale exploration and production, require planning 
permission and are subject to strict environmental controls, including scrutiny by the relevant 
environmental agency (for England and Wales, the Environment Agency), and to safety 
regulation by the Health and Safety Executive (HSE). 

They also require specific consents from DECC before any drilling, fracking or production 
can commence. 

At present Cuadrilla have only planning permission for exploration that does not convey 
permission for production; a further planning application is required at that stage and the 
production proposals are subject to the same process of scrutiny by the Environment Agency, 
the HSE and DECC 

Environment Agency 

The Environment Agency's principal aims are to "protect and improve the environment, and to 
promote sustainable development. The Environment Agency (EA) is responsible for issuing 
the environmental permits currently necessary to undertake shale gas exploration and 
production.  

The EA believed that "there is a robust regulatory regime in place to ensure any 
environmental impacts from unconventional gas [...] are minimised" and that "the regulatory 
regime in the UK will continue to be sufficiently robust as it is to manage and minimise the 
environmental risks from [unconventional gas] […] we will, of course, keep that under 
review".xxv 
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Environment Agency Assessment of Risk to Ground water 

The EA addressed environmental concerns on a site-by-site basis as they "assess the need for, 
and respond to, applications for environmental permits […] we apply a proportionate risk-
based approach to preventing pollution and protecting the environment". Local EA staff have 
assessed the potential impact of Cuadrilla's operations (in the north west of England) on the 
water environment and have "decided that, at present, it does not require permitting under the 
EPR [Environmental Permitting Regulations 2010]". A permit under the EPR was required 
"where fluids containing pollutants [...] are injected into rock formations that contain 
groundwater" and a permit may also be needed if the activity posed a risk of "mobilising 
natural substances that could then cause pollution". The permit would specify limits on the 
activity and any requirements for monitoring. If it was decided that "the activity cannot affect 
groundwater" a permit would not be necessary. It would be the EA's decision as to whether 
groundwater was present or not. xxvi 

Independent expert advisors 

When asked at the House of Commons Select Committee (9 Feb 2011) on ‘Shale Gas – 
Energy sand Climate change’ when asked whether there be a moratorium on shale gas 
exploration in the UK, Professor Kevin Anderson* replied “Yes, for environmental reasons, 
and the moratorium should last for probably another few decades for the climate change 
perspective.” 

*Professor Kevin Anderson is the Deputy Director of the Tyndall Centre for Climate Change Research;[1] holds 
a joint chair in Energy and Climate Change at the School of Mechanical, Aerospace and Civil Engineering at the 
University of Manchester and School of Environmental Sciences at University of East Anglia; and is an honorary 
lecturer in Environmental Management at the Manchester Business School He is an adviser to the British 
Government (as of 2009) on climate change. 

Parliamentary recommendation 

The ‘Shale Gas’ - Energy and Climate Change Parliamentary Committee recommend that 
before the Environment Agency permits any chemicals to be used in hydraulic fracturing 
fluid, they must ensure that they have the capabilities to monitor for, and potentially detect, 
these chemicals in local water supplies. 

7.2 What regulatory assessments have been conducted to authorize the 
current explorations? 

Solent and South Downs The Environment Agency - South East provided comments to West 
Sussex County Council as part of the planning application at Balcombe to upgrade an existing 
stone platform and drill an exploratory borehole for oil and gas exploration. We had no 
objections subject to a number of conditions. Our position is that water quality risks are 
manageable at the Lower Stumble site near Balcombe for this planning application. We have 
also been liaising closely with WSCC with regard to the recent public meeting and media 
interest. 
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The Environment Agency needs continue to ensure that companies declare the type, 
concentration, and volume of all chemicals added to the hydraulic fracturing fluid. The 
Agency must ensure that they have the resources necessary to detect these chemicals in water 
supplies should an incident lead to potential contamination of water resources.xxvii 

7.3 What additional regulatory approval is required for 
commercialization? 

Cuadrilla have not approached DECC for drilling consent for the Balcombe well and would 
not be able to carry out any such drilling operations until DECC, the EA and HSE had each 
considered and agreed to such a proposal. 
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APPENDIX 
Figure 1 Water courses in close proximity of proposed site
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Figure 2 Local water course and Ardingly Reservoir 
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