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ABSTRACT

BACKGROUND: Both South Africa and Australia (as well as other coun-

tries) have vast reserves of methane gas trapped either in coal or shales 

up to 1 km or more below the surface. Some of these seams are not pervi-

ous (tight gas) and need to be fracced (fracturing is also used) to release 

the gas. This is a process where high pressure water, sand and fracturing 

�uids are injected into the wells to open up the coal or shale to release 

the gas. Unfortunately in most instances because of the depth of the gas 

it is at a level where groundwater is present which has to be pumped 

down to a level where the gas can be release to the surface.

ISSUES: The method for fracturing because of previous bad publicity has 

raised the following concerns from the farming community:

or aquifers, making it un!t for farming activities

the coal or shale from which it has been released from, it has to be treat-

be reused for farming activities or released in streams.

AUSTRALIAN LEGISLATION: The Australian legislation calls for the re-

moval of dissolved solids to a level that is environmentally acceptable 

before it can be released. It also calls for containment of all salts removed 

-

ment has to be used.

CONCLUSION: It takes huge investments from gas companies to take the 

Governments and the community along the journey and prove conclu-

sively that this type of development does not have an adverse impact on 

the environment.

THE ISSUE

Coal and shale seam gas reserves are likely to make a major contribu-

tion to future energy needs. However, the new technology for exploiting 

these reserves, termed hydraulic fracturing or fracturing raises several en-

vironmental issues. Australia and South Africa has signi!cant exploitable 

reserves of natural gas from coals and shale seams, primarily located in 

-

tial in most states and territories. Commercial production commenced 

with the development of other extractive resource industries, the sus-

tainable development of the sector requires balanced consideration of 

FIGURE 1  
al, 2012)



� � � IMESA

its environmental, social and economic impacts, bene!ts and costs. Ac-

tivities associated with the development of natural gas from coals seams 

will a"ect the environments in which it occurs. Potential environmental 

issues such as groundwater depletion, produced water management, 

surface disruption from activities associated with the drilling of wells and 

the construction of pipelines, and chemical use associated with well drill-

ing and hydraulic fracturing must be managed to minimise environmen-

tal impacts.

Australian governments are focused on achieving a balance between 

developing a world-class industry, protecting the environment, water re-

sources and human health while delivering opportunities and bene!ts 

to the Australian community. It is the responsibility of governments to 

understand and address both the risks and community perceptions in-

volved in the development of natural gas from coal and shale seams and 

adopt positions that address and respond equally to these risks and per-

ceptions. Governments should aim to provide policies and regulations 

that encourage the growth of the industry within a regime of relevant, 

enforced conditions and legislation to protect the environment, human 

health and facilitate social development and sustainability.

WHAT IS FRACTURING

The methane, formed both by biogenic processes as well as the thermal 

decomposition of organics, becomes trapped within the high surface 

area pore networks within the coal. The recovery process involves drilling 

typically up to 1000 m (and deeper, e.g. 2000 m for shale gas) to locate 

naturally occurring fractures within the formation and increasing the po-

rosity within the formation to provide conduits for gas migration.

Hydraulic fracturing has been widely used in Australia for more than 

40 years to increase the rate and amount of oil and gas extracted from 

reservoirs. The process of hydraulic fracturing is applied to a minority of 

operations in Australia.

A sound understanding of the geology, hydrology, hydrogeology and 

geomechanics is essential to plan the fracturing process and ensure 

fracture stimulation activities are conducted in a safe manner that pro-

tects communities, the environment and water resources. Baseline and 

ongoing monitoring underpin evidence-based decision-making which 

ensures that actions taken by regulators and operators on hydraulic frac-

turing are accountable and enduring.

Hydraulic fracturing is also known as fracture stimulation, fraccing or 

fracking. Hydraulic fracturing is the process through which fractures are 

produced in geological formations. Most commonly, a �uid made up of 

water, sand and additives is injected under high pressure through a per-

forated cased well into a geological formation. The pressure caused by 

the �uid injection under pressure creates fractures in the coal or shale 

seam where the well is perforated.

For a vertical well treatment, a fracture might typically extend to a 

distance between 20 and 250 metres from the well. The fractures grow 

slowly; for example the initial average velocity may be less than 10 me-

tres per minute and slow to less than 1 metre per minute at the end of the 

treatment. The ‘proppant’ in the hydraulic fracturing �uid acts to keep the 

fracture open after injection stops, and forms a conductive channel in the 

coal through which the water and gas can travel back to the well. After 

the fracturing is complete, the majority of the hydraulic fracturing �uid is 

brought back to the surface over time and treated before being reused 

or disposed of in accordance with the regulations applying in that juris-

diction. Well integrity standards include arrangements for hydraulic frac-

turing and are the key mechanism for managing potential impacts. The 

impacts that arise generally relate to potential aquifer interconnectivity, 

intersection of induced fractures with existing faults/fractures and/or ex-

isting wells, and the potential for chemical contamination.

Prior to obtaining an authorisation to undertake hydraulic fracturing 

activities, legislation requires operators to:

including the location of wells

and mixtures

it being hydraulically fractured to ensure that the activity is managed 

to prevent environmental harm.

FIGURE 3  Schematic diagram of the di"erences between Unconven-

tional and Conventional gas extraction

Some commonly-used chemical additives and their uses in hydraulic 

fracturing �uids include:

additives used to increase the viscosity of the fracturing �uid as it is 

pumped under pressure into the crack and joints in the coal, to allow 

more proppant to be carried into fractures

gum so that the fractures can transmit water and gas to the well

friction between the fracturing �uid and the bore casing and to control 

any swelling in clay

which are used to control the introduction of outside bacteria to the 

coal seam which may restrict gas �ow to the well

are used to increase �uid recovery from the fracture

FIGURE 2  
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build of scale and rust in the bore

natural cracks and joints in the coal before the fracturing �uids are 

injected and to balance the acidity of the hydraulic fracturing �uid; and 

growth of the factures in the coal seam.

INFLUENCE ON THE COMMUNITY

Coal seam gas reserves represent a major contribution to energy needs, 

however, gas recovery by hydraulic fracturing (fracking or fraccing), re-

quires careful management to minimise any possible environmental 

e"ects. Although the industry is adapting where possible to more be-

nign fracking chemicals, there is still a lack of information on exposure 

to natural and added chemicals, and their fate and ecotoxicity in both 

the discharged produced and �ow-back waters. Geogenic contaminants 

mobilised from the coal seams during fracking may add to the mix-

ture of chemicals with the potential to a"ect both ground and surface 

water quality.

The potential impact of developments to extract natural gas from coal 

seams has on groundwater resources is a signi!cant source of commu-

nity concern. The issues that arise can be broadly categorised as deple-

tion and contamination of water resources, each of which could a"ect 

existing groundwater users, inter-aquifer connectivity, groundwater to 

surface water interactions and groundwater-dependent ecosystems. The 

responsible management and use of chemicals in operations associated 

with the production of natural gas from coal seams and potential human 

health and environmental impacts are key concerns for many communi-

ties and a high priority for governments and industry. Industry has de-

veloped and continues to research environmentally benign chemicals 

and formulations for use in operations. Governments are working with 

industry to better understand potential impacts on human health and 

the environment through the national chemical assessment process.

FIGURE 4  Community protests against fracturing

In Australia communities have responded with (See Figure 4):

org.uk

Food and Water Watch foodandwaterwatch.org

Thus like other locations, community concerns around fracking in 

box drops

Surveys completed in Australia for the Centre for Coal Seam Gas (CSG) 

-

ing a positive impact on the State, those who knew a little indicated 

that CSG was having a negative impact

balanced factual Information

the environmental impacts of CSG were well managed, regulated 

and understood.

The growth of fracking and the CSG industry has led to the establishment 

of regulations around:

The government has undertaken a number of initiatives including: 

ENVIRONMENTAL ISSUES

The selection of a CSG water bene!cial use route or disposal route is 

largely dependent on the proximity of the CSG producer to disposal or 

bene!cial use locations, the cost and complexity of the treatment pro-

cess (if required) and whether or not water from several producers or 

sites. The production of coal seam gas (CSG) involves the pumping of 

water from coal formations to reduce water pressure and release the gas. 

This can a"ect overlying and underlying aquifers because of interconnec-

tivity between the formations. A regional groundwater �ow model was 

constructed to predict the impacts of current and planned CSG develop-

ment on water pressures in aquifers.

As with any large mining or industrial operation, consideration needs to 

be given to the environmental e"ects of fracking. The number of hydrau-

lic fracturing products is not trivial. It has been suggested that in the US, 

-

tives Committee 2011). The number used in coal seam gas fracking is con-

siderably less, and in Australia, the Australian Petroleum Production and 

Exploration Association Limited recently released a list of 45 chemicals 

that supposedly comprised for that time, ‘all chemicals used in Austral-

ian coal seam gas fracking �uids’ (Australian Petroleum production and 

Exploration Association Ltd 2010).

In Australia, regulatory agencies can require companies to provide 

details of proprietary chemicals used in fracking, and as a consequence 

many coal seam gas companies have proactively listed such chemicals 
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used fracking chemicals from these sources is as discussed previously, 

however their use is rapidly changing with a view to choosing more envi-

ronmentally friendly chemicals.

The detection of benzene in discharge waters has led to bans on the 

use of BTEX compounds (benzene, toluene, ethylbenzene and xylenes) 

in fracking �uids. Other geogenic contaminants include metals and ra-

to balance the environmental, economic and social costs and bene!ts of 

a proposed activity. However, the appropriate balance can be di#cult to 

achieve when there is uncertainty about the costs and bene!ts of par-

ticular developments.

-

ple. The application of the precautionary principle should be a propor-

tionate and reasonable response to:

potential catastrophic or irreversible harm)

reasonably likely to occur)

not proceeding.

Environmental legislation provides a robust mechanism to manage pro-

LEGISLATION

In Australia all underground assets such as coal, gas, gold etc. is owned by 

the Government and not the farmer. Also most of the CSG !eld are below 

some of the most productive farms in Australia which makes it di#cult 

to explore for gas whilst not be detrimental to the farming operations.

Under the Queensland regulatory framework, petroleum and gas ten-

ure holders have rights and responsibilities in relation to the extraction 

of groundwater in the process of producing petroleum and gas. These 

responsibilities are to ‘make good’ impairment of private groundwater 

supplies caused by the water extraction activities and to carry out moni-

toring and other management activities.

In practice, di"erent approaches to the management of produced wa-

ter operate in Australia although natural gas from coals seams is currently 

ensure that the extraction of water during petroleum operations is in-

corporated into water resource planning mechanisms, often by licensing 

the use of water through the allocation of water entitlements within a 

planning regime to ensure the sustainable management of Australia’s 

water resources.

Australia’s existing development planning framework requires environ-

mental impact approvals from the relevant state or territory and under 

Commonwealth legislation if they impact on matters of national environ-

mental signi!cance.

For operations, the regulator should ensure that the environmental im-

pact assessment process includes consideration of: 

management and dust minimisation

on the hydrogeological environment (ideally through a numerical 

groundwater �ow model developed with consideration of the Austral-

ian Groundwater Modelling Guidelines - subject to peer review and 

independent audit) and provide for ongoing monitoring to determine 

any changes that may impact existing users and the environment

hydraulic fracturing activities including the use of chemicals (storage, 

handling, processing, transport, and disposal) with respect to potential 

human health or environmental impacts

with relevant legislation, standards, and codes of practice as part of 

the operation.

Queensland (Qld) stipulates that operators are required to undertake a 

risk assessment to identify the risks that may occur during well construc-

tion, operation and abandonment within the state’s Code of Practice 

for Constructing and Abandoning Coal Seam Gas Wells. As previously 

mentioned, applications for site speci!c activities in Qld must provide 

the following information: the quantity of water that is expected to be 

produced; the �ow rate at which the water is expected to be produced; 

the quality of the water; and the proposed management strategies (in ac-

cordance with the Coal Seam Gas Water Management Policy 2012).

This information is collectively known as the water management plan. 

Operators are also required under the Water Act 2000 to undertake base-

line monitoring, spring surveys where applicable, and prepare and sub-

mit an underground water impact report which includes a water man-

agement strategy and spring impact management strategy.

which requires applicants to address potential water impacts (including 

aquifer compaction, deterioration of ambient water quality and signi!-

cant soil erosion). In all jurisdictions, the management of risks associated 

with chemicals used in activities to extract natural gas from coal seams 

is stipulated in safety management plan requirements through both 

the environmental management plan requirements and health and 

safety legislation.

Australia’s legislative approach to well integrity has been developed 

from extensive experience in onshore and o"shore oil and gas produc-

tion. It is based on international best practice for well design, construc-

tion, maintenance and rehabilitation.

WATER TREATMENT AND DISPOSAL

Water and salt management are major issues associated with coal seam 

0.6 ML per well) for hydraulic fracturing returns to the surface as the pres-

as it interacts with the coal seam minerals. In addition, there is water as-

sociated with the coal deposits that becomes mobilised as part of the 

drilling operation. This is generally termed produced water or formation 

water. It is typically quite saline as well as containing other constituents, 

both inorganic and organic, of the minerals and coal with which it has 

been associated in the deposits.

The water used in fracking mixes with produced water during the frack-

ing process, with the composition gradually becoming more characteris-

tic of the produced water. The industry typically refers to ‘�ow-back water’ 

as the water produced within a few days of the fracking, and ‘produced 

water’ after that, even though it may still have characteristics of both 

types of water. Volumes of produced water can be up to 100 kL day per 

well, but this typically diminishes over the lifetime of a well which may be 

from the coal seams (a process called depressurisation), the pressure is 

lowered and the gas is released. As water pressure is reduced, gas �ow in-

creases and water �ow rates decrease from each well, typically to around 

a quarter to a third of the initial �ow over a period of a few months to 

a few years, depending on the hydrogeological conditions of the seam.

The volume of produced water extracted from each well can vary con-

siderably between wells and regions. The quality of produced water also 

varies signi!cantly, from near potable to brackish (moderately saline). 
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Typically, produced water is of a quality that signi!cantly restricts its po-

tential use or disposal unless treated.

FIGURE 5  Typical gas and water �ow in production of natural gas from 

coal seams (QWC 2012b)

The development of natural gas from coal seams and associated po-

tential impacts on groundwater resources is a signi!cant source of com-

munity concern. The issues that arise can be broadly categorised as de-

pletion and contamination of water resources, each of which could a"ect 

existing groundwater users; inter-aquifer connectivity; groundwater to 

surface water interactions; and groundwater-dependent ecosystems.

The key inter-related issues for water management are associated with:

surrounding aquifers

produced water and post-treatment wastes and by-products

In addition to lowering groundwater pressures and water levels in bores, 

the large-scale depressurisation of the coal seams has the potential to 

release gas into water bores that have been drilled through the coal 

seams. However, in many cases the water bores tend to be relatively shal-

low (that is, less than 100 metres) compared to wells, which will limit the 

potential for gas migration into water bores. In Australia, the CSG Water 

Management Policy encourages the bene!cial use of recycled produced 

water as a preferred management option. Bene!cial uses of treated pro-

duced water identi!ed include substitution for water for existing irriga-

tion schemes, new irrigation use, with a focus on sustainable irrigation 

projects, livestock watering and release to the environment in a manner 

that improves local environmental values.

-

tions to include reinjection to an aquifer, discharge to a river, on-selling 

to a nearby industry, agricultural development or potable water supply. 

Any option requires treatment of produced water to an appropriate wa-

ter quality standard to have minimal impact on any proposed receiving 

land and waters. Consideration must also be given to pollution issues, 

which are regulated under the Protection of the Environment Operations 

most signi!cant developments have moved to either completely ban or 

prevent the use of evaporation dams unless there is no feasible alterna-

tive. In addition to removing the risk of spills or uncontrolled discharges 

in the event of �ooding, the policy is directed toward maximising the po-

tential bene!cial use of produced water and minimising the impact of 

the production of natural gas from coal seams on other water users in the 

short and long term.

Water quality from CSG dewatering:

 to 10 000 mg/

Signi!cant species:

What can be produced from these ions:

FIGURE 6  Conceptual CSG water management strategy
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sulphate etc.

Bene!cial use of the treated water:

Speci!c application for water is available under the Environmental Protec-

-

aging both the “pure “water itself and dissolved ions (salts) it contains. 

Tendency to focus on the immediate problem, water !rst and then think 

-

generally salinity too low for economic thermal desalination as !rst step). 

Partial treatment and blending may be an option (See Figure 6).

-

ditions are achieved. Pre-treatment is a critical design issue. Probable a 

need exist for up front bu"ering /storage to aid consistency. There will a 

Several Possibilities to manage the brine stream:

The range of possible products increased if additional chemicals added. 

The top minimisation technologies in terms of cost-e"ectiveness and 

robustness include enhanced recovery reverse osmosis, solar evapora-

tion ponds and mechanical evaporation/crystallisation. The recovery of 

salt and deep well injection appears to be the front runners in terms of 

providing a sustainable and cost-e"ective disposal route for brine. Brine 

injection may be accomplished by injecting into deep wells in the im-

mediate vicinity of the CSG production area, injection into the coal seams 

from where the associated water originated and/or piping of brine to dis-

tant aquifers or depleted gas !elds. Salt recovery of sodium carbonate/

bicarbonate salts and/or sodium chloride may be undertaken via various 

means, with the most likely method incorporating mechanical vapour 

compression evaporation and crystallisation.

CONCLUSION

It can be concluded that although technical feasible to conduct environ-

mentally sensitive fracturing ( depend on speci!c site conditions) it is the 

community that has to be convinced that the fracturing process can be 

done without any detriment to their farms, houses and ground water as-

sets. This is a long and protracted journey and takes several years to be 

resolved to the satisfaction of all parties involved. From an Australian per-

spective it only works if the community and possibly the Government are 

taken along the journey from the start as all minerals and metals below 

the surface belongs to the Governments and not to the land owners.

REFERENCES

shallow groundwater in coalbed methane (CBM) producing regions of 

management Area, Brisbane, 22 October 2012.

FIGURE 7  Salt recovery facility using enhanced selective crystallization 


