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The acid test:
The case for a ban on acid
stimulation of oil and gas wells
Acid stimulation is the use of acid to stimulate oil and gas wells to increase production. This briefing
explains the terms used, the risks associated with the process and our concerns.
Acid stimulation has been used to improve the production of wells since the 1950s. However,
globally there has been a big increase in the use of a range of well stimulation techniques to allow
more exploitation of unconventional oil and gas 1 . Drilling more longer horizontal wells has
considerably increased the quantity of fluids and acids used 2.
Friends of the Earth’s main concerns about acid stimulation are:
•

•

•

It is being proposed and is potentially already being used in England to increase fossil fuel
production. But, to avoid the worst impacts of climate change, we need to reduce fossil
fuel use fast. Increasing fossil fuel production is not compatible with the climate change
goals the UK has signed up to.
Regulations are not strong enough to cover the risks associated with acid stimulation.
There are significant gaps in knowledge about the chemicals used in the treatments,
including overall volumes used, and their toxicity and persistence in the
environment, meaning that there are clear risks that residents are right to be concerned
about.
It could involve hundreds of new oil wells, some in our most precious areas of countryside.

For these reasons, we believe the government should immediately put in place a ban on acid well
stimulations in England.
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Introduction
Government support for the onshore oil and gas industry comes at a time when we know that
there are severe climate impacts from extracting more fossil fuels. The vast majority of fossil fuel
reserves are unburnable if we want to avoid the worst impacts of climate change. The emissions
from just the coal, oil and gas reserves in existing and under-construction projects worldwide will
be 942 gigatonnes of carbon dioxide (CO2), but for a likely chance of keeping below 2 degrees
warming, we can emit only 843 gigatonnes of CO2 3 . The Paris Climate Change Agreement
commits nations to keep warming “well below” 2 degrees and “pursue efforts” to keep warming
below 1.5 degrees, so to meet Paris targets, clearly we must halt new fossil fuel projects.
The UK has ratified the Paris Agreement and pledged to be a leader on climate action4. Existing
projects for extraction of fossil fuels take us well over globally agreed goals. There is no space for
new projects, whatever the methods used. Acidising is being increasingly proposed and probably
already used as a technique to extract hard-to-reach oil deposits in England. It comes with
particular risks and concerns that are highlighted in this briefing.
It is hoped that this paper leads to acid stimulation becoming a part of the wider debate about
fracking. It highlights information gaps that need addressing as well as concerns about the impacts
on our countryside.

What is acid stimulation?
Well stimulation is a broad term used to describe treatments used to restore or enhance the
productivity of a well5. There are three main types.
Most people have heard of hydraulic fracturing – or fracking, which is one type of stimulation
treatment where pressure is used to fracture underground rock. But there are two other treatments
which use chemicals injected down wells: acid fracturing (acid fracking) and matrix acidising6. Both
of these are known as “acid stimulation” or “acidising” and aim to increase the permeability of the
rock around the wellbore, to make it easier for oil or gas to flow and be extracted.
However, confusingly, the industry also uses the term acidising to cover a third procedure called
an acid wash which clears blockages in or close to wells. The concerns we have are about the
“well stimulation” types of acidising: acid fracking and matrix acidising.

Matrix acidising
In matrix stimulation, a solution of diluted acid and other chemicals is injected into the rock to
dissolve some of the materials present around the wellbore (this might be the rock itself or damage
caused by the drilling) and to create small channels for the oil or gas to flow. This technique is
also called ‘matrix acidising’ or ‘acid stimulation’ or sometimes simply ‘acidising’.
The acid used depends on the nature of the rocks. For formations like limestone which are
composed mainly of carbonate minerals, the main acid used is hydrochloric acid (HCl). For
formations like sandstone which are composed mainly of silicate minerals, the main acid used is
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hydrofluoric acid (HF). However, because the formations are often not just one or the other, a
combination of several acids is frequently used, such as ‘mud acid’, which is a mixture of
hydrochloric and hydrofluoric acid7.

Acid fracturing
The main difference between the two types of acid stimulation is that acid fracturing involves
injecting fluid at a pressure high enough to create fractures in the rocks containing the oil or gas.
The acid solution dissolves or ‘etches’ the edges of fractures and channels so that they stay
open and allow oil or gas to flow. This technique is used in carbonate and sandstone rock8.
‘Proppant hydraulic fracturing’ (also known as high volume hydraulic fracking) is the other form of
high-pressure technique, and is what most people know of as fracking. It uses small particles,
“proppants”, (such as silica sand) mixed with the fracking fluid to keep the fractures open after
injection so that the gas or oil can be retrieved. This is used in shale and carbonate rock and some
coal beds9.

What’s the problem with acid stimulation treatments?
There are a lot of unknowns about acid stimulation. Whilst we know that many of the chemicals
used in the processes can be hazardous, there have been very few studies on the risks and
impacts.10
There are also concerns that the regulations covering onshore oil and gas exploration aren’t strong
enough. New regulatory requirements for hydraulic fracturing were introduced in the Infrastructure
Act 2015 but the statutory definition of hydraulic fracturing was based on the amount of fluid used
in the process rather than the techniques used to extract oil and gas11.
Acid fracking and matrix acidising use less water than proppant hydraulic fracking12 so these well
stimulation processes are unlikely to be covered by the new regulatory requirements.13 This is of
particular relevance in the Weald Basin where companies are already acidising existing oil wells
and applying for new wells14. A study based on data from the United States Geological Survey
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estimates that 88% of oil wells that were fracked in the US between 2000 and 2010 would not be
classified as fracked under UK legislation – based on the fluid volumes thresholds15.
It is not clear how many wells have received matrix acidising or acid fracturing stimulations in
England since this aggregate information is not readily available from the the regulatory bodies16.
The concern is that even the inadequate regulatory requirements that apply to hydraulic fracturing
will not cover acidising operations. For example there is no automatic requirement to carry out
baseline monitoring of methane in groundwater nor monitor methane levels in the air. Also there
is no legislation banning surface development of acidising sites in protected areas like National
Parks17.
It is also unclear what happens to all the chemicals after they have been used. The acids are
supposed to be neutralised when reacting with limestone/carbonate formations but what happens
to the other additives? The Environment Agency requires the flowback fluids to be treated and
disposed of in approporiate facilities. However “produced water” – the fluid which comes from the
underground formations – is allowed to be reinjected. If monitoring of the fate of all the chemicals
used in acidising operations is happening, this data appears not to be available publicly18.

Acid wash – not a well stimulation treatment
Acidising is also a term used for treatments involved in well maintenance and in this context is
known as an ‘acid wash’. The aim of an acid wash is to remove scale and other deposits forming
blockages in the well and pipes. It is not meant to target the surrounding rock19. It uses less fluid
than for well stimulation, but the composition is broadly the same20. It is unclear how regulators
and the industry distinguish between an acid wash and matrix acidising. For example when they
speak about having used acidising for “decades” they could be referring to acid washing. It is
important that there is more clarity when applications are made so that the public and local
decision makers know exactly what type of treatment a developer wants to carry out.

What is in the fluid used in acidising?
As with fracking, the fluid injected in both matrix acidising and acid fracking is a mixture of
chemicals diluted in water. In hydraulic fracking, the chemicals represent about 0.5% of the total
liquid injected down the well. In matrix acidising and acid fracking, the chemicals represent
between 6% and 18% of the total liquid21. Acid is the main chemical in this mixture. As mentioned
above, the acid used depends on the rock formation targeted. In addition to hydrochloric acid and
hydrofluoric acid, organic acids such as acetic acid and formic acid can be used.
Several chemical additives with different functions are also added to the mixture. These range
from “corrosion inhibitors” to prevent the acids corroding the tubing inside wells, to “biocides” which
kill bacteria that can damage wells22.
Some of these chemicals have the potential to cause direct and indirect impacts on the
environment and human health if accidentally released in the air, soil or groundwater at different
stages of the process. For example, there can be spills and leaks at the surface or escaping fluids
and gases underground23. Among the 200 chemicals used for acidising that have been identified
in California, studies found that 28 of them are potentially hazardous for human health24 . Others
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could harm aquatic environments and wildlife. For some chemicals, such as hydrofluoric acid,
xylene25 (a highly toxic Volatile Organic Compound), diethylene glycol, and ethyl benzene, an
average of between 100 and 1500kg per well is used26.

Hydrofluoric acid
All acids have corrosive effects and toxic potential but hydrofluoric acid is a particular concern. It
can cause severe burns and systemic toxicity (it can have a toxic effect on organs even if it enters
the body elsewhere) due to fluoric poisoning. Concentrated hydrofluoric acid burns on as little as
2.5% of the body’s surface (the size of the palm of a hand) can cause death27 . In the past,
industrial accidents have exposed whole communities to the toxic effects of hydrofluoric acid28.
Hydrofluoric acid is frequently used in acid treatments in sandstone. A study on acidising practices
in California from 2014 to 2015 revealed that hydrofluoric acid was used in all levels of acidising
operations. Acid fracturing used it most frequently and up to 25 tonnes of hydrofluoric acid was
used in each acid fracturing treatment29.
Despite their role in regulating the use of hazardous chemicals used in onshore oil exploration,
when asked to clarify where hydrofluoric acid has been used in onshore wells in England, the
Environment Agency said they hold no data30.

How much acid is used?
The volume of fluid needed for well stimulation mostly depends on the length of the formation
being treated. According to the industry in the US “Typical acid volume ranges are between 10
and 500 gallons per foot”31. This corresponds to 0.124 - 6.209 cubic metres of acid per metre of
well. So, for a typical horizontal well length of 1,000 metres, this would mean that 124 - 6,209
cubic metres of acid would be used to treat the horizontal part of the well. So this could mean over
two Olympic sized swimming pools worth of acid for each treatment32.

Where will be affected?
And it’s not just one well, nor one lot of chemicals. The Weald Basin, in the South East, is a key
exploration area for tight oil, which is oil that is not easy to extract33. The productivity of tight oil
wells can decline quite rapidly so operators are likely to carry out more than one stimulation
treatment on a well and usually drill multiple wells into a reservoir34. As Stephen Sanderson,
CEO, UK Oil & Gas (UKOG) says:

“Generally you have to drill a lot of wells close to each other so that
you can maintain a certain level of production.”35
And UKOG, a key company in the area, reportedly will need hundreds of oil wells to access the
reserves under the Weald Basin36. Much of this area is designated for its landscape or biodiversity
value37. We have already seen applications in the South Downs National Park for example.
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Lack of data
Although use of acid has been apparently common practice in the oil and gas industry for several
decades, it appears that no full overarching health and environmental risk assessment study has
been performed. The first toxicological study purely dedicated to acidising was published in the
U.S. in 201738. An environmental risk assessment study was mentioned in a conference abstract
of 201639 but the results appear not to have been published. A strong issue of concern emerging
from these preliminary studies is that there are significant data gaps concerning what is known
about the acute toxicity of many chemicals used in acidising, their persistence in the environment
and their quantity40.
In California, the state government is studying the risks associated with matrix acidising and acid
fracking as well as proppant hydraulic fracking with a view to better regulating all well stimulation
processes 41 . The state’s Senate Bill 4 provides mechanisms for groundwater and air quality
monitoring and public disclosure of all chemicals used42.
In England the Environment Agency, when asked, had not carried out any studies of its own and
has referred to US studies when queried on risk data.43 It appears that the Environment Agency
has not historically given permits for acid well stimulation operations and is unable to provide data
on where acidising has taken place44.
As far as we are aware, there have been no studies to look at the quantities and profiles of
chemicals used in acidising operations in England. This means there is a lack of analysis of how
much has been used in the past to determine levels of current and future risk. Given the number
of applications coming forward this must be addressed.
The government needs to ensure that adequate reporting is carried out by the industry and that
relevant cumulative data on chemical use is publicly available.

Fracking and acid stimulation – the case for a ban
Whatever techniques are used, seeking to exploit new oil and gas reserves is incompatible with
the need to reduce climate damaging emissions from fossil fuels. Most of the concerns related to
fracking are the same in acidising (both matrix acidising and acid fracking)45. These include risks
of groundwater, air and soil contamination by the chemicals, risks for human health, and risk of
earth tremors46. There are also the same issues regarding the industrialisation of rural areas with
more heavy goods traffic and noise and the large number of wells that might be needed. As with
proppant hydraulic fracking there are also concerns about how the waste fluids coming from these
sites are being monitored and dealt with.
Additional concerns relate to the high concentration of chemicals (from 6-18% of the total fluid
used), the cumulative volumes of fluids and the potential use of highly hazardous hydrofluoric acid.
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Why be concerned now?
It is unclear where and on what scale acid stimulation has occurred in England. Even if it has been
used for a long time this doesn’t mean that it shouldn’t be questioned. The context has changed
significantly in recent decades with acidising now being used increasingly with horizontal oil and
gas drilling globally. There is a need for clear information on the number of wells which have had
matrix acidising or acid fracking treatments as well as data on where this is proposed.47
The lack of data mentioned above gives cause for concern. Many chemicals used for acidising
are hazardous with a poor environmental profile and the impacts of the release of some chemicals
are simply unknown.
The oil and gas industry is aware of the environmental risks from acidising. This is shown by
discussion of the use of potentially less harmful alternative chemicals for acidising treatments:
“Acidizing treatments can help significantly improve the productivity of a well. Safe handling
of commonly used corrosive acids, however, is a significant challenge to properly manage
during the execution of the treatments. The additives, such as corrosion inhibitors, iron control
agents, etc., typically used to mitigate the corrosive impact of acids and other un-wanted
reactions during the treatments adds to the complexity of safe handling, while further
aggravating the environmental impact of the overall treatment. Higher dosages of additives
that are needed at higher treatment temperatures and pressures further compound the
challenge. With the industry needs trending to high temperatures & pressures, and stricter
health, safety & environmental (HSE) considerations, an alternative stimulation fluid that is
suited for all the challenging conditions and be globally applicable with an acceptable
environmental profile would be ideal.” 48
“There are several concerns with the use of HCl acids: health and safety of the field crew,
corrosive nature of the acids for the flow lines and equipment, and environmental effects of
the produced HCl.” 49

Recommendations
In order to address some of the issues highlighted in this briefing Friends of the Earth believes
that:
•

The government should immediately put in place a ban on acid fracking and matrix
acidising well stimulations in England.
We also recommend:

•
•

A full and independent assessment of the health and environmental impacts of acid well
stimulations in England is carried out.
The government should make data publicly available on the number and type of acid
stimulations that have taken place in England with estimates of the quantities and types of
chemicals that have been used.
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•
•
•

A study is carried out to identify chemicals of concern and how they are being dealt with
from all onshore well stimulation operations.
Surface level development related to acidising of wells should not be allowed in nationally
and internationally designated sites.
A requirement in planning guidance for energy companies to state explicitly if they intend
to carry out maintenance acid washing or well stimulation – and the type of treatment
planned.

Summary
The key points in this briefing are:
•
•
•
•

•
•

•
•
•
•
•
•

Well stimulation is a set of techniques used to allow greater exploitation of oil and gas
reservoirs.
One class of these techniques that is well known is “hydraulic fracking” or just “fracking”, but
another class is “acid stimulation”
Acid stimulation is based on the injection into the well of a fluid containing acid and chemical
additives. These are at a much higher concentration than used in hydraulic fracking.
There are two main acid stimulation treatments: matrix acidising (where the fluid is injected
below the fracturing pressure of the rock formation) and acid fracturing (where the fluid is
injected at pressure above the fracturing pressure of the rock formation).
Existing oil wells in England may be using acidising techniques but there appears to be no
accessible aggregate data on the number of wells and quantities of chemicals being used.
Many new wells are likely to be drilled using these techniques – some in areas which are
designated for their wildlife or landscape value. We have already seen applications in the
South Downs National Park for example.
There is legitimate concern about the use of acid stimulation treatments for oil exploration with
the use of long horizontal wells and therefore high volumes of acidising fluid in England.
The acids and other chemicals pose risks to the environment and local communities,.
No proper environmental risk assessment study appears to have been performed.
There are significant data gaps about the toxicity and persistence in the environment of
chemicals used in acidising.
The regulations covering fracking are unlikely to cover acidising well stimulation operations,
and this must be addressed.
In order to avoid catastrophic climate change, new onshore oil and gas extraction projects
must be halted whatever processes are used.
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