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Adsorption
ALARP

Annulus

Baseline survey

Biocide

Biogenic methane

Blowout

Borehole

Breaker

BTEX

Cap rock

Casing

Casing string

Cement bond log

Glossary
The adhesion of atoms or molecules to the surface of a material

0 Alsow as Reasonably Practicallle A term used
safety assessment in industry or governmidiaty require a balancing ¢
the particular hazard against other factors, such as the cost of re
risk to zero.

The space betwedwo concentricobjects, such as between the wellb
and casing or between casing and tubing, where fluid can flow.

Data collection undertaken prior to operations commencing to detel
the natural background levels of certain substancesomnttural
geology of an area.

Chemical agent used to control or destroy living organisms (bact
often for the purposes of disinfection.

Naturally-occurring methane in the environment, caused by
breakdown of organisns6 bi ogeni cd meani ng

A sudden and uncontrolled escape of fluids or gas from a well t
surface, often caused by a pocket of high pressure in the formation
known as a 6catastrophic well

The holedrilled into the earth to obtain natural gas or oil. Also calle
owel bbor e

A chemical additive that reduces the viscosity of fluids by brea
long-chain molecules into shorter segments

Group of volatile chemical compoundicluding benzene, toluen
ethylbenzene and xylenes, found deep underground and in oil. E
chemicalscan beusedduring hydraulic fracturing or can rise to the
surface as a result of the process.

An impermeable Iger of rock lying above andealing in a reservoir o
gas or ol

Metal pipe placed in a well to prevent the walls of the hole f
collapsing and to prevent movement of fluids across subterre
geological formations. Also maintancontrol of fluid and pressur
during drilling.

Pipe that lines a well after it has been drilled. Formed from sectio
tube fastened together with screws.

An acoustic device rumside casings to detect the presence of cen
according to the absorption or reflection of transmitted sound sig
Used to test itement is adhering effectively to both sides of the ann
between casings or between the outer casing and sidwess rofck.



Christmas tree

Coal seam gas

Condensate

Darcy

Depocentre

Devonian period

Flowback

Fossil fuel

Fracking/fraccing

Fugitive methane

GHG

Gooseneck

Horizontal
drilling

Hydraulic
fracturing

Induced
seismicity

Industry term for the set of valves, spools and fittings connected t
aboveground portion of a well that controls flow of gas from wellbor:

Natur al gas (refer to Omet han
seams undergroundCoal seams occur very close to the surface
often near aquiferdd| so known as O6coadl bed

Low density, high energy content liquid drpcarbon that generall
occurs in association with natural gas. Gas that is produce
association with cabndensate i s

A unit used to calculate permeability, which is the ability of fluids
flow through solids.

Site of maximum thickness of sediment accumulation in a sedimel
basin over a particular period of time

A geological time period of the late Palaeozoic era, betv
approximately 416 and 362 million years ago.

Fluid that is returned to the surface aftgdraulic stimulation of a well
It will containoil or gas,the original chemicalsproducedwater and
NORM (refer toSédOoO&MS$obépowiuc

Fuel such as oil, naturalag and coal which was formed from t
decomposition of organic materials that lived millions of years ago.

Shorthand term used to describ
fracturingé definition).
Methanethat escapesito the atmospheréMay be released byenting
or flaring of thegas orfrom a migration or leak

Abbreviation for d&égreenhouse ¢
the atmosphere. The four main GHG are carbon dioxide, metl
nitrous oxide and fluorinated gases (synthetic GHG emitted -
industrial processes).

An inverted Ushaped section of rigid pipe used to deliiggh-pressure
drilling fluid.

The process by which wells are drilled horizontally using specia
drill bits (after being drilled vertically to the desired depth) to access
or oi | reservoirs not ot her wi
drillingé or , dvidee \the anvelleade isdinténtiohall
deviated from the path that it would naturally take

The process of extrang gas or oilby pumping fluid (usually water, bt
can be other liquids) and various chemicalshigth pressuranto a
formation to fracture the rock formation and release the hydrocal
contained within.

Seismic (earthquake) activity that is a result of human activitjuding
the injection of water or other fluids into the earth, which icanease



Methane

Multi -stage
drilling

NORM

Orphan well

PDWSA

Perforating gun

Permeability

Petroleum

Plug & abandon

Porosity

Produced water

Production
casing

the fluid pressure in a fault zone, leading to a seismic event.

Organic compound comprised of hydrogen and carbon with the che
formula CH, found naturally in the environment and in geologi
formations. Colourless, odourless galiah is the chief component «
natural gas. Natural gas with a high concentration of methane is k

as O0dry gasd (such as coal sea
CtoGhydrocarbons is known as
definition).

Can refer to either multipl evelwn
pad dr il | i-stagé fractwe stimulatiormwhlere inore than

fracture is created along the wellbore, either in vertical or horiz
wells.

Naturally Occurring Radioactive Materials

An abandoned well, pipeline or associated site for which either no
claims responsibility (legally or financially) or an owner cannot
found.

Public Drinking Water Source Area

Used to pierce holes in the casing and cement in a well to
formation fluids, including gas, to enter the well and, in turn, to a
fluids to be injected into a geological formation at pressure.

The rate at which a ligd or gas flows through porous material

Defined in thePetroleum and Geothermal Energy Resources Act:1
6petrol eumd means any naturall
hydrocarbons, whether in a gaseous, liquid or solid state and inc
any of the above that has been returned to a natural reservoi
excludes oil shale.

( or OIRd&stnyptérm for the process of preparing a well to be clc
permanently, usually after eitheronitoring hasletermined that there i
insufficient oil or gas potential to complete the well or after produc
operations have drained the reservdinet er m o6 dec omr
used interchangeably.

The ratio of the fraction of voids (empty spaces) to the volume of ro
which they occur

Water thatis a byproduct of hydrocarbon extracti@monsisting mostly
of water(often briny or brackishgontained in dormation but canalso
include slickwate(referalsot o 6 f | owback®é defi

Casing string set near the bottom of a completed borehole through
natural gas or oil is produced



Proppant

Reserve

Resource
Self-healing

cement

Shale

Shale gas

Shale play

Slickwater

Spud (verb)

Tight gas

tcf

Tur keyds

Unconventional

gas

Solid material, often silica, ceramic beads or other granular subst
used to hold open the fractures in rock caused by hydraulic fractt
Proppant is carried in suspension in the fracturing fluid and its fun
is to hold open fractures that acdn the formation when the fracturir
fluid is withdrawn after perforation.

Industry £rm used to defin@ gas deposit that has been extensi
drilled and quantifiedsucht h at it is |likely
reserves are proved; 62P06 res
reserves are proved, probable and possible (being the most certe
commercidly viable for extractioh

Quantity of gas in thefield that is poorly known or explored ar
possibly uneconomic to extract

Commercial cement product developed by Halliburton (proprie
names include Lif enBiehmpandsmupbn reactio
with migrating fluids within the casing strinthereby sealing the flov
path and preventing further fluid leaks through the cement.

Organicallyrich sedimentary rock, with very fine grains in many ti
layers and therefore with very low permedil

Natural gas trapped between the layers of shale deep underground
gas usudy occurs at depths exceedingdD metres underground.

The area of a shale basin where gas (or oil) could be commer
extracted. Areas with better production potential within a play
known as thésweet spdior Gcore area 6

Fracturing technique used where flddntainshigh volumes ofwate,
as well asproppant and chemicals, usually containing ctiodsed
polymers to reduce friction to better enable gas to flow.

Industry term used to mean the start of drilling on a new well. Also
to refer to various processes relatecspaudding of the well, includin
the 6spud datéed and O6spud ti me

Natur al gas (refer t o O6met hat
permeability and low porosity reservaiocks, such asandstone an
limestone.

6trill i on cta measure vddume @f, gasu A drilion is
million times a million or 1& (originally USA but now also accepted
UK and Australia).

Industry term for onsite water storage pit,cedled because it resembl
a bush tur kceaylblse dh gibswat eArl spoi t

Natural gas found in impermeable rock formations which cannot mi
to a specific area to form a conventional gas depdsipes of
unconventional gaimicludeshale gas, coal seam gas/coal bed methal



Wellhead

Wildcatter

Workover

3D/2D seismic

tight gas.The type of rock and how the gas is trapped de&invehether
natural gas i s reda®r oed 6éuao cgass v

The equi pment at the surface .
treed definition.

Industry £rm that originated in th&SA to describe a prospector wt
drills wells for gas or oil in areas not known to be productive. Can
describe the well itself (a Oow

The process of repedbydraulic fracturing on a particular wel
sometimes over a period of years to encourage greater gas flow

Imaging of subsurface structures and geology in either three ol
dimensions using reflective seismology (seismic or acouwstices).
Used to locate existing faults or hydrocarbon deposits, often very
underground, or to map underground aquifers.






Government Response

This Report is subject to Standing Ordé& (1)

Where a report recomends action by, or seeks a response from, the
Government, the responsible Minister or Leader of the House shall
provide its response to the Council within not more than 2 months or

at the earliest opportunity after that time if the Council is adjourned
or in recess.

Thetwo-month period commences on the date of tabling.
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EXECUTIVE SUMMARY , FINDINGS AND RECOMMENDATIONS

EXECUTIVE SUMMARY

1 The Standing Committee on Environment and Public Affalrsnimittee) identified
in August 2013that the emergence of an unconventional gas industry in Western
Australiawas a source of community interest and concern

2 We resolved to investigateydraulicfracturing and its implications for our Stateith
particular emphasis on environmental consideratidhis report is the culmination of
two years of evidence gathering, research and engagement with the community
through public hearings and submissions.

3 The Committeeexaminedboth operational and decommissioned well sites where
hydraulic fracturing has occurrediving a privileged insighinto the current and
potential future impact of unconventional gas mining on the Western Australian
landscape.

4 Through public submissions and hearings, we have lghatt issues such as the
protection of groundwater, chemical disclosure requirements and obtaining a social
licence to operate are universal concerns when discussing hydraulic fracturing, which
hasled the Committee to benefit from lessons learned in other jurisdictions.

5 Energy security i® majorpriority for governmentandthe rapid development of the
shale gas industry has been variously desci
6boomd alndde na adgghrasésholvévershave been used to describe the
push towards natural gas in thmited States of AmericdJSA) and may not be as
relevant to our situation in Western Australia as originally predicted.

6 Hydraulic fracturing is the technalg whereby fluid is forced at high pressure into a
geological formation that contains oil or gas so that the flow is stimulated and it can
be extracted more easily.is not a new process and has been used for many decades
the difference is the type dluids used how much pressure is applied and how the
well is drilled

7 Global interest in the use of hydraulic fracturing to extract unconventional gas has,
however, been accompanied by controversy. Communities have been polarised by the
guestion of whethr resource companies should be allowed to use hydraulic fracturing
on wells if there is a risk of any damage to the environment, property or human health.

8 There are differing, and often competing views, about the level and likelihood of risks
related tahydraulic fracturing: proponents of the technology argue that many risks are
exaggerated, whi | st opponents of hydraul i
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principled and twhadoevetherf hydrablie fraeturingshoalchbe r i s k
prohibited.

9 The Committee has formed the view during the course of this inquiry that the truth
lies somewhere between these two views and the purpose of this report is to present
the Committeeds findings of fact, free from

10 The Committee notes that a recent CSIRO report found that Australians broadly
accept mining, with a reasonably positive acceptance of the industry. The same
survey, however, revealed a low level of trust of both industry and regulators amongst
the community

11 Through its inquiries, the Committee has found that it is imperative to engage with
affected communities early in the process of developing an unconventional gas
industry in a region. Operators and regulators must be informative, upfront and candid
whenconsulting with the public.

12 Governments need to ensure that peliegking acknowledges the inherent risk in
energy production and if a decision is made to proceed with exploration and
development thathe reasondor this are easily understood his will ensure that any
policy decision to permit or to ban hydraulic fracturing can withstand robust scrutiny.

13 The purpose of this inquiry has been to provide a comprehensive body of factual
information and findings to assist the Parliament of Western Austiialise decision
makers and the public in their contemplation of this industry.

14 The Committee notes that there is a need for an informed debate on hydraulic
fracturing and further scientific study in some araadis confident that this muki
party standig committee of the Legislative Council of Western Australia has
contributed constructively to ¢#idebate with this report.

FINDINGS AND RECOMMENDATIONS

15 Recommendations are grouped as they appear in the text at the page number
indicated:

Page?26

Finding 1: The Committee finds that when horizontal drilling and multi -well pad
technology are used during hydraulic fracturing for unconventional gas, thesurface
footprint of the processis decrased, therefore also minimising the environmental
impact of hydraulic fracturing.
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Page37

Finding 22 The Committee findsthat, prior to the commencementof this inquiry, the
Department of Mines and Petroleim had taken action to assess the readiness of th
agency to deal effectively with the regulation of the onshore shale gas industry
including exploration and production and took action to strengthen its regulatory
framework for onshore gas exploration.

Page37

Finding 3: The Committee finds that, during the course of this inquiry, the
management of well activities, including field management plans and the requirement
for baseline monitoring, as set out in the Petroleum and Geothermal Energy Beurces
(ResourceManagement and Administration) Regulations 205 has improved, whichis
a positive development in the regulation of onshore gas activities and hydrauli
fracturing in Western Australia.

Page38

Finding 4: The Committee finds that the information required in environment plans
lodged pursuant to regulation 14 of the Petroleum and Geothermal Energy Resource
(Environment) Regulations 2012 is important baseline information which is essential tg
regulate any ongoing effects of hydraulic fracturing on the environment.

Paged0

Finding 5. The Committee finds that thecurrent penaltiesincluded in the Petroleum
and Geothermal Energy Resources (Resource Management and Administration
Regulations 2015, which range from penalties of4p00 toa maximum of $10 000, are
not adequate to effectively deter the behaviour outlineih the regulations.

Paged0

Recommendationl: The Committee recommends thathe Government amendsection
153(3) of thePetoleum and Geothermal Energy Resourcégt 1967to increasethe
maximum fines permitted in regulations made under the Actto a more appropriate
level.

Page43

Finding 6: The Committee finds that Part 9 of the Petroleum and Geothermal Energy
Resources (Resource Management and Administration) Regulations Z)in particular
regulation 83, does notmeett he Depart ment of Mi n etentiann
of transparent and open communicationand engagement withthe public regarding
hydraulic fracturing in this State.
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Page43

Recommendation2: The Committee recommends that regulabn 83 of the Petroleum
and Geothermal Energy Resources (Resource Management and Administration
Regulations 2015 be amendk in particular the deletion of regulations 83(4) and 83(5).

Paged5

Finding 7. The Committee finds that the Department of Mines and Petroleum has
i mproved its monitoring and compl i anc|/
2011 report, 6Ensuring Compl i anchad foundt

deficiencies in its compliance with coditions on mining.

Pageb3

Finding 8: The Committee finds thatthere is an irconsistency between the terms of
referral in the Memorandum of Understanding between the Department of Mines and
Petroleum and the Environmental Protection Authority and theinformal interagency
discussions whichtake placeprior to proposals being referred under section 38 of the
Environmental Protection Act 1986

Pageb3

Recommendation 3: The Committee recommends that the Memorandum of
Understanding between the Department of Mines and Petroleum and the
Environmental Protection Agency ke amended to require the Department of Mines and
Petroleum to refer all proposals under section 38 of th&nvironmental Protection Act
1986to the Environmental Protection Agency.

Pageb6

Finding 9: The Committee finds that t he
process of assessing proposa#ecording to the Environmental Protection Act 1986s
well-establishedand satisfies the legislative requirementsf section 38 of the Actand
its role as an advisory agency to the Minister for the Environment.

Page56

Finding 10: The Committee finds that the Environmental Protection Authority has a

mature understanding of its statutory obligations andthat, during the course of this

inquiry, the agency has set in place procedures to better explain its role to th
community.

Pageb7

Finding 11 The Committee finds that the decision by the Environmental Protection
Authority to not conduct a formal assessment of a proposal pursuant to the
requirements of section 38 of theEnvironmental Protection Act 198@s a decision

pursuant to that statute.
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Pageb9

Finding 122 The Committee finds that, whilst the agreement between the Departmen
of Water and the Department of Mines and Petroleunis primarily administrative in its
content, it is a positivedevelopment in the interagency regulation of the unconventional
gas industry in Western Australia

Page62

Finding 13: The Committee finds that there are sufficient safeguards and water source
protection policies in place to protect Public Drinking Water Source Areas in Western
Australia without the introduction of a 1.5 kilometre buffer zone between water gurce
areas and unconventional gas activity.

Page62

Finding 14: The Committee finds thatthe Department of Water is acutely awareof the
importance of protecting Public Drinking Water Source Areas and their integrity in
Western Australia and is addressing this issue proactively through measures such ¢
the new administrative agreement with the Department of Mines and Petroleum.

Page63

Recommendation4: The Committee recommends that the Department of Mines and
Petroleum devéop a mechanism to consult with the Water Corporation (oyin the case
of regional areas, with the relevant water provider)in relation to the regulation of
hydraulic fracturing activities.

Page68

Finding 15 The Committee finds t RyarulidfracaurinD e
for shale and tight gas in Western Australian drinking water supply areas: Human Hea
Risk Assessmenis an important document in informing the public debate about
hydraulic fracturing.

Page30

Finding 16. The Committee finds that the Australian Petroleum Production and
Exploration Association Limited6 $and Access Roundtable is awvorthy initiative to
bring land owners and resource companies to the negotiatingtle with regard to land
access,butmoe needs to be done to ensure tha

Page83

Finding 17: The Committee finds that it is a fundamental expectation ofhe Australian
community that a resource compary must negotiate with a land owner before seeking
to enter onto their land.
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Paged4

Finding 18 The Committee finds that the relative bargaining strength of a landowner
compared with a resource company is a significant issue in all jurisdictian

Paged4

Finding 19: The Committee finds that land owners and resource companies should b
encouraged to negotiate land access agreements through the use of alternative disp|
resolution methods, rather than seeking redress through the court system.

Paged4

Finding 20. The Committee finds that resource companies should be liable to pay fo
the reasonable legal and other associated costs of land owners during negotiatifors
land access.

Paged6

Finding 21: The Committee finds that the establishment of an independerstatutory
body is the most appropriate means to address the inequity in bargaining powe
between land owners and resource companiesiring negotiations for access to land.

Page87

Recommendation5: The Committee recommends that the Government establish ¢
statutory body similar to the Queensland GasFields Commission to act as a
independent arbiter for land owners and resource companies in land acces
negotiations involving orshore shale gas.

Paged7

Recommendation6: The Committee recommends that the Government establish ¢
working group, including land owner representatives and community leadergp draft

legislation for a statutory framework for land acces agreements between land owners
and resource companiesThe framework should include provisions for an agreement
template, compensation for land owners and the enforcement ahandatory access
conditionsusingQue ens!l andés Land Access Code a

Pagel02

Finding 22 The Committee finds that Wester
to use a minimum of three casing strings during drilling represents international best
practice in the onshore gas industry.

vi
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Pagel02

Finding 23 The Committee finds that it is beneficial for Western Australian
regulators and operatorsto look to unconventional gas industries in other jurisdictions
and learn from the more establishedtakeholdersin the global shale gas market.

Pagel07

Finding 24 The Committee finds that, whilst the amount of chemicals used in
hydraulic fracturing fluid can be very large, the proportion of chemical to water and
proppant is heavily diluted.

Pagell0

Finding 25: The Committee finds thatthe use of benzene, toluene, ethylbenzenedan
xylene during hydraulic fracturing poses an unacceptable and unnecessary risk to the
environment and to human health.

Pagell0

Recommendation7: The Committee recommends that th&sovernment ban the use of
benzene, toluene, ethylbenzerend xyleneduring any hydraulic fracturing operations
undertaken in Western Australia.

Pagell3

Finding 26: The Committee finds thatthe perceived secrecy surrounding the details of
chemicals used by resource companies during hydraulic fracturing operations is a ver\
important issue in the community and must be addressed.

Pagell3

Recommendation8: The Committee recommendghat the Department of Mines and
Petrol eumbs policy of public disclosur
activity be formalised in subsidiary legislation

Pagel30

Finding 27. The Committee finds that there are significant environmental and
financial benefits that may accrue to operators from theuse of recycledwastewder
during hydraulic fracturing .

Pagel30

Recommendation9: The Committee recommends thatesource comg@nies in Western
Australia be encouragedto explore the recycling of wastewater during hydraulic
fracturing operations, where practicable.

Vii
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Pagel3l

Finding 28 The Committee finds that the Government should encourage resource
companies to investigatealternatives to fresh water use during hydraulic fracturing ,
including the use of water from saline aquiferswith a view to reducing the reliance
upon fresh water for hydraulic fracturing operations.

Pagel34

Finding 29: The Committee finds thatthe likelihood of hydraulic fractures intersecting
underground aquifers is negligible.

Pagel35

Finding 300 The Committee finds that the risk of spills of chemicals or other fluids

associated with hydraulicfracturing can be effectively managed in Western Australia
through the environmental requirements in the Petroleum and Geothermal Resource:
(Environment) Regulations 2012.

Pagel37

Finding 3L The Committee finds that the risk of water contamination as a result of
fugitive methane during hydraulic fracturing in Western Australia is highly unlikely
and can be minimised through baseline monitoring of water quality and ongoing
monitoring pursuant to the Petroleum and Geothermal Energy Resources
(Environment) Regulations 2012

Pagel37

Finding 32 The Committee finds thatthe risk of fugitive methane relative to thetotal
number of wells is very low and can be adequately managed.

Pagel37

Finding 33 The Committee finds that baseline water quality monitoring to measure
any presence of methane in water sources is essential to ensure that water sources
protected from contamination.

Pagel37

Recommendation 10: The Committee recomnends that baseline monitoring of
aquifers and the subsequentpublication of this data be a mandatory condition of all
approvals for hydraulic fracturing operations in Western Australia.

Pagel43

Finding 34 The Committee finds that many of the concerns expressed by thg
community in relation to the impact of hydraulic fracturing for unconventional gas can
be addressed through robust regulation an@ngoing monitoring.

viii
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Pagel43

Finding 35 The Committee finds that the statement that the development of the
unconventional gas industry in Western Australia will result in thousands of wells in
the Kimberley and the Midwest has been ovesstatedand is not based on evidence.

Pagel43

Finding 36: The Committee finds thatthe cumulative impact of the number of shale
gas wells is an important factor in assessing the ongoing impact of hydraulic fracturing
on land.

Pagel45

Finding 37: The Committee finds that it is important to recognise that there is mistrust
and confusionin the community due to the different defirtions of well failure.

Pagel49

Finding 38 The Committee finds that a well failure does not necessarily result in g
leak to the exernal environment, therefore it is incorrect to equate all well failures
with environmental impacts.

Pagel50

Finding 39: The Committee finds thatWestern Australian best practice in well design
and construction means that it is more meaningfuto refer to a well failure having an
impact on the environment when the well failure results in a leak path to the
environment. According to evidence from the Department of Mines and Petroleum
there have been no failures of surface or conductor casings

Pagel52

Finding 40 The Committee finds that, whilst there are some international
jurisdictions where lost or orphan wells continue to have an impact on the
environment, in contrast, Western Australia has a robust system in placfor the
monitoring of abandoned wellsthat beginsprior to any petroleum activity taking place.

Pagel55

Finding 41: The Committee finds that the Mining Rehabilitation Fund that applies to
tenements issué under the Mining Act 1978is a positive development in the ongoing
rehabilitation of land used for mining activities.
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Pagel55

Recommendation1l: The Committee recommends that a fund similar to the Mining
Rehabilitation Fund under the Mining Rehabilitation Fund Act 2012ve established for
activities governed bythe Petroleum and Geothermal Energy Act 1967

Pagel6l

Finding 42 The Committee finds thatthe risk of induced seismicityassociated with
hydraulic fracturing of shale plays at depth isnegligible.

Pagel6l

Finding 43: The Committee finds that t he
policy of not permitting reinjection of wastewater into aquifers has merit and is
supported.

Pagel6l

Finding 44: The Committee finds that reinjection should not generally be the
preferred option for the disposal of wastewater during hydraulic fracturing operations.

Pagel63

Finding 45: The Committee findst hat , given Western Au
background seismicity, the State is unlikely to experiencany negative effects from
induced seismicity as a@esult of hydraulic fracturing.

Pagel64

Finding 46 The Committee finds that the risk of induced seismicity linked to
hydraulic fracturing can be effectively reduced by implementing mitigation strategies
and using baselire data to monitor seismicity before, during and after any hydraulic
fracturing activities.

Pagel64

Finding 47. The Committee finds that a traffic light monitoring systemfor induced
seismic events related to hydraulic fracturing has merit, buts unlikely to be necessary
in Western Australia.

Pagel70

Finding 48 The Committee finds that ongoing consultation with the community is
essential fora continued social licence to exist, as the nature of unconventional gé
development is such that on@ff consultation is ineffective.
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Pagel75

Finding 49 The Committee finds thatthe views of those communities directly ffected
by hydraulic fracturing operations should hold significant weight in any
decisionmaking related to the development of an unconventional gas industry in
Western Australia.

Pagel76

Finding 50. The Committee finds thatbaseline monitoring of water sources and local
geology is fundamentally important, not only for scientific mrposes, but also to
establish a successfiudocial icence for unconventional gas development.

Pagel76

Finding 51 The Committee finds that transparency in data and effective
communication to the public of information related to hydraulic fracturing is vital to
establish asuccessfukocial licence for unconventional gas development.

Pagel77

Recommendation12: The Committee recommends thatany future consideration of
hydraulic fracturing for unconventional gas in Western Australia be based on
established facts, ascertained through baseline datand monitoring, with a view to
strengtheningt h e i n dacial icengeGosoperate.
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CHAPTER 1
INTRODUCTION

INQUIRY T ERMS OF REFERENCE

11

1.2

1.3

On 7 August 2013he Standing Committee on Environment and Public Affairs
(Committee) resolved to commence an inquiry of its own motion into the
implications for Western Australia of hydraulic fracturing for unconventionat gas.

The Committee has observed that this is an issue marked by fierce controversy, in the
face of which there has been a lack of fpamntisan information available to the publi

The purpose of this inquiry has been to produce a factual and dispassionate report to
assist current and future decisiorakers and the community in their consideration of

the subject.

The terms of reference for this inquiry are as follows:

To inquire nto and report orthe implications for Western Australia
of hydraulic fracturing for unconventional gas, including:

a) how hydraulic fracturing may impact on current and future uses of
land;

b) the regulation of chemicals used in the hydraulic fracturing
process;

c) the use of ground water in the hydraulic fracturing process and the
potential for recycling of produced water; and

d) the reclamation (rehabilitation) of land that has been hydraulically
fractured.

COMMITTEE PROCEDURE

1.4

The Committee called for public submissionsigsuing an electronic Media Release

on 14 August 2013 anplacing an advertisement ithe West Australianewspaper

on Saturday 17 August 2013. The Committee acknowledges the huge public interest
in this inqury and the ongoing coverage by the international media of hydraulic
fracturing and the onshore gas industry.

On 13 August 2013, the Committee tabled a report in the Legislative Council containing the terms of
reference for its inquiry as required under Standing Order 179(2).
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15 At the end of the formal period for submissions, the Committee had received 114
public submissions from various community organisations, government departments,
industry bodies and companies and private individuals. Due to the overwhelming
public interest adh significance of this inquiry, the Committee continued to accept
additional submissions, as required, from stakeholders as the inquiry progressed.

1.6 In total, the Committee receivelll6 publicsubmissions. Submissions received are
noted inAppendix 1.

1.7 The Committee notes thateveralpublic submissions expressed disappointment that
the terms of reference for this inquiry were too narrow in scope or did not include
important issues, such as air quality issues related to hydraulic fractoimgpublic
subnissions raised concerns about the potential cumulative impact of hydraulic
fracturing on land and the social impact on communfti€ke Wilderness Society
(WA) Inc. submitted that:

in the Canning Basin, there would potentially be thousands of
separate fraking operations; thousands of production wells;
hundreds of kilometres of new roads and tracks; billions of litres of
water use, and hundreds of miles of pipelines.

Nowhere has this been explained to affected communities, despite
politicians talking uptie huge potential of the industry in the regfon

1.8 Prior to determining the inquiryds terms of
topic of hydraulic fracturing broadly, using both Australian and international sources,
before deciding to focus on the imareas of concern relevant to Western Australia.
The Committee is satisfied that the four issues emphasised in its terms of reference:
land impact, chemical use, water quality and the legacy of hydraulic fracturing reflect
recurring concerns identified submissions received.

1.9 The Committee has found its terms of reference to be sufficiently broad to
accommodate the areas of concern raised by the community during the inquiry and no
submissions were declined.

1.10 In September 2013he Conservation Council ofVestern Australiaconducted an
online campaigrtitled 6Take Action: Gas Fracking Parliamentary Inquids a result
of this onlinecampaign the Conmittee received in excess d2@ proforma emails
including multiple emails from identical email addressehe Committee resolved not
to include these emails as submissions due to the repetitive nature of the, content

whi ch added littl e t o t he Commi tteebs und
2 For example, Submission 24 from Erica Brock, 18 September 2013 and Submission 46 from Adriana

Pracas, 19 September 2013.
3 Submission 7 from The Wilderness Society (WA) Inc., 5 September 2013, p 2.
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hydraulic fracturing in this StatéThe Committee also notes thiadividuals who
participated in th online petition had an opportunity todirectly provide a persaal
submission to the Committee

1.11 The public submissions receiveste availableto view via the Committee website
created fothe inquiry at: http://www.parliament.wa.gov.au/env/fracking

1.12 The Committee held several rounds of hearioger the course of its inquiry.
Transcriptsof public hearingareavai | abl e from tdaAlisCobmmi ttee
hearings conducted is Appendix 2. Hearings were held at the Legislative Council
Committee Office unless otherwise noted.

1.13 The Committeealso conduced several site visitsThese visits enabtefaceto-face
discussions with internationallecognised experts in the various scientific fields
related to hydraulic fracturingndthe gatheing of evidence from jurisdictions with
broader experience in unconventional gas mining than our nascentemshgstry.

1.14 The Committee examinetoth operational and decommissioned well sites where
hydraulic fracturing has occurretihis haggiven the Committee a unique insight into
the current and potential future impact of unconventional gas mininbged¥esten
Australian landscapd.he Committee has learned thsgéues such as the protection of
groundwater, chemical disclosure requirements and obtaining a social licence to
operate areuniversal concerns when discussing hydraulic fracturinbich has
enabledhe Committee to benefit from lessons learimedther jurisdictions

1.15 The Committee received briefings, organised site visits and tours of
world-class research facilities in the United KingdddK( andthe United States of
America (USA) and met with residgs fromaffectedcommunities. Members of the
Committee had the opportunity to question waddowned experts on induced
seismicity, human health impacts, groundwater protection and learn from the
experiences of other countries whose unconventional gdssties are more
developed than our own.

1.16 Alist of site visits and travel undertaken is attachefipgtendix 3.

1.17 The Committeexpresses its sincere thanks to all witnegs#sis State, interstate and
overseas who gave their valuable tiared inputto this inquiry andthanksall people
involved in the organisation and facilitation of its site visits.

OTHER INQUIRIES AND NOTABL E REPORTS

1.18 When the Committee resolved to undertake this inquiry in 2013, it was the first
Australian parliamentary committee itmquire into hydraulic fracturing for shale gas
in Australia. This two year inquiry has involved extensive community engagement
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1.19

1.20

1.21

through public hearingsite visits and detailed analysis of current research available
on hydraulic fracturing.

The Committe@s aware of several other inquiries into hydraulic fracturing which are
either currently underway or recently finalised, both nationally and overseag of
which may have been motivatad part by this inquiry These reports and research
have helpedhite Committee to focus its inquiry on the specific issues that relate to
onshore shale gas and hydraulic fracturing est@rnAustralia

A summary of Australian and international reports considered by the Committee is at
Appendix 4.

The Committee acknowtlges that the issue of hydraulic fracturing and its
implications for the environment is a live issue globally, wéherincreasing
community interest andengagement. The cience and innovation offracture
stimulation for unconventional gas igonstantly evolving and being refined as
scientific experts (both proponents and opponents of the industry) examine data and
publish peereviewed reports to reflect advances in technology.

STRUCTURE OF THIS REPORT

1.22

1.23

1.24

1.25

1.26

1.27

Chapter3 explainsthe processof hydraulic fracturing and discussthe differences
between shale gas and <coal seam gas and t
landscape which has resulted in onshore gas being abundant in our State.

Chapter Adiscussesthe legislative framework surrodimg onshoreyasextractionand
the agencies involved in the regulation of hydraulic fracturing in WesAerstralia.
This chapter also discuesshow hydraulic fracturing is regulated internatidpand in
other Australian States and Territories

Chaptersb to 8 discuss thehighlighted terms of reference for this inquirfthese
chapters deal individually with the concerns raised by the community in relation to
thesematters taking into account scientific data and evidence that the Committee
receivedduring this inquiry.

Chapter 9 discussesther recurring themes identified during the inquiry: induced
seismicity, possible impacts on air quality and human health.

Chapter 10discusss the concept ofi n d u ssbcialylibesce to operatand the
importance of community acceptarite@nconventional gas extraction is to develop in
this State The Committee believes that a robust debate on hydraulic fracturing must
address the concept of the social licence.

Chapterilcont ains the Committeeds conclusions

he
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1.28 The Committee is confident thétis reportpresents a comprehensive and unbiased
examination of the main issues that surround hydraulic fracturing in Western
Australia.







CHAPTER 2
BACKGROUND TO THE INQUIRY

The US fracking boom is several years old now, and so far little shale gas or tight oil
production is occurring in other parts of the world. This could simply be a problem of timing:
perhaps the rest of the wonlill eventually catch up with North America. On the other hand,

there could be fundamental barriers to the widespread application of fracking technology

outside the United States
R Heinberg,
Snake OilHo w F r a [alsa Pnoghigesof Plenty Imperils Our Futdre

2.1 Energy security is increasingly a priority for governnsenthether due to supply
concerns or increased potential for domestic production. The global demand for
natural gas has therefore meant that new teolgies to extract the resource have
emerged and unconventional gas is now firmly in the spotlight.

2.2 Over the past decadadvances in unconventional gas mining (through hydraulic
fracturing and horizontal drillig) led to a surge in gas production in the USAd
increased focus on shale gas as an alternative to traditional conventional gas resources.
Innovations such as the use of proppants and new additivesCHAPTER 3
resulted in the USA enjoying a new kind of energy secuaitg becoming almost
self-sufficient in gas.

2.3 In a short space of time, théSA has gondrom expectations of increasing its net
natural gas imports to being a world leadegiobal unconventional gas output: in
2010, 76 per cent of the worl Breunigmeconvent i
situation in the USA has also been a result of economic and societal factors, including
the number of entrepreneurial and independent companies willing to venture into a
new industry and a wetleveloped financial markét.

2.4 The rapid developmentf the shale gas industry has been variously described as
a o0r eval wtpiacgm,dfd g mb’amidd ta, & g'dShaleegas hasglso. 6

4 R Heinberg.Snake Oil : How Fr ac Plentygnipsrils Par IFgtieePd3trCarbons e o f
Institute, Santa Rosa, 2013, p 73.

International Energy Agencyszolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report on Unconventional Gak2 November 2012, p 64.

6 Ibid, p 67.

7 D Brooks New York Times Shale Gas Revolutipn3 November 2011 Available at
http://www.nytimes.com/2011/11/04/opinion/broetke-shalegasrevolution.html Viewed
20 January2015
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2.5

2.6

been called a 6game c han g'€heée worgs, howeveme nt at or

have been used to descrithee push towards natural gas as an energy source in the
USA and may not be as relevant to our situation in Western Australia as originally
predicted.

The USA6s O6gol den aged of unconventiona
concerns about fossil fuelsegerally into the issue of hydraulic fracturing and its
potential risks to the environment.

The future of energy use and increasing dependence upon the fossil fuel industry
means that many countries may need to explore alternative sources of energy to meet
demandWhether this be in the form of unconventional fossil fuels, sustainable energy
sources or, more likely, a combination of both, the Committee is of the view that there
is a need for informed debate and further scientific study to better inforrngosets

of the day and the public of these matters.

CONTROVERSY SURROUNDING HYDRAULIC FRACTUR ING

2.7

2.8

2.9

The community has been polarised by the issue of whetheurcecompanies should
be allowed to use hydraulic fracturing on wells if there is a risk of daiteyeever
small) to the environment, property or humans.

Proponents of hydraulic fracturing argue that all energy production has a level of risk
and that the dangers of hydraulic fracturing are exaggerated; opponents refer to the
6precaut i onahatyshopld enappliep ltoeall decisions concerning the
environment and human health and that, if there is any risk, then hydraulic fracturing
should not be permitted. The Committee is of the view that debate on hydraulic
fracturing has become owveimplified and clouded by irrelevant issues, further
fuelling the controversy, rather than dispelling confusion.

In the Committeeds vVview, the answer to t
permit hydraulic fracturing or not lies somewhere between theseviews. The

10

11

12

P Cook, V Beck, D Brereton, R Clark, B Fisher, S Kentish, J Toomey and J WillEmgéneering
Energy: Unconventional Gas ProductioReport for the Australian Q@acil of Learned Academies,
May 2013, p 35 (referred to in this report as #&OLA Report).

President Barack Obama, The White House, Office of the Press Sedretargrks by the President in
State of the Union Addres42 February 2013Available at http://www.whitehouse.gov/thpress
office/2013/02/12/remarkpresidentstateunion-addressViewed 21January 2015

International Energy AgencyGolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report onUnconventional Gasl2 November 2012.

See for example, AM Jaf f e, WalbSHéetIbuenall®May 20D anl USRo c k t
Energy Information AdministratiorReview of Emerging Resources: US Shale Gas and Shale Oil Plays:
Analysis andProjections 8 July 2011 Available at: http://www.eia.gov/analysis/studies/usshalegas/

Viewed 21January 2015

For further information on the CoAnmialtRemoe 2086 Ter ms
8 May 2007, Chapter 6.
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2.10

211

2.12

2.13

2.14

2.15

purpose of this inquiry was to investigate the issues, free from bias and enAotion.
multi-party Legislative Council standing committee is one of the few vehicles capable
of being used for such a purpose.

All petroleum extraction activity coains elements of riskiVhat is important is how
much weight is placed on the question of relative risk versus the reward obtained.
There are members of the community who will always object to the mining industry,
just as other people will always make ligiftthe risks for the sake of progress and
profit.

I n t he Commi tteeds Vi ew, govermmakmgnt s
acknowledges the inherent risk in energy production and, if a decision is made to
proceed with exploration and development, thatehare cogent reasons for the
decision that the community can understartds will ensure that any policy decision

to permit or ban widscale hydraulic fracturing is able to withstand robust sgrutin
from all sides of the debate.

During this inquiry, it las become apparent to the Committee that the terminology of
hydraulic fracturing has been used by different groups to elicit various reactions in

audi ences. The words themsel ves, Ohydraul i

ways, depending on theud hor : for exampl e, use of
often by opponents to the technology,
industry groups.

Different words can be used to manipulate the facts of hydraulic fracturing and
provoke an ematnal response from people who may not be fully aware of the
science behind claims made in the media or by interest groups. The Committee is of
the view that emotion is a powerful argument in the debate on this topic, but not
always a helpful one when sasting logical discussion.

t he
or t

The Committee has used the full scientific

this report, rather than the colloqui al

terms can add unintended connotations to discussidrisabpic.

In the Committeeds vVview, there is a
community that all risks associated with mining can also be attributed to hydraulic
fracturing. Adding the hydraulicfracturing process to the development of
unconventimal gas adds a layer of complexity and expense, but the risks associated
with hydraulic fracturing (such aspills, leaks andvell blowouts) are not unique to
unconventional gas exploration.

ab
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2.16 The nature and timing of éhcontroversy surrounding hydraulic fracturing was a
motivation behind the Committeebds resolutio

2.17 In light of the increased focus on an onshore gas industry in Western Australia, the
Committee considered it timely to investigate tlaims made by both proponents and
opponents of hydraulic fracturing.

10



CHAPTER 3

SHALE GAS, COAL SEAM GAS AND HY DRAULIC FRACTURING

Whilst shale gas has enormous potential, it will require great skill, persistence, capital
and carefulmanagement of any impacts on ecosystems and related natural resources, to
realise that potential. It will also need an informed community and transparent and
effective regulations and companion codes of practice. Provided we have all these in
place (and tk right rocks), shale gas could be an important new energy option for
Australia.

Australian Council of Learned Academ}%s

3.1

Hydraulic fracturing is not a new process, but the controversy surrounding its use to
extract unconventional gas relatively recent The technology behind hydraulic
fracturing may be evolving and improving into the future, but the scientific and
geological fundamentals are weltablished.

UNCONVENTIONAL GAS

3.2

3.3

6Unconventional gas6 and O6convennatural nal
gas.Natural gas idormed by the breakdown of organic matter and isombustible
mixture of hydrocarbon gases (mainly methane;)Gid other gases such as carbon
dioxide'* It is a fossil fuel and a finite resource, as are petroleum and Natilral

gas that is found in impermeable rock formatigmghich cannot readily form
conventional gas deposits called unconventional gas. Types of unconventional gas
include shale gas, coal seam gadtight gas.

The difference between conventional gas and unconventional tieségorenot one

of chemicalcomposition, but rathdocation Conventional resources of gas are mostly
found in sedimentary basingn porous and permeable reservoir rocks such as
sandstor, and in geological formations which make extractioglatively
straightforward

13

14

ACOLA Report, p 19.

GeoscienceAustralia. Available athttp://www.ga.gov.au/scientifitopics/energy/resources/petroleum
resources/ga¥iewed 22January 2015
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3.4 Figure 1 andFigure 2illustrate the relative size and locations of shale gas deposits in
Australia.

Australian basins with shale gas potential

McArthur

Southern

Clarence-Moreton

Gunnedah
Sydney

VIC

ot W

Gippsland
. Current shale oil exploration activity
Potential shale oil/gas basins

Figure 1. Australian basins with shale gas potenfi@burce: APPEAThe Natural Gas Revolution: Natural Gas
from Shale and Tight Rodks

. Current shale gas exploration activity

12
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ins with assessed shale oil and shale gas formations, as of May 2013

Map of bas
Lo RN 7 Ay
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e
g
.«gt/
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\_-«j(.
Legend
B Assessed basins with resource estimate
Assessed basins without resource estimate { >
-~
./‘ b Advanced Resources .
1 US, Facrey Informarion irfternational, Inc,
a Admingennon e advovn con

Source: United States basnsfrom U.S. Energy Information Administration and United States GeologicalSurvey; other basinsfrom AR based on datafrom

varicus published studies
Figure 2. Map of basins with associated shale oil and shale gas formations, as of Majs20it& United States Energy Information Administration, June 2013

13




Environment and Public Affairs Committee FORTY-SECOND REPORT

35 Most of the gagroduced globally and in Australia during the twentieth century has
been conventional ga3he conventional gas and oil industridsive economic and
social development in many countri¥gesternAustraliahas adong history of relying
upon gas productignvith WesternAustraliabeingthe largest producer and consumer
of natural gas in Australiaabout 71 per cent of ®éternAustralidds petr ol eum
production in 2012was directly derived from the development of natural gas
resources’

3.6 Global cemand for gassipredicted to increadsy 57 per cent by204Q the only fossil
fuel forecast tostill be growing significantly at that tim&. Unconventional gas, from
shale especially, is predicted to become a much more widespread global phenomenon
over the cominglecades, with Australia becoming a world leader in produtfihe
increasing pressure on conventional gas resounesded to a shift in focus to
unconventional gas and its extraction.

3.7 Unconventional gas resourcae found informations that are not &sasily accessible
as conventional gasoth geologically and economicallfFigure 3 illustrates the
differences in development cost and difficulty between conventional and
unconventional gas.

Permeability
————————————— ) 1 darcy
Increased breakeven _
price required g B
Smaller volumes, Increased technology =¥
easy to develop required E o B
——————————————— — 1 millidarcy
Larger volumes,

difficult to

develop a

%

[ ' =

o

I |F &
L+—F 1 microdarcy

w @

o =

m C

s 8

25

w

1 nanodarcy

Figure 3. Petroleum resource pyramid, showing how resoureality varies with permeabilitjfSource: Shaping a
Nation: A Geology of Australia, Geoscience Australia]

5 Western Australia, Legislative Assembly, Economics and Industry Standing Committee, Refet 2,

economic impact of floatingNG on Western Australia: Volume 15 May 2014, p 2, quoting from
Geoscience Australi&@etroleum Reserves by basin, as at 1 January 204y 2012.

16 International Energy AgencWorld Energy Outlook 20142 November 2014, p 146.
o Ibid, p147.
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3.8

3.9

Unconventional gasncludes shale gas, tight gas aodal seam gasCSG) and
requires a different method of extraction to conventional fuels. Whilst the umbrella
term O6unconventional 6 appl i e slsodifferercée | of
between them, mainly in the properties of the host rock and the specific techniques for
their extraction such as the use of hydraulic fracturing and horizontal drilling.

Although the existence of unconventional gas resources has reeegnisedfor
decades, their full extent and importance has only recently been apprétiased.
extraction technlogy has developed since the ra6" century, unconventional gas

has become more economic to extract and therefore more attractive as an energy
source

SHALE GAS

3.10

3.11

3.12

3.13

Shale gas is the term applied to natural gas which is trapped within shale rocks. Shale
is acommon type ofine grainsedimentary rock formed from deposits of mud, silt,
clay and organic matter, usually occurring at deptbse tharl500 metres below the
Eart hds s utheflosvpeemeabiltyamd porositgf shale gascannotescape

( or 6 mandgis teappeddpockets within the rock.

The US Energy Information Administration estimates that there aretii2i®® cubic
feet tcf) of technically recoverableshale gas resources in the world, distributed
amongst 137 formatits in 41 countrie¥’

Shale gas can often be found in dispersed, disconnected pockets throughalg a
formation, leading to a low rate of recovery (and therefore higher cost) compared to
conventional gasThe area of gasf a shale basin where gas gametimesoil) can be
commercially extracted s k nown as Shale plagshvaryn thickpekdaomn o .

a few metres to several hundmaeétres.

Shale resources are unevenly distributed across the worldrige® 2) and their
prospectivitycan vary greatly according to local geology.

18

19

International Energy Agencyzolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report on Unconventional Gak2 November 2012, p 18.

United States Energy Information Administratidmalysis & ProjectionsTechnically Recoverable Shale

Oil and Shale Gas Resources: An Assessment of 137 Shale Formations in 41 Countries Outside the
United States13 June 2013Available at:http://www.eia.gov/analysis/studies/worldshalega&éwed

25 SeptembeR014.
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3.14 The top ten countries with technically recoverable shale gas resources are noted

below?®
Rank Country Shale gas (tcf)
1 China 1115
2 Argentina 802
3 Algeria 707
4 us 665
5 Canada 573
6 Mexico 545
7 Australia 437
8 South Africa 390
9 Russia 285
10 Brazil 245
World Total 7299

3.15 The following diagram illustrates typical oil and gas target depths in Western
Australia (CSG gas deptin the diagramis indicative of eastern states geology as
CSG is not prospective in Western Austrafia):

Conventional Gas

< Shale Gas

2 United States Energy Information Administration, June 2013.

2 Department of Mines and Petroleum, February 2014.
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3.16 The depths at which shale gas is fowaah vary between 1500 metres to over 3000
metresunder the ground, but certainly at depths greater than conventional sources. In
contrast taconventional gas and oil reserves, shale gas almost always requires wells to
drill horizontally through a formation, due to the uniquelggy of shale gas depths
The science and possible environmental impacts of horizontal drilling is discussed in
more cktail in Chapters 6, 7 an@lof this report

Where shale gass found in WesternAustralia

3.17 Western Australia has a long history of producing gas and oil, mostly from offshore
sources such as the North West Shé&lie Department of Mines and Petroleum
(DMP)esti mat es t hat shilebasinssholdhapphoximdtety 80 peraeits
of Australiads discovered natur al gas resol
areas in the worl® The discovery of commercial quantities of natural gas onshore
near Dongara in 1966 and subsequent development of the Perth Basin through the
1970s and 1980s foreshadowed that Western Australia also had onshore deposits
worthy of further exploration.

3.18 Prospective resources of shale gas imst®rnAustraliaare clusteredbdow three
broad areas in the State: the Kimberley, East Pilbardishdest (seeFigure 4). The
two main shale gas deposits which have potential for future development are the
Canning and Perth Basin©ther potential resources include the Carnarvon and
Officer Basins, which are currently untested for prospectivity or production.

22 Department of Mines and Petroleum, Weestn Austral i aés Petroleum and Geott

2014 Edition September 2014, p 18.
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SEDIMENTARY BASINS
WESTERN AUSTRALIA

Depocentres with
shale gas potential

Sedimentary basins

. Petroleum well

Northern
Carnarvon

Basin _ ¢
*%

%  PILBARA
( CRATON

Merlinleigh 2%
Sub-basin

YILGARN CRATON

. Dandaragan
( Trough

Eucla Basin

(N 7 .??:7;f:77’“—*‘q\<~_7ﬂ./4';

{t:\( e ;;_;ff =, i
S Bremer Basin 500 km

| e = ek o S|
Figure 4. Sedimentary basins in Western Australia (in blue) showing depocentres with shale gas jStamniat
Department of Mines and Petroleum]

3.19 DMP estimates that the size of the depdsit§/estern Australiaanges from 268 to
280 tcf?® These figures vary significantly from tHgure of 11 tcf quoted by the
InternationaEnergyAgency (EA) (see pargraph3.33, which demonstrates that the
nature and extent of ourun&ttammfThe &emmitdeal e gas
has focused on the Canning and Perth Basins in this report as these two formations
appear to be the most prospective for onshore shale gas in Western Australia.

Canning Basin

3.20 The Canning Basinin the Kimberley region of Western Australia sometimes
ref err esdp & o baadsconmids@verald s-b B s i n Bigure @) sltemers
a total area fomore than 64®00 square kilometres, with 53M0 square kilometres

z Data taken from Submission 105 from Department of Mines and Petroleum, 3 October 2013, p 8 and
Natur al Gas from Shale and Tight Rocks: An overview
February 2014, p.4Available athttp://www.dmp.wa.gov.au/shaleandtightgas/
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occurring onshore and the remainder extending offsidre.US Energynformation
Administrationestimated in 2013 that the Canning Basin hotise than225 tcf of
recoverable shale gdsTwo urban centres provide shipping and air support for the
Canning Basin: Broome and Derby, while major roads service only parts cdgime b
particularly near the coast. Much of the central and southern areas of the Canning
Basin are remote and unsettled, with a poorly maintained regional network of tracks as
the only access poinfs.

3.21 As of November 2013, nearly 300 onsh@etroleumwells had been drilled in the
Canning Basiff® The Committee notes that yarexploitation of onshore shale gas
resources in the Canning €a will face unique challenges, including the lack of
established infrastructure in remote parts of the Kimberley and thactnof the
regionds wet s eas amcastaTharGommitteg visited Broomeé i o n s
in 2014 and notes that there aso ongoing issues related to a social licence to
operate and community support for hydraulic fracturing GdAPTER 10.

Perth Basin

3.22 Covering an area of about 100 000 square kilom&#Bs000 square kilometres is
onshore) the Perth Basities under land that well-established as an agriculture and
foresty region, with main roadthat provideeasy acces$.Whilst smaller in area, the
region has seen more gas exploration and development than the Canning Basin,
commencing in the mid960s.

3.23 Several onshore gas wells in the Perth Basin have been subjedtaalityfracturing
since the mie2000s mainly in the Dongara gas fielth 2010, Woodada Deep 1 was
the first well drilled for shale gas targets in the Perth B&sithe Committee has
visited several sitem the areaincluding the Drovefl1l and Arrowsnth-02 wells,
and has spoken to the community and exploration companies active in tHerared.
the main concerns expressed by residents is the protection of the Mount Peron Water
Reserve in the Shire of Coorow (S@HAPTER 7.

2 United States Energy Information Administratidmalysis & ProjectionsTechnically Recoverable Shale

Oil and Shale Gas Resources: An Assessment of 13 Bbamations in 41 Countries Outside the
United States13 June 2013Available at:http://www.eia.gov/analysis/studies/worldshaleg&&éwed
25 September 2014

= Department of Mines andPetroleum, Summary of Petroleum Prospectivity: Canning Basin

February2014, p 19.

% Ibid, p 9.

z Department of Mines and PetroleuByummary of Petroleum Prospectivity: Perth Basgiabruary 2014,
p 3.

% lbid, p 14.
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3.24 There areenvironmentally sensitive areas present in the region and native title and
land access negotiatioasekey issues in this regidi.The Committee notes that the
trend of onshore gas developmémthe Perth Basirlooks set to continue, as recent
discoveries of commercially viable shale gas deposits havel&ededas the largest

onshore gas fields 6foun® in Western Austra

COAL SEAM GAS

3.25 Most of the currentdebate in Australia around hydraulic fracturisgrelated to the
CSG industryin the eastern statesp it is essential to understand the difference
between shale gas a@BG Whilst the process of hydraulic fracturimg the samge
differences in geologpetween shale gas and C&&ult in different levels of risk and
water and chemicalsse

3.26 CSG isnatural gas which has been entirely adsorbed into the coal matrix, typically at

relatively shallow depths of between 3001000 metregseeFigure 5). CSG is held
undergrounavithin coal through pressure from formation water in the coal fracttires.

CSG is therefore extracted by 6édewateringbé6,

the coal matrix and releases the gas from the coal. Alistralian CSG industry is
basedin Queensland and New South Wal&bereare no known prospectiveSG
resourcesn Western Australia.

Shale Tight
Saline aquifer gas (56 gas Artesian Conventional
well well well  bore gas
Aquitard ¥

Freshwater aquifer

1000 m \ \ Coal seam gas

3000m Tight gas
Shale gas

\ 4

<«—50-100 km plus

Figure 5. Geological settings for unconventional d&eurce: ACOLA Report, courtesy of US Energy Information
Administration 2010]

3.27 The main differences between C&hingand shale gasining are

2 Department of Mines and PetroleuBummary of Petroleum Prospectivity: Perth Basgiabruary 2014,

p 22.

%0 K Diss, O6WA6s |largest gas field find iABCNekescades comm
Onling 10 March 2015.

s CSI RO Factsheet, 6What is coal seam gas?d, September
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1 CSG extraction produces water; shale gas extraction requires water
1 CSG is found at shallow depths; shale gas is deep underground
1 CSG can be extracted without using hydraulic frasty shale gaslmost

always requires hydraulic fracturing to access depdsits.

3.28 TheAustralianCouncil of Learned Academie®\COLA ) focused on shale gas in its
analysis of unconventional gas production in AustraBahe CSG industry is well
establishedn this countryandalsobecause:

there are many lessons, some negative, some positive, to be learned
from the technical experience of the CSG indu$try

GOLDEN RULES FOR A GOLDEN AGE OF GAS

329 In2012,EAdevel oped a set of 0Gol derGoldeu | es f or
Rules) for its outlook for global unconventional gas production. The IEA noted that,
as unconventional gas resources are increasingly exploited for our energy needs in the
future:

society meds to be adequately convinced that the environmental and
social risks will be well enough managed to warrant consent to
unconventional gas production, in the interests of the broader
economic, social and environmental benefits that the development of
unmnventional resources can brifiy

3.30 TheGolden Rules allow poliecmakers, regulators, operators and other stakeholders to
address the environmental and social impacts of unconventional gas mining in order to
earn and retain that consénThe Golden Rules ar

1. Measure, disclose and engage

2. Watch where you drill

3. Isolate wells and prevent leaks

4. Treat water responsibly

5. Eliminate venting, minimise flaring and other emissions

6. Be ready to think big

7. Ensure a consistently high level of environmleperformance®
32 CSI RO Factsheets, 6What is coal seam gigpeddng Septembe

i mpactsd, Augustipmddiycedowmdt sreaamndgasi te management ,

3 ACOLA Report, 2013, p 34.

34 International Energy Agencyzolden Rules for a Golden Age of Gas: World Energy Outlook Special

Report on Unconventional Gak2 November 2012, p 42.

s The Committee wild.l di scuss the concept of soci al con
CHAPTER 100f this report.
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3.31

3.32

3.33

3.34

As the authors of the phrase éa gol den
guide government and industry into the future. The GoRlelesrepresenthe ideal
outcome where continual global expansion of gas supply from uncdamvaint
resources is achievéd.

The IEA also considered the opposite turn of events in its prediction of a future up to
the year 2035, where environmental and other constraints prove too difficult to

overcome and the Golden Ruth®aenvaenret inoontal a dCaps

age

discusses the situation where the potential social and environmental threats posed by

an unconventional gas industry are deemed too significant in a particular country and
the development of that industry stéfls.

| EAd s p rforjAestdia facused mostly on CSG, asetilCSGindustry is
currently far more developed than shale gas produciio@ustralia The IEA did,

however, observe t hat Australiabds remali

estimated (at the time of the repdd)be 11icf, wi t h a 6éboom in shal

unlikely in the near future because of logistical and economic difficdftieke vast
majority of production is derived from CSG resources on the east coast of Australia.
I'n | EAds Low U nfordustradian howevenoaly 40 Gea cet of CSG
resources is assumed to be exploitedthede is no mention of shale gas exploitation

in Western Australia at aff

I n the Committeeds vVvi ew, i f shal e gas
the best of their potential with minimum impact on the environment, then the
principles i n | EAO s Gol den Rul es mu st

developing areqgulatoy f r amewor k and pursuing what
to operate (se€EHAPTER 10Q. TheGolden Rulesiote that

[the] prospects for unconvdnhal gas production in Australia hinge

to a large degree on whether polinyakers and the industry itself can
sustainably manage the associated environmental risks on a basis that
retains public confidence in the outconfies

36

37

38

39

40

41

International Energy Agencyzolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report on Unconventional Gas2 November 201%)p 1314 and International Energy Agencdyplden
Rules for a Golden Age of Gas: May 29, Lond@resentation to Media, p 2.

International Energy Agencyzolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report on Unconventional Gak2 November 2012, p 64.

Ibid, p 66.
Ibid, p 132.

International Energy AgencyGolden Rules for a Golden Age of Gas: World Energy Outlook Special
Report on Unconventional Gak2 November 2012, p 71.

Ibid, p 134.
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3.35

The Committee notes that, sinite publication of the Golden Rules in 2012, the IEA

has reconsidered u s t r ralé in $hé globaldevelopmentof unconventional gas,

with Australia set to 6épick up the batoné
nations?* TheCo mmi t t eigtlasif Ausiraians to become such a key player in

the global unconventional gas industry then robust and open discussigdratilic

fracturing for unconventional gas essential. This report aims to contribute
meaningfully to such a discussion.

HYDRAUL IC FRACTURING

3.36

3.37

3.38

3.39

The first experimental use of fracturing to stimulate a mine occurred in dtGeé
Hugoton gas field in Grant Countiansas, USA® This first (largely unsuccessful)
attempt used 1000 gallons of petrol thickened with napalm and sastinidate a
limestone formation 2400 feet de¥plt was not until two years later, when
Halliburton Oil Well Cementing Comparng Texas(how Halliburton)was granted an
exclusive licence to use the new process, that hydraulic fracturing on a commercial
scde began in the USA.

The basic concept of forcing fluid at high pressure into gas (or oil) producing
geological formations to stimulate flow has not changed drastically since the 1950s.

What has changei the type of fluid used, the amount of pressureliad and

advances related to how the well is drilled (including horizontal drilling and
multi-well pad3. Hy dr aul i ¢ fracturing has been descr
of brute force and®sophisticated technol ogy

According to the IEA, the cosf multi-stage hydraulic fracturing in the USA can add
between US$1 million and US$4 million to the construction costs of a well, depending
on its location, depth and other drilling factfs.

DMP has advised that, in Western Australia, the cost of seipng drilling rig and
related infrastructure for onshore unconves!
cheap as &a mueh asl$li5orm$d0 nmillionf 6 somet hing goes w

42

43

44

45

46

47

This includesChina, India and Argentina: International Energy Agentiarld Energy Outlook 2014
12 November 2014, p 147.

CT Montgomery & MB Smith, 6Hydr aul i ¢ FRoumalbfuri ng: Hi
Petroleum Technologyecember 2010, p 27.

One thousand gallons is equivalent to 3785 litres and 2400 feet is about 730 metres.

A Pr ud 6 Hyamfraeking: What everyone needs to kn@xford University Press, New York,
2014, p 27.

Council of Canadian Academidsnvironmental Impacts of 8le Gas Extraction in Canada: The Expert
Panel on Harnessing Science and Technology to Understand the Environmental Impacts of Shale Gas
Extraction 2014, p 4.

International Energy Agencyzolden Rules for a Golden Age of Gas: World Energy Outlook &peci
Report on Unconventional Gak2 November 2012, p 53.
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mor e r e nfdAdding kydrautic.fracturing to the drillingrpcess can increase
costs in the range of several million dollars for every individual hydraulic fracture that
is planned (each well typically requires several fracture treatments: see paragraph
6.15.

The process

3.40 The process involves pumping a hydraulic fracturing fluid mixtwsudlly water,
proppantand chemicals) at controlled high pressure into an underground gas reservoir
to induce fractures in the rodkeeFigure 6). A per forating gun wil |l
through the casing and a short way into the shale rock, then the fracturing fluid is
injectedat high pressure to crack the rock and release any gas preBeatproppant
is used to hold open the resulting fractuseghat gas can escafrem the formation
and flow to the surface t°hrough the well 6s

Figure 6. Diagram showingypical horizontal shale well with hydraulic fracturing detfflource: Department of
Mines and Petroleum, August 2013]

a8 Mr Richard Sellers, Director Generdbepartment of Mines and Petroleufranscript of Evideng
25 August 2015, p 13.

49 New Zealand, Parliamentary Commissioner for the Environntrgluating the environmental impacts

of fracking in New Zealand: An interim reppNovember 2012, p 38.
S0 ACOLA Report, pp 5758.
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