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"What environmental, social, and economic impacts will hydraulic
fracturing (Fracking) for shale gas have on tNerthern Territory?"

Literature Review by Pauline Cass
10 May 2016

Introduction to the Northern Territory and Hydraulic Fracturing

The Northern Territory of Auddfia has a total area of 1,3429square kilometres
(Geoscience Australiad.)which is home to 24,500 people (Australian Bureau of Statistics
2015) The@nshore PR f SdzY ¢ A (Gt Sa lagRppendAy shawssrSy 14 Q Y
90% of the Mrthern Territory (NT)is currentlyeither approved orunder applicatiorfor
onshoreoil andgasexplorationand production(Styles 2016)with prospectiveonshoregas
resourceestimates ofmore than 200 trillion cubic feetepartment of Minerals and Energy
2015, p. 3) Onshore gassfound in a variety of matrixesr plays,such as shaletight sands,
coal sean{CSG)and conventional playsvith eachrequiring different methods of
extraction(Department of Economic Development, Jobs, Transport and Resources 2015).
Shale gas imostly methanejs colourless anddourless and can be used in horag

industry, and to generate electricity (Santos Ltd 20I8)S  torislibée gas is
predominantlyshale gasrappedin shale rockso will need hydraulic fracturing to extract it
(Department of Minerals and Energy nidawke 2015p. .

Hydraulicfracturingshale gass a form of usonventiond gas mining. It is also known as

fracking fraccing hydrofracturing, hydrofrackindractious stimulationand onshorenatural
gasproduction TK S S NIy isdged\ih tBig réviéid to describe all aspects of the

hydraulic fraturing processes and industrghale gas in the NT requires horizontatking

(Figure 2, whereawell isdrilled down vertically foran average of 2.5 kilometréBlorthern

Territory Govenment 2016) before turning horizontHy in the shale rocland continuing 2

kilometres Northern Territory Government 20th The well ishen cased and cemented

(Northern Territory Government 2015pbefore being pdorated at the production site

Fracking fluidconsisting of water, proppants and chemicadsthen injectedn large

guantitiesat high pressure to forcand hold fracture®pen, stimulating gas flonand

resulting in vertical fissures whiditan extend several hundred feet away froneth

wellboret (EPA 201). The gas then flows to the surface where it is collected and processed
(Figure 4)Compared to other gas typesK I £ SQ& LINRPRdzOG A2y NI S RSOf
fracked, necessitating the constant drilliagd fracturingof new wells b maintain a plag a

productivity (Cook et al. 2013, p.@F 2 F (0 Sy NI & dzinuitiwélBadsFigure 2 O (i 2 LIdz
3).
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EPTH

Figure 2 Diagram of horizontal drilling and hydraulic fracturing for shale gas.
Source: Northern Territory Government 2016.

\

Figure3. An octopused multivell pad.The surfacenulti-well pad is shown in red with the wells (Black lines)
radiating out underground2,000 acres of shale reservoirs can be fracked from one 7 acreSmdce: Hicks
2012.
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Situation Analysis:

Fracking is a divisive issuieternationally, some countrielike the USAEIA n.d.jrack,

though it is banned in somdSStates(Kaplan2014) somelike South Africa (Bagilet 2015)
have a moratorium on frackingvhile others such alialy (DLA Piper 2016), Wales (Schaps
2015), and France (Members Research Service 2014, p. 5), have banned fracking due to
environmental concernslheNorthern Territory GovernmenfNTQ promotes and supports
frackingas a clean energyackson 2016l 2015it released theReport of the Independent
Inquiry into Hydraulic Fracturinig the Northern TerritorHagke Report) whichstates
KAA LYldZANEBQa YI 22N NBO2YYSYRIGA2yI O2yairai
reviews, is that theenvironmental risks associated with hydraulic fracturing can be managed
effectively subject to the creation of a robust regulatory regirfidawke 2015, p. xJThe

Hawke RportQ & T A Yy Ruosatariuni i&unjistified despite over half the submissions
cdling for one(Hawke 2015, p. 46)vas questionedy NTpoliticians(Manison 201}
lawyers(ABC News 20})5andenvironmentaists (Zillman2015), andapplauded by industry
(MacdonaldSmith2016; Curtain 2015).

2016 is a Territory election year afrdcking hadpecome a political issueh& current NTG
(Country Liberal Partyssertgt will frack(Giles 2016)Territory Labar promisesa
moratoriumif elected (Coates 2016) Territoy publicisethey areW | §fackingEarley

2015) and anindependent candidatehas calledor afrackingreferendun (Bardon 2016).
There are numerouanti-fracking groups in the NT, suchR®tect Arnhem Landg 2 y Q
Frack the TerritoryiEnvironment Centre NT, Aridmds Environment Centre, amNIl Frack
Free Alliace,which has groups in marareas.Arecent Mix FMDarwinsurveyfound 89.1%

of respondents pposed fracking (Woolfe 2016), and another poll in the NT News reported
83% of Territorians were concerned by the effects of fracking (Walsh 2016).

This iterature review aims to inforrNTstakeholderssuch as politiciandocal businesses

Indigenous commnities, and the general publaboutthe impacts ofunconventional gas

mining for NT shale gaand provide an extensiyeelevantbibliography It will investigate

shale gas frackinigerature, Ay 2 NRSNJ 2 | yivhat Eddorimir$al, spdab & G A 2 v
and economic impacts will hydraulic fracturing (Fracking) for shale gas have on the Northern
TerritoryX

Figure 4.

Santos' Moomba gas plant
South Australia, has
approximately 5,600
kilometres of pipelines and
flowlines,field boost
compressors, an@4 al and
gas satellite facilities

Source: Foster & McGee 201
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Literature Review:

Impacts of Hydraulic Fracturing for Shale Gas in the NT.

This liteature review will explore fracking impagtertinentto the Northern Territoryusing
recentAustralian peetreviewed literature whenever possibl&@here is a plethora of
information available on horizontal hydraulic fracturing for shale gas mvéany
international and national government and private sedtajuiries, discussion panels,
scientific reportsscientific journals, websitespagazine and newspaper articjesd
anecdotal repats on social media. A recently published literature rev{elays & Shonkoff
2016) found 685 peereviewed scientific papers addressing the impacts of frachaty
been publishedetween 2009 and 2015

Figure 53600 kilometres of seismic lire Figure 6 Well pads, access roads, pipeline corridors an

cleared in preparation for fracking operations other fracking infrastructure in Green River Valley,
near Broome, WA. Source: Frack Free Wyoming, USA. Source: Hoffman 2012.
Kimberley Community 2016

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 regulBtiens.

Australian Academy of Technological SciencesEgineerin@a o! ¢ { 90 adzo YA aaaAa:;
Hawke InquiryFinkel 2014, p. 2yarns that if management is inadequatie N3

ecosystems, sedimentary basins, water resoureesl landscapesay be detrimentally

impacted

The key environmental findings of tedzNR2 LIS I Yyt | NAndpacts & $hale@ @as & (i dzR @
and Shale Oil Extraction on the Environment and on Human Healtg S NB Y
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1 Unavoidable impacts are area consumption due to drilling pads, parking and manouvering
areas for trucks, equipment, gas processing &ransporting facilities as well as access roads.
(Figures 5 & 6)

1 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 dischargéFigures 10 & 11)

1 Fracturing fluids contain hazardous substances, and-faek in addition contains heavy
metals and radioactive materials from the depoéippendix 2)

1 Experience from the USA shows that many accidenggéa, 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 equipmentéAppendix 3)

1 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 well@rigures 7 & 8)

9 The impacts add up as shdtemations are developed with a high well density (up to six
wells per km2)(Tables 1 & 3)

(Lechtenboéhmer et al. 2011)

In 2013 he European Commissi@irectorate Generafor Environment commissioned
environmentalrisk assessmeasfor both individual wellsand multipleA y & G F £ £ F G A2y Qa
cumulativeeffects,for each stage of shale gas well developmdifteresults are shown in

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

wells

Table 1. Smmary ofshale gas welenvironmentalrisk assessments fan individual site anccumulative
sites This table denonstrates that risks to aiwyater and biodiversity increase witivell accumulation.

Environmental | Site Well Fracturing | Well Production | Well Overall

Aspect identification | design Gompletion abandonment | rating
and drilling, and post across
preparation | casing, abandonment | all phases

cementing

Groundwater Not Low Moderate High Moderate Not High

Contamination Applicable ¢ High ¢ High Classifiable

Individual Site

Groundwater Not Low Moderate High High Not High

Contamination | Applicable ¢ High Classifiable

Cumulative

Surface water Low Moderate | Moderate High Low Not High

Contamination ¢ High Applicable

Individual Site

Surface water Moderate Moderate | Moderate High Moderate Not High

Contamination ¢ High Applicable

Cumulative
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Water Not Not Moderate Not Moderate Not Moderate
Resources Applicable | Applicable Applicable Applicable

Individual Site

Water Not Not High Not High Not High
Resources Applicable | Applicable Applicable Applicable

Cumulative

Release to & Low Moderate | Moderate | Moderate | Moderate Low Moderate
Individual Site

Release to A& Low High High High High Moderate High
Cumulative

Risk to Not Low Low Low Moderate Not Moderate
Biodiversity Classifiable Classifiable

Individual Site

Risk to Not Low Moderate | Moderate High Not High
Biodiversity Classifiable Classifiable

Cumulative

Seismicity Not Not Low Low Not Not Low
Individual Site | Applicable | Applicable Applicable |  Applicable

Seismicity Not Not Low Low Not Not Low
Cumulative Applicable | Applicable Applicable |  Applicable

Adapted from Broomfield2013

FrackingChemicals:

TheNorthern Territory Governmer®0159 tells usF NI O 1 A Yy JounplBdj adafixtude &f &
sand,water and a low concentration of chemicals (up to 8%)A y i 2 doundsSf f ® 072
innocuousuntil the volume of water used is considerdtis unclear whiclkthemicals will be

used in the NTDepartment of Minerals and Energy n.dAppendix 2 summarisdke fluids

and particles used in hydraulic fracturing fluid in Austrdianer & Hoelze2016) discuss

the over 1,000 reported fracking substances used in America and found they range from
non-toxic to extremely toxi¢deadly)

Water:

The mainconcern people have with fracking is its impacts on wétawke 2015, p. 31

Water resource impacts includmntamination and depletioiTable 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,./A 8hale gas wetlan use ovell0
million litres of waterto frack (Grafton 2012, p. 16).

Themediaoften showslammable wateras examplesfovater contamination (Figures 7 &
8).Osborn et al(2011x LJ® y m methane EchaytrRtions in drinkingater wells
increased with proximity to the nearest gas well I y R a gofeMiBl explosion hazdé in
active fracking areas.ring fluids, flow back fluids, fracking chemicals, aaturally
occurring contaminants migrating into drinking water and rivers due to fracking have also
been found(Broomfield2012). Facking fluids containing heavy na¢$ and acidbave
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harmedKentucky fish specie@apouliask Velasca®?013).Wildlife and animals suffesimilar
impacts to humansGentre for Biological Diversity, n.&elly 2011)¥racking Can

[ 2y a1 YAYIl GS Hweilysnhthay@6)2ekplaiSsNby oldeeports refuted
frackingcaused water contaminatiorkigure 3demonstrates possible sources of water

contamination from fracking shale gas.

Figure 7.Tap water on firafter water contamination

from fracking SourceBeament 2015

Figure 8 CSG fracking Mamed for methane in the
Condamine RiveiSource: Water Career 2016.

Abandoned wells
<= 8

Intermediate-depth formations

jas reservoirs

Shale formations

Deep saline water formations

formational waters; (6) shallow aquifer contamination by stray gas through leaking of conventional oil angllgassing;
(7) shallow aquifer contamination by stray gas that originated from intermediate geological formations through anny
leaking of either shale gas or conventional oil and gas wells; (8) shallow aquifer contamination through abandoned
gas wells; (9) flow of gas and saline water directly from deep formation waters to shallow aquifers; and (10) shallow

contamination through leaking of injection wells

Schematic illustration (not to scale) of possible modg
of water impacts associated with shale gas
development reviewed in this paper: (1) overuse of
water that could leado depletion and watequality
degradation particularly in watescarce areas; (2)
surface water and shallow groundwater contaminatid

from spills and leaks of wastewater storage and ope'

pits near drilling; (3) disposal of inadequately treated
wastewaterto local streams and accumulation of
contaminant residues in disposal sites; (4) leaks of
storage ponds that are used for deggll injection; (5)
shallow aquifer contamination by stray gas that
originated from the target shale gas formation throud

leakirg well casing. The stray gas contamination canj

potentially be followed by salt and chemical
contamination from hydraulic fracturing fluids and/or

]

-

lus
bil and
aquifer

Figure 9 Potential sources of shale gas fracking impacis\ater.

Source: Avner et al. 2014, p. 8337
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Irreversible water impacts includdepleting fossiaquifers(eg.! dza (i Nrefit ArtesSkain
Basir), large vdume water extractioncausing aquifecompacton, artesian aquifergosing
pressurefracking creating new connectio®tweenaquifers,groundwater contamination,
and loss of biodiversity angtoundwaterdepencent ecosystemgNelson2012, p. 31)

Air Pollution:

Sources of air pollution associated with fragkiincluding methaneare illustrated in Figure
12. Styles (2014) found that flarirgascontaining high percentages of hydrogen sulfide
results inNSQ emissionswhich affects local and regional air qualitgnd Tumuluri et al.
(2016) found aidic gasegroduced by frackingncluding C@ SQ, andNQ,, have adverse
environmental and health effectéracking air pollutantsind their health impactare
described in Table 2.

)
|

Figure 11Shale gas flare, burning off excess gas, Nordheim, Texas. Sbedesco & Hillie2014

10
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Figure 2: Major air pollutants and air toxics released during the different fracking process stages and sources of

equipment
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Figurel2. The major air pollutants released during the different stages of frackimg.c8: Srebotnjak &
RotkinEllman 2014.

11



What environmental, social, and economic insfawill hydraulic fracturing i@cking) for shale gas have on the Northern Territory?  riea@kss

Table 2.The Halth Impacts of AiPollution from Hydraulic Fracturing.

Air Pollutant Type ‘ Affected Body Organ/§stem Carcinogen
Particulate Matter (PM)
Diesel PM Respiratory system; Cardiovascular system \%
PMo and smaller Respiratory system; Cardiovascular syst@armal
Volatile Organic Compounds (VOCs)
Benzene Immune system; Bloodzoetaldevelopment,Neurologic \%
System
B | Toluene Brain and nervous system; Respiratory systEogtaland
T child development;
E Reproductive system
X'| Ethylbenzene Foetaland child development; Liver; Kidney; Endocrine \%
system;Auditory system
Xylene Brain and nervous systeripetaland child development
Other VOCs Immune system; Respiratory system; Brain and nervou \Y,
(incl. Formaldehyde, system;Dermal;Liver; Kidneg, Endocrine system-oetal
Methanol) and child development
Other Air Pollutants
Hydrogensulphide(H:S) Respiratory systenDermal,Pulmonary systenBrain and
nervous system; Gastrointestinal system
Nitrogen oxidesNQ\) PulmonaryRespiratory system
Ozone (Q) Respiratory system; Cardiovascular system
Carbon Monoxide (CO) Neurologic, Reproductive system
Respirable Silica Respiratory system; Kidneys; Immune system \%
Polycyclic aromatic Immune systemReproductive sstem; Brain and nervous \%
hydrocarbongPAHS) system; Foetal and chilcedtlelopmental effects

* PMho: particulate matter of 10nicrometres or smaller in diameter
Adapted from Srebotnjak & RotkhiEllman 2014& Spear 2015.

Climate Change:

Methane(CH) is 84times more damging to the atmosphere than Gfor the first twenty
years afterits release(Climae and Clean Air Coalition n;d&EDF n.d. Venting methanento
the atmosphere during fracking contributgseatlyto greenhouse gasmissiongFgure 10).
Gas flaringFigure 11palso accelerates dhiate change, though it releases-88 times less
methane than ventingStyles 2014)The US EP& proposing to limimethane release from
frackingdue to climate change concer(iEPA 2015&EDF n.d.

Sasmic Activity.

A Miami University, Ohio study has diredthked hydraulic fracturing tearthquakes
(Skoumal et al. 2015). Waste water injectioom frackinghas alsdeen linked to seismic
activity (Walsh & Zoback 2015)il and gas operations have been tied to earthquake surges
in eight US states, includingrkansasKansas, Ohio, Oklahoraad TexagKuchment 2016).

12
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h {1t I K2axHguakes fave dramatically risen since 20Bgure 13when Oklahoma
increasedts oil andgas production (Rusinow n.dStudies have also found fracking wells
have caused earthquakes in Canada (Hirji 2016).

Oklahoma Earthquakes Magnitude 3.0 and greater

_ % USGS Includes 30 quakes M4.0-4.7

1000

900
800 |
700 -

Includes 15 quakes M4.0-4.4
600

500 -+
Includes 8 quakes M4.0-4.8; 1 quake M5.1

400
300
Includes 3 quakes M4.0-4.8; 1 quake M5.6
200
100 "1/6/vear

o ¥ 0 0 3 0 2 1 3 1
1978 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

to Year
1999

Number of Earthquakes per year

Source: USGS-NEIC ComCat & Oklahoma Geological Survey; Preliminary as of Feb 17, 2016

Figue13h 1 f I K2YIF Qa SI NIKIljdzl 1S Ay OAR2900&16kohhainclideONSE I & SR RN.
January and early February figure&dource: USGS 2016.

SocieEconomic Impacts:
Lifestyle

Fracking has many social impacts on communities. The most influential in rural towns being
demographic changeavith an influxof sinde malesemployed by the fracking industry

mostly adly in-fly out (FIFO) worker@awke 2015, p. 63and anexodus of fanilies
(Everingharret al. 2013, p. 40).

CNJ} O1 Ay 3 AYLAY3ISa uteyousUSdrmifulit@sie rélianfFod Bottlédf S& @ b
drinkingwater provided by the fracking companies, as their water supplies have been

contaminated or depleted by fracking (Jerolmack &Bery HAamc T hQ/ 2y Yy 2NJ H
éshower with the windows open, to premt a builddzLJ 2 ¥ S E Ldn@same®&e 3| & ¢

had theirdwater wells explodé (Fenton 2016)Territorians rely on bore water so this is a

serious concern.

blrGA2ylFf DS23INILIKAO 05200 HAMOU RIHHONKDYSHE X {
trucks. More crime, more highway accidents, more medical emergsneeople on fixed
AyO2YSa FT2NOSR (2 Y20S 0SOldzasS (kKSe& OFryQi I ¥
sewer systems. Prostitutiofé. ¢ KSy G KSNBFQa G(KS y2AaasSz fA3akKGasz
excessive nuisancé&oldberg et al. 2015\Nicholson 214).

13
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Landowners have no legal right to refuse a gas aimgpaccess to their land ifatwnsthe
mineral rightgDairy Australia 200)5This impacts privacy and ability to conduct routine
activities(Figure 14p ¢ KS W[ AQ{f fiAK-Sy DS Qocd, landifrackiSgO2 YS |
movement, nationallyattracting anduniting a diverse range of people concerraubut
frackingissues. Membefoiceconcerns which are shared internationallguch as
environmental impactdhealth, climate changéde Rijke2013 p.2), social dynamics, and
LIS2 L) SQa NARAIKGA (2 LINRPGISOO GKSRdgudesdo) G SNE

Broomfield2 & 0 risknamsssmentscommissioned byite European Commission
DirectorateGeneral for Environmeérare shown in Table.3'heydemonstrate that traffig
noise, visualand landtake impactsncrease with multiple well§Figures 14 & 15)

Table 3 Risk Assessment Results fam Individual Siteand Cumulative RisksThis shows the risks and impacts
of fracking increase with multiplEeumulative) wellsespeciallyn regards to traffic and lanthke.

Environmental | Site Well Fracturing | Well Production | Well Overall

Aspect identification | design Completion abandonment | rating
and drilling, and post across
preparation | casing, abandonment | all phases

cementing

Traffic Low Low Moderate Low Low Not Moderate

Individual Site Applicable

Traffic High High High Moderate Low Not High

Cumulative Applicable

Noise Impacts Low Moderate | Moderate Not Low Not Moderate

Individual Site Classifiable Applicable ¢ High

Noise mpacts Low High Moderate Not Low Not High

Cumulative Classifiable Applicable

Visual mpact Low Low Low Not Low Lowg Lowg

Individual Site Applicable Moderate Moderate

Visual Impact Moderate Moderate | Moderate Not Low Lowg Moderate

Cumulative Applicable Moderate

LandTake Moderate Not Not Not Moderate Not Moderate

Individual Site Applicable | Applicable| Applicable Classifiable

LandTake Very High Not Not Not High Not High

Cumulative Applicable | Applicable| Applicable Classifiable

Adapted from:Broomfield2013

Figure 141 andtake, air pollutionand visual impacts Figure 15Visual, noise, air pollution, and traffic
of shale gas fracking in North Dakota, USA. impacts. Frackingucktraffic in Watford City, North
SourceDawson 2014. Dakota.Source: Lee 2013.
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