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Public introduction
M4ShaleGas stands for Measuring, monitoring, mitigating and managing the environmental impact of
shale gas and is funded by the European Union’s Horizon 2020 Research and Innovation Programme.
The main goal of the M4ShaleGas project is to study and evaluate potential risks and impacts of shale gas
exploration and exploitation. The focus lies on four main areas of potential impact: the subsurface, the
surface, the atmosphere, and social impacts.
The European Commission's Energy Roadmap 2050 identifies gas as a critical fuel for the transformation
of the energy system in the direction of lower CO2 emissions and more renewable energy. Shale gas may
contribute to this transformation.
Shale gas is – by definition – a natural gas found trapped in shale, a fine grained sedimentary rock
composed of mud. There are several concerns related to shale gas exploration and production, many of
them being associated with hydraulic fracturing operations that are performed to stimulate gas flow in the
shales. Potential risks and concerns include for example the fate of chemical compounds in the used
hydraulic fracturing and drilling fluids and their potential impact on shallow ground water. The fracturing
process may also induce small magnitude earthquakes. There is also an ongoing debate on greenhouse gas
emissions of shale gas (CO2 and methane) and its energy efficiency compared to other energy sources
There is a strong need for a better European knowledge base on shale gas operations and their
environmental impacts particularly, if shale gas shall play a role in Europe’s energy mix in the coming
decennia. M4ShaleGas’ main goal is to build such a knowledge base, including an inventory of best
practices that minimise risks and impacts of shale gas exploration and production in Europe, as well as
best practices for public engagement.
The M4ShaleGas project is carried out by 18 European research institutions and is coordinated by TNONetherlands Organization for Applied Scientific Research.

Executive Report Summary
During exploration and exploitation of gas from shale formations a large number of chemicals, with
varying harmfulness for the environment and human health, is used. These substances are used for
preparing both drilling fluid materials and fluids for hydraulic fracturing. Information on harmfulness of
used substances and chemicals is included in safety data sheets. Both in the USA and Canada, there is a
lack of uniform public disclosure about quality of hydraulic fracturing fluids requirements between the
federal government and the respective state or provincial laws. None of the countries have uniform public
disclosure laws among the constituent states or provinces that are in the process of developing shale oil
and gas regulatory regimes. In the United States and Canada legislative requirements concerning the
issues of health and safety during the use of chemical substances and compounds in general have been
proposed (at the federal level). Although some of these substances include chemicals that may be added to
hydraulic fracturing fluids, the studies are not specifically concerned with such chemicals. In Europe,
there is no obligation of publishing information about substances and measures used during the drilling
process connected with gas extraction from shale formations. The management of chemicals, including
those used during shale gas exploitation, is regulated at EU level by two regulations i.e. REACH
(Regulation (EC) No 1907/2006) and CLP (Regulation (EC) No 1272/2008).
In the USA, the management of waste from the exploration and exploitation of hydrocarbon deposits is
subject to Subtitle D (non-hazardous waste) of the Resource Conservation and Recovery Act. This type of
waste is also subject to state regulation. Many states are developing legislation and regulations in response
to the increase in the use of hydraulic fracturing, including requirements related to waste management.
These regulations, however, differ as to the scope and level of detail. Regulatory programs can include
regulatory parameters such as liner requirements, clear definitions of waste fluids and characterization
requirements, operational controls, maintenance, closure, and financial assurance requirements. There are
still fields that do not have specific requirements, like groundwater monitoring requirements for solid
D10.1 Review concerning drilling materials and management of wastes
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waste management facilities, leachate collection requirements, air monitoring of solid waste management
facilities, and waste characterization requirements. In addition to the legal requirements in respective
states, there is a variety of voluntary management practice guidance for operators to evaluate and use in
the development of waste management plans. In the USA, there are different methods of storage and
disposal of waste generated during exploration and exploitation of gas from shale formations. The method
of temporary storage of the waste is different in several states and depends on the type and composition of
the waste. The most commonly used disposal method for this type of waste is underground injection. In
Canada there is no legislation at the federal level that explicitly deals with hydraulic fracturing fluids or
produced water. The Canadian National Energy Board regulates oil and gas exploration and production
activities. Each province, in which it is permitted to carry out hydraulic fracturing, has its own regulations
concerning waste management. These regulations vary considerably between provinces. In Europe there
are currently no explicit requirements and legal regulations concerning the management of waste from
exploration and exploitation of gas from shale deposits, at both the EU level and the individual Member
State level. Those countries rely mainly on the general mining and environmental legislation transposing
the EU legislation and related permitting procedures to regulate such activities, as they do for
conventional gas extraction. The selected Member States do not have a common view on the applicability
of Mining Waste Directive to this type of waste. Selected EU Member States have different approaches to
the injection of wastewaters resulting from hydraulic fracturing activities, underground disposal or reuse
in subsequent fracturing operations. These countries do not have explicit requirements concerning surface
storage of wastewater from unconventional gas activities and treatment and discharge to surface waters of
wastewater from unconventional gas project.
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1

INTRODUCTION

1.1

Context of M4ShaleGas

Shale gas source rocks are widely distributed around the world and many countries have now
started to investigate their shale gas potential. Some argue that shale gas has already proved to
be a game changer in the U.S. energy market (EIA 20151). The European Commission's
Energy Roadmap 2050 identifies gas as a critical energy source for the transformation of the
energy system to a system with lower CO2 emissions that combines gas with increasing
contributions of renewable energy and increasing energy efficiency. It may be argued that in
Europe, natural gas replacing coal and oil will contribute to emissions reduction on the short
and medium terms.
There are, however, several concerns related to shale gas exploration and production, many of
them being associated with the process of hydraulic fracturing. There is also a debate on the
greenhouse gas emissions of shale gas (CO2 and methane) and its energy return on investment
compared to other energy sources. Questions are raised about the specific environmental
footprint of shale gas in Europe as a whole as well as in individual Member States. Shale gas
basins are unevenly distributed among the European Member States and are not restricted
within national borders, which makes close cooperation between the involved Member States
essential. There is relatively little knowledge on the footprint in regions with a variety of
geological and geopolitical settings as are present in Europe. Concerns and risks are clustered
in the following four areas: subsurface, surface, atmosphere and society. As the European
continent is densely populated, it is most certainly of vital importance to understand public
perceptions of shale gas and for European publics to be fully engaged in the debate about its
potential development.
Accordingly, Europe has a strong need for a comprehensive knowledge base on potential
environmental, societal and economic consequences of shale gas exploration and exploitation.
Knowledge needs to be science-based, needs to be developed by research institutes with a
strong track record in shale gas studies, and needs to cover the different attitudes and
approaches to shale gas exploration and exploitation in Europe. The M4ShaleGas project is
seeking to provide such a scientific knowledge base, integrating the scientific outcome of 18
research institutes across Europe. It addresses the issues raised in the Horizon 2020 call LCE
16 – 2014 on Understanding, preventing and mitigating the potential environmental risks and
impacts of shale gas exploration and exploitation.

1

EIA (2015). Annual Energy Outlook 2015 with projections to 2040. U.S. Energy Information Administration
(www.eia.gov).
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1.2

Study objectives for this report

A review of materials and chemicals used in shale gas exploitation and their impact on natural
environment was carried out. Regulatory frameworks applicable in Europe and worldwide
which apply to the management of wastes produced during shale gas exploitation were also
reviewed.

1.3

Aims of this report

The aim of this report is to provide information on the current state of knowledge and
applicable legal regulations concerning what harmful effects on the environment and human
life may create the usage of drilling materials and chemicals during exploration and
development activities aimed at shale gas exploitation and management of waste generated in
the course of those activities.

D10.1 Review concerning drilling materials and management of wastes
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2

REVIEW OF VALID LEGAL ACTS AND EXISTING BEST
PRACTICES FOR MATERIALS AND CHEMICALS USED IN
SHALE GAS OPERATIONS

2.1

Substances and materials used in gas exploitation from shale
formations to prepare fracturing fluids

Exploration and exploitation of unconventional hydrocarbon deposits are related to the
generation of waste, which harmful impact on natural environment is varied and depends
largely on the type of materials and chemicals used in the process of preparation the fracturing
fluid.
The main components of the fluid used in hydraulic fracturing are water and sand, contents of
which ranges from 98% to 99.5%. The remainder part is formed by various chemicals added
to adjust the characteristics of the fracturing fluid. These chemicals are typically blended at
the wellhead during, or immediately before, injection and serve various functions in the
process. These additives serve primarily to increase viscosity, which helps the fluid to carry
proppant more effectively, and reduce friction, which allows the fluid to flow more easily to
and into the target formation. Among them are substances facilitating the dissolution of
minerals and formation of cracks in the rock, reducing the friction, enhancing viscosity,
gelling agents, which prevent shells swelling, surface-active, preventing the precipitation of
sediment (scale) and metal oxides, adjusting the pH level, anticorrosive and stripping an
oxygen content to 0.002 %, biocides and substances that allow a delayed break down of the
gel. The content of individual substances in fracturing fluid is not high and is usually between
thousandths (e.g. biocides, corrosion inhibitors) to tenths of a percent (e.g. acids)
(Supplemental Generic Environmental Impact Statement On The Oil, Gas and Solution
Mining Regulatory Program, 2011; Środowiskowe aspekty poszukiwań i produkcji gazu
ziemnego łupkowego i ropy naftowej łupkowej [Environmental aspects of shale gas/oil
exploration and production], 2011; Water Management Associated with Hydraulic
Fracturing, 2010).
The main component of the fracturing fluid is water, which may come from land-based
sources or groundwater. An alternative to water are natural salines with a low salinity, which
are situated deeper than drinking water. An essential component of a fracturing fluid is sand
or similar material (ie. proppant), which prevents fractures generated in the rock during
fracturing treatment from closing (after a decrease in pressure) and allows the escape of gas
from shale formations. Materials used as proppant are in general, like water itself, chemically
inert and do not pose significant threats to the environment.
Fracturing fluid additives are chemical compounds or mixtures thereof. The amount of
chemicals with different harmfulness on the environment and living organisms that are used
to prepare a fracturing fluid may range from dozens to even hundreds of substances. Among
these substances are mentioned, among others, groups of chemical compounds such as
glycols, glycol ethers, alcohols and aldehydes, amides, amines, inorganic and organic acids
and their salts, esters and derivatives, polymers, aromatic hydrocarbons or petroleum
distillates.
It should be emphasized that substances added to the fluid used in hydraulic fracturing are the
same or consist of similar types of chemical compounds which have been using from a long
D10.1 Review concerning drilling materials and management of wastes
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time to intensify the processes of hydrocarbons extraction from conventional deposits. Many
of these substances are used in the production of items used in everyday life, such as
cosmetics, shampoos and detergents.
A set of substances used to prepare a fracturing fluid (including substances regulating its
properties), their functions, the result of their use and the examples of chemical compounds
are shown in Table 1 (Economides and Nolte, 2000; FracFocus: Why Chemicals Are Used?;
McCurdy, 2011; Modern Shale Gas Development in the United States: A Primer, 2009;
Petroleum information sheet, 2015; Otwór badawczy Markowola 1 jako przykład działań
prowadzonych z troską o środowiska [Markowola-1 exploratory borehole as an example of
activities carried out with care for the environment], 2011; Stringfellow et al., 2014;
Supplemental Generic Environmental Impact Statement On The Oil, Gas and Solution Mining
Regulatory Program, 2011; URS Corporation, 2011; United States Environmental Protection
Agency, 2004). Table 1 also shows typical ranges of concentrations of specific substances in
fracturing fluids. Composition of the fracturing fluid is graphically presented in Figure 1
(FracFocus: Introduction to Chemical Use).
Table 1. A set of substances regulating properties of a fluid used in the hydraulic fracturing treatment
(based on Economides and Nolte, 2000; FracFocus: Why Chemicals Are Used?; McCurdy, 2011;
Modern Shale Gas Development in the United States: A Primer, 2009; Petroleum information sheet,
2015; Otwór badawczy Markowola 1 jako przykład działań prowadzonych z troską o środowiska
[Markowola-1 exploratory borehole as an example of activities carried out with care for the
environment], 2011; Stringfellow et al., 2014; Supplemental Generic Environmental Impact Statement
On The Oil, Gas and Solution Mining Regulatory Program, 2011; URS Corporation, 2011; United
States Environmental Protection Agency, 2004).
Fluid
component

Role

Downhole result

Acid

Helps dissolve minerals
and initiate cracks in
the rock

Biocide

Eliminates bacteria in
the water that produces
corrosive by-products;
Controls bacteria that
degrades fracturing
chemicals and
contributes to corrosion
of well tubing, casings,
and equipment
Allows a delayed break
down of the gel;
Reverses crosslinking,
which reduces viscosity
of gelled fluids and
allows removal of
residual polymers from
newly created
fractures, which would

Reacts with minerals present
in the formation to create
salts, water and carbon
dioxide (neutralized)
Reacts with microorganisms that may be
present in the treatment fluid
and formation. These microorganisms break down the
product with a small amount
of the product returning in
produced water

Breaker

Reacts with the "crosslinker"
and "gel" once in the
formation making it easier
for the fluid to flow to the
borehole. Reaction produces
ammonia and sulphate salts
which are returned in
produced water

D10.1 Review concerning drilling materials and management of wastes

Concentrations
range in
fracturing fluid
70 - 150 mg/l

Exemplary substance

10 – 800 mg/l

Glutaraldehyde,
Ammonium Chloride,
Quaternary Ammonium
Chloride, Tetrakis
Hydroxymethyl
Phosphonium Sulphate

1.0 - 400 mg/l

Ammonium Persulphate,
Sodium Chloride,
Magnesium Peroxide,
Magnesium Oxide

Hydrochloric Acid
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Fluid
component

Clay
Stabilizer

Role

otherwise impede flow
of gas and reduce well
productivity
Prevents the swelling
of clays found in gas
shale layers,
particularly smectite

Corrosion
Inhibitor

Forms a protective
layer on metal well
components,
preventing corrosion by
acids, salts, and
corrosive gases

Crosslinker

Chemically binds
individual gel polymer
molecules together to
form larger molecules,
resulting in higher
viscosity, more
elasticity, and better
proppant transport
compared with linear
gels that are not
crosslinked
“Slicks” the water to
minimize friction;
Carrier fluid for
polyacrylamide friction
reducer; Product
stabilizer and / or
winterizing agent

Friction
Reducer

Gelling
Agent

Iron
Control

Thickens the water in
order to suspend the
sand; Increases
fracturing fluid
viscosity, allowing for
better proppant
suspension and
transport into
developed fractures
Prevents precipitation
of metal oxides (in
pipe); Controls iron
precipitates that block
flow paths within the
formation, reducing
reservoir rock
permeability, well

Downhole result

Concentrations
range in
fracturing fluid

Exemplary substance

Reacts with clays in the
formation through a sodium
- potassium ion exchange.
Reaction results in sodium
chloride (table salt) which is
returned in produced water
Bonds to metal surfaces
(pipe) downhole. Any
remaining product not
bonded is broken down by
micro-organisms and
consumed or returned in
produced water
Combines with the "breaker"
in the formation to create
salts that are returned in
produced water

500 – 2,000 mg/l

Choline Chloride,
Tetramethyl Ammonium
Chloride, Sodium
Chloride, Isopropanol

10 – 7,000 mg/l

Isopropanol, Methanol,
Formic Acid,
Acetaldehyde

0.5 – 250 mg/l

Triethanolamine, Sodium
Tetraborate, Boric Acid,
Zirconium Complex,
Borate Salts, Ethylene
Glycol

Remains in the formation
where temperature and
exposure to the "breaker"
allows it to be broken down
and consumed by naturally
occurring micro-organisms.
A small amount returns with
produced water
Combines with the "breaker"
in the formation thus making
it much easier for the fluid to
flow to the borehole and
return in produced water

30 – 1,200 mg/l

Polyacrylamide,
Hydrotreated Light
Petroleum Distillate,
Methanol, Ethylene
Glycol

10 – 1,000 mg/l

Guar Gum,
Polysaccharide Blend,
Ethylene Glycol,
Cellulosic compounds

Reacts with minerals in the
formation to create simple
salts, carbon dioxide and
water all of which are
returned in produced water

50 – 200 mg/l

Citric Acid, Acetic Acid,
Thioglycolic Acid,
Sodium Erythorbate
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Fluid
component

pH
Adjusters

Role

productivity and fluid
recovery
Adjusts the pH of fluid
to maintain the
effectiveness of other
components, such as
crosslinkers

Scale
Inhibitor

Prevents scale deposits
downhole and in
surface equipment

Surfactant

Reduces surface
tension of the treatment
fluid in the formation
and helps improve fluid
recovery from the well
after the fracking is
completed
Proppant or tiny solids
(e.g. sand) are used to
physically hold open
tiny rock fractures or
cracks and to allow
fluids and gas to move
around them

Proppant

Downhole result

Concentrations
range in
fracturing fluid

Exemplary substance

Reacts with acidic agents in
the treatment fluid to
maintain a neutral (nonacidic, non-alkaline) pH.
Reaction results in mineral
salts, water and carbon
dioxide; a portion of each is
returned in produced water
Product attaches to the
formation downhole. The
majority of product returns
with produced water while
remaining reacts with
microorganisms that break
down and consume the
product
Some surfactants are made
to react with the formation,
generally returned with
produced water, but in some
formations they may enter
the gas stream and return in
the produced natural gas
Keeps an induced hydraulic
fracture open, during or
following a fracturing
treatment

100 – 300 mg/l

Sodium Hydroxide,
Potassium Hydroxide,
Acetic Acid, Sodium
Carbonate, Potassium
Carbonate

75 – 400 mg/l

Copolymer of
Acrylamide and Sodium
Acrylate, Sodium
Polycarboxylate,
Phosphonic Acid Salt

500 – 1,800 mg/l

Lauryl Sulphate,
Ethanol, Isopropyl
Alkohol, 2Butoxyethanol

35 - 100 g/l

Crystalline silica
(quartz), Crystalline
silica (cristobalite),
Ceramic

Chemicals

D10.1 Review concerning drilling materials and management of wastes
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Figure 1. Illustrative composition of a fracturing fluid (based on FracFocus: Introduction to Chemical
Use).

It is worth mentioning that not all substances listed in Table 1 are always used to prepare
fracturing fluid. Its composition is selected according to geological conditions and the type of
rock (shales) with gas. In addition, it is sometimes necessary to use other additives than those
commonly used. A typical fracture treatment will use very low concentrations of between 3
and 12 additive chemicals, depending on the characteristics of the water and the rock
formation being fractured. Each component serves a specific, engineered purpose. It should be
emphasized that it is difficult to find detailed information on the composition of fluids used in
hydraulic fracturing treatments, because the companies designing and executing these
treatments usually do not reveal such data for commercial reasons. Such approach and lack of
information about the properties of components that are used to create fracturing fluids, has
become a cause of concern among the general public about possible risks to the environment
and human health due to the use of these substances.
As mentioned earlier, the quantity of substances and chemical compounds used in the
preparation of fracturing fluids is great. According to the latest EPA report (Analysis of
Hydraulic Fracturing Fluid Data from the FracFocus Chemical Disclosure Registry 1.0,
2015) FracFocus database contains 692 unique ingredients reported for base fluids, proppants,
and additives in hydraulic fracturing fluids. Similarly, a large number of chemicals used
during hydraulic fracturing is estimated and reported in other sources. In a survey of 14
leading oil and gas service companies, Waxman et al. (Chemicals Used in Hydraulic
Fracturing, 2011) found that the additives used contained 750 chemicals. Colborn et al.
(Colborn et al., 2011) used information from Material Safety Data Sheet (MSDS) for
additives used in the natural gas industry to compile an estimate of 632 chemicals used during
drilling and hydraulic fracturing of natural gas wells. It should be noted, however, that only a
limited number of substances and chemical compounds are routinely used in hydraulic
fracturing treatments. Therefore, Table 2 lists those substances and chemicals that are often
used to prepare a fracturing fluid together with their CAS number. A Chemical Abstracts
Service (CAS) Number is a unique identifier for chemical substances. The CAS is a division
of the American Chemical Society that is responsible for the administration, quality assurance
and maintenance of the CAS registry. A CAS Number itself has no inherent chemical
significance but provides an unambiguous way to identify a chemical substance or molecular
structure when there are many possible systematic, generic, proprietary or trade names.
Additionally, Table 2 presents the function of a given compound, products in which it can be
traced and the classification in accordance with existing EU CLP Regulation (Arthur et al.,
2008; Economides and Nolte, 2000; FracFocus: What Chemicals Are Used?; Gartiser and
Urich, 2003; GBW-30 Breaker, 2012; Halliburton: Fluids Disclosure; Miller, 2007; Modern
Shale Gas Development in the United States: A Primer, 2009; Nishihara et al., 2000;
Regulation (EC) No 1907/2006; Regulation (EC) No 1272/2008; Stringfellow et al., 2014;
United States Environmental Protection Agency, 2004). Explanations of abbreviations
contained in Table 2 concerning the classification of the individual compounds in accordance
with the CLP Regulation, are included in Tables 3 and 4.
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Table 2. Set of chemical compounds and their mixtures most commonly used during gas exploitation from shale formations, for preparation of hydraulic
fracturing fluids (based on Arthur et al., 2008; Economides et al., 2000; FracFocus: What Chemicals Are Used?; Gartiser and Urich, 2003; GBW-30
Breaker, 2012; Halliburton: Fluids Disclosure; Miller, 2007; Modern Shale Gas Development in the United States: A Primer, 2009; Nishihara et al., 2000;
Regulation (EC) No 1907/2006; Regulation (EC) No 1272/2008; Stringfellow et al., 2014; United States Environmental Protection Agency, 2004). CAS
number: Chemical Abstracts Service number.
CLP Classification
No.

Chemical name

CAS number

Function

Product

1

1-Bromo-3-chloro-5,5dimethylhydantoin

16079-88-2

Not found

10222-01-2
1113-55-9

2
3

4

5

2,2-Dibromo-3nitrilopropionamide
2-Bromo-3nitrilopropionamide

2-Butoxyethanol

Acetaldehyde

111-76-2

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

Not found

Unclassified

Unclassified

Biocide, Fracturing,
Completion

Biocide B69, Bio-Clear 1000,
Bactron K-108, Bio-Clear 200

Unclassified

Unclassified

Biocide, Fracturing

Biocide B69, Bactron K-108

Unclassified

Unclassified

Acute Tox. 4*
Acute Tox. 4*
Acute Tox. 4*
Eye Irrit. 2
Skin Irrit. 2

H332
H312
H302
H319
H315

Flam. Liq. 1
Carc. 2
Eye Irrit. 2
STOT SE 3

H224
H351
H319
H335

Flam. Liq. 3
Skin Corr. 1A

H226
H314

Flam. Liq. 2
Eye Irrit. 2

H225
H319

Surfactant,
Foamer, Fracturing,
Gellant, Solvent

AQF-2, Ezeflo103 #1,2,
F104 Foaming Agent, FAW-4, Inflo-102,
F105 Multifunctional Surfactant, INC 932,
J564, SS0-21M Winterize, U66,
Klean-foam, WFT FM A100,
Foamatron V-41, Foamatron V-68,
F806PB

75-07-0

Corrosion Inhibitor

Not found

Clear FRAC-EF, DWP-105, FE-1A,
SGA-1, Glacial Acetic
Not found

6

Acetic acid

64-19-7

Iron Control;
pH Adjusting Agent
Additive, Gellant,
Clay Control, Fracturing

7

Acetone

67-64-1

Not found

D10.1 Review concerning drilling materials and management of wastes
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CLP Classification
No.

Chemical name

CAS number

Function

Product

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

STOT SE 3

H336

Eye Irrit. 2

H319

Unclassified

Unclassified

Acute Tox. 4*
Eye Irrit. 2
Ox. Sol. 3
Acute Tox. 4*
Eye Irrit. 2
STOT SE 3
Skin Irrit. 2
Resp. Sens. 1
Skin Sens. 1
Unclassified
–
Unclassified
Eye Irrit. 2
Unclassified
Unclassified

H302
H319
H272
H302
H319
H335
H315
H334
H317
Unclassified
–
Unclassified
H319
Unclassified
Unclassified

8

Adipic acid

124-04-9

Viscosifier, Fracturing

Galactasol 653 Guar Product
Galactasol 467 Guar Product

9

Alkyl dimethyl benzyl
ammonium chloride

68424-85-1

Not found

Not found

10

Ammonium chloride

12125-02-9

Not found

Not found

11

Ammonium persulfate

7727-54-0

Breaker

GBW-5, High Perm CRB,
High Perm CRB-LT,
Breaker J218, EB-Clean

12
13
14
15
16
17

Ammonium sulfate
Borate salts
Boric acid sodium salt
Calcium chloride
Calcium peroxide
Carbon dioxide

7783-20-2
Various
1333-73-9
10043-52-4
1305-79-9
124-38-9

Not found
Not found
Not found
Not found
Not found
Not found

18

Carboxymethyl guar

39346-76-4

Not found
Crosslinker
Not found
Breaker
Not found
Not found
Fracturing, Fluid
Component/Gellant

GW-45LE, XLFC-1

Unclassified

Unclassified

9004-30-2

Not found

Not found

Unclassified

Unclassified

68130-15-4

Gellant, Fracturing

WG-18 Gelling Agent

Unclassified

Unclassified

67-48-1
77-92-9

Clay Stabilizer
Iron Control

Not found
Ferrotrol 300L, FE-2A

Unclassified
Flam. Gas 1

Unclassified
H220

19
20
21
22

Carboxymethyl
hydroxyethyl cellulose
Carboxymethyl
hydroxypropyl guar
Choline chloride
Citric acid
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CLP Classification
No.

Chemical name

26

Copolymer of
acrylamide and
sodium acrylate
Copper compounds
Didecyl dimethyl
ammonium chloride
Diesel fuel

27

Diethanolamine

23
24
25

CAS number

Function

Product

H350
H340

Not found

Unclassified

Unclassified

Various

Not found

Not found

7173-51-5

Biocide, Fracturing

Alpha 133

Various

Not found

Not found

111-42-2

Not found

Not found

–
Acute Tox. 4*
Skin Corr. 1B
–
Acute Tox. 4*
STOT RE 2*
Skin Irrit. 2
Eye Dam. 1

–
H302
H314
–
H302
H373**
H315
H318

Various

Not found

Not found

–

–

Various

Foaming Agent, Fracturing

F104 Foaming agent
HAI-85M Acid Inhibitor, F104 Foaming
Agent, F52, Bactron K-87, Alpha 133

–

–

Flam. Liq. 2

H225

–

–

Acute Tox. 4*

H302

30

Ethanol

64-17-5

Surfactant

31

Ethyl methyl
derivatives

Various

Not found

Not found

107-21-1

Crosslinker,
Friction Reducer,
Gelling Agent,
Non-Emulsifier,
Breaker,
Scale Inhibitor, Foamer,
Lubricant Surface Tension,

HMP Link, EPL-50, DWP-903,
Protex-All Inhibitor, BC-140, Inflo-150,
Nalco EC6486A, Foamatron V-41,
Foamatron V-68, Gyptron T-263,
Unilink 8.5

Ethylene glycol

Press. Gas
Carc. 1A
Muta. 1B
Scale Inhibitor

29

32

Hazard Statement
Code(s)

25987-30-8

Dimethyl
dihydrogenated tallow
ammonium chloride
Ester salt

28

Hazard Class and
Category Code(s)
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CLP Classification
No.

Chemical name

CAS number

33

Formic acid

64-18-6

34

Fumaric acid

110-17-8

Function
Fracturing
Corrosion Inhibitor,
Clay Control,
pH Control, Fracturing

Product

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

Skin Corr. 1A

H314

Eye Irrit. 2

H319

Acute Tox. 3*
Acute Tox. 3*
Skin Corr. 1B
Resp. Sens. 1
Skin Sens. 1
Aquatic Acute 1
–

H331
H301
H314
H334
H317
H400
–

Unclassified

Unclassified

Resp. Sens. 1

H334

Press. Gas
Acute Tox. 3*
Skin Corr. 1A

H331
H314

Asp. Tox. 1

H304

Natrosol, Pheno Seal, FLAC

Unclassified

Unclassified

Klucel

Unclassified

Unclassified

DWP-104, DWP-204,
Formic Acid, Formic Acid 10%

pH Control, Viscosifier,
Fracturing, Gellant

Water Gelling Agent J424
Galactasol 467 Guar Product, Fumaric
Acid
Diald 25, X-Cide 0102, Aldacide G,
Green-Cide 25G (B244), LB-0150,
X-Cide 102, Bactron K-87,
Cortron R-2389,
Alpha 125, ICI-150

35

Glutaraldehyde

111-30-8

Biocide

36

Glycol ethers

Various

Fracturing

37

Guar gum

9000-30-0

Gelling Agent

38

Hemicellulase enzyme

9012-54-8

Not found

39

Hydrochloric acid

7647-01-0

Acid
Scale Inhibitor, pH Control,
Gellant, Fracturing

40

Hydrotreated light
petroleum distillate

64742-47-8

41

Hydroxyethyl
cellulose

9004-62-0

42

Hydroxypropyl
cellulose

9004-64-2

Crosslinker,
Friction Reducer,
Gelling Agent
Lost Circulation Material,
Viscosifier, Fluid Loss
Additive, Fracturing
Viscosfier, Fracturing

D10.1 Review concerning drilling materials and management of wastes

Not found
WG-22, WG-35, GW-3LD Green,
Water Gelling Agent J424
Not found
Gyban L47, Hydrochloric acid #1,2,
Hydrochloric acid mixture, SGA-1,
SGA-II, SGA-III, Pad Acid, Hydrochloric
acid 36% unihibited, HCI
FRW-14, SGA-III, Bara-Defoam W300,
B145 #1,2, Enviro-Torq #1, FR-26LC,
Poly-Plus, Drispac Liquid, GW-45LE
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CLP Classification
No.

Chemical name

CAS number

Function

Product

43

Hydroxypropyl guar

39421-75-5

Not found

Not found
Losurf-300, CI-25, FAW-4, Inflo-102,
NE-118, NE-940, A 186, HAI-85M,
ClearFRAC-LT, Ezeflo F103 #1,2,
Enviro-Torq #2, Klean-foam, Klean-break,
SandWedge, C-200-W, Con Det, J508W,
W54, LB-0150, LCW-02, L-SOLV 2001,
Foamatron V-41, Foamatron VDF-127,
Alpha 133, Techni-Foam 570, ClearFRAC
J566, U80, F78, F806PB, Losurf-259,
Defoam HB, D-D
Not found
Not found
40 HTL, Busan 1030, CI-25, CI-14,
Inflo-102, ICI-150, Enviro-Chem Defoam,
NE-940, NE 100, XLW-32, DWP-202,
HAI-OS, L55, SS0-21M, W54, A 264,
19N, Flo-Back 20, Baracor 100 & 700,
Inflo-150, Klean-break, Ezeflo F40, W054,
C-200-W, EPL-50, Versacoat, Nalco
EC1076A, CSI 1220, SCI 755, SF 53,
SI 203, CI 1259, CI 1226, WT 782, CSI
5009, LSCW-0452, L-SOLV 2001,
S-2000, Techni-Hib 7671W,
Cortron R-2389, Foamatron V-41,
Cortron RN-211, Gyptron T-240,
Gyptron T-106, Foamatron VDF-127,
Techni-Hib 767W, Techni-Foam 570,
ZetaFlow
BC-140, HMP Link, Baracor 95

44

Isopropanol

67-63-0

45
46

Magnesium oxide
Magnesium peroxide

1309-48-4
14452-57-4

47

Methanol

67-56-1

48

Monoethanolamine

141-43-5

Corrosion Inhibitor,
Non-Emulsifier
Foamer, Surfactant,
Proppant, Breaker, Biocide,
Gellant, Acid inhibitor,
Emulsifier, Lubricant,
Solvent, Defoamer,
Fracturing Fluid
Breaker
Breaker
Corrosion Inhibitor,
Crosslinker,
Friction Reducer,
Gelling Agent, Surfactant
Biocide, Acid inhibitor,
Defoamer, Foamer,
Lubricant, pH balance,
Surfactant, Non-emulsifier,
Emulsifier, Surface
Tension, Solvent,
Fracturing,
Scale inhibitor,
Clay stabilizer,
Breaker
Crosslinker,
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Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

Unclassified

Unclassified

Flam. Liq. 2
Eye Irrit. 2
STOT SE 3

H225
H319
H336

Unclassified
Unclassified

Unclassified
Unclassified

Flam. Liq. 2
Acute Tox. 3*
Acute Tox. 3*
Acute Tox. 3*
STOT SE 1

H225
H331
H311
H301
H370**

Acute Tox. 4*

H332
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CLP Classification
No.

Chemical name

CAS number

Function

Product

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

Not found

Acute Tox. 4*
Acute Tox. 4*
Skin Corr. 1B
–

H312
H302
H314
–

Not found

Unclassified

Unclassified

Carc. 2
Acute Tox. 4*
Aquatic Acute 1
Aquatic Chronic 1
Unclassified

H351
H302
H400
H410
Unclassified

Versacoat

Unclassified

Unclassified

Not found
Not found
F104 Foaming Agent
BA-40L, BF-7L

–
Unclassified
–
Unclassified

–
Unclassified
–
Unclassified

HMP CON, Delta Frac with KCL, KCL

Unclassified

Unclassified

Acute Tox. 4*
Skin Corr. 1A

H302
H314

Unclassified
Ox. Sol. 3
Acute Tox. 4*
Eye Irrit. 2
STOT SE 3
Skin Irrit. 2

Unclassified
H272
H302
H319
H335
H315

pH Control, Fracturing

49
50

Monoethylamine
N,N-dimethyl
formamide

1975-04-07
12/2/1968

Not found
Corrosion
Inhibitor
Surfactant
Biocide,
Non Emulsifying Agent,
Acid Inhibitor, Fracturing
Proppant, Fracturing
Crosslinker,
Friction Reducer,
Gelling Agent
Scale Inhibitor
Friction Reducer
Foaming Agent, Fracturing
pH Adjusting Agent
pH Control, Reagent,
Clay Control, Fracturing

Busan 1030, CI-25, NE-118, W53,
NE-940, W054

51

Naphthalene

91-20-3

52

Nitrogen

7727-37-9

53

Petroleum distillate

64741-85-1

54
55
56
57

Phosphonic acid salt
Polyacrylamide
Polyglycol ether
Potassium carbonate

Various
5/8/9003
Various
584-08-7

58

Potassium chloride

7447-40-7

59

Potassium hydroxide

1310-58-3

pH Adjusting Agent

60

Potassium metaborate

13709-94-9

Crosslinker

Potassium Hydroxide, Potassium
Hydroxide Solid, W.O. Defoam, B9,
BXL-2
CL-31 Crosslinker

61

Potassium persulfate

7727-21-1

Fracturing Fluid Additive

DWP-986 S
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CLP Classification
No.

Chemical name

CAS number

Function

Product

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)
H334
H317
H226
H331
H311
H301
H314
H411
Unclassified

62

Propargyl alcohol

107-19-7

Corrosion Inhibitor,
Acid Inhibitor,
pH Control, Fracturing

A 264, CI-25, CI-14, HAI-85M HAI-OS

63

16969-45-2

Not found

Not found

61789-71-1

Biocide

Not found

Unclassified

Unclassified

65

Pyridinium
Quaternary
ammonium chloride
Sodium carbonate

Resp. Sens. 1
Skin Sens. 1
Flam. Liq. 3
Acute Tox. 3*
Acute Tox. 3*
Acute Tox. 3*
Skin Corr. 1B
Aquatic Chronic 2
Unclassified

497-19-8

Soda Ash #3

Eye Irrit. 2

H319

66

Sodium chloride

7647-14-5

B145 #1, GBW-15L

Unclassified

Unclassified

67

Sodium erythorbate

6381-77-7

pH Adjusting Agent
Breaker,
Clay Stabilizer
Iron Control

Unclassified

Unclassified

68

Sodium hydroxide

1310-73-2

pH Adjusting Agent

Skin Corr. 1A

H3147-15

69
70

Sodium lauryl
Sodium persulfate
Sodium
polycarboxylate
Sodium tetraborate
decahydrate
Tetrakis
hydroxymethylphosphonium sulfate

151-21-3
7775-27-1

Not found
Breaker, Fracturing

Not found
Sodium hydroxide, Caustic Soda #2,3,4,
ICI-3240, Caustic Soda Micropearls (OC)
Not found
SP, Breaker (solid)

Unclassified
Unclassified

Unclassified
Unclassified

Various

Scale Inhibitor

Not found

–

–

1303-96-4

Crosslinker

Borate Crosslinker J532

Unclassified

Unclassified

55566-30-8

Biocide

Magnacide 575 #1&2

Unclassified

Unclassified

75-57-0

Clay Stabilizer
Clay Control, Fracturing,
Completion

DWP-105, L064, Clayfix-II,
Clay Treat 3C, S-780

Unclassified

Unclassified

64

71
72
73

74

Tetramethyl
ammonium chloride
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CLP Classification
No.

Chemical name

CAS number

Function

Product

75

Thioglycolic acid

11/1/1968

Iron Control

Not found

76

Thiourea

62-56-6

Corrosion Inhibitor,
Fracturing

A 186 Corrosion Inhibitor

Tributyl tetradecyl
81741-28-8
Not found
phosphonium chloride
Triethanolamine
101033-44-7
Crosslinker
78
zirconate
Zirconium hydroxy
113184-20-6
Not found
79
lactate sodium
complex
13746-89-9
Crosslinker, Fracturing
80
Zirconium nitrate
14644-61-2
Crosslinker, Fracturing
81
Zirconium sulfate
Not found - means that during the bibliography review, no confirmation of the
fracturing fluid or name of a product in which this substance can exist).
77

Hazard Class and
Category Code(s)

Hazard Statement
Code(s)

Unclassified
Carc. 2
Repr. 2
Acute Tox. 4*
Aquatic Chronic 2

Unclassified
H351
H361d***
H302
H411

Not found

Unclassified

Unclassified

CL-37 Crossslinker

Unclassified

Unclassified

Not found

Unclassified

Unclassified

Zirconium Nitrate
Unclassified
Unclassified
Zirconium Sulfate
Unclassified
Unclassified
information has been found (information for a given substance in terms of its function in the

Unclassified - means that a substance or chemical compound is not classified in the Annex VI - Table 3.1 of the CLP Regulation.
„–„ – means that under one chemical name is more than one substance and therefore it is not possible to make an unambiguous classification according to CLP Regulation.
„*,**, ***„ – see CLP Regulation, Annex VI, Part 1, point 1.2.
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Table 3. Hazard class and category codes.
Hazard Class
Flammable gas
Gases under pressure
Flammable liquid

Hazard Class and Category Code
Flam. Gas 1
Flam. Gas 2
Press. Gas (*)
Flam. Liq. 1
Flam. Liq. 2
Flam. Liq. 3
Ox. Sol. 1

Oxidising solid

Ox. Sol. 2
Ox. Sol. 3

Substance or mixture corrosive to metals

Met. Corr. 1
Acute Tox. 1

Acute toxicity

Acute Tox. 2
Acute Tox. 3
Acute Tox. 4
Skin Corr. 1A

Skin corrosion/irritation

Skin Corr. 1B
Skin Corr. 1C
Skin Irrit. 2

Serious eye damage/eye irritation

Respiratory/skin sensitization

Eye Dam. 1
Eye Irrit. 2
Resp. Sens. 1
Skin Sens. 1
Muta. 1A

Germ cell mutagenicity

Muta. 1B
Muta. 2
Carc. 1A

Carcinogenicity

Carc. 1B
Carc. 2
Repr. 1A

Reproductive toxicity

Repr. 1B
Repr. 2
Lact.
STOT SE 1

Specific target organ toxicity — single exposure

STOT SE 2
STOT SE 3

Specific target organ toxicity — repeated
exposure

STOT RE 1
STOT RE 2
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Hazard Class
Aspiration hazard

Hazard Class and Category Code
Asp. Tox. 1
Aquatic Acute 1
Aquatic Chronic 1

Hazardous to the aquatic environment

Aquatic Chronic 2
Aquatic Chronic 3
Aquatic Chronic 4

Table 4. Hazard statement codes.
Hazard statement codes
Extremely flammable gas
H220
Extremely flammable liquid and vapour
H224
Highly flammable liquid and vapour
H225
Flammable liquid and vapour
H226
May intensify fire; oxidiser
H272
May be corrosive to metals
H290
Toxic if swallowed
H301
Harmful if swallowed
H302
May be fatal if swallowed and enters airways
H304
Toxic in contact with skin
H311
Harmful in contact with skin
H312
Causes severe skin burns and eye damage
H314
Causes skin irritation
H315
May cause an allergic skin reaction
H317
Causes serious eye damage
H318
Causes serious eye irritation
H319
Toxic if inhaled
H331
Harmful if inhaled
H332
May cause allergy or asthma symptoms or breathing difficulties if inhaled
H334
May cause respiratory irritation
H335
May cause drowsiness or dizziness
H336
May cause genetic defects (state route of exposure if it is conclusively proven that no other
H340
routes of exposure cause the hazard)
May cause cancer (state route of exposure if it is conclusively proven that no other routes of
H350
exposure cause the hazard)
Suspected of causing cancer (state route of exposure if it is conclusively proven that no other
H351
routs of exposure cause the hazard)
H361d Suspected of damaging the unborn child
Causes damage to organs (or state all organs affected, if known) (state route of exposure if it
H370
is conclusively proven that no other routes of exposure cause the hazard)
May cause damage to organs (or state all organs affected, if known) through prolonged or
H373
repeated exposure (state route of exposure if it is conclusively proven that no other routes of
exposure cause the hazard)
Very toxic to aquatic life
H400
Very toxic to aquatic life with long lasting effects
H410
Toxic to aquatic life with long lasting effects
H411
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The analysis of chemical substances and compounds included in Table 2 shows that 55
compounds are organic and 27 of them are readily biodegradable. 17 compounds have high
oxygen demand. Most of the evaluated compounds is non-toxic or has a low toxicity level
(only three are classified as Category 2 oral toxins according to standards in the Globally
Harmonised System of Classification and Labeling of Chemicals). It should be noted,
however, that for 30 of the analyzed compounds there is no information regarding their
toxicity. Available information also shows that substances most frequently used for preparing
the fracturing fluids are not volatile. Additionally, some of these substances or compounds
have a harmful effect on the environment (Regulation (EC) No 1272/2008; Stringfellow et al.,
2014). There is a large amount of information about chemical, physical and toxicological
properties of these substances but there are still gaps in determining some of the properties,
which shows that there is a need for further evaluation of these substances in order to
minimize their impact on the environment and human health.

2.2

Management of substances used for preparing fracturing fluids in
the United States

In the United States the primary legal act that established requirements for federal, state and
local governments, tribes, and industry regarding emergency planning and "community rightto-know" reporting on hazardous and toxic chemicals, is the Emergency Planning and
Community Right to Know Act (EPCRA) (FracFocus: Introduction to Chemical Use). The
community right-to-know provisions of EPCRA are the most significant part of law for
companies involved in gas exploration and extraction from shale formations. These provisions
help increase the public knowledge and access to information on chemical substances at
individual facilities, along with their uses and potential releases into the environment. In
accordance with the requirements of EPCRA, facilities manufacturing, processing, or storing
designated hazardous chemicals must make Material Safety Data Sheets (MSDS), describing
the properties and health effects of these chemical substances. MSDS must also be available
to the public.
In addition to federal disclosure laws, many states have developed or are developing public
disclosure rules related to hydraulic fracturing. Among these states Wyoming, Pennsylvania,
Arkansas, Texas, Utah, Ohio, Colorado, New Mexico, Montana, West Virginia, Idaho and
North Dakota should be mentioned. The state regulations outline the disclosure process to be
followed, the parties responsible for providing the information, the type of information that
must be disclosed, and the time by which the information must be provided. Although the
content of these rules differs, their common feature is providing information for the public
concerning materials and chemicals that will be used during drilling.
Many companies engaged in exploration and exploitation of gas from shale formations have
been voluntarily publishing lists of substances and chemical compounds used in fracturing
fluids on their company websites or in the FracFocus Chemical Disclosure Registry
(https://fracfocus.org/). FracFocus is a national hydraulic fracturing chemical registry
developed by the Interstate Oil and Gas Compact Commission (IOGCC) and the Ground
Water Protection Council (GWPC). The FracFocus database contains data and information on
chemical substances that are used during the operation of gas from shale formations across the
United States. Data extracted from the disclosures included fracture date, well identification
and location, operator, production type (i.e., oil or gas), total water volume, true vertical
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depth, and hydraulic fracturing fluid composition. Hydraulic fracturing fluid composition data
include trade names of additives, the purpose associated with each additive, and the identity
(chemical name and CAS number) and maximum concentration of each ingredient in an
additive and in the overall hydraulic fracturing fluid. Participating and placing information on
the FracFocus website is voluntary. However, participation is required by many state
regulatory agencies to meet chemical disclosure requirements in order to receive
environmental permits. Reporting is done by individual producers and the data input into the
registry is not standardized in terms of the information provided. FracFocus does not include
physical, chemical, and toxicological information (FracFocus: Introduction to Chemical Use;
Stringfellow et al., 2014).
On the basis of data collected on FracFocus website, regarding hydraulic fracturing conducted
in 20 states in the US from 1 January 2011 to 28 February 2013 (reported by 428 well
operators), a detailed analysis of substances and chemical compounds used during such
operations for preparing the fracturing fluids, was carried out (Analysis of Hydraulic
Fracturing Fluid Data from the FracFocus Chemical Disclosure Registry 1.0, 2015).
Hydraulic fracturing fluid composition data were extracted for 17,035 disclosures. As a result
of analyzes, a list of 18 most commonly reported chemicals used in hydraulic fracturing fluids
during the operation of gas from shale formations, has been created. Table 5 shows a list of
18, most frequently reported in FracFocus database, chemical substances and compounds
used during the gas extraction from shale formations, together with their CAS number,
purpose of use and maximum concentration (% by mass) in hydraulic fracturing fluid and in
chemical additive.
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Table 5. A list of 18, most frequently reported in FracFocus database, chemical substances and compounds used during the gas extraction from shale
formations (based on Analysis of Hydraulic Fracturing Fluid Data from the FracFocus Chemical Disclosure Registry 1.0, 2015). CAS number: Chemical
Abstracts Service number.

Chemical name

Hydrochloric Acid

Methanol

Distillates, Petroleum,
Hydrotreated Light1

CAS
number

7647-01-0

67-56-1

64742-47-8

Isopropanol

67-63-0

Ethanol1
Propargyl Alcohol
Glutaraldehyde

64-17-5
107-19-7
111-30-8

Ethylene Glycol

107-21-1

Citric Acid
Sodium Hydroxide

77-92-9
1310-73-2

Function

Acidizer, Solvent,
Scale Dissolver,
Perforation
Breakdown
Corrosion Inhibitor,
Surfactant, NonEmulsifier, Scale
Inhibitor, Biocide,
Crosslinker
Friction Reducer,
Gelling Agent,
Crosslinker
Corrosion Inhibitor,
Non-Emulsifier,
Surfactant
Surfactant, Biocide
Corrosion Inhibitor
Biocide
Crosslinker, Scale
Inhibitor, Corrosion
Inhibitor, Friction
Reducer
Iron Control
Crosslinker,
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Maximum concentration in hydraulic fracturing
fluid (% by mass)

Maximum concentration in additive (% by
mass)
Range for
Number of
Median
90% of the
disclosures
reported data

Number of
disclosures

Median

Range for 90% of
the reported data

12,351

0.078

0.0063 - 0.67

13,754

15

2.7 - 60

12,269

0.0020

0.000040 - 0.053

19,074

30

0.50 - 90

11,897

0.017

0.0021 - 0.27

14,289

30

3.1 - 70

8,008

0.0016

0.000010 - 0.051

10,326

30

2.5 - 60

6,325
5,811
5,635

0.0023
0.000070
0.0084

0.00012 - 0.090
0.000010 - 0.0016
0.00091 - 0.023

7,062
5,963
5,827

5.0
10
30

1.0 - 60
0.0037 - 40
0.18 - 60

5,493

0.0061

0.000080 - 0.24

7,733

35

1.0 - 100

4,832
4,656

0.0017
0.0036

0.000050 - 0.011
0.000020 - 0.088

4,885
5,642

60
5.0

30 - 100
1.0 - 60
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Chemical name

Peroxydisulfuric
Acid, Diammonium
Salt
2,2-Dibromo-3nitrilopropionamide

CAS
number

Maximum concentration in hydraulic fracturing
fluid (% by mass)

Maximum concentration in additive (% by
mass)
Range for
Number of
Median
90% of the
disclosures
reported data

Number of
disclosures

Median

Range for 90% of
the reported data

4,618

0.0045

0.000050 - 0.045

6,402

100

0.26 - 100

3,668

0.0018

0.000070 - 0.022

3,728

100

10 - 100

3,608

0.0091

0.0000002 - 0.12

4,176

30

1.0 - 40

3,586
3,563

0.10
0.0025

0.00057 - 0.38
0.0000002 - 0.028

3,702
3,778

60
50

1.6 - 100
5.0 - 90

3,325

0.0035

0.000010 - 0.041

4,186

10

3.0 - 40

3.294

0.0012

0.0000027 - 0.0050

3,355

5.0

0.0071 - 5.0

3,287

0.0044

0.000030 - 0.030

3,750

30

0.026 - 30

Biocide, Buffer,
Scale Inhibitor
Gel Breaker
7727-54-0
10222-01-2

Sodium Chloride1

7647-14-5

Guar Gum
Acetic Acid

9000-30-0
64-19-7

2-Butoxyethanol1

111-76-2

Naphthalene1

91-20-3

Solvent Naphtha,
Petroleum, Heavy
Aromatic
Hydrocarbons1

Function

64742-94-5

Biocide
Breaker, Friction
Reducer, Scale
Inhibitor, Clay
Control, Biocide
Gelling Agent
Buffer, Iron Control
Surfactant,
Corrosion Inhibitor,
Non-Emulsifier
Surfactant, NonEmulsifier,
Corrosion Inhibitor
Surfactant, NonEmulsifier,
Inhibitor, Corrosion
Inhibitor

1

Chemical has a non-normal distribution and the median may not represent the central tendency of the dataset as well as the median of a normally distributed dataset.

2

Concentration is less than a millionth of a percentage by mass.
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Table 5 shows the maximum concentrations of different chemical substances and compounds,
both in fracturing fluid and in the substance added into a fluid due to the fact that they can be
essential to consider when assessing potential impacts on individual elements of the
environment from hydraulic fracturing. It could be important because an accidental release of
a relatively small volume of a concentrated additive being stored on a well pad may have
different potential impacts than a release of a greater volume of hydraulic fracturing fluid with
more dilute additive ingredient concentrations. The concentration of particular substances and
chemical compounds in hydraulic fracturing fluids is lower than in the applied substances.
The medians of the maximum fluid concentrations of the frequently reported additive
ingredients were less than 0.1% by mass of the fracturing fluid. Methanol, hydrochloric acid,
and light petroleum distillates were each reported in 70% or more of gas disclosures. The next
most frequently reported additive ingredient for gas disclosures (isopropanol) was reported in
less than 50% of gas disclosures. This suggests that methanol, hydrochloric acid, and
hydrotreated light petroleum distillates were consistently used in hydraulic fracturing fluids
for gas wells in the reported period. It should be added that the total concentration of all
additive ingredients constitutes approximately 1% or less of the hydraulic fracturing fluid.

2.3

Management of substances used to prepare fracturing fluids in
Canada

Both in Canada and the USA, occupational health and safety laws require the disclosure of
any hazardous products on an MSDS that a worker might encounter in using or handling a
product. Specifically, the federal Hazardous Product Act and the Controlled Product
Regulations require suppliers of controlled products to provide health and safety information
on container labels and in MSDSs, including chemical identity (i.e., CAS number) of the
ingredients of the product if it is over a specified minimum concentration (Leggette et al.,
2013).
All chemical substances produced or used in Canada, together with substances used in
hydraulic fracturing fluids, have been regulated since 1999 by the federal government under
the Canadian Environmental Protection Act (CEPA). The Act provides for the evaluation of
human health and environmental risks from these substances and creates timelines for the
regulation of toxic substances. In accordance with CEPA provisions, no new substances,
including chemicals in hydraulic fracturing fluids, can be introduced into the country prior to
an evaluation of their toxicity. The legislation requires that the manufacturer of a new
substance notify Canada’s Federal Minister of the Environment and furnish comprehensive
information about the substance. To protect the health and safety of workers, suppliers of
substances controlled under the CEPA need to provide health and safety information on the
labels of containers and in MSDS reports, including the identity of the chemical in a product
if it exceeds the specified minimum concentration (Ingelson and Hunter, 2014; Leggette et
al., 2013).
FracFocus Chemical Disclosure Registry website was also created in Canada
(http://fracfocus.ca/). The purpose of this website is to provide Canadians with objective
information on hydraulic fracturing, what legislation and regulations are in place to protect
the environment including groundwater, and transparency on the ingredients that make up
hydraulic fracturing fluids (FracFocus). This website is a project of the British Columbia Oil
& Gas Commission and it is designed to provide objective information regarding hydraulic
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fracturing. On this website, similarly to the American one, one can find, among others,
detailed information on substances and chemical agents used for preparing fracturing fluids.
Both in USA and Canada, there is lack of uniform public disclosure requirements between the
federal government and the respective state or provincial laws. None of the countries have
uniform public disclosure laws among the constituent states or provinces that are in the
process of developing shale oil and gas regulatory regimes. In the United States and Canada
have been created (at the federal level) legislative requirements concerning the issues of
health and safety during the use of chemical substances and compounds in general. Although
some of these substances include chemicals that may be added to hydraulic fracturing fluids,
the studies are not specifically concerned with such chemicals. Whether the contents of the
fracking fluids need to be disclosed before the fracturing operations or after the fracturing
operation (or both) varies among different states, as does the extent to which the fluid
developer or owner may limit disclosure of the chemical contents of the fluid (Ingelson and
Hunter, 2014).

2.4

The management of substances used for preparing the fracturing
fluids in Europe

In Europe chemicals turnover and their safe production, transportation, use and disposal is
controlled by two important regulations. 1 June 2007 REACH Regulation entered into force
(Regulation (EC) No 1907/2006), adopted to improve the protection of human health and the
environment from the risks that can be posed by chemicals, while enhancing the
competitiveness of the EU chemicals industry. It also promotes alternative methods for the
hazard assessment of substances in order to reduce the number of tests on animals. This
regulation imposes a number of new obligations on business entities producing, importing,
distributing and using chemicals. REACH places the burden of proof on companies. To
comply with the regulation, companies must identify and manage the risks linked to the
substances they manufacture and market in the EU. They have to demonstrate to European
Chemicals Agency (ECHA) how the substance can be safely used, and they must
communicate the risk management measures to the users. If the risks cannot be managed,
authorities can restrict the use of substances in different ways. In the long term, the most
dangerous substances should be replaced by those less hazardous. REACH also sets out
procedures for collecting and assessing information about the properties and risks of
individual substances. Companies need to register their substances and to do this they need to
work together with other companies who are registering the same substances. 20 January
2009 Regulation No. 1272/2008 (CLP) (Regulation (EC) No 1272/2008) entered into force. It
concerns the classification, labeling and packaging of substances and mixtures, implements an
integrated system of informing about the risks of chemicals and offers a harmonization of the
elements of this system, contained in various existing systems. The CLP Regulation also
introduces United Nations' Globally Harmonised System (GHS). The CLP Regulation ensures
that the hazards presented by chemicals are clearly communicated to workers and consumers
in the European Union through classification and labelling of chemicals. Before placing
chemicals on the market, the industry must establish the potential risks to human health and
the environment of such substances and mixtures, classifying them in line with the identified
hazards. The hazardous chemicals also have to be labelled according to a standardised system
so that workers and consumers know about their effects before they handle them. Thanks to
this, information on the risks carried by hazardous substances is transmitted via standard
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phrases and pictograms printed on labels and safety data sheets. The requirements of those
two regulations shall prevail over the requirements of the national laws and require no
implementation into their records.
Just as in the US and Canada, also in Europe, Safety Data Sheets are the primary source of
information about the properties of hazardous chemical substances and mixtures, the type and
size of risks they present for humans and the environment and the recommendations and
principles of their safe handling during production, transport, use and storage.
Information on threats, risks and safe use of chemicals is reported to the European Chemicals
Agency (ECHA), which make it publicly available on its website (European Chemical
Agency). Thousands of the most dangerous and most commonly used substances have been
registered so far. Information on classification and labeling, which are used for chemicals, is
also reported by entrepreneurs to the Agency and then introduced to the ECHA website. The
Agency was established in 2007. Its objective is to assist companies in ensuring compliance
with regulations concerning chemicals, promote the safe usage of chemicals, deal with
chemicals that raise concern and to provide information on chemicals.
All substances and chemicals used for preparing hydraulic fracturing fluids that exceed the
production or import threshold of one tonne per year and do not meet other requirements
listed in the REACH Regulation, must be registered in the Agency by their manufacturer or
importer. Many hydraulic fracturing related chemicals have not yet reached the thresholds laid
out under REACH and so are not yet listed on the ECHA database. It is connected with the
fact that the dates for registration have been phased over a period of years in order to spread
the burden on industry. Currently substances used in hydraulic fracturing are registered under
the ‘oil and gas extraction’ category and registration files for these substances include the
correct exposure scenario for use in hydraulic fracturing.
Information about works carried out in Europe and related to the exploration and exploitation
of gas from shale formations, can be found on the Natural Gas from Shale website (NGS
FACTS http://www.ngsfacts.org/) (Natural Gas from Shale hydrauling fracturing Fluid and
Additive Component Transparency Service). The primary purpose of this site is to provide
factual information concerning hydraulic fracturing of natural gas from shale wells, and other
issues including voluntary disclosure of chemical additives on a well-by-well basis in the
European Economic Area (EEA). On the website it could be find what substances were used
to prepare the hydraulic fracturing fluid. The site includes natural gas from shale directed
hydraulically fractured wells drilled after 1st January 2011 by participating operators in the
Energy Community. Currently, the only available information on the site is on wells located
on Polish territory. For each disclosed well drilling a Disclosure Sheet is available. It contains
following information: well location and description, hydraulic fracturing fluid products, data
and constituents.
On the basis of the data collected on the NGS FACTS website and on The Polish Exploration
and Production Industry Organization (OPPPW) website (Organizacja Polskiego Przemysłu
Poszukiwawczo-Wydobywczego [The Polish Exploration and Production Industry
Organization]) concerning hydraulic fracturing, which have been carried out in Poland since
1 January 2011 (22 boreholes), a detailed analysis of chemical substances and compounds
used during such operations for preparing the fracturing fluids was carried out. The results of
this analysis are shown in Table 6, which contains a list of 11 most commonly reported
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substances and chemical compounds used during the extraction of gas from shale formations,
together with their CAS number, purpose of use and range of concentration levels in
hydraulic fracturing fluid.
Table 6. The list of 11 substances and chemical compounds used during the extraction of gas from
shale formations, most commonly reported by NGS FACTS and OPPPW (based on Natural Gas from
Shale hydrauling fracturing Fluid and Additive Component Transparency Service; Organizacja
Polskiego Przemysłu Poszukiwawczo-Wydobywczego [The Polish Exploration and Production
Industry Organization]). CAS number: Chemical Abstracts Service number.

Chemical name

CAS
number

Hydrochloric Acid

7647-01-0

Crystalline Silica

14808-60-7

Methanol

67-56-1

Sodium Hydroxide

1310-73-2

Ethylene Glycol

107-21-1

Diammonium
Peroxidisulphate
Tetrasodium EDTA
Choline Chloride
5-Chloro-2-methyl3(2H)-isothiazolone and
2-methyl-3(2H)isothiazolone
Magnesium Nitrate
Propargyl Alcohol

7727-54-0
64-02-8
67-48-1

Function

Acidizer, Solvent,
Scale Dissolver,
Perforation
Breakdown
Proppant
Corrosion Inhibitor,
Surfactant, NonEmulsifier, Scale
Inhibitor, Biocide,
Crosslinker
Crosslinker,
Biocide, Buffer,
Scale Inhibitor
Crosslinker, Scale
Inhibitor,C
Inhibitor, Friction
Reducer
Breaker, Viscosity
Breaker, Fracturing
Not found
Not found

Number of
disclosures

The range of
concentration levels
reported in
hydraulic fracturing
fluid
(% by mass)

20

0.003-0.356

18

0.001-12.4

18

0.000023-0.025

17

0.000019-0.826

15

0.0015-0.0123

13

0.00105-0.0186

12
13

0.00056-0.0208
0.0054-0.157

55965-84-9

Biocide

9

0.0007-0.0014

10377-60-3
107-19-7

Biocide, Fracturing
Corrosion Inhibitor

9
8

0.0017-0.014
0.00012-0.0021

Not found – means that during the review no confirmation of the information about a given substance or
chemical compound in terms of their function in the fracturing fluid has been found.

Table 7 lists the materials and chemicals typically used during the extraction of gas from
shale formations in Europe (reported by Halliburton company) (Halliburton: Fluids
Disclosure). Table 7 also shows CAS number corresponding to given substance, as well as
name and role of the product, in which the substance can be found. Table 7 also contains
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information about the content of a given substance in the product and product concentration in
the hydraulic fracturing fluid.
Table 7. Set of materials and chemical substances most commonly used in Europe during gas
extraction from shale formations (based on Halliburton: Fluids Disclosure). CAS number: Chemical
Abstracts Service number.
CAS
number

Product Name

Product Function

Ammonium Acetate
Acetic Acid

631-61-8
64-19-7

BA-20™

Organic Acid

Potassium Carbonate

584-08-7

BA-40L™

Buffer (helps to
adjust the pH of
the base fluid)

CL-37™

Crosslinker

GasPerm 1000™

Surfactant

Chemical name

Triethanolamine
zirconate
Propanol
Glycerine
Citrus, Extract
Terpenes and
Terpenoids,
Sweet Orange-Oil
Terpene
Isopropanol
Polyoxyalkylenes
Hemicellulase
Enzyme
Disodium Octaborate
Tetrahydrate
Heavy Aliphatic
Naphtha
Potassium Chloride
Polyacrylate
Aluminum Silicate
Aluminum Oxide
Crystalline Silica,
Cristobalite
3,3'-Methylene bis
(5-methyl oxazolidine)
Chlorous Acid,
Sodium Salt
Sodium Chloride

101033-44-7
71-23-8
56-81-5
94266-47-4

The
concentration of
substance in a
product
(% w/w)
60 - 100
10 - 30

Product
concentration in
hydraulic
fracturing fluid
(% v/v)

30 - 60

0.05- 0.25

0.025

60 - 100

68647-72-3

10 - 30
10 - 30
10 - 30

0.025

10 - 30

Proprietary1
67-63-0
Proprietary1

0.05 -1.0
5 - 10
10 - 30
10 - 30

9012-54-8

GBW-30

Breaker

10 - 30

0.025

12008-41-2

K-38™

Crosslinker

60 - 100

0.0025- 0.05

64742-96-7

LGC-VI UC

Liquid Gel
Concentrate

30 - 60

0.25 - 0.6

7447-40-7
1

Proprietary
1302-76-7
1344-28-1

Potassium
Chloride (KCI)
Scalechek LP-55

Clay Control

60 - 100

0.8 - 2.5

Scale Inhibitor

0.01 - 0.1

Sinterball

Proppant

30 - 60
5 - 10
60 - 100

14464-46-1

1.0 – 12.0

1-5

66204-44-2

Starcide

Biocide

7758-19-2

Vicon NF™

Breaker

7647-14-5

60 - 100
5 - 10

0.08 - 0.6
0.1 - 1.0

10 - 30

1

In certain cases, a small percentage of constituents may be protected under existing agreements with suppliers
and customers. In these situations, CAS numbers are not listed – but the constituent's listing as hazardous on the
MSDS is, as well as other common uses when identified.
Not found - means that during the review, no confirmation of information on the use of a substance or chemical
compound has been found.
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It is worth mentioning that sometimes during the exploitation process of unconventional
hydrocarbons deposits, other fluids than those based on aqueous solution are used, including
gases and petroleum distillates. Gas fracturing employs dinitrogen or carbon dioxide gas and
is typically used in shallow, water-sensitive formations that remain self-propped after
fracturing, such as in areas of western Canada. Petroleum distillates include hydrotreated light
naphthenic distillates, mineral oil, diesel fuel, and kerosene. Diesel fuel has been used in some
areas and in some applications instead of water because higher concentrations of polymers
can be injected using non-aqueous treatments. Petroleum distillates may also be used as
carrier fluids for dissolving additives before mixing, in what are otherwise aqueous Hydraulic
Fracturing (HF) treatments. The U.S. EPA has worked with major HF contractors and
unconventional gas producers to eliminate the use of diesel fuel in fracturing fluid due to
environmental and toxicity concerns (Kargbo et al., 2010; Stringfellow et al., 2014;
Supplemental Generic Environmental Impact Statement on the Oil, Gas and Solution Mining
Regulatory Program, 2011; United States Environmental Protection Agency, 2004).

2.5

Overview of the drilling fluid materials used during the exploration
and exploitation of hydrocarbon deposits

In order to undertake a full review of materials and chemicals used when carrying out
exploitation works towards gas extraction shale formations, it must be remembered that
during first phase of this kind of work, ie. before the hydraulic fracturing operation, drilling
fluids are used. Often during drilling of a single hole, several types of drilling fluids are being
used, depending on the drilled formation. Currently, there is available a wide range of drilling
fluid materials produced by different companies. However, the workflow for the production
and regulation of drilling fluid properties, seems to be the same. Table 8 lists the drilling fluid
materials commonly known and used in the drilling technology (Raczkowski and Półchłopek,
1998; TDEX: The Endocrine Disruption Exchange), such as bentonite, barite, starch and
cellulose formulations, lignites, lignosulfonates, tannins, polymers, lubricants, surfactants and
others.
Table 8. Overview of materials used for preparing and adjusting properties of drilling fluids.
Product Name
Common use of the substance
Materials used for weighting the drilling fluid
Barite
High density hematite
Raising the density of drilling fluid
Calcium carbonate with low viscosity, soluble
in acid
Materials used for increasing drilling fluid viscosity
Bentonite and its enriched forms
Adjusting viscosity and filtration of drilling fluid
Attapulgite (hydrated magnesium aluminum
silicate)
Sepiolite
Flocculants and substances improving
bentonite efficiency
Selective flocculant
Biopolymer,

Adjusting the viscosity of the drilling fluid by using salt water
Obtaining viscosity in drilling fluids with fresh and salt water;
possible to use at high temperatures
They increase bentonite efficiency in drilling fluids with low solid
phase
Used for sedimentation of solid phase, during drilling with clean
water
Gum produced by the bacteria; used to increase the viscosity and
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Product Name
Xanthan - gum

Common use of the substance
suspend drill cuttings in drilling fluids
Adjusting viscosity and filtration in drilling fluids with low solid
Guar - gum
phase
Adjusting the viscosity of fluids used in the reconstruction and
Hydroxyethylcellulose
sharing deposits and water-based drilling fluids
Agents increasing dispersion and deflocculants
Lignites,
Thinning and formation of emulsion and adjustment of drilling fluid
Lignosulfonates
filtration
Modified melamine polymer
Dilution of drilling fluid at high temperature
Tannin extract
Dilution and filtration adjustment
Polyacrylate with low molecular weight
Used for diluting at high temperatures
Modified tannin
Dilution of drilling fluid and protective colloid
Used for dilution of drilling fluids with low pH and removing
Sodium tetraphosphate
calcium
Used for dilution of drilling fluids with low pH and removing
Sodium acid pyrophosphate
calcium
Substances for adjusting the filter
Adjusting the drilling fluid filtration at high temperature in waterOrganic polymer
based drilling fluids
Adjusting filtration and rheology stabilizer for water-based drilling
Pregelatinized starch
fluids
Non-fermentable filtration control agent for raising the viscosity,
Modified polysaccharide
stabilizing shales based on fresh and salt water
Sodium carboxymethylcellulose
Adjusting filtration and increasing viscosity
Polyanionic cellulose
Adjusting filtration and increasing viscosity
Adjusting the filtration at high temperature and stabilizing rheology
Sodium polyacrylate
at low calcium content, solid phase and for non-dispergated drilling
fluids
Shale stabilizers
Capsulating polymer used in the drilling fluids based on fresh and
High molecular weight polyacrylamide
salt water
Oxidized asphalt
Shale stabilizer and lubricant
Asphalt sulfonate
Shale stabilizer, regulates the filtration, used as lubricant
Lubricants, emulsifiers and surfactants
Substances applied at very high pressures, with the aim of reducing
Lubricant used at very high pressures
torque and tightening of string
Lubricant with low toxicity
Lubricant with low toxicity, used for water-based drilling fluids
Graphite
Mechanical mean for reducing torque and tightening of string
The agent reducing surface tension, preventing from plastering and
Detergent
creating the purulent emulsion
Nonionic surfactant
The basic group of surfactants preparations used in drilling fluids
Nonionic emulsifier
Used as an emulsifier for drilling fluids that contain surfactants
Used as an emulsifier for salt saturated or fresh water-based drilling
Mixture of anionic surfactants
fluids
Defoaming agent
Defoaming agents used for the water based drilling fluids
Corrosion inhibitors
Water-dispersible amines
Water-dispersible substances used for packer fluids
Water-soluble corrosion inhibitors used for saline and water based
Saline dispersible amines
drilling fluids
Formulations with low toxicity used for oxygen corrosion in aerated
Mixture of modified organic inhibitors
and water based drilling fluids
Preparations inhibiting scaling in the pipes
Used to inhibit the accumulation of scale in the pipes
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Product Name
Preparations for precipitation of sulfides
Biocides
Oxygen scavengers
Materials used in drilling fluid escapes
Nutshells
Mica
Shredded wood fibers
Sugar cane fibers
Shredded cellophane
Material used during elimination of drilling
fluid loss
Cotton hulls
Materials used in oil- based fluids
Oil- based fluid
Mineral oil- based fluid
Invert emulsifier of oil- based fluid
Organophilic clay
Basic emulsifier
Agent increasing oil wettability

Common use of the substance
Used for precipitation of sulfides in the form of zinc sulphide
Substances applied as bactericidal formulations
Remove the oxygen from the water-based drilling fluids
Granular material used to eliminate the drilling fluid escape
Flakes of material used for elimination of small drilling fluids loss, as
a precautionary measure
Fibrous material used during elimination of drilling fluid loss
(usually in the absence of circulation)
Material used during elimination of drilling fluid loss
Mixture of materials used to eliminate drilling fluid loss
Applied to all types of drilling fluids loss

Invert oil- based fluid
Invert mineral oil- based fluid
Basic component of oil- based fluid
Gelling agent increasing the viscosity of drilling fluid
Agent causing emulsification of water-in-oil type of liquids
Improves oil wettability, stabilizes the emulsion
Adjustment of filtration under high-temperature and high-pressure
Agents regulating filtration
conditions
Substances thinning oil-based fluid
Lowers viscosity and structural strength
Substances improving the viscosity of the
Increases the range of structural strength flow limit and the ability to
drilling fluid
lift the excavated material
Surfactants detergents
Detergents and surfactants for cleaning
Materials designated for fluids used in reconstruction and provision of deposits
Calcium carbonate - loading material with
Used to increase the density of drilling fluid
low density, soluble in acid
Used as an additive for viscosity, filtration and pH adjustment of the
Polymer and calcium carbonate material
saline-based fluids
Material after dissolution in the water is used to increase the viscosity
The polymer and filling material
and adjust the filtration of saturated salines
Chemical substances
Sodium Hydroxide (NaOH)
Used to increase pH of the water-based drilling fluids
Used for contamination of cement or calcium in drilling fluids with
Sodium Bicarbonate (NaHCO3)
high pH
Used for contamination of cement or calcium in drilling fluids with
Sodium Carbonate (Na2CO3)
low pH
Used for preparation of drilling fluids saturated with salt, fluids used
Sodium Chloride (NaCl)
for reconstruction and provision of deposits and regulation of
resistance.
Calcium Hydroxide Ca(OH)2
Used for increasing the pH and as a potential source of calcium
Calcium Oxide CaO
Used for increasing the pH and as a potential source of calcium
Calcium Sulphate CaSO4*2H2O
Serves as a source of calcium when pH is neutral
Magnesium Oxide (MgO)
Used for increasing the pH and as a potential source of magnesium
Serves as a source of potassium for potassium- inhibited drilling
Potassium Chloride (KCl)
fluids
Serves as source of potassium and increases the pH of potassiumPotassium Hydroxide (KOH)
based drilling fluids
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It should be emphasized that among the basic materials used for preparation and adjustment
of the characteristics of water drilling fluids, it is difficult to find substances that appear on
the list of hazardous substances and mixtures. It is confirmed by a visual diagram of the
composition of water drilling fluids, shown in Figure 2 (Environmental Aspects of the use and
disposal drilling fluids associated with offshore oil and gas operation, 2003; Jamrozik, 2009).
Hazardous substances may only be included in the materials classified as other components of
the drilling fluid, which represent not more than 1%.

barite
15%

bentonite
7%

other
1%

water
77%

Figure 2. Visual diagram of the composition of water drilling fluids (based on Environmental Aspects
of the use and disposal drilling fluids associated with offshore oil and gas operation, 2003; Jamrozik,
2009).

There exists much greater probability that hazardous substances will appear in the nonaqueous drilling fluids, in particular those based on oil, which is shown on a diagram in
Figure 3 (Environmental Aspects of the use and disposal drilling fluids associated with
offshore oil and gas operation, 2003; Jamrozik, 2009), the possibility of occurrence of
hazardous substances exists in about 60% of used materials.
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leach
14%

emulsifiers
2%

other
1%

barite
25%

base fluids
58%

Figure 3. The illustrative diagram of the composition of non-aqueous drilling fluids (based on
Environmental Aspects of the use and disposal drilling fluids associated with offshore oil and gas
operation, 2003; Jamrozik, 2009).

Similarly to the case of hydraulic fracturing fluids, fluids used in drilling are mostly based on
water. Exemplary compositions of three most commonly used fluids, ie. potassium/polymer,
salt and non-clay drilling fluid, based on the literature data, shown in Table 9 (Król et al.,
2013). Table 9 also gives CAS number of substances constituting the drilling fluid and the
classification according to the CLP Regulation.
Table 9. Exemplary compositions of three most commonly used fluids, ie. potassium/polymer, salt and
non-clay drilling fluid (based on Król et al., 2013). CAS number: Chemical Abstracts Service number.

POTASSIUM/POLYMER DRILLING
FLUID

Type of
drilling
fluid

Substance used

Typical
content of a
substance in
a drilling
fluid

CLP Classification*
CAS
number

Hazard Class and
Category Code(s)

Hazard
Statement
Code(s)

BENTONITE
(BENTOPOL)

3%

Not found

Unclassified

Unclassified

CARBOXYMETHYL
CELLULOSE (CMC) (POLOFIX LV)

2%

Not found

Unclassified

Unclassified

0.2%

5989-27-5

Flam Liq.3
Skin Irrit.2
Skin Sens. 1
Aquatic Acute 1
Aquatic Chronic 1

3%

7447-40-7

Unclassified

Unclassified

0.3-0.4 %

Not found

Unclassified

Unclassified

BIOSTAT

POTASSIUM
CHLORIDE (KCl)
HYDROLYSED
POLYACRYLAMIDE
(PHPA) -STABPOL
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Type of
drilling
fluid

Substance used

Typical
content of a
substance in
a drilling
fluid

Met.Cor. 1
Skin Cor.1a
Acute Tox 4
Unclassified

Hazard
Statement
Code(s)
H290
H314
H302
Unclassified

13462-86-7

Unclassified

Unclassified

310 kg/m3

7647-14-5

Unclassified

Unclassified

STARDRILL S

2.5%

9063-38-1

BIOSTAT

0.2%

5989-27-5

0.1%
0.05-0.2%

7447-40-7
Not found

Unclassified
H226
H315
H317
H400
H410
Unclassified
Unclassified

2%

1310-58-3

Unclassified
Flam Liq.3
Skin Irrit.2
Skin Sens. 1
Aquatic Acute 1
Aquatic Chronic 1
Unclassified
Unclassified
Skin Cor.1b :
2%≤c<5%

13462-86-7

Unclassified

Unclassified

Not found

Unclassified

Unclassified

0.2%

5989-27-5

Flam Liq.3
Skin Irrit.2
Skin Sens. 1
Aquatic Acute 1
Aquatic Chronic 1

3-5%

7447-40-7

Unclassified

Unclassified

0.0-0.2 %

Not found

Unclassified

Unclassified

0-0.3 %

Not found

Unclassified

Unclassified

5-10%

Not found

Unclassified

Unclassified

1%

Not found

Unclassified

Unclassified

POTASSIUM
HYDROXIDE (KOH)
DEFPOL

0.1 %

SALINE/STARCH DRILLING
FLUID

SODIUM CHLORIDE
(NaCl)

VISCGEL
DEFPOL
SODIUM HYDROXIDE
(NaOH)
BARITE
X-DRILL

BIOSTAT

POTASSIUM
CHLORIDE (KCl)
HYDROLYSED
POLYACRYLAMIDE
(PHPA) -STABPOL
BIOPOLYMER (e.g.
XCD)
BLOK M-25
BLOK K-200

1310-58-3

0.05-0.2%

BARITE

NON-CLAY DRILLING FLUID
FOR DEPOSITS DRILLING

CLP Classification*
CAS
number

2%

Hazard Class and
Category Code(s)

H314

H226
H315
H317
H400
H410

Not found – means that during the review, no confirmation of the information on CAS number for given
substance or chemical compound has been found.
Unclassified - means that a substance or chemical compound is not classified in the Annex VI - Table 3.1 of the
CLP Regulation.
* - symbols and indications are explained in Table 3 and 4.
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3

LEGAL REGULATIONS AND BEST PRACTICES
CONCERNING THE MANAGEMENT OF WASTE FROM
EXPLORATION AND EXPLOITATION OF HYDROCARBON
DEPOSITS IN THE US

3.1

Overview of existing legal regulations and best practices

Wastes generated during the exploration, development, and production of crude oil and
natural gas are categorized in the United States by Environmental Protection Agency (EPA)
as "special wastes". Initially, this kind of waste was subjected to legal regulations on
hazardous waste, according to the requirements of Subtitle C of the Resource Conservation
and Recovery Act (RCRA). Currently, wastes generated from crude oil and natural gas
exploration and production (E&P wastes) are generally subject to non-hazardous waste
regulation under the less stringent RCRA Subtitle D, state regulations or other federal
regulations. In addition, many state governments have specific regulations and guidance for
E&P wastes. In 2002 EPA issued the publication, Exemption of Oil and Gas Exploration and
Production Wastes from Federal Hazardous Waste Regulations (Exemption of Oil and Gas
Exploration and Production Wastes from Federal Hazardous Waste Regulations, 2002),
which provides an understanding of the exemption of certain oil and gas exploration and
production (E&P) wastes from regulation as hazardous wastes under RCRA Subtitle C. The
document includes background on the E&P exemption, basic rules for determining the
exempt or non-exempt status of wastes, examples of exempt and non-exempt wastes, the
status of E&P waste mixtures, and clarifications of several misunderstandings about the
exemption. According to this document, produced water, drilling fluids, drill cuttings and well
completion, treatment and stimulation fluids are in E&P list of wastes which are excluded
from federal hazardous waste regulations. The general rule of exempting the waste from
RCRA Subtitle C is as follows:



Has the waste come from down-hole, i.e., was it brought to the surface during oil and
gas E&P operations?
Has the waste otherwise been generated by contact with the oil and gas production
stream during the removal of produced water or other contaminants from the product?

If during waste classification the answer to at least one of these questions is "yes", it can be
concluded that the waste is likely considered exempt from RCRA Subtitle C regulations. A
graphical algorithm showing how to deal with waste from the exploration and exploitation of
hydrocarbon deposits is presented in Figure 4.
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Is it a waste generated by
Exploration, Development or
Production?

No
Yes

Is it on the list of
Hazardous
Waste?

Yes

No
Is it closely connected with
these activities?

No
Yes

Yes
Is it a waste mixture?

No

Waste Exempt from
RCRA Subtitle C
(Subject to Subtitle D and
Other State and Federal
Statutes)

Possible Waste Mixtures and
Their Exempt and Non-Exempt Status:
1. Exempt waste + Exempt Waste = Exempt Waste

Does it have properties
characteristic for hazardous
waste?

Yes

No

Non-hazardous Waste
(Subject to Subtitle D and
Other State and Federal
Statutes)

Hazardous Waste
(Subject to RCRA Subtitle C)

2. Non-hazardous Waste + Exempt waste = Exempt Waste
3. Exempt Waste + Non-exempt Waste = Exempt Waste
(if Mixture doesn’t exhibit Hazardous Characteristic)
4. Exempt Waste + Non-exempt Waste = Non-exempt
Waste
(if Mixture exhibit Hazardous Characteristic)
5. Exempt Waste + Listed Hazardous Waste
= Listed Hazardous Waste

Figure 4. Algorithm for hazardous waste classification in accordance with Annex C of RCRA (based
on Exemption of Oil and Gas Exploration and Production Wastes from Federal Hazardous Waste
Regulations, 2002).
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It is important to remember that although E&P wastes are relieved from regulation as
hazardous wastes, the exemption does not mean these wastes could not present a hazard to
human health and the environment if improperly managed. Proper waste management is
crucial in order to ensure protection of human health and environmental safety.
As previously mentioned, E&P wastes are also subject to state regulation. Many states are
developing legislation and regulations in response to the increase in the use of hydraulic
fracturing, including requirements related to waste management. E&P activity occurring on
federal lands is regulated under the jurisdiction of the Department of Interior's Bureau of Land
Management (BLM), subject to BLM regulations and guidance.
In 2014 the EPA report was published. It was developed on the basis of the review of
effective legal regulations in each state, concerning oil and natural gas exploration,
development, and production (E&P) solid waste management for 26 of 33 gas producing
states (ie., states with the most significant shale gas activity). The review was focused only on
existing legislation and did not include a review of permitting decisions, compliance
monitoring, or enforcement actions and was based on i.a. the following source materials
(United States Environmental Protection Agency: Wastes - Non-Hazardous Waste - Industrial
Waste):




State Regulations and Statutes,
State Review of Oil and Natural Gas Environmental Regulations (STRONGER) Board
state reviews and
Drilling Waste Management Information System (Drilling Waste Management
Information System). It is a resource for technical and regulatory information on
practices for managing drilling muds and cuttings; including current practices, state
and federal regulations, guidelines for optimal management practices, and case studies
for successful applications. The Drilling Waste Management Information System was
developed by Argonne National Laboratory and industry partners, ChevronTexaco and
Marathon, under the U.S. Department of Energy's Natural Gas & Oil Technology
Partnership program.

The review details current state regulations of oil and natural gas E&P solid waste from major
oil and natural gas producing states, specifically focused on surface storage and disposal
facilities managing produced waters, drilling muds, drilling cuttings, hydraulic fracturing
return fluids and various other waste streams intrinsically related to oil and gas E&P. Legal
regulations applicable in selected states, concerning the management of waste generated
during exploration and exploitation of oil and natural gas, with particular emphasis on the
method of storing and disposing this type of waste, as well as their short characteristics, are
shown in Table 10.
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Table 10. Brief characteristics of legal regulations concerning waste generated during exploration and exploitation of oil and natural gas in selected states of
US (based on Drilling Waste Management Information System; Review of State Oil and Natural Gas Exploration, Development, and Production (E&P) Solid
Waste Management Regulations, 2014).
State Name
Alabama

Regulations
Rule 400 of the Alabama Rules and
Regulations

Alaska

Alaska Administrative Code, Title
18, Chapter 60, Article 4
Alaska Administrative Code, Title
20, Chapter 25, Article 1 and Alaska
Administrative Code, Title 20,
Chapter 25, Article 5

Arkansas

Arkansas Code, Title 15, Chapter 72

Selected requirements
 wastes - materials to be disposed of or reclaimed that were generated by drilling,
completion, workover, production, storage, treatment, processing, or injection
operations associated with oil and gas wells, class II injection wells, production
facilities, processing facilities, plants, or underground storage facilities (400-1-1.05(89))
 removal of all waste fluids within 30 of commencement of operations unless
otherwise approved by the state (400-1-4-.11)
 restoration of a location following commencement of activities, including the
removal of all wastes from the site and restoration of pits to a manner approved by
the state (400-1-4-.16)
 requirements for the cleaning of tanks, including approval of the state and proper
disposal of wastes within the tanks (400-1-6-.12)
 requirements for the transportation of wastes associate with oil and gas E&P
wastes, including transporter requirements, waste manifesting, and penalties for
non-compliance (400-1-9-.03)
 criteria that must be met in the management of drilling waste. This includes
submittal of a storage plan that must be submitted and approved by ADEC at least
30 days prior to the beginning of operations (18 AAC 60.430)
 corrective action plans that ADEC may deem necessary following the closure of the
reserve pit (18 AAC 60.440)
 requirements for construction of reserve pits, including details for an impervious
confining surface and preventing hazard to freshwater sources upon closure of
operations (20 AAC 25.025)
 removal of all materials and equipment from the site upon cessation of activities
and the grading and filling of all pits and the site to a natural state or approved state
by the AOGCC (20 AAC 25.172)
 requirements for plugging waste pits, which includes leak-free pit requirements,
removal of all fluids following completion of plugging, removal of all equipment
and debris, and regarding the site to prevent erosion (Rule B-9 Subparagraph e)
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State Name

Regulations

California

California Code of Regulations, Title
14 – Natural Resources, Division 2 –
Department of Conservation, Chapter
4 – Development, Regulation, and
Conservation of Oil and Gas
Resources;
California Code of Regulations, Title
27 – Environmental Protection,
Division 2 – Solid Waste, Chapter 3
– Criteria for All Waste Management
Units, Facilities, and Disposal Sites
Rules and Regulations of the
Colorado Oil and Gas Conservation
Commission,
Exploration and production waste
management regulations - Series 900
of the Rules and Regulations

Colorado

Illinois

Illinois Administrative Code, Title

Selected requirements
 Frac Flow-Back Fluid - fluids that consist of fresh water and solids such as sand or
other proppant (resin or ceramic grains) or other additives that flow from a well
following hydraulic fracturing of a well (Rule B-17)
 the majority of regulations concerning waste pits and treatment of produced waters.
Amongst these requirements are the technical requirements for particular
designations of pits (Rule B-17)
 the mud pits must be located a maximum distance from any surface waters and
authorization for siting in wetlands (Rule B-17)
 regulation concerning operating requirements for pits, including the prohibition of
disposal of miscellaneous waste, prohibition of placement of produced water,
prohibition of discharges, prevention of deterioration, and segregation of fluids
(Rule B-17)
 requirements for the closure of mud pits (Rule B-17)
 primary authority regarding solid wastes managed in tanks and underground
injected is regulated by the California Division of Oil, Gas, and Geothermal
Resources; primary authority regarding oil and gas solid wastes managed in pits,
also known as “sumps” or “surface impoundments” in the state, are managed by
the Regional Water Quality Control Boards
 oilfield wastes shall not be disposed of in such a manner to cause damage to life,
health, property, freshwater aquifers or surface waters, natural resources, or be a
menace to public safety; drilling mud is restricted from permanent disposal in open
pits (14 CCR § 1775)

Bibliography

 requirements for closure of pits, which includes evacuation of materials and proper
disposal of pit contents, liner disposal, and reclamation of the pits, in accordance
with Series 1000 of the rules and regulations (Section 905)
 requirements for notification, prevention, and remediation and releases of E&P
wastes and produced waters (Section 906)
 proper management of E&P wastes, including the storage, handling, transportation,
treatment, and disposal of waste, including drilling fluids and produced waters
(Section 907)
 Hydraulic Fracturing Regulatory Act states that every applicant for a permit to

E&P Waste Management, 2015
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State Name

Regulations
44-Part 610 and Title 62-Parts 240;
Hydraulic Fracturing Regulatory Act

Indiana

312 Indiana Administrative Code Article 16 - Oil and Gas

Kansas

Kansas Administrative Regulations,
Agency 82, Article 3

Kentucky

Chapter 5 of Title 401 and Chapter 1
of Title 805 of the Kentucky
Administrative Regulations

Selected requirements
conduct drilling operations must detail a plan for the handling, storage,
transportation, and disposal or reuse of hydraulic fracturing fluids and flowback,
including description of the capacity of pits or tanks
 Hydraulic Fracturing Regulatory Act details that in accordance with permit
requirements, reserve pits may only be used in the event of a lack of capacity for
tank storage due to higher than expected flowback; pits must comply with liner
specifications and construction standards/ The Act also details that the removal of
all fluids is required within 60 days of the commencement hydraulic fracturing
operations. All tanks must be closed, above-ground tanks
 requirements for drilling fluid handling and storage, including management in pits
(Illinois Administrative Code, Title 62, Part 240.520)
 requirements for the closure of a mud pit following the completion of its life (312
IAC 16-5-12)
 list the waste fluids which are prohibited from disposal in pits, as well as the
requirements for produced water pits (backwash pits) (312 IAC 16-5-13)
 regulatory requirements for disposal of oil or oil contaminated fluids. This section
includes requirements for road-spreading, leak-free tank storage, disposal of
contaminated soil as daily cover in MSW landfills, or replacement of contaminated
soil with uncontaminated soil (312 IAC 16-5-27)
 closure requirements for pits. This includes the timeframe for closure and postclosure activities, removal of all drilling fluids, grading of surface, and return of
surface to condition pre-dating the construction of the pit (KAR 82-3-602)
 details of the operating parameters of pits, including the prohibitioin of disposal of
chemical substances or other non-exempt waste in the pits and the protocol in the
event of a discharge to a pit (KAR 82-3-604 and KAR 82-3-606)
 disposal and surface discharge of produced water, and details requirements for
holding and drilling pits (401 KAR 5:090)
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State Name
Louisiana

Regulations
Title 43, Part XIX, Chapter 3 of the
Louisiana Administrative Code

Michigan

Michigan Oil and Gas Regulations,
Act 451, Part 615-617

Mississippi

Mississippi State Oil and Gas Board
Rule Book, Rule 45

Montana

Title 36, Chapter 22 of the
Administrative Rules of Montana

New Mexico

New Mexico Administrative Code,
Title 19 – Natural Resources and
Wildlife, Chapter 15 Oil and Gas

Selected requirements
 reserves the right to deem it necessary for any pit to develop a plan to prevent the
pollution of a groundwater aquifer or underground source of drinking water. The
rule also allows the Office of Conservation to employ drainage and collection
requirements, monitoring program, or other methods of prevention and detection of
contamination (Rule §309)
 requirements for all exploration and production (E&P) waste fluid storage tanks
(Rule §115)
 drill cuttings, muds, and fluids will be confined by a pit, tank, or container which is
sized, designed, and located in approval of the supervisor (Rule 407)
 closure standards, which include the removal of all liquids from the pit (Rule 407)
 regulations pertaining to Earthen Pits, including definition of pits, the allowable
materials to be stored in pits, and all relevant technical directives (Rule 45, Section
E)
 pit operation including drilling waste disposal and surface restoration (36.22.1005)
 disposal of produced water including disposal by injection, into lined pits and
temporary storage in tanks (36.22.1226)
 operational requirements for waste pits, which includes limited fluid disposal, liner
requirement, freeboard requirements. The section includes requirements for the
prevention of contamination of fresh water (Section 19.15.17.12)
 closure requirements for pits, which includes closure within 60 days of operations,
removal of liners, waste excavation and removal (Section 19.15.17.13)
 requirements for the appropriate removal, transportation, and disposal of produced
waters, along with drilling fluids and other residual liquids without the prior
approval of the division (Section 19.15.34)
 exceptions for when oil and gas exploration and development waste may be
disposed in a Subtitle D or Subtitle C landfill. Typically, these wastes are required
to be disposed in a “surface waste” landfill. Typically, those materials which are
exempt from “surface waste” landill disposal are those which are not unique and
intrinsic to the oil and gas E&P process e.g., paint filters, office trash, brush and
vegetation not contaminated, etc. (Section 19.15.35)
 requirements for surface waste management facilities, including definitions,
allowed received wastes, permits and applications, financial assurance
requirements, siting and operational requirements, landfill requirements, and
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State Name

Regulations

New York

Title 6 of the Official Compilation of
Codes, Rules and Regulations of the
State of New York (6 NYCRR) Parts
550-559

Ohio

Chapter 1501 of the Ohio
Administrative Code (OAC) and Rule
1509 of the Ohio Revised Code
Appendix OH-3

Oklahoma

Oklahoma Administrative Code, Title
165, Chapter 10, Subchapters 3 and 7

Pennsylvania

Pennsylvania Code, Title 25, Part 1,
Subpart C, Article I, Chapter 78 and
Chapter 91;
Pennsylvania Act 13 of 2012

Selected requirements
closure requirements (Section 19.15.36)
 requirements for storage of salt water, brines, and “other polluting fluids” in pits
and tanks to be stored for no greater than 45 days without a special dispensation by
the Bureau (§554)
 prevention pollution controls, including requirements for the storage of brines and
salt waters in earthen pits (§556)
 requirements for management of liquid wastes, including those found in oil and gas
exploration and production. The section details requirements for steel containers,
such as construction material and removal of tank, secondary containment systems,
surface impoundment/ pit requirements, and closure requirements of liquid storage
facilities (§360-6)
 requirements for the permitting of wells, including the plan for disposal of water
and other waste substances resulting from oil and gas exploration and production
activities (OAC 1501:9-1-02)
 temporary storage of saltwater and other related waste including design criteria for
storage pits (OAC 1501:9-3-08)
 discusses the obligation to restore the land surface after drilling operations have
ceased (ORC 1509.072)
 prohibition of water contamination and covers storage and disposal of brine. The
section also discusses the storage of waste fluids and management allowances for
these fluids (ORC 1509.22)
 operating requirements for oil and gas exploration and production activity pits
(165:10-7-16.(d))
 closure requirements for pits (165:10-3-16.(e))
 further closure requirements, primarily the return of the surface conditions at the
site of the pit to their original state, free of trash, debris, and equipment, within 90
days of the completion of well activities (165:10-3-17)
 well site must be restored following cessation of drilling operations. This includes
restoration of the earthwork or soil disturbed, removal of all drilling supplies and
equipment within 9 months after the completion of the drilling well (PA Act 13 of
2012 §3216)
 requirements for management of production fluids, including collection of brine
and other fluids from the well operations, requirements for pits, removal and
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State Name

Regulations

Texas

Texas Administrative Code, Title 16,
Part 1, Chapters 1-20

Utah

Utah Administrative Code, Rule 6499 and Rule 649-3;
Utah Oil & Gas Conservation Act,
Title 40, Chapter 6

West
Virginia

WV Code Chapter 22;
WV Code Title 35

Wyoming

Wyoming Rules and Regulations
under the Oil and Gas Conservation
Commission, Chapter 3 and Chapter
4;
Title 30, Chapter 5 of the Wyoming
State Statutes

Selected requirements
disposal of fluids, and restoration of the waste management units or facilities
following the closure or cessation of operations (§ 78.57)
 definitions of the various types and functions of pits that are to be found in the
regulations and the definitions of oil and gas wastes (Rule §3.8)
 requirements for reclaiming tank bottoms and disposal of other E&P wastes (Rule
§3.57)
 prohibition of the disposal of Naturally Occurring Radioactive Material (NORM)
waste by burying it or applying it with the land surface without obtaining a permit
(Rule §4.620)
 requirements for produced water pits. These requirements are similar to those for
waste pits (R649-9-3)
 requirements for recordkeeping, including the reporting of unauthorized spills,
occurrences of leaks, the necessity for corrective action, and the volume and type
of waste received at each facility (R649-9-6)
 permit must be obtained by the Division of Environmental Protection, Office of Oil
and Gas prior to the commencement of any solid waste facilities at the site of oil
and gas exploration and production (§35-2-3)
 drilling wastes, including drill cuttings, are generally disposed of into pits and
subsequently buried (§35-04-16.4)
 notice of proposed oil and gas operations is required to be submitted to the
commission and should detail all plans regarding the development of the resource,
including location and access to pits (§30-5-402)
 bonding requirements regarding the performance of pits to ensure that the pit does
not damage the environment or cause undue harm to health and safety of
employees and people residing in close proximity to the pit (Chapter 3, Section 4)
 only RCRA exempt wastes should be managed in pits and that all other wastes
should be managed in tanks for later recycling, reuse, or proper disposal (Chapter
4, Section 1)
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The review of regulations and legal requirements, applicable in respective US states,
concerning the proper management of waste generated during exploration and exploitation of
oil and natural gas, showed that all evaluated states have their own legal regulations in this
regard. These regulations, however, differ as to the scope and level of detail. Regulatory
programs can include regulatory parameters such as liner requirements, clear definitions of
waste fluids and characterization requirements, operational controls, maintenance, closure,
and financial assurance requirements. Unfortunately, there are still areas that do not have
specific requirements, like groundwater monitoring requirements for solid waste management
facilities, leachate collection requirements, air monitoring of solid waste management
facilities, and waste characterization requirements.
It should be added that recently many states have implemented requirements for disclosure of
information on substances and chemical compounds used during hydraulic fracturing. As a
result of the intensification of activities in the field of hydraulic fracturing, these provisions
will continue to change, in order to ensure the safety of the environment and human health.
Even recently, Bureau of Land Management has revamped 25-year-old rules for oil and gas
drilling on federal and Indian lands to deal with environmental concerns about hydraulic
fracturing. The 100-page final rule boils down to three main rule changes. Gas and oil
companies will have to store wastewater from wells in tanks rather than open-air pits. Also,
the companies will have to disclose publicly the chemicals they use at each drilling site.
Third, drillers must test all wells before production begins, rather than testing only the first
well of a new type. In states that have stricter rules than the new federal requirements, the
state rules will apply to federal lands (Golden, 2015).
In addition to the legal requirements in respective states, there is a variety of voluntary
management practice guidances for operators to evaluate and use in the development of sitespecific E&P waste management plans. In 2014 EPA conducted a literature review/Internet
search and developed a list of more than 80 publicly available sources of voluntary
management practices for oil and gas E&P wastes as they relate to pits, tanks, and land
application/disposal. Based on the conducted review, the guide referring to best practices in
the field of pits, tanks, and land application/disposal was developed by the EPA (Compilation
of Publicly Available Sources of Voluntary Management Practices for Oil and Gas
Exploration & Production (E&P) Wastes As They Address Pits, Tanks, and Land Application,
2014).

3.2

Storage, disposal and transport of waste

The method of temporary storage of the waste generated during exploration and exploitation
of gas from shale formations is different in each state and depends on the type and
composition of the waste. Due to the fact that the waste has different viscosity, toxicity and
other features it shall be stored in different ways. Fluids are most commonly stored in open
pits or closed tanks. Some state regulations mention storage of wastewater in ponds, sumps,
containers, impoundments, and ditches, but all of these can be considered subtypes of pits or
tanks (Richardson et al., 2013; Konschnik and Boling, 2014).
As already stated, requirements and regulations of individual states vary considerably
depending on what type of waste is to be stored. For example (Richardson et al., 2013):
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Michigan allows pits to be used only for drilling fluids, muds, and cuttings; tanks must
be used for produced water, completion fluids, and other liquid wastes, and in all areas
zoned residential,
New York’s proposal requires flowback water to be stored in water-tight tanks,
whereas other wastes could be stored in pits,
Mississippi allows temporary brine storage pits only if “no other means of storing or
disposing of salt water is available”,
New Mexico requires permanent pits for storing produced water or brine but allows
temporary pits for storing drilling and workover fluids,
Kentucky distinguishes between the type of pit that may be used to store flowback and
produced fluids (holding pits) versus that which may be used for other drill fluids,
such as drilling muds (drilling pits),
Oklahoma allows the use of pits so long as the contents do not have chloride
concentrations greater than 10 000 milligrams per liter,
Ohio, Nebraska and Kansas require a specific permit application for fluid storage;
regulators may require some fluids to be stored in sealed tanks as a condition of permit
approval,
New Jersey and Vermont do not mention pits or sealed tank storage in their
regulations.

One of the methods of disposing the waste generated during exploration and exploitation of
gas from shale formations is underground injection. Some wastes may be injected deep
underground in wells drilled for that purpose. Underground injection of waste fluids is
permitted in many states and is the most common option of disposing such waste. However,
the details of underground injection restrictions and regulations vary among states. The
second most common form of wastewater disposal, permitted in respective states, is disposal
of wastewater at treatment facilities. After treatment, fluids may be discharged into surface
water, buried, applied to land or roads, or otherwise disposed of. The most common fluid
disposal options available under state regulations are shown in Figure 5. It should be added
that the recycling of wastewater for future fracking is also one of the options of waste disposal
but unfortunately it is not often discussed in the regulations of individual states (Richardson et
al., 2013).
30
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Figure 5. The most common fluid disposal options available under 31 state regulations (based on
Richardson et al., 2013).
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As in the case of temporary storage of the waste generated during exploration and exploitation
of gas from shale formations, the detailed regulations of individual states regarding waste
disposal are also different, depending on the state. For example (Richardson et al., 2013):






in 12 states rules explicitly allow wastewater disposal in pits,
in 11 states, regulations explicitly allow wastewater to be used for “land treatments”
such as ice and dust control or road stabilization, though some of these states require
advance approval and/or apply restrictive conditions to the practice,
in 9 states regulations explicitly allow wastewater to be discharged to surface waters
under certain conditions, usually upon approval of an application, with a permit, or on
a case-by-case basis,
Texas limits the disposal of liquid waste materials into estuarine zones to saltwater and
other materials that have been previously treated,
Indiana allows “oil or fluid contaminated with oil” to be disposed of in a solid waste
land disposal facility if such disposal is approved by the Department of Environmental
Management.

It is important to remember that liquid wastes are not the only ones which are generated
during gas exploitation from shale formations. Drill fluids, muds, and cuttings are also
produced or discarded as a result of the drilling process. These are usually produced in
smaller volumes than flowback or produced water. Partly for this reason, these materials are
considered to be a lesser environmental risk. In contrast to wastewater, these may - in some
cases, and in some states - be buried on-site or put back down the wellbore.
Wastewater that is not reused, recycled, or disposed of on-site must be transported elsewhere
for disposal, sometimes in pipelines but usually by truck (Richardson et al., 2013). The
majority of the states regulate wastewater transportation and/or require it to be tracked and
recorded. Among them are those which require both a permit for wastewater transport and
recordkeeping by transport firms and those which require permits but not recordkeeping or
require recordkeeping but not permits. Among the states that require recordkeeping, the
majority also stipulate the number of years that such records must be kept available to
inspectors. Unfortunately, many states do not have any requirements in this regard, yet. It is
worth mentioning that recordkeeping requirements include the names of the operator and
transporter, the date the wastewater was picked up, the location at which it was picked up, the
location of the disposal facility or destination of the shipment, the type of fluid being
transported, the volume, and how it is being disposed of. The responsibility for ensuring that
all information is tracked and reported, lies on well operator or on wastewater transporting
firm (depending on the state).
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4

LEGAL REGULATIONS AND BEST PRACTICES
CONCERNING THE MANAGEMENT OF WASTE FROM
EXPLORATION AND EXPLOITATION OF HYDROCARBON
DEPOSITS IN CANADA

Similar to the United States, the federal-provincial structure in Canada allocates primary
authority to the ten provinces and three territories over the relevant areas of regulation with
regard to shale gas. Although Canada has strong provincial and federal regulations concerning
operational practices to protect the environment, these regulations are not specific to the shale
gas industry. In eastern Canada, regulations go through the Departments of Mines and Energy
for New Brunswick, of Natural Resources for Quebec, and of Energy for Nova Scotia, for
exploration and drilling activities (e.g. for geophysical work, drilling, and well completion)
and through the Department of Environment for environmental issues (e.g. for water
withdrawals, water and air quality, gas flaring and authorization or permits for fracking
operations). In western provinces (British Columbia and Alberta) authority has been delegated
to single organisms (British Columbia Oil and Gas Commission and Alberta Energy
Regulator, formerly ERCB) that govern most aspects of the industry (Rivard et al., 2014).
Some provinces have regulations that require permits for geophysical work and licences for
wells, while others require specific permits to either drill, complete, hydraulically fracture,
modify and or abandon a well. As a result of differing provincial considerations the current
Canadian regulatory landscape is varied and uncertain.
Although the regulation of shale gas development is primarily a provincial jurisdiction in
Canada, the Geological Survey of Canada has initiated in 2011 several new research projects
focusing on various aspects of shale gas exploration and development in Canada, in
collaboration with the provinces and universities. These studies focus on two themes. The
first one concerns the evaluation of the gas resource (in place and recoverable) and geological
characteristics of shale-hosted petroleum reservoirs; the second one - potential environmental
issues related to hydraulic fracturing (Rivard et al., 2014).
In Canada, the National Energy Board (NEB) regulates oil and gas exploration and production
activities under the Canada Oil and Gas Operations Act (COGOA). In all cases where a
proposed work or activity requiring an Operations Authorization (OA) involves hydraulic
fracturing (i.e. on federal lands), the NEB assesses future applications for drilling that involve
hydraulic fracturing. The filing requirements include describing in detail the on-site storage
capability for produced fluids including flowback fluids and formation fluids. The
requirements describing also in detail the handling, treatment, disposal and waste
management capabilities for the fracture fluids, flowback fluids and other used or unused
chemicals (Goss et al., 2015). With regard to unconventional gas production, the NEB
recently issued Filing Requirements for Onshore Drilling Operations Involving Hydraulic
Fracturing. The requirements detail numerous steps that an operator must undertake before
drilling a well which will be subject to hydraulic fracturing. This includes the requirement
that the operator conduct an environmental assessment (“EA”) for any proposed activity.
After performing this evaluation, but before obtaining the Operating License, the operator
must provide, among others, a waste management plan (Popp, 2014).
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It should be noted, however, that unlike the US, the number of generally accessible
information concerning the management of waste generated during exploration and
exploitation of gas from shale formations is, in the case of Canada, significantly smaller.
As stated earlier, each province has its own regulations concerning waste management and
these regulations vary considerably between provinces. The following part will discuss the
legal requirements concerning the management of waste generated during exploitation of gas
from shale formations in two provinces, the main areas of Canada where this type of waste is
generated.
In British Columbia all oil and gas exploration and production activities, including
wastewater management, are subject to applications for permits. Requirements for handling
and storage are included in Oil and Gas Activities Act and in Drilling and Production
Regulations. The Oil and Gas Activities Act, enacted in 2010, governs hydrocarbon
production and extractive activities in British Columbia, and is complemented by regulations
that set out criteria for handling, transport, treatment and disposal of waste products.
According to this act "Before a well permit holder drills, completes, plugs or begins
production from a well, the well permit holder must ensure that adequate provision is made
for the management of any oil, gas, formation water, drilling fluid, completion fluid, chemical
substances, and waste." Additionally, Drilling and Production Regulations establish that a
well permit holder must ensure that formation water, oil, drilling fluid, completion fluid,
waste, and chemical substances will not cause a threat to human health and safety,
environment and infrastructure. Drilling and Production Regulations also give detailed
requirements regarding the pits. The waste can be transported by truck or pipeline. In this
province, the waste is usually transported by truck. Hydraulic fracturing does not strictly meet
the criteria for classification as hazardous waste under British Columbia’s Hazardous Waste
Regulation; however, it is still tightly controlled under the Environmental Management Act,
Hazardous Waste Regulation, Oil and Gas Waste Regulation, Transportation of Dangerous
Goods legislation and regulations, and appropriate manifests. A manifest is a shipping
document that travels with the waste from the point of generation, transportation, and disposal
or treatment. In British Columbia there are no regulatory requirements for on-site wastewater
treatment. However, industry operators are encouraged to minimize their water use footprint
by recycling water returned from fracturing operations (Goss et al., 2015). In British
Columbia companies are prohibited from disposing of wastewater in water bodies or on land.
This means they cannot pursue treatment options that may be used in other parts of the world,
such as sending wastewater to municipal treatment plants then discharging it into rivers and
streams. Therefore, British Columbia disposes of produced water in underground disposal
wells. The province determines which waste can be injected into disposal wells, and which
cannot. Wastes that can be injected into disposal wells include produced water and nonhazardous wastes. A complete list of wastes that cannot be disposed of in disposal wells is
found in the BC Ministry of Environment (MOE) Procedure. The list includes such waste as
municipal sewage, lube oils or diesel invert drilling fluids and hazardous wastes. However,
the MOE Procedure states that it may be possible to dispose of hazardous waste via
underground injection if it meets the criteria set out in Section 3.5 of the MOE Procedure.
This would require an exemption from section 37 of the BC Hazardous Waste Regulation that
prohibits disposal of hazardous waste by underground injection. Operators responsible for the
disposal wells are required to monitor and disclose disposal volumes, injection hours, and
maximum wellhead pressure. It should be noted, however, that number of other very
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important issues is not regulated. There are no requirements for operators to conduct baseline
testing of water systems surrounding the well, or conduct on-going monitoring of these water
systems. There are also no requirements to monitor or disclose the quality or characteristics of
the fluid being disposed of in the well (Carr-Wilson, 2014).
All oil and gas activities in Alberta are subject to the Responsible Energy Development Act
(REDA), and the Oil and Gas Conservation Act (2000). The Oil and Gas Conservation Act
gives the Alberta Energy Regulator (AER) authority to make and enforce rules stipulating
permissions and methods for all aspects of handling, transport, and disposal of oil and gas
wastewater. The handling requirements imposed on operators for storage practices are defined
in three directives: Directive 55 (Storage Requirements for the Upstream Petroleum Industry),
Directive 58 (Oilfield Waste Management Requirements for the Upstream Petroleum
Industry), and Directive 55 (Addendum). They specify criteria for primary containment (i.e.
storage) reservoirs, secondary containment systems, leak detection systems, spill prevention
and loss control, weather protection, and procedural requirements for operations. Transport
crude oil, oil and gas liquids, or poisonous, radioactive, flammable, and corrosive substances
associated with the production of oil and gas is conducted in accordance with Transport of
Dangerous Goods Act. In addition, Directive 55 requires that manufacturers and companies
transporting wastewater use waste tracking systems and manifests identifying the waste, its
volume and characteristics, where it originated and its endpoint for treatment or disposal.
Directive 58 and Directive 58 (Addendum) outline the criteria for treatment of all oilfield
wastes. Wastes such as drilling muds, cement returns, and soils must be processed by an
approved waste management facility and, upon fulfilling toxicity, salinity, and TDS criteria,
are eligible for a wider variety of disposal options than wastewater. The AER promotes reuse,
recycling, and recovery as a mechanism to minimize the waste stream. Off-site treatment
facilities are subject to regulatory approval and permitting. Disposal of wastewater is subject
to requirements in Directive 51 (Injection and Disposal Wells - Well Classifications,
Completions, Logging, and Testing Requirements) addressing injection and disposal wells.
Other waste products (such as mud and cuttings from drilling activities) are subject to
provisions enumerated in Directive 50 (Drilling Waste Management). Directive 58 and
Directive 58 (Addendum) outline the criteria for disposal of all oil and gas field wastes.
Pursuant to Directive 58, disposal of any liquid waste into landfills is prohibited, and
wastewater may not be disposed of through discharge to surface water, even if treated (Goss
et al., 2015). In the case of Alberta, directives and regulations specifically addressing
wastewater containment, handling, transport, treatment, and disposal are relatively new
developments.
The remaining provinces and territories in Canada do not have significant unconventional gas
production, or have not yet promulgated rules to address the issue, or they temporarily
suspended issuing of permits to operate hydraulic fracturing process, due to protests from the
public and environmental concerns (e.g. Quebec or New Brunswick).
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5

LEGAL REGULATIONS AND BEST PRACTICES
CONCERNING THE MANAGEMENT OF WASTE FROM
EXPLORATION AND EXPLOITATION OF HYDROCARBON
DEPOSITS IN EUROPE

5.1

Mining Waste Directive

At European Union level the extractive waste management is regulated by Directive
2006/21/EC of the European Parliament and of the Council of 15 March 2006 on the
management of waste from extractive industries and amending Directive 2004/35/EC
(Directive 2006/21/EC), which entered into force on 1 May 2006. Directive 2006/21/EC
provides for measures, procedures and guidance to prevent or reduce as far as possible any
adverse effects on the environment, in particular water, air, soil, fauna and flora and
landscape, and any resultant risks to human health, brought about as a result of the
management of waste from the extractive industries. Directive covers the management of
waste resulting from the prospecting, extraction, treatment and storage of mineral resources
and the working of quarries. The following, however, were excluded from the scope of this
Directive:




waste which is generated by the prospecting, extraction and treatment of mineral
resources and the working of quarries, but which does not directly result from those
operations,
waste resulting from the offshore prospecting, extraction and treatment of mineral
resources,
injection of water and re-injection of pumped groundwater.

Without prejudice to other Community legislation, waste which falls within the scope of this
Directive shall not be subject to Council Directive 1999/31/EC of 26 April 1999 on the
landfill of waste (Council Directive 1999/31/EC).
The Directive also defines the requirements for:






waste management plan drawn up for the minimization, treatment, recovery and
disposal of extractive waste, taking account of the principle of sustainable
development. The objectives of the waste management plan shall be to prevent or
reduce waste production and its harmfulness, to encourage the recovery of extractive
waste by means of recycling, reusing or reclaiming such waste, where this is
environmentally sound in accordance with existing environmental standards at
Community level and with the requirements of this Directive where relevant and to
ensure short and long-term safe disposal of the extractive waste.
informing about major accidents and preventing them – Member States shall ensure
that major-accident hazards are identified and that the necessary features are
incorporated into the design, construction, operation and maintenance, closure and
after-closure of the waste facility in order to prevent such accidents and to limit their
adverse consequences for human health and/or the environment, including any
transboundary impacts
filling excavation voids – Member States shall ensure that the operator, when placing
extractive waste back into the excavation voids for rehabilitation and construction
purposes, whether created through surface or underground extraction, takes
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appropriate measures in order to secure the stability of the extractive waste, prevent
the pollution of soil, surface water and groundwater, ensure the monitoring of the
extractive waste and the excavation void,
waste facilities with regard to their construction and management, as well as their
closure and post-closure procedures - facility operator should ensure that the waste
facility is suitably located, suitably constructed, managed and maintained, there are
suitable plans and arrangements for regular monitoring and inspection by competent
persons and for taking action in the event of results indicating instability or water or
soil contamination. Suitable arrangements are made for the rehabilitation of the land
and the closure and after-closure phase of the waste facility.

Directive 2006/21/EC is supplemented by five published decisions that clarify its provisions:


Commission Decision 2009/335/EC of 20 April 2009 on technical guidelines for the
establishment of the financial guarantee in accordance with Directive 2006/21/EC of
the European Parliament and of the Council concerning the management of waste
from extractive industries (Commission Decision 2009/335/EC)

The aim of the Decision 2009/335/EC is to ensure a uniform approach between the Member
States when the financial guarantee referred in Article 14 of Directive 2006/21/EC is
established, a minimum common basis for the calculation of the guarantee is defined and a set
of information and a method of calculation of such guarantee is prepared.
Member States and competent authorities shall base the calculation of the financial guarantee
on the following:
- the likely impacts on the environment and on human health of the waste facility,
- the definition of the rehabilitation including the after use of the waste facility,
- applicable environmental standards and objectives, including physical stability of the
waste facility, minimum quality standards for the soil and water resources and
maximum release rates of contaminants,
- the technical measures needed to achieve environmental objectives, in particular
measures aiming at ensuring the stability of the waste facility and limiting
environmental damages,
- the measures required to achieve objectives during and after closure, including land
rehabilitation, after closure treatment and monitoring if required, and, if relevant,
measures to reinstate biodiversity,
- the estimated time scale of impacts and required mitigation measures,
- an assessment of the costs necessary to ensure land rehabilitation, closure and after
closure including possible after closure monitoring or treatment of contaminants.
Such assessment shall be performed by independent and suitably qualified third parties and
shall take into account the possibility of unplanned or premature closure.


Commission Decision 2009/337/EC of 20 April 2009 on the definition of the criteria for
the classification of waste facilities in accordance with Annex III of Directive
2006/21/EC of the European Parliament and of the Council concerning the
management of waste from extractive industries (Commission Decision 2009/337/EC)

The Decision 2009/337/EC is to ensure joint assessment of criteria for the classification of
waste facilities, based on established methodology. The Decision introduces the principle of
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facility classification dependent on the potential threat, both during the operational phase and
after closure. It cites three fundamental criteria that determine when a waste facility shall be
classified under Category A. In accordance with them a waste facility shall be classified under
Category A, if the predicted consequences in the short or the long term of a failure due to loss
of structural integrity, or due to incorrect operation of a waste facility could lead to:
- non-negligible potential for loss of life,
- serious danger to human health,
- serious danger to the environment.
For the purpose of this Decision, following definitions were introduced:
- structural integrity of a waste facility shall mean the ability to contain the waste within
the boundaries of the facility in the manner for which it was designed,
- incorrect operation of the waste facility shall mean any operation which may lead to a
major accident, including the malfunction of environmental protection measures and
faulty or insufficient design.


Commission Decision 2009/358/EC of 29 April 2009 on the harmonisation, the regular
transmission of the information and the questionnaire referred to Articles 22(1)(a) and
18 of Directive 2006/21/EC of the European Parliament and of the Council on the
management of waste from extractive industries (Commission Decision 2009/358/EC)

The purpose of this decision is to establish minimum requirements for ensuring a harmonized,
timely and appropriate gathering and if requested, transmission of the information referred to
Article 7(5), 11(3) and 12(6) of Directive 2006/21/EC, and to set the basis for the
questionnaire referred to in Article 18(1) of the same Directive. The Decision concerns the
information to be provided by Member States to the European Commission and contains three
Annexes. The first one provides a range of information that must be included in the list of
permits issued under the Directive, and the next two set out information about dangerous
events and a questionnaire to Member States on the application of obligations under the
Directive.


Commission Decision 2009/359/EC of 30 April 2009 completing the definition of inert
waste in implementation of Article 22(1)(f) of Directive 2006/21/EC of the European
Parliament and the Council concerning the management of waste from extractive
industries (Commission Decision 2009/359/EC)

Decision 2009/359/EC provides specific criteria and conditions under which waste from
extractive industries can be considered as inert waste. These criteria are as follows:
- the waste will not undergo any significant disintegration or dissolution or other
significant change likely to cause any adverse environmental effect or harm human
health,
- the waste has a maximum content of sulphide sulphur of 0.1%, or the waste has a
maximum content of sulphide sulphur of 1 % and the neutralising potential ratio,
defined as the ratio between the neutralising potential and the acid potential, and
determined on the basis of a static test prEN 15875 is greater than 3,
- the waste presents no risk of self-combustion and will not burn,
- the content of substances potentially harmful to the environment or human health in
the waste, and in particular As, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, V and Zn, including
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in any fine particles alone of the waste, is sufficiently low to be of insignificant human
and ecological risk, in both the short and the long term. In order to be considered as
sufficiently low to be of insignificant human and ecological risk, the content of these
substances shall not exceed national threshold values for sites identified as not
contaminated or relevant national natural background levels,
- the waste is substantially free of products used in extraction or processing that could
harm the environment or human health.
The Decision allows to classify the mining waste as inert without specific testing if it can be
demonstrated, to the satisfaction of the competent authority, that the criteria set out in this
decision have been adequately considered and are met on the strength of existing information
or valid procedures or schemes. The Member States may draw up lists of waste material to be
regarded as inert in accordance with the defined criteria.


Commission Decision 2009/360/EC of 30 April 2009 completing the technical
requirements for waste characterisation laid down by Directive 2006/21/EC of the
European Parliament and of the Council on the management of waste from extractive
industries (Commission Decision 2009/360/EC)

The Decision 2009/360/EC lays down the technical requirements for waste characterisation.
The purpose of the characterisation of extractive waste is to obtain the relevant information on
the waste to be managed in order to be able to assess and monitor its properties, behaviour
and characteristics and thereby ensure that it is managed under environmentally safe
conditions in the long term.
The Decision includes an Annex that defines the following technical requirements for waste
characterisation:
-

background information,
geological background of deposit to be exploited,
nature of the waste and its intended handling,
geotechnical behaviour of the waste,
geochemical characteristics and behaviour of the waste.

Directive 2006/21/EC was amended by Regulation (EC) No 596/2009 of the European
Parliament and of the Council of 18 June 2009 adapting a number of instruments subject to
the procedure referred to in Article 251 of the Treaty to Council Decision 1999/468/EC with
regard to the regulatory procedure with scrutiny (Regulation (EC) No 596/2009). This
Regulation gives the Commission the power to adopt the provisions necessary to complete the
technical requirements for waste characterisation set out in Annex II of the Directive, to
define the criteria for the classification of waste facilities in accordance with Annex III of the
Directive, to determine harmonized standards relating to methods of sampling and analysis
and to adapt Annexes to scientific and technical progress.

5.2

Mining Waste Directive in selected EU countries

Currently, the majority of Member States of the European Union rely mainly on the general
mining and environmental legislation transposing the EU legislation and related permitting
procedures to regulate such activities, as they do for conventional gas extraction. Table 11
presents the applicable requirements for the management of waste from the exploitation of
shale gas deposits in selected EU Member States. It should be noted, however, that these
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requirements do not represent an official position and interpretation. The amount of available
information concerning the management of waste from exploration and exploitation of shale
gas in various European Union countries, is very small.
Table 11. Management of waste from exploitation of shale gas deposits in selected EU countries
(based on Regulatory provisions governing key aspects of unconventional gas extraction in selected
Member States, 2013).
Member State

Applicability of the Mining Waste Directive

Bulgaria

 Bulgarian legislation makes no distinction
between conventional and unconventional gas
extraction
 waste management shall be subject to the
Underground Resources Act and Ordinance on
the specific requirements for management of
mining waste, which implement the provisions of
Mining Waste Directive
 Underground Resources Act covers all aspects of
prospecting and/or exploration and extraction of
underground resources, protection and rational
use of the underground resources, and mining
waste management
 the waste resulting from shale gas activities is
considered as "mining waste" and fall under the
Mining Waste Directive, as implemented by the
executive Order on treatment of exploitation
waste

Denmark

Germany

 no specific legislation applicable to shale gas
 management of waste is subject to the
requirements of the general mining waste
regulations and wastewater regulations

Lithuania

 waste management is regulated by the Law on
Waste Management
 the procedures on the management of waste from
extractive industries transposed the requirements
of Mining Waste Directive
 no specific legislation applicable to shale gas
 The Act on Mining Waste is the transposition of
Mining Waste Directive
 The Act on Mining Waste has several secondary
legislation acts

Poland

Romania

 no specific legislation applicable to shale gas
 Government Decision no. 856/2008 on the
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Storage and disposal of waste from
exploitation of shale gas deposits
 Not found

 injection and re-injection of water and
chemicals from fracturing into the
subsoil that may pollute soil and
groundwater requires a permit pursuant
to the Act on Environmental Protection
Section 19. Hence, the Article 11(3)(j)
of the Water Framework Directive
does not apply
 the disposal obligation relies in general
on the local authority, if state law did
not regulate differently
 the cleaning obligations shall be
carried out according to the technical
standards
 the general requirements on radiation
protection for sludge and deposits
(“NORM”) in article 97 Radiological
Protection Ordinance do apply
 the injection into geological formations
of water used in shale gas
exploration/exploitation operations for
disposal is not considered
 in the case of underground injection
into the formation for waste disposal it
is necessary to obtain a concession for
underground disposal of waste
 the underground disposal of flowback
water is not considered
 it is considered that Article 11(3) (j) of
the Water Framework Directive
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Member State

Applicability of the Mining Waste Directive
management of waste from extractive industries,
transposing the Mining Waste Directive

Spain



United Kingdom

 the flow-back fluid is considered to be mining
waste
 in Scotland and Northern Ireland, the production
of ‘flow-back’ fluid from hydraulic fracturing is
also treated as a mining waste activity and
therefore is required to have a waste management
plan in place, to demonstrate to the planning
authorities that the requirements of the Mining
Waste Directive are met

hydraulic fracturing could be regulated by the
Royal Decree 975/2009 on Mining Waste

Storage and disposal of waste from
exploitation of shale gas deposits
prohibits the injection of dangerous
substances in the groundwater
 even if the fracturing liquid could be
considered mining waste, it should also
fall under the laws regulating
hazardous waste, which would prohibit
the storage of such liquids
 interpretation of Article 11(3) (j) of the
Water Framework Directive is
ambiguous
 in Scotland the re-use of wastewater
into subsequent fracturing operations
can be authorised under Article
11(3)(j) of the Water Framework
Directive
 in England it is possible to reuse of
wastewater into subsequent fracturing
operation
 Northern Ireland has not yet a position
on how to regulate the re-use of
wastewater into subsequent fracturing
operations
 the injection of wastewater for disposal
would be in conflict with the Water
Framework Directive and the
Groundwater Directive and thus is
prohibited

Not found – means that research has not confirmed information about the objective scope

None of the countries assessed provide specific requirements for the management of waste
derived from hydraulic fracturing. They rely mainly on the national legislation transposing the
EU waste legislation. However, the selected Member States do not have a common view on
the applicability of the Mining Waste Directive to this type of waste. There are major
differences between Member States and uncertainties as to the legislation and requirements
applicable to the management of wastewater resulting from hydraulic fracturing.
The review of the management of waste resulting from the exploration and production of
shale gas deposits shows that:




Selected EU Member States do not have a common understanding of the application
of the transposing provisions of Article 11(3)(j) of the Water Framework Directive
with regard to the injection of wastewaters resulting from hydraulic fracturing
activities, for underground disposal or with regard to reuse in subsequent fracturing
operations.
These countries also do not have specified requirements concerning the surface
storage of wastewater from unconventional gas activities. Member States consider that
surface storage of wastewater falls either under the mining waste or could be subject
to planning conditions for surface water storage
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5.3

None of the selected Member States provide specific requirements for treatment and
discharge to surface waters of wastewater from unconventional gas projects. Member
States rely on the water legislation transposing the Water Framework Directive and
the Urban Waste Water Directive.

Management of waste from exploration and exploitation of shale gas
deposits in Poland

There was no legislation governing mining waste management in Poland until 2008.
Therefore, the management of this type of waste was a problematic issue; the applicable law
on waste management did not exclude waste from the extractive industries and thus subjected
it to the same requirements and criteria as other industrial waste. In the year 2008, the Act of
10 July 2008 on mining waste (The Act of 10 July 2008), which was transposing the
provisions of Directive 2006/21/EC, entered into force. The purpose of this Act is to prevent
the generation of mining waste in the mining industry, to limit their impact on the
environment and the life and health of people. The Act sets out the rules of mining waste and
contaminated soil management, principles of building the waste facility, and the procedures
associated with both obtaining permits and licenses for mining waste management as well as
preventing major accidents at Category A mining waste facilities.
As defined in the Act, mining waste is waste from the prospecting, exploration, extraction,
processing and storing of mineral deposits. It should be added that the Act does not apply to
waste resulting from prospecting, exploration and exploitation of mineral deposits and their
storing and processing, which are not related to those operations or come from the maritime
areas of the Republic of Poland, injecting water into the formation, ground or rock mass
moved due to the extraction of mineral deposits and overburden constituting the ground or
rock mass removed from the bed to allow the extraction of useful mineral.
Pursuant to the Act, to the mining waste the waste management hierarchy is applied.
According to it, the most preferable action is to prevent waste generation. Each holder of the
mining waste must submit a waste management program to the competent authority prior to
commencing activities related to mining waste production or management.
Act on mining waste comprises five executive acts:








Regulation of the Ministry of Environment of 5 April 2011 regarding detailed
classification of facilities neutralizing production waste (Regulation of the Ministry of
Environment of 5 April 2011) – setting out detailed criteria for the classification of mining
waste facilities, determining the classification of mining waste facilities as Category A,
Regulation of the Ministry of Environment of 15 July 2011 regarding the criteria of
classifying mining waste as neutral waste (Regulation of the Ministry of Environment of
15 July 2011) - setting out detailed criteria of classifying mining waste as neutral waste,
taking into account their physical, chemical and biological properties,
Regulation of the Ministry of Environment of 20 June 2013 on mining waste
characterisation (Regulation of the Ministry of Environment of 20 June 2013) – setting
out the method of collecting and verifying information based on which mining waste
characterisation and detailed scope of characteristics of the mining waste shall be made,
Regulation of the Ministry of Environment of 29 May 2014 on the monitoring of mining
waste facility (Regulation of the Ministry of Environment of 29 May 2014) – setting out
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the scope, time, manner and conditions of monitoring mining waste facility, a model
report on the monitoring results, the frequency of its preparation and the deadline for its
submission,
Regulation of the Ministry of Environment of 11 February 2015 regarding financial
guarantee and its equivalent for a mining waste facility (Regulation of the Ministry of
Environment of 11 February 2015) – setting out the method of calculating, confirming
ownership, dates and the extent of verification of size, manner of disposal and the form of
financial guarantee and its equivalent for mining waste facility.

The aforementioned provisions of the law are specific provisions, precise for a small group of
waste and do not cover all issues connected with mining waste management system in Poland
(Uliasz-Misiak et al., 2014). A comprehensive management of this type of waste in Poland
includes guidelines contained in other legal acts, such as:









Act of 9 June 2011 - Geological and Mining Law (Act of 9 June 2011), which defines the
principles and conditions for making, exercising and completing activities within the
scope of: geological work, mineral deposits extraction, underground non-reservoir storage
of substances, underground storage of waste and carbon dioxide in order to conduct a
demonstration capture project and storage of carbon dioxide, as well as requirements in
the respect of deposits, groundwater and other environmental elements protection,
Act of 14 December 2012 on waste (Act of 14 December 2012), which sets out measures
to protect the environment, human life and health, which prevent and reduce negative
impact on the environment and human health resulting from the production and
management of waste, limit the overall impact of resource use and improve the efficiency
of such use,
Regulation of the Ministry of Environment of 13 May 2004 on the conditions in which it
is considered that the waste is not hazardous (Regulation of the Ministry of Environment
of 13 May 2004), which sets out the conditions in which waste included in the hazardous
waste list is considered as not having the characteristics or components and characteristics
that make waste constitute hazardous waste and the manner of determining the fulfillment
of these conditions,
Regulation of the Ministry of Environment of 9 December 2014 on waste catalog
(Regulation of the Ministry of Environment of 9 December 2014) – setting out waste
catalog divided into groups, subgroups and types with an indication of hazardous waste,
Regulation of the Ministry of Economy of 16 July 2015 on the acceptance of waste at
landfills (Regulation of the Ministry of Economy of 16 July 2015) – setting out inert waste,
whose main waste characteristics shall be drawn up without testing, as referred to in
Article 110 paragraph. 2 point 1 h of Act of 14 December 2012 on waste, the criteria for
acceptance of waste at landfills and scope of the study.

The implementation of existing Polish legal acts concerning the management of waste from
the exploration and exploitation of unconventional hydrocarbon deposits shows that as long as
the flowback water is in technological process, it should not be treated as mining waste. The
treated flowback water – liquid fraction which, after appropriate treatment, is suitable for
reuse, should not be treated as waste. The flowback water which has not been treated or has
no further use, should be treated as mining waste. If the flowback water is treated in place on
well pad, the residues after such treatment should be treated as mining waste. When putting
the flowback water to a waste facility for disposal, the operator of a mining waste facility is
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required to obtain a permit for the conduct thereof and a decision approving mining waste
management plan.
It is also worth mentioning that the fracturing fluids remaining underground after the
fracturing operations would not be a waste according to the Waste Act and the Mining Waste
Act.
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6

CONCLUSIONS

During the exploration and exploitation of gas from shale formations a large number of
chemical substances and compounds with different harmfulness for the environment and
human health is used. These substances are used for preparing both drilling fluid materials
and fluids for hydraulic fracturing. Information on harmfulness of substances and chemicals is
included in safety data sheets. They are the primary source of information about the properties
of hazardous chemical substances and mixtures, the type and size of risks they present for
humans and the environment and the recommendations and principles of their safe handling
during production, transport, use and storage. The use of substances and chemicals is
regulated all over the world by many laws.
However, the review of literature and available data demonstrated that there are still many
fields in the use of substances and chemicals during exploitation of gas from shale formations,
improvement of which will contribute to minimizing the effects of chemicals on the
environment and human health. In the case of the USA and Canada, there is no obligation, on
the federal level, to disclose the composition of fluids used for hydraulic fracturing. Such an
obligation exists in some states or provinces, but there are no uniform guidelines as to the
scope of information that should be disclosed. In Europe, there is no obligation to disclose the
composition of hydraulic fracturing fluids and amounts of the individual substances contained
therein (at both EU level and individual Member States level).
Management of waste from exploration and exploitation of hydrocarbon deposits in the USA
and Canada is regulated primarily at the level of individual states or provinces. There is a lack
of guidelines in this respect at the federal level. Regulations at the level of states or provinces,
however, differ in scope and detail, and do not always apply to the waste from exploitation of
gas from shale formations. It should be added that many states and provinces are developing
legislation and regulations in response to the increase in the use of hydraulic fracturing,
including requirements related to waste management. In Europe wastes generated during
exploration and exploitation of gas from shale formations are bounded by the same legal
regulations as waste generated during exploration and extraction of conventional hydrocarbon
deposits. Therefore, for the waste from exploitation of gas from shale formations there are no
uniform requirements regarding the scope of research on quality of this type of waste,
guidelines for their treatment, transportation, disposal and storage and need to disclose the
results of research on their quality. In addition, there is no information concerning the
comparison of harmfulness of waste generated during exploration and exploitation of
conventional and unconventional hydrocarbon deposits.
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ABBREVIATIONS

AAC - Alaska Administrative Code
ADEC - Alaska Department of Environmental Conservation
AER - Alberta Energy Regulator
BC - British Columbia
BLM - Bureau of Land Management
CAS Number - Chemical Abstracts Service Number
CCR - California Code of Regulations
CEPA - Canadian Environmental Protection Act
CLP - Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16
December 2008 on classification, labeling and packaging of substances and mixtures,
amending and repealing Directives 67/548/EEC and 1999/45/EC, and amending Regulation
(EC) No 1907/2006
COGOA - Canada Oil and Gas Operations Act
EA - environmental assessment
EC – European Commission
ECHA - European Chemicals Agency
EEA - European Economic Area
EPA – Environmental Protection Agency
EPCRA - Emergency Planning and Community Right to Know Act
E&P wastes - wastes exploration and production
ERCB - Energy Resources Conservation Board
EU - European Union
GHS - Globally Harmonized System
GWPC - Ground Water Protection Council
HF - Hydraulic Fracturing
IAC - Indiana Administrative Code
IOGCC - Interstate Oil and Gas Compact Commission
KAR - Kansas Administrative Regulations
MOE - Ministry of Environ
MSDS - Material Safety Data Sweet
NEB - National Energy Board
NGS FACTS - Natural Gas from Shale hydrauling fracturing Fluid and Additive Component
Transparency Service
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NYCRR - Rules and Regulations of the State of New York
OA - Operations Authorization
OAC - Ohio Administrative Code
OPPPW - The Polish Exploration and Production Industry Organization
ORC - Ohio Revised Code
PA - Pennsylvania Act
RCRA - Resource Conservation and Recovery Act
REACH - Regulation (EC) No 1907/2006 of the European Parliament and of the Council of
18 December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of
Chemicals (REACH), establishing a European Chemicals Agency, amending Directive
1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission Regulation
(EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission Directives
91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC
REDA - Responsible Energy Development Act
STRONGER - State Review of Oil and Natural Gas Environmental Regulations
TDEX - The Endocrine Disruption Exchange
TDS - Total dissolved solids
USA – United States of America
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