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"What environmental, social, and economic impacts will hydraulic 

fracturing (Fracking) for shale gas have on the Northern Territory?" 

Literature Review by Pauline Cass  

10 May 2016 

 

Introduction to the Northern Territory and Hydraulic Fracturing.  

The Northern Territory of Australia has a total area of 1,349,129 square kilometres 

(Geoscience Australia n.d.) which is home to 244,500 people (Australian Bureau of Statistics 

2015). The ΨOnshore PetǊƻƭŜǳƳ ¢ƛǘƭŜǎ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘǎΩ Ƴap (Appendix 1), shows over 

90% of the Northern Territory (NT) is currently either approved or under application for 

onshore oil and gas exploration and production (Styles 2016), with prospective onshore gas 

resource estimates of more than 200 trillion cubic feet (Department of Minerals and Energy 

2015c, p. 3). Onshore gas is found in a variety of matrixes or plays, such as shale, tight sands, 

coal seam (CSG), and conventional plays, with each requiring different methods of 

extraction (Department of Economic Development, Jobs, Transport and Resources 2015). 

Shale gas is mostly methane, is colourless and odourless, and can be used in homes, 

industry, and to generate electricity (Santos Ltd 2016). TƘŜ b¢Ωǎ onshore gas is 

predominantly shale gas trapped in shale rock, so will need hydraulic fracturing to extract it 

(Department of Minerals and Energy n.d; Hawke 2015, p. ii).  

  

Hydraulic fracturing shale gas is a form of unconventional gas mining. It is also known as 

fracking, fraccing, hydrofracturing, hydrofracking, fractious stimulation, and onshore natural 

gas production. TƘŜ ǘŜǊƳ ΨŦǊŀŎƪƛƴƎΩ is used in this review to describe all aspects of the 

hydraulic fracturing processes and industry. Shale gas in the NT requires horizontal fracking 

(Figure 2), where a well is drilled down vertically for an average of 2.5 kilometres (Northern 

Territory Government 2016), before turning horizontally in the shale rock and continuing <2 

kilometres (Northern Territory Government 2015c). The well is then cased and cemented 

(Northern Territory Government 2015b), before being perforated at the production site. 

Fracking fluid consisting of water, proppants and chemicals, is then injected in large 

quantities at high pressure to force and hold fractures open, stimulating gas flow, and 

resulting in vertical fissures which άcan extend several hundred feet away from the 

wellboreέ (EPA 2015b). The gas then flows to the surface where it is collected and processed 

(Figure 4). Compared to other gas types, sƘŀƭŜΩǎ ǇǊƻŘǳŎǘƛƻƴ ǊŀǘŜ ŘŜŎƭƛƴŜǎ ǊŀǇƛŘƭȅ ƻƴŎŜ 

fracked, necessitating the constant drilling and fracturing of new wells to maintain a playΩǎ 

productivity (Cook et al. 2013, p. 23ύΣ ƻŦǘŜƴ ǊŜǎǳƭǘƛƴƎ ƛƴ ΨƻŎǘƻǇǳǎΩ ƻǊ multi-well pads (Figure 

3).   



 What environmental, social, and economic impacts will hydraulic fracturing (fracking) for shale gas have on the Northern Territory?       Pauline Cass  

4 
 

 

Figure 2. Diagram of horizontal drilling and hydraulic fracturing for shale gas. 

Source: Northern Territory Government 2016. 

 

  

 

 

Figure 3. An octopused multi-well pad. The surface multi-well pad is shown in red with the wells (Black lines) 

radiating out underground. 2,000 acres of shale reservoirs can be fracked from one 7 acre pad.  Source: Hicks 

2012. 
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Situation Analysis: 

Fracking is a divisive issue. Internationally, some countries like the USA (EIA n.d.) frack, 

though it is banned in some US States (Kaplan 2014); some like South Africa (Bagilet 2015) 

have a moratorium on fracking; while others such as Italy (DLA Piper 2016), Wales (Schaps 

2015), and France (Members Research Service 2014, p. 5), have banned fracking due to 

environmental concerns. The Northern Territory Government (NTG) promotes and supports 

fracking as a clean energy (Jackson 2016). In 2015 it released the ΨReport of the Independent 

Inquiry into Hydraulic Fracturing in the Northern TerritoryΩ όHawke Report), which states 

ά¢Ƙƛǎ LƴǉǳƛǊȅΩǎ ƳŀƧƻǊ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴΣ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ƻǘƘŜǊ !ǳǎǘǊŀƭƛŀƴ ŀƴŘ LƴǘŜǊƴŀǘƛƻƴŀƭ 

reviews, is that the environmental risks associated with hydraulic fracturing can be managed 

effectively subject to the creation of a robust regulatory regimeέ (Hawke 2015, p. x). The 

Hawke ReportΩǎ ŦƛƴŘƛƴƎ ǘƘŀǘ ŀ moratorium is unjustified, despite over half the submissions 

calling for one (Hawke 2015, p. 46), was questioned by NT politicians (Manison 2015), 

lawyers (ABC News 2015), and environmentalists (Zillman 2015), and applauded by industry 

(Macdonald-Smith 2016; Curtain 2015).  

2016 is a Territory election year and fracking has become a political issue. The current NTG 

(Country Liberal Party) asserts it will frack (Giles 2016), Territory Labour promises a 

moratorium if elected (Coates 2016), 1Territoy publicises they are Ψŀƴǘƛ-frackingΩ (Earley 

2015), and an independent candidate has called for a fracking referendum (Bardon 2016a). 

There are numerous anti-fracking groups in the NT, such as Protect Arnhem Land, 5ƻƴΩǘ 

Frack the Territory, Environment Centre NT, Arid Lands Environment Centre, and NT Frack 

Free Alliance, which has groups in many areas. A recent Mix FM Darwin survey found 89.1% 

of respondents opposed fracking (Woolfe 2016), and another poll in the NT News reported 

83% of Territorians were concerned by the effects of fracking (Walsh 2016). 

This literature review aims to inform NT stakeholders such as politicians, local businesses, 

Indigenous communities, and the general public about the impacts of unconventional gas 

mining for NT shale gas, and provide an extensive, relevant bibliography. It will investigate 

shale gas fracking literature, ƛƴ ƻǊŘŜǊ ǘƻ ŀƴǎǿŜǊ ǘƘŜ ǉǳŜǎǘƛƻƴ ΨWhat environmental, social, 

and economic impacts will hydraulic fracturing (Fracking) for shale gas have on the Northern 

Territory?Ω  

 

Figure 4.  

Santos' Moomba gas plant, 

South Australia, has 

approximately 5,600 

kilometres of pipelines and 

flowlines, field boost 

compressors, and 24 oil and 

gas satellite facilities.  

Source: Foster & McGee 2015 
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Literature Review: 

Impacts of Hydraulic Fracturing for Shale Gas in the NT. 

This literature review will explore fracking impacts pertinent to the Northern Territory, using 

recent Australian peer-reviewed literature whenever possible. There is a plethora of 

information available on horizontal hydraulic fracturing for shale gas, with many 

international and national government and private sector inquiries, discussion panels, 

scientific reports, scientific journals, websites, magazine and newspaper articles, and 

anecdotal reports on social media. A recently published literature review (Hays & Shonkoff 

2016) found 685 peer-reviewed scientific papers addressing the impacts of fracking had 

been published between 2009 and 2015.  

 

   
Figure 5. 3600 kilometres of seismic lines 

cleared in preparation for fracking operations 

near Broome, WA. Source: Frack Free 

Kimberley Community 2016 

Figure 6. Well pads, access roads, pipeline corridors and 

other fracking infrastructure in Green River Valley, 

Wyoming, USA. Source: Hoffman 2012. 

  

Environmental Impacts: 

The Hawke Report (2015) found environmental impacts can potentially result from many 

shale gas fracking processes but that the risks can be managed with robust regulations. The 

Australian Academy of Technological Sciences and EngineeringΩǎ ό!¢{9ύ ǎǳōƳƛǎǎƛƻƴ ǘƻ ǘƘŜ 

Hawke Inquiry (Finkel 2014, p. 2) warns that if management is inadequate, the NTΩs 

ecosystems, sedimentary basins, water resources, and landscapes may be detrimentally 

impacted. 

The key environmental findings of the 9ǳǊƻǇŜŀƴ tŀǊƭƛŀƳŜƴǘΩǎ ǎǘǳŘȅ ΨImpacts of Shale Gas 

and Shale Oil Extraction on the Environment and on Human HealthΩ ǿŜǊŜΥ  
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¶ Unavoidable impacts are area consumption due to drilling pads, parking and manouvering 

areas for trucks, equipment, gas processing and transporting facilities as well as access roads. 

(Figures 5 & 6)  

¶ Major possible impacts are air emissions of pollutants, groundwater contamination due to 

uncontrolled gas or fluid flows due to blowouts or spills, leaking fracturing fluid, and 

uncontrolled waste water discharge. (Figures 10 & 11) 

¶ Fracturing fluids contain hazardous substances, and flow-back in addition contains heavy 

metals and radioactive materials from the deposit. (Appendix 2) 

¶ Experience from the USA shows that many accidents happen, which can be harmful to the 

environment and to human health. The recorded violations of legal requirements amount to 

about 1-2 percent of all drilling permits. Many of these accidents are due to improper 

handling or leaking equipments. (Appendix 3) 

¶ Groundwater contamination by methane, in extreme cases leading to explosion of 

residential buildings, and potassium chloride leading to salinization of drinking water is 

reported in the vicinity of gas wells. (Figures 7 & 8) 

¶ The impacts add up as shale formations are developed with a high well density (up to six 

wells per km²). (Tables 1 & 3) 

(Lechtenböhmer et al. 2011) 

 

In 2013 the European Commission Directorate-General for Environment commissioned 

environmental risk assessments for both individual wells, and multiple ƛƴǎǘŀƭƭŀǘƛƻƴΩǎ 

cumulative effects, for each stage of shale gas well development. The results are shown in 

Table 1 and demonstrate that risks to water, air and biodiversity increase with multiple 

wells.  

 

Table 1. Summary of shale gas well environmental risk assessments for an individual site and cumulative 

sites. This table demonstrates that risks to air, water and biodiversity increase with well accumulation.  

Environmental 

Aspect 

Site 

identification 

and 

preparation 

Well 

design 

drilling, 

casing, 

cementing 

Fracturing Well 

Completion 

Production Well 

abandonment 

and post-

abandonment 

Overall 

rating 

across 

all phases 

Groundwater 

Contamination 

Individual Site 

Not 

Applicable 

Low Moderate 

ς High 

High Moderate 

ς High 

Not 

Classifiable 

High 

Groundwater 

Contamination 

Cumulative 

Not 

Applicable 

Low Moderate 

ς High 

High High Not 

Classifiable 

High 

Surface water 

Contamination 

Individual Site 

Low Moderate Moderate 

ς High 

High Low Not 

Applicable 

High 

Surface water 

Contamination 

Cumulative 

Moderate Moderate Moderate 

ς High 

High Moderate Not 

Applicable 

High 
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Water 

Resources  

Individual Site 

Not 

Applicable 

Not 

Applicable 

Moderate Not 

Applicable 

Moderate Not 

Applicable 

Moderate 

Water 

Resources 

Cumulative 

Not 

Applicable 

Not 

Applicable 

High Not 

Applicable 

High Not 

Applicable 

High 

Release to Air 

Individual Site 

Low Moderate Moderate Moderate Moderate Low Moderate 

Release to Air 

Cumulative 

Low High High High High Moderate High 

Risk to 

Biodiversity 

Individual Site 

Not 

Classifiable 

Low Low Low Moderate Not 

Classifiable 

Moderate 

Risk to 

Biodiversity 

Cumulative 

Not 

Classifiable 

Low Moderate Moderate High Not 

Classifiable 

High 

Seismicity 

Individual Site 

Not 

Applicable 

Not 

Applicable 

Low Low Not 

Applicable 

Not 

Applicable 

Low 

Seismicity 

Cumulative 

Not 

Applicable 

Not 

Applicable 

Low Low Not 

Applicable 

Not 

Applicable 

Low 

Adapted from: Broomfield 2013.     

 

Fracking Chemicals:  

The Northern Territory Government (2015c) tells us ŦǊŀŎƪƛƴƎ ǊŜǉǳƛǊŜǎ άpumping a mixture of 

sand, water and a low concentration of chemicals (up to 3%)έ ƛƴǘƻ ŀ ǿŜƭƭΦ о҈ sounds 

innocuous until the volume of water used is considered. It is unclear which chemicals will be 

used in the NT (Department of Minerals and Energy n.d.). Appendix 2 summarises the fluids 

and particles used in hydraulic fracturing fluid in Australia. Elsner & Hoelzer (2016) discuss 

the over 1,000 reported fracking substances used in America and found they range from 

non-toxic to extremely toxic (deadly). 

  

Water:  

The main concern people have with fracking is its impacts on water (Hawke 2015, p. 31). 

Water resource impacts include contamination and depletion (Table 1). Shale gas 

production uses a higher input of water than CSG production, but it also creates less waste 

water (Australian Council of Learned Academies 2013, p. 2). A shale gas well can use over 10 

million litres of water to frack (Grafton 2012, p. 16). 

The media often shows flammable water as examples of water contamination (Figures 7 & 

8). Osborn et al. (2011Σ ǇΦ умтнύ ŦƻǳƴŘ άmethane concentrations in drinking water wells 

increased with proximity to the nearest gas wellέ ŀƴŘ ǿŜǊŜ άa potential explosion hazardέ in 

active fracking areas. Drilling fluids, flow back fluids, fracking chemicals, and naturally 

occurring contaminants migrating into drinking water and rivers due to fracking have also 

been found (Broomfield 2012). Fracking fluids containing heavy metals and acids have 
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harmed Kentucky fish species (Papoulias & Velasco 2013). Wildlife and animals suffer similar 

impacts to humans (Centre for Biological Diversity, n.d.; Kelly 2011). ΨFracking Can 

/ƻƴǘŀƳƛƴŀǘŜ 5ǊƛƴƪƛƴƎ ²ŀǘŜǊΩ (Vaidyanathan 2016), explains why older reports refuted 

fracking caused water contamination. Figure 9 demonstrates possible sources of water 

contamination from fracking shale gas. 

 

 

 

Figure 7. Tap water on fire after water contamination 

from fracking. Source: Beament 2015.  

Figure 8. CSG fracking is blamed for methane in the 

Condamine River. Source: Water Career 2016. 

 

 

Schematic illustration (not to scale) of possible modes 

of water impacts associated with shale gas 

development reviewed in this paper: (1) overuse of 

water that could lead to depletion and water quality 

degradation particularly in water-scarce areas; (2) 

surface water and shallow groundwater contamination 

from spills and leaks of wastewater storage and open 

pits near drilling; (3) disposal of inadequately treated 

wastewater to local streams and accumulation of 

contaminant residues in disposal sites; (4) leaks of 

storage ponds that are used for deep-well injection; (5) 

shallow aquifer contamination by stray gas that 

originated from the target shale gas formation through 

leaking well casing. The stray gas contamination can 

potentially be followed by salt and chemical 

contamination from hydraulic fracturing fluids and/or 

formational waters; (6) shallow aquifer contamination by stray gas through leaking of conventional oil and gas wells casing; 

(7) shallow aquifer contamination by stray gas that originated from intermediate geological formations through annulus 

leaking of either shale gas or conventional oil and gas wells; (8) shallow aquifer contamination through abandoned oil and 

gas wells; (9) flow of gas and saline water directly from deep formation waters to shallow aquifers; and (10) shallow aquifer 

contamination through leaking of injection wells.  

 

Figure 9. Potential sources of shale gas fracking impacts on water.

Source: Avner et al. 2014, p. 8337.   
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Irreversible water impacts include: depleting fossil aquifers (eg. !ǳǎǘǊŀƭƛŀΩǎ Great Artesian 

Basin), large volume water extraction causing aquifer compaction, artesian aquifers losing 

pressure, fracking creating new connections between aquifers, groundwater contamination, 

and loss of biodiversity and groundwater-dependent ecosystems (Nelson 2012, p. 31). 

 

Air Pollution: 

Sources of air pollution associated with fracking, including methane, are illustrated in Figure 

12. Styles (2014) found that flaring gas containing high percentages of hydrogen sulfide 

results in SOx emissions which affects local and regional air quality, and Tumuluri et al. 

(2016) found acidic gases produced by fracking, including CO2, SO2, and NOx, have adverse 

environmental and health effects. Fracking air pollutants and their health impacts are 

described in Table 2.  

 

  
Figure 10. Venting shale gas containing toxic H2S, Franklin, Texas. Source: Wilson 2012. 

 
Figure 11. Shale gas flare, burning off excess gas, Nordheim, Texas. Source: Tedesco & Hillier 2014. 
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Figure 12. The major air pollutants released during the different stages of fracking. Source: Srebotnjak & 

Rotkin-Ellman 2014. 
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Table 2. The Health Impacts of Air Pollution from Hydraulic Fracturing. 

Air Pollutant Type Affected Body Organ/System Carcinogen 

Particulate Matter (PM) 

Diesel PM Respiratory system; Cardiovascular system  V  

PM10 and smaller *  Respiratory system; Cardiovascular system, Dermal  

Volatile Organic Compounds (VOCs) 

 

 

B 

T 

E 

X 

Benzene Immune system; Blood; Foetal development, Neurologic 

System 

V  

Toluene  Brain and nervous system; Respiratory system; Foetal and 

child development; 

Reproductive system  

 

Ethylbenzene  Foetal and child development; Liver; Kidney; Endocrine 

system; Auditory system  

V  

Xylene  Brain and nervous system; Foetal and child development   

Other VOCs  

(incl. Formaldehyde, 

Methanol)  

Immune system; Respiratory system; Brain and nervous 

system; Dermal; Liver; Kidneys; Endocrine system; Foetal 

and child development 

V  

Other Air Pollutants 

Hydrogen sulphide (H2S) Respiratory system; Dermal, Pulmonary system, Brain and 

nervous system; Gastrointestinal system  

 

Nitrogen oxides (NOx) Pulmonary, Respiratory system   

Ozone (O3) Respiratory system; Cardiovascular system  

Carbon Monoxide (CO) Neurologic, Reproductive system  

Respirable Silica  Respiratory system; Kidneys; Immune system  V  

Polycyclic aromatic 

hydrocarbons (PAHs) 

Immune system; Reproductive system; Brain and nervous 

system; Foetal and child developmental effects 

V  

* PM10 : particulate matter of 10 micrometres or smaller in diameter.  

Adapted from: Srebotnjak & Rotkin-Ellman 2014; & Spear 2015.  

 

Climate Change: 

Methane (CH4) is 84 times more damaging to the atmosphere than CO2 for the first twenty 

years after its release (Climate and Clean Air Coalition n.d.; EDF n.d.). Venting methane into 

the atmosphere during fracking contributes greatly to greenhouse gas emissions (Figure 10). 

Gas flaring (Figure 11) also accelerates climate change, though it releases 28-84 times less 

methane than venting (Styles 2014). The US EPA is proposing to limit methane release from 

fracking due to climate change concerns (EPA 2015a; EDF n.d.).  

 

Seismic Activity: 

A Miami University, Ohio study has directly linked hydraulic fracturing to earthquakes 

(Skoumal et al. 2015). Waste water injection from fracking has also been linked to seismic 

activity (Walsh & Zoback 2015). Oil and gas operations have been tied to earthquake surges 

in eight US states, including, Arkansas, Kansas, Ohio, Oklahoma and Texas (Kuchment 2016). 
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hƪƭŀƘƻƳŀΩǎ Ŝarthquakes have dramatically risen since 2008 (Figure 13) when Oklahoma 

increased its oil and gas production (Rusinow n.d.). Studies have also found fracking wells 

have caused earthquakes in Canada (Hirji 2016).  

 

Figure 13.  hƪƭŀƘƻƳŀΩǎ ŜŀǊǘƘǉǳŀƪŜ ƛƴŎƛŘŜƴŎŜ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ŘǊŀƳŀǘƛŎŀƭƭȅ ǎƛƴŎŜ 2009. 2016 only includes 

January and early February figures.  Source: USGS 2016. 

 

Socio-Economic Impacts: 

Lifestyle:  

Fracking has many social impacts on communities. The most influential in rural towns being 

demographic change, with an influx of single males employed by the fracking industry, 

mostly as fly in - fly out (FIFO) workers (Hawke 2015, p. 63), and an exodus of families 

(Everingham et al. 2013, p. 40).   

CǊŀŎƪƛƴƎ ƛƳǇƛƴƎŜǎ ƻƴ ǇŜƻǇƭŜΩǎ ƭƛŦŜǎǘȅƭŜǎΦ bumerous US communities are reliant on bottled 

drinking water provided by the fracking companies, as their water supplies have been 

contaminated or depleted by fracking (Jerolmack & BerƳŀƴ нлмсΤ hΩ/ƻƴƴƻǊ нлмпύΦ ¢ƘŜȅ 

άshower with the windows open, to prevent a build-ǳǇ ƻŦ ŜȄǇƭƻǎƛǾŜ Ǝŀǎέ, and some have 

had their άwater wells explodeέ (Fenton 2016). Territorians rely on bore water so this is a 

serious concern. 

bŀǘƛƻƴŀƭ DŜƻƎǊŀǇƘƛŎ ό5ƻōō нлмоύ ŘŜǎŎǊƛōŜǎ ά{ǘǊŜŜǘǎ ŎƭƻǘǘŜŘ ǿƛǘƘ ƴƻƛǎȅΣ ŜȄƘŀǳǎǘ-ōŜƭŎƘƛƴƎ Χ 

trucks. More crime, more highway accidents, more medical emergencies. People on fixed 

ƛƴŎƻƳŜǎ ŦƻǊŎŜŘ ǘƻ ƳƻǾŜ ōŜŎŀǳǎŜ ǘƘŜȅ ŎŀƴΩǘ ŀŦŦƻǊŘ ǎǘŜŜǇ ǊŜƴǘ ƘƛƪŜǎΦ hǾŜǊǘŀȄŜŘ ǿŀǘŜǊ ŀƴŘ 

sewer systems. ProstitutionΧέ. ¢ƘŜƴ ǘƘŜǊŜΩǎ ǘƘŜ ƴƻƛǎŜΣ ƭƛƎƘǘǎΣ ƻŘƻǳǊǎΣ ŘǳǎǘΣ ǘǊŀŦŦƛŎΣ ŀƴŘ ƻǘƘŜǊ 

excessive nuisances (Goldberg et al. 2015; Nicholson 2014). 
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Landowners have no legal right to refuse a gas company access to their land if it owns the 

mineral rights (Dairy Australia 2015). This impacts privacy and ability to conduct routine 

activities (Figure 14)Φ ¢ƘŜ Ψ[ƻŎƪ ǘƘŜ DŀǘŜ !ƭƭƛŀƴŎŜΩ Ƙŀǎ ōŜŎƻƳŜ ŀ vocal, anti-fracking 

movement, nationally attracting and uniting a diverse range of people concerned about 

fracking issues. MembersΩ voice concerns, which are shared internationally, such as 

environmental impacts, health, climate change (de Rijke 2013, p. 2), social dynamics, and 

ǇŜƻǇƭŜΩǎ ǊƛƎƘǘǎ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜƛǊ ǿŀǘŜǊΣ ƭŀƴŘ ŀƴŘ ƭƛǾŜƭƛƘƻƻŘǎ ŦǊƻƳ ŦǊŀŎƪƛƴƎ (Figure 20).   

BroomfieldΩǎ όнлмоύ risk assessments commissioned by the European Commission 

Directorate-General for Environment are shown in Table 3. They demonstrate that traffic, 

noise, visual, and land-take impacts increase with multiple wells (Figures 14 & 15). 

Table 3. Risk Assessment Results for an Individual Site and Cumulative Risks. This shows the risks and impacts 

of fracking increase with multiple (cumulative) wells, especially in regards to traffic and land-take.  

Environmental 

Aspect 

Site 

identification 

and 

preparation 

Well 

design 

drilling, 

casing, 

cementing 

Fracturing Well 

Completion 

Production Well 

abandonment 

and post-

abandonment 

Overall 

rating 
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Figure 14. Land-take, air pollution and visual impacts 

of shale gas fracking in North Dakota, USA.  

Source: Dawson 2014.  

Figure 15. Visual, noise, air pollution, and traffic 

impacts. Fracking truck traffic in Watford City, North 

Dakota. Source: Lee 2013. 


