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Dear Chief Minister

RE: RELEASE OF THE INQUIRY'S FINAL REPORT

On 3 December 2016 your Government announced the final Terms of Reference for the Scientific Inquiry
into Hydraulic Fracturing of Onshore Unconventional Reservoirs and Associated Activities in the Northern
Territory (the Inquiry). Under the Inquiries Act 1945 (NT) | was appointed Chair of the Inquiry together with a
panel of eminent scientists across a diverse range of expertise (the Panel).

| am pleased to present to you the Inquiry's Final Report, which is the culmination of the Panel's
comprehensive scientific research, extensive consultation with the community, and consideration of more
than 1250 submissions.

The Final Report contains 135 recommendations to reduce the identified risks associated with any
development of any onshore shale gas industry in the Northern Territory to acceptable levels.

The Inquiry would like to expresses its utmost gratitude to everyone who has contributed to it during the
past 15 months. The level of engagement with the Inquiry by the public, by environmental groups, by the
gas industry and by other stakeholders has been of a consistently high quality, and which is reflected in the
Report and its recommendations.

The Inquiry would also like to thank the Government for the considerable respect that it has afforded the
Inquiry’s processes. At all times the Government has allowed the Inquiry to carry out its duties free from
political interference or influence. The public can have every confidence that the Inquiry has been truly
independent.

The Inquiry has had the great privilege of visiting many different communities and interacting with many
people, groups and organisations during the course of its work. If it has learnt one thing, it is that the
Northern Territory is immensely fortunate to have so many passionate and committed individuals who only
have the Territory's very best interests and brightest future at heart.
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Final Report foreword

There are many people who must be thanked because without their advice, expertise, diligence and
herculean effort, the completion of this Report, and therefore, this Inquiry, would not have been possible.

Ms Jane Coram was an invaluable member of the Panel until 20 December 2017, when she resigned to take
up her appointment as CEO of the National Measurement Institute. Ms Coram has recently been appointed as
the Land and Water Director of CSIRO.

The Taskforce established to assist the Inquiry, comprising of Mr James Pratt, Ms Amy Dennison, Ms Geraldine
Lee and Ms Kate Walker, has been unparalleled and unwavering in their support. Each has done the work of
many, always to the highest possible standard and always willingly. They are a credit to the Northern Territory.

Until 28 June 2017, Mr Richard McAllister provided further administrative assistance as part of the Taskforce.
The communications strategy was commendably carried out by Ms Claire Sprunt and Ms Jo Brosnan.

The Aboriginal Interpreter Service (AIS) organised interpreters to accompany the Panel to consultations in
remote communities. The AIS also translated the key publications of the Inquiry into language, the recordings
of which are available on the Inquiry's website.

The team at Dreamedia Creative Event Production was outstanding in providing the technical and
transcription expertise necessary to conduct the highly successful public hearings.

Additional academic assistance was provided by Prof Sandra Kentish (University of Melbourne) in respect of
Chapter 9 and Mr Angus Veitch and Ms Nicole Heesh (University of Queensland) for Chapter 12.

Research assistance was more than capably provided by Ms Rachael Chick and Ms Veronica Finn.

Proofreading of the Interim Report, Draft Final Report and Final Report was carefully carried out by Ms Jo
Robertson of Communicate NT.

The graphic designers are to be commended for giving life to the text through their layout and design.

This and other reports of the Inquiry were printed by Zip Print, Image Offset and Colemans Printing,
occasionally at short notice but always professionally and without compromise to the quality of the final
product.

Webservices were ably provided by Brainium Labs.
Ms Kim Pitt, along with others, provided critical secretarial support.

Chambers were generously found for the Inquiry in Sydney by the Hon Chief Justice Tom Bathurst AC of
the Supreme Court of New South Wales, Mr Chris D'Aeth, Executive Director and Principal Registrar of the
Supreme Court of New South Wales (for whom no problem was too big to solve), and Ms Melinda Morgan,
Registrar of the Industrial Relations Commission of NSW.

Because the Panel took its mandate to consult the community seriously, many hours were spent in small
planes travelling between urban, rural and remote communities. In particular, Hardy Aviation, Chartair,
Airnorth, Murin Air and Adagold Aviation delivered us safely and comfortably to each destination.

Initially, advice was sought on that most prosaic of matters, namely, how to run an inquiry. It was willingly and
generously given by Professor Mary O'Kane, the former New South Wales Chief Scientist and Engineer, the
Hon Justice Peter Garling of the Supreme Court of New South Wales and the Hon Justice Tim Moore of the
Land and Environment Court of New South Wales. All of it proved to be invaluable.

To the long suffering partners of both the Panel and the Taskforce, who endured many absences and
countless domestic disruptions, the debt is profound.

Finally, the Inquiry must express its deep gratitude to all those people who genuinely and sincerely
participated in the Inquiry by way of written submissions, public presentations and community forum
discussions. From the outset this Inquiry was always intended to be for the Territory, by the Territory. This
is exactly what occurred. Territorians embraced the consultation process in full, and in doing so, greatly
strengthened and improved the end result.

The enthusiasm and passion with which Territorians engaged with the Inquiry was inspiring. And while not
everyone may agree with some, or even any, of the findings made in this Report, their effort is reflected in
many of the recommendations made by the Panel. There can be no doubt that the Final Report is all the better
forit.

THE HON JUSTICE RACHEL PEPPER

Chair of the Scientific Inquiry into Hydraulic Fracturing in the Northern Territory
27 March 2018
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Chapter 1 Purpose of the Inquiry

1.1 Establishment of the Inquiry

As stated in the Background and Issues Paper (Issues Paper) released on 20 February 2017,

on 14 September 2016, the Chief Minister of the Northern Territory, the Hon. Michael Gunner

MLA, announced a moratorium on hydraulic fracturing of onshore unconventional shale gas
reservoirs in the Northern Territory (NT). The Chief Minister also announced that he would appoint
an independent scientific panel (Panel) to inquire into the impacts and risks associated with
hydraulic fracturing.

On 3 December 2016, the Northern Territory Government (Government) announced that it had
established the Inquiry under the Inquiries Act 1945 (NT).

The Inquiry is Chaired by the Hon. Justice Rachel Pepper, a judge of the Land and Environment
Court of New South Wales (LEC) a superior court of record. Her Honour was formally appointed as
Chair of the Inquiry on 30 January 2017.

The Panel is comprised of nine eminent scientists across a range of disciplines. A list of the
names and biographies of the Chair and the other Panel members can be found on the Inquiry's
website at www.frackinginquiry.nt.gov.au.

The Government has stated publicly that the moratorium will stay in place for the duration of
the Inquiry.

1.2 The Terms of Reference

The Government published draft Terms of Reference on 14 September 2016. After public
consultation, these were amended, and on 3 December 2016, the Government announced the
final Terms of Reference for the Inquiry. The Terms of Reference are set out in Appendix 1.

1.3 The purpose of the Inquiry

The purpose of this Inquiry is found in the Terms of Reference, the drafting of which the Inquiry
had no input into. While limited to onshore unconventional shale gas only, the Terms of Reference
are nevertheless broad in their scope. They require the Panel to assess and determine:

the nature and extent of the risks associated with hydraulic fracturing of onshore
unconventional shale gas reservoirs and its associated activities on the environmental (aquatic,
terrestrial and atmospheric), social, cultural and economic conditions of the NT;

whether these risks can be mitigated to an acceptable level;
if they can, by what methodology or methodologies can these risks be mitigated; and

whether the existing regulatory framework is sufficient to implement these methodologies,
and if not, what changes need to be made.

The Terms of Reference, notwithstanding their breadth, nevertheless provide constraints on the
scope of the Inquiry. Excluded from its scope is coal seam gas (CSG), sandstone (or ‘tight') gas
and shale oil. Critically, an examination of the place and future of renewable energy within the NT
is outside the Terms of Reference as are the occupational health and safety implications of any
onshore shale gas industry.

In the course of delivering on its Terms of Reference, the Inquiry was required to develop and
implement a stakeholder engagement program, which included opportunities for the public to
make oral and written submissions to and consult with the Panel.
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1.4 Overview of previous inquiries into hydraulic fracturing in the NT

As was discussed in the Issues Paper?, this is not the first inquiry that the NT has held into
hydraulic fracturing. However, as indicated above, this Inquiry differs from its predecessors, by
reason of its scope (it is wider) and its mandate to consult widely with Territorians.

In 2011, the former Labor Government commissioned Dr Tina Hunter, an expert in petroleum law,
to report on the capacity of the NT's legal framework to regulate the development of the onshore
petroleum industry in the NT (2012 Hunter Report).® A key recommendation from the 2012
Hunter Report was that the Government should prioritise the development and implementation
of regulations under the Petroleum Act 1984 (NT) (Petroleum Act) for the protection of the
environment?

In March 2014, the former Country Liberal Party (CLP) Government under Chief Minister Adam
Giles commissioned Dr Allan Hawke AC to conduct an inquiry into the potential impacts of
hydraulic fracturing in the NT (2014 Hawke Report).

The 2014 Hawke Report's major recommendation was that, ‘consistent with other Australian and
International reviews... the environmental risks associated with hydraulic fracturing can be managed
effectively subject to the creation of a robust regulatory system"?

Another relevant recommendation was that the Government conduct a review of the
environmental assessment and approval process in the Territory. The CLP Government therefore
reengaged Dr Hawke to conduct this inquiry. Dr Hawke's second report (2015 Hawke Report) was
released in May 2015.6

Following the 2012 Hunter Report and the 2014 and 2015 Hawke Reports, new Petroleum
(Environment) Regulations 2016 (NT) (Petroleum Environment Regulations) were promulgated in
July 2016.

In early 2016, the CLP Government commissioned Dr Tina Hunter to conduct an independent
assessment of the Petroleum Environment Regulations (2016 Hunter Report) to ensure that

they complied with the principles of best practice regulation. Dr Hunter described the new
environment regulations as “a quantum leap from the Northern Territory requlations of old" and said
that “the fundamentals of the Regulations are sound”’

The principal difference between this Inquiry and the reviews described above is the broad scope
of the Inquiry's Terms of Reference and its clear instruction to consult widely with all Territorians.

Issues Paper, p 10.

2012 Hunter Report.

2012 Hunter Report, recommendation 16.
2014 Hawke Report.

2014 Hawke Report.

2015 Hawke Report.

2016 Hunter Report, p 4.
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1.5 The identified risks of hydraulic fracturing in the NT

The potential risks associated with hydraulic fracturing for onshore shale gas in the NT were
identified in the Issues Paper as ‘issues’, which were categorised into nine themes for ease of
reference.

A total of 1260 submissions have been received by the Inquiry (of which 582 are pro forma letters
that do not materially differ in substance from each other). This is in addition to the information
obtained at the hearings and community forums, and the feedback contained in more than 221
‘Have Your Say' forms.

The risks set out in detail in the Issues Paper have been discussed during extensive consultations
in urban centres and rural and remote communities across the NT. As a result of these
discussions, additional issues were identified, which have been taken into account by the Panel.
A final list of issues compiled pursuant to this process is attached at Appendix 2. The new risks
raised by the public during the course of the consultations are identified in italics.

Based on the available evidence, the Panel has how assessed these risks and determined
whether or not they are material, and where it has been found that they are, the extent to which, if
any, they can be mitigated to an acceptable level by appropriate recommended safeguards (the
Panel's methodology is set out in Chapter 4). The Panel has made a number of recommendations
(see Chapter 16) to the Government to assist it in the effective establishment and maintenance of
those safeguards.

Ultimately, it is a matter for the Government, not the Inquiry, upon receipt of this Report, to
determine whether or not the current moratorium should be lifted. The Terms of Reference do
not permit such a recommendation to be made by the Inquiry.
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Chapter 2 Work of the Inquiry to date

2.1 Stakeholder engagement program

As stated in Chapter 1, the Inquiry was directed to consult widely with Territorians about their views
on the development of any onshore unconventional shale gas industry in the NT.

The Inquiry implemented an extensive stakeholder engagement program that included
opportunities for the public to make written submissions and consult directly and indirectly
with the Inquiry. The issues raised during the course of this program that fell within the Terms of
Reference have informed the work of the Panel.

The first round of consultation took place in March 2017, following the release of the Issues
Paper. It consisted of public hearings and community information and engagement sessions, or
‘community forums'

Following the release of the Interim Report in July 2017 (Interim Report), a second round of
consultation was undertaken during August 2017 in the same format as the first round. And
following release of the Draft Final Report in December 2017 (Draft Final Report), a final round of
consultation was undertaken in February 2018.

A summary of the discussions that occurred during the first, second and third rounds of
consultations is contained in Chapter 3.

2.1.1 Public hearings

Two rounds of public hearings were conducted in 2017 and one round in 2018. The hearings

were open to anyone who had registered in advance. The Inquiry held 151 public hearings in
Alice Springs, Tennant Creek, Katherine and Darwin. Presenters included members of the public,
environmental groups, the gas industry, pastoralists, Aboriginal land managers, Land Councils
local governments, and other stakeholders. A full list of those who attended the hearings is found
at Appendix 7.

The hearings were recorded and live-streamed on the Inquiry's website to facilitate access for
those who could not otherwise attend in person. During March and August 2017 and February
2018, the live-stream was viewed by almost 2,000 people, including those in Canada, US, Ireland,
UK, Hungary, Spain and Switzerland. The video recordings are available to be viewed on the
Inquiry's Submission Library website page at www.frackinginquiry.nt.gov.au/submission-library

The video recordings and transcripts of each hearing, as well as any documentation provided by
the presenters (the documents were tabled as a submission to the Inquiry), are available to view
on the Inquiry's Submission Library website page listed under the name of the organisation or
person who presented at www.frackinginquiry.nt.gov.au/submission-library

The hearings were open to the public and the media. Media were also allowed to separately
record the hearings.

Public hearing held in Katherine. August 2017.
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2.1.2 Community forums

Consultation during the Inquiry has also included community forums. These forums were
designed to encourage active discussion and participation by those who attended. They
were open for anyone. Prior registration was not a prerequisite to attendance. A full list of the
community forums is contained in Appendix 8.

Media were allowed to attend but were not permitted to audio record the forums, in order to
facilitate open discussion.

The first round of community forums commenced with a brief presentation from either Prof Peter
Flood or Dr Ross Smith, explaining the process by which onshore shale gas is extracted. The
attendees then broke into smaller roundtable groups, each with an allocated Panel member, to
discuss the issues raised by the presentation, identified in the Issues Paper, or any other concerns
or comments that the community wanted to raise. At the conclusion of the group discussions, each
Panel member presented a summary of the group discussion to the entire forum.

The second and third round of community forums featured a presentation by the Panel of
the Inquiry's work to date, the content of the Interim Report and the Draft Final Report and a
description of future work of the Inquiry Group roundtable discussion occurred following the
presentations.

The group roundtable format was designed and utilised to encourage broad participation
from the community by enabling a greater number of people to speak in a smaller setting. The
roundtable format was very well received by attendees in all communities.

An Inquiry community forum held in Elliott. July 2017.
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2.1.3 Northern Territory visits and stakeholder consultations

Between 20 and 24 February 2017, the Chair and the Deputy Chair, Prof Barry Hart AM, met with
stakeholders at various locations in the Territory to discuss the work of the Inquiry and to seek
their input into the first round of community consultations.

A full list of stakeholder meetings is at Appendix 5.

On 4 July 2017, the Chair and Dr Alan Andersen travelled to Newcastle Waters to meet with

the traditional owners of that area and then on to Elliott to meet with a number of community
members. Representatives from the Northern Land Council (NLC) attended the meeting at
Newcastle Waters. At both meetings, a range of issues were discussed, including the need to

be properly and fully informed and consulted in respect of any potential onshore shale gas
activities on Aboriginal and native title land (that is, the need to be told of both the benefits and
the potential adverse consequences of the development); the need for the NLC to act in a wholly
disinterested manner in conducting negotiations with gas companies on behalf of Aboriginal
people, the concern of Aboriginal people of the capacity for environmental and cultural damage
to occur as a result of any onshore shale gas industry (especially with respect to water, traditional
cultural practices, bush tucker and sacred sites); and the need to ensure that the benefits of any
onshore unconventional gas development flowed to the communities upon whose land the
development would take place, in particular, the need to create and retain local employment
opportunities.

On 5 and 6 July 2017, the Chair, again accompanied by Dr Andersen, visited two NT pastoral
stations,namely, Hayfield Station, operated by the Dyer family, and Maryfield Station, operated by
North Star Pastoral Pty Ltd. The purpose of this visit was to understand, firsthand, the operation
of a cattle station in order to assist in evaluating the potential impacts, both adverse (for example,
disruption to business) and beneficial (improvements in infrastructure and the creation of an
ongoing revenue stream) that any onshore shale gas development might have on that industry.

On 28 August 2017, the Panel visited a gas field operated by Central Petroleum Limited

(Central Petroleum) in Palm Valley, Central Australia. The Palm Valley Gas Field is not currently
producing gas. The Panel viewed gas well infrastructure, including pipelines and water retention
ponds.

On 13 December 2017, the Panel travelled to the Beetaloo Sub-basin to speak with pastoral
lessees regarding exploration, well construction and testing of shale gas wells on their properties.
The Panel met Mrs Jane Armstrong on Beetaloo Station (7,078 km?) and Mr Adrian Brown on
Amungee Mungee Station (3,169 km?). These stations fall within EP 98 and EP 117 respectively,
both of which are administered by Origin Energy Limited (Origin). Beetaloo Station has had
two wells constructed on it over the past 10 years: one by Sweetpea Petroleum Pty Ltd (prior
to 2010); and one by Origin in 2015, The first well did not proceed to production and has since
been abandoned. The second well has been drilled and tested but not hydraulically fractured.
The single horizontal well which was drilled on Amungee Mungee Station is the most recently
hydraulically fractured well in the NT and the first that has been horizontally drilled and
production tested. The Panel inspected that well and the well pad.

Finally the Panel visited Central Petroleum'’s facilities at Mereenie gas field on 14 December 2017.
The Mereenie gasfield covers an area of approximately 130km? in the Western Amadeus Basin,
250km west of Alice Springs. The fields are located on Luritja Aboriginal land and are contained
within NT petroleum leases OL4 and OL5. Production commenced in 1984. The workforce
constitutes approximately 40 people, of which 60% are based in Alice Springs and 12 are
Aboriginal. Forty-five of the 65 predominantly vertical sandstone wells (tight gas) located on the
gasfield have been hydraulically stimulated.
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Figure 2.1 Extract from the Beetaloo Sub-basin showing stations visited by the Panel and respective well
locations.
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2.2 Departmental briefings

Various governmental departments, both within the NT and from other jurisdictions, have briefed
the Panel on subjects relevant to the work of the Inquiry. The purpose of these briefings was to
provide essential background information on a range of topics. A list of the briefings is set out at
Appendix 6.

It should be noted, however, that apart from these briefings and the written submissions provided
to the Inquiry, no Government department or agency has made a public appearance before the
Panel. This has done little to enhance public confidence and trust in the Government.

2.3 Interstate visits and stakeholder meetings

On 31 January 2017, the Panel undertook an interstate visit to South Australia (SA) to consult with
officers of the Energy Resources Division of the Department of State Development about the
regulatory framework governing conventional and unconventional onshore gas development

in that State. Consultation also took place with the Nuclear Fuel Cycle Royal Commission
Consultation and Response Agency to discuss models of community engagement.

On 1and 2 February 2017, the Panel travelled to Moomba in SA to conduct a two day site visit of
Santos Ltd's (Santos) operations in the Cooper Basin.

The purpose of the visit was to observe drilling and hydraulic fracturing activities associated with
deep gas (shale and tight gas) extraction, rather than CSG extraction.

The type of gas extraction witnessed at Santos's operation in the Cooper Basin was tight gas,
not shale gas. However, the infrastructure, processes and supporting operations observed were
relevantly comparable to those of a typical onshore shale gas operation.

The field trip was an important activity to undertake during the early stages of the Inquiry in
order to better understand the size and scale of the hydraulic fracturing process for deep gas
extraction and its impact on the local environment.

During the two day visit, the Inquiry witnessed the hydraulic fracturing of a fracture stage at the
Allunga 2 and 3 well pads, as well as the equipment and processes associated with the hydraulic
fracturing. At the site, the Panel observed a demonstration of the composition and mixing of
hydraulic fracturing fluid used at that location. The Panel also visited a producing gas well at the
adjacent Allunga 1 well pad.

At the Caraka 2 well site, the Panel withessed the drilling of a well for the purpose of hydraulic
fracturing, and the associated infrastructure and equipment. The Panel had a tour of the drilling
rig floor and the storage area used for surface and production casing.

While on-site board and lodgings (one night) and ground transportation were provided by Santos,
the remaining costs associated with the trip were paid for by the Inquiry.

Hydraulic fracturing operation in Moomba, South Australia.
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On 18 and 19 July 2017, the Panel went to Canberra, ACT, to meet with a range of Commonwealth
stakeholders, including the Department of the Environment and Energy. The environmental

risks of the chemicals used during CSG extraction were discussed, together with the funding
announcement in the 2017 federal budget for combined geological and bioregional resource
assessments. Also discussed was Australia's current emissions reductions targets, whether or not
a supply of natural gas to the east coast of Australia could assist in meeting these targets, and
the role of the Northern Gas Pipeline.

Between 24 and 28 July 2017, the Inquiry travelled to Queensland to meet with stakeholders
directly affected by CSG exploration and extraction, consult with government regulators and visit
a CSG field operated by Santos.

During an evidence gathering tour of the Darling Downs and south west region of Queensland,
the Panel met with landowners, local government and businesses in Dalby, Roma and Miles that
were directly involved with or affected by CSG development. The Panel spoke with people who
had been adversely affected by CSG development, especially landowners whose interactions
with unconventional gas operators had been unfavourable, including Ms Helen Bender and Mr
John Jenkyn. Some of the people the Panel spoke to complained of the deleterious health effects
of living in close proximity to CSG development. With others, the detrimental social impacts of a
rapid escalation in CSG activity were discussed (see Chapter 12).

But, the Panel also met with farmers who had enjoyed the beneficial use of processed produced
CSG water for irrigation and cattle grazing, which had resulted in increased productivity and
income. The Panel also visited the Miles State High School Trade Centre, which in partnership
with Origin provides vocational education and employment pathways for its students. Similarly,
the Panel heard from local business people and local government officials who gave examples of
infrastructure improvements, such as new or improved roads, paid for by gas companies.

Inquiry Chair Justice Rachel Pepper and Prof Barry Hart AM with students from the Miles State High School Trade Centre.

While in Queensland, the Panel travelled to Brisbane to meet with a range of regulatory agencies
and government departments. The Panel learnt about the resulting governance structures

and industry standards that have evolved to meet public expectation and afford improved

levels of social licence. Meetings were facilitated with various stakeholders such as AgForce,

the Queensland Farmers' Federation, the Commonwealth Scientific and Industrial Research
Organisation (CSIRO), the Gas Industry Social and Environmental Research Alliance (GISERA),

the University of Queensland's Centre for Coal Seam Gas (CCSG), the Department of Natural
Resources and Mines, the Department of Environment and Heritage Protection, and the Office of
Groundwater Impact Assessment (OGIA). The consistent theme of these talks and presentations
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was the need to ensure that an appropriately robust regulatory framework was in place before
the development of any unconventional gas resource, a matter that many of the regulators
conceded had not been attended to in Queensland prior to the large number of CSG activities
occurring in that State, leading to many of the adverse social impacts experienced in that
jurisdiction.

Further, the Panel toured a Santos operated CSG field in Roma where the Panel saw various
multi-pad well sites and the disturbance footprint of those sites. The Panel also inspected a cattle
grazing operation in co-existence with a CSG development. On the same visit, the Panel visited
Santos's Roma gas processing hub and Unburri, the Roma field workers' camp.

On 7 September 2017, the Chair and Dr Vaughan Beck AM travelled to SA to further consult with
the Department of State Development about the governance of unconventional gas in that State
and the potential application of a similar regulatory regime the NT.

2.4 Overseas visits and consultations

The Panel consulted with the Alberta Energy Regulator (AER). The purpose of this engagement
was to better ascertain the statutory framework within which the onshore unconventional gas
industry operates in that Province, and moreover, to determine whether there are governance
measures from that jurisdiction that can be appropriately adapted and applied in the NT. The
consultation resulted in the AER making a formal submission*

On 21 December 2017, while on leave, the Chair met with various representatives of the BC Oil
and Gas Commission (BCOGC) in Victoria, Canada, to discuss various aspects of the regulation of
onshore shale gas activities in that province, and the structure and functioning of the BCOGC.

The Chair has also consulted with Dr Ray Gosine, Chair of the Newfoundland & Labrador
Hydraulic Fracturing Review Panel, where a range of topics were canvassed, including the timing
of the implementation of the recommendations made as a consequence of that Review.”

2.5 Panel meetings

Since the Inquiry was constituted on 3 December 2016, the Panel has formally met on 12
occasions (see Appendix 4).

2.6 Presentations by the Panel

Members of the Panel have been invited to present a summary of the work of the Inquiry to date
to the organisations listed in Appendix 9.

2.7 Community updates

In order to keep Territorians regularly informed of the work of the Inquiry, the Inquiry has released
31 community updates. A list and brief description of these updates is appended to this Report at
Appendix 10.

2.8 Media engagements

As a matter of transparency, it was important that the media had access to the Inquiry. In this
regard, the Chair has participated in 37 media engagements. These have included television and
radio interviews (both live and pre-recorded), articles, and letters to various newspapers. A list of
the Chair's media engagements is located at Appendix 11.

1 Alberta Energy Regulator submission 483.
2 Newfoundland & Labrador Report.
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Chapter 3 Summary of discussions at community forums and the final
list of issues

3.1 Community forums

Community information engagement sessions, or ‘community forums', were an essential
component of the Inquiry's extensive stakeholder engagement program insofar as they provided
the opportunity for the public to discuss their concerns face to face with the Panel.

3.2 Key issues raised by the community

As a result of the feedback received during the community consultation process, the list of issues
contained in the Issues Paper was revised to take into account the additional risks raised by the
public but not included in that document.

The issues raised in the community forums fall into five broad areas of perceived risk:
the potential impact of any onshore shale gas industry on water resources (surface water
and groundwater) and the land;

distrust in the Government to make decisions in the best interests of the community and
antipathy towards the current regulatory framework;

the potential negative impact of any onshore shale gas development on the health and
wellbeing of local communities, particularly on Aboriginal people and their culture;

the contribution of any onshore shale gas industry to climate change; and
scepticism about the likelihood of any real economic benefits of any onshore shale gas
industry flowing to local communities.

These issues are outlined below in the order of their importance to the community. The final list of
issues can be found at Appendix 2.

Katherine community forum, March 2017.

22 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



3.2.1 Water

The primary and most consistently raised issue across all community forums was the potential
impact of any onshore unconventional shale gas industry on water resources (surface water
and groundwater) in the NT, both in respect of human use (including for cultural purposes) and
dependent ecosystems:

it was repeatedly stressed that much of the NT relies on groundwater for its water supplies,
including for ‘domestic’ and commercial use. Therefore, any adverse impact on potable
water was universally seen as unacceptable;

potential causes of water contamination were constantly raised. These included aquifer
contamination due to well failure caused by pipe or cement corrosion or seismic activity,
spillage of hydraulic fracturing fluid, spillage of wastewater, and wastewater storage ponds
overflowing given the extreme rainfall events common in the NT;

the significant volume of water required for hydraulic fracturing and where this water would
be sourced from was repeatedly mentioned. In this context, it was routinely suggested

that water usage should be monitored and that a water licensing regime should be
implemented to ensure adequate water quantity and quality for multiple uses;

many participants considered that there was insufficient baseline data to properly assess
the long-term impacts on water of horizontal drilling and hydraulic fracturing for onshore
shale gas; and

the importance of water with respect to a range of traditional cultural practices among
Aboriginal communities was emphasised.

3.2.2 Regulatory reform

The adequacy of the regulatory framework governing any onshore unconventional shale gas
industry in the NT was another key concern for participants at the community forums. The
complaints consisted of:

an absence of faith in the current Territory regulatory framework to adequately, or, in
some instances, at all, protect the environment from the risks inherent in any onshore
unconventional shale gas industry;

distrust in the Government to make decisions in the best interests of the community;

a perception that the Government and the petroleum industry were too closely aligned and
that the petroleum industry had the ability to distort executive decision-making;

a demand for higher penalties for environmental damage, for the public reporting of
incidents, for the imposition of adequate rehabilitation bonds, for the independent baseline
testing of water and air quality, and for any onshore unconventional shale gas development
to be subject to the Water Act 1992 (NT) (Water Act); and

a need for laws to be enforced by a well-resourced regulator that is wholly independent
from the Government and the petroleum industry. Suggestions for resourcing the regulator
included a levy on the gas industry. Ongoing legacy mine issues were frequently cited

as an example of the inadequacy of the regulator to prevent, penalise, or remediate
environmental damage caused by the petroleum activity.
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3.2.3Land

The concerns expressed during the community forums in relation to land were;
a loss of habitat for wildlife - there was substantial community concern that the vegetation
clearing required for shale gas development would have a significant impact on

biodiversity. A related and frequently expressed concern was the very limited knowledge of
the NT's biodiversity assets, particularly for invertebrates;

the spread of weeds and feral and exotic pests - weeds and feral and exotic pests can have
significant impacts on both the conservation and production values of landscapes, and
there was concern from multiple sectors that shale gas development would lead to the
spread of weeds and feral and exotic pests, including into areas where they were currently
not present;

the contamination of land - the deleterious impact of land contamination on ecosystems
and livestock due to spillages was often raised;

the impediment of stock movement caused by a network of roads, pipelines, fences and
well pads; and

a loss of landscape amenity values - there was a widespread and deeply held concern
within NT communities that shale gas development would lead to the industrialisation of
what are currently iconic outback landscapes. The concern was not just about amenity
values for residents, but also about the impact on the NT tourism industry due to the loss of
an outback wilderness experience, a primary visitor drawcard.

3.2.4 Air

The contribution of any onshore unconventional shale gas industry to climate change was a
major issue for a significant number of participants. It was noted that shale gas is a fossil fuel and
that its extraction, production and use cause greenhouse gas emissions (carbon dioxide and
methane) that contribute to climate change.

The list of community concerns based on comments raised during the community forums is as
follows:

in respect of methane emissions, that:

o Australia has limited or no measurements of methane levels at gas production sites; and

o the Australian Government estimates for methane emissions are much lower than those
reported in the literature.

in respect of greenhouse gas emissions and downstream use, that:

o thereis an absence of baseline data and that the ongoing monitoring of greenhouse gas
emissions is difficult;

o life cycle greenhouse gas emissions for both upstream and downstream stages must be
evaluated; and

o at elevated methane emissions, life cycle greenhouse gas emissions for gas can be
similar to greenhouse gas emissions for coal.

in respect of emission monitoring, that:

o thereis a need for baseline measurements;

o thereis a need for independent monitoring of emissions; and

o there are good examples of greenhouse gas regulations that should be examined.
in respect of global climate change, that:

o itis necessary to consider Australian greenhouse gas emissions; and

o itis necessary to consider implications of these greenhouse gas emissions for additional
gas production and use.

Finally, whether shale gas was a ‘cleaner’ source of energy was questioned. Numerous
participants stated that the NT should be focussing on developing renewable energy resources
and not extracting additional fossil fuels.
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3.2.5 Aboriginal people and their culture

The potential impact of any onshore unconventional shale gas development on Aboriginal
people and their culture was raised by traditional owners, members of Aboriginal communities
and by many non-Aboriginal people. Most were worried that any development would irreversibly
disturb and damage country for future generations:

there was a significant amount of concern about the detrimental effect that any onshore
shale gas industry would have on songlines, sacred sites and cultural landscapes. The
Panel heard that the process of horizontal drilling was particularly troubling because
sacred sites extend beneath the surface of the earth and the process of horizontal drilling
in multiple directions underneath a sacred site could irrevocably damage that site. As one
participant said, “we need to protect the roots of the totem also",

there was a widespread view among Aboriginal and non-Aboriginal people that there has
not been a genuine effort to engage appropriately with or to properly inform, Indigenous
landholders of the actual impact of petroleum activities prior to seeking consent for such
activity on land over which they have rights; and

there was concern that traditional land use by Aboriginal people (camping, hunting, fishing
and the collection of bush tucker) would be restricted.

Attendees at the Maningrida community forum demonstrate their views, February 2018.
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3.2.6 Social impacts

The most frequently raised potential adverse social impacts that any onshore shale gas industry
might have on local communities were that:

a rapid increase in population associated with the development of any industry could lead
to increased pressure on health services, schools, infrastructure and accommodation;

the development of the industry could result in conflict within the community between
those who were in favour of the industry and those who were opposed to it, and moreover,
between those who stood to gain from the industry and those who would miss out;

an influx of fly-in, fly-out (FIFO) workers could have a negative effect on the social fabric
of the community, especially in circumstances where FIFO workers were employed in
preference to locals; and

a 'cash splash'’ could result in increased alcohol and drug abuse, and therefore, increased
crime.

3.2.7 Public health

The key issues raised in community forums relating to public health impacts associated with
unconventional gas extraction can be summarised as:

26

the contamination of water used for domestic consumption and stock watering by
chemicals used in hydraulic fracturing fluids, or in ‘flowback’ and ‘produced water' (see
Chapter 5) that is recovered from wells after hydraulic fracturing has occurred and during
the extraction phase of the gas deposits;

the release of fugitive emissions, including volatile organic compounds and airborne dusts
from onshore shale gas extraction activities, which could have an impact on respiratory and
related health effects;

the air contamination caused by dust generated by increased land clearing, earthworks and
traffic, particularly if that dust has been contaminated by chemical spillage or wastewater;

the potential additional impacts on climate change resulting from fugitive methane
emissions and from the more generalised use of shale gas as a source of energy
generation and other industrial activities;

an increased risk of spills of chemicals along transport routes as a result of the greatly
increased number of transport movements;

an increased risk of road trauma associated with the construction of well heads, the
transport of chemicals and other materials to well sites, and the construction activities
associated with pipeline development;

the impacts on mental health and wellbeing associated with changes in the social structure
of communities, including the stress relating to a ‘'boom and bust’ economic climate and
the transient nature of workforce development (that is, FIFO work practices); and

the impacts on mental health and wellbeing caused by the industrialisation of the
landscape that would diminish the amenity of the land.

SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



3.2.8 Land access

Access to land for the purposes of exploration and extraction of shale gas was a significant issue,
particularly for Aboriginal people and pastoralists. The concerns raised included that:

pastoral lessees and Native Title holders did not have a right to refuse access to their
property for petroleum activities, which was a matter of considerable anxiety;

while it was noted that traditional Aboriginal owners of land subject to the Aboriginal Land
Rights (Northern Territory) Act 1976 (Cth) (Land Rights Act) have the ability to refuse access to
their land at the exploration stage, there was no cognate right of veto at the production stage;

there was a power imbalance between traditional Aboriginal owners and landholders
on the one hand, and the petroleum industry on the other, particularly when it came to
negotiating land access arrangements; and

there should be restrictions on access to areas of particular environmental, cultural,
tourism, or agricultural significance (‘no go zones)).

3.2.9 Economic impacts

The principal matters that were discussed during the community forums concerning the
economic impacts of any onshore shale gas development were that;

there was a significant amount of scepticism expressed about the true value of any
economic benefit created by the development, especially in terms of employment, public
revenue generation, and royalties;

there was a strong belief that those who bore the risks of the development would not
receive the benefits. In this regard, many members of the public expressed a desire for a
‘Royalties for Regions' scheme and/or the implementation a Territory gas reservation policy;

many participants considered that investing in onshore unconventional shale gas rather
than in renewable energy would result in an opportunity cost to the community and to the
Government, and therefore, that the Government should not be “investing in a declining
industry’;

the petroleum industry might have an adverse impact on other industries such as tourism,
pastoralism, horticulture and agriculture, especially on the clean and green image of the NT,;
the rehabilitation and remediation costs of any air, land and water pollution and degradation
would fall on the public, particularly if the relevant gas operator had gone into liquidation; and
the public did not believe that the development of any onshore shale gas industry in the NT
would alleviate the purported ‘gas crisis' facing some parts of Australia. It was considered
that Australia presently had sufficient gas reserves but that these had been improperly
managed.
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3.3 The majority of community forum participants were opposed to hydraulic
fracturing

As stated above in Chapter 2, the final round of community forums was held in February 2018 and
focussed on the findings and recommendations made in the Draft Final Report. Based on the
outcomes from the Panel's risk assessment (detailed in Chapter 4), the Draft Final Report contained
recommendations to the Government that, if implemented in their totality, the Panel believes will
reduce the risks identified and assessed in the Draft Final Report to an acceptable level.

While some of the participants in the community forums expressed the view that many of

the attendant risks of any onshore shale gas industry could be mitigated by genuine industry
engagement with the community and an acceptance by the gas industry to pay for all necessary
reform, this was a minority opinion. Rather, the constant refrain heard by the Panel from the
majority of the participants before the Inquiry was that, in their opinion, the Government and the
gas industry neither have the will nor the capacity to implement meaningful regulatory change in
the NT.

In short, the view of most of the Territorians who engaged with the Panel at the community
forums remains that as stated in the Inquiry's previous reports, namely, that ‘overwhelmingly” they
were opposed to hydraulic fracturing and were opposed to the lifting of the moratorium.
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Chapter 4 Evidence and risk assessment methodology

4.1 Introduction

In many instances, hydraulic fracturing is described, especially in the media, as a uniform and
immutable practice, irrespective of its geographical, geological, historical, or regulatory setting.
This is partly due to a lack of readily accessible and comprehensible information or published
data regarding the extent, location, methodology and technology of hydraulic fracturing.

The result has been claim and counter-claim, which has led to confusion and misinformation
concerning the potential risks and impacts associated with hydraulic fracturing.

The Inquiry's scope of work is set out in its Terms of Reference (Appendix 1), and requires

the Panel to first, identify the environmental, cultural, economic and social risks and impacts
associated with hydraulic fracturing and onshore shale gas development, and second, to identify
how those risks and impacts may be managed to a level that is ‘acceptable’ and consistent with
the principles of ecologically sustainable development (ESD).

4.2 Principles of ESD

The principles of ESD (see Table 4.1) are at the core of the Panel's analysis. The Panel has used
these principles to formulate environmental objectives as an initial part of its risk assessment
process and to identify mechanisms that will ensure that those objectives are achieved.

Many submissions to the Panel and many attendees at the community forums argued that given
the apparent scientific uncertainty associated with the nature, extent and management of the
environmental risks associated with any onshore shale gas industry, the principles of ESD, and

in particular, the precautionary principle, should be applied to prevent any onshore shale gas
activity from proceeding whatsoever. This is a common misconception as to the operation of the
principle, a matter discussed in greater detail in Chapter 14 at Section 14.7.1.2.

Table 4.1: Principles of ESD

The precautionary principle

The principle of intergenerational equity

The principle of the conservation of
biological diversity and ecological
integrity

Principles relating to improved valuation,
pricing and incentive mechanisms

The principle that decision-making
should include long and short-term
considerations and cumulative impacts
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Where there is a threat of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for postponing
cost-effective measures to prevent environmental degradation. Invoking
the precautionary principle requires:
a threat, based on scientific evidence, of serious or irreversible
damage; and

scientific uncertainty regarding that damage.

The present generation should ensure that the health, diversity and
productivity of the environment is maintained or enhanced for the benefit
of future generations.

Conservation of biological diversity and ecological integrity should be a
fundamental consideration in decision-making.

Relevant principles include:

- that environmental factors should be included in the valuation of assets
and services;
the polluter pays principle, namely, that those who generate pollution
and waste should bear the cost of containment, avoidance or abatement;
that the users of goods and services should pay prices based on the
full life cycle costs of providing goods and services, including the use of
natural resources and assets, and the ultimate disposal of any wastes;
and
that environmental goals, having been established, should be pursued
in the most cost-effective way by establishing incentive structures,
including market mechanisms, that enable those best placed to
maximise benefits and/or minimise costs to develop their own solutions
and responses to environmental problems.

Decision-making processes should consider the potential for cumulative
impacts and effectively integrate long-term and short-term economic,
environmental, social and equitable considerations.
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4.3 Evidence used by the Panel

A comprehensive bibliography of the scientific literature and reports that the Panel has
considered, together with a complete list of the submissions (oral and written) provided to the
Panelis located in the References.

Unless otherwise indicated, all submissions received by the Inquiry have been, in the interests of
fairness and transparency, published on the Inquiry's website. Where a submission is legitimately
confidential, the reason for maintaining confidentiality has been provided in Appendix 12. Where
necessary, the Panel has sought additional information and clarification in respect of a number of
submissions (see Appendix 13). The requests and answers have been published on the Inquiry's
website. All material received by the Panel has been read and considered, even if no express
reference has been made to a particular submission or report in the body of this Report.

The Panel examined, among other material, the 2012 and 2016 Hunter reports, the 2014 and

2015 Hawke reports’, the Final Report of the Australian Council of Learned Academies (ACOLA)
Engineering Energy: Unconventional Gas Production published in May 2013 (ACOLA Report) and
the reports of various reviews into unconventional gas in Tasmania, NSW, SA, WA, Victoria and
Queensland.® Overseas, studies into hydraulic fracturing in the UK, US, Canada, NZ and South
Africa have also been considered.? In particular, the findings from the authoritative United States
Environmental Protection Agency's report (US EPA), Hydraulic Fracturing for Oil and Gas: Impacts
from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the United States (US EPA
Report), were taken into account.

The oral submissions and feedback from the community during the Inquiry's initial round of
consultations, together with the views expressed in the ‘Have Your Say' forms, have also been
taken into account by the Panel. The attitudes and opinions of the public towards hydraulic
fracturing in the NT are directly relevant to determining how the onshore shale gas industry can
earn a social licence to operate (SLO). A summary of the principal matters raised and discussed
during the community consultations is located in Chapter 3 and is reflected in the final list of
issues at Appendix 2.

Specialist consultant work on the social and economic impacts of a potential shale gas industry
in the NT was commissioned by the Inquiry (see Chapters 12 and 13 respectively). Further, CSIRO
was engaged to provide independent external analysis of issues associated with shale gas well
integrity (see Appendix 14). That report was used as evidence in, and otherwise informed, this
Report.

1 Issues Paper, p 11.

See, for example, the Review of Hydraulic Fracturing in Tasmania Final Report; the Final Report of the Independent Review of Coal Seam Gas
Activities in NSW (NSW Report); the Inquiry Into Unconventional Gas (Fracking) Final Report; the Roadmap for Unconventional Gas Projects
in South Australia; Implications for Western Australia of Hydraulic Fracturing for Unconventional Gas (WA Report); the Inquiry into Onshore
Unconventional Gas in Victoria Final Report; the Coal Seam Gas Review Final Report; and the Review of the Socioeconomic impacts of coal seam
gas in Queensland. The list is not exhaustive.

3 See, for example, Shale gas extraction in the UK: a review of hydraulic fracturing (Royal Society Report); Environmental Impacts of Shale Gas
Extraction in Canada; Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water Cycle on Drinking Water Resources in the
United States (US EPA Report); Shale Gas Development in the Central Karoo: a Scientific Assessment of the Opportunities and Risks. New Zealand
Parliamentary Commissioner for the Environment (Scholes et al. 2014); Report of the Nova Scotia Independent Panel on Hydraulic Fracturing
(Nova Scotia report), Unconventional Opportunities and Challenges: Results of the Public Review of the Implications of Hydraulic Fracturing
Operations in Western Newfoundland (Newfoundland & Labrador Report). This list is not exhaustive.
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4.4 Overview of the risk assessment process

Having regard to the most relevant, current, and available scientific literature, the Panel identified,
collected, analysed, and distilled the available evidence concerning the risks and impacts
associated with any onshore shale gas industry (see the final list of issues at Appendix 2). These
issues were grouped into the following broad categories, or themes, during the consultation
process:

water (quality and quantity);

land;

greenhouse gases;

public health;

Aboriginal people and their culture;
social impacts;

economic impacts; and

regulatory reform (including land access).

The process that the Panel has followed to assess the issues or risks associated with each
theme depended on the particular nature and context of that issue or risk. During the Panel's
deliberations, and taking into account the published scientific data and the submissions received,
it became apparent that the biophysical (water, land and air) and public health issues were

best assessed by applying a standardised multi-step risk assessment process (see Section

4.5). The Panel has assessed these risks in terms of the likelihood of the impact occurring and
the consequencel(s) if the impact were to eventuate. This methodology (see below for details)
has been applied in Chapters 7 to 10, covering water, land, air and public health, respectively.

By contrast, Aboriginal people and their culture (Chapter 11), social impacts (Chapter 12), and
economic impacts (Chapter 13) were not suited to this type of assessment. Accordingly, the
methods used to assess the nature of those risks are described and dealt with separately in each
of their respective Chapters.

Regulatory reform (Chapter 14) is considered by the Panel to be a mitigating factor rather than a
risk requiring assessment. That is, if regulation is robust in content and is effectively implemented,
it should reduce the risks posed by the development of any onshore shale gas industry to an
acceptable level.
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4.5 Methodology for assessing risks to biophysical and public health issues

The Panel has adopted a seven-stage process for the identification, assessment, and
management of risks associated with the development of any onshore shale gas industry in the
NT. The process is depicted in Figure 4.1 and is described in detail below.

Figure 4.1: Risk assessment process.

STEP1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6 STEP 7

Environmental Environmental Risk Risk Mitigation Residualrisk Recommendations
Value (EV) Objective (EO) What risk assessment measure assessment What can the
What do > What must RN or threat > What is the > How can S If we > Government do to
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4.5.1 Identifying environmental values

Environmental values (EV) represent those environmental, cultural, social and economic issues of
particular concern to Territorians that are considered to be in need of protection from any adverse
impacts by any onshore shale gas development. Examples of environmental values are iconic
landscapes, water quality and quantity, greenhouse gases, public health, community cohesion,
and the maintenance of cultural connection to country. These values have been articulated

and identified through the community consultation process under the themes of water, land,
greenhouse gas emissions, public health, Aboriginal people and their culture, social impacts, and
economic impacts. These themes have subsequently comprised the major areas of assessment
for the Panel. The objective of the community consultations was to canvas public opinion as
widely as possible to identify, as comprehensively as possible, the range of risk factors that could
affect these values.

As noted above, the methodology used to assess cultural, social, and economic risks are dealt
with in Chapters 11, 12 and 13 respectively.

4.5.2 ldentifying environmental objectives

For each environmental value, the Panel has determined one or more environmental objectives
(EO) that must be achieved to ensure that the environmental value is protected to an acceptable
extent. Where possible, the Panel has identified environmental objectives that are measurable,
actionable and realistic. These objectives provide performance indicators against which the
environmental outcomes can be assessed. The environmental objectives that have been
developed and applied to each theme, or set of risks, have been clearly identified in each of

the corresponding Chapters in this Report. For example, in the case of water quality, these
environmental objectives are articulated quantitatively by water quality criteria for water use
(human drinking, stock watering) and/or for the protection of the aquatic environment.

4.5.3 Identifying risks

Following an extensive period of public consultation and a review of the scientific literature, the
Panel identified a number of issues associated with any onshore shale gas development that may
threaten the achievement of environmental objectives, and therefore, have an adverse impact on
a core environmental value (see Appendix 2).
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4.54 Assessment of risk

An assessment of risk was only undertaken if there was sufficient information or evidence to do
so. In making an assessment, the Panel has assumed the application of the current regulatory
regime. In the event that a risk could not be assessed, or if there was a high degree of uncertainty
in the magnitude of that risk, the precautionary principle (Table 4.1) has been applied where
there was a possibility that the consequence of the risk resulted in an unacceptable impact on
the environmental value to be protected. In other words, a mitigation measure, or measures, was
required to be implemented to prevent a possible unacceptable impact from occurring unless

it could be proven by the acquisition of additional information that the risk did not require the
original prescribed level of mitigation.

Risk may be assessed by ‘qualitative’ or ‘quantitative’ methods, as described in the Australian and
New Zealand standard for risk assessment* and associated materials.® In general, a ‘qualitative’
risk assessment is conducted, first, to identify priority risk factors that may need to be subjected
to a semi-quantitative, or a full quantitative risk assessment, depending on the availability of
sufficient input data (or quantitative computer models), to enable the risk to be evaluated at

a requisite level of detail. Qualitative methods use descriptive terms and expert opinion to
identify and record the consequences and likelihoods of events and resultant risk. ‘Quantitative’
methods identify likelihoods as frequencies or probabilities, and use quantitative measurements
of consequences, such as the proportion of a population, or number of species, that would be
affected in a specified way at a specified level of e><posure.6

To assist in the assessment of the biophysical (water, land and air) and public health risks
associated with any onshore shale gas development, the Panel adopted a qualitative risk
assessment framework that combines the estimated likelihood of an impact occurring, and the
consequence(s) of that impact, to assess the resultant risk level. The resultant risk level is then
used to determine if any additional mitigation measure is required to reduce the risk level to a
sufficiently low (or acceptable) level should the industry proceed. As noted above, the economic
impacts and the risks to Aboriginal people and their culture have been assessed differently.

The Panel's risk assessment framework is based on the Government's risk assessment
framework for resource developments.” The 6x6 risk matrix was condensed to three levels each
for ‘likelihood', ‘consequence’, and ‘risk’, namely, ‘low - L, ‘'medium - M"and ‘high - H' (Table 4.2).
This was done because the amount of information available to the Panel meant that there was no
advantage in using a more complex matrix for a qualitative risk assessment. The combinations of
categories in the 6x6 matrix used to produce the 3x3 matrix applied by the Panel are contained in
Table 4.3.

Table 4.2: Risk assessment matrix used by the Panel.

Likelihood

Consequence H M
(see Table 4.4)
M L M
L L L M
4 AS/NZS2009.
5 AS/NZS2006.
6 A good practical introduction to the topic of risk assessment is provided in Appendix 1 of the Risk Assessment Handbook developed for

use by the mining industry and published by the Australian Government as part of its Leading Practice Sustainable Development Program
for the Mining Industry series of handbooks. Appendix 1 provides a very comprehensive overview of the application of different types of risk
assessment approaches and their strengths and weaknesses: Australian Government 2016.

7 Petroleum Environment Regulations Guide, pp 26-29.
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Table 4.3: Creation of condensed risk assessment matrix used by the Panel.

Element Combination of categories *

Likelihood L | Remote, Highly Unlikely, Unlikely
M | Possible
H | Likely, Almost Certain
Consequence L Minor, Moderate
M | Serious

H | Major, Critical, Catastrophic

1 From the Government's risk assessment framework for resource development?

‘Likelihood' was assigned on a quantitative or qualitative basis depending on the amount of
information available. Where sufficient evidence was available from the published literature about
likely probability (chance) of occurrence for a risk type (for example, a surface spill or leakage of
gas from a well) in the onshore shale gas industry, the following assessments were made:

‘L' - less than 1% probability of occurring;
‘M’ - between 1 and 10% probability of occurring; and
‘H' - greater than 10% probability of occurring.

Where quantitative information was not available, the following qualitative thresholds were
applied based on the professional judgement and experience of the Panel: ‘L' - unlikely to occur,
‘M' - a reasonable chance that this might occur and 'H' - a strong chance of occurring.

Each of the biophysical and public health Chapters in this Report (Chapters 7 to 10) has
developed its own relevant definitions of ‘consequence’ for each theme (Table 4.4), which are
generally consistent with the descriptions used in the Government's risk assessment framework
for resource development.

The risk of the activity being assessed is obtained by combining the assigned ‘likelihood' and
‘consequence’ categories in the matrix (Table 4.2) above to identify an overall 'L, ‘M or ‘H'" risk. For
example, if the ‘likelihood' is rated ‘M’ and the ‘consequence’ is rated ‘M, the resultant risk is rated
‘M’ Whereas if the ‘likelihood' is rated ‘L, and the ‘consequence’ is rated ‘M, the resultant risk is
rated ‘L. For example, even though the likelihood of a well blowout is very low (see Chapter 5), if
this were to cause significant environmental damage, the ‘consequence’ would be rated ‘H' and
the resultant level of risk would be ‘M.

If the risk is assessed as being sufficiently low, and therefore, acceptable, generally no additional
mitigation measures are needed. However, for some risks, even where the risk was identified as
low, the Panel nominated measures that could further reduce the risk to a level that is as low as
reasonably practicable (ALARP). The factors that scored ‘M’ or ‘H' for risk require further mitigation
to reduce, the risk to a level that is low and acceptable.

8 Petroleum Environment Regulations Guide, pp 26-29.
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Table 4.4: Descriptions of the levels of consequence for the biophysical and public health themes.

Values Low Medium High
Water Localised spill or leak from Spill or leak that escapes Major off-site release or
+ quantity a primary containment that physical containment of spill with large footprint
quality is confined within existing existing disturbed area and area, potentially also
aquatic disturbed area; no impact on spreads to nearby land including surface waterways;
ecosystems surface water or groundwater surface or waterway; minor contamination of groundwater
quality; short-term (one week) contamination of groundwater | requiring remediation; adverse
impact on water availability that is insufficient to trigger impact on aquatic ecosystems;
(quantity); no impact on public or environmental health | drawdown of water table so
aquatic ecosystems (surface or | concerns; no adverse impact that water can no longer be
groundwater dependent). on aquatic ecosystems; accessed by existing installed
drawdown of water table so bores and/or degradation of
that water can no longer be water quality so that water
accessed by existing installed | resource is no longer suitable
bores for a short period of time | for its original beneficial use.
(~ one month).
Land Impacts of limited significance * | Impacts extending beyond Widespread impacts,
biodiversity confined to the existing approved disturbed area, with material effects on

visual amenity
disturbance

approved disturbed area,
without affecting the terrestrial
biodiversity, ecosystem or
amenity values of the broader
region.

1 Assuming that the initially approved
area did not contain high value

biodiversity or significant habitat area
for rare and endangered species.

with detectable effects on
the terrestrial biodiversity,
ecosystem or amenity values
of the broader region able

to be restored by natural
recovery processes.

the terrestrial biodiversity,
ecosystem or amenity values
of the broader region, requiring
active remedial intervention.

Air emissions
climate change
greenhouse
gas emissions

Increase in greenhouse gas
emissions in the gas field that
are deemed moderate (that
is, less than 0.1% of global
emissions).

Increase in greenhouse gas
emissions in the gas field
that are deemed serious (that
is, less than 0.5% of global
emissions).

Increase in greenhouse gas
emissions in the gas field that
are deemed major (that is,
greater than 0.5% of global
emissions).

Public health Medical treatment for injury Medical treatment for injury Serious but temporary injury
water or condition by a health or condition by a specialist or | or condition of members of
air practitioner, with only minor health practitioner, with impact | the public, with lasting effects
temporary impact, or prediction | lasting more than a week over three weeks requiring
from a formal health risk but less than three weeks, specialist medical assistance,
assessment that chemical or prediction from a formal or prediction from a formal
exposures would not exceed health risk assessment that health risk assessment that
relevant health-based guideline | chemical exposures could chemical exposures could
values. exceed relevant exceed a relevant
health-based guideline values, | health-based guideline value
but by no more than tenfold by more than one hundredfold.
to one hundredfold (within
conventional safety factors
built into such values).
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4.5.5 Potential additional mitigation measures

For risks that were initially assessed as unacceptable (namely, ‘M’ or 'H'), the Panel has identified
measures that, if implemented, will potentially further reduce the ‘likelihood' or ‘consequence’ of
the risk so that the reassessed residual, or remaining, risk will meet the environmental objective
and be acceptable. Such measures could include increased and/or more rigorous monitoring,
improved compliance, more robust regulation, improved enforcement, or the implementation of
world-leading practice guidelines.

The Panel did not use the ‘as low as reasonably practicable’ (or ALARP) test to determine what an
acceptable level of risk is. The ALARP test is frequently used in assessing whether all reasonably
practicable measures are, or will be, in place to control or mitigate a potential risk or impact.
However, the ALARP test only requires that the level of residual risk associated with an activity
be balanced against the mitigation measures needed to control that risk in terms of ‘'money, time
or trouble'. The Panel's view is that other matters must also be considered when determining
whether the extent of mitigation provided by ALARP is sufficient in order to be acceptable.

In determining what an acceptable level of risk is, the Panel considered the principles of ESD
(including the precautionary principle), relevant international standards, and the unique social and
cultural conditions that exist in the NT. As alluded to above, the application of the precautionary
principle does not mean that any onshore shale gas development cannot proceed whatsoever

in the absence of full scientific certainty. Rather, the application of the precautionary principle
means that, assuming the worst, the maximum level of mitigation must be implemented until
contrary evidence is obtained. Where the Panel has concluded that the residual risk is still
‘medium’ or ‘high’, notwithstanding the implementation of all potential mitigation measures, then
the action has been assessed as ‘unacceptable’

Consideration of the principles of ESD may require that certain areas are declared 'no go zones,
or that additional safeguards must be put in place before the remaining risk can be assessed as
‘acceptable’ It should be noted the principles of ALARP and of acceptability are both addressed
in the Petroleum Environment Regulations where it is stated that, “when deciding whether

to approve an EMP, the Minister must be reasonably satisfied that environmental impacts and
environmental risks will be reduced to a level that is both ALARP and acceptable”®

The Panel reassessed each risk assuming that the mitigation measures identified in Step 5
(see Figure 4.1) have been implemented. The Panel then considered whether the residual risk
is likely to be sufficiently low, and therefore, acceptable. Each of the biophysical and human
health chapters have developed their own definition of what is considered ‘acceptable’ based
on the best available scientific information. These definitions have been fully documented in
each of the corresponding chapters, with a summary compilation provided for convenience in
Table 4.5. In general terms, ‘acceptable’ could be considered to equate to the ‘low' category of
risk documented in Table 4.4.

9 Petroleum Environment Regulations Guide, pp 7-8.
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Table 4.5: Acceptability criteria for the biophysical and public health themes.

Theme Criterion Measures of Acceptability

Water quantity - Extraction of groundwater does not does not | + Extraction (in total) does not exceed 20% of

groundwater result in sustained drawdown of the water sustainable yield from an aquifer system.
table that would compromise supply of water | . | ocal sustained drawdown of potable or
for domestic or stock use, or adversely affect stockwater bores does not exceed 1m.
groundwater dependent ecosystems.

Water quantity - Extraction of water does not exceed 20% of Low likelihood that water use will exceed 20%

surface water

flow at any time.

of flow at any time.

surface water

will not be compromised.

Water quality - The current highest value use of the water - Australian drinking water quality criteria.
groundwater will not be compromised. - Australian livestock watering quality criteria.
Water quality - The current highest value use of the water - Australian drinking water quality criteria.

+ Australian livestock watering quality criteria.

+ Australian and New Zealand (ANZECC/
ARMCANZ) criteria for the protection of
aquatic ecosystems.

Land-biodiversity
and ecosystem health

+ No regional-scale impact on terrestrial
biodiversity values.

- Maintenance of overall terrestrial ecosystem
health, including the provision of ecosystem
services, at the regional scale.

- Exclusion (‘(no go zones') of any shale gas
development from areas where regional
conservation values are very high.

+ No introduction or spread of any declared
weeds.

- No increase in fire frequency in production
areas.

- Minimal clearing of native vegetation and
avoidance of critical habitats.

- Roads and pipelines designed to minimise
disruption to surface water flow.

Land-amenity

- Shale gas surface infrastructure should
not become a highly visible feature of the
landscape.

- The volume of heavy-vehicle traffic should
not have an unacceptable impact on
landscape amenity and place identity.

- No impact on the physical appearance of
the NT's most scenic and highly visited
outback landscapes.

- Minimal visibility of shale gas infrastructure
from public roads in areas where
development occurs.

Greenhouse gas
emissions

- Minimise greenhouse gas emissions.
- Minimise fugitive methane emissions.

- Offset life cycle greenhouse gas emissions
in Australia from shale gas produced in the
NT to ensure no net emissions.

+ Set a methane concentration limit that is
equivalent to methane emissions that are
1.7% of dry production.

Public health-air
and water

Based on site-specific Human Health Risk
Assessments, communities will not be
exposed to water-borne or airborne chemical
emissions that exceed relevant health-based
guideline values.

Exposure concentration less than Australian
and international water and air quality
guidelines for specific chemicals.

Public health-stress

No measurable impacts on mental health

or other amenity-based criteria that are
directly attributable to any onshore shale gas
production operations.

Hospital admission data or other relevant
health survey data show that health issues
are not significantly different to
pre-development baseline values.

The complete risk assessment matrixes developed by the Panel for assessing the biophysical
and public health risks are provided for reference in Appendix 3. The contents of these matrixes
show the successive steps of the process and the estimated residual risk if the required
mitigation measures are implemented.
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4.6 Recommendations

Based on the outcomes of the risk assessment, the Panel has made recommendations to the
Government that, if implemented, the Panel believes will reduce the risks to an acceptable level

If the Panel finds that specific risks cannot be reduced to an acceptable level, this is stated. In

a number of cases, the Panel has recommended that a strategic regional environmental and
baseline assessment (SREBA) (see Chapter 15) must be undertaken to provide the additional
scientific knowledge and baseline information required before a final risk assessment can be made.

4.6.1 Quantitative risk assessment

A qualitative risk assessment process has been used by the Panel to filter the range of risk
factors identified during the consultation process. However, by their very nature, qualitative

risk assessments cannot adequately address situations where the level of complexity is such
that a numerical or quantitative assessment is needed. An example is the prediction of the
consequence of a leak from a gas extraction well on groundwater quality at a stock watering
bore located several kilometres away. A qualitative assessment (see, for example, Chapter

7) may be able to indicate the risk of a leak occurring, but in the absence of a groundwater
computer model containing specific local information about rock type, aquifer water quality,
groundwater movement, volume and composition of the leak, together with possible dilution and
decomposition processes occurring, it is not possible to infer, with any level of certainty, what
the future water quality will be at the watering bore and, therefore, what the consequence is (for
example, of contaminant concentrations being above or below the National Health and Medical
Research Council (NHMRC) Australian drinking water guidelines). This is where a quantitative risk
assessment is required. The principles of quantitative risk assessment, as applied to estimating
the public health impacts of chemical exposures, are outlined in Chapter 10 (Section 10.2).

A good example of a quantitative assessment is the National Chemicals Risk Assessment
(NCRA) for chemicals used in the extraction of CSG commissioned in 2012 by the Australian
Department of the Environment and Energy. The NCRA was prepared in collaboration with the
National Industrial Chemicals Notification and Assessment Scheme (NICNAS) and CSIRO.*

The NCRA was commissioned because of the increased scientific and community interest

in better understanding the risks of chemical use by the CSG industry. It aims to develop an
improved understanding of the occupational, public health and environmental risks associated
with chemicals used in drilling and extraction of CSG in an Australian context. This is the only
independent assessment that has been completed in Australia of the risks posed to the aquatic
environment and human health by CSG drilling and by the chemicals used for the extraction of
CSG (with analogous implications for many of the chemicals used for the extraction of shale gas).

The NCRA is a large and complex scientific undertaking. At the time it was commenced, no
comparable assessment had been undertaken in Australia or overseas, and new models

and methodologies had to be developed and tested for the deterministic (quantitative) risk
assessment of CSG chemicals. The US EPA has subsequently undertaken its own assessment of
the risk of shale gas extraction to drinking water resources, and there are many parallels between
the two approaches™ It is noted, however, that the US EPA review is restricted to the assessment
of potential impacts on drinking water from a human health perspective and does not extend to
the broader aquatic environment, unlike the NCRA.

The NCRA considers the potential risks to the environment (surface and near surface water
environments) of 113 chemicals identified as being used for CSG extraction in Australia from

the period 2010 to 2012.*® Risk factors addressed include the transport, storage and mixing

of chemicals, and the storage and handling of water pumped out of CSG wells (flowback

or produced water) that can contain residual amounts of the chemicals used. Although the
extraction process for CSG differs from extraction of shale gas (as described in Chapter 5 and see
also the Issues Paper), there are many similarities between the two types of gas extraction in the
associated infrastructure and in the surface handling of chemicals and wastewater. The Panel
notes that geogenic chemicals (that is, those extracted from the coal seam and contained in the
produced water) are not included as part of the NCRA. Assessment of contamination of soil, or

10 Australian Department of the Environment and Energy 2017 a-f.
11 US EPA Report.
12 Australian Department of the Environment and Energy 2017 a-f.
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impacts on terrestrial plants or animals by leaks or spills of chemicals or wastewaters are also not
part of the scope of the NCRA.

Rather, the focus of the NCRA is on the impacts of surface discharges (spills or leaks) on surface
water and near-surface groundwater, extending to potential downgradient effects on surface
water through overland flow or discharge of the shallow groundwater into surface waterways.
The reason for this priority is that international studies have shown that the greatest risk to human
health and the environment is from spills or releases of chemicals during surface activities, such
as transport, handling, storage, and the mixing of chemicals. The potential effect of chemicals
injected into deeper groundwater on near-surface aquifers was not part of the initial assessment;
although, this aspect has subsequently been addressed by an extension of the work.*

The findings from the NCRA significantly strengthen the evidence base and increase the

level of knowledge about the chemicals used in CSG extraction in Australia and, therefore,
similarly inform the shale gas industry, which utilises many similar types of chemicals. This
information improves the understanding of which chemicals can continue to be used safely, and
which chemicals are likely to require extra monitoring, industry management, and regulatory
consideration.

Further details of content and specific findings from the NCRA are presented and discussed

in Chapters 7 (Water) and 10 (Public health), where it is used as evidence for the Panel's
assessments of risk for these topics.

13 Mallants et al. 2017.
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Chapter 5 Shale gas extraction and development

5.1 Differences between conventional and unconventional gas

5.1.1 Occurrence of conventional and unconventional gas

The terms ‘conventional’ and ‘unconventional’ gas are often misunderstood and have assumed
different meanings in different material relating to the gas industry. For the purpose of this Inquiry,
‘unconventional’ gas is found in relatively impermeable source rocks, where the gas has been
trapped where it was formed (Figure 5.1). This is different from ‘conventional’ gas, which has
migrated from its original source rocks into more porous, permeable rocks and has then been
trapped under a seal of impermeable rocks. Unconventional gas includes CSG, which is found

in coal seams, shale gas (found in shale rocks), and tight gas (found in sandstone). The Inquiry's
Terms of Reference require the Panel to consider unconventional shale gas only.

Figure 5.1: Schematic showing different types of petroleum accumulations and development. Source:
Modified from US Environmental Protection Agency.
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Irrespective of where it occurs, natural gas is composed mainly of methane with varying amounts
of carbon dioxide and trace gases such as ethane, propane, butane and other hydrocarbons.
From a consumer's perspective, unconventional gas is effectively identical to conventional gas.

5.1.2 Extraction of conventional and unconventional gas

Conventional gas can typically be developed with a limited number of wells due to the
accumulation of the hydrocarbons in a confined area with well-connected pore spaces within
the rock storing the gas that enable effective gas production from strategically placed wells. The
gas will generally flow to the surface under its own pressure without the need for pumping, most
likely driven by a water table (or aquifer) underneath a pressurised gas cap or an impermeable
barrier.
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By contrast, the shales that hold unconventional gas have much lower porosity (that is, the void
spaces between the grains that make up the rock are very small) and much lower permeability (that
is, the interconnectedness of the pore spaces to allow the gas to move through the rock is very low).
In order to extract shale gas, it is necessary to increase the level of porosity and permeability. This is
achieved by ‘artificial stimulation’, which is another term for hydraulic fracturing.*

There are differences in the extraction techniques for the different forms of unconventional gas;

coal seams: are typically found relatively close to the surface (usually no more than

1,000 m deep). The extraction of CSG does not always require hydraulic fracturing (currently
around 8% of wells in Queensland), but does require the removal of water from the coal to
unlock the gas (‘dewatering’). Large amounts of water are produced (known as ‘produced
water’), which must often be treated to remove excess salt prior to disposal;

shale gas source rocks: occur deeper at between 1,500 and 4,000 m underground.
Extraction of shale always needs hydraulic fracturing, but does not need the removal of
large quantities of groundwater to unlock the gas. Only a portion of the water that is used
in the hydraulic fracturing process is returned to the surface. This returned water (‘flowback
water') can often be reused for subsequent hydraulic fracturing operations, or must be
treated and disposed of; and

tight gas deposits: usually occur at similar depths to shale gas source rocks. These rocks
have such low permeability that hydraulic fracturing is always necessary to allow the trapped
gas to be liberated. Like shale gas, the returned water (flowback water) can often be reused
for subsequent hydraulic fracturing operations, or must be treated and disposed of.

5.2 Shale gas development

5.2.1 History

Hydraulic fracturing was developed more than 100 years ago, but its combination with horizontal
drilling in the 1990s began a shale gas revolution in the US that has since transformed the energy
market in North America and significantly affected world trade in gas and oil. The shale gas industry
has since developed in countries such as Canada, Europe and the UK, and other countries such as
China, Russia and Argentina are evaluating its potential. The current world ranking among countries
of recoverable shale gas resource is; China, Argentina, Algeria, US, Canada, Mexico, Australia, South
Africa, Russia and Brazil, although recent NT discoveries in the Beetaloo Sub-basin are likely to
increase Australia's global ranking of gas resources from seventh to sixth (see Chapter 6).

Although shale gas resources have been known to exist in Australia for many years, shale gas
development is stillin its infancy. In 2012, Santos' Moomba-191 well in the Cooper Basin in SA
became the first commercially producing unconventional gas (tight gas) well in Australia, following
almost 10 years of exploration for unconventional gas in that basin. None of the Northern Territory's
considerable shale gas resources have yet been commercially developed (Chapter 6).

5.2.2 Stages of exploration and development

The commercial production of shale gas is the culmination of a process spanning several years,
and includes exploration, drilling, hydraulic fracturing, testing and economic analysis (Figure 5.2)
The different stages of shale gas development are;

stage 1: identification of the gas resource - negotiating land access agreements; securing
seismic survey and drilling permits, and undertaking initial geological, geophysical and
geochemical surveys;

stage 2: early evaluation drilling - seismic mapping of the extent of gas-bearing formation
and other geological features such as faults, initial vertical drilling to evaluate shale gas
resource properties, and collection of core samples;

1 King 2012.
2 King 2012; Origin Energy Ltd, submission 153 (Origin submission 153), p 38.
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stage 3: pilot project drilling - drilling of initial horizontal wells to determine reservoir
properties and to help optimise operational techniques, and initial production testing;

stage 4: pilot production testing drilling - drilling of multiple horizontal wells from a small
number of single pads, full optimisation of operational techniques including drilling and
multi-stage hydraulic fracturing, pilot production testing, and planning of pipeline corridors
for field development;

stage 5: commercial development - following a commercial decision to proceed, and
government approvals for production and for construction of gas plants, pipelines and
other infrastructure, drilling and fracturing of a network of production wells. During drilling
and hydraulic fracturing of the wells, there will be a concentration of heavy equipment

on site, along with large stockpiles of drilling supplies and hydraulic fracturing chemicals.
This can involve thousands of truck movements per well site over several months, with
directional drilling occurring over several months, and hydraulic fracturing usually taking
less than one month.3 After the completion of drilling and hydraulic fracturing, all heavy
equipment is removed and permanent surface infrastructure is constructed, including a
cement well pad, a well head, gas pipeline, and fencing to keep livestock and other fauna
away from the well. The final footprint of the wells and surface facilities is much smaller
than the original drilling footprint (see Section 8.3);

stage 6: decommissioning - the removal of the well head, plugging the steel casing
with cement and covering the plugged well with soil to ground level. The removal of
all production equipment, production waste, pipelines and other infrastructure and the
rehabilitation of all cleared areas; and

stage 7: abandonment (also referred to as' relinquishment,, if a planned process) - as far as
the operator is concerned, this occurs when a period of post-decommissioning monitoring
(groundwater quality and fugitive methane) has shown no unacceptable leakage issues,
and the state assumes responsibility for long-term stewardship of the well. At this time, the
well is technically defined as an orphan, under the care of the state (see Recommendation
14.13 for the establishment of an orphan well fund).

Figure 5.2: Schematic representation of a project phasing in gas developments, with specific estimates of
activity for a notional development in the Beetaloo Sub-basin. Source: Origin.*
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3 ACOLA Report.
4 Origin Submission 153, p 38.
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5.3 Extraction of onshore shale gas

5.3.1 Overview

As stated above, shale gas reservoirs are typically located at depths of 1,500 to 4,000 m below
the ground surface. Because of their very low permeability, shales need to be split (fractured)
before the gas can flow into the well and up to the surface.

The drilling and hydraulic fracturing technologies used in extraction of onshore shale gas have
evolved considerably from those used for the conventional petroleum resources over the past
two decades.® Drilling for shale gas now typically involves the drilling of multiple wells from a
single well pad with horizontal extensions (laterals’) increasing the exposure to the target shale
formation.? In order to produce shale gas, multiple intervals, or sections for hydraulic fracturing,
are placed along the horizontal section of the well. The most common hydraulic fracture designs
for shale gas wells in the US use water-based hydraulic fracturing fluids, which are pumped into
the well at a high pressure.” The adoption of these technologies has led to a rapid growth of
shale gas and oil production in the us®

The very nature of the extraction process, which involves drilling to great depths and the injection
of chemical mixtures at high pressure into the well, is of paramount concern to the community.
The maintenance of ‘well integrity’ throughout the operational life of a well and beyond is of
crucial importance.

For this reason, the Panel commissioned CSIRO to produce a comprehensive review of
this topic (the report is located at Appendix 14). The Panel has drawn heavily on CSIRO's
report for producing the well integrity section of this Chapter. However, all conclusions and
recommendations are those of the Panel.

5.3.2 Well life cycle

All wells follow a similar life cycle, with some variations in their design and operational aspects
depending upon their purpose and the local geology. The well life cycle phases are described
below.

5.3.2.1 Design phase

The design phase includes consideration of the overall well life cycle, including all future
operations for the well, through to its eventual abandonment. A description of this type of
approach to well design was provided by Origin in a submission to the Panel.’ The design of

the casing, cementing and completion are critical considerations for long-term well integrity,

and for ensuring isolation between the shale formation and the surface, including isolation of

any aquifers and problematic layers between the target shale and the surface, such as those
containing gas, hydrocarbons and/or saline water. The well design is based on a detailed analysis
of the following:™

well design and specification of materials and equipment (such as casing and cement);
data acquisition program, including well logging, sample collection and well testing;
well-stimulation activities;

well barriers to manage well integrity;

operating procedures, including risk management and well integrity management; and
plans for final abandonment.

The ‘casing' is the steel pipe that provides a pressure-tight conduit between the shale gas
resource and the surface.™ It is a highly engineered product that must cope with anticipated
wellbore conditions, including the potentially very high pressures applied during hydraulic
fracturing (see Section 5.3.2.3). International standards cover the manufacture, testing,

Golden and Wiseman 2015, pp 968-974.
ACOLA Report, pp 54-56.

Gallegos et al. 2015.

ACOLA Report.

Origin submission 153, pp 55-60.

10 1SO 2017.

11 Hossain and Al-Majed 2015, pp 433-501.
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engineering specification, mechanical properties and performance of the casing.”” The casing is
designed to prevent the unintended flow of drilling and hydraulic fracturing fluids out of the well,
to keep the well open through weak or broken rock layers, and to prevent formation fluids from
entering the well and from moving between layers of rock through the well.

Well drilling occurs in stages, with each stage cased before further drilling using a smaller
diameter drill bit. Figure 5.3 shows the general layout of casing used in shale gas wells,
demonstrating that the diameter of the well decreases with depth, as successive casings are
placed inside the previous casing strings. The design of casing for a well needs to take into
account the depths of layers of rock or aquifers that must be isolated from each other, the
corrosive nature of fluids or gases (such as hydrogen sulfide or carbon dioxide) that may be
encountered, the stresses that the casing will be subjected to, and the operational requirements
of the well.

Figure 5.3: General layout of casing in a shale gas well. Not to scale (width is significantly exaggerated).
Note that the casing sizes are specified in imperial and not metric units Source: CSIRO®,
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The casing is cemented to the well, and this is essential for two reasons. First, to provide strength
to the well, and second, to provide a seal between the casing and the surrounding rock so

that gas and fluids cannot flow from the shale formation (and other intersected formations) to
the surface. During the cementing process, a cement slurry is pumped down the centre of

the well and flows up the annulus (the gap between the rock formation and the most recently
placed casing) (Figure 5.4). Well cements are designed, tested and prepared using established
procedures to meet relevant specifications and have negligible permeability to formation fluids
when cured.” Well cements are very different to those used in normal construction. While most

12 1SO 2014.

13 CSIRO 2017, at Appendix 14 of this Report.
14 Taoutaou 2010.

15 1SO 2009; Lavrov and Torsaeter 2016.
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wells can be cemented with standard well cements, there are situations that can require a special
cement blend to create the best seal in the well. Some of the well types that require a specialised
blend of cement include moderate to high-pressure gas wells, horizontal wells, wells comGpleted
through salt zones, high temperature wells, and wells that are very deep (below 5000 m).*

The casing and cement work together as an integral system that is critical to well integrity. The
stability and longevity of cements is covered in Section 5.4.2.4.

Figure 5.4: The process for cementing casing into a well. The cement is pumped down the centre of
the well and returns up the outside of the well (A). The well requirements for an effective cementing are
shown in (B). Not to scale. Source: Modified from Smith.*
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The design of wells, the specification of materials and equipment used in their construction, and
well operations are covered by a large number of standards. As at June 2016, the International
Association of Oil and Gas Producers listed more than 150 primary standards related to well
construction and well operations.18 These standards are mandatory in some, but not all,
jurisdictions. Most of them relate to quality control for operations and the provision of services
and materials to the industry.

5.3.2.2 Construction phase

Well construction involves drilling, cementing, and hydraulic fracturing in accordance with the
well design. Drilling fluids (drilling muds) are an essential component of drilling operations®
because they provide cooling and lubrication to the drill bit and drill string and lift drill cuttings
from the well.

Casing is installed and cemented in place in a number of stages, as shown in Figure 5.3. Initially,
a large diameter surface casing is set sufficiently deep to protect surface aquifers and is fully
cemented in the ground. Once a well is drilled to the depth where a casing string is required,

a steel casing string is run into the borehole and cemented (Figures 5.3 and 5.4) The cement

fills and seals the annulus between the casing strings, or between the casing string and the
formation rock. This process is repeated until the well construction is complete. The term ‘sheath’
is used to describe this encasing layer of cement.

16 US National Petroleum Council 2011.
17 Smith 1990.

18 |OGP 2016.

19 Hossain and Al-Majed, pp 73-139.
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At each stage the well is prepared (cleaned by the circulation of drilling fluid) then cement

is pumped down the centre of the well so that it flows around and up the annulus between

the casing and the surrounding rock. The well integrity provided by the cement is not only
dependent on the cement slurry design but also on a number of other aspects of the well
cementing process, such as the cleaning and preparation of the wellbore and the condition and
centralisation of the casing in the wellbore *°

Importantly, during drilling and cementing, testing of the well's integrity is undertaken.** For
example, pressurising the well to verify that it can hold the maximum pressures that it may be
exposed to over its life, including the initial hydraulic fracturing operation. This is designed to
test the integrity of both the well casing and cement.?* Additionally, there are a number of
downhole sensor and logging tools that can be used to measure the state of the casing and the
integrity of the bond between the casing, cement and rock.?® If the pressure testing indicates a
problem, there are a number of procedures that can be undertaken by way of remediation (see
Section 5.3.2.4).

The final activity in the construction phase is the ‘completion’ of the well; that is, preparing it for
the production of gas.** Completion involves the installation of hardware in the well and on the
surface to allow the safe and efficient production of gas from the well at a controlled rate.

5.3.2.3 Hydraulic fracturing

Hydraulic fracturing is a stimulation technique used to increase the production of oil and gas
from unconventional reservoirs, such as shales, by the injection of a hydraulic fracturing fluid at
high pressure into a cased wellbore (Figure 5.5). Hydraulic fracturing is usually conducted over a
number of intervals along the production zone of the well (the horizontal or lateral section), called
‘hydraulic fracture stages' (Figure 5.6).

Most hydraulic fracturing treatments in shale gas wells take place in the relatively long (up
to several kilometres) horizontal or nearly horizontal section of the well (lateral). The number
of fracture stages in a single well has increased over time in US unconventional gasfields. For
example, in 2009, 10-12 fracturing stages would have been typical, with a spacing of around
200 m. In 2017, it is common for 40-100 fracture stages in a single lateral, with a spacing of
around 15-30 m between segments that are being fractured.®®

The hydraulic fracturing fluid is predominantly a mixture of water, proppant (commonly sand,
or ceramics where formation pressures are high), and a small percentage of chemical additives
(typically less than 1%)2°

20 CSIRO 2017, p 12.

21 NORSOK D-010 Rev. 4.

22 For example, see Origin submission 153, pp 63-66.
23 Jeffrey et al. 2017, Section 3.5.

24 Hossain and Al-Majed 2015.

25 CSIRO 2017, p 15.

26 US EPA 20164, pp 3-21.
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Figure 5.5: Schematic diagram of shale gas extraction process showing hydraulic fracturing.

Source: Modified from Total S.A.
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The most common approach to hydraulic fracturing in use today is called ‘plug and perf' (short
for ‘perforation’) by the gas industry (Figure 5.6). This involves initially perforating the zone within
the lateral for each fracturing stage using shaped charges. The perforated stage is then isolated
using mechanical plugs or other devices before the hydraulic fracturing fluid is injected into

the isolated wellbore section. The stage nearest the end of the horizontal well (that is, the most
distant segment from the vertical wellbore) is stimulated first by injecting the hydraulic fracturing
fluid through the main production casing of the well.

As the hydraulic fracturing fluid is constrained within the isolated wellbore zone, the pressure
builds up until it exceeds a threshold known as the ‘breakdown pressure’. Once the hydraulic
fracture fluid pressure exceeds the breakdown pressure, it fractures the rock. The direction in
which the hydraulic fracture propagates depends on the orientation of in-situ stress in the rock,
with growth mainly occurring in a direction perpendicular to the minimum principal stress.

After the end stage is fractured, a plug is installed between that stage and the next furthest
stage, and hydraulic fracturing fluid is injected again. This is repeated until the stage closest to
the vertical section has been stimulated. Once all stages have been stimulated, the plugs are
removed. The key operational feature of this approach is that the vertical wellbore is exposed to
many cycles of pressurisation and depressurisation and needs to be designed to cope with this
regime. As noted in Sections 5.4.2.2 and 5.4.2.3, this is a risk factor for well integrity.

New technologies are being developed and tested that involve the direct physical coupling of
the hydraulic fracturing stage to the surface by a tubing string so that only that stage, and not

the entire production casing up to the surface, is exposed to the cycling high pressure regime.
This technology has the benefit of minimising the exposure of the production casing to cycling
pressures and the risk this poses to the wellbore, especially in the context of bonding the outer
cement sheath to the steel casing (Section 5.4.2.3). However, such technology is not yet in general
use.

Once the hydraulic fracture has been initiated, further propagation is controlled by the fluid
flow. Some of the hydraulic fracturing fluid drives hydraulic fracture growth, with the rest being
injected or lost by absorption into the formation (a process known as ‘leak-off'). The surface area
of the hydraulic fracture increases as the fracture grows, thereby increasing the fluid loss into
the formation. The hydraulic fracturing fluid injection rate is calculated to propagate hydraulic
fractures to the desired size given the expected fluid loss into the formation.

At the start of the stimulation, the hydraulic fracturing fluid is injected without any ‘proppant’ to
initially open a fracture wide enough to allow the proppant to travel along the hydraulic fracture.
Proppant is added to the hydraulic fracturing fluid to hold the fractures open at the end of the
treatment. At the end of the treatment stage, the wellbore is finally flushed to remove any residual
proppant, leaving behind proppant-filled fractures that act as conductive channels through which
gas can flow into the wellbore (Figure 5.7).
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Figure 5.7: Proppant in action. Source: Modified from Granberg.28
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After hydraulic fracturing is complete, a portion of the hydraulic fracturing fluid, will flow back
up the wellbore and return to the surface. This return water is called ‘flowback’ and typically
comprises 10-30% of the initial volume of hydraulic fluid that was used. *® The composition,
collection, treatment and reuse of this flowback fluid is covered in Sections 5.7 and 5.8 and
Chapter 7 (Section 7.6).

5.3.2.4 Operational or production phase

Most shale gas wells are designed to keep producing hydrocarbons for decades. The main
activities during production are the monitoring of the well's integrity and performance, and

its maintenance. Wireline logging® is generally the only means of checking the integrity of
casing and cement down a well. Abnormal pressures in the annulus between casing strings and
changes in production rates can also indicate integrity issues.®

In some cases, it is necessary to re-enter a well (called a ‘workover') to perform maintenance,
repairs or replacement of components, for surveillance, or to increase productivity.3* Such
interventions can be critical to maintaining well integrity, and there are a range of technologies
that can be applied to repair the casing and cement if integrity issues are detected.®* Wells may
also need to be hydraulically re-fractured to extend their production lifetime.

5.3.2.5 Well decommissioning and abandonment

The final phase in the well life cycle occurs when the wells are decommissioned and ultimately
abandoned. As stated above, decommissioning involves: the removal of the well head; plugging
the steel casing with cement and steel; the removal of all production equipment, production
waste, pipelines and other infrastructure; capping the plugged well below the land surface, and
the rehabilitation of all cleared areas.

28 Granberg 2008.

29 US EPA 2016a.

30 This is a technique whereby logging instruments are lowered down the well to measure the integrity of the casing, cement lining, or the
geological formations: Jeffrey et al. 2017, Section 3.5.

31 1SO 2017.

32 1SO 2017.

33 Durongwattana et al. 2012; Roth et al. 2008; Ansari et al. 2017.
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The goal of decommissioning a well and its final abandonment is to ensure well integrity in
perpetuity, effectively re-establishing the natural barriers formed by impermeable rock layers
originally drilled through to reach the resource.* The aims of decommissioning a well at the end
of its productive life are to: %

prevent the release of formation fluids, or well fluids, to the environment, including aquifers;
prevent the flow of groundwater or hydrocarbons between different layers of rock; and
isolate any hazardous materials left in the well.

There are five phases involved in decommissioning a well:

stage 1: decommissioning the well, including plugging, capping and burial below the
surface;

stage 2: monitoring the performance of the decommissioned well and applying further
remediation if necessary;

stage 3: relinquishment of decommissioned wells that are performing as specified to the
Government;

stage 4: post-relinquishment confirmatory monitoring or repair if required; and
stage 5: abandonment.

The requirements for each of these phases are discussed further below.

A schematic of a properly decommissioned well is shown in Figure 5.8. The plugs which are in
place to ensure zonal isolation typically consist of cement in conjunction with a mechanical plug.
To provide long-term integrity, the cement (or other barrier material) must not shrink, be able to
withstand the stresses in the wellbore, be impermeable, be impervious to chemical attack from
formation fluids and gases, be able to bond with steel casing and rock, and not cause damage to
the casing.3°

Figure 5.8: A decommissioned well, showing the cement plugs that are placed in the well to prevent vertical
flow of fluids. This figure is for illustrative purposes only, noting the precise locations and numbers of cement
and mechanical plugs will depend on local geology and the design of the well. Not to scale. Source: CSIRO.*”
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34 NORSOK D-010 Rev. 4; Kiran et al. 2017.
35 NORSOK D-010 Rev. 4; Kiran et al. 2017.
36 NORSOK D-010 Rev. 4, p 96.

37 CSIRO 2017.
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For a leak to occur in a decommissioned well, whether the leak is to the surface or to the
subsurface between different geological formations, three elements must exist:3®

first, a source formation where hydrocarbons or other fluids exist in the pore space;

second, a driving force (due to a difference in pressure, temperature, salinity or buoyancy)
between the source formation and surface in the case of a leakage to surface, or between
different geological formations in the case of a subsurface flow; and

third, a leakage pathway between the source formation and the surface, or between
different geological formations.

Figure 5.9: Routes for fluid leakage in a cemented wellbore. Source: Modified from Davies et al.>°
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In common with operating wells, leakage or failure of decommissioned wells could occur by
poorly cemented or deteriorating casing/hole annuli, faults in the interface between cement
and the formation rock and casing failure.*® Additionally, for decommissioned wells, the
interface between cement plugs and casing has been identified as a preferential pathway for
gas/fluid flow.** Migration of gas/fluid can also occur through fractures, channels, and the
pore space in the cement sheath. In the latter case, gas/fluid flow will only occur when the
cement sheath is degraded or did not form properly during the cementing process.* For shale
gas wells decommissioned using current practices, it is highly unlikely that if any of these
leakage pathways were to develop they would allow large gas/fluid flow rates, but some flow
of gas would be more likely. The small cross-sectional areas and long vertical lengths of the
pathways will strongly limit the flow of fluids, with the potential for upward migration of gas
being additionally limited by the post-production depressurised state of the formation and the
intrinsically low permeability of the shale itself.

38 Watson 2004.

39 Davies et al.2014.

40 Watson and Bachu 2009.
41 Gasda et al. 2004.

42 Zhang and Bachu 2011.
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The low permeability of shale gas formations is also a factor mitigating the potential for adverse
impacts due to loss of well integrity post well decommissioning. Pressures within the part of

the reservoir accessed by the well will have been depleted by production, and the very low
permeability of the shale will also act to prevent gas from other parts of the reservoir migrating

to the well. Restoration of pore pressure in the reservoir is likely to be slow because of the low
permeability preventing migration of any high-pressure fluids from outside the reservoir, and the
geological time scale of processes that might increase pressures from within the shale. But some
gas will remain in the part of the reservoir accessed by the well, and its buoyancy will provide
drive for upward flow should pathways be available.

The combination of small cross-sectional areas, long vertical lengths of flow pathways and low
driving pressure differentials means that overall, there is a low likelihood of substantial vertical
movement of fluids post decommissioning.

Well decommissioning and abondonment is a global issue, with estimates that around 30,000
wells globally will need to be decommissioned and abandoned over the next 15 years.*? It is
highly likely that well decommissioning practices will experience innovation as the scale of
decommissioning activity increases globally in the context of increased scrutiny of environmental
performance.

The Panel has found that there is a paucity of information available on the performance of
decommissioned and/or abandoned onshore shale wells (refer also to Section 9.8). Indeed, it
appears to be only recently that specific attention has been paid to this issue by regulators. This
issue was the subject of specific questions to expert consultants by the UK Royal Society and
the Royal Academy of Engineering when it undertook an extensive review of shale gas extraction
in the UK in 2012.* When asked about the long-term pressure behaviour of wells after they

are decommissioned, Halliburton, one of the largest service providers worldwide to the shale
gas industry, responded that pressures are not routinely monitored post decommissioning and
that there is no statistically based data available to indicate the percentage of wells that fail.
Halliburton continued, ‘based on reported MIT failure rates in active wells, the percentage should be
very low and may be less than 1%." 4

Even if the current moratorium is lifted, there is unlikely to be a substantial number of wells
decommissioned in the NT in the near future, which provides an opportunity to establish a
long-term decommissioned and abandoned well program. Such a program should assess well
decommissioning options in the context of the NT's shale resources and consider:

geological zones along the well which need to be isolated long term;
reviewing and testing of the durability of cements and casing;

the partial decommissioning of some wells to allow long-term monitoring;
evaluation of post-decommissioning monitoring approaches;

trials of novel decommissioning methods and materials; and

the costs of decommissioning and ultimate abandonment to assist in the calculation of
security bonds.

In this context, it should be noted that 236 oil and gas wells have been drilled over the past 50
years in the NT.#® Out of this total, 145 have been decommissioned, 26 have been suspended
for future data gathering or production, and 65 are currently producing from conventional
reservoirs.*’ In the event that the moratorium is lifted, these existing decommissioned and
suspended wells represent a starting point for implementation of a decommissioned and
abandoned well assessment program.

In the NT, the rules around well abandonment are set out in the Schedule of Onshore Petroleum
Exploration and Production Requirements 2016 (Schedule). A gas company must apply to the
Minister for Primary Industry and Resources (Minister for Resources) to abandon a well, and the
application must include a proposed abandonment program ‘including the method by which the
well will be made safe”*® A well cannot be lawfully abandoned unless Ministerial approval is given.

43 Ouyang and Allen 2017.

44 Royal Society Report.

45 Halliburton Royal Society submission, pp 5-6.

46 Department of Primary Industry and Resources, submission 226 (DPIR submission 226), p 46.
47 DPIR submission 226, p 46.

48 Schedule, cl 328(5)(f).

54 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



However, the Schedule does not make explicit what the Minister must consider when making a
decision about a proposed abandonment program. Clause 329 of the Schedule prescribes how
a well must be abandoned, including that cement plugs are to be placed at certain intervals

of the well.* It is not clear whether the terms of the approved abandonment program or the
requirements of cl 329 will prevail in the event of an inconsistency. The Schedule also provides
that, “on completion of production activities and prior to the surrender of a production licence” all
wells must be decommissioned in accordance with an “approved decommissioning plan”5° Again,
it is not clear how the approved decommissioning plan and the requirements of cl 329 interact.
The Panel's concerns about the Schedule are discussed in further detail in Chapter 14.

Current practice in the NT, as stated by DPIR,** is that DPIR does not monitor wells that have
been decommissioned. It was further noted by DPIR ‘that it is not common industry/regulator
practice to monitor wells that have been plugged and abandoned in line with current best practice
methodology"

The Panel considers that a mandatory period of monitoring is heeded following the
decommissioning of a well to determine if the well is leaking gas or other fluids. In the event
that leakage is detected within this period, the operator must be required to carry out remedial
works. Prudent practice is to reset the period required to demonstrate acceptable performance
following confirmation that the remedial works have been successful. If ho issues are found
during the post-decommissioning surveillance monitoring (or reset) period, the gas company
can apply to the regulator for relinquishment. Once the well is relinquished, custody for future
stewardship of the well is transferred to the Government.

Ensuring that world-leading well decommissioning practices are used, and that ongoing
assessment of abandoned wells is undertaken, represents a challenge for any regulator because
it occurs at a time when the cash flow associated with the well has come to an end. The regulatory
aim is to ensure that wells are abandoned safely, that there is funding available for ongoing
monitoring, and that in the event that a well has not been decommissioned properly, that there

is money available (from the gas industry) to ensure that problems can be remedied. In Chapter
14, the Panel recommends the establishment of an ‘orphan well levy' (Recommendation 14.14)

to ensure that long-term funding is available to monitor and, if necessary, repair wells that

have not been decommissioned properly and to implement the ongoing monitoring program
recommended below.

Recommendation 5.1

That prior to the grant of any further exploration approvals, the Government mandates an
enforceable code of practice setting out minimum requirements for the decommissioning of any
onshore shale gas wells in the NT. The development of this code must draw on world-leading
practice. It must be sufficiently flexible to accommodate improved decommissioning technologies.
The code must include a requirement that:

wells undergo pressure and cement integrity tests as part of the decommissioning process,
with any identified defects to be repaired prior to abandoning the well; and

cement plugs be placed to isolate critical formations and that testing must be conducted to
confirm that the plugs have been properly set in the well.

Recommendation 5.2

That the Government:

implements a mandatory program for regular monitoring by gas companies of
decommissioned onshore shale gas wells (including exploration wells), with the results from
the monitoring to be publicly reported in real-time. If the performance of a decommissioned
well is determined to be acceptable to the regulator then the gas company may apply for
relinquishment of the well to the Government; and

implements a program for the ongoing monitoring of all orphan wells.

49 Schedule, cl 329.
50 Schedule, cl 426.
51 Department of Primary Industry and Resources, submission 1191 (DPIR Submission 1191), p 4
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5.4 Well integrity

5.4.1 Overview

The integrity of any onshore shale gas wells has been a key issue raised during the Panel's
consultations throughout the NT (see Chapter 3), with many comprehensive submissions
received by the Panel on this topic.>* Well integrity is crucial for the safe operation of a well and to
ensure that aquifers are not contaminated. The International Standards Organisation (ISO) defines
well integrity as follows:;

“Well integrity refers to maintaining full control of fluids (or gases) within a well at all times by
employing and maintaining one or more well barriers to prevent unintended fluid movement
between formations with different pressure regimes or loss of containment to the environment.” >3

Knowledge of the processes that force fluids and gases to move to the surface from a shale layer
is important to understanding how these may flow out of or into the well, or between layers of
rock or to the surface by the well. Figure 5.10 shows a simplified shale gas resource, consisting

of the shale layer at the base, with overlying layers of various sedimentary rocks referred to as
overburden. Overburden includes layers that can be classified as ‘permeable that is, that allow
fluid to flow through them, and ‘impermeable’, that is, that form a barrier to fluid movement. Some
of the permeable layers may be aquifers containing water that is used for agriculture or stock and
domestic purposes, while others may contain salty water (brine). Hydrocarbons (oil and/or gas)
may also be present in some rock layers.

Figure 5.10: Simplified shale gas resource. Source: CSIRO.%
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52 For example, Don't Frack Katherine, submission 65; Dr Matthew Currell, submission 311; Jason Trevers, submission 409,
53 1SO 2017.
54 CSIRO 2017.
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The pressure of the fluids in the rock (pore pressure) increases with depth, and if this is greater than
the hydrostatic pressure (the pressure that is equal to the weight of the column of fluid above it),

the overpressure provides the driving force for the fluids to flow vertically. Methane, which is lighter
than water, will move upwards through the rock unless there is an impermeable barrier in between.

When considering fluid movement, the presence of overpressures is a significant contributor to
well integrity. High overpressures, which drive vertical fluid movement, are not a common feature
of shale resources, and the limited data collected in the Beetaloo Sub-basin indicates that this
Sub-basin also has low overpressures.>®

By contrast, the buoyancy and low viscosity of gas means that it is more likely to be able to move
along these pathways. In addition, gas may also be present in shallower layers of rock as well as
the target shale gas reservoir. Gas from any of these sources may move upwards along the well
if a pathway is present. The rate at which fluid or gas can flow up a pathway will be limited by the
aperture of the opening through which it flows. Where the annulus between the well casing and
the rock is cemented, the size of any opening will be limited.

The integrity of the well drilled through the rock barriers between the surface and the shale
deposit is crucial to ensuring that a new pathway is not created through which gas or fluids can
travel to the surface, or to drinking water aquifers.

Discussed below are two broad categories of problems with well integrity;
first, the unintended flow of fluids or gases between rock layers or to the surface along the
outside of the well; and

second, the unintended flow of drilling fluids or hydraulic fracturing fluid from inside the
well into the surrounding rock, or from formation fluid or gas into the well.

5.4.2 Failure modes for well integrity

There are many elements that make up a well barrier system. All of these elements need to be
tested to confirm well integrity. Figure 5.11 shows examples of the (at least) two-barrier system
that needs to be maintained throughout the well life cycle.

Figure 5.11: The two-barrier concept showing the two barriers to various pathways for fluid flow out of the
well. Source: CSIRO.%®
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There are two types of well failures:

well integrity failure: all barriers have failed, and a pathway exists for fluid to flow into or
out of the well. In a dual-barrier design, both barriers must fail for a well integrity failure to
occur; and

well barrier failure: one barrier has failed but this does not result in a loss of fluids to, or
from, the environment as long as the second barrier is intact.

CSIRO discusses in detail the three commonly considered well barrier failure mechanisms;

first, failure during drilling and prior to casing;
second, failure of the casing; and
thrid, failure of the cement.

5.4.2.1 Failure mechanisms related to drilling

Drilling is the first step in constructing a well. Prior to the casing and cement being installed into
the borehole, there are a number of potential risks to the early integrity of a well, such as loss of
drilling fluid out of and into shallow aquifers or into the borehole, or distorted geometry of the
wellbore (for example, enlargement of the borehole size). During drilling, the primary well barrier
is the drilling fluid pressure exerted on the rock formation surrounding the well, with the drilling
fluid density or mud weight playing a vital role in maintaining well integrity prior to a casing being
cemented. Blowout of onshore shale gas wells is unlikely during drilling because of the very low
permeability of shale gas reservoirs.

Risks of losses of drilling fluid during drilling can be reduced by the identification of geological
hazards prior to drilling, the monitoring of drilling fluid pressure and volume, and the use of well
control equipment.

5.4.2.2 Failure mechanisms related to casing

Failure of the wellbore casing could allow loss of fluid to the surrounding rock formations.

Issues with casing can be caused through poor cementing placement, leaking through casing
connections, corrosion of the casing, or casing unable to withstand the pressures during hydraulic
fracturing.®” Corrosion can potentially attack every metal component, including the casing, at

all stages in the life of an oil and gas well.>® Corrosion-induced casing damage and loss of well
integrity have been widely reported.®® The cement quality, cement sheath, and bonding integrity,
play a critical role in protecting the casing from external corrosion. Cement degradation, failure

of the cement sheath, and debonding of the interfaces along the casing and rock formation can
expose the casing to corrosive fluids (if present), and casing corrosion can start. Corrosion rates
depend on the type of steel used, with higher rates for mild carbon steel compared to lower rates
for stainless steel or steel coated with corrosion-resistant material.®

Risks of casing failure can be reduced, however, by monitoring casing pressure, using multi-finger
caliper logs and magnetic thickness tools to gauge casing integrity, employing borehole camera
inspections, and casing patching and repair, if needed.

5.4.2.3 Failure mechanisms related to cement

Failure of the casing cement can create a conductive pathway and allow movement of fluid

or gas up the cement annulus outside the casing. Potential failure modes include channels or
voids in the cement, gaps between the wall of the wellbore and the cement, gaps between the
cement and the casing for the inner layers of the multi-casing system, and poor adhesion to the
casing. These issues can be caused through poor cement placement, leaking through casing
connections, and cement sheath degradation.

The Consistenc;é and quality of casing cement is assessed using a technique called a cement
bond log (CBL).”* This is based on the use of sound waves to detect flaws in the cement.
Electronic measuring tools are lowered into the well to measure (or log) the cement along the

57 Ingraffea 2012.

58 Brondel et al. 1994.

59 Bazzari 1989; Vignes and Aadnoy 2010; Watson and Bachu 2009.

60 Kreis 1991, Elsener 2005.

61 Australian Petroleum Production and Exploration Association, submission 215 (APPEA submission 215), p 22; Jeffrey et al. 2017, Section 3.5;
Cameron 2013.
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depth of the well. Sound waves are used to look at how effectively the metal casing is held,

or bonded, to the cement. The sound waveforms on the log are evaluated for how well the
sound waves travel from a transmitter through the pipe, cement and rocks before returning to
receivers located along the tool. If the cement bonding is good, sound will not easily transmit
through the pipe. Conversely, if the cement bonding is poor, the pipe is free to vibrate, allowing
for easy transmission of sound. In the event a problem is detected by the CBL, there are various
techniques that can be used to repair the compromised zone.??

A good cement sheath is characterised as having very low permeability,63 with strong bonds to
the casing and rock formation surfaces, which means that fluids and gases cannot migrate within
or through the sheath. However, even if the cement sheath is initially in very good condition,

large perturbations of pressure and temperature caused by casing pressure tests and hydraulic
fracturing can induce radial deformation of the casing and failures in the cement sheath, resulting
in de-bonding on the interfaces between the cement sheath and the casing, and the cement and
the formations, creating radial fractures (Figure 5.12) and migration path\x/ays.64

Figure 5.12: Cement sheath failure, resulting in cracks developing from pressure cycling on the internal
casing. Source: Watson et al®

The impact of failure of either the cement sheath or the bonds with the casing or rock formations
on well integrity will depend on the extent of such failure along the wellbore and specific
geological conditions. For example, one study found that in the Gulf of Mexico there was no
breach in isolation between formations with pressure differentials as high as 97 MPa (14,000 psi)
as long as there was at least 15 m of high-quality cement seal between the formations to ensure
sufficient vertical isolation between them.®

62 Durongwattana et al. 2012; Roth et al. 2008; Ansari et al. 2017.
63 Parcevaux et al. 1990.

64 Goodwin and Crook 1992; Watson et al. 2002.

65 Watson et al. 2002.

66 King and King 2013.
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Risks of cement failure can be reduced by good quality geological information, including
fractured formations or zones, and identification of hydrocarbon-bearing formations in the
overburden and aquifers, good drilling practices to provide high-quality intact bore hole for
cementing; cement bond logging to investigate the integrity of the cement sheaths; and remedial
cement repairs applied to identified problem zones.

5.4.2.4 Long-term stability and integrity of cement

The cement used in well construction and abandonment is designed to have a long life span.
There have been no studies on the long-term durability of cements of shale wells in Australia
because the industry is only in its initial stages of development. However, there have been a
number of overseas studies investigating the degradation of cement under simulated carbon
dioxide (CO,) geological storage conditions.”’” These have focussed on the behaviour of cement
and the cement-rock and cement-casing bonding when exposed to hig6h levels of CO,, which is a
much more corrosive environment than that found in a shale gas basin. 8

A numerical model simulating the geochemical reactions between the cement seals and C0269
was developed and validated using the laboratory experimental results by Satoh et al. prior to its
application to abandoned wells.”® The simulation of the geochemical reactions showed that the
alteration length (that is, the length of cement with degraded properties) of cement seals after
1000 year exposure was approximately only 1 m, resulting in the conclusion that the length of the
cement plug that was used would be able to isolate CO, (and therefore methane) in the reservoir
over the long-term.

There have also been several relevant studies conducted to investigate the effect of well
cement exposed to a mixture of acid gases (CO, and hydrogen sulfide (HZS)).71 The results have
revealed that, given a moderate concentration of H,S in the acid gas, increases in porosity

and permeability of the cement are mainly determined by how much secondary carbonate
mineral species are formed in the cement. Formation of sulphur-bearing minerals as a result

of interaction between cement and H,S does not result in significant porosity and permeability
changes, and therefore, loss of mechanical strength of the cement.

Given that the extent of corrosion and cement degradation is likely to be much greater with CO,
at high pressure than with methane,”” the Panel has concluded that if any onshore shale gas
wells are properly designed, installed and maintained, the risk of long-term leakage from the
wells through degradation of the cement will be ‘low"

5.4.2.5 Potential impact of hydraulic fracturing on well integrity

The high pressures experienced during fracturing can damage the well casing and can lead

to the escape of fluids. Therefore, to maintain integrity, the well and its components must have
adequate strength to withstand the stresses created by the high pressure of hydraulic fracturing
because if the well and casing are not strong enough to withstand these stresses, a casing failure
may result.

Casing failures during hydraulic fracturing operations, or shortly following operations, have been
reported in the US and Australia.”?

In the NT, the Baldwin 2HST-1 well experienced a shallow casing failure during the first stage of
hydraulic fracturing in 2012.”# In this instance, the multiple casing design protected the shallow
aquifer (according to groundwater monitoring data), noting, however, that the fluid in use at the
time had minimal chemical content. The well was subsequently abandoned.

Multiple high-pressure events associated with hydraulic fracturing operations can also damage
the cement sheath outside the casing and lead to fractures (cracks) within the cement sheath,

or between the cement sheath and the casing or rock formation (debonding). If these cracks
become extensive along the wellbore, they can allow migrations of fluid or gas. Gas (in particular,
methane) migration is more likely than fracturing fluid migration because the lower density of

67 Satoh et al. 2013.

68 Satoh et al. 2013; Popoola et al. 2013.

69 Yamaguchi et al. 2013.

70 Satoh et al. 2013.

71 Jacquemet et al. 2012; Kutchko et al. 2011; Zhang et al. 2015.
72 Popoola et al. 2013.

73 USEPA 2015.

74 DPIR submission 226, p 55.

60 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



the gas provides a larger driving force for migration through these cracks than water. From the
data available, methane migration along cracks appears to be the most likely well integrity issue
caused by this process. However, the rate of methane leakage along any potential cracks is likely
to be very low because of the limited aperture of this pathway and the limited driving force.”®

5.4.2.6 Summary

Historically, the highest instance of well barrier integrity failure appears to be related to
insufficient or poor-quality cementing coverage to seal aquifers and/or hydrocarbon-bearing
formations. In older wells, this is likely due to lack of information on non-reservoir hydrocarbon
bearing geological layers and the weak regulatory regime under which the wells were
constructed. The other common well barrier integrity failure mechanism is associated with the
degradation of the cement sheath and the cement bonds to the casing and rock formations. This
failure mechanism can be exacerbated if the well is subjected to cyclic pressures, such as those
experienced during hydraulic fracturing. There is also a growing body of research conducted

on cement durability related to CO, storage that is relevant because CO, is considered more
corrosive than methane gas. This research has indicated that even after 1,000 years, only a small
fraction of the total available length of the cement seals will have been degraded. Well barrier
integrity failure can also occur through corrosion of the well's metal casing. If a well barrier
failure is observed, or suspected to have developed, technologies, tools and mitigation
measures are available to conduct remediation operations (see the discussion in Section 5.2.3.4).

5.4.4 Well failure rates

5.4.4.1 Review of international published data

CSIRO has reviewed the well barrier and well integrity failure rates reported in the open
literature.”® Well barrier failure is identified in a number of ways, including by the sustained casing
pressure, surface casing vent flow or requirements for remediation of barriers. Well integrity
failure is identified by the detection of hydrocarbons in nearby water wells, gas migration outside
the surface casing, or detection of solutes in groundwater. CSIRO notes that many studies of
well integrity do not make the distinction between failures of individual barriers and well integrity
failures, a distinction that is critical because a full integrity failure (that is, the failure of multiple
barriers) is required in order to provide a pathway for any contamination of the environment.

CSIRO, largely using data sets from the US, found that the rate of well integrity failures that have
the potential to cause environmental contamination is in the order of 0.1%, with several studies
finding no well integrity failures, while the rate for a single well barrier failure was in the order of
1-10% (Table 5.1).

Table 5.1: Summary of published well integrity data specific to shale gas resource development.
Source: CSIRO.”’

Time period Number of wells Well barrier Well integrity failure rate
issue rate

Pennsylvania 2010 - Feb 2012 4,934 7.6% Not reported
Pennsylvania 2008 - August 2011 3533 2.6% 0.17% blowouts and gas migration
Pennsylvania 2005 - 2012 6,466 3.4% 0.25% release to groundwater
Pennsylvania 2002 - 2012 6,007 6.2% Not reported
Pennsylvania 2005 - 2013 8,030 6.3% 1.27% leak gas to surface
Colorado 2010 - 2014 973 0 0
Texas 1093 - 2008 16,818 0 0

75 Rocha-Valadez et al. 2014.
76 CSIRO 2017.
77 CSIRO 2017 and references therein, p 45.
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Importantly, there are few studies that have investigated the correlation between well
construction methods, geological conditions and failure rates.”® Stone et al. found strong
correlations between well construction category and well barrier failure rates, and well barrier
failure rates and well integrity failure rates, with very few barrier failures observed for wells
constructed to Category 9 (Table 5.2) or above, and no well integrity failures for that category
(standard) of well construction.

Table 5.2: Wellbore barrier categories that are ranked from highest risk to lowest risk. Modified from
Stone et a

L79

Barriers | Category | Surface | Intermediate Level of top of production casing cement Risk Level

Casing Casing Strings

Shallow Below over pressured hydrocarbon reservoir
Shallow Below under pressured hydrocarbon reservoir A
2 3 Shallow Above top of gas
2 4 Shallow Above surface casing shoe
3 5 Deep Below under pressured hydrocarbon reservoir
3 6 Deep Above top of gas
4 7 Deep Above surface casing shoe
5 8 Deep 1 Below top of gas
4 9 Shallow 1 Above casing shoe
6 10 Deep 1 Above top of gas
6 11 Deep 1 Above casing shoe v
8 12 Deep 2 Above casing shoe Low

The Panel notes Origin's submission that its ‘internal standards would require a well to meet
Category 6 requirements, at a minimum, during production operations and at least Category 7 for
well abandonment, The design of Origin’s Beetaloo wells align with the Category 9 requirements.” go

Origin also submitted that, “Beetaloo wells are designed such that the surface casing is always
set below the deepest aquifer and the intermediate and production casing strings are cemented

to surface to ensure isolation between the hydrocarbon bearing formations and the aquifers. The
design addresses the Environmental Protection Authority (EPA)'s two primary causal factors of
aquifer contamination resulting from fluid migration pathways within and along the production well
which are:

Inadequate surface casing depth (that is, casing not set below the aquifer).

/nadeqé,late top of cement (that is, cement not set above the shallowest hydrocarbon bearing
zone)." !

The design of the Amungee NW-1H well is discussed further in Section 5.5.4 to illustrate what is
meant by a Category 9 standard of well construction that incorporates cement casing from the
shale formation to the surface.

Watson and Bachu demonstrated that well barrier failure rates reflect the geological conditions
of the wells, the regulatory requirements in place during well construction and abandonment, the
era of the well construction, the well type, the well purpose and history, and many other factors
(such as oil price, equipment used, materials available, operators' technical competence in the
well construction and abandonment).#? They also found the occurrence of well barrier and well
integrity failures decreased for newer wells.

78 Watson and Bachu 2009; Stone et al. 2016a.
79 Stone et al. 2016a.

80 Origin submission 153, p 56.

81 Origin submission 153, p 56.

82 Watson and Bachu 2009.
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5.4.4.2 Queensland

The Queensland Gasfields Commission has published statistics on well integrity compliance
audits undertaken from 2010 to 2015 on CSG wells.®* During this period, 6,734 CSG exploration,
appraisal and production wells had been drilled in Queensland, and approximately 3,500 wells
were actively producing at the end of 2014. The non-producing wells had no gas flow at the well
head. The audit involved both subsurface gas well compliance and surface well head compliance
testing. For the subsurface equipment, no leaks were reported, and there were 21 statutory
notifications (a rate of 0.3%) concerning suspect quality of down hole cement during construction.
After remediation, the cement failure rate was determined to be 0%. For subsurface equipment, it
may be concluded that the risk of a subsurface breach of well integrity in this jurisdiction can be
assessed as very low to almost zero.

5.4.4.3 Western Australia

Patel et al. reported a study on well integrity issues for all the oil and gas wells drilled onshore in
WA, and including offshore wells in State waters that have not yet been decommissioned.®* The
study found that 122 out of 1,035 non-decommissioned wells (that is, 12%) had compromised well
barriers. Tubing failure dominated well barrier failure occurrences. Of the 1,035 wells studied, 86
wells had tubing failure (or 8.3% of the total wells studied). Tubing leaks can occur through holes
corroded or eroded by production and injected fluid inside the tubing or from the twisting of

the tubing. Casing failure occurs predominantly in production casing due to corrosion, pressure
differential, and thermal effects, causing the pressure behind the production casing to exceed the
collapse resistance of the casing. Approximately 22 out of the 1,035 non-decommissioned wells
had production casing failure (or 2% of the total wells studied).

However, none of the 122 wells with single barrier failures had leakage to the external
environment. That is, there was no evidence of well integrity failure.

5.4.4.4 South Australia

CSIRO could not locate any publicly available information on well integrity from this state.
However, Santos provided to the Panel the full historical integrity record for the 2,736 wells it

has drilled and fractured in the Cooper/Eromanga Basin of SA over the past 50 years.85 Of this
number of wells, 460 have been decommissioned. Table 5.3 shows the relative well integrity risk
level rating that Santos applies to the measured condition of the well barrier assembly.

Table 5.3: Santos well integrity risk level ratings. Source: Santos 2

Wellintegrity level | Condition of well barriers/integrity

1 As new well with all required barriers tested and verified.

2 Evidence of some degradation of any or both barriers.

3 Primary or secondary barrier failed. Remaining barrier intact - that is, single barrier failure.
4 Primary or secondary barrier failed. Remaining barrier suspect.

5 Both barriers failed - that is, failure of well integrity.

Although the formations targeted in the Cooper Basin are sandstone and not shale, the drilling
and hydraulic fracturing processes used are very similar. The tight sandstones of the Cooper
Basin are sufficiently similar from a well design standpoint to the NT shales due to similar
formation depths and separation from aquifers, similar low formation permeability requiring
hydraulic fracturing to produce gas, multiple fracture stages required per well, and similar
requirements for casing design and cementing. Therefore, the historical performance of gas
wells in the Cooper Basin provides a good analogy to what can be expected to occur if Santos's
operational systems are approved by the regulator and implemented in the NT.

Only 11 (0.4%) of the total number of wells have been assigned a Level 4 rating at some stage
over their life. Level 4 means that (at the time this rating was operating) one barrier remained

83 Queensland Gasfields Commission 2015a.

84 Pateletal 2015.

85 Santos Ltd, submission 168 (Santos submission 168), pp 74-75.
86 Modified from Figure 36, Santos submission 168, p 75.
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intact. This corresponds to the failure of a barrier, rather than the failure of well integrity (as
described above). All the affected wells were either decommissioned or remediated to restore
well barrier function to allow continued production. Only two (0.07%) of the wells were assigned
a Level 5 rating (that is, failure of well integrity). Both of these wells were either remediated or
decommissioned.

Since 1992, when improved well design specifications, cementing practices and an improved well
integrity monitoring program were introduced, only one well out of the 1,727 wells (0.07%) drilled
during this period reached a Level 4 rating, compared with 0.4% for the entire record of operations.

The statistics above are consistent with the conclusions of the CSIRO analysis using the much
larger databases from the US, that is, the risk of failure of well integrity leading to contamination
of groundwater is ‘very low"

5.4.4.5 Conclusions on well failure rates

Current industry practice for onshore shale gas well design is to have a minimum of two
independent and verified physical barriers in place to maintain well integrity. A well integrity failure
requires the failure of both physical barriers. Well integrity issues that include the degradation or
the failure of one barrier in a multi-barrier system will not lead to the release of fluids from the well.
The likelihood of a well integrity failure (that is, where all barriers fail), which is required for an actual
release of fluids to the environment, is very low, typically less than 0.1%.

Recommendation 5.3

That prior to the grant of any further exploration approvals, in consultation with industry and
other stakeholders, the Government develops an enforceable code of practice setting out the
minimum requirements that must be met to ensure the integrity of onshore shale gas wells in the
NT. This code must require that:

all onshore shale gas wells (including exploration wells constructed for the purposes of
production testing) be constructed to at least a Category 9 standard (unless it can be
demonstrated by performance modelling/assessment that an alternative design would
give at least an equivalent level of protection), with cementing extending up to at least the
shallowest problematic hydrocarbon-bearing, organic carbon rich or saline aquifer zone;

all wells be fully tested for integrity before and after hydraulic fracturing and that the
results be independently certified, with the immediate remediation of identified issues being
required;

an ongoing program of integrity testing be established for each well during its operational
life. For example, every two years initially for a period of 10 years and then at five-yearly
intervals thereafter to ensure that if any issues develop, they are detected early and
remediated; and

the results of all well integrity testing programs and any remedial actions undertaken be
published as soon as they are available.

5.5 Management of well integrity

5.5.1 Objective versus prescriptive regulation

The Government has signalled its intention to adopt an objective-based regulatory regime. In this
regard, the Government introduced the objective-based Petroleum Environment Regulations in
2016, and has indicated that it will replace the highly prescriptive Schedule with objective-based
resource management and administration regulations as soon as possible. The Petroleum Act
and its subordinate legislation will be supported by guidelines and codes of practice that will
assist in the interpretation and implementation the regulations.

The WA and Commonwealth unconventional gas regulatory frameworks are examples of
objective-based regulation. WA's regulations require that a well management plan be in place
for any well activities, and the regulations set out what must be included in a well management
plan.87 The regulations do not prescribe minimum technical requirements. Rather, the gas
company must demonstrate that it is managing risks in accordance with “sound engineering

87 Petroleum and Geothermal Energy Resources (Resource Management and Administration Regulations) 2016 (WA), cls 10 and 17.
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principles, codes, standards and specifications” and “good oil-field ,oractice".88 In addition to

the need for a well management plan under the regulations, there must also be an approved
environment plan under WA's petroleum environment regulations, and the environment plan
must demonstrate that the environmental risks and impacts associated with the well activities
have been reduced to levels that are ALARP and acceptabLe.89

By contrast, Queensland and NSW have codes of practice that prescribe how well integrity is to
be achieved. The codes were developed in consultation with industry and other stakeholders.

In Chapter 14, the Panel gives consideration to the risks and benefits of objective-based and
prescriptive regulation. The Panel concludes that in the NT context, where any onshore shale
gas development will be an emerging industry, some prescription is required to provide
certainty to gas companies, the regulator and the community as to the performance standards
and criteria that must be met. However, in Chapter 14 the Panel also proposes that prescriptive
and enforceable codes of practice and guidelines should operate alongside objective-based
regulation to ensure that world-leading practice is implemented in a timely manner, and to
ensure that appropriate environmental protection is achieved.

5.5.2 Management of well integrity in the NT

5.5.2.1 Drilling petroleum wells

The current legal framework for drilling activities in the NT requires gas companies to describe
components of well integrity management but does not explicitly require an overall well integrity
management plan for the full life cycle of a well.*°

A gas company must have Ministerial approval to drill a petroleum well.** To obtain approval, the
gas company must submit an application,® which includes details about the proposed drilling
program.®® The Schedule does not make it clear how the Minister approves the application, when
the application must be approved by®* or what matters the Minister must be satisfied of to grant
the approval. Further, it is implied, but not expressly stated, that the gas company must comply
with the approved application and drilling program.

In addition to the requirement to have an approved application and drilling program in place,

the Schedule prescribes that equipment and casing used to drill and construct the well must
conform to American Petroleum Institute (API) standards,®® that blowout prevention systems
must be in place,96 casing strings must be cemented to the surface,®” and pressure testing must
take place®®

With regard to well integrity, DPIR has implemented a process of continually assessing well
integrity status during drilling operations.®® Specifically, the Well Integrity Verification Form, which
was developed following the Montara Commission of Inquiry, requires the regulator to evaluate
the integrity of the well, confirming that the well has been constructed to levels exceeding

API standards. This assessment is based on information provided by the tenure holder in daily
drilling and other reports, in addition to the well planning information submitted in the application
for approval for the drilling activity. More details on the extent of information required by the
regulator are documented in the CSIRO report.**°

5.5.2.2 Hydraulic fracturing

Hydraulic fracturing, like drilling, requires a separate approval under the Schedule.*** An
application to conduct hydraulic fracturing must be accompanied by a ‘technical works program’,
which must include information about, among other things, the well status, any pressure

88 Petroleum and Geothermal Energy Resources (Resource Management and Administration Regulations) 2016 (WA), cl 16(1)(c).

89 Petroleum and Geothermal Energy Resources (Environment) Regulations 2012 (WA), cls 11(1)(b)-(c).

90 CSIRO 2017, p 64.

91 Schedule, cl 301(1).

92 Schedule, cl 301(2).

93 Schedule, cl 301(2)().

94 The Well Drilling, Work-over or Stimulation Application Assessment Process guideline provides that the “project application” will be processed
in 30 days, however, it has no statutory force.

95 Schedule, cl 303(1).

96 Schedule, cl 308.

97 Schedule, cl 307.

98 Schedule, cl 3009.

99 DPIR submission 226, p 34.

100 CSIRO 2017; DPIR submission 226, pp 28-33.

101 Schedule, cl 342(2).
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tests, an interpretation of cement evaluation logs, design of the hydraulic fracturing program,
and geological and geomechanical hazards.'* DPIR uses the Checklist - Well Work-over and
Stimulation Program Assessment to ensure all the relevant information has been provided,'** but,
the Checklist similarly has no legal basis and cannot be used to enforce compliance with the
provisions of the Schedule.

Like the approved drilling program, the Schedule does not expressly require that an approved
technical works program for hydraulic fracturing must be complied with, which can create
problems in the event that the Minister for Resources attempts to enforce compliance with

an approved program. Again, the Schedule does not prescribe how, or when, an application
to conduct a hydraulic fracturing program will be approved, or the matters the Minister must
take into account when approving such a program. Chapter 14 includes a discussion and
recommendations regarding the use of the Schedule as a regulatory tool.

5.5.3 Well integrity management system

The management of well integrity throughout the well life cycle has become a focus in recent
years because proactive well integrity management is key to reducing risks.'** Wells must be
designed cognisant of the potential hazards that might arise throughout their life cycle, including
hydraulic fracturing. The operating life of a well can span several decades, and responsibility for
the well is often passed between different teams within a gas company and third parties involved
in well drilling and operations. The level of complexity in the design and operating parameters
for wells means that there are risks associated with the transfer of responsibility throughout the
life of the well. Life cycle well integrity management aims to minimise these risks by placing
processes around well integrity management. Origin provided the Panel with information on the
well integrity management system it employs.*®®

The focus on well integrity management has led to the development of an ISO standard (ISO
16530-1:2017), which states that:

‘the well operator should have a well integrity management system to ensure that well integrity
is maintained throughout the well life cycle by the application of a combination of technical,

operational and organizational processes’™°

The NORSOK D-010 standard also requires management of well integrity requirement throughout
the life cycle of a well.'””

Awell integrity management system (WIMS) provides a framework for managing the risks

due to loss of well integrity over the life cycle of a well, and identifies the responsibilities of the
organisation as a whole in safeguarding environmental assets and public health. CSIRO has listed
the following as the key elements of a WIMS:**®

risk assessment that includes techniques to identify the well integrity hazards and
associated risks over the life cycle of the well, methods to determine acceptable levels for
risks, and to define control measures and mitigation plans for managing and reducing risks
that exceed acceptable levels;

an organisational structure with clearly defined roles and responsibilities for all personnel
involved in well integrity management;

well barrier documents that clearly identify and define well barriers (combination of
components or practices that prevent or stop uncontrolled movement of well fluids),
methods to combine multiple barriers and redundancies to ensure reliability, and
administrative controls that provide information on controlling activities related to well
integrity, such as design and material handling standards, procedures, and policy manuals;

performance standards for people, equipment, and management systems;

defined standards for well barrier verification, such as functional, leak and axial load tests, and
well load case modelling verification to ensure that well barriers meet all acceptance criteria;

102 Schedule, cl 342(2).

103 DPIR submission 226, pp 224-235.

104 Wilson 2015; Connon and Corneliussen 2016; Sparke et al. 2011; Smith et al. 2016.
105 Origin submission 153, pp 55-68.

106 SO 2017.

107 NORSOK D-010 Rev. 4.

108 CSIRO 2017, pp 50-51.
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a continuous improvement process that defines how knowledge and information should
be communicated to personnel responsible for well integrity during the life of the well and
how improvements can be implemented;

a change management process to record changes to well integrity requirements for an
individual well or the WIMS itself; and

an audit process that demonstrates conformance with the WIMS,

A comprehensive system for well integrity management should also set out the regulator's
responsibilities for review and assessment of a gas company's WIMS and an inspection regime
to ensure compliance. The system should also specify the company's reporting requirements for
well integrity incidents, in addition to establishing penalties for non-compliance.

Further, assessment of well integrity management on a well-by-well basis is necessary to
address well-specific risks. Well integrity hazard identification and risk assessment is an important
component of well integrity management.

Commonwealth and WA regulations require the development of well management plans

by operators that outline the risk assessment approach used, the risks identified, and the

well integrity management practices that will be used. The well management plans must be
submitted to the regulator for assessment and approval. The present project application process
for drilling activities in the NT contains requirements for the gas operator to describe components
of well integrity management, but it currently does not explicitly require an overall well integrity
management plan for the full life cycle of a well.**° It is the Panel's opinion that it should.

Recommendation 5.4

That prior to the grant of any further exploration approvals, gas companies be required to
develop and implement a well integrity management system (WIMS) for each well complying with
ISO 16530-1:2017.

That prior to the grant of any further exploration approvals, each well must have an approved
well management plan in place that contains, at a minimum, the following elements:

consideration of well integrity management across the well life cycle;

a well integrity risk management process that documents how well integrity hazards are
identified and risks assessed;

a well barrier plan containing well barrier performance standards, with specific reference to
protection measures for beneficial use aquifers;

a process for periodically verifying well barrier integrity through the operational life of the
well and immediately prior to abandonment, and a system for reporting to the regulator the
findings from integrity assessments;

characterisation data for aquifers, saline water zones, and gas bearing zones in the
formations intersected during drilling; and

monitoring methods to be used to detect migration of methane along the outside of the casing.

5.5.4 The Amungee NW-1H Well in the NT

The preceding discussion concerning well design, construction, integrity, and the long-

term management of wells has been drawn mostly from overseas sources and experience.
Accordingly, the schematics used to illustrate the relationships of wells and their components
to different types of geological strata have intentionally been of a generic nature. Specific
information is available, however, about the construction and operation of the Amungee NW-
1H well, the only horizontal well in the NT that has been hydraulically fractured and production
tested. Detail is provided in Origin's Amungee NW-1H Discovery Evaluation Report.**® This report
was initially submitted to DPIR as required by the Petroleum Act and was subsequently released
to the Australian Stock Exchange.

The Amungee NW-1H well is a horizontal well that deviates at depth from the original Amungee
NW/-1 vertical well (Figure 13). The well system was constructed to Category 9 equivalent

109 CSIRO 2017, p 59.
110 Origin Energy Limited, submission 233 (Origin submission 233), Attachment 2.

5. SHALE GAS EXTRACTION AND DEVELOPMENT 67



standard, with cementing completed along the entire vertical and horizontal sections of

the well. ™ A schematic of construction details of the well, and key geological stratigraphic
information are provided in Figure 5.13. The design process for the conductor and surface casings
took into account the presence of two (Anthony Lagoon Beds and Gum Ridge) surficial aquifers at

this location.™?

Figure 5.13: Casing configuration for wells drilled in the Beetaloo by Origin that ensures isolation of
aquifers and hydrocarbon bearing zones. This figure is an updated version of the original figure shown
in the draft Final Report due to labelling errors that had been made in the original version. At the Panel's

request, Origin produced a corrected version of the diagram. Source: Origin.**3
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111 Origin submission 153, pp 59-61.
112 Origin Energy Limited, submission 1248 (Origin submission 1248), Section 2.5.
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Figure 5.13 shows the importance of cementing the entire vertical section of the well because
there are three hydrocarbon bearing zones at shallower depths than the current target Middle
Velkerri Member (B shale). These are the overlying Velkerri C Shale, the major Kyalla Formation
(another prospective target for gas and other hydrocarbons), and the Chambers River Formation,
which is much closer to the surface and contains a relatively thin minor hydrocarbon bearing
zone. ™ As noted in Section 5.4, one of the key reasons for gas migration to the surface occurring
along wellbores in the US has been the lack of proper cement casing needed to isolate
intermediate hydrocarbon-bearing or coal zones from the surface (see Recommendation 5.3).

Well completion activities at Amungee NW-1H began in July 2016, with the preparation of the
wellbore for hydraulic stimulation operations. A Cement Bond Log (CBL) was conducted to
confirm the cement integrity behind the 4.5" production casing, along with a 10,000 psi pressure
test of the production casing to verify wellbore integrity."®

In August 2016, a total of 11 stimulation stages were undertaken, effectively placing 1.1 million

kg of proppant and 10.7 ML of fluid (Figure 5.14). The spacing and intervals selected for the
stimulation stages were based on modelled reservoir properties and the locations of interpreted
small faults (average 6 m of throw with a maximum ~15 m of throw) and a 20 m standoff from the
faults was incorporated into the stage design.*®

Following the seventh stimulation treatment interval, a casing deformation (location marked on
Figure 5.14) was discovered during the pump down operation. After running well diagnostics, the
remaining five fracturing stages were shifted along the wellbore to provide a greater separation
distance between the fracture initiation point and potential bedding planes.

Figure 5.14: Location and distribution of fracture stimulation stages along Amungee NW-1H well
cross-section. Source: Origin.**/
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As explained by Dr David Close from Origin to the Panel on 6 February 2018, the casing
deformation midway along the horizontal section was a technical issue for Origin which has not
affected the environmental performance of the well*® ™ The horizontal section of the well is
designed to be perforated to allow passage of hydraulic fracturing fluid to fracture the shale and
has no bearing on well integrity. It is the integrity of the vertical section of a well that is essential
for maintaining vertical (zonal) isolation between the target shale formation and near surface
groundwater. The Panel has found no evidence that this section of the well is not performing as
designed.

As noted in Section 7.6.5, the occurrence of large faults that can allow vertical connection with
the near surface is a risk factor that must be avoided as part of the well design phase. The gas

114 Fulton and Knapton 2015, Munson 2014.

115 Origin submission 153, pp 62-66.

116 Origin submission 1248, p 14; Origin submission 1269.

117 Origin submission 233, Attachment 2; Origin submission 1269.

118 Origin Energy Ltd and Lock the Gate Alliance Northern Territory submission 1075.
119 Origin submission 1248, pp 15-16.

5. SHALE GAS EXTRACTION AND DEVELOPMENT 69



industry is currently required to report the locations of such faults to DPIR and indicate how

they will be avoided through the location and design of a proposed well (Recommendation

7.15 specifically addresses this issue). In addition, the effect of Recommendation 5.7 is to further
reduce the possibility of significant fault activation and the possibility of the excursion of hydraulic
fracturing fluid to higher-than-planned levels.

Seismic surveys demonstrate that most of the Beetaloo Sub-basin contains relatively little
internal faulting.”*° However, small inactive faults with limited vertical extent will occur, and these
are unlikely to show up on seismic surveys. These faults are typically located during drilling, as
was the case with the Amungee horizontal well (location of fault marked on Figure 5.14), but
they are not a matter of concern for either well integrity or the potential for excessive upwards
migration of fluids during the hydraulic fracturing operation.***

Origin has stated that a WIMS will apply to the ongoing management of its wells in the NT
and is in line with the requirements for a WIMS documented in Section 5.5.3 and addressed by
Recommendation 5.4.***

5.6 Water use

Shale gas extraction requires the use of large quantities of water, which may be obtained from
local surface or groundwater sources, or transported to the site from outside the region. This
water is typically stored in large, above-ground double-lined ponds or tanks.**

There has been a substantial amount of data published over the past decade regarding the
volumes of water used for drilling and hydraulic fracturing.*** Considerable care needs to be
taken in interpreting this information because of the rapid changes in technology that have
occurred during this period, and the differences in water use and well density between vertical
and horizontal wells. In particular, the increasing use of multi-well assemblies in association with
much longer horizontal well sections is profoundly changing the water use profile of the industry.

In the US, the most recent long horizontal wells require 30-40 fracturing stages, with a current
overall industry average of 16 stages per horizontal well. This requires a proportional increase
in water use per well. For example, a 3 km horizontal well requires three times as much water
as a 1 km horizontal well. Typical water volumes used are around 1-2 ML for well drilling, and
approximately 1-2 ML for each hydraulic fracturing stage.**

The water-related risks associated with any onshore shale gas industry in the NT are covered in
detail in Chapter 7.

5.7 Wastewater production and composition
Three main sources of wastewater are produced during the shale gas extraction process:

drilling mud water: used to drill the initial wellbore;

flowback water: returned to the surface in the first few weeks to months after hydraulic
fracturing has occurred; and

produced water: from the shale layer produced over the lifetime of the well.

5.7.1 Wastewater production

The volume of wastewater produced from drilling a well represents the smallest volume (1-2 ML)
of wastewater produced during well development. Drilling fluids (drilling mud) are an essential
component of drilling operations, and are distinct from hydraulic fracturing fluids used during
well stimulation. *2° These fluids provide cooling and lubrication to the drill bit and drill string,

lift drill cuttings from the well, and provide a component of well control. Used drilling fluids are
typically contained in lined sedimentation pits. The typically saline supernatant water is removed
for treatment elsewhere, while the settled 'mud’ component is recycled for use in other drilling
operations.

120 Scrimgeour 2016, p 6; Origin submission 153, p 75.
121 BC Oil and Gas Commission 2012.

122 Origin Submission 153, pp 67-68.

123 Hoffman et al. 2014.

124 ACOLA Report; US EPA 2016a.

125 ACOLA Report; US EPA 2016a; APPEA submission 215.
126 Hossain and Al-Majed 2015, pp 73-139.
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As described above, when a well is hydraulically fractured, this is done in stages, with each stage
plugged while the next is being perforated and fractured. This creates an increase in pressure

and a backup of both fluids and gas while further stages are being drilled. \When the final stage is
drilled, the fluids and gas are allowed to flow up out of the well for a period of up to two months
(Figure 5.15). This is the 'flowback period’, where the water returning from the well is composed
partially of drilling and injected hydraulic fracturing fluids, and partially of formation brines that are
trapped in the target formations and are extracted together with the gas.*” Shown in Figure 5.15 is
the short flushing period’ where the residual fluids and solids in the well, produced as a result of
the hydraulic fracturing process, are cleaned out in advance of preparing the well for production.
This water has been grouped with flowback’, although it can be of such poor quality that it may be
segregated for separate treatment or disposal, rather than re-use.

Figure 5.15: The difference between flowback and produced water.
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The water generated after the flowback period during the lifetime of gas production is called
‘produced water', the composition of which resembles the original formation water present in the
shale layer*?®

Depending on the nature of the hydrocarbon-containing shale formation, 20-50% of the volume
of the initially injected water is returned to the surface as flowback water. Therefore, for a typical
20 ML total volume of water used to hydraulically fracture a horizontal well, approximately 4-10 ML
could come back to the surface as flowback water.**® Based on US experience, the discharge of
flowback water typically lasts for 4-6 weeks, during which time the discharge rate decreases from
about 550 L/min to about 4 L/min.*3° Once above ground, the flowback water is usually stored

in either temporary storage tanks or ponds or conveyed by a pipeline to a wastewater treatment
plant.** The method used depends on the rate of flow of the water, whether it is going to be re-
used for fracturing another well on the same well pad, and the distance between the well pad and
the collection/treatment facility.

The initial period of flowback water collection (up to two months) is followed by a production
period of 20 to 40 years, during which time typically a much smaller amount of produced water
returns to the surface along with the gas produced.*** Although the rate of flow is very much
less than during the initial flowback stage, in aggregate, the volume of produced water can be
quite substantial. Again, based on US experience, the ratio of volume of flowback to produced
water is very dependent upon the formation.”* The produced water also is usually collected and
conveyed to a central storage or treatment facility for the life of the well.

127 Kondash et al. 2017.
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5.7.2 Composition of hydraulic fracturing fluid

The composition by volume of a typical water-based hydraulic fracturing fluid is 90% to 97%
water, 1% to 10% proppant, and 1% or less of chemical additives.** The proportions of water,
proppant, and additives in the fracturing fluid, and the specific additives used, can vary
depending on a number of factors, including the rock type and the chemistry of the reservoir.

Hydraulic fracturing fluids are generally either ‘slickwater’ or gel-based.”® ‘Slickwater'
formulations, which include polymers (for example, polyacrylamide) as friction reducers, are
typically used in very low permeability reservoirs, such as shales. Because slickwater fluids are
thinner (lower viscosity), they do not carry proppant into the fractures as easily, and therefore the
larger volumes of water and greater pumping pressures are required to effectively transport the
proppant into fractures. By contrast, gelled fluids are more viscous, and more proppant can be
transported, with less water, compared to slickwater fractures. Gel-based fluids are used with
more permeable formations.

The US EPA found that approximately 1,100 different chemicals had been used in hydraulic
fracturing in the period between 2005 and 2013. 136 Hydraulic fracturing technology has evolved
rapidly over the past decade, and much greater attention is now being paid to the potential

for contamination of below-ground and surface environments, with a much smaller fraction of
these chemicals now being routinely used in modern hydraulic fracturing practice. For example,
a detailed analysis (based on 34,675 disclosures and 676,376 ingredient reports contained in
the US FracFocus database) of the chemical usage data in the US between January 2011 and
February 2013 showed that only 5% (35) of the total identified number of chemicals previously
used were used in most of the fracturing operations over that period.**” Additionally, there has
been a strong move over the last decade by the gas industry to use less toxic and more readily
degradable chemicals, or so-called ‘greener’ chemicals. 138

However, technology providers did not disclose the actual identity of 381 chemicals, and claimed
those chemicals, or chemical mixtures, as confidential business information (CBI).**° The use of
CBI reduces the completeness of the data sets and the level of confidence in any assessment

of the toxicity of chemical used in hydraulic fracturing. The issue of CBl is contentious and is
anecdotally one of the reasons for the gas industry moving towards the use of non-proprietary
chemicals that can be openly disclosed on databases like FracFocus.**°

The Panel notes that public disclosure of “specific information regarding chemicals” used in
hydraulic fracturing is required in the NT.*** For example, the chemicals used for the eight
unconventional wells** that have been hydraulically fractured in the NT are available on DPIR's
website.**3 The 40 chemicals used (Table 7.7) for Origin's Amungee NW-1H production test well
were disclosed by Origin to the Government and to the Panel.*** This list is a subset of the much
larger list compiled by the US EPA of the chemicals used in the US.*°

5.7.3 Composition of flowback and produced water

The initial composition of the flowback water generated immediately after hydraulic fracturing
ceases, and the pressure is relieved, is likely to more closely resemble depleted fracturing fluid
because some of the chemicals are retained by adsorption in the shale bed. However, with time,
the decreasing daily volumes of fluid produced will contain increasing quantities of the mobile
(soluble) geogenic components present in the fractured rock and will ultimately resemble the
original formation fluid in the shale layer.146 Typically, the flowback water produced after the initial
flush is quite saline (greater than 50,000 mg/L total dissolved solids (TDS)), especially if the target
formation is of marine origin.

134 US EPA 2016a, pp 3-21.

135 US EPA 2016a, pp 3-21.
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Flowback water contains residual chemicals used in the hydraulic fracturing process plus
geogenic chemicals that originate from the shale formation itself**’ These geogenic chemicals
include salts, metals and metalloids, organic hydrocarbons, and naturally occurring radioactive
material NORM), depending on the geochemistry of the deposit. The actual concentrations of
these various components depend both on the geochemical nature of the target formation and
on the hydraulic fracturing process used.

Produced water is typically very saline (50,000-200,000 mg/L TDS) with higher concentrations
of geogenic chemicals than in flowback water, but with very little of the chemical signature of the
fracturing fluid that was used.**®

In the US, approximately 600 discrete chemicals have been detected in flowback and produced
waters, and of this, only 77 were components of the hydraulic fracturing fluids used.** This
suggests that many of the hydraulic fracturing chemicals are either retained in place or are
degraded or transformed into other chemical compounds (or not specifically measured). There
is increasing evidence that such transformation reactions do occur between components of the
hydraulic fracturing mixture and as a result of the reaction of hydraulic fracturing chemcials with
geogenic compounds.*>°

A variety of volatile and semi-volatile organic compounds, including benzene, toluene,
ethylbenzene and xylenes (BTEX), have been detected in flowback and produced water from
shale reservoirs.’® In particular, average total BTEX levels in shale flowback/produced water in
the US have been found to be one to two orders of magnitude higher than in produced water
from CSG extraction. This is an important finding because it indicates that caution needs to be
exercised in extrapolating risk assessments made on CSG produced waters and applying them
to flowback water from deep shales. There are, however, wide variations in the concentrations
of organic compounds being measured across different shale plays,*** which could result

from lateral variations in the geology across the formation, combined with differences in the
compositions of the hydraulic fracturing fluids being used.

The Panel s cautious in using US data, which is quite variable across individual shale basins,

to gain an understanding of the likely composition of flowback/produced waters that will

be produced in the NT. Only over the past five years have more extensive (and intensive)
measurements been taken in the US of the concentrations of organic compounds present in
flowback and produced water. Knowledge of flowback and produced water compositions is
therefore provided by a few studies on a relatively limited number of samples where the full
range of inorganic and organic constituents have been determined. This has limited the capacity
for meaningful risk assessments of flowback and produced waters to be undertaken compared
with the known chemicals present in the hydraulic fracturing formulations. This situation is

also complicated by the fact that the concentrations of these organic compounds are very site
specific, depending both on the shale formation being targeted and on the formulation of the
hydraulic fracturing fluid(s) being used.

There is very limited data on the composition of flowback and produced water from onshore
shale gas extraction in Australia, and this makes the need for empirical data from test wells all the
more important. The overseas studies suggest that flowback and produced water can contain

a much greater number of potentially environmentally sensitive chemicals than are present

in the original hydraulic fracturing fluid composition, and moreover, that the majority of these
additional compounds originate from the minerals and organic compounds present in the shale
formation.*>® However, merely because a chemical is detected in flowback or produced water
does not mean that it will be harmful to human health or to the environment.

The Panel notes that while the shale gas industry in the US is now largely required to publicly
disclose the composition of hydraulic fracturing fluids in databases such as FracFocus, similar
disclosure has not been required for the composition of flowback or produced waters.
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This causes difficulties with the assessment of the status of water management practices in
the gas industry, a situation that has been noted in recent publications on water sourcing, and
treatment and disposal practices in the onshore shale gas industry in the US and Canada.***

A similar situation exists in the NT, where public disclosure of the composition of flowback or
produced water is currently not mandated. This contrasts with the UK where the UK Onshore
Shale Gas Well Guidelines require that a range of information (including volumes and composition)
about flowback fluids and produced water must be available from the operator for disclosure.*®

The Panel notes that DPIR supports the disclosure of analysis of flowback water and has
developed guidelines stipulating baseline monitoring, testing and reporting requirements of
hydraulic fracturing fluids and flowback water.**® In addition, DPIR suggests that the testing of
flowback water may not be necessary on every (production) well if hydraulic fracturing fluids and
stimulated formations are the same.

A detailed discussion about the composition of hydraulic fracturing fluids and produced water in
the NT context is provided in Section 7.6, drawing on the data acquired from the Amungee NW-

1H production well. The Panel's recommendations for the public disclosure, management and
handling of hydraulic fracturing fluids and flowback waters are contained in Recommendation 7.10.

5.8 Wastewater management and reuse

5.8.1 Storage

Flowback water has typically been stored initially in open, lined surface ponds that may be
constructed on the land surface or excavated below ground level.” In the US, there has
recently been a move towards storing flowback water in special-purpose, above-ground tanks
(see Recommendation 7.12).158 The same ponds or tanks that are used to store the water used
to initially formulate the hydraulic fracturing fluid can also be used to store flowback water,
depending on the volumes and quality of the water, and the extent of reuse.

The Panel notes that since 1-2 ML of water is required for each stage of hydraulic fracturing, and
at least 20 stages of hydraulic fracturing are likely (based on developing industry practice), at
least 40 ML of storage will be needed per well for a fully developed production scenario. This
volume will not be cumulative for a multi-well pad configuration and will depend on the extent of
reuse possible, noting that the fracturing stages for an individual well are completed sequentially.
The wells located along a well pad will also be fractured sequentially rather than concurrently.
The sequential nature of the operation will enable reuse opportunities to be maximised.

An example of the type of storage used and storage volumes required was provided by Origin in
its environmental management plan for the Amungee NW-1H 11 fracturing stage test well."*°An
aerial photograph of the site showing the layout of the ponds and other site infrastructure was
provided in Origin's submission to the Panel.**°

154 For example, Alessi et al. 2017.

155 UK Onshore Oil and Gas 2016, section 9.3.

156 Department of Primary Industry and Resources, submission 424 (DPIR submission 424), p 5.
157 US EPA 2016a.

158 BHP 2016, p 5.

159 Origin 2016, p 21.
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An aerial view of the Amungee NW-1H well site showing the above-ground ponds during the
flowback and production testing phase. Source: Origin submission 153.

5.8.2 Treatment and reuse

The Panel notes that there is currently no industrial wastewater receiving, treatment or disposal
facility in the NT. The relatively small volumes of wastewater produced to date, including from
the Amungee NW-1H production well, have been transported by road to Mt Isa in Queensland.

In the event that the moratorium is lifted, storage and transportation issues will need to be
addressed as a matter of priority given the increase in volumes of water requiring disposal. While
programmed reuse (see below) of such water is likely to be an operational feature of a production
environment with multi-well pads, this is unlikely to be the case for the exploration phase of the
gas industry's life cycle. The Panel has noted in Queensland the consequences of not having

a plan for the ultimate fate or disposal of water treatment brines in place at the start of the
upswing in development of the CSG industry. It is also noted that the long-distance transport of
wastewater and treatment brines is a risk factor that needs to be addressed by the gas industry
(see Chapters 7, 8 and 10).

‘Reuse’ refers to the practice of using treated or untreated flowback and produced water as

a proportion of the water used to make new batches of hydraulic fracturing fluid. Reuse of
wastewater can reduce, but not eliminate, the amount of fresh water needed for hydraulic
fracturing since the volume of flowback water from a single well is generally small compared to
the total volume needed to fracture the well.

The extent of reuse of flowback or produced water depends on its quality, as certain
contaminants can interfere with hydraulic fracturing performance.161 For example, the presence
of calcium and sulfate ions can cause scaling in the well, and the presence of suspended solids
can decrease the effectiveness of the biocide, which together with scaling, can cause plugging of
fracture networks and wells. Slickwater fracturing systems, containing polyacrylamide polymer
as a friction reducer, are generally considered best suited for reuse because most of this polymer
remains in the shale. However, slickwater treatments usually require substantially more water
than gel-based systems.*®?

161 Vidic et al. 2013.
162 US EPA Report, pp 3-21.
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Generally, some form of treatment of the wastewater will be required before it can be reused.
The treatment method will depend on the chemical composition of the hydraulic fracturing
wastewater and the desired reuse water quality. The development of cost-effective treatment
systems for the complex mixture of inorganic and organic compounds contained in flowback
waters is a rapidly evolving field.*®

Salinity is usually not an issue for the treatment of shale gas wastewaters because high
concentrations of ions, such as sodium and chloride, can be tolerated in reuse water. For
example, sea water has been successfully used to prepare hydraulic fracturing fluid for offshore
operations. However, high salinity flowback water can also be supersaturated with salts like
gypsum, barite or calcite, which could severely compromise the efficiency of subsequent
fracturing operations by causing precipitates to form and block up the newly created fracture
network. In particular, when calcium and barium levels are high, scale inhibitors must be used, or
salt content reduced, before the water can be reused.®*

Flowback water also contains a diverse range of organic compounds, some of which may be
difficult to treat.*®® However, many of these organic compounds are biodegradable and could be
treated in a purpose-built biological treatment plant. %6 The effective removal of these organic
compounds is necessary if flowback water is to be treated and disposed of off-site, rather than
being reused for hydraulic fracturing.

Removal of suspended solids, using a process such as electrocoagulation, is much less costly than
the removal of dlssolved salts using energy-intensive processes such as reverse osmosis or thermal
brine concentration.**” This may be the only treatment required if there are low concentrations of
potentially problematic ions (for example, calcium and sulfate) in the flowback water.

However, conventional oilfield water treatment technologies (such as reverse osmosis) may not
always be effective in unconventional gas projects due to specific constituents in flowback and
produced water, such as residual polymers, which have the potential to severely interfere with
membrane-based treatment.

It is apparent from the published literature, from reports by regulators, and from some of the
submissions received by the Panel, that the transport of wastewater across the landscape has
resulted in contamination events, caused either by accident or by deliberate intent**® A specific
measure to reduce the occurrence of illegal dumping of wastewater is to mandate an auditable
chain of custody system to ensure that the wastewater that is picked up from one location is
delivered to its intended location. In the case of pipelines, the volumes of water entering the
pipeline and being delivered to a destination, such as a central storage facility or water treatment
plant, must be continuously monitored so that the occurrence of a leak can be detected as soon
as possible, noting that the pipelines will be buried.

Recommendation 5.5

That prior to the grant of any further exploration approvals, in consultation with the gas industry
and the community, the Government develops a wastewater management framework for any
onshore shale gas industry. Consideration must be given to the likely volumes and nature of
wastewaters that will be produced by the industry during the exploration and production phases.

That the framework for managing wastewater includes an auditable chain of custody system for
the transport of wastewater (including by pipelines) that enables source-to-delivery tracking of
wastewater.

That the absence of any treatment and disposal facilities in the NT for wastewater and brines
produced by the gas industry be addressed as a matter of priority.

163 US EPA 2016a, Appendix F.

164 Maguire-Boyle and Barron 2014.

165 Butkovskyi et al. 2017.

166 Kekacs et al. 2015; Lester et al. 2015.

167 Butkovskyi et al. 2017; Costa et al. 2017.

168 Laeur et al. 2016 ;Maloney et al. 2017; Kell 2011 ; Seed Indigenous Youth Climate Network, submission 1181.
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5.8.3 Reinjection

Historically in the US there has been a very low percentage reuse of flowback water,*%

with more than 95% of all wastewater from oil and gas extraction having been disposed

of through reinjection into disposal wells located in conventional petroleum reservoirs.”’°
However, reinjection is being increasingly restricted because of the potential for groundwater
contamination and induced seismicity. There are no known potential onshore sites for reinjection
of flowback or produced water into conventional hydrocarbon formations in the NT outside the
Amadeus Basin."”* This issue is covered in greater detail in Chapter 7.

5.8.4 Wastewater management incidents

In 2016, the US EPA collated data from thousands of wells that have been drilled and
hydraulically fractured over the past decade.”? It concluded that there was no evidence of
any widespread impact on shallow aquifers, and no demonstrated cases of contamination of
drinking water resources from hydraulic fracturing at depth. However, the US EPA identified
cases of drinking water contamination from spills of fracturing fluids or flowback water, and
the contamination of aquifers as a result of failures of well integrity during and after hydraulic
fracturing.

There is significant potential for accidental releases, leaks and spills of hydraulic fracturing
chemicals and fluids and flowback and produced water that could lead to contamination of

nearby surface water and seepage through the soil profile into shallow aquifers (see Chapter 7)."/3

Most spills are related to the storing of water and materials in tanks and pits, and in moving
wastewaters in pipelines and other forms of transport (for example, road tankers) between
equipment.*”# Not surprisingly, the incidence of spills has been found to be greatest within the
first three years of well life, when 75-94% of spills occurred. This is the period when wells are
drilled, hydraulically fractured, and have their largest water production volumes.*”® However,
while there have been more than one million hydraulic fracture stimulations in North America,
and more than 1,300 in the Cooper Basin in SA, there has been no reported evidence of fracturing
fluid moving from the fractures to near surface aquifers.176

There have been instances of contamination of surface waterways by discharges of incompletely
treated flowback waters. This occurred in Pennsylvania in the US during the early development of
the Marcellus gasfield.””” This is a separate issue from surface spills. It occurred as a result of an
inappropriate use of municipal wastewater treatment plants to treat flowback water - a function
for which they were not designed - followed by discharge of the partially treated water into rivers.
This practice has now been banned by US federal regulation.”8

Hydraulic fracturing has been taking place in the NT since 1967, but mainly as a process to
enhance hydrocarbon production from conventional reservoirs in vertical wells.”® Only since
2011 has very limited hydraulic fracturing of unconventional formations been undertaken. DPIR
reports that these operations have had little impact on water resources, but no specific details
were provided in its submission.’® There has been no independent assessment and reporting

of environmental performance by the onshore gas industry in the NT. In any event, the onshore
gas industry in the Territory is relatively small and the performance data available is unlikely to be
representative of full-scale development.

169 US EPA 2016a.

170 Rodriguez and Soeder 2017.

171 DPIR submission 226.

172 US EPA Report.

173 US EPA Report; Maloney et al. 2017.
174 Patterson et al. 2017.

175 Patterson et al. 2017.

176 Cooke 2012; US EPA Report.

177 Mauter et al. 2014; Mauter and Palmer 2014.
178 US EPA Report.

179 DPIR submission 226, p 46.

180 DPIR submission 226, p 53.
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5.9 Proppant use in hydraulic fracturing

Proppant is the second most used component (typically 2-10% by volume) in hydraulic
fracturing.m1 The function of proppant has been described above in Section 5.3.2.3. Depending on
the geomechanical characteristics of the shale formation and its depth, the preferred proppant
can be size-graded sand (primarily quartz) or synthetic ceramic-like material. Sand is the most
commonly used proppant material in the US.**

As noted in several submissions, the sourcing of proppant could be of substantial environmental
concern in the NT if sand is the preferred material’®3 This is because very large amounts would
be needed. For example, in the single Amungee well that had 11 fracturing stages, approximately
1100 tonnes of graded sand was used.*® For a 10 well pad with 40 fracturing stages per well, this
could require 40,000 tonnes of proppant sand. To put this into perspective, a B-double road train
can carry approximately 50 tonnes of material.

The potential sources of supply for proppant will therefore need to be clearly identified by gas
companies because its extraction could result in a significant footprint of disturbance that will
ultimately require rehabilitation. In addition, large numbers of truck movements will be needed to
transport the bulk material. It is understood that potential sand deposits are documented in the
DPIR database of mineral resources in the NT.

5.10 Solid waste management

The solids produced by drilling represent a substantial waste stream associated with the
production of onshore shale gas. When a well is drilled, drilling fluids (including drilling muds)
are used to maintain circulation of the drill bit and to transport drill cuttings back to the surface.
Drill cuttings produced by exploration activities are typically disposed of in drill mud pits, which
are backfilled to ground level when drilling is completed. Before this is done, excess liquids are
typically evaporated, and the drilling muds are reused in the drilling of new wells.

In the US, the disposal of the large amounts of drill cuttings produced by a full-scale industry
is the cause of concern given the nature of this material and its potential to leach organic and
inorganic components into the near surface environment.*®>

The magnitude of the issue is exemplified by considering the example of an eight well pad,
drilled to 3,000 m depth, with 3,000 m long horizontal sections for each well and with a 10 cm
diameter wellbore. This well configuration would produce around 190 m? of shale material from
each horizontal well and approximately the same amount of material from the vertical sections,
depending on depth, excluding drilling cuttings from the larger diameter conductor and upper
casings. Accordingly, approximately 870 tonnes*®® (dry weight) of shale and other material could
be extracted per multi-well pad. While this is a very small amount of material compared with that
produced by a typical coal or metal mine, when aggregated over hundreds of well pads it can
comprise a substantial amount of material requiring appropriate management.

A strategic management issue for any potential onshore shale gas industry in the NT will be
whether this solid waste should be contained in a purpose-built, engineered, and centralised
facility, or contained and managed on a per well pad basis as is currently the case for the
exploration phase.

Submissions received from the gas industry in response to requests for further information from
the Panelindicated that solid waste management was an issue that did need to be addressed*®’
Origin noted that, ‘purpose built, engineered facilities would be required to safely manage some
solid and liquid waste generated by commercial shale development within the NT. Whether

these facilities are located centrally or on each of the lease pads will be assessed as a part of the
development concept. It can be stated however, that these facilities will be designed to prevent the
seepage of contaminants to the environment’ 188

181 US EPA 20163, p 5-7.

182 US EPA 20164, p 5-8.

183 Environment Centre NT, submission 1254, p 2; Lock the Gate Alliance Northern Territory, submission 1250, p 3.

184 Origin Submission 233, Attachment 2.

185 Phan et al. 2015.

186 Assuming a density of 2.3 t/m?®,

187 Santos Ltd, submission 420 (Santos submission 420) p 5; Pangaea Resources Pty Ltd, submission 427 (Pangaea submission 427), p 15; Origin
Energy Ltd. submission 433 (Origin submission 433), p 34.

188 Origin submission 433, p 34.
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Protocols and procedures have been developed by regulators, the gas industry and
commercial-waste handling facilities to screen drilling wastes for content of metals, NORM and
hydrocarbons and to separate out cleaner fractions that can be used for other purposes, such
as road base.® In particular, several independently owned and operated waste management
facilities have serviced the solid waste management needs of the Queensland CSG industry
for many years, and there is precedent for the development of such facilities in response to the
demand from a full-scale gas industry.**°

Recommendation 5.6

That in consultation with the gas industry and the community, specific guidance be implemented
by the Government, drawing on protocols and procedures developed in other jurisdictions, for the
characterisation, segregation, potential reuse and management of solid wastes produced by any
onshore shale gas industry.*®

5.11 Seismicity and subsidence

5.11.1 Seismicity induced by hydraulic fracturing

There is now considerable evidence from the US and UK that low magnitude earthquakes may
occur during hydraulic fracturing and that larger-scale (Richter scale magnitude greater than 2.0)
earthquakes have occurred during the reinjection of wastewater.'®® With regard to the former,
there is potential for induced seismicity to result from the uncontrolled propagation of fractures
produced during hydraulic fracturing that can extend for up to several hundred metres in varying
directions in the adjacent geological strata.

Induced seismicity associated with shale gas hydraulic fracturing has been reported in both the
UK and the US.*®* The US experience is that the seismicity levels vary for individual shale gas
basins, and will depend on the depth of the producing layers (shallower layers experience lower
induced seismicity levels before shutdown of the hydraulic fracturing process occurs) and local
geology (the degree of faulting in the area of interest).*®® The seismicity caused by hydraulic
fracturing mostly has very low m égmtudes (typically between My, = -2-0) and is unlikely to be felt
or cause infrastructure damage,'®® including damage to any \x/ells drilled for hydraulic fracturing
that have been specifically designed to withstand the stress of hydraulic fracturing. Overseas,
findings to date also suggest that it is extremely rare for hydraulic fracturing stimulation to result
in earthquakes of sufficient scale (Richter scale magnitude 2.0 or greater) to be felt locally or to
cause even slight damage to buildings.*®’

Considerably larger earthquakes (M, = 3-5.7) have, however, been associated with the injection

of large volumes of fluid. For example, the disposal of produced water. These earthquakes often
occur after high volumes of fluid have been injected into the rocks and at much lower fluid
pressures than those required for hydraulic fracturing. These larger earthquakes generally have
properties that suggest that they are often associated with the reactivation of existing faults
rather than the creation of new hydraulic fractures. There is the possibility that any introduced
water could lubricate existing geological faults, and therefore, the location of deep injection wells
should be controlled by knowledge of the local geology. Hydraulic fracturing should not occur

in highly faulted areas. The potential to induce earthquakes through the disposal of wastewater
down wells can be mitigated by proper management of formation pressures.

Based upon experience in the US and UK, the extent of fracturing can be monitored using
sophisticated micro-seismic technologies, with the fracturing distance controlled by varying
the pressure that is used. 198 The Panel considers that implementation of the trigger levels used

189 DEHP 2013; DEHP 2015.

190 Origin submission 433, p 34.

191 For example, DEHP 2013; DEHP 2015.

192 For example, de Pater and Baisch, 2011; Royal Society Report.

193 ACOLA Report; US EPA 2016a, p 66; Clarke et al. 2014; Warpinski et al. 2012, respectively.

194 Clarke et al. 2014; Warpinski et al. 2012, respectively.

195 Warpinski et al. 2012.

196 Drummond 2016; the unit of MW (moment magnitude) is equivalent to the Richter scale magnitude for the small to medium earthquakes
referred to here.

197 SHIP 2017.

198 Royal Society Report.
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in the UK Traffic Light Monitoring System,*®® which informs the gas companies as to the induced
seismicity occurring during hydraulic fracturing by monitoring seismic activity in real time, can
reduce the likelihood of induced significant felt seismic events (earthquakes). The rules state that
hydraulic fracturing must be stopped if minor earth tremors of magnitude 0.5 or greater on the
Richter scale occur.

In its submission, DPIR states that there is no evidence to suggest that the hydraulic fracturing
process can produce measurable earthquakes in areas that do not contain susceptible faults.>*°
The statement must, however, be qualified by the comment that Australia does not yet have any
seismic risk data covering shale gas operations or a national record of seismic activity below
magnitude 4 on the Richter scale.

Seismic activity caused by the reinjection of wastewater into the ground is discussed in Chapter 7.
Recommendation 5.7

That to minimise the risk of occurrence of seismic events during hydraulic fracturing operations, a
traffic light system for measured seismic intensity, similar to that in the UK, be implemented.

5.11.2 Subsidence

The development of sinkholes as a result of the hydraulic fracturing process has been noted as
a matter of concern by the community. Also of concern was the presence of cavities in karstic
terrains (especially around Katherine and Mataranka and which are also known to occur in the
Beetaloo Sub-basin) that could possibly result in problems with the placement and anchoring of
the conductor casing and the upper sections of any wellbores.

The Panel has not located any scientific information to date about the potential for the
development of sinkholes, or diminished well integrity, as the result of drilling in karstic terrain.
However, the Panel notes that sinkholes normally occur at shallow depths (tens of metres)

in either limestone or evaporite (salt) rock that has been subject to long-term solution by
groundwater.

Further, the Panel considers that sinkholes are highly unlikely to occur as a result of hydraulic
fracturing because of the large vertical distance between the hydraulic fracturing zone and

the surface (several thousand metres), a distance over which the intervening rocks should
compensate for any small cavities produced by hydraulic fracturing. In this context, the Panel
notes that very little incompressible material is actually removed during the drilling and fracturing
process, so there are very few cavities that would contribute to subsidence. This contrasts with
CSG operations, where a substantial proportion of the original void volume in the coal seam is
removed as produced water, and there is a much greater possibility of subsidence given the
closer proximity of the CSG activities to the surface.

The Panel acknowledges, however, the potential for complications associated with drilling in
karstic terrain, and the importance of having experienced and licensed drillers conducting drilling
operations in such areas.

199 UK Government 2017; Wong et al. 2015.
200 DPIR submission 226, p 56.

80 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



5.12 Conclusion

In conducting its review, CSIRO noted that many studies of well integrity do not make the
distinction between failures of individual barriers and well integrity failure. This distinction is
critical because full integrity failure (that is, failure of all the barriers) is required to provide a
pathway for contamination of the environment. CSIRO found overall that the rate of well integrity
failures that have the potential to cause environmental contamination is approximately 0.1%,
with several studies finding no well integrity failures. The rate for a single well barrier failure,
however, was much higher: approximately 1-10%. However, there were very few single barrier
failures observed for wells constructed to Category 9 or above, and no well integrity failures for
wells built to those categories. The Amungee NW/-1H well that was constructed by Origin in the
Beetaloo Sub-basin was of Category 9 standard, with casing cemented to surface along the
entire length of the well

CSIRO also found that for shale gas wells decommissioned using current practices, if any of the
potential leakage pathways were to develop, it was highly unlikely that they would allow large
fluid flow rates along the wellbore. The small cross-sectional areas and long vertical lengths of
the pathways are expected to limit any flow. The low permeability of shale gas formations is also
a factor mitigating the potential for impacts of loss of well integrity post-well decommissioning.
Pressures within the part of the reservoir accessed by the well will have been depleted by
production, and the very low permeability of the shale will prevent gas from other parts of the
reservoir migrating to the well.

Although CSIRO concluded that the potential for serious post-decommissioning and
abandonment integrity issues is low, the Panel has found that there is very little information
available worldwide on the performance of decommissioned and abandoned onshore shale gas
wells. The assessment of post-decommissioning or abandonment performance is an aspect that
requires greater attention by both the regulator and the gas industry and is the subject of specific
recommendations by the Panel.

Overall, the Panel concludes that provided a well is constructed to the high standard required for
the particular local geology, and provided that it has passed all of the relevant integrity tests prior
to, during, and after hydraulic fracturing, there is a ‘low' likelihood of integrity issues. There does,
however, need to be a program of regular integrity testing during the decades-long operational
life of the well to ensure that if problems do develop, they are detected early and remediated
quickly (as specified in Recommendation 5.4). In particular, the well must pass a rigorous set of
integrity tests prior to being decommissioned because once a well has been abandoned, it is
difficult to re-enter it.

The nature of chemicals used for hydraulic fracturing is also of concern to the community. However,
while there have been more than one million hydraulic fractures in North America and more than
1,300 in the Cooper Basin in SA, there has been no reported evidence of fracturing fluid moving from
the fractures at depth to near surface aquifers, provided that hydraulic fracturing is not conducted

in proximity to a major vertically transmissive fault or an adjacent improperly decommissioned deep
gas or petroleum well. The former risk is addressed by Recommendation 7.15, while the latter risk is
unlikely to eventuate in the NT because so little prior exploration (and no prior production) for gas
has occurred in the most prospective shale basins.

Unlike hydraulic fracturing fluids from depth, there is a significant potential for contamination
from the surface. In particular, accidental releases, leaks and spills of hydraulic fracturing
chemicals and fluids, and/or from flowback and produced water, can lead to contamination of
nearby surface water and seep through the soil profile into shallow aquifers (see Chapter 7).

It also appears from the published literature, from reports by regulators and from some of the
submission received by the Panel, that the transport of wastewater across the landscape has
resulted in contamination events, caused either by accident, or in some instances, deliberately.
To address this, the Panel has recommended that a wastewater management framework be
developed, including an auditable chain of custody that enables source-to-delivery tracking
(Recommendation 5.5).

The solids produced by drilling represent a substantial waste stream associated with the
production of shale gas. A strategic management issue for any potential onshore shale gas
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industry in the NT is the question of whether this solid waste should be contained in a purpose-
built and engineered centralised facility, or contained and managed on a per well pad basis as is
currently the case for the exploration regime.

The possibility of hydraulic fracturing causing earthquakes of sufficient magnitude (2 or greater on
the Richter scale) to cause structural damage has been considered. Based on an extensive review
of the evidence, the Panel has concluded that this is unlikely to occur as a result of hydraulic
fracturing. The only exception is if a fault is activated by the reinjection of fluid. By contrast,

there have been many instances of higher magnitude earthquakes resulting from the reinjection
of waste water into conventional petroleum reservoirs. These larger earthquakes are often
associated with the reactivation of existing faults in the reservoir formation.

Finally, the development of sinkholes as a result of hydraulic fracturing has been raised by the
community. The Panel considers that the likelihood of sinkholes developing is ‘very low' as a
result of hydraulic fracturing because of the large vertical distance (several thousand metres)
between the hydraulic fracturing zone and the surface, a distance over which the intervening
rocks will compensate for any small cavities produced by hydraulic fracturing.
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Chapter 6 Onshore shale gas in Australia and the Northern Territory

6.1 Australian unconventional gas supplies and total energy use

From an international perspective, Australia is considered to have substantial resources of
onshore unconventional gas, including CSG, shale gas and tight gas. While the development of
CSG reserves has been under way for almost two decades in Queensland, the onshore shale gas
industry in Australia is still largely in the exploration phase.

Although there are some potential oil and/or condensate resources in the NT (see Section

6.3 below), the Panel focussed its assessment on onshore shale gas, and not other forms of
petroleum that could derive from shale, such as shale liquids (oil) and condensate. The reason
for this is, first, because the Terms of Reference (see Appendix 1) limit the scope of the Inquiry to
onshore shale gas only, and second, because, to date, exploration has produced only dry (liquid
free) gas in the Beetaloo Sub-basin (Section 6.3.3). While there is known potential for liquids to
be associated with a number of shale formations in the NT, to date the only declared contingent
shale petroleum resource has been for dry gas from the Velkerri formation in the Beetaloo
Sub-basin All other potential liquids resources remain insufficiently explored and/or unlikely to
be economically feasible as an oil development.* Therefore, if there was shale liquids production
it is likely to be primarily as a shale gas play with a small volumetric percentage of liquids also
produced. If this occurred, in the Panel's view, this would not materially affect the mitigated risk
assessments contained in this Report.

Geoscience Australia has assessed Australia's potential for unconventional gas (Table 6.1 and
Figure 6.1), including CSG, tight gas and shale gas. Its report indicates a ‘contingent resource’

of shale gas (that is, considered to be potentially recoverable but not yet mature enough for
commercial development due to technological or business hurdles) of 12,252 petajoules (PJ) and
a ‘prospective resource'’ (that is, estimated as of a given date to be potentially recoverable from oil
and gas deposits identified on the basis of indirect evidence but which has not yet been drilled)
of 681,273 PJ. By comparison, conventional gas is estimated to have a commercially recoverable
reserve (a reserve that is commercially recoverable and has been justified for development) of
77253 PJ, a contingent resource of 108,982 PJ, and a prospective resource of 235,913 PJ. 2

Table 6.1: Total Australian gas resources.?

Reserves (resources 77.253 70 | 45,949 43 39 0 0 0| 123,241 114
which are commercially
recoverable and have
been justified for
development)

Contingent resources 108,982 99 | 33.634 32 1,709 2 12,252 11 | 156,578 143
(resources that are
potentially recoverable
but not yet considered
mature enough for
commercial development
due to technological or
business hurdles)

Prospective resources 235,913 214 6,890 7 | 48,894 44 | 681,273 619 | 972,969 885
(estimated, as of a given
date, to be potentially
recoverable from oil and
gas deposits identified
on the basis of indirect
evidence but which have
not yet been drilled)

1 Australian Energy Resources Assessment.
2 Australian Energy Resources Assessment.
3 Australian Energy Resources Assessment.

84 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



Figure 6.1: Summary of Australia's prospective gas resources. Source: Geoscience Australia.*
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Other reports provide slightly different resource estimates, however, they are of a similar order
of magnitude. The Council of Australian Governments Energy Council (COAG Energy Council)
reports a best estimate prospective resource of 702, ooo PJ.°> and ACOLA provides an aggregated
resource of 1,100,000 PJ from 16 basins across Australia.’

According to the Office of the Chief Economist's Australian Energy Statistics, Australia's total
annual energy consumption from all sources in 2014-2015 was 4,075 PJ, and the NT's annual
consumption over the same period was 85 PJ.”

These estimates reflect the state of knowledge several years ago and are due to be updated.

6.2 Exploration for and development of unconventional gas in Australia

In the early 2010s, the Cooper Basin was widely considered to be the most attractive prospect
for unconventional gas development in Australia due to the presence of already existing
infrastructure that could be leveraged to incorporate unconventional gas sources into the
network. It is the basin where the most exploration and development activities have taken place
to date. Production facilities and an extenswe pipeline network are already in place, supplying
gas to SA, NSW, Queensland and Victoria®

Geoscience Australia submission 296.
COAG Energy Council 2015.

ACOLA Report.

Australian Energy Statistics 2016.
Lane et al. 2015.

ON OO0 M

6. ONSHORE SHALE GAS IN AUSTRALIA AND THE NORTHERN TERRITORY 85



However, recent exploration activities and the announced discovery by Origin in 2016 confirming
a contingent commercial shale gas resource in the relatively unexplored Beetaloo Sub-basin of
the McArthur Basin in the NT is significant for Australian (and the NT's) shale gas exploration.

The Senate Select Committee on Unconventional Gas Mining Interim Report, Chaired by Senator
Glenn Lazarus in 2016 (Lazarus Report), provides a comprehensive account of Australia's
unconventional gas reservoirs and where exploration and development activity is currently under
way. This indicates that;

unconventional gas production, specifically CSG production, is currently operational in
Queensland (since 1996) and NSW (since 2001);

there is currently no commercial production of shale gas in Australia; and

exploration is currently under way in Queensland, SA, WA and the NT, all of which have shale
gas prospects.?

Since the publication of the Lazarus Report, there has been a moratorium on hydraulic fracturing
in the NT, NSW, and WA and a legislative ban in Victoria.

6.3 Shale gas potential of the Northern Territory

According to Geoscience Australia,’® total prospective shale gas resources in the NT are
estimated to be 257,276 PJ. Importantly, almost 70% of this (178,200 PJ) is estimated to occur in
the Beetaloo Sub-basin of the McArthur Basin. This prospective resource is larger than any one of
the North West Shelf conventional gas resources, the Cooper/ Eromanga basins, or the Canning
Basin shale gas resources. It suggests that the Beetaloo Sub-basin is a world-class resource
comparable to several of the US shale gas basins.™

Geologically, the Northern Territory is underlain by thick sedimentary rock sequences deposited
in @ number of geological basins. The understanding of these subsurface sequences has been
largely developed indirectly through inspection of rocks where they outcrop, geophysical surveys
of the subsurface, and interpretation of other indirect indications of the nature of the subsurface
such as groundwater chemistry. Direct evidence of the nature of the subsurface geology has
been gained where drilling has been undertaken. However, by Australian and global standards,
the NT's petroleum-bearing basins are relatively underexplored, and as a result, the level of
geological knowledge of the basins is incomplete and highly variable.

Current understanding of the locations and extent of potential shale gas-bearing geological
basins is shown in Figure 6.2 and is discussed below. The basins that are currently considered to
have prospective rocks with the necessary prerequisites for shale gas occurrence, and that have
had some confirmation of this interpretation through exploration drilling, are the Amadeus Basin
and the Beetaloo Sub-basin.**

A number of other potential basins are present that have not been extensively or successfully
tested to date. These are also considered to have the potential to bear shale gas and are discussed
below. While the broader NT is still relatively unexplored, current geological knowledge suggests
that shale gas is unlikely to occur outside the areas referred to here.

The nature of the geo-mechanical stress regime present in a shale formation is a key factor
determining whether fracturing of the formation is likely to occur in the most effective and
economic way to liberate the gas.*®

It was suggested to the Panel that the stress regime in Australian shale formations may be
different to that in the large American shale plays, and therefore, that American deposits are not

a good analogue for Australia.* In particular, it was noted that the occurrence of a reverse stress
regime could substantially reduce the effectiveness of hydraulic fracturing. Such a situation could
result in a greatly increased numbers of wells (compared to the US) to produce the required
volumes of gas.

9 Lazarus Report.

10 Australian Energy Resources Assessment.

11 Scrimgeour 2016.

12 Confirmed in Geoscience Australia submission 414.

13 Origin submission 153, pp 198-205.

14 Australian-German Climate and Energy College, University of Melbourne, submission 543, pp 4-5.
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All of the available information about the Beetaloo Sub-basin, one of the NT's most prospective
of the shale gas basins, indicates that the Velkerri shale formation has a normal stress regime,
and that the Marcellus and Barnett basins in the US are therefore good comparisons for the likely
effectiveness of any hydraulic fracturing process for onshore shale gas in the NT*®

6.3.1 Amadeus Basin

The Amadeus Basin, south of Alice Springs, has had the highest levels of exploration in the NT
and more than 30 years of continuous oil and gas production sourced from conventional and
tight gas reservoirs. The Basin is large (170,000 km?) and up to 14 km in thick, which contains
numerous petroleum systems, and is the only producing conventional petroleum fields in the
onshore NT (Mereenie oil and gas and Palm Valley and Dingo gasfields), with an additional field
(Surprise oil) that is currently not in production. Its thick sedimentary succession is prospective
for petroleum at numerous stratigraphic levels, although most exploration and production

in the Basin to date has focussed on conventional and tight gas petroleum systems. \While

this basin has rocks such as the Horn Valley Siltstone that are prospective for unconventional
gas, exploration and development in the region are considered likely to continue to focus on
conventional and tight gas plays.

15 Close et al. 2017, pp 93-94.
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Figure 6.2: Petroleum wells in the Northern Territory showing the extent of known prospective source
rocks. Source: DPIR.

The grey areas show the extent of known prospective shale gas source rocks, that is, rocks that are considered to have the necessary prerequisites
for shale gas occurrence and commercial development. The taupe areas are those that are considered to have the potential prerequisites for
shale gas to occur but that have not been tested through drilling.

Maningrid

sedimentary basins

Walker
Fault
Zone

extent of known
prospective source rocks#

largely untested petroleum plays

Amadeus Basin subsalt play

// "/ Beetaloo Sub-basin

\[Katherine ) )
v i )
o °Z Bonaparte - Nggk”" | petroleum drillholes
AN Basin == f—6— s ° @& 12 © non-fractured conventional
%20 “ oo . (sandstone) wells
o - o \ & i
o 7 Velkeryi ~2- A\ o @ fractured conventional
%) o -, Format/ \ McArthur Do (sandstone) wells
i P Basin (3 Q} © non-fractured unconventional
A Timber Creek 04 4 j0.0Amungee NW-1H Ve (shale) wells
, Yy Borroloola f ;
Daly Waters} ¢ O fractured unconventional
/// % (oY 0790~ o ° \\ (shale) wells
i a7 77 D
1
L e N I( 7 o O / ° communities visited
i Beetaloo A\ / o by the Inquiry
I____Si‘t_"_b_aﬁ'[‘___, I ) —-— land council boundary
' O~ Barney Creek
Elliott® = Formation _ ___ potential extent of
e - | McArthur Group™
o =
-7 \\\i South | === outline Beetaloo Sub-basin
r— <1 Nicholson gas pipeline
s o © Basin/ o !
- Lawn Hill | ——- 9as pipeline (under construction)
Wiso Basin Platform | ____ 54
H Georgina # Approximate areas within which key
Central Land Council Tennant\\\\ Basg%n prospective shales are likely to be
Creek /I/b,%><\ present, although this does not imply
Lander 7 &n Gas > - that the shales are necessarily
T h de’co,, ‘9/°/be//- = L. present or are gas-bearing over the
roug s/’l/c/,'o /7”9 c- entire area indicated (sources:
Y ! ~| Bonaparte and Amadeus basins from
| " ~! Ahmad and Scrimgeour (2006);
“—" 9] Velkerri Formation from Bruna (2015)
o NTGS DIP012; Arthur Creek
Formation adapted from Munson
(2014).
o 0
o © * Approximate interpreted area within
o ® © Arthur Creek which the McArthur Group and
Yuendumu Y 0 O Formation equivalents may occur in the
‘ © o - g subsurface. This does not include the
.0 . o g Lawn Hill Platform, which also
Ngalia Basin - o contains shales of this age.
¢
Mereenie
30 of 72 wells
fractured
i) Q Alice Springs
° SR ©o
KB N .
(So)e. 5 %, . Horn Valley Siltstone
Hermannsburg> .
o o Pedirka
Amadeus Basin /% 3 Basin
o o
¢)
4 7 Y o o °© o
® o © 3
0 100 200 k o 2
L - " O a o ¢ 3
© Northern Territory of Australia. The Northern Territory of Australia does not warrant that the product or ‘*‘ NORTHERN
any part of it is correct or complete and will not be liable for any loss, damage or injury suffered by any . ' E%I\Q/EF!EE/I)E%TY
person as a result of its inaccuracy or incompleteness. ‘.

88 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



6.3.2 McArthur Basin

The McArthur Basin underlies much of the north-eastern NT and contains a succession of
sedimentary and minor volcanic rocks that are up to 15 km deep. Petroleum systems in the
McArthur Basin include demonstrated conventional and unconventional petroleum systems in
the McArthur Group, and a less well understood petroleum system in the underlying Tawallah
Group. The Batten Fault Zone within the McArthur Basin, west of Borroloola, has attracted serious
attention since 2010 as a potential gas province. The most important potential source rock and
shale gas play within this part of the broader McArthur Basin is the Barney Creek Formation.
Overall, however, while the shales of the McArthur Group are considered to be prospective, they
are regarded as a higher exploration risk than the Beetaloo Sub-basin due to the variability of
their thickness and organic content and they are considered to contain a much smaller potential
resource than for the Beetaloo Sub-basin®.

6.3.3 Beetaloo Sub-basin of the McArthur Basin

Exploration over the past five years in the Beetaloo Sub-basin of the McArthur Basin (south-east
of Katherine) has demonstrated the existence of a substantial prospective/contingent shale gas
resource. The Beetaloo Sub-basin occurs over an area of approximately 30,000 km? in the Sturt
Plateau region between Mataranka and Elliott, and is comprised of the McArthur Basin's youngest
rock unit, the Roper Group, which contains the Northern Territory's most explored shale gas

play. The Beetaloo Sub-basin does not outcrop at the surface, but has been defined by seismic
profiles, drilling and geophysical data (Figure 6.3).

Figure 6.3: Schematic cross-section across the Beetaloo Sub-basin, showing exploration wells drilled to
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When the boundary of the Beetaloo Sub-basin was initially provided by DPIR to the Panel for use in
the Interim Report, it was accompanied by a caveat that the boundary was poorly defined because
it was a sub-surface transitional boundary that represents the approximate boundary where the
sub-basin deepens and where it was likely to have high gas and oil potential. It noted that the
Northern Territory Geological Survey may, in the future, further revise the boundary of the eastern
part of the sub-basin as seismic data is incorporated into the 3D model.

Subsequent to the publication of the Interim Report, the boundaries of the Beetaloo Sub-basin
were revised by DPIR based on assessment of additional data, with the margins of the Sub-basin
being defined by the top of the Kyalla Formation at a depth of 400 m below the surface. This has
had the effect of functionally splitting the Sub-basin into eastern and western domains separated
by a faulted and uplifted zone (the Daly Waters Fault Zone) between Larrimah and Elliott.*® Both
the newly defined and previous boundaries of the Beetaloo Sub-basin are shown for comparison in
Figure 6.4.

The Roper Group consists of a thick sequence of quartz sandstones, siltstones and mudstones,
deposited in a variety of shallow-marine, nearshore to shelf environments.*® The Roper Group
sediments are essentially continuous and flat-lying, and range from thicknesses of 1,500 m over
most areas to greater than 3,000 m. The Roper Group includes the prospective shales of the
gas saturated, quartz-rich Velkerri and Kyalla formations, which have a well-demonstrated and
potentially productive shale gas resource.

A more detailed description of the geology of the Beetaloo Sub-basin is provided by Fulton and
Knapton, GHD, Scrimgeour, Close et al., and in the submissions from Origin®® and Santos.**

A geological cross section schematic showing the construction and orientation of Origin's
Amungee NW-1H well, its relationship to the Cambrian Limestone Aquifer (CLA), and the location
of the horizontal section in the Velkerri shale formation, is shown in Figure 6.5. This figure provides
a primary reference point for subsequent discussion in Chapter 7 of the potential for sub-surface
impacts on water quality. Details about the construction, drilling and hydraulic fracturing of the
Amungee well are contained in Section 5.4.5.

18 Department of Primary Industry and Resources, submission 479 (DPIR submission 479).
19 Munson 2016 and references therein; Scrimgeour 2016.

20 Origin submission 153, p 31; Origin submission 233, Attachment 2; Origin submission 1269.
21 Santos submission 168.
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Figure 6.4: Newly defined and previous boundaries of the Beetaloo Sub-basin. Source: DPIR??
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Figure 6.5: The Amungee NW1H well lateral section was landed and drilled through the ‘B Shale' of the
middle Velkerri approx. 2.3 km below the Cambrian Limestone Aquifer. Source: Origin.*
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6.3.4 Bonaparte Basin

The Bonaparte Basin is a large, predominantly offshore, sedimentary basin, extending from onshore
coastal areas along the Northern Territory/WA border northward into the Timor Sea. The offshore
portion of the Basin is a well-established oil and gas province, with proven resources and a number
of currently producing fields (for example, the Blacktip gas field). The onshore basin in the Northern
Territory contains the Weaber gas field. Oil and gas shows have also been recorded from a number
of onshore wells, and multiple conventional petroleum systems have been defined in onshore areas.
There is also considered to be significant unconventional petroleum potential, including tight gas
plays in sandstone and limestone reservoirs. However, there has been no on-ground exploration
since 2014.

6.3.5 Georgina Basin

The Georgina Basin is comprised of the sedimentary Kiana Group, basalts of the Kalkarindji Province
and the marine sedimentary succession of the Barkly Group. The latter includes a thick limestone
sequence that forms the CLA, a regionally significant water supply aquifer. The Georgina Basin

is capped by Cretaceous mudstone and sandstone and recent alluvial and laterite deposits. The
southern part of the Georgina Basin is considered to be among the most prospective onshore

areas in the NT for oil and gas potential and to have world-class shale source rocks, but the Basin is
under explored. Estimates of potential resources are considered to be poorly constrained, and after
unsuccessful well testing in 2014, there have been no active explorations. There is, however, still
considered to be potential for both conventional and unconventional discoveries.

6.3.6 Pedirka Basin

The Pedirka Basin occurs in the south-eastern corner of the Northern Territory in the Simpson
Desert and also extends over areas of adjoining Queensland and SA. This largely subsurface
basin overlies the Amadeus and Warburton basins, and is overlain by the Eromanga Basin. It
contains a diverse succession of fluvioglacial, fluvial, lacustrine and coal swamp, and continental
red bed deposits up to 1.5 km thick. It has an area of about 100,000 km?, and much of the basin
reaches depths of greater than 400 m. Maximum depths are in excess of 3,000 m at its deepest
points in the east. No commercial petroleum has been discovered in the Pedirka Basin, and only
non-commercial conventional hydrocarbon accumulations have been found to date in basal
sandstones of the overlying Eromanga Basin.

6.3.7 Other basins with possible shale gas potential

Other basins in the Northern Territory have possible shale gas potential but limited geological
information.

The level of geological knowledge in the Wiso Basin is low, as the basin is poorly exposed and there
have been no petroleum or deep stratigraphic wells drilled anywhere in it. As a result, the Wiso Basin
is effectively unexplored for petroleum, although minor hydrocarbon shows have been noted in two
of several drill holes. The most prospective area is considered to be the main depocentre of the basin,
the Lander Trough in the south of the Basin, with a modelled depth of 2,000-3,000 m down to a
maximum of 4,500 m.

There is also limited geological information about the South Nicholson Basin and Lawn Hill Platform
in the east of the NT. These contain interpreted stratigraphic correlatives of the McArthur Basin, and
are considered to have potential for both conventional and unconventional hydrocarbons. Their
correlations with basins with known petroleum systems, plus the lack of exploration to date, suggests
that these basins could be important frontier exploration targets in the future.

6.4 Likely areas of shale gas development in the NT

Figure 6.6 shows the current extent of granted petroleum titles in the NT as well as areas with
shale gas potential, indicating that there is current exploration attention focussed on all of the
shale gas-bearing basins, with the exception of the northern part of the Georgina Basin. In recent
years, exploration has focussed predominantly on the Beetaloo Sub-basin, which has received
around 50% of the total $505 million of exploration investment since 2010.

Figure 6.7 shows the interest holders for each of the granted petroleum exploration permits as
well as the locations of hydraulically fractured unconventional wells. These have been focussed
on the Beetaloo Sub-basin and the Georgina Basin. Not all have indicated the presence of shale
gas reservoirs.
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Figure 6.6: Granted petroleum titles and prospective shale gas areas. Source: DPIR.
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Figure 6.7: Interest holders for granted tenements and hydraulically fractured unconventional petroleum

wells in the NT. Source: DPIR.
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In response to specific information requested by the Inquiry regarding the likelihood and
timeframe for development of each basin, Geoscience Australia has noted that the Amadeus
Basin is the only onshore basin in the NT with identified reserves and existing petroleum
production infrastructure. Any new petroleum discovery made in this basin has the potential
to take advantage of pre-existing infrastructure to provide a quick path to commercialisation.
As seen with discoveries in areas such as the Cooper Basin, any new gas discoveries could
technically be brought on stream within 12 months (not taking into account any regulatory
matters to be resolved).

The potential of the Beetaloo Sub-basin has been highlighted by Origin declaring a contingent
resource, signifying that the resource is not currently commercial and that more assessment

of the resource is required prior to it being made a reserve, or that some other barriers to
commercialisation need to be overcome. Given the current moratorium on hydraulic fracturing,
this is enough of a barrier to commercialisation to prevent the resource being declared a reserve,
let alone other potential factors. If the moratorium on hydraulic fracturing was removed, the
resource would still require additional work prior to being reclassified as a reserve. This work
would include additional drilling and reservoir modelling to understand the extent and nature of
the resource, and would require at least another 12 months' work, possibly more. The decision
to move to production in a region without pre-existing infrastructure is a well-understood
assessment process involving significant investment decisions and regulatory compliance
hurdles. It is therefore unlikely that there will be any shale gas production in the Beetaloo
Sub-basin in fewer than three years.

Petroleum was first noted in the Georgina Basin in 1910 when petroliferous odours were recorded
during the drilling of water bores. More than 70 wells (petroleum and stratigraphic) have been
drilled in the Basin, but no resources have been identified. There remains a great deal of
uncertainty about the ability of the rocks within the basin to generate and host significant volumes
of hydrocarbons. In this respect, the Georgina Basin lags behind the Beetaloo Sub-basin, so any
discovery made today would almost certainly be more than three years from commercialisation
and potentially more than a decade.

All other basins in the NT would be in a similar situation to the Georgina Basin.

Noting the long lead time from exploration to development of shale gas resources, this suggests
that the most likely area for shale gas development in the foreseeable future (5-10 years) would
be the Beetaloo Sub-basin.
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6.5 Possible development scenarios in the NT

To provide historical context for this section, it should be noted that the onshore petroleum
industry has had a presence in the Northern Territory since 1959, when the first exploration
well was drilled. Although having commenced more than 50 years ago, given its size, the
industry is still in its infancy, with only 236 wells drilled so far.** Out of the total wells drilled, 145
have been decommissioned (plugged and abandoned), 26 have been suspended, and 65 are
currently producing.?® Presently, the NT has four fields that are in production. All are extracting
hydrocarbons from conventional reservoirs.

On request from the Panel, three petroleum companies with major activities in the Beetaloo
Sub-basin (Origin, Santos and Pangaea) have provided possible future development scenarios.
These are summarised in Table 6.2. For this Report, the Panel has used this information as
possible development scenarios for any onshore shale gas industry in the Beetaloo Sub-basin,
noting that these scenarios are presently uncertain.

Table 6.2: Probable shale gas developments over the next 10 years (should the moratorium be lifted).

Potential | Company | Where® EPs Number wells | Land area Water use? Gas
(Pads?) production
High Origin® Beetaloo 08, Large scale: 500 km? Large approx. 1,200 | Large:
Sub-basin, 117, 400-500 (20 km x 25 km) | ML/y for 25 years = | 400-500 TJ/d
around 76. (approx. 50-65) 30,000 ML over 20-40 years
Amungee, Small scale: (or 30 GL)* Small:
near Daly approx. 50-100 50-100 TJ/d over
Waters (6-12) 20-40 years
Santos® McArthur 161, 300-350 APProx. APProx. 200-400 Initial:
Basin, 162, (approx. 30-35) 400 km? ML/y for 30 years = | <35-100 TJ/d
Beetaloo 180. 6,000-12,000 ML Full
Sub-basin (or11 GL) development:
400-800 TJ/d
Pangaea™ | Beetaloo 167, | Approx. 300 ApPProx. 600-900 ML/y for 7 | 200-300 TJ/d
Sub-basin, 168. (approx. 24-40) | 400 km® years = 4,200-6,300
west of ML (or 4-6 GL)
Stuart Hwy
1. See Figure 6.6.
2. Assumes 8-10 horizontal wells per pad.
3. Assumes no recycling.
4. Peak total water usage, including recycled flowback fluid, for drilling and stimulation is forecast at 2,600 ML approximately 7 to 10 years into

a large scale.

24
25
26
27

DPIR submission 226, p 46.
DPIR submission 226, p 46.
Origin submission 153, p 39.

Santos submission 168, p ii, pp 35-36; Santos Ltd, submission 1249 (Santos submission 1249), pp 2-3.23 Pangaea Resources Pty Ltd, submission

220 (Pangaea submission 220), p 21; Pangaea Resources Pty Ltd 1147 (Pangaea submission 1147), p 6.
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6.5.1 Scale of development

The scale of development is difficult to establish at the current time. The estimates provided by
the three companies suggest that the combined developments over the next 25 years could
result in between 1,000 and 1,200 wells associated with around 150 well pads.28 However, the
Energy Division of DPIR predicts that approximately 15,506 shale gas wells could be developed
in the greater McArthur Basin, with possibly around 6,250 wells in the Beetaloo Sub-basin?® This
estimate is more than one order of magnitude (10 times) larger than the industry projection. No
explanation has been provided for these figures, and they do not conform with the estimates
provided by industry.

In Origin's submission, two possible scenarios are described for its tenements, namely, small
scale and large scale:

a small-scale development that would require 50-100 wells drilled from 6-12 pads using
existing regional infrastructure to access the Amadeus Gas Pipeline. This development would
occur over a 20-40 year timeframe and deliver 50-100 TJ/day (0.05-0.1 PJ); or

a large-scale development that would require new pipeline infrastructure to carry adequate
volumes of gas at 400-500 TJ/day to serve the Darwin and/or east coast markets. This
development would require between 400 and 500 wells drilled on 50-65 pads over a
20-40-year period. Additional gas-gathering systems, gas plants, and pipelines would be
required. The entire development area would cover approximately 500 km?, with a directly
affected surface area of less than 10 km? (or 2%) cumulatively. During peak production, the
development could have up to 57 well pads active with each pad comprising eight wells. The
hydraulic fracturing of these 456 wells is estimated to be staggered over 24 years.>°

Depending on pipeline capacity, Origin's proposed scale of development could be replicated

by other tenement holders throughout the Beetaloo Sub-basin or other potential onshore shale
gas basins. Preliminary estimates (based on the area of gas plays as a percentage of the total
sedimentary basin area) are that less than 30% of the Sub-basin will be the required development
area.

6.5.2 Rate of development

ACOLA suggests that to simultaneously develop the potential Australian shale gas resources,
approximately 300 drilling rigs could be operational at any one time, with full development
extending over several decades.® However, the availability of drilling rigs and hydraulic fracturing
crews in Australia is currently limited and would slow the rate at which any industry could
develop. It is therefore likely that only one or two onshore shale gas resources will be able to be
developed in the NT in the foreseeable future.

ACOLA also estimated that one drilling rig could produce between 11 and 18 wells per year.*
Allowing for wet season interruptions, this figure is optimistic for the NT. Nevertheless, if the
shale gas fields are to be developed in stages over several decades, the number of drilling rigs
required will depend on the rate of development, so that 10 rigs operating for a decade could
complete the task. ACOLA explained the infrastructure needs for a 50 PJ production target.
However, the proposed development by the three companies with leases in the Beetaloo
Sub-basin is many times (almost 10 times) greater (see Table 6.2 for details).

Whether the proposed developments would proceed in parallel or sequentially will have a
significant impact on the infrastructure, plant, equipment and workforce requirements.

28 Assuming eight horizontal wells per pad.
29 DPIR submission 226, Addendum 1.

30 Origin submission 153, p 36.

31 ACOLA Report, p 75.

32 ACOLA Report.

33 ACOLA Report.
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6.5.3 Infrastructure needs

Establishment of a full-scale shale gas industry in the NT will require the drilling of thousands
of wells, the construction of thousands of kilometres of roads and access tracks, the clearing
of vegetation from well pads, accommodation facilities, production facilities, and pipelines
for transporting the gas (see Chapter 8). This level of construction will have flow-on impacts
to regional populations, towns and Darwin itself (see Chapter 12). There will be demands for
heavy vehicles, plant and equipment, drilling rigs, hydraulic fracturing units and temporary
accommodation, as is the case with any major construction.

Information provided to the Panel regarding the infrastructure needs of the possible
development scenario in the Beetaloo Sub-basin suggests that 200 drilling pads and more than
1,000 wells could be required. Access to the well sites would require several hundred roads in the
first instance, and the installation of connecting pipelines to treatment/production facilities.

There would also be a significant surface infrastructure requirement to develop the potential
shale gas resources both in the initial drilling and hydraulic fracturing stages, and in the
development of gas pipelines feeding the gas to processing plants and then feeding the
cleaned natural gas to the gas distribution pipeline network for ultimate consumption. Gas
pipeline infrastructure in the NT is currently inadequate to handle the potential magnitude of
new discoveries in the McArthur Basin, of which the Beetaloo Sub-basin is a part. Accordingly,
trucking, or possibly rail, may be the most practicable initial options to transport the gas.

The actual infrastructure requirements (in particular, the numbers and ultimate density of

well pads through time) will require careful scrutiny in the event the moratorium is lifted and

a commercial supply of gas is developed. Experience in the US has shown that production

from individual wells, and ultimately from a whole field, declines over time, requiring additional
wells to be commissioned, or re-fracturing of existing ones, to meet demand. For example, the
disparity between the forward estimates reported for the US shale gas plays used in projecting
future production of shale gas plays and the real situation is analysed the US Energy Information
Administration Drilling Deeper Report.*® These production declines can have significant (initially
unexpected) implications for the future spatial extent of a gasfield development as well as for
increasing the original density of wells to maintain production within an initially defined footprint
area. There is currently insufficient information available for any of the onshore shale gas basins in
the NT to inform this long-term planning issue.

34 ACOLA Report, p 80.
35 Hughes 2016.
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6.5.4 Conclusion

From the above discussion, it is apparent that there still remains considerable uncertainty about
the likely scale and rate of development of any onshore shale gas industry in the NT. Having said
this, the most likely region for development in the foreseeable future is the Beetaloo Sub-basin of
the McArthur Basin.

However, the scale and rate of any such development depends on external economic
considerations (including international gas and other commodity prices. See Chapter 13), practical
constraints to the rate of development and the production success of drilling (which can only

be inferred from the limited number of exploration wells in existence). These factors suggest

that (leaving aside, for present purposes, any regulatory amendments (see Chapter 14), even if
the moratorium on hydraulic fracturing were lifted by the Government immediately, full scale
development in the Beetaloo Sub-basin would take at least 5-10 years to achieve.
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Chapter 7 Water

7.1 Introduction

Water-related risks were the central concern raised in the submissions received by the Panel and
in the community consultations. The experience of shale gas development overseas, particularly
in the US, provides some basis for this concern, noting, however, that the technological,
geological, biophysical and regulatory characteristics applying to the shale gas industry in other
countries are not necessarily comparable to those in the NT.

Concerns around the impacts of CSG development were also reflected in public anxiety about
any onshore shale gas development in the NT. However, it is important to recognise that the
process of CSG extraction is very different to that of shale gas extraction because large volumes
of water need to be extracted from the coal seam aquifer during CSG operations prior to the start
of hydraulic fracturing to ensure the gas flow (see Chapter 5).

Water is an essential part of traditional Aboriginal culture, both in terms of access for survival for
groups living in remote areas, and also in terms of its spiritual link to Aboriginal sacred sites and
religious customs. The NLC articulated the importance of water to the Aboriginal people, noting
that,

‘Water is both steeped in Aboriginal mythology and history and critical to the present day
maintenance of life, culture and livelihoods. Water always has and always will be central to
Aboriginal identity and, thus, to the continued maintenance of Aboriginal law and culture in
this country."*

The Aboriginal Areas Protection Authority (AAPA)? noted that the practice of shale gas hydraulic
fracturing could have significant impacts on sacred sites arising from interference with either
surface water or groundwater (see also Chapter 11).

The sustainable management of surface and groundwater resources will be crucial to the
development of any onshore shale gas industry in the NT. Sustainable development involves
the protection of three water-related environmental values: water quantity; water quality; and
aquatic ecosystems. The protection of these values is realised by achieving the following three
objectives: first, to ensure surface and groundwater resources are used sustainably; second,

to maintain acceptable quality of surface and groundwaters; and third, to adequately protect
ecosystems that are dependent on surface water or groundwater.

The Panel has assessed the water-related risks associated with any shale gas development in the
NT using the risk assessment framework detailed in Chapter 4. In total, 20 risks to water supply,
water quality, and aquatic ecosystems have been assessed.

The Panel has focussed its attention on the Beetaloo Sub-basin because this is the most
prospective onshore shale gas region in the NT (Chapter 6), and, more importantly, it has been
comparatively well studied. A number of the conclusions drawn for the Beetaloo Sub-basin
have broader relevance across the NT. The paucity of information about regional surface water
and groundwater processes in other regions of shale gas prospectivity in the NT has prevented
the assessment of some risks more broadly. However, the assessment methodology used

by the Panel for the Beetaloo region provides a good model for what must be applied to the
other prospective shale basins to evaluate the location-specific risks posed by any shale gas
development in those areas.

1 Northern Land Council, submission 647 (NLC submission 647). p 5.
2 Aboriginal Areas Protection Authority, submission 1150 (AAPA submission 1150).
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7.2 Water in the NT

The climate in the NT ranges from tropical and monsoonal in the north, to arid or semi-arid in the
southern and central regions. The rainfall ranges from around 2,000 mm per year in the north, to
approximately 150 mm per year in the Simpson Desert (Table 7.1; Figure 7.1).

The wet season (October-April) monsoons totally dominate the rainfall from north of around
Tennant Creek (500 mm/y), and there is virtually no rain during the dry season (May-September).
During these wet season monsoons, aquifers are recharged, floodplains are inundated, and
billabongs and waterholes are refreshed. Further south, the rainfall is also influenced by the
monsoons, but there are also increasing relative amounts of winter rain so that the low rainfall of
the southern NT becomes essentially a-seasonal.

Given the multiple decades lifespan of any onshore shale gas industry, the Panel sought
information from the Bureau of Meteorology (BOM) on the possible future changes of climate

in the NT.3 In summary, it is predicted that by 2050, there will be little change in the annual
rainfall but increased intensity of extreme rainfall events, such as the wettest day of the year.
Increased intensity during the wet season will increase runoff during storm events and influence
streamflows. There is very high confidence that warming will continue across the NT, with
different climate models predicting between 1.0-1.5 °C and 2.0-3.0 °C increases in mean annual
surface temperature by 2050.4 Not surprisingly, given the potential temperature increase, it is also
predicted that evapotranspiration (water use by vegetation) will increase, although the magnitude
of the change is unclear. The implications of climate change for groundwater processes and
recharge rates are also unclear at this stage.

Table 7.1: Long-term average rainfall and evaporation levels. Source: BOM.>

Location (station number) Rainfall (mm/yr) Evaporation (mm/yr)
Years data were collected Years data were collected

Darwin 1722 2454
(14015) (1941-2017) (1957-2017)
Katherine 1088 2270
(14903) (1943-2017) (1999-2011)
Daly Waters 675 2960
(14626) (1939-2017) (1954-1970)
Elliott 589 2743
(15131) (1949-2017) (1980-2010)
Alice Springs 284 3142
(15590) (1941-2017) (1959-2017)

3 Bureau of Meteorology submission 475 (BOM submission 475).
4 BOM submission 475, p 3.
5 BOM submission 475, p 5.
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Figure 7.1: Average annual rainfall in the NT over the period 1960-1990. Source: BOM.
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7.2.1 Surface water resources

The surface water hydrology of the NT is reasonably well known. The two main sources of
information are, first, the Department of Environment and Natural Resources (DENR) streamflow
records for most major streams in the NT, and second, the extensive information on the surface
water resources of northern Australia that was gathered in the Northern Australia Sustainable
Yields Project undertaken by CSIRO in 2009.°

The northern, central, and southern regions of the NT are distinctly different, reflecting the
contrasting patterns of rainfall amount and its seasonality. The northern region (Top End) has
extensive river and wetland systems, whereas surface water is largely absent from the southern
region, except for short periods during the wet season and isolated spring-fed systems.” The
two largest perennial river systems in the NT, the Daly and the Roper, have their flow maintained
during the dry season by discharges from the CLA groundwater system.® In the central semi-arid
regions of the NT, stream flow is seasonal (wet season) and often does not occur for years. An
insight into the permanence of water in the NT landscape has been developed by Geoscience
Australia through collating satellite imagery collected since 1987, shown in Figure 7.2. The
mainstream networks in the NT are shown in Figure 7.3. As noted below in Section 7.2.3, very little
is known about the aquatic ecology of the temporary streams and water bodies in the semi-arid
and arid regions of the NT.

Figure 7.2: Satellite images showing the variation in surface water occurrence between: (a) 1 October 2015
(late dry season), and (b) 3 January 2016 (following extreme monsoonal rains). Source: BOM.?

(a): Satellite imagery 1 October 2015. (b): Satellite imagery 3 January 2016.

CSIRO 2009.

Department of Environment and Natural Resources, submission 449 (DENR submission 449); Gautam 2017.

Bruwer and Tickell 2015; Department of Environment and Natural Resources, submission 230 (DENR submission 230), Addendum 2.
BOM 2017a.
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Figure 7.3 (a): Map of the rivers of the NT. Source: DENR.
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Figure 7.3 (b) Temporary rivers in three areas of the Beetaloo Sub-basin: (a) north-west region,
(b) southern region, and (c) north-east region. Source: DENR.
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7.2.2 Groundwater resources

Groundwater accounts for 90% of all of the NT consumptive water supplies,*® a much higher
proportion than for any other Australian jurisdiction™ The NT has a number of large groundwater
basins, including the Daly, Georgina and Wiso Basins in the central region, the Amadeus Basin to
the south and west of Alice Springs, and the Great Artesian Basin in the southeast corner.*? These
basins have large storage capacities. The Daly Basin is seasonally recharged by monsoonal
rainfall and the northern part of the Georgina Basin that is known to discharge into the Roper
River3 For the other (more arid) basins, recharge is episodic and dependent on infrequent large
rainfall events or recharge locations a long way from the NT for the Great Artesian Basin.* In
these basins, groundwater quality decreases with reduced recharge rates, and in the semi-arid
and arid zones is commonly brackish to saline, with elevated concentrations of ions such as
fluoride and nitrate.®

These contrasting groundwater basins vary in their likely sensitivity to water demands of shale
gas and other developments. As a general rule, groundwater systems in the Top End are
relatively more resilient to extraction and other impacts because they have more rapid through-
flow rates, and are replenished more frequently.® By contrast, impacts on arid zone groundwater
systems are likely to be greater and occur for longer, because these systems are recharged far
more slowly, if at all.

Predicting the likely impacts of any onshore shale gas development on groundwater resources
in prospective shale basins requires a detailed understanding of their hydrogeological

and hydrochemical characteristics under pre-development (baseline) conditions. Current
understanding of these groundwater characteristics is reasonable for parts of the Beetaloo
Sub-basin, but generally low for other prospective shale gas basins in the NT (for example, the
Northern Amadeus Basin, the Arthur Creek Formation, the McArthur Basin and the Bonaparte
Basin).*”

Imperial Oil and Gas has also provided an internal company report on the hydrology of the
McArthur Basin Central Trough.*®

DENR has collated the available information and reports for the Daly, Wiso and Georgina Basins,
which overlie the Beetaloo Sub-basin and surrounds, at depths of 100-400 m below the surface
(Figure 7.4).*° The various groundwater systems associated with these basins are broadly grouped
as the CLA, a significant regional aquifer system comprising fractured and karstic rocks.2° Karst
systems are formed by the dissolution of soluble rocks such as limestone, dolomite and gypsum
and are characterised by underground drainage systems with sinkholes and caves.

Table 7.2 summarises the current knowledge of the shallow aquifers (that is, down to a depth
of approximately 200 m) in each of the prospective shale gas basins in the NT. Information

is provided on the proximity of the aquifer(s) to the surface, the thickness and nature of the
overlying strata, and the possible preferential pathways from surface to the aquifer. This latter
information has been used in Section 7.6.3 to assess the possible contamination of surface
aquifers from surface spills of wastewater from a hydraulically fractured shale gas operation.

10 Includes water for domestic use, irrigation, stock watering and industry.

11 DENR submission 230, p 3.

12 DENR submission 230, pp 3. 6.

13 Fulton and Knapton 2015, p 37.

14 DENR submission 230, p 3; Bruwer and Tickell 2015; Fulton and Knapton 2015; GHD 2016.
15 Yin Foo and Matthews 2000; Fulton and Knapton 2015; Bruwer and Tickell 2015; GHD 2016.
16 DENR submission 230, Appendix A.

17 Department of Environment and Natural Resources, submission 428 (DENR submission 428), pp 1-12.
18 Imperial Oil and Gas Pty Ltd, submission 1163 (Imperial Oil and Gas submission 1163).

19 Tickell and Bruwer 2017.

20 Fulton and Knapton 2015, p 32.
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Table 7.2: Status of knowledge about shallow aquifers in each of the prospective shale gas basins:
proximity of aquifers to surface, thickness and nature of overlying strata, possible preferential pathways
from surface to aquifer. See Figure 6.2 for the locations of the shale basins. Source: DENR;?* Knapton;?
Bruwer and Tickell.?3

Shale basin Aquifer Summary

McArthur Basin Tindall - Hydrogeology is considerably different in the area around Mataranka (20-40 km
Northern extremity of | Cambrian south) compared to the central and southern part of the Beetaloo Sub-basin.
Beetaloo Sub-basin Limestone
(Mataranka to Aquifer
Larrimah) (CLA)

+ Geology dominated by weathered Tindall Limestone with a thin cover
of Cretaceous sandstone.

- Water table is shallow with a thin unsaturated zone and reduced or no overlying
clayey strata.

- Evidence for preferential pathways with karstic formations.

McArthur Basin Tindall’Gum - Is the only known aquifer in this region - average depth to the formation is 30 m.

Beetaloo Sub-basin Ridge (CLA) - Water table is approximately 45 m deep and aquifer expected to be intersected

East _°f Stuart Highway within 15 m of the top of the water table (that is at 60 m).
(Larrimah to Daly o . )
Waters) - Most of the region is covered by low permeability cretaceous sediments.

+ Surface expression of collapse structures in the underlying limestone exist, but
open sinkholes that provide a preferential pathway to the aquifer are rare.

McArthur Basin Anthony + This formation exists either below 50 m of Cretaceous sediment or sub crops at
Beetaloo Sub-basin Lagoon shallow depth at its margins.

East of Stuart Highway | Formation - Water table is at approximately 60 m and aquifers may be intersected within
(Daly Waters to Elliott) | (CLA) 60 m below the water table (that is at 1220 m).

- Low permeability black soils cover a large part of the Barkly Tablelands.
- Collapse structures generally do not develop in this formation.

Gum Ridge + Mostly underlies the Anthony Lagoon Formation at depth (approximately 300 m) so
Formation at low risk from surface spills, but subcrops at shallow depth on the basin margins.

(CLA) - The two aquifers (Gum Ridge and Anthony Lagoon) are vertically separated by
a low permeability layer.

+ At the centre of the basin, the top of the Gum Ridge Formation is approx.
300 m below the surface, while on the western margin near Elliott, the top of
the Formation is at 40 m depth.

- An aquifer could be expected to be intersected within 30 m of the top of the
Formation (that is at 60 m).

- The overlying layer is highly clayey with occasional disaggregated limestone beds
- there is unlikely to be preferential flow pathways in this layer.

Wiso Basin Montejinni - Extensive across the Sturt Plateau - overlain by approximately 50 m of Cretaceous
West of Stuart Limestone sediments and bounded below at approximately 70 m depth by the undulating
Highway adjacent to (CLA) Antrim Plateau Volcanics. A much shallower aquifer system than the Anthony
Beetaloo Sub-basin Lagoon Beds.

- Water table is at 50 to 60 m below surface so aquifer is very thin in most
places. Only prospective for water supply where it has infilled the troughs of the
basement.

- Significant number of collapsed structures in the limestone are expressed on the
surface as sinkholes. However, open sinkholes that provide a preferential pathway
to the aquifer are rare.

+ At Gorrie Station in the north, where the cretaceous sediments are thinnest (about
30 m) and where groundwater is intersected at 30 m, potential for preferential
pathways to the aquifer may exist.

McArthur Basin Barney Creek - Relatively few bores drilled in this region and only one detailed study for water
Formation supply in the vicinity of Borroloola.

- Aquifers overlying the Barney Creek Formation generally occur at shallow depth
and may be developed in shallow Cretaceous sediments, Proterozoic sandstone
or in the karstic terrain of the Karns Dolomite Formation.

- Water table may exist at approximately 20 to 30 m depth.
+ Surface layer is sand and clay soils.

+ Open sinkholes occur on the areas underlain by Karns Dolomite and these
represent preferred flow pathways to the aquifer.

21 DENR submission 428; Department of Environment and Natural Resources, submission 481 (DENR submission 481).
22 Mr Anthony Knapton, submission 426 (A Knapton submission 426).
23 Bruwer and Tickell 2015.
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Table 7.2: Continued

Shale basin Aquifer Summary
Georgina Basin Arthur Creek - No hydrogeological studies have been undertaken in this region.
Formation - Hydrogeological knowledge is limited to bores drilled for stock watering purposes.

- Aquifers overlying the Arthur Creek Formation mostly exist in limestone or sandstone.
- Water table is at approximately 80 to 100 m depth.

- The surface of the region is covered by a sandy and clayey weathered horizon
to approximately 50 m depth.

Bonaparte Basin - The only hydrogeological studies conducted in this region are near the Keep River
Plains.

- A palaeo-channel aquifer exists directly beneath the black soil floodplain and small
fractured rock aquifers exist in the Proterozoic rocks surrounding the floodplain
- the palaeo-channel aquifer may be intersected between 20 and 30 m below
surface, while bores in the Proterozoic fractured rock aquifers typically intersect
water below 30 m from surface.

- Water table lies at approximately 10 to 20 m depth.

- The black soil areas of the plains are low in permeability (recharge rate ~ 0.1 mm/y)
and receive no fresh recharge, while the red soils which generally overlie the
sandstone bedrock, receive moderate recharge (~ 40 mm/y) through the wet
season.

- No areas where sinkholes occur that represent preferential pathways to the aquifer.

Amadeus Basin - Aquifers have developed in sandstones, dolomites and shales and occur in
primary (intergranular) and secondary porosity (fractures, karst).

+ Depending on location, the depth to aquifers will vary from near surface (30 m) to
over 100 m - water table may be from close to surface to below 100 m.

-+ One permeability study undertaken in the Amadeus Basin over the Mereenie
Sandstone in the Rocky Hill region. This region is outside the area mapped as
overlying prospective shale gas source rocks, but results could be indicative of
weathered Mereenie Sandstone across the Amadeus Basin.

- Drainage rate was between 80 and 130 mm/Yy.

- There are no features such as sinkholes, which could represent a preferential
pathway to the underlying aquifer.

Pedirka Basin - The aquifer overlying the Pedirka Basin comprises mainly sandstones within the
sediments of the Great Artesian Basin (GAB).

- The permeable of sediments that form the aquifer may be intersected from
ground surface around the margin areas of the basin with the water table existing
at approximately 60 m.

+ Beyond the sub cropping margins, the sediments of the GAB are overlain and
the aquifer is confined by the impermeable mudstones of the Cretaceous aged
Rolling Downs Group of rocks.

- In the area underlain by the Pedirka Basin, the top of the GAB sediments may be
intersected from surface in the western margin to hundreds of metres beneath
mudstone towards the centre of the basin.

- The sediments of the GAB are highly permeable where they outcrop. Where
they are overlain by the Rolling Downs Group, the aquifer is confined and is not
susceptible to surface infiltration.
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Figure 7.4: Cambrian Limestone Aquifer overlying the three main Basins (Daly, Wiso, and Georgina)
and the Beetaloo Sub-basin. Source: DENR.?*
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Two other groundwater studies currently underway will provide additional information on the
Beetaloo Sub-basin groundwater systems. Unfortunately, these studies will not be completed in
time to be considered by the Panel. They will, however, contribute to the acquisition of baseline
information that the Panel has recommended as a prerequisite to the commencement of
production of any onshore shale gas industry (see Section 7.4.3).

The first of these studies is being undertaken by Geoscience Australia as part of its Exploring

for the Future programme.?® Geoscience Australia is studying the regional groundwaters in

two regions: in the South Stuart Corridor (between Alice Springs and Tennant Creek), and the
Northern Stuart Corridor (around Daly Waters). Both studies include the collection of targeted
new baseline geoscience information, including geophysical surveys, hydrogeological mapping
and groundwater chemistry analysis, to provide regional-scale estimates of aquifer volumes

and groundwater quality (including salinity). These investigations will help identify potential
recharge areas in all of the project areas, while also establishing baseline monitoring sites to
better understand groundwater aquifers and processes, including relative rates of recharge. For
the Northern Stuart Corridor, Geoscience Australia has advised the Panel that, “there is reasonable
data and understanding of the groundwater system north of Daly Waters, but very sparse data south
of Daly Waters’?® Both the Northern and Southern Stuart Corridor studies will be completed by
June 2020.

The second study is being undertaken by CSIRO, which has been engaged by Origin and Santos
to characterise the groundwater environment, assess the flow mechanisms in the CLA, and
assess the groundwater recharge rate and age of water in that aquifer.?” This study is expected to
be completed by mid-2018.

With all potential onshore shale gas areas in the NT, there is very little information about the
nature of the deeper groundwater systems, and moreover, there is limited understanding (based
on deep exploration drilling to date) of the deeper geological systems in these basins. The
relatively impermeable nature of gas bearing shales, and their distance beneath potable water
aquifers, suggests very limited and extremely slow (likely to be in the order of thousands of years)
interchange between shale rocks and overlying aquifers under existing conditions?®

7.2.3 Aquatic ecosystems and biodiversity

Rivers, wetlands and other water-dependent ecosystems are a dominant feature of the northern
(higher rainfall) region of the NT, and are also critical ecosystems in many parts of the central and
southern more arid regions.?® Far northern Australia has one of the world's highest concentrations
of free-flowing (undammed) rivers, and these, along with their associated wetlands, are of
international significance because of their ecological intactness and high biodiversity values.3°

Figure 7.3 illustrates the surface water networks in the NT. Most of the streams shown are
temporary. Those in the north generally flow each year during the summer wet season
(intermittent), while those in the southern semi-arid regions flow for only short periods of time
during larger wet seasons (ephemeral), and those in arid regions may not flow for many years
(episodic). Temporary water bodies (for example, waterholes and billabongs) also occur in the
semi-arid and arid regions of the NT, but generally only for short periods of time after substantial
rains.3* They are particularly important in supporting biodiversity (aquatic and terrestrial) and
provide valuable ecosystem services.3?

25 Geoscience Australia submission 414.

26 Geoscience Australia submission 414, p 5.
27 Santos submission 420, pp 10-11.

28 US EPA 20164, Chapters 6.50-6.52.

29 Duguid et al. 200s5.

30 Lukacs and Finlayson 2008.

31 Duguid et al. 2005.

32 Acuna et al. 2017, pp 13-14.

112 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



While there has been considerable research undertaken over the past decade to improve the
knowledge of surface water aquatic ecosystems in northern Australia,3 there is still a need for
this knowledge to be synthesised and collated into a coherent package for use in water resource
and environmental management in the NT. There is limited understanding of the aquatic ecology
of the temporary streams and waterbodies that dominate the semi-arid and arid regions of
Australia,3* or the environmental flows required to maintain most of Australia's tropical rivers in
good ecological health.3> One exception is the Daly River, where extensive hydrological research
has been undertaken to underpin sustainable agricultural development.3®

This lack of knowledge is not unique to Australia. Recently, Acuna et al. lamented the lack

of effective recognition and management of temporary streams around the world.3 They

argued that temporary streams in arid and semi-arid landscapes are particularly important in
supporting biodiversity, provide valuable goods and services, and should be managed as unique
ecohydrological types, not as “second-class ecosystems”3® In addition to acknowledging that
they are unique ecosystems, there is a need to develop conservation targets and management
action plans to ensure these temporary aquatic systems are not further degraded.3°

The Panel has recommended that the improved understanding of the flow-ecology relationships
of these systems be undertaken as part of the strategic regional environmental and baseline
assessment process recommended in Section 7.4.3. (Recommendation 7.5) and Chapter 15.

There is limited knowledge about groundwater dependent ecosystems (GDE) in the NT (Figure 7.5).
Many types of GDE exist, including surface water ecosystems that rely on the surface expression
of groundwater, such as rivers, waterholes and springs, terrestrial ecosystems that rely on the
subsurface presence of groundwater, and subterranean ecosystems, including cave and aquifer
ecosystems.4©

33 Pusey and Kennard 2009; Close et al. 2012; King et al. 2015; Waltham et al. 2013; Pearson et al. 2015,
34 Beesley and Prince 2010; Davis et al. 2017.

35 Warfe et al. 2011; King et al. 2015.

36 Erskine et al. 2003.

37 Acuna et al. 2014; Acuna et al. 2017.

38 Acuna et al. 2017, pp 13-14.

39 Acuna et al. 2017, pp 15-17; Boulton 2014.

40 BOM 2017a.
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Figure 7.5: Map of the groundwater-dependent ecosystems in the NT. Source: DENR.
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There is increasing awareness around Australia of the importance and need for protection of
subterranean ecosystems, including stygofauna (the invertebrates living in aquifers). For example,
in Western Australia, stygofauna are recognised as being of global significance due to high

levels of endemism and substantial diversity.#* They are known to occur in aquifers in limestone,
sandstone and alluvium in the Kimberley region.#? Recently, Queensland released guidelines for
the assessment of stygofauna,*3 and NSW released risk assessment guidelines for groundwater
dependent ecosystems.#4 The Panel is not aware of any studies of stygofauna within aquifers in
the NT.

7.2.4 Water use and management

The NT supports a diverse range of water-dependent industries, including agriculture,
horticulture, pastoralism, tourism and recreational fishing. The two largest perennially
flowing rivers, the Daly and the Roper, are particularly important tourist and recreational
fishing destinations, and are fed from the Daly, Georgina and Wiso Basins.#> The pastoral and
horticultural industries are also heavily dependent on groundwater.

7.2.4.1 Water Act

Water resource planning in the NT occurs under the Water Act 1992 (NT) (Water Act).

The Controller of Water and Minister for Environment and Natural Resources (Minister for
Environment) have powers and decision-making functions under the Water Act and are
supported by DENR.4® The Water Act provides for statutory-based water licences (entitlements),
the declaration of Water Control Districts (WCDs), and the development of water allocation plans
(WAPSs) within the WCDs.#

WCDs have been declared in areas of the NT where there is a need for improved management
of water resources to avoid overusing groundwater, river flows, or wetlands. Currently, there are
eight WCDs in the NT. Of particular relevance to this Inquiry is the Daly-Roper WCD covering the
northern part of the Beetaloo Sub-basin (Figure 7.6)*® and the Alice Springs WCD covering the
western part of the Amadeus Basin.

WAPs are developed in consultation with community and technical groups and outline how a
water resource (for example, a river or an aquifer) is to be managed. They set out the objectives,
rules and strategies, and monitoring and performance indicators for managing the water resource
to maximise environmental, economic, social and cultural outcomes (a beneficial use).49 WAPs set
limits on the availability of water assigned to each beneficial use, and define rules for managing
water licences (entitlements) and water trading.%°

WAPs have been declared for Alice Springs, Western Davenport, Katherine and Berry Springs.>*
New WAPs are being prepared for Mataranka-Daly Waters, Oolloo, Howard and Ti Tree. Three
WAPs will exist within the Daly-Roper Water Control District, Katherine, Oolloo and
Mataranka-Daly Waters, with the latter covering the northern part of the Beetaloo Sub-Basin.>?

41 WAEPA 2016.

42 WA EPA 2007, Humphreys 2006.

43 Queensland DSITI 2015.

44 Serov et al. 2012.

45 DENR submission 230, p 3.

46 DENR submission 230, p 4.

47 WaterAct, s 22.

48 https://nt.gov.au/environment/water/water-control-districts.

49 https://denr.nt.gov.au/land-resource-management/water-resources/water-allocation-plans.
50 DENR submission 230, pp 1-7.

51 https://denr.nt.gov.au/land-resource-management/water-resources/water-allocation-plans.
52 DENR submission 230, p 6.
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Figure 7.6: Daly-Roper water control district. Source: DENR.
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The NT Water Allocation Planning Framework (Framework) provides a framework for how

water must be allocated in the NT. The Framework requires that water be allocated first to non-
consumptive purposes (that is, environmental and cultural purposes). Allocations for consumptive
uses (that is, for agriculture and pastoral uses where the water does not return to the water
resource system) are then made in respect of the remaining resource. In determining how much
water should be allocated to consumptive and non-consumptive uses, the Framework provides
that all available scientific data should be used. Where no scientific research is available, the
Framework sets rules for how water is to be allocated. 53 For the Top End of the NT, these rules
require that 80% of a river flow at any time, and at least 80% of the annual recharge of an aquifer
must be allocated to the environment. For the arid zone (which includes the semi-arid zone),

at least 95% of a river's flow at any time must be allocated to the environment, and for aquifers,
there should be no deleterious change to groundwater dependent ecosystems, and total
extraction over a period of at least 100 years should not exceed 80% of the total aquifer storage at
the start of extraction.

The Government recently introduced a Strategic Aboriginal Water Reserve policy to provide
Aboriginal people ‘with increased opportunity to access water resources for their economic
development. Strategic Aboriginal Water Reserves (SWRs) are a reserved percentage of water
from the consumptive pool within a Water Allocation Plan area exclusively accessible to eligible
Aboriginal people to use, or trade.” %

Many high yielding aquifers within the NT are close to full allocation against the prescribed
contingent allocations.5® Groundwater and surface water resources in a number of specific areas
such as Alice Springs, Darwin Rural, Douglas Daly, Katherine and Mataranka are recognised as
being under pressure from resource development.5°

7.2.4.2 Application of the Water Act to petroleum activities

Petroleum activities (which would include the extraction of any onshore shale gas) are currently
exempt from the application of certain provisions of the Water Act, including the requirement

to have a water extraction licence (entitlement).?” This also means that shale gas operations are
not considered in WAPs. The exemption of shale gas developments has been the case since the
introduction of the Water Act in 1992, reflecting Government's longstanding position that activities
undertaken on petroleum tenements are appropriately regulated by petroleum legislation
administered by DPIR.

On 18 November 2015, the previous Government announced its intention to amend the Water
Act to remove this exemption so that the Water Act would also apply to mining and petroleum
activities.5® The current Government has also committed to remove the exemption to ensure that
the mining and petroleum industries are subject to the same licence and permit requirements as
all other water users.®® To date, however, this amendment has not occurred.

If the Water Act is amended, the effect will be that gas companies will be required to obtain a
water extraction licence for groundwater under s 30 of the Water Act. Gas companies would
also require a licence from the Controller of Water Resources to drill or construct a water bore,
discharge to a surface or groundwater system, build a dam or similar structure, interfere with
a waterway, recharge an aquifer, or dispose of waste underground. The Water Act currently
prohibits all these activities unless a person has a licence or exemption.

At this stage, it is unclear to the Panel what conditions the Controller of Water Resources would
place on water extraction by gas companies should the relevant exemption under the Water Act be
removed.

The Panel notes that under the current water legislation, water licences for consumptive uses are
free, a situation that does not exist anywhere else in Australia.®® The Panel s firmly of the view

that the Water Act should be amended to require shale gas companies to acquire and pay for water
extraction licences for their activities. For example, assuming that permanent licences for 3,000-
5,000 ML /y of water are needed for the Beetaloo Sub-basin shale gas operations (see Section
7.3.1.4), at a possible cost of $1,000 per ML, this would raise $3 to $5 million for the Government.

53 DENR submission 230, Appendices A and B.
54 NT Government 2017c.

55 DENR submission 230, Appendices A and B.
56 DENR submission 230, p 6.

57 Water Act, s 7; DENR submission 230, p 7.
58 DENR submission 230, p 7.

59 DENR submission 230, p 10.

60 NWC 2015.

7.WATER 117



The Panel also notes a recent report by the Productivity Commission that the Water Act is still not
compliant with the National Water Initiative. It recommended that, ‘the Northern Territory should
establish statutory-based entitlement and planning arrangements that provide for water access
entitlements that are long-term, not tied to land, and tradable”®*

Recommendation 7.1

That the Water Act be amended prior to the grant of any further exploration approvals to require
gas companies to obtain water extraction licences under that Act.

Recommendation 7.2
That the Government introduces a charge on water for all onshore shale gas activities.

7.2.4.3 Petroleum Act

Currently, water use and extraction by gas companies is regulated under the Petroleum Act

and supporting regulations. In terms of water extraction on a petroleum exploration permit, the
Petroleum Act allows interest holders to ‘use the water resources of the exploration permit area for
his domestic use and for any purpose in connection with his approved technical works program and
other exploration"®?

In the event that the water extraction in a petroleum permit area may have an adverse
environmental impact, an environment management plan must be approved under the
Petroleum Environment Regulations before the activity can proceed (see Chapter 14). It is open to
the Minister for Resources to attach conditions to any approval of an environment management
plan to ensure that the undertaking of the activity is consistent with the principles of ESD.®3

At this stage, it is not clear what conditions the Minister would place on water extraction because
the Minister has not considered any application under the Petroleum Environment Regulations to
undertake hydraulic fracturing.

As noted above, the Panel has recommended that the Water Act be amended immediately, and
in so doing, duplication in approvals for the same activity should be avoided.

7.2.4.4 EPBC Act

The Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act) provides
the legal framework to protect and manage nationally and internationally important flora,
fauna, ecological communities, and heritage places. The Act can trigger a requirement for an
environmental impact assessment of activities that are listed as having potential impact on
matters of national environmental significance (MNES), including nationally threatened species
and migratory species. If a MNES might be affected by a development, the project may require
assessment under the EPBC Act.

In 2013, the Australian Government introduced a ‘water trigger' into the EPBC Act through the
Environment Protection and Biodiversity Conservation Amendment Act 2013 (Cth). Specifically, this
amendment provides that water resources are a MNES in relation to CSG and large coal mining
development. An action that involves a CSG development or a large coal mine requires approval
from the Commonwealth Minister for the Environment if that action has, will have, or is likely to
have, a significant impact on a water resource. Currently, the water trigger in the EPBC Act does
not apply to shale gas developments despite water resources clearly being of environmental
significance to these developments. There is no good reason why that Act should not be
amended to apply the water trigger to onshore shale gas.

Recommendation 7.3

That the Australian Government amends the EPBC Act to apply the ‘water trigger’ to onshore
shale gas development.

61 Productivity Commission 2017, p 24.
62 Petroleum Act, s 29(2)(d).
63 Petroleum Environment Regulations, cl 11(2)(a)(i).
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7.3 Likely water requirements of any onshore shale gas industry in the NT

The onshore shale gas industry in Australia is still in its relative infancy, and the average volume
of water needed to hydraulically fracture Australian shales is not as well known as the average
volume required for CSG extraction.® The actual volume required for the hydraulic fracturing
process in any given basin depends on the local geological conditions (such as depth to shale
layers, porosity and existing fractures in the shale), the number and length of the horizontal wells,
and the number of fracture stimulations along each horizontal well. It can vary both within, and
between, geological basins.

Current estimates indicate that typically 1-2 ML is required for each of the well drilling and
hydraulic fracturing stages of a fracture stimulation program,®s although actual volumes can

vary depending upon the particular conditions at a site, the length of the horizontal well, and the
number of fracturing stages. For example, the US EPA reported that the median volume of water
required to fracture a horizontal gas well in the US in 2014 was 19 ML, noting that the average
number of fracturing stages at this time was about 14. This number has now increased to about
30 stages.®® Origin has suggested that it will require 50-60 ML for drilling and stimulation per well
in the Beetaloo Sub-basin, based on a 20-40 stage hydraulic fracturing program per well, while
also noting that the industry is utilising longer laterals and an increased number of hydraulic
fracturing stages.®”

The water requirements for Origin's 2016 testing of the Amungee NW-1H well in the Beetaloo
Sub-basin were consistent with this estimate, with approximately 11 ML required for the full
11-stage fracture stimulation program, and between 0.7 to 1.4 ML per stage.®® Section 7.3.1.4
provides further details on the potential water requirements for drilling and hydraulic fracturing
for a possible shale gas development in the Beetaloo Sub-basin.

DPIR has identified four major basins in the semi-arid and arid regions of the NT where onshore
shale gas development could potentially take place (see Chapter 6).°° Given that surface water
resources typically only occur in these regions for a few months of the year, and even then only
during large wet seasons, it is likely that groundwater will be the main water resource available
for any onshore shale gas developments, at least in semi-arid and arid regions of the NT.

It is increasingly common practice for proponents to recycle as much of the flowback fluid

from the hydraulic fracturing operations as possible.”® This can comprise up to 30-80% of the
water requirements for the operation, depending on the amount that reports as flowback,”* and
therefore, reduce the demand for groundwater. However, the extent to which this flowback water
can be reused for hydraulic fracturing depends on its salt content and any residual chemicals.
Origin, Santos and Pangaea Resources Pty Ltd (Pangaea) all expect to recycle in excess of 30%
of the flowback fluid.”2 Origin has indicated that the composition of the flowback water from

the Amungee NW-1H well would be compatible with reuse for subsequent hydraulic fracture
operations.”3

The Panel considers the major water use by any onshore shale gas industry would be for
drilling and hydraulically fracturing. Although, as the Northern Land Council has indicated in
its submission, the industry will need water for other uses including, “water requirements for
infrastructure, construction, dust suppression, maintenance and drinking" 7

64 ACOLA Report, p 114.

65 ACOLA Report, pp 113-114; US EPA 2016a, pp 4-10; APPEA submission 215, pp 45-46.
66 US EPA 2016a.

67 Origin submission 153, p 85.

68 Origin submission 153, p 86.

69 DPIR submission 226, p 2.

70 US EPA 2016a, Chapter 8.1.

71 US EPA 2016a, Chapter 8.

72 Origin submission 153; Santos submission 168, p 97, Pangaea submission 220, p18.
73 Origin submission 433, pp 20-26.

74 Northern Land Council, submission 471 (NLC submission 471), p 8.
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7.3.1 Beetaloo Sub-basin case study

7.3.1.1 General

As noted in Chapter 6, the Beetaloo Sub-basin is the most prospective shale gas region in

the NT (Figure 6.2). It is also a region where groundwater resources have been relatively well
studied, albeit with important knowledge gaps. As stated above, it is for this reason that the Panel
has used the Beetaloo Sub-basin as a case study to better understand the water-related risks
associated with any onshore shale gas industry in the NT.

The Beetaloo Sub-basin is a subsurface basin within the broader McArthur Basin, with no surface
expression or local outcropping of the rocks. The Sub-basin has a thickness of greater than

3,000 m below the overlying basins and the Sturt Plain (Figure 7.7). It underlies a relatively flat
landscape (115-319 m Australian height datum (AHD)) and has an area of approximately 27,000
km?2. The Sub-basin's climate ranges from a dry tropical savannah climate in the north, to a warm
desert climate towards the south. The average rainfall ranges from around 800 mm in the north
to around 600 mm in the south (Table 7.1). This rainfall is closely linked to the northern Australian
monsoonal system, and falls largely between December and March each year.

Figure 7.7 (a): Stratigraphic section of the Beetaloo Sub-basin region showing the relative positions of the
Anthony Lagoon Formation and Gum Ridge Formation aquifers. Source: Origin.7s
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75 Origin submission 153, p 54.
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Figure 7.7 (b): Geological cross section from Mataranka to south of Daly Waters of the Cambrian Limestone
Aquifer, showing the Tindall Limestone, the Gum Ridge Formation and the Anthony Lagoon Formation.
Source: Tickell 2015.7°
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The Panel has received submissions from Imperial Oil and Gas and Hancock Prospecting Pty Ltd
(Hancock Prospecting) expressing concern that they may be disadvantaged if only the Beetaloo
Sub-basin is considered for the development of any onshore shale gas industry.”” Imperial Oil and
Gas argues that it has viable shale gas reservoirs covered by exploration permits in the McArthur
Basin Central Trough.”® Hancock Prospecting has two exploration permits (EP 153 and EP 154) east
of Mataranka and outside the area of Beetaloo Sub-basin (see Figure 6.6).

Imperial Oil and Gas and Hancock Prospecting have also argued that the boundary marked on
Figure 6.6 is arbitrary and that additional drilling is likely to show the shale resource extending
further to the north.”® They also note that the Northern Territory Geological Survey is conducting
work in this region. Hancock Prospecting EP 154 is close to the Roper River and Elsey National
Park, and it is undoubtedly for this reason that Hancock Prospecting has informed the Panel that
it will relinquish portions of EP 154 to allow a 25 km buffer from the Mataranka Hot Springs and the
Roper River and a 15 km buffer from Elsey National Park.2° Hancock Prospecting has indicated to
the Panel that these buffer zone distances “were a subjective assessment .. of the distance required
to provide comfort to the community that these areas were not at risk, rather than any reference to
any scientific rationale.”®* In response to the Panel's questions, Hancock Prospecting provided
references to studies suggesting that hydraulic fracturing of shale gas resources was unlikely

to cause problems to surface water aquifers.®2 However, these studies are not specific to the

area covered by Hancock Prospecting's EP. Additionally, Hancock Prospecting has not provided
any evidence that its use of the groundwater resources would not adversely affect
groundwater-dependent ecosystems in this region (for example, Mataranka Hot Springs). The
Panel also notes that Mataranka business owners, residents and Aboriginal communities have
rejected this suggested buffer zone as ‘not enough’®3

76 Tickell 2015.

77 Imperial Oil and Gas Pty Ltd, submission 300 (Imperial Oil and Gas submission 300), p 5; Hancock Prospecting Pty Ltd, submission 461
(Hancock Prospecting submission 461).

78 Imperial Oil and Gas Pty Ltd, submission 408 (Imperial Oil and Gas submission 408).

79 Imperial Oil and Gas submission 300, p 5; Hancock Prospecting submission 461.

80 Hancock Prospecting submission 461, pp 1-2.

81 Hancock Prospecting Pty Ltd, submission 645 (Hancock Prospecting submission 645), p 3.

82 Hancock Prospecting submission 645, p 3.

83 The Katherine Times, 27 September 2017, p 7.
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Mataranka Falls. Source: Max Rawlings.

7.3.1.2 Surface water
The Beetaloo Sub-basin consists of three surface water drainage basins (Figure 7.3 (b)):84

first, the internally draining Newcastle Creek and Bucket Creek system that ends in Lake
Woods;

second, the north-west flowing Western Creek and Birdum Creek system that drains into
Elsey Creek and then into the Roper River; and

third, the largely east flowing creeks that drain towards the Gulf of Carpentaria, including
Limmen Bight River, October Creek and Cox River.

Although these creeks flow only for short periods during the wet season, there can be substantial
flows and flooding depending upon the wet season, as is shown by the modelled one-in-10-year
and one-in-100-year flood flows in Newcastle Creek, Daly Waters Creek and Elsey Creek in Table
7.3. Additionally, Figure 7.8 shows the modelled extent of flooding for a one-in-100-year flood
event, primarily for Newcastle Creek 8 Ms Pauline Cass®” provided information to the Panel to
make the point that the Beetaloo Sub-basin is prone to severe storms and flooding during the
wet season, making access to well pads and infrastructure difficult during these times, and also
making wastewater ponds at risk of overflowing.

84

86
87

DENR submission 449; Gautam 2017, p 9, Fig 3.1.

Santos submission 168, pp 50-51. The headwaters of these streams are associated with the Santos EP161, located on the eastern edge of the
Beetaloo Sub-basin.

DENR submission 449; Gautam, 2017, pp 10-14.

Ms Pauline Cass, submission 1152, p 2.
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High flow in Newcastle Creek. Source: Dr. Matt Bolam.

Table 7.3: Flood frequency analysis for major creeks in the Beetaloo Sub-basin. Flows in ML/d. See Figure
7.3 for gauging station locations. Source: DENR.88

Newcastle Cr at Daly Water Cr Elsey Cr at Warlock Ponds
Stuart Highway (G9030124) (G9030001)
(G0280009)
1:100-year flow 362,000 12,000 126,000
1:10-year flow 53,000 2,200 26,000

88 DENR submission 449.
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Figure 7.8: The extent of a 1:100 year flood in Newcastle and Bucket Creeks. Source: DENR.
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The CLA s critical for maintaining baseflow in the Roper River system and for sustaining Elsey
National Park, Mataranka thermal pools, Red Lily Lagoon, and the riparian vegetation along

the Roper River beyond the Beetaloo Sub-basin.& The Tindall aquifer extension of this system

to the northwest also maintains base flow in the Daly River. However, the Panel has very little
information on the location, hydrological characteristics and ecology of temporary water bodies
more broadly in the Beetaloo Sub-basin. An exception is the recent report on the biology of
Longreach Waterhole®. The Panel has recommended that this information be obtained as part of
a SREBA (see Section 7.4.3 and Recommendation 7.5).

7.3.1.3 Groundwater

The limestone formations, including the Tindall Limestone in the Daly Basin, the Montejinni
Limestone in the Wiso Basin and the Gum Ridge Formation in the Georgina Basin, host the
majority of the groundwater resources in the region (Figure 7.4).9* However, no hydrogeological
distinction is made between each of the formations, and they are considered to constitute a
single, extensive aquifer system: the CLA 92

The Beetaloo Sub-basin groundwater system consists of two parts; east and west of the Stuart
Highway (Table 7.2).93 Groundwater systems hosted in the Georgina (east) and Wiso (west)

Basins, respectively, overlie these parts. East of the Stuart Highway, the Georgina Basin hosts two
groundwater systems: an upper system within the Anthony Lagoon Formation and a lower system
within the limestones of the Gum Ridge Formation. To the west of the Stuart Highway, the Wiso
Basin in the Sturt Plateau region is mostly shallow and hosts a single thin aquifer in the Montejinni
Limestone.®* In much of the Georgina Basin, the Gum Ridge aquifer occurs below the Anthony
Lagoon Beds, approximately 35-220 m (average 105 m) below the surface (Figure 7.7 (b)).9> To the
north in the Daly Basin, the hydro-stratigraphically equivalent Tindall Limestone Aquifer forms the
main aquifer system.

The regional groundwater flow of the aquifers in the Beetaloo Sub-basin is generally northwards,
as shown in Figure 7.4. It has been reported that the flow is greater in the north (steeper hydraulic
gradient) and that the lower hydraulic gradient in the south is due to the more limited recharge
due to lower rainfall. Groundwater flow rates vary considerably from tens of m/y around
Katherine to 1 m/y and less in the Beetaloo Sub-basin.9®

The Panel has been informed by DENR that no monitoring of groundwater levels is currently
undertaken in either the Anthony Lagoon Formation or Gum Ridge Formation aquifers and
‘*hence, there is no knowledge of the behaviour and response to seasonal or event based recharge
to the Anthony Lagoon Formation aquifer. Any inference of recharge in the Gum Ridge (Tindall
Limestone) Formation basin is made through assessment of groundwater quality data and water
isotope analysis which indicate fresher and younger groundwater on the western margin of the basin
(approximately parallel to the Stuart Highway).” 97

An estimated 800 registered water bores in the Beetaloo Sub-basin®® extract around 6,000 ML/y
of groundwater, presumably from the shallow CLA, with most of this used for stock watering.?®
This aquifer also provides domestic water for several Communities, including Elliott, Newcastle
Waters, Daly Waters and Larrimah. Just north of the Beetaloo Sub-basin, the towns of Mataranka
and Katherine access water from the same aquifer system. Katherine is the largest user at 8,000
ML/y, although not all of this comes from the Tindall Limestone Aquifer.°©

There is limited information about the groundwater systems in rocks underlying the CLA and their
connectivity with this groundwater system.

89 Bruwer and Tickell 2015; A Knapton submission 426.

90 Dr. Matthew Bolam, submission 523; Eldridge and Schubert 2017.

91 DENR submission 428, pp 7-8.

92 DENR submission 428, p 7.

93 DENR submission 428, p 8.

94 Fulton and Knapton 2015; Bruwer and Tickell 2015; GHD 2016; DENR submission 428, p 8.
95 DENR submission 428, p 8; Fulton and Knapton 2015, pp 38-40.

96 Department of Environment and Natural Resources, Submission 429 (DENR submission 429), pp 2-4.
97 DENR submission 230, p 2.

98 Origin submission 153, p 46.

99 Fulton and Knapton 2015.

100 DPIR submission 226, Addendum 2.
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Water bore.

Groundwater processes

Knowledge of the recharge rate of an aquifer is important because it is used by water resource
management agencies to estimate the ‘sustainable yield' of an aquifer, that is, the volume that
can be extracted annually for consumptive uses without causing short- or long-term adverse
impacts on the aquifer.

Details of the processes controlling recharge of the majority of the CLA are poorly known,**
although it is considered that recharge only occurs in the wet season when rainfall intensity

and duration are sufficient to overcome evapotranspiration. Infiltration through sinkholes and
preferential recharge through soil cavities are thought to be the dominant recharge mechanisms.
DENR suggests that recharge through the soil matrix only occurs if the total annual rainfall
exceeds around 700 mm/y.**? Bruwer and Tickell found that the observed groundwater levels
around Mataranka (rainfall 1,035 mm/Yy) were seasonally responsive, while those at Larrimah
(rainfall 860 mm/y) showed a muted response to rainfall.**3

For the most studied northern part of the CLA, between Mataranka and Daly Waters, the recharge
rate has been estimated at between 100,000 ML/y and 300,000 ML/y.**4 Jolly et al. derived a
recharge rate of around 100,000 to 130,000 ML/Y, largely on the basis of the dry season flow in
the Roper River, assuming this is entirely groundwater fed.**> However, Bruwer and Tickell used

a number of empirical approaches to estimate a higher recharge rate for the region between
Mataranka and Daly Waters of around 330,000 ML/y over the past 30 years.1°®

The area around Mataranka (that is, up to around 20 to 40 km away from the springs and

Roper River area) has very different hydrogeology to that in the Beetaloo Sub-basin. The
hydrogeological environment of the Beetaloo Sub-basin is characterised by a deep water table,
thick unsaturated zone, intervening clay strata and lower rainfall, and therefore, recharge. The
environment around Mataranka is dominated by weathered Tindall Limestone with a thin cover of
Cretaceous sandstone, a shallower water table, a thinner unsaturated zone, and reduced clayey
strata in the unsaturated zone, and a higher rainfall.**”

101 Fulton and Knapton 2015, p 37.

102 DENR submission 428, p 12.

103 Bruwer and Tickell 2015, pp 32, 35.

104 Jolly et al. 2004; Bruwer and Tickell 2015; Fulton and Knapton 2015, p 38.
105 Jolly et al. 2004.

106 Bruwer and Tickell 2015.

107 Bruwer and Tickell 2015; A Knapton submission 426, p 3.
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There is also evidence for preferential pathways from the surface to the groundwater as the
geological environment around Mataranka is similar to that around Katherine with karstic
formations and sinkholes evident °® The thinner and more permeable unsaturated layer, the
possible preferential pathways, and the higher rainfall all contribute to the higher recharge of
groundwater in this area.*® Estimating recharge rates for surface aquifers in the southern region
of Beetaloo Sub-basin from Daly Waters to Elliott is complicated due to the two-aquifer system
in this region (that is, the Anthony Lagoon Formation aquifers overlying the Gum Ridge aquifers
(Figure 7.7 (b)) and the lower rainfall (Table 7.1).**° Geoscience Australia has noted that. ‘there

is reasonable data and understanding of the groundwater system north of Daly Waters, but very
sparse data south of Daly Waters"***

Tickell and Bruwer suggest that the Anthony Lagoon Formation aquifers are most likely
recharged through two possible mechanisms: direct infiltration of rainfall, or the infiltration of
standing surface water accumulated in the shallow chain of lakes on the Barkly Tablelands
following large rainfall events.**

Direct infiltration recharge to the Gum Ridge aquifers between Daly Waters and Elliott is not likely
due to the confining sediments of the Anthony Lagoon Formation. Bruwer and Tickell suggest
that the most likely recharge mechanism is through the sediments of the Ashburton Range,
which forms the western boundary of this aquifer. Water quality analyses and carbon dating

of groundwater in the Gum Ridge Formation support this mechanism, as fresher and younger
groundwater occurs in the aquifer parallel to the western contact zone 3

The most recent information available to the Panel indicates that because of the very low
hydraulic gradient and low recharge, the rate of groundwater flow over the bulk of the Beetaloo
Sub-basin is unlikely to exceed 1 m/y.*** This slow rate of movement has important implications
for the design of monitoring systems as well as for assessing the risk likely to be posed by any
contamination of the groundwater (see Sections 7.6.1, 7.6.2 and 7.6.3). By contrast, further to the
north and closer to the discharge zone into the Roper River, the flow velocity has been estimated
to be as high as 1,000 m/y.*5

As noted earlier, both Geoscience Australia and CSIRO are currently undertaking regional and
local-scale studies to improve understanding of recharge mechanisms and total aquifer storage
and sustainable yield in the Beetaloo region. Unfortunately, these studies are not scheduled for
completion in time for the Inquiry to deliver this Report.

Water quality

The near surface (that is 200-200 m deep) groundwater quality within the Beetaloo Sub-

basin is quite good.*® In the underlying Gum Ridge Formation, the total dissolved salts (TDS)
concentration is around 500 mg/L, while the overlying Anthony Lagoon aquifer is saltier (TDS
around 1,000 mg/L), but is used by pastoralists for stock watering because of the extra cost of
having to drill into the deeper (lower salinity) Gum Ridge aquifer.

Fulton and Knapton and Tickell and Bruwer have summarised water quality data for the major
groundwater basins, including the Beetaloo Sub-basin.**” The major ion concentrations for the
Gum Ridge and Anthony Lagoon aquifers in the Beetaloo Sub-basin are shown in Table 7.4.
Both aquifers display a Na-Ca-Mg cationic signature and a HCO,-SO, anionic signature. The high
proportion of Ca-Mg-HCO, is expected in these limestone and dolomite aquifer systems 8

As discussed further in Section 7.5.2, it is possible that the gas companies could use deeper,
poorer quality groundwater for hydraulic fracturing.

108 Karp 2008; A Knapton submission 426, p 3.

109 Bruwer and Tickell 2015; A Knapton submission 426, p 3.

110 DENR submission 428, p 14; Tickell and Bruwer 2017, pp 35-45.
111 Geoscience Australia Submission 414, p 5.

112 Tickell and Bruwer 2017, pp 19-21.

113 DENR submission 428, p 14; Tickell and Bruwer 2017.

114 DENR submission 429, pp 2-3.

115 A Knapton submission 426, p 2; Karp 2005; Karp 2008.

116 Fulton and Knapton 2015, p 38.

117 Fulton and Knapton 2015, p 39; Tickell and Bruwer 2017, pp 23-31.
118 Fulton and Knapton 2015, p 40.
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Table 7.4: Groundwater quality of Beetaloo Sub-basin aquifers. Source: Fulton and Knapton 2015, Tickell and
Bruwer 2017.1%7

Aquifer No of Conductivity Major ion concentration (mg/L)"

samples (uS/cm)
Ca Mg HCO3 SO A
Gum Ridge 144 350-3000 75 2-440 16-200 11-116 56-680 6-650 2-620
(1390) (130) (86) (53) (440) (150) (160)
Anthony 86 670-6470 7.6 9-380 12-300 25-134 86-530 | 18-980 16-570
Lagoon (1590) (150) (88) (57) (330) (230) (210)

* mean concentration in brackets

Groundwater dependent ecosystems

There is insufficient information concerning GDEs in the Beetaloo Sub-basin or elsewhere in the
NT. The SREBA recommended in Section 7.4.3 seeks to address this knowledge gap.

DENR suggests that groundwater dependent surface ecosystems are unlikely to occur in the
Beetaloo Sub-basin because the groundwater table in this region is typically greater than 30 m
deep and is not connected to the surface.’*® However, the Panel is not aware of any systematic
survey to locate groundwater dependent surface ecosystems in this region and that it is possible
that some may be present.

It is also possible that stygofauna are present in these aquifers, but again the Panel has not been
able to identify any studies of stygofauna in that region. The potential importance of stygofauna
has been highlighted in at least one submission.*?* Given the karstic nature of the landscape,

the Panel's view is that there is considerable likelihood of groundwater dependent (including
stygofauna) or groundwater influenced ecosystems associated with springs, sinkholes, caves and
preferential groundwater flow pathways in the Beetaloo Sub-basin. Such groundwater dependent
ecosystems are likely to be susceptible to excessive groundwater use and any contamination
from shale gas hydraulic fracturing operations.*??

As noted above, the Daly and Roper river systems are important groundwater dependent
ecosystems. Their flows during the dry season are sustained by groundwater discharges from the
CLA2 Although the Roper River system is outside the Beetaloo Sub-basin, concern has been
expressed that this system could be adversely affected if the quantity or quality of the aquifer
discharging into this system was influenced by any shale gas industry in the Beetaloo Sub-
basin.**4 The Panel's assessment of the risks to surface and groundwater dependent ecosystems
are contained in Section 7.7.

7.3.1.4 Possible development scenarios

The three petroleum companies currently with exploration activity in the Beetaloo Sub-basin,
Origin, Santos and Pangaea, have provided the Panel with various possible onshore shale gas
development scenarios.*?5 Their estimates suggest a combined development over the next 25
years that could result in some 1,000 to 1,200 wells, associated with approximately 150 well pads.*?®

The development scenario proposed by the petroleum industry will require an average of
2,500 ML/y (up to 5,000 ML/y at peak demand) of water for well drilling and hydraulic
fracturing,®®” or a total of 20,000-60,000 ML from the aquifer system over the 25 years. Origin
provided indicative water requirements for a 450 well shale gas operation over 25 years, which
will require an average of around 1,200 ML/y, reaching a maximum of around 2,500 ML per year
between years five and nine (Figure 7.9).128

119 Fulton and Knapton 2015; Tickell and Bruwer 2017.

120 DENR submission 230, Addendum 1.

121 Stygoecologia Australasia, submission 407 (Stygoecologia submission 407).

122 A Knapton submission 426, p 2.

123 Bruwer and Tickell 2015.

124 Mr Michael Somers and Mrs Glenys Somers, submission 377 (Somers submission 377), p 1; A Knapton submission 426, p 2.

125 Origin submission 153, p 36; Santos submission 168, p 35; Pangaea submission 220, p 21.

126 Assuming eight horizontal wells per pad.

127 This assumes around 1-2 ML would be required for the drilling of each well and 1-2 ML for each hydraulic fracture stage or around 10-20 ML
for a 10-stage stimulation of each well.

128 Origin submission 153.
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Figure 7.9: Indicative water requirements for a 450 well shale gas operation over 25 years. Note this assumes
30% recycling of flowback water. Source: Origin.1?°
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DPIR has also provided the Panel with estimates of the size of a potential onshore shale gas
industry, and its water use, in the NT.»3° DPIR envisages a larger shale gas industry, possibly
around 6,250 wells, for the Beetaloo Sub-basin,*3* although it should be noted that DPIR
estimates do not include any assessment of the economic viability of the onshore gas industry,
and are based solely on potential supply, rather than demand, scenarios with no cogent evidence
supporting this estimate.’3® A development scenario that produces 53,250 PJ of gas over

40 years (around 6,250 wells, about 420 well pads), with each well producing 8 PJ of gas, would
require 125,000 ML of water over the 40 years (or around 3,000 ML per year), assuming that each
well requires 25 ML of water and that there is a 20% recycle rate.

74 Assessment of water-related risks

74.1 General

The Petroleum Environment Regulations®33 require that an environment management plan
(EMP)*34 must be prepared and approved by the Minister for Resources prior to commencing
hydraulic fracturing, because it is ‘regulated activity"*3> The EMP must include an environmental
risk assessment and strategies'3® to ensure that:

onshore oil and gas activities are carried out in a manner consistent with the ESD principles;
and

environmental impacts and risks associated with onshore oil and gas development
activities are reduced to a level that is ALARP and acceptable.

The Panel has used the risk assessment methodology set out in Chapter 4. For the purposes of
describing the ‘consequence’ and ‘likelihood' levels that are ‘low’, ‘'medium’ and ‘high’, the Panel
has developed the descriptions in Table 7.5.

129 Origin submission 153, p 86.

130 DPIR submission 226, Addendum 1.

131 DPIR submission 226, Addendum 1, p 4.

132 DPIR submission 424, p 7; DPIR submission 226, Addendum 1.
133 Petroleum Environment Regulations Guide.

134 Petroleum Environment Regulations Guide, p 20.

135 Petroleum Environment Regulations, cl 5.

136 Petroleum Environment Regulations Guide, p 26.
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Table 7.5: Acceptability criteria adopted for the water-related risks.

Environmental

Environmental objectives

Acceptability criteria

value

Water quantity Surface water To ensure surface water resources are Low likelihood that water use will exceed
used sustainably. 20% of flow at any time.”’
Groundwater - To ensure ground water resources are Low likelihood that water use will exceed
regional used sustainably. 20% of the 'sustainable yield' at any time.?
Groundwater - To ensure ground water resources are Low likelihood that drawdown of water
local used sustainably. supply bores within 1 km of shale gas
development will be greater than 1 m.
Water quality Surface water To maintain acceptable quality of Low likelihood that any toxicant will
surface water resources. exceed the NHMRC drinking water
guidelines (human health) or ANZECC
water quality guidelines (stock drinking,
agriculture).?
Groundwater To maintain acceptable quality of Low likelihood that any toxicant will
groundwater resources. exceed the NHMRC drinking water
guidelines (human health) or ANZECC
water quality guidelines (stock drinking,
agriculture) in water supply bores?
Aquatic Surface water - use | To protect surface water dependent Low likelihood that water use will exceed
ecosystems ecosystems. 20% of flow at any time.”’
Surface water - To protect surface water dependent Low likelihood that any toxicant will
quality ecosystems. exceed the applicable ANZECC water
quality guidelines for protection of aquatic
life®
Groundwater - To protect groundwater dependent Low likelihood that any toxicant will
quality ecosystems. exceed the applicable ANZECC water
quality guidelines for protection of aquatic
life@
Aquatic Surface and To protect surface water and No significant long-term change in
biodiversity groundwater groundwater aquatic biodiversity. aquatic biodiversity.
resources

(1) DENR water allocation rules (DENR submission 230, Appendix A and B).
(2) Note: some toxicity of some chemicals in shale gas wastewater to human health, stock or aquatic ecosystems are not yet known.

There are a number of national and international guidelines and standards for human and
environmental risk assessment that can be used to guide the development of risk assessments
for onshore shale gas developments. These include:

- Standards Australia/Standards New Zealand, Risk management - principles and
guidelines;*3”

- Standards Australia/Standards New Zealand, Managing environment-related risk;3®

- Environmental Health Risk Assessment: Guidelines for assessing human health risks from
environmental hazards,*3°

- Environmental risk assessment guidance manual for industrial chemicals*4°
- Environmental risk assessment guidance manual for agricultural and veterinary chemicals,**

and

- Chemical Risk Assessment Guidance Manual: for chemicals associated with coal seam gas
extraction*4?

137 AS/NZS 2009.
138 AS/NZS 2012.
139 enHealth 2012.
140 EPHC 2009a.
141 EPHC 2009b.

142 Australian Department of the Environment and Energy 2017a-f.
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Other useful guidelines and tools include:

National Environment Protection (Assessment of Site Contamination) Measure;*43
Australian and New Zealand Guidelines for Fresh and Marine Water Quality;*44
Australian Drinking Water Guidelines;*45

The US EPA Risk Tools and Databases;4®

OECD Environmental Risk Assessment ToolRit: Tools for environmental risk assessment and
management; **7and

Inventory Multi-tiered Assessment and Prioritisation (IMAP) framework through NICNAS 48

Together, these documents provide useful guidance on how to undertake detailed and robust
human and environmental risk assessments for any onshore shale gas development in the NT,
even if not specifically tailored to that industry.

74.2 Example environment risk assessments

The Panel has reviewed a number of relevant risk assessments with a view to providing advice on
‘world leading practice’ environmental risk assessment for any onshore shale gas development.
Only one of these assessments was directly relevant to any hydraulically fractured onshore

shale gas operations in the NT. The Panel has also reviewed a number of human health risk
assessments in Chapter 10 (Section 10.1.1.4), again for the purpose of providing advice on world
leading practice in respect of these assessments. Somewhat disturbingly, Lane and Landis report
that in the US, only three environmental risk assessments have been published, despite the huge
increase in hydraulically fractured wells over the past decade or so0.149

7.4.2.1 Santos

Santos provided two human health and environmental risk assessments that the company had
conducted for its Gladstone Liquified Natural Gas Queensland CSG project for drilling fluids

and hydraulic fracking fluids.*®® A similar chemicals risk assessment for the Santos Narrabri CSG
project is also available.’® While these assessments were not directly relevant to shale gas, and
did not fully consider all the potential exposure pathways, the Panel considers them to have

used an appropriate approach for assessing the risk of water contamination by any onshore shale
gas industry in the NT. The methodology used was consistent with Australian and international
(primarily European REACH, WHO and US EPA) guidance documents and protocols,**? and was an
example of the type of formal risk assessment that could be used by the industry to better assess
the risks for onshore shale gas in the NT context. That is, the risk assessment considered the
compositions of hydraulic fracturing fluid mixtures, and flowback and produced waters in terms of
their human and environmental toxicology, and considered in detail the probability of exposure of
the various receptor species or groups of people to those waters through those pathways.

7.4.2.2 Origin

Origin has submitted to the Panel its EMP for the Amungee NW-1H hydraulic fracturing operation
undertaken in 2016.1%3 As part of this EMP, Origin commissioned AECOM Australia Pty Ltd (AECOM)
to undertake a risk assessment for the hydraulic fracturing test program at the Amungee NW-1H
well in the Beetaloo Sub-basin.*** This used a similar methodology to the Santos risk assessments
described above.

The AECOM risk assessment evaluated the toxicity of the individual chemicals used in the
hydraulic fracturing process and estimated the cumulative risks of the total fluid mixture to
humans, and terrestrial and aquatic biota. It also assessed the flowback waters using the

143 NEPC 2013.

144 ANZECC 2000.

145 NHMRC 2016.

146 US EPA 2017c.

147 OECD 2015.

148 https://www.nicnas.gov.au/chemical-information/imap-assessments.
149 Lane and Landis 2016.

150 Santos 2016a.

151 Santos 2016b.

152 Santos Ltd, submission 280 (Santos submission 280), pp 109-111, 134-135.
153 Origin submission 153.

154 Origin Energy Ltd, submission 466 (Origin submission 466).
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measured chemical composition, which included the chemicals (geogenics) leached from the
deep shale formation. The methodology incorporated an assessment of potential exposure
routes to humans and environmental biota, with the following identified as the only potentially
complete exposure pathways:

incidental ingestion and dermal contact of flowback fluid by human trespassers at the
flowback fluid storage ponds; and

potential releases of flowback fluid to aquatic environments.

The Panel s critical of this risk assessment insofar as possible exposure pathways were excluded
as not being complete (that is, one or more steps in the exposure pathway were assessed to be
missing). But, surprisingly, based on the assumed success of the risk mitigation measures that
Origin proposed, AECOM assessed that there were no pathways by which hydraulic fracturing
chemicals could have an impact on beneficial groundwater in the project area. AECOM did
assess that potential impacts to surface water ecosystems could occur if substantial releases of
flowback water from the above ground flexi-ponds, due to integrity or piping failure or overflow
due to high rainfall, resulted in overland flow to surface water bodies, but it found likelihood

of that occurring as low due to the type of storage units used and the leak detection systems
employed. Not surprisingly, given the very limited scope of this risk assessment, AECOM
assessed the overall risk to human health and environment associated with the chemicals
involved in hydraulic fracturing at the Amungee well as ‘low' It should be noted that this
assessment, while designed to be somewhat generic, was developed for an exploration well,
and was not a risk assessment for a multi-well production pad for a fully developed operational
onshore shale gas production field.

7.4.2.3 National Chemical Risk Assessment

The Panel also received a submission of human health and environmental risk assessments and
associated exposure pathway conceptualisations from the Commonwealth Department of the
Environment and Energy,*s® the NCRA. The NCRA considers the potential risks to the environment
(surface and near surface water environments) and human health of the 113 chemicals identified
as being used for CSG extraction in Australia in the period 2010 to 2012156 The focus of the
assessment is on the impacts of surface discharges (spill or leaks) on surface water and near-
surface groundwater extending to potential down gradient effects on surface water through
overland flow or discharge of the shallow groundwater into surface waterways. The concentration
on surface issues is based on international experience that indicates the surface is the highest
risk pathway for activities associated with the extraction of onshore shale gas.

Although scenario-based rather than fully probabilistic, and also for CSG and not shale gas, these
risk assessments demonstrate that detailed assessments for any onshore shale gas development
in the NT is both feasible and desirable. The package of products from the NCRA includes a
national guidance document that provides world leading practice advice on approaches for
human and environmental risk assessments for the coal and coal seam gas industries.*s”

In particular, the new risk assessment guidance specifies that naturally occurring geogenic
chemicals mobilised by drilling or hydraulic fracturing, and found in drilling fluids and drilling
muds, flowback and produced water, brines, and treated water, should be included as an
essential component of any risk assessment. Also included are recommendations for direct
toxicity assessments of complex mixtures, such as fracking fluids and produced waters, where
use of toxicity values for individual chemicals may either overestimate or underestimate the
toxicity of the mixture.’®® The approaches outlined in this guidance document could be readily
adapted for any development of any onshore shale gas industry in the NT.

Recommendation 7.4

That the Government develops specific guidelines for human health and environmental risk
assessments for all onshore shale gas developments consistent with the National Chemicals Risk
Assessment framework, including the national guidance manual for human and environmental
risk assessment for chemicals associated with CSG extraction.

155 Australian Department of the Environment and Energy 2017a-f.
156 Australian Department of the Environment and Energy 2017a-f.
157 Australian Department of the Environment and Energy 2017a-f.
158 Australian Department of the Environment and Energy 2017a-f.

132 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



74.3 Strategic regional environmental and baseline assessment (SREBA)

As noted above, the Panel has sought to assess the water-related risks using the risk assessment
framework detailed in Chapter 4. However, in attempting to do this, it is apparent that available
knowledge and data on the NT's water resources (surface and groundwater) and their associated
aquatic ecosystems is presently insufficient to permit the risks associated with the development
of any onshore shale gas industry in the NT to be assessed with certainty. Accordingly, the Panel
has applied the precautionary principle when developing its recommendations to mitigate risks.

It is therefore the Panel's view that there is a need for a SREBA so that the environmental impacts
and risks associated with the development of any prospective onshore shale gas basin in the

NT are fully understood and can be appropriately managed. The Beetaloo Sub-basin should

be the first priority for a SREBA because this is the most likely area for an approval production
licence to be granted for the purpose of producing onshore shale gas if the Government lifts the
moratorium (see Chapter 6).

The need for baseline information has been referred to in many submissions, noting that without
such information it is not possible to know whether future changes, for example, in groundwater
quality or methane levels, are due to any onshore shale gas industry. The Environmental
Defenders Offices of Australia (EDOA) in a submission to a Senate Inquiry into water use by
extractive industries noted the need for

‘improved standards for upfront environmental impact assessment should be developed,
including: minimum standards for groundwater and surface water modelling; improved
consideration of the capacity of a water resource to support mining operations, and ultimately
rehabilitation activities, over time; a requirement that decision makers must not approve

a project until the proponent has provided adequate baseline data and has adequately
addressed any concerns raised by the regulator or independent assessors advising the
regulator; and application of the precautionary principle." 59

The SREBA should focus on providing a baseline understanding of the surface and groundwater
resources, hydrogeology, aquatic ecosystems and terrestrial ecosystems using data that is
representative of the geographic, climatic, and hydrogeological characteristics of any prospective
basin, and an assessment of the vulnerability of these systems to any hydrological changes
associated with any onshore shale gas development. This vulnerability assessment will require
the development of regional groundwater and surface water models of sufficient complexity

to be able to predict the effects of water abstraction by the industry on availability of water for
human, agricultural and pastoral, and environmental needs (see Chapter 15 for details on the
objectives and scope of a SREBA).

In this regard, the Panel notes that in the May 2017 budget, the Commonwealth has extended

the bioregional assessment program for CSG and coal mining to include shale gas development.
Additionally, $30.4 million has been allocated for new combined geological and bioregional
resource assessments in three (unspecified) onshore regions.*° It is currently unclear how these
initiatives will progress the understanding necessary to inform management of any onshore shale
gas industry in the NT, although the Panel notes that the understanding of deeper groundwater
systems is unlikely to be able to be sufficiently progressed without primary data acquired from
the drilling of the deeper sequences containing shale gas.

The Panel received many submissions*®* and comments during the community forums
suggesting that a SREBA should be undertaken before any exploration drilling and hydraulic
fracturing occurs. Having said this, the Panel also received submissions from the gas industry
arguing that current regulations are sufficient to allow exploration to occur during the conduct

of the SREBA *%2 Having carefully considered all submissions and comments, the Panel has
nevertheless retained its earlier finding that a SREBA can occur concurrently with exploration (see
Chapters 15 and 16) (with respect to the Panel's recommendation to overcome ‘exploration creep’

159 EDOA 2017,p 3.

160 Australian Government 2017b.

161 Lock the Gate Alliance Northern Territory, submission 1250 (Lock the Gate submission 1250).

162 Australian Petroleum Production and Exploration Association, submission 1251 (APPEA submission 1251); Origin submission 1248; Pangaea
submission 1147; Santos submission 1249.)
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see Chapter 14 in Section 14.7.5), with the caveat that if the Government lifts the moratorium,
specific recommendations must be implemented prior to any further drilling and hydraulic
fracturing occurring. Further details are provided in Chapters 15 and 16.

Recommendation 7.5

That before any further production approvals are granted, a regional water assessment be
conducted as part of a SREBA for any prospective shale gas basin, commencing with the
Beetaloo Sub-basin. The regional assessment should focus on surface and groundwater quality
and quantity (recharge and flow), characterisation of surface and groundwater-dependent
ecosystems, and the development of a regional groundwater model to assess the effects of
proposed water extraction of the onshore shale gas industry on the dynamics and yield of the
regional aquifer system.

7.5 Water quantity

The Panel's first environmental objective in assessing the water-related risks of any onshore shale
gas industry in the NT is to ensure surface and groundwater resources are used sustainably.

There is considerable concern in the community that any onshore shale gas development in the
Territory will use greater volumes of groundwater than can be sustained without causing adverse
effects on groundwater levels both locally and regionally. As noted previously, it is unlikely that
adequate reliable surface water resources exist in the Beetaloo Sub-basin, or other prospective
regions of the NT, to sustain the annual water use requirements of an onshore shale gas industry.

To assess the potential scale of risks to groundwater resources, the Panel sought information

on the potential water use by a shale gas development in the Beetaloo Sub-basin consisting of
1,000 to 1,200 hydraulically fractured wells (see Section 7.3.1.4). The Panel also sought information
on the potential for the gas companies to reuse some of the treated or untreated wastewater
(flowback or produced water), or to use more saline groundwater from deeper aquifers. Both
these options are technically feasible, but whether they are adopted will depend upon detailed
site investigations, consideration of possible environmental impacts, regulatory requirements,
and cost.

Below the Panel has assessed the following risks to surface and groundwater resources that
may arise in connection with the development of an onshore shale gas industry in the NT: first,
unsustainable water extraction for well drilling and hydraulic fracturing; and second, potential
adverse effects to surface or groundwater supplies from seismic activity caused by hydraulic
fracturing or reinjection of wastewaters.

75.1 Unsustainable use of surface water

The Panel has concluded that the temporary nature of the surface water resources (rivers,
streams and waterholes) in the semi-arid and arid regions of the NT makes it unlikely that surface
waters are suitable for hydraulic fracturing. Additionally, such use would be undesirable because
of the importance of these temporary systems to the functioning of aquatic ecosystems. The
major companies with petroleum exploration permits in the Beetaloo Sub-basin area (Origin,
Pangaea and Santos) have all assumed in their submissions that they will not use surface water
resources for hydraulic fracturing 63

The Panel has assessed the likelihood that the gas companies will use an excessive amount of
surface water for hydraulic fracturing as ‘low’. This is because there is an insufficient amount of
surface water available for much of the year and, when it is available, it is unreliable. However,
there is still a possibility that any onshore shale gas development may seek to use surface water
resources in wetter areas outside the Beetaloo Sub-basin, where surface water resources may be
available during the wet season.

The Panel has assessed the consequences of excessive use of surface water resources as
‘medium’, an assessment primarily based on the unacceptable impacts that a lack of water

may have on aquatic ecosystems, wildlife, and stock requirements. These impacts could occur
during the wet season if the flow regimes of streams were changed, at the end of the wet season

163 Origin submission 153, pp 46, 85-86; Santos submission 168, p 95; Pangaea submission 220, p 8.

134 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



when less water may be available for waterholes and permanent aquatic refuges, and during

the dry season where water may exist for short periods of time in waterholes and refuges.’®4 This
is further discussed in Section 7.7.1. In the absence of any information to the contrary, the Panel
considers that these seasonally available surface water resources are critical for the maintenance
of floodplain and riparian ecological processes.

Although according to the Panel's risk assessment methodology the risk to surface water
supplies rates is ‘low’ (likelihood - ‘low', consequence - ‘medium)), the Panel's view is that the use
of surface water resources for hydraulic fracturing should be prohibited for two reasons. First,
because the resource will only potentially be available for part of the year (the wet season) with
implications for the dry season if excessive amounts are extracted, particularly near the end

of the wet, leaving less water to fill wetlands and waterholes. And second, because the timing
and volume of stream flows during the wet season is highly variable, making the development
of rules around when, and if, extraction should commence and conclude in any given year
quite complex (for example, each river system will require its own set of rules), which will be
challenging to regulate. However, to ensure that surface water resources are not used for
hydraulic fracturing, it will be important that the use of surface water for hydraulic fracturing is
prohibited.

In summary, the Panel's assessment is that there is a low risk that there will be insufficient surface
water available for the environment, current water uses, and future water uses as a result of
hydraulic fracturing operations. However, to mitigate this risk completely, the use of surface water
should be prohibited.

Recommendation 7.6

That prior to the grant of any further exploration approvals, the use of all surface water resources
for any onshore shale gas activity in the NT be prohibited.

7.5.2 Unsustainable use of groundwater

The Panel has assessed both the regional and local impacts of excessive groundwater use by any
potential onshore shale gas industry.

7.5.2.1 Regional impacts

The Panel has assessed the risk that any onshore shale gas industry will use an excessive amount
of groundwater, which could result in an unacceptable reduction in the amount of water available
regionally for stock and domestic use, use by other industries, and for the maintenance of a
healthy environment.

As discussed previously, groundwater is likely to be the most economically viable water source
for hydraulic fracturing in semi-arid and arid areas of the NT. It is possible that water could be
transported to well sites, but this would be an expensive operation for total water supply.

Industry experience is reasonably consistent on the volumes of water needed for well drilling

and hydraulic fracturing, although the actual volumes can change depending upon the particular
conditions at a site. There appears to be a consensus of around 1-2 ML for well drilling and around
1-2 ML for each hydraulic fracturing stage, or around 10-20 ML per well for a 10-stage fracturing
operation (see above Section 7.3). For example, Origin suggests that it will require 50-60 ML for
drilling and stimulation per well, based on a 20-40 stage hydraulic fracturing program per well,
while noting that the industry is employing longer laterals with an increased numbers of hydraulic
fracturing stages. 6%

To assess the likelihood that a possible shale gas industry could use excessive volumes of
groundwater, the Panel compared the above indicative volume of water with the volume being
recharged annually into the various aquifers in the Beetaloo Sub-basin (as presented in Section 7.3.2).

In summary, for the northern section of the Beetaloo Sub-basin (Mataranka to Daly Waters)
the Panel is aware of three estimates for the recharge rate that range from 100,000 ML/y*%° to
330,000 ML/y. The Panel has no estimates for the recharge rate of the CLA in the southern part of

164 ACOLA Report, p 115; King et al. 2015.
165 Origin submission 153.
166 Fulton and Knapton 2015; GHD 2016, Appendix A; Bruwer and Tickell 2015.
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the Beetaloo Sub-basin (around Elliott)*®?, although the available evidence suggests there is very
little recharge in this region.¢®

As noted in Section 7.3.1.4 above, the gas industry's 25 year development scenario of between
1,000 and 1,200 wells, associated with around 150 well pads, would require an average of
2,500 ML/y (up to 5,000 ML/y at peak demand between years five and nine) of water for well
drilling and hydraulic fracturing.

From a regional perspective, the use of up to 5,000 ML/y from the groundwater system appears
to be a relatively small proportion (<5%) of the suggested recharge rate of 100,000 to 330,000 ML/y
of the northern section **® However, as indicated above, additional information will be required

to better define the recharge rates and sustainable yields in the Beetaloo Sub-basin, particularly
in the southern part of the basin where the extraction of 5,000 ML/y may well represent
unsustainable use of the groundwater resource. This may also be the case in other arid and
semi-arid prospective basins in the NT, and assessment of the sustainable yield of these
groundwater systems is needed to inform understanding of the potential impacts of onshore
shale gas production in these regions.

Based on this information, the Panel considers that it is unlikely that any onshore shale gas
industry will use an unacceptably high amount of groundwater in the northern part of Beetaloo
Sub-basin (that is, north of around Daly Waters) or in other regions where there is similarly
relatively high rainfall. The Panel has been unable to form a view on this matter for the southern
part of the basin because there is not enough information available.

The consequences of excessive use of groundwater resources in the northern Beetaloo
Sub-basin have been assessed as ‘medium'’ for domestic and pastoralist use and for any
ecosystems shown to be groundwater dependent or groundwater influenced, with the caveat
that additional information is required to identify groundwater-dependent or groundwater-
influenced ecosystems. However, the consequences associated with extracting water from the
Gum Ridge Aquifer in the southern part of the Beetaloo Sub-basin are more serious given the
expected very low recharge rate in this area. In effect, this would amount to ‘'mining’ a slowly
recharged or potentially non-renewable resource.

Accordingly, on the basis of the available evidence, the Panel has assessed the resultant risk in
the northern part of the Beetaloo Sub-basin and other regions with similar or higher rainfall as
‘low' (likelihood - ‘low', consequences - ‘low' to ‘medium’), but notes that there is considerable
uncertainty associated with this assessment. For the southern Beetaloo Sub-basin, and

other semi-arid to arid regions, the Panel's view is that groundwater extraction for shale gas
production should be prohibited until the groundwater resource is better understood. This better
understanding should emerge from the SREBA recommended for the Beetaloo Sub-basin and
other prospective regions (see Recommendation 7.5).

The Panel also notes that if this greater knowledge of the groundwater resources, particularly

in the southern Beetaloo Sub-basin, indicates a high risk of unsustainable use of the surface
aquifers by the shale gas industry, the possible use of deeper groundwater for hydraulic
fracturing could be considered. Both Origin and Pangaea have indicated to the Panel that this
could be an option.*”° Pangaea provided quite detailed information about the Jamison sandstone
aquifer system that was identified in its lease area at depths of 200-500 m below the surface ”*
Further, Origin stated that,

‘there is insufficient data on the permeability and storage of the deep, saline aquifers at

this time to know whether they could be suitable for usage in hydraulic fracturing and other
development activities; however, the data that are available are not encouraging regarding
the suitability of deeper, saline aquifers. The Bukalara Sandstone, however, is a freshwater
aquifer that in the Beetaloo area is used in a very small number of water bores north of Origin's
permits and is not used by landholders in the core area of Origin’s permits.” 72

167 DENR submission 428, p 14.

168 Tickell and Bruwer 2017.

169 DENR submission 230, Addendum 1.

170 Origin submission 433, pp 32-33; Pangaea submission 427, pp 12-13.
171 Pangaea submission 427, pp 12-13.

172 Origin submission 433, pp 32-33.
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The Panel's assessment is that the risk of unsustainable use of groundwater in the northern part
of the Beetaloo Sub-basin and other regions with similar or greater rainfall is ‘low’, assuming

a WAP is established for the basin and the 80:20 sustainable extraction rule is applied to any
water extraction licence granted to a gas company. However, the risk for the southern part of the
Beetaloo Sub-basin, and other potential shale gas producing basins in semi-arid and arid regions
of the NT, cannot be assessed without additional information.

The Panel has concerns regarding two aspects of the management of the Beetaloo Sub-basin
groundwater resources. First, there is no WCD that covers the full extent of the Beetaloo
Sub-basin. The current Daly-Roper WCD should be extended south to include all the Beetaloo
Sub-basin (Figure 7.6) and one or more separate Beetaloo WAPs developed. Other WAPSs will
also need to be declared for shale gas producing regions prior to gas production. This will provide
the necessary legislative controls over the allocation of groundwater resources to the shale gas
and other industries.

Second, the Panel has assumed that DENR will apply the current groundwater allocation rule
used for arid regions of the NT to the Beetaloo Sub-basin, which would mean it would be
permissible to use 80% of the storage capacity of the aquifer for consumptive uses over a period
of 100 years.*”3 If this rule was applied to an onshore shale gas industry, or any other extractive
use in the region, this would again essentially permit ‘mining’ of the groundwater resource, and
would be ecologically unsustainable, since the recharge rate of the groundwater in this southern
part of the CLA aquifer system is very slow.

It is the Panel's view that sustainable extraction limits should be set on the basis of the outputs
from a regional numerical groundwater model developed as part of the SREBA to manage poorly
understood groundwater systems.

Recommendation 7.7

That in relation to the Beetaloo Sub-basin:

the Daly-Roper WCD be extended south to include all of the Beetaloo Sub-basin;

that WAPs be developed for each of the northern and southern regions of the Beetaloo
Sub-basin;

the new northern Sub-basin WAP provides for a water allocation rule that restricts the
consumptive use to less than that which can be sustainably extracted without having
adverse impacts on other users and the environment; and

the southern Sub-basin WAP prohibits water extraction for any onshore shale gas
production until the nature and extent of the groundwater resource and recharge rates in
that area are quantified.

That in relation to other shale gas basins with similar or greater rainfall than the Beetaloo
Sub-basin, WCDs be declared and WAPs be developed to specify sustainable groundwater
extraction rates for shale gas production activities that will not have adverse impacts on existing
users and the environment,

That in relation to other potential shale gas basins in semi-arid and arid regions, all groundwater
extraction for any shale gas production activities be prohibited until there is sufficient information
to demonstrate that it will have no adverse impacts on existing users and the environment.

7.5.2.2 Local impacts

The Panel has examined the risk that water use by any onshore shale gas industry will cause

an unacceptable local drawdown of an unconfined or confined aquifer,*”# making it difficult for
groundwater to be extracted for use in townships, on pastoral leases, by ecosystems or for cultural
purposes. At the local scale, aquifer drawdown (that is, lowering of the water level) could be
substantial, depending on the rate of pumping, the spatial extent of the bore field, and the flow
rate (transmissivity) within the aquifer. The Panel has assessed that an unacceptable drawdown
would occur if the groundwater dropped below the level where existing water supply bores could
access water with current reliability.

173 DENR submission 230, Appendix A.
174 'Unconfined aquifers’ are those into which water seeps from the ground surface directly above the aquifer; ‘confined aquifers' are those in which
an impermeable dirt/rock layer exists that prevents water from seeping into the aquifer from the ground surface located directly above.
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Origin has provided some evidence of the fast recovery of the local drawdown of the Gum Ridge
Aquifer when used to provide water for the hydraulic fracturing of the Amungee NW-1H well in
2016.75 Water was extracted from a bore field consisting of three bores at a combined rate of
7.5-10 L/s, with a total water volume of around 10 ML extracted over a 38 day period (from

1 August to 7 September 2016). The local aquifer drawdown at the extraction well during pumping
was around 2.6 m, with the aquifer level rebounding to the pre-pump level almost immediately
after pumping was stopped. Additionally, there was no response noted during the period of
pumping in the water level at an observation bore located three km away.

DENR also provided the Panel with modelled estimates of the local drawdown for a scenario

with four bores in a square formation 1.5 km apart, pumping at a rate of 10 L/s over a period of

60 days.7® This equates to an extraction rate of around 52 ML/d or a total volume of around 208
ML, which is about a 12 times higher extraction rate than used for the Amungee well above. Table
7.6 shows the results, which indicate that the drawdown at each bore and the lateral extent of
the drawdown are dependent upon the aquifer, whether it is confined or unconfined and the
assumed hydraulic parameters for the aquifer. The extent of drawdown is greatest in the confined
aquifer. DENR indicated that the time for these aquifers to recover back to the pre-pump level
would be around 60 days.

Table 7.6: Theoretical estimates of the local drawdown in three aquifer types for a bore field of four bores
(in square formation 1.5 km apart) pumping at 10 L per second for 60 days. Source: DENR.*”7

Maximum
drawdown

Drawdown
at 1 km from

Drawdown at
each bore

Aquifer

Transmissivity
(m2/d)

Storage
coefficient

(%)

(m)

each bore (m)

distance (km)

Unconfined Anthony Lagoon 530 2 1.9 0.2 1.8
Unconfined Gum Ridge 1,100 4 0.9 0.08 19
Confined Gum Ridge 1,100 0.001 0.9 0.7 10.4

These calculations suggest that for aquifers in the Beetaloo Sub-basin, except for the confined
sections of the Gum Ridge aquifer, the local drawdown for a pumping scenario is around 10 times
greater than expected for the scenario outlined in Section 7.3.1.4 and would be minimal further
than 1 km from the bore field, and that the recovery after pumping ceased would be relatively
rapid. These estimates are based on the cumulative effects of pumping from a bore field of only
four bores, and will be improved as further baseline information on the various aquifers, and more
detail on likely water extraction scenarios, are obtained. In other regions of the NT, understanding
the significance of potential impacts of groundwater extraction upon local groundwater levels will
require adequate baseline information and consideration of the effects on a case-by-case basis.

Therefore, the Panel's assessment is that the likelihood of excessive local drawdown of the
groundwater beyond about a 1,000 m radius of a bore field extracting water for the purpose

of hydraulic fracturing is ‘low’ However, the consequences of excessive local drawdown on
surrounding water supply bores has been assessed as ‘medium’, given that if this occurred, either
townships or pastoralists could run out of drinking water or stock water for periods of time.

The Panel has assessed the risk of local drawdown greater than one m in water supply bores
greater than 1,000 m from a shale gas groundwater bore field as ‘low’ (likelihood - ‘low,
consequences - ‘medium’), although there is still uncertainty in these figures and the risk
assessment given that only results from one field trial and modelled data are available.

The Panel considers that this uncertainty can be partially addressed if the following measures are
implemented:

no onshore shale gas water extraction bore field should be located within 1 km of
groundwater users unless additional information indicates that a different buffer zone is
appropriate or ‘'make good' arrangements can be negotiated with groundwater users to
ensure maintenance of water supply;

175 Origin submission 153, pp 87-88; Origin submission 433, p 75.
176 DENR submission 230, Addendum 1. Assumes the aquifers are homogeneous and isotropic.
177 DENR submission 230, Addendum 1.
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the proposed new WAP (see Recommendation 7.7) includes provisions that adequately
control the rate, volume and location of water extraction by the gas companies to minimise
impacts;

gas companies are required, at their expense, to monitor drawdown in local water supply
bores; and

if this drawdown is found to be excessive (that is greater than 1 m), a ‘'make good'
requirement should be invoked requiring the reduction or termination of groundwater
pumping, or the making of other arrangements to ensure the affected bores can access the
groundwater (for example, by either relocating the bores or increasing their depth).

Origin submitted that it “is committed to making impacted stakeholders whole if they are impacted
by our activities. If a landholder’s business or well-being is adversely impacted, we commit to
remediating and/or compensating for the financial loss or loss of amenity experienced.” 7® However,
all ‘'make good' commitments by gas companies must be enforceable (see Chapter 14).

Recommendation 7.8

That the following measures be mandated to ensure that any onshore shale gas development
does not cause unacceptable local drawdown of aquifers:

that prior to the grant of any further exploration approvals, the extraction of water from
water bores to supply water for hydraulic fracturing be prohibited within at least 1 km of
existing or proposed groundwater bores (that are used for domestic or stock use) unless
hydrogeological investigations and groundwater modelling, including the SREBA, indicate
that a different distance is appropriate, or if the landholder agrees to a variation of this
distance;

that relevant WAPs include provisions that adequately control both the rate and volume of
water extraction by the gas companies;

that gas companies be required, at their expense, to monitor drawdown in local water
supply bores; and

that gas companies be required to immediately ‘'make good’ and rectify any problems if the
drawdown is found to be excessive.

7.5.3 Unacceptable changes to surface or groundwater flows due to possible
seismic activity caused by hydraulic fracturing

The Panel has examined the risk of changes to the flow regimes of surface and groundwater as

a result of seismic activity (earth movements) resulting from hydraulic fracturing. Such changes
would be unacceptable if these earth movements resulted in surface water or groundwater
moving from one area to another with unintended outcomes. For example, water could become
unavailable for use if it migrates to an area that is not easily accessible. Further, low quality water
could migrate into high quality water systems (or the reverse) meaning that water can no longer
be used for its original purpose. The movement of fracking fluids from the shale layer to a surface
aquifer is discussed in Section 7.6.5.

The available evidence relating to induced seismic activity from the hydraulic fracturing process
is that while low level seismic activity can be associated with hydraulic fracturing, the magnitude
of this activity is likely to be very small, with minimal or no damage to surface infrastructure.?’®
The UK Royal Society identified two types of seismicity associated with hydraulic fracturing:
microseismic events are a routine feature of hydraulic fracturing and are due to the propagation
of engineered fractures; and larger (generally rare) seismic events induced by hydraulic fracturing
in the presence of a pre-stressed fault*®° Hydraulic fracturing induced seismic activity and fault
reactivation has been recently reported for the Sichuan Basin in China.8

The factors affecting seismicity induced by hydraulic fracturing include:*e?

the strength of the shale: the stronger the rock, the greater the magnitude of the seismic
event;

178 Origin submission 153, p 46.

179 Costa et al. 2017; Davies et al. 2013; Royal Society Report, p 41; UK Task Force on Shale Gas 2015, 2nd Interim Report, p 9; BC Oil and Gas
Commission 2012; Clarke et al. 2014; Schultz et al. 2015; Westwood et al. 2017.
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fault properties: the magnitude of the induced seismicity depends upon the surface area
of the fault (the larger the fault the greater the seismicity) and the degree to which the fault
is pre-stressed; and

pressure constraints: the magnitude of induced seismicity is affected by pressure changes
in the shale formation near the well, with the volume of injected fluid and injection rate
generating higher pressures, and the volume and rate of flowback fluid reducing pressures.

The US experience is that seismicity levels vary with the individual shale gas basins, reflecting
a combination of the depth of the shale layer and the local geology, particularly the degree of
faulting in the area*® This suggests that while there is a moderate likelihood of localised low
level seismic activity occurring, the consequences of significant impacts, that is, impacts that
measurably alter volumes of surface or groundwaters, are very low.

The UK Royal Society identified three measures to mitigate possible induced seismicity as a
result of hydraulic fracturing:*84

initial surveys to characterise stresses and identify faults - this is already a requirement of
hydraulic fracturing operations in the NT;*85

pre-fracturing injection testing - to better characterise the particular shale formation, a
small pre-fracturing injection test with microseismic monitoring can be employed; and

monitoring of seismicity - magnitude 1.7 M (M is the local magnitude scale = Richter scale)
is taken as the cut off criterion and if the magnitude is above 1.7 M, injection is stopped and
monitoring continued.

The Panel's assessment is that the risk to the flow regimes of either surface or ground waters due
to possible seismic activity caused by hydraulic fracturing is ‘very low'. Existing shale gas industry
requirements (listed above) are sufficient to minimise the risk of seismicity. 8

7.5.4 Unacceptable changes to surface or groundwater flow due to possible seismic
activity caused by reinjection of wastewater

The Panel has examined the risk of unacceptable changes to surface or groundwater flows as a
result of seismic activity resulting from injecting wastewater into deep aquifers or conventional
reservoirs.

There is potential for seismic activity, particularly fault reactivation, to be caused by the injection of
large volumes of waste (for example, hundreds of ML) in deeper aquifers. This is most likely to occur
through the reactivation of pre-existing weak faults that were not previously mapped, or whose
physical properties and strength are not understood.*®”

There is a direct correlation reported between deep well reinjection and felt seismic activity.*
Most recently, the US Geological Survey reported that reinjection of wastewater into depleted
conventional reservoir wells (Class Il aquifers) is the primary cause of the recent increase in low
intensity earthquakes in certain areas of the central US89

In the NT, the only current onshore conventional gas operations are in the Amadeus Basin, and
these are the only conventional gas reservoirs that could be available for the disposal of flowback
fluids or other wastewaters. It is possible that gas companies could seek to reinject treated or
untreated wastewater into deep saline aquifers. The Panel has no information on the potential for
seismic activity due to injection of wastewater into deep aquifers in the NT.

DPIR has indicated that while it “does not support flowback water disposal, or any other wastewater,
into freshwater aquifers ... If proven safe and environmentally responsible to do so under certain
conditions, safequards and water quality requirements, deep aquifers may be considered for use

for the disposal of wastewater, but only if water in the receiving aquifer is non-potable and is not
connected to any other aquifer system.”*°

183 Warpinski et al. 2012; USGS 2017.

184 Royal Society Report, pp 43-44.

185 DPIR submission 226.

186 Royal Society Report, pp 40-45; USGS 2017; UK Government 2017.
187 Drummond 2016.

188 ACOLA Report; US EPA 20164a; Costa et al. 2017; USGS 2017.

189 USGS 2017.

190 DPIR submission 424, p 10.
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The Panelis unable, on the evidence available, to assess the risk of seismic activity caused by

the injection of shale gas wastewater into deep aquifers. Before such activity is permitted, there
must be comprehensive reservoir (aquifer) engineering studies and baseline studies undertaken

to determine pre-existing subsurface stress conditions. Further, injection activities need to be
managed to ensure that the volumes of wastewater being injected did not exceed the critical
pressures likely to trigger the reactivation of pre-existing faults,** or impact on usable groundwater
resources (see Section 7.6.4 for a discussion of the more general issue of reinjection into aquifers).

In view of the uncertainty regarding the operational reinjection of hydraulic fracturing
wastewaters, the Panel is of the view that in order for this practice to be permitted, exhaustive
investigations are required to demonstrate that seismic activity is unlikely to occur for the
particular activity, and for these investigations to be approved by the regulator.

Recommendation 7.9

That prior to the grant of any further exploration approvals, the reinjection of wastewater into
deep aquifers and conventional reservoirs and the reinjection of treated or untreated wastewaters
(including brines) into aquifers be prohibited, unless full scientific investigations determine that all
risks associated with these practices can be mitigated.

7.5.5 Unacceptable changes to the flow characteristics of surface waters due to the
discharge of wastewaters

There is a risk of unacceptable changes to the flow characteristics of normally ephemeral surface
waters due to the discharge of wastewaters, which may be particularly significant in semi-arid
and arid regions. This risk is discussed below in Section 7.6.7 as part of the assessment of the risk
of contamination of surface waters due to discharge of wastewater.

7.6 Water quality

The Panel's second environmental objective in assessing the water-related risks of an onshore
hydraulic fracturing shale gas industry in the NT is to ensure the quality of surface and
groundwaters (aquifers) is maintained in an acceptable condition for all users (see Table 7.5).

The experience from overseas, especially in the US, is that onshore shale gas operations
produce considerable volumes of wastewater, which pose a risk of contamination of surface and
groundwaters.’?2 The composition of these wastewaters (hydraulic fracturing fluids, flowback and
produced water), and their management and potential reuse, has been detailed in Chapter 5.

Petroleum companies in the NT are required to disclose to DPIR, and to the general public,
“specific information” regarding the chemicals used in the hydraulic fracturing process.¢3 But the
Panel is of the opinion that the regulatory framework must make it abundantly clear exactly what
information must be disclosed. Presently this is not the case. This includes all chemicals that are
proposed to be used, the reason for their use, and the measures by which the risks associated
with their release into the environment (including spills) will be managed by the company and
regulated.

The chemicals used by Origin for the hydraulic fracturing of the Amungee NW-1H well were
disclosed and are documented for reference in Table 7.7. The Material Safety Data Sheets (MSDS)
and other relevant human and aquatic ecosystem toxicological data for these chemicals are
compiled in the Beetaloo Project Hydraulic Fracturing Risk Assessment Amungee NW-1H recently
prepared by AECOM for Origin (Section 7.4.2.2).294 Of the 40 chemicals (excluding water) in this list,
19 were also assessed as part of the NCRA (Section 7.4.2.3).29

191 Drummond 2016.

192 US EPA 2016a.

193 Schedule, cl 342(4).

194 Origin submission 466.

195 Australian Department of the Environment and Energy a-f.
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Table 7.7: Total masses of chemicals used for hydraulic fracturing of the Amungee NW-1H well. Source: Origin.1?¢

CAS? Number Chemical name Mass (kg) Mass (%)
Water 10,633,220 89
14808-60-7 Quartz, Crystalline silica (proppant sand) 1,204.412 10
Q000-30-0 Guar gum 20,619 0.173
67-48-1 2-hydroxy-N,N,N-trimethylethanaminium chloride 17,736 0.149
7647-01-0 Hydrochloric acid 5,665 0.048
107-21-1 Ethylene glycol 4,107 0.035
31726-34-8 Polyethylene glycol monohexyl ether 2,436 0.021
1319-33-1 Boronatrocalcite 5,051 0.042
1310-73-2 Sodium hydroxide (impurity) 2,491 0.021
7783-20-2 Ammonium sulfate 880 0.007
01053-39-3 Diatomaceous earth, calcined 389 0.003
7789-38-0 Sodium bromate 1,764 0.015
38193-60-1 Acrylamide, 2-acrylamido-2-methylpropanesulfonic 649 0.005
acid, sodium salt polymer
129898-01-7 2-Propenoic acid, polymer with sodium phosphinate 1,106 0.009
1330-43-4 Sodium tetraborate 425 0.004
7647-14-5 Sodium chloride 223 0.002
61789-77-3 Dicoco dimethyl quaternary ammonium chloride 102 0.001
10043-35-3 Boric acid 133 0.001
10377-60-3 Magnesium nitrate 78 0.0007
110-17-8 Fumaric acid 133 0.001
10043-52-4 Calcium Chloride 113 0.001
7704-73-6 Monosodium fumarate 133 0.001
57-13-6 Urea 43 0.0004
136793-29-8 Polymer of 2-acrylamido-2-methylpropanesulfonic 70 0.0006
acid sodium salt and
26172-55-4 5-chloro-2-methyl-2h-isothiazolol-3-one 42 0.0004
67-63-0 Propan-2-ol 20 0.0002
7631-86-9 Non-crystalline silica (impurity) 61 0.0005
7786-30-3 Magnesium chloride 39 0.0003
2682-20-4 2-methyl-2h-isothiazol-3-one 13 0.0001
111-46-6 2,2"-oxydiethanol (impurity) 12 0.0001
7757-82-6 Sodium sulfate 10 0.00008
595585-15-2 Diutan gum 6.6 0.00006
14464-46-1 Cristobalite 7.6 0.00006
79-06-1 2-Propenamid (impurity) 21 0.00002
7447-40-7 Potassium chloride (impurity) 35 0.00003
67762-90-7 Siloxanes and silicones, dimethyl, reaction products 12 0.00001
with silica
63148-62-9 Dimethyl siloxanes and silicones 12 0.00001
64-02-8 Tetrasodium ethylenediaminetetraacetate 14 0.00001
7758-98-7 Copper () sulfate 1.2 0.00001
540-97-6 Dodecamethylcyclohexasiloxane 12 0.00001
541-02-6 Decamethyl cyclopentasiloxane 12 0.00001
556-67-2 Octamethylcyclotetrasiloxane 12 0.00001
TOTAL 11,002,200 100

a A CAS Registry Number, also referred to as ‘CASRN' or ‘CAS Number', is a unique numerical identifier assigned by the Chemical
Abstracts Service to every chemical substance described in the open scientific literature (https://www.cas.org/content/chemical-
substances/faqgs).

196 Origin submission 153, pp 343, 344.
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Currently, however, the identity and concentrations of geogenics (chemicals extracted from the
shale as a result of the hydraulic fracturing and gas extraction process) do not currently require
disclosure. In its joint submission with DENR to the Panel, DPIR indicated that it considers that
full public disclosure of the composition of wastewater is in the public interest and aligns with
government policy and, following industry consultation, plans to make the information publicly
available.’?”

The Panel also notes that Dr Tina Hunter has recommended that, ‘the NT Department of
Resources should mandate full, transparent disclosure of all chemicals used in NT fracking
operations. This disclosure should be made available on the NT DoR website, and should provide
detailed information on the chemicals used and location of use.”*%®

Origin has provided details of the sampling program and chemical analysis of flowback water
produced from the hydraulic stimulation of the Amungee NW-1H well*9° Assessments of

the geogenic chemicals (including NORM) that were measured are also included in the risk
assessment completed by AECOM.2°° The inclusion of geogenics in this risk assessment
represents a first for the Australian onshore gas industry.

The Origin flowback water monitoring results are from a single location in the Velkerri B shale,
and ongoing sampling of additional stimulation activities will be required to fully characterise the
spatial variability of flowback water quality in this formation. The Panel also notes that the gas
produced from the Amungee well was ‘dry’ gas. That is, it did not contain a significant component
of liquid hydrocarbons. Origin stated in its announcement of a material gas resource to the
Australian Stock Exchange in February 2017 that the product from the Amungee well contained
approximately 92% methane, 3% ethane and 5% carbon dioxide and other inerts.?°* In the event
that a ‘wet' gas containing hydrocarbon condensate was produced, then the flowback and
produced waters would likely contain substantially higher concentrations of hydrocarbons.?°?

Notwithstanding these caveats, it is instructive to provide a summary of the findings for flowback
water from the Amungee well because it can assist in informing the Panel's assessment.
Flowback water was slightly alkaline (pH 8) and about as salty as seawater, with the maximum
recorded electrical conductivity and total dissolved solids 72 mS/cm and 49,200 mg/L,
respectively, with more detailed water quality indicators being that:

sodium chloride was the dominant salt, with relatively low magnesium, potassium, calcium,
bicarbonate, fluoride, sulfate and carbonate levels;

elevated barium and boron levels were observed, which is consistent with a shale source
rock:

NORM levels were found to be at the lower end of those typically observed in US shales;

low levels of phenolic compounds and C10-C40 hydrocarbons were found, with semi-
volatiles such as polycyclic aromatic hydrocarbons absent; and

BTEX compounds were measured at trace levels.2?3 Of these, benzene was the most
abundant with a maximum concentration of 6 ug/L. As a point of comparison the Australian
Drinking Water Quality Guidelines specify that it should not be detected in drinking water at
more than 1 ug/L,2°4 noting that flowback water is not of potable quality.

The results from the Amungee NW-1H flowback water sampling program provide increased
confidence that treated flowback water from the Velkerri B shale formation could have a high
potential for reuse in hydraulic fracturing operations. The majority of the compounds and
parameters analysed in this flowback water were at the lower end of the concentration range
reported from the US Marcellus and Barnett shale regions.2°5

197 Department of Primary Industry and Resources and Department of Environment and Natural Resources, submission 492 (DPIR and DENR
submission 492), p 5.

198 2012 Hunter Report, Recommendation 1, p 15.

199 Origin submission 433, pp 20-26; For a full data set see Origin submission 433, Appendix 1.

200 Origin submission 466.

201 Origin 2017, announcement to ASX 15 February, 2017.

202 Goldstein et al. 2014.

203 Benzene was not detected in the hydraulic fracturing fluid so must have come from the shale: Origin submission 433, p 23.

204 NHMRC 2016, Table 10.6, p 177.

205 Origin submission 433, Appendix 1.
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Recommendation 7.10

That prior to the grant of any further exploration approvals, the following information about
hydraulic fracturing fluids must, as a matter of law, be reported and publicly disclosed before any
exploration activities and production activities are carried out:

the identities, volumes and concentrations of chemicals (including environmentally relevant
chemical species present as contaminants in the bulk chemicals) to be used;

the purpose of the chemicals;

how and where the chemicals will be managed and transported on-site, including how spills
will be prevented, and if spills do occur, how they will be remediated and managed; and

the laws that apply to the management of the chemicals and how they are enforced.

That the following information about flowback and produced water must be reported and
publicly disclosed online as soon as it becomes available:

the identity and concentrations of chemicals and NORMs found in that water; 2°°

how and where the chemicals and NORMs will be managed, transported and treated,
including how spills will be prevented, and if spills occur, how they will be remediated and
managed; and

the laws that apply to the management of the chemicals and NORMs and how they are
enforced.

There are eight potential pathways by which onshore hydraulically fractured shale gas
wastewater may contaminate groundwater or surface water (see Figure 7.10):

path 1: leakage of hydraulic fracturing fluid, flowback or produced water, or methane from
operating or abandoned wells;

path 2: contamination of shallow groundwater through fractures induced by the hydraulic
fracturing process by propagation of the fractures to the surface, connection of the
fractures with faults, or by connection of the fractures with abandoned and unsealed deep
exploration wells;

path 3: surface spills of chemicals, hydraulic fracturing fluid, flowback water or produced
water at the well site or other handling facility within the well pad area;

path 4: surface spills of chemicals, hydraulic fracturing fluid, flowback water or produced
water within the well pad that is washed off-site into a waterbody;

path 5: reinjection of untreated wastewater to deep aquifers, with fault reactivation and
induction of seismic activity with possible opening up of a communication pathway to the
surface and/or disruption of surface flow pathways;

path 6: direct discharge of treated or untreated wastewaters to surface waters or drainage
lines;

path 7: overtopping or failure of wastewater storage ponds or pits containing drilling fluids;
and

path 8: spills during transport of chemicals of wastewater from either road transports or
pipelines (not shown).

The Panel has used the available evidence to assess the potential risks to the quality of surface
and groundwater resources from each of these pathways, and the possible mitigation measures
to reduce these risks (the risks to aquatic ecosystems are covered in Section 7.7).

206 See Australian Department of the Environment and Energy 2017c¢, Appendix A, for guidance on chemical species to be measured.
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Figure 7.10: Schematic of the potential contamination pathways from a shale gas site.
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Path 1 - leakage of either hydraulic fracturing fluid, flowback or produced water, or methane from operating or abandoned wells;
Path 2 - contamination of shallow groundwater via fractures induced by the hydraulic fracturing process;

Path 3 - surface spills of chemicals, hydraulic fracturing fluid, flowback water or produced water at the well site or other handling
facility within the well pad;

Path 4 - surface spills of chemicals, hydraulic fracturing fluid, flowback water or produced water within the well pad that is washed
off-site into a waterbody;

Path 5 - reinjection of untreated wastewater to deep aquifers, with possible seismic activity and fault reactivation;
Path 6 - direct discharge of treated or untreated wastewaters to surface waters or drainage lines;

Path 7 - overtopping or failure of wastewater storage ponds;

Path 8 - spills during transport of chemicals or wastewater from either road transports or pipelines (not shown).
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76.1 Unacceptable groundwater contamination due to leaky wells (pathway 1)

The Panel has considered the risk that groundwater could be contaminated as a result of leaky
wells, and cause possible unacceptable changes®® if this water is used for drinking or stock
watering (the risk of unacceptable changes to aquatic ecosystems is covered in Section 7.7.2).

The Panel has distinguished between leaky wells that only leak methane, and those that leak
both methane and wastewater2°® Because it is a gas, methane can escape more easily than a
fluid. Possible pathways for the migration of methane and formation water adjacent to a well
are shown in Figure 7.11. Methane may contaminate surface aquifers and additionally vent to
the atmosphere and contribute to the greenhouse gas impacts from shale gas operations (see
Chapter 9).

Figure 7.11: Schematic of the potential pathways for methane and contaminated wastewater entering an
unconfined aquifer from a leaky well.
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The design, construction and operation of hydraulically fractured shale gas wells is covered in
Chapter 5. As noted in that Chapter, it is now standard practice for a well to be lined with multiple
layers of piping (casing), and with a specialised cement layer between each of the pipes and
also between the outer pipe and the rock strata. These multiple casing strings are designed to
prevent migration of fluids and gases between the well and an aquifer, while the cement layer

is designed to isolate potential sources of saline water, hydrocarbons, flowback and produced
water, from migrating up the outside of the well and contaminating freshwater aquifers.

207 See Table 7.4.
208 Dusseault and Jackson 2014.
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The greatest potential for contamination of freshwater aquifers from a leaky well is if the leak
occurs in the section of the well where it goes through the aquifer.2°® This can occur as a result
of casing failure that occurs when the system is under maximum pressure during the hydraulic
fracturing operation. It is this type of failure that has the greatest potential to quickly release
large volumes of contaminants directly into the aquifer. The evidence presented in Chapter 5 has
shown that the likelihood of this occurring is ‘low".

The second possible mechanism for contamination of groundwater is the upward migration of
fluids as a result of faults in the integrity of the casing and/or cement seal around the well.

There has been considerable effort over the past decade by both the gas industry and regulators
in Australia, the US and elsewhere, to improve the design, construction and operation of onshore
shale gas wells. The evidence relating to the incidence of well leakage and other well failures

is outlined in Chapter 5, and this demonstrates that the incidence of these issues has markedly
declined as more modern methods of design, construction and regulation are implemented and
is now relatively low.#*°

It is critical when assessing well performance that like is compared with like. In particular, the
method and complexity of construction (that is, the category or standard of construction as
discussed in Chapter 5 and illustrated in Table 5.2) is crucial. Comparing performance statistics
through time can be misleading. It is clear that wells are now being increasingly completed to
higher standards and are performing much better than those completed to lower standards. In
this context, the Panel notes that the Amungee well was a Category 9 well with cement casing
along the full length of the well casing to the surface.

A key distinction must also be made between the detection of methane at the surface and/or
in groundwater, and the potential for that groundwater to be contaminated by chemicals from
the formation water or fracturing fluids, which would cause it to become unsuitable for use for
drinking or stock watering, or for general environmental use.

7.6.1.1 Contamination by methane

Methane in water is not classified as a toxic substance,? in contrast to various other chemicals
(for example, heavy metals, metalloids and organic compounds) that may be in formation water.
The limits for many (but not all) of these toxicants for human health, stock watering, agriculture
and aquatic ecosystems are documented in Australian water quality guidelines.??

A highly quoted work on the topic of detection of methane contamination associated with

shale gas wells was published by Osborn et al. in 2011, and was followed up by a publication by
Jackson et al. in 201323 These studies show there was methane contamination of drinking water
in aquifers overlying the Marcellus and Utica shale formations of north-eastern Pennsylvania and
upstate New York that was associated with shale gas extraction. Specifically, the closer (within
around 2 km) a drinking water well was to an active hydraulic fracturing operation, the higher the
measured methane concentration compared with non-hydraulic fracturing locations. However,

it should be noted that the averages reported in these studies for sites both near and far from
drilling were not materially different for groundwater in those locations sampled prior to the
commencement of shale gas development 24

Methane has been detected in groundwater adjacent to shale gas bores in the Denver-Julesburg
basin of north-eastern Colorado with a frequency that suggests a low to medium likelihood of
occurrence.?*® The most recently published work on this subject concluded that most of this
methane was microbially generated and likely to have come from shallow coal seams that occur
in the basin, and not from the deep shale gas formations. Only 0.06% of sampled bores contained
methane at depth2*® The reason that methane was able to migrate upwards was because these
shallow coal seams had not been effectively sealed off as part of the well construction process,
thereby indicating the need for much closer attention to be paid to the identification of and
planning for isolation of such sources during the well design phase of operations.

209 ACOLA Report; US EPA 2016a.

210 ACOLA Report; Origin submission 153; Santos submission 168; US EPA 2016a; Dusseault and Jackson 2014; King and King 2013.
211 US EPA 20164, pp 9-46.

212 ANZECC 2000; NHMRC 2016.

213 Osborn et al. 2011; Jackson et al. 2013.

214 Vidic et al. 2013.

215 Ingraffea et al. 2014; Jackson et al. 2013.

216 Sherwood et al. 2016.
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These near well detections of methane are consistent with the buoyant nature of the gas

and its consequent physical behaviour, initially rising vertically close to a wellbore.? As the
methane (in dissolved or free form) enters the groundwater it will be transported laterally, with
the concentration decreasing with distance from the well as a function of dispersion, dilution,
and attenuation by bacterial processes. If sufficient oxygen is present, methane can be oxidised
to carbon dioxide and water (Figure 7.11) 2*¥ Methane can also be oxidised under anaerobic (no
oxygen) conditions if sufficient dissolved sulfate is present in the groundwater.?9

The Panelis unable to assess the potential for microbial decomposition of methane within NT
aquifers because there is insufficient information on depth profiles of dissolved oxygen and
sulfate concentrations in aquifers. This information is needed to determine the thickness of
aquifers likely to be able to sustain either aerobic or anaerobic degradation pathways.

As noted above, methane is not considered to be a toxic component in groundwater, however, the
presence of methane can be an explosion hazard. Explosions can occur if methane accumulates
to a sufficient concentration in an enclosed space (for example, in the air gap above the water in a
water bore or the headspace in a tank). In this context, the US Department of the Interior advises
(based on guidance developed by the US Geological Survey (USGS))?*° owners of wells with
dissolved methane concentrations greater than 28 mg/L (approximately the solubility limit at
ground surface) to immediately contact their local authorities to obtain assistance and guidance
in venting the wellhead and for other possible remediation alternatives. It also recommends that
methane concentrations ranging from 10 to 28 mg/L in water signify an action level where the
situation should be closely monitored (and with concentrations less than 10 mg/L no action is
required) other than periodic monitoring to see if methane concentrations are increasing.

These guidance values for methane concentrations are based on the potential for explosion risk
under certain circumstances. They are not environmental or health risk guidelines based on the
occurrence of methane in the groundwater. However, if the rate of methane flux is so high that

it bubbles to the surface, or if there is a leaky well head, then there is the potential for fire at the
surface. This is also an issue for greenhouse gas emissions (Chapter Q). In both cases rapid action
is needed to stop the flow.

One issue that requires additional research is what happens to methane in groundwater when

it is degraded by the action of special bacteria that are present and what are the consequences
for groundwater quality. The aerobic (oxygen present)??* oxidation of methane produces carbon
dioxide, while the anaerobic (no oxygen present)??? oxidation in the presence of sufficient sulfate
generates bicarbonate and sulfide. While there is evidence that the oxidation of methane in
groundwater can have secondary impacts on water quality close to a well, the available data
suggests that this effect is of limited extent 223

The Panelis not able to provide any further assessment of the potential significance of the

issue of methane oxidation in NT groundwaters for two reasons: first, there is insufficient data
available on oxygen and sulfate concentration profiles in these aquifers and second, the
occurrence of these processes and the potential for adverse impacts on groundwater quality will
be very location specific. Additional information should become available as part of the SREBA
recommended in Section 7.4.3 (Recommendation 7.5).

Rapid methods for determining methane concentrations in water are now available 2

7.6.1.2 Contamination by wastewater

Despite Osborn et al. having found elevated methane adjacent to shale gas wells, the authors
also categorically state that they “found no evidence for contamination of drinking-water samples
with deep saline brines or fracturing fluids.” 225 Specifically, there was no evidence of contamination
of the shallow drinking water wells near active drilling sites from deep brines and/or fracturing
fluids, with the concentrations of salts measured in these wells being consistent with the baseline
historical water quality data. This conclusion is consistent with other published work.22

217 Dusseault and Jackson 2014.

218 Cahillet al. 2017.

219 Van Stempvoort et al. 2005; Schout et al. 2017.
220 Eltschlager et al. 2001.

221 Cabhill et al. 2017.

222 Van Stempvoort et al. 2005.

223 Cahillet al. 2017; Van Stempvoort et al. 2005.
224 Gonzalez-Valencia et al. 2014.

225 Osborn et al. 2011, p 8175.

226 Vidic et al. 2013.
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Recent comprehensive research using an array of geochemical fingerprinting techniques has also
concluded that there is a lack of evidence for contamination of groundwater resources by deep
water from shale gas formations.2?” Importantly, this study found that where there was evidence
of aquifer contamination, the signature of the contaminants was consistent with that of surface
spills of flowback or produced water, and not leakage from wells. That is, the contamination had
occurred as a result of surface spills rather than from upwards migration through the well bore
(see Section 7.6.3 for discussion of surface spills).

A recent study by CSIRO as part of the NCRA of chemicals associated with extraction of CSG

(see Section 7.4.2.3 and Chapter 4 for a description of the NCRA) used computer modelling

to investigate the possibility that chemicals remaining underground after hydraulic fracturing
could return to the near surface environment and contaminate groundwater.??® This study was
undertaken for CSG, where the gas is extracted from a coal seam aquifer that is much closer to
the surface than for a non-aquifer shale gas formation, accordingly, the results of the CSIRO study
provide a more conservative assessment of likely risk given the much greater distance between
the (near surface) aquifers and the very deep shale gas formations.

The following four plausible transport release scenarios for movement of chemicals from depth
to near surface were developed and assessed by the CSIRO:

pathway 1: fracture growth into an overlying aquifer - this scenario considered hydraulic
fracture fluid loss into an overlying aquifer and site conditions that favour height growth of
a vertical hydraulic fracture upward towards and into a shallower aquifer (equivalent to
Path 2 in Figure 7.10);

pathway 2: fracture growth into a well through pre-fracturing permeability and new
fractures - this involves two wells within the same coal seam connected by a pre-existing
hydraulic fracture (equivalent to abandoned exploration well path in Figure 7.10);

pathway 3: well rupture during injection - this scenario considers rupture of a cased well
during a fracturing injection operation (equivalent to Path 1 in Figure 7.10); and

pathway 4: fracture growth into a fault - assessment of leakage potential through a fault
that connects the coal seam to an overlying aquifer (equivalent to Path 2 in Figure 7.10) .

The CSIRO assessment concluded that these pathways are either unlikely (high to very high
confidence for pathway 3), or extremely unlikely (less than 5% probability for pathways 1, 2 and
4), in an Australian context. Therefore, it is unlikely that chemicals remaining underground after
hydraulic fracturing will reach surface aquifers in concentrations that would be unacceptable for
domestic or stock water or aquatic ecosystems.

In summary, therefore, the Panel finds that based on the available evidence, the likelihood of
contamination of NT groundwaters by the upward migration of contaminated fluids as a result
of hydraulic fracturing is ‘very low', whereas the likelihood of contamination by methane is ‘low'
to ‘'medium’ The consequence to water quality (specifically the impact on groundwater used for
drinking or stock watering) from the occurrence of methane is rated as ‘low' because methane
in water is non-toxic. However, the presence of methane above a threshold value (10-28 mg/L)
could result in an explosion risk under certain, albeit unlikely, circumstances.

The Panel has determined that contamination of groundwater is unacceptable if the
concentration of chemicals (toxicants) in the groundwater exceeds human and stock health
levels by the time the plume reaches any population centre or pastoral property drinking water or
stock watering bore 22 Currently, there is insufficient information available to assess whether this
situation could arise as a result of any onshore shale gas industry in the NT. This requires site-
specific modelling to be undertaken, a task that is not simple as noted by DENR for the Beetaloo
Sub-basin when it stated that,

‘the issue of water quality modelling and monitoring in Rarstic environments is problematic.
Generally, without knowledge or mapping of the Rarstic features and structures near to the
source of contamination, the immediate fate and transport of dissolved constituents is difficult
to predict on a local scale. Further, study would need to be undertaken to characterise the
advection, dispersion and diffusive properties of such aquifers to enable the modelled prediction

of movement of a contaminant plume on a larger scale.” 23°

227 Harkness et al. 2017.

228 Mallants et al. 2017.

229 ANZECC 2000; NHMRC 2016.
230 DENR submission 428, p 15.
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In practice, a rigorous groundwater monitoring system should be in place to provide
early detection of any contamination, with rapid implementation of assessment and
remedial action of the types summarised by Origin.23* Origin indicated to the Panel that if a
substantial spill of wastewater occurred, remediation would be undertaken using a variety
of methods underpinned by an understanding of human and environmental risks. The
process consists of three stages:
stage 1: a detailed site investigation that uses intrusive methods to collect samples from
the source and subsurface in accordance with Australian Standards (AS4482);

stage 2: health and environment risk assessment performed in accordance with the
National Environment Protection (Assessment of Site Contamination) Measure 1999; and

stage 3: implementation of the remediation action plan and subsequent adherence to
monitoring plans to demonstrate that remediation has been successful.

Remediation options that can potentially be adopted include:

monitored natural attenuation, whereby the contaminants naturally reduce in concentration
through dilution, adsorption on the mineral matrix, or biological degradation within an
aquifer. This is an appropriate approach where there are a lack of nearby groundwater users
and high potential for contaminants to be attenuated by natural processes;

source removal, including installation of pump and treat systems to extract water from
the aquifer for treatment on-site to meet water quality criteria before the treated water is
disposed of off-site; and

in-situ flushing, whereby uncontaminated water is pumped into the aquifer downgradient
of the source where dilution, desorption, solubilisation and/or flushing of the contaminants
can occur, followed by extraction of the flush water if needed.

Additionally, in response to a request from the Panel, Santos provided information on possible
methods for remediation of aquifers that become contaminated from either leaky wells or surface
spills of wastewater.23? Santos' policy is to focus on avoiding the likelihood of contamination, but

if contamination does occur, its remediation methods focus on the water-soluble chemicals,

with extraction and treatment of the contaminated groundwater the most effective means of
remediation.

In the specific case of the Beetaloo Sub-basin, the general movement of groundwater in the CLA
is towards the north and is generally very slow. Estimates indicate that it would be only metres

per year in the northern Beetaloo Sub-basin and considerably less in the southern Beetaloo
Sub-basin.233 This slow rate of movement means that it would take decades for water containing
contaminants to travel even 100 m. Therefore, provided a leak is detected early by monitoring
systems installed close to well pads, there is enough time to undertake remedial action before the
contaminated plume reached domestic drinking or stock watering bores. However, as discussed
in Section 7.3.1.3, considerably faster rates of up to 1,000 m/y have been measured in the northern
CLA around Katherine, consistent with the preferential flow that can occur through limestone
aquifers and through sinkholes and cavities. This would require more rapid remediation responses.
However, with appropriately located monitoring systems and appropriate offset distances, any
contamination is still likely to be detected in time to avoid domestic or stock water bores.

The Panel's view is that monitoring of key water quality indicators in the groundwater in close
proximity (that is within 10-20 m) to each planned well or well pad is essential, and that this
monitoring should commence prior to any well drilling, with subsequent monitoring being
particularly focussed on the hydraulic fracturing stages. To this end, multi-level monitoring
bores must be installed in advance (at least six months) prior to the drilling of a gas well and
designed to ensure full vertical coverage of any aquifer(s) currently supplying, or potentially
being able to supply, water for environmental or consumptive (stock or domestic) uses. The bore
array must have a level of vertical resolution at least sufficient to be able to identify whether a
leak of fluid or gas is occurring in the top, middle or bottom zones of an aquifer. At a minimum,
electrical conductivity should be measured in real-time as an indicator providing ‘early warning'
of contamination, with the results telemetered from the site to the regulator and made available

231 Origin submission 433, pp 27-28.
232 Santos submission 420, p 4.
233 DENR submission 429.
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to the public. The use of telemetry for other parameters should be reviewed every five years or
as technological improvements become available. Additionally, other water quality indicators
determined by the regulator must be measured quarterly, with the results made publicly
available within one month of sampling. The combination of continuous and randomised spot
monitoring should continue for three years, after which time its fitness for purpose should be
reviewed by the regulator.

If the electrical conductivity or other measurements suggest that a leak has occurred, or is
occurring, more detailed investigations must commence immediately, with remediation to

be initiated as soon as practicable. Parameter values for setting action thresholds should be
determined from the data collected during the SREBA, and reviewed periodically by the regulator.

The text above specifically refers to the installation and monitoring of all new exploration wells.
However, there are already a number of explorations wells (including the Amungee NW-1H well)
that exist. The Panel recommends that these wells also require the installation of multilevel bores
prior to the approval of either first time or repeat hydraulic fracturing activity.

Notwithstanding monitoring systems being in place, a further level of protection should be
provided by locating well pads a minimum distance from water extraction bores. Data from the
US suggest the minimum offset distance between well pads and stock or domestic bores is

1 km.234 Recent work by CSIRO on assessing groundwater transport away from CSG wells has
suggested that 2 km is an appropriate minimum distance 235 While these potential offsets are
based on areas of particular hydrogeology in the US and from CSG fields in Queensland, they are
nevertheless consistent with the maximum offsets in place for a number of jurisdictions 23°

For shale gas developments in the NT, the minimum offset distance should be established

on a region specific basis by the application of findings from groundwater modelling, and
consideration of the potential for transport of contaminants, as well as the likely maximum
drawdown extent as discussed in Section 7.5.2. However, as a default, and as a matter of caution,
the Panel recommends that an offset distance of 1 km be used.

Recommendation 7.11

That prior to the grant of any further exploration approvals, in order to minimise the risk of
groundwater contamination from leaky gas wells:

all wells subject to hydraulic fracturing must be constructed to at least Category 9 (or
equivalent) and tested to ensure well integrity before and after hydraulic fracturing, with the
integrity test results certified by the regulator and publicly disclosed online;

a minimum offset distance of at least 1 km between water supply bores and well pads must
be adopted unless site-specific information of the kind described in Recommendation 7.8 is
available to the contrary;

where a well is hydraulically fractured, monitoring of groundwater be undertaken around
each well pad to detect any groundwater contamination using multilevel observation bores
to ensure full coverage of the horizon, of any aquifer(s) containing water of sufficient quality
to be of value for environmental or consumptive use;

all existing well pads are to be equipped with multilevel observation bores (as above);

as a minimum, electrical conductivity data from each level of the monitor bore array should
be measured and results electronically transmitted from the well pad site to the regulator
as soon as they are available. The utility of continuous monitoring for other parameters
should be reviewed every five years or as soon as advances in monitoring technology
become commercially available; and

other water quality indicators, as determined by the regulator, should be measured
quarterly, with the results publicly disclosed online as soon as reasonably practical from the
date of sampling. This monitoring regime should continue for three years and be reviewed
for suitability by the regulator.

234 Osborn et al. 2011; Hilland Ma 2017.
235 Mallants et al. 2017.
236 NSW Chief Scientist and Engineer 2014.
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7.6.2 Unacceptable groundwater contamination due to faulty decommissioned or
abandoned wells (pathway 1)

The Panel has assessed the risk that groundwater could be contaminated from a
decommissioned or abandoned leaky well, with unacceptable adverse effects on domestic
drinking water or stock watering supplies. The process for decommissioning any onshore shale
gas wells when production has ceased is discussed in Section 5.3.2.5.

An extensive review of decommissioned wells by NSW's Chief Scientist noted that, “if designed,
constructed and abandoned to best practice, wells that are decommissioned to current standards
have a low likelihood of environmental damage, but that there is uncertainty in relation to the
potential long-term impacts. Studies of CO2 subsurface storage wells suggest that cement would
be able to isolate CO2 and upper aquifers over the long-term (1,000+ years), but there is scope

for additional research to assess specifically the impact of abandoned CSG wells over extended
timeframes. Legacy wells that have been abandoned may have been constructed or abandoned
to inferior standards, increasing the likelihood of well integrity failure and consequences to the
environment." 237

The Panel notes that even if well integrity degrades in abandoned wells over the long term,
there is unlikely to be a hydraulic driver for leakage into groundwater supplies. Any fluid flow as
the result of well integrity failure is likely to be towards the depressurised shale rocks (that is,
downwards) rather than away from it (see Section 5.3.2.5 and Appendix 14, Sections 2, 5.14 and 8).
Thus, the likelihood of groundwater contamination due to faulty abandoned wells is considered
to be ‘very low"

The consequences of such contamination on human and stock drinking water supplies have
been discussed above in Section 7.6.1. The consequences to water quality from methane were
rated as ‘low'’ The consequences of other wastewater or geogenic chemicals to drinking water
supplies will require detailed site-specific computer modelling to answer, but is likely to be
‘low' given the very slow groundwater travel time and the attenuation processes (for example,
dispersion, dilution, and microbial decomposition) occurring in the aquifer.

The Panel's overall assessment is that the risk of contamination of aquifers due to faulty
abandoned wells is 'low' given the very low probability of this occurring with implementation

of world leading practice design and at least current Category g construction standards

being mandated, and provided that the well passes a rigorous integrity test prior to being
decommissioned (see Chapter 5 and Recommendations 5.1 and 5.2). In the event that a well does
not pass this final integrity test, remedial action needs to be taken to address any identified issues
prior to approval being given to decommission and abandon the well.

The question of who should pay for long-term monitoring of abandoned wells and for cleaning
up any leaks that may occur is addressed in Chapter 14.

76.3 Unacceptable groundwater contamination due to surface spills of wastewater
and fracking chemicals (pathways 2, 3 and 8)

The Panel has examined the risk that spills of wastewater and/or fracturing chemicals could
cause unacceptable contamination of surface or groundwater systems. These spills can occur
both on-site and off-site (transport and pipelines).

7.6.3.1 On-site spills

The likelihood of spillage of wastewaters is always present in resource extraction operations, and
there are numerous examples of spillage from the onshore shale gas industry in the US,238 and
the CSG industry in Australia.?3?

With onshore shale gas operations there is potential for on-site accidental leaks and spills of
chemicals, hydraulic fracturing fluids, flowback or produced water, including:#4°

the loss of stored flowback or produced fluids due to the failure of wastewater storage
ponds;

237 NSW Chief Scientist and Engineer 2014.

238 US EPA 20164, Section 7.4; Maloney et al. 2017.
239 Santos 2012.

240 Santos submission 168, p 99.
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the spillage, overflow, water ingress, or leaching from cuttings/mud pits;
the spillage of fracking fluids or component chemicals during preparation or use;
the spillage of flowback or produced fluids during transfer to storage;

the spillage of flowback or produced fluids during transfer from storage to tankers for
transport; and

the spillage of flowback or produced fluids during transport to wastewater treatment works.

The Panel has considered two factors in assessing the likelihood of a wastewater spill
contaminating an aquifer: first, the likelihood of a spill actually occurring, and second, the likelihood
that the contaminants would pass through the surface soil and rock layer to an the aquifer.

The evidence available to the Panel is unequivocal. On-site spills of chemicals and wastewater
are very likely to occur on onshore shale gas well pads.24* The causes of these spills are generally
container and equipment failures, human error, blowouts, pipeline leaks, and inappropriate
dumping or disposal of wastewater.24? The spills are mostly relatively small in volume (that is, less
than 1,000 L), confined to the well pad area (84% according to the US EPA) and capable of being
rapidly cleaned up. The US EPA has noted that of the produced water spills (typically the largest
volumes spills), 63% have resulted in soil contamination, 8% reached surface water resources, and
0.4% were documented as reaching groundwater.243

The largest spills can come from the failure (leakage), or overtopping of wastewater containment
ponds, or from the rupture of pipelines transporting wastewater. The likelihood of leakage from
containment ponds can be mitigated by the use of double lined systems with leak detection.
However, there is still the very real possibility of overtopping of storage ponds during the wet
season. Santos proposes to allow at least 0.3 m freeboard (distance between the water level and
the top of the pond) to minimise the risk of pond overtopping during the wet season, however,

it provides no detail on how this will be guaranteed.?44 Origin proposes that “any open storage
(tanks, pits, etc) that are in use to contain fluids other than fresh water during the wet season must
have a freeboard equal to 150% of the maximum recorded frequency, duration, intensity event in
that region to prevent overflow from any rainfall event.” 24> However, past experience with extreme
weather events in the NT has shown that design must be based on the maximum probable
precipitation event, coupled with an appropriate wet season maximum operating level. World
leading practice is moving towards the use of closed tanks for the storage of wastewaters, which
removes the risk of overtopping caused by input of rainwater.24

The likelihood of the occurrence of spills can be reduced with world leading practice chemical
spill and wastewater containment facilities, well maintained equipment and comprehensive
management strategies.

The Panel notes that even if a wastewater spill does occur, it will nevertheless need to penetrate
the soil and rock layer to reach the groundwater, and that concentration of chemicals in the
wastewater will be dependent on:

the volume of spill;
the depth to groundwater;
the permeability of the rocks between the surface and the groundwater table;

the interaction (sorption, microbial decomposition) of contaminants within the soil zone to
reduce concentrations; and

the effectiveness of engineering measures and clean up procedures to mitigate the
possible transport of contaminants.

The Panel received two submissions that modelled the likelihood of a surface spill of wastewater
reaching the CLA in the Beetaloo Sub-basin. The first, a report by EHS Support,?#’ provided a
modelled assessment of the rate of infiltration for three spill scenarios (1,000 L, 100,000 L and
1,000,000 L) through approximately 80 m-thick soil and rock layer (cretaceous siltstones and

241 Maloney et al. 2017; Patterson et al. 2017; US EPA 2016a.

242 US EPA 20163, pp 7-42.

243 US EPA 2016a, Appendix A, p 18.

244 Santos submission 168, p 99.

245 Origin submission 476, p 2.

246 BHP 2016, p 5.

247 Santos submission 420, Appendix A, Report by EHS Support (EHS Support 2017).
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mudstones) to the underlying aquifer in the vicinity of the Santos Tanumbirini exploration well.

In this context, it should be noted that 10,000 L is considered to be a ‘large’ spill based on data
from the US.248 A number of even larger spills do occur noting that, for example, in North Dakota
in 2015 there were 12 releases of 79,000 L or more out of a total of 609 spills.24® The US data
confirmed that the range of volumes spanned by the EHS Support assessment were realistic.

In the absence of any mitigation or management, the EHS modelling suggests that it would likely
take at least 10 y for the 1 ML (1,000,000 L) spill to reach the groundwater. During this time, many
of the concentrations of many of the organic and inorganic contaminants would be reduced by
various attenuation pathways (microbial decomposition, adsorption to soil particles) during their
through the soil layer.25°

The second assessment, undertaken by Cloud GMS,?5* considered a different scenario and used
a different modelling approach to that used by EHS Solutions.?5? It modelled the likely effect of
leakage from a drill mud pit extending over 60 days, consistent with an unconstrained leakage
for the entire operational life of the pit. This was a much larger volume of infiltration than the
maximum modelled by EHS Solutions (35 ML, compared with 1 ML). However, the conclusions of
the two studies were similar insofar as in this part of the Beetaloo Sub-basin, it would be unlikely
that a large surface spill or leak of wastewater would reach the groundwater table in a period of
less than 10 years.?53

Cloud GMS also modelled what might happen if the entire load of a B-Double Tanker was to

be discharged in this location as a result of a transport accident. Since the volume of the tanker
(50,000 L) represents only one-thousandth of the volume in the simulated leak from the pits, the
conclusion that this spill would not reach the groundwater table was consistent with the EHS
Solutions assessment. Overall, Cloud GMS concluded that "based on the scenarios considered
the likelihood of surface spillage migrating to the water table is low taking into account the water
table depth (greater than 60 m), spill volumes, likely timeframe for spill containment/remediation
and existing controls"254

The Panel notes that neither assessment factored in the potential effect of a major rainfall event
following the spill. This could be an issue for a spill or leak that occurs toward the end of the dry
(before clean up can occur) or during the wet. Additionally, DENR noted that, “if a spill occurred
in an area where the sediments overlying the karstic limestone were thin, or near a sinkhole, then
infiltration could occur within days."5

The downward transport of a surface spill to the groundwater will be location specific. The closer
the groundwater is to the surface, and the more permeable the horizons from the surface to the
aquifer, the higher the risk that the aquifer may be contaminated before remedial action could
be effectively implemented. Each prospective gas producing region in the NT will need to be
assessed separately based on site-specific characteristics.

While the Panel's assessment is that the likelihood of on-site spills occurring is ‘high’, the
probability that these spills will contaminate groundwater aquifers is ‘low’, particularly in the
Beetaloo Sub-basin. There is, however, one caveat on this finding, namely, that there may be
preferential pathways in certain karst regions of the NT.

The consequences if a spill of wastewater reached an aquifer would be the same as those
discussed above in Section 7.6.1. That is, the contaminants would be transported slowly within
the aquifer (perhaps 1-2 m/y),2° diluted by mixing, and the concentrations of many organic
chemicals reduced by microbial degradation (Figure 7.12).

248 Maloney et al 2017; US EPA 2016a.

249 US EPA 2016a, pp 7-26.

250 McLaughlin et al. 2016.

251 Origin Energy Ltd, submission 469 (Origin submission 469), Appendix 3, Beetaloo Basin - Groundwater Impact Risk Assessment, prepared by
Cloud GMS, September 2015, Appendix D. (Cloud GMS 2015).

252 Origin Amungee NW-1H Environmental Management Plan, Appendix 5.

253 Cloud GMS 2015; EHS Support 2017.

254 Cloud GMS 2015, p D21.

255 DENR submission 429, p 3.

256 DENR submission 429, pp 2-3.
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Figure 7.12: Schematic of the potential pathways for an on-site spill of contaminated wastewater through
the soil/rock layer to an unconfined aquifer and then within the aquifer.
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The US EPA notes two reasons why the issue of aquifer contamination can be problematic.25” The
first is that groundwater contamination can only be detected if monitoring bores are installed

in the area where contamination is most likely to occur, and the second is that groundwater
contamination is difficult and expensive to remediate (see also discussion in Section 7.6.1).

The Panel considers that it is essential that a comprehensive wastewater spills containment and
management plan is prepared by gas companies for each well pad using a rigorous set of world
leading practice guidelines, with these waste management plans approved and enforced by the
regulator.

In New Zealand, three levels of containment are required for all oil and gas sites to manage
possible spills: the first is a containment of wastewater in tanks (and not ponds), the second
consists of bunds around the site and the third consists of a stormwater pond to collect rainwater
that falls on the site 28 Additionally, some sites now have a geomembrane or low permeability
compacted clay layer over the well site to reduce the probability of spills penetrating into the soil
and rock layer overlying the aquifer. A rigorous groundwater monitoring program for each well
pad (as recommended in Section 7.6.1) must be established, with the data made publicly available
online as soon as reasonably practicable. In the case of any contamination, the gas company must
act immediately to fix any problems 259

Secondary containment measures should also be put in place on work sites to mitigate the risk of
a spillin the event that the primary containment fails, by preventing or mitigating any uncontrolled
release of chemicals to the ground and to waterways. This can be achieved, for example, by
constructing bunded working areas designed to contain maximum probable precipitation events
and engineered above ground ponds with sufficient freeboard, or closed tanks.

257 US EPA 2016a.
258 NZ Report 2014, pp 51-52.
259 Ms Justine Johnson, submission 537.
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The Panel has little information regarding what, if any, wastewater treatment facilities will
be employed by the gas companies. Decisions about wastewater treatment must be made
strategically, taking into account any development of the industry on a regional scale, and
taking into account the views of landholders, local communities and the environment (see
Recommendation 5.5).

The Panel has also identified poor practices that can occur with the transport of wastewater
(Section 5.8.2), and has recommended that a framework for managing wastewater transport

be developed to include an auditable chain of custody system for any transport of wastewater
(including by pipelines) that enables source-to-delivery tracking of consignments of wastewater
(see Recommendation 5.5).

Recommendation 7.12

That prior to the grant of any further exploration approvals, to reduce the risk of contamination of
surface aquifers from on-site spills of wastewater:

the EMP for each well pad must include an enforceable wastewater management plan and
spill management plan;

enclosed tanks must be used to hold all wastewater; and

the well pad site must be bunded to prevent any runoff of wastewater, and be treated (for
example, with a geomembrane or clay liner) to prevent the infiltration of wastewater spills
into underlying soil.

Recommendation 7.13

Upon a gas company undertaking any exploration activity or production activity, monitoring
of the groundwater must be implemented around each well pad to detect any groundwater
contamination, adopting the monitoring outlined in Recommendation 7.11. If contamination is
detected, remediation must commence immediately.

7.6.3.2 Spills during transportation

The Panel has assessed the risk of contamination of surface waters due to off-site spills during
transportation of chemicals and wastewater associated with any onshore shale gas hydraulic
fracturing operations.

The development of any onshore shale gas industry in the NT requires that fracturing chemicals
and fluid additives be transported to the various drill sites. This gives rise to a risk that spills may
occur during transportation. The conduct of such transport is regulated by the Australian Code for
the Transport of Dangerous Goods by Road and Rail, a code that is given legal effect to in the NT
by the Transport of Dangerous Goods by Road and Rail (National Uniform Legislation) Act 2010 (NT),
which is administered by NT Worksafe.

Additionally, if wastewater is transported by pipeline for reuse, or to a treatment plant, there is a
risk that spills may occur due to broken pipelines. Pipelines carrying waste require an approval
from the NT EPA under the Waste Management and Pollution Control Act 2016 (NT) (Waste
Management Act).

Road and rail transport

The largest number of road traffic accidents occurs during the dry season in the NT because of
the heavy traffic caused by an influx of tourists2°° However, it is during the wet season that road
transport accidents are most problematic, with any spilt contaminants potentially being washed
overland to ecologically important temporary or permanent waterbodies. These waterbodies
are also more likely to be affected during the wet season by sediment-laden runoff coming from
unsealed roads and pipeline corridors (see Section 7.6.9).

The Panel notes that 15 of the 113 chemicals used for the extraction of CSG and assessed by

the NCRA were identified as being of potential concern in the event of a direct (unmitigated)
release of the chemical(s) to an aquatic ecosystem occurring as the result of a transport accident
(spill.2%* These were the only circumstances identified in that assessment that could allow CSG

260 https:/~/dipl.nt.gov.au/transport/transport-statistics-surveys-and-research/road-toll-statistics.
261 Australian Department of the Environment and Energy 2017a-f.
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chemicals (and by implication some of those used for shale gas extraction, as documented in
the list of chemicals used for the Amungee NW-1H fracturing operation) to potentially occur in
surface water at concentrations toxic to aquatic organisms. The findings from the NCRA study
underscores the importance of handling and transporting all chemicals in accordance with the
relevant Territory (and State if being transported to or from the NT) regulations and industry
codes of practice.

Current industry practice for the transportation of chemicals requires that both primary and
secondary containment measures are in place.2%? Primary containment ensures that additives are
stored and transported in properly designed materials (for example, high density polyethylene
thermoplastic material) and protected by a steel cage to maintain the structural integrity of the
container. Secondary containment measures should also be put in place to mitigate the risk of

a spill in the event the primary containment failed. For example, Origin arranged for additives
transported to the Amungee NW-1H lease to be transported in trucks that had secondary
containment on the trailer beds.?%3

In Chapter 8, the Panel has noted that Pangaea has proposed the installation of a public benefit
multi-user rail siding on the Adelaide to Darwin railway line that, “would allow the efficient carriage
of consumables, drill bits and other equipment for the entire Beetaloo Basin, lowering the use of
trucks on main roads and highways.” 264 This suggestion warrants further consideration.

Recommendation 7.14

That the Government, having regard to the measures detailed in Recommendation 5.5, undertakes
a review to determine whether:

restrictions need to be placed on the transport of hydraulic fracturing chemicals and
wastewater during the wet season, particularly on unsealed roads, to avoid the risk of spills;
and

rail transport of some or all of the hydraulic fracturing chemicals and other consumables
required, be used to avoid the risk of spills.

Pipelines

The other possible source of off-site spills is from broken pipelines carrying flowback or
produced water for recycling or to a central treatment plant. The US EPA noted that pipeline
spills can be very large, with the largest documented spill occurring in North Dakota, where
approximately 11 ML of wastewater spilled from a broken pipeline and affected surface water
and groundwater.2%5 The Panel has been told that gas pipelines will be buried,?®® but it is possible
wastewater pipelines will be on the surface.

The Panel's assessment is that the likelihood of an off-site pipeline leak is ‘low’, provided that
pipelines (gas and wastewater) are buried and that robust pipeline construction and management
guidelines are developed and enforced by the regulator. The Panel also notes that pipelines
carrying wastewater would also require an approval from the EPA under the Waste Management
Act. The consequences if a spill does occur will depend upon the volume of the spill, the speed
and effectiveness of clean up procedures and the time of year the spill occurs. If a pipeline spill
occurs during the wet season, the clean up will be more difficult, and there will be a greater
likelihood of contaminants being more widely dispersed and perhaps reaching a surface
waterbody, albeit in a more dilute form.

7.6.4 Unacceptable contamination of surface aquifers due to the reinjection of
treated or untreated wastewater (pathway 5)

The Panel has examined the risk of contamination of surface aquifers due to the reinjection of
treated or untreated wastewater into other aquifers or wells associated with extraction of oil and

gas from conventional reservoirs. Reinjection of wastewater is common practice by shale gas
companies overseas, particularly in the US, where the US EPA found that in 2012 around 93% of

262 Origin submission 153, p 82.
263 Origin submission 153, p 82.
264 Pangaea submission 427, p 12.
265 US EPA 2016a, pp 7-26.

266 Origin submission 433, p 49.
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the flowback and produced water from the oil and gas industry in that country was injected into
Class Il wells associated with conventional oil and gas reservoirs 27 The US EPA also reported that
this practice had been associated with seismic activity in several States 258

For this reason, the onshore shale gas industry in the US is now focussed on reusing more of

its wastewaters for well drilling and hydraulic fracturing, or on treatment to reduce the volume
requiring ultimate disposal. For example, in the Marcellus shale basin, approximately 9o% of the
flowback and produced water (around 3.2 ML per well) is reused for hydraulic fracturing, with this
recycle component making up around 14% of the 16-18 ML per well currently used for fracturing.269

There has been a limited pre-feasibility assessment on reinjecting CSG produced water in
Queensland, which the Panel understands has now been discontinued due to technical issues.27°

However, the Panel is also aware that managed aquifer recharge (MAR) is practised in many
areas of Australia and overseas. MAR involves the injection of water of compatible chemistry
into aquifers, which requires both an aquifer with suitable permeability and structural integrity
to receive injected waters, and for the waters to have a suitable chemical composition so that
there are no adverse chemical reactions with aquifer materials leading either to clogging of the
injection bore or aquifer, or to the liberation of other chemicals in the aquifer material. 27

In its submission to the Panel, Origin noted that is has not considered or planned for reinjection of
flowback fluid and that it would not consider this option ‘except where the water is treated to the
same standard as the aquifer water and regulatory approval is provided"?7?

The Panel has insufficient information regarding any potential reinjection of wastewaters in the
Beetaloo Sub-basin (or elsewhere) to make an assessment of the contamination risk associated
with this practice. The information required to support an assessment of the risk caused by
this practice would include the quality and volume of the treated or untreated wastewater

to be reinjected, the composition of water in the target aquifer, the potential to influence

other connected aquifers and the long-term changes in water quality in the target aquifer if
reinjection occurred. Additionally, geological modelling of the actual site where reinjection is
proposed needs to be undertaken before any approval to carry out such activity was granted.
Accordingly, the Panel considers that the risks of contamination from reinjection of wastewater,
were it to occur, are insufficiently understood, and therefore, it should not be permitted (see
Recommendation 7.9).

76.5 Unacceptable contamination of surface aquifers due to induced connectivity
between hydraulically fractured shale rock formations and overlying aquifers
Claims were made both in written submissions and during community consultations that surface
aquifers could be contaminated as a result of the hydraulic fracturing process by fracturing fluids
travelling through the rock strata from the fractured shale area vertically to overlying aquifers
containing high quality water?73

Movement of fluid between the shale layer and an aquifer requires both a physical pathway

(for example, interconnecting pores within the rock matrix, or a fracture or fault in the rock) and

a driving force27* Additionally, the potential for fluid migration will be different in the period
following initiation of fracturing and prior to gas production, and after fracturing is complete and
during production when the pressure in the fractures is reduced.?’>

The US EPA identified four possible pathways by which hydraulic fracturing fluids could migrate
from the fractured shale region into a surface aquifer:27®

the migration of fluids out of the gas production zone through pore spaces in the rock;
the migration due to fracture outgrowth out of the production zone;

the migration through fractures intersecting with geological features such as permeable
faults or pre-existing natural features; and

the migration through fractures intersecting with nearby wells.

267 USEPA 2016a.

268 US EPA 2016a.

269 US EPA 2016a.

270 Healthy Headwaters 2011.

271 This is discussed in some detail in NRMMC 2009.

272 Origin submission 153, p 84.

273 Lock the Gate Alliance Northern Territory, submission 171 (Lock the Gate submission 171), p 10.
274 US EPA 2016a, pp 6-38.

275 US EPA 20164, pp 6-39.

276 US EPA 2016a, pp 6-44.
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In addition to the need for a physical pathway between the shale layer and the aquifer and
a driving force, the potential for fluid migration will be different during hydraulic fracturing
compared to the period after fracturing is complete and the pressure in fractures is reduced.?””

The evidence is that it is highly unlikely that fracking fluids could reach a surface aquifer through
the first potential pathway.?7® The large vertical separation distance (1,000 to 3,000 m) between
the shale layer and the aquifer, together with the very low permeability of the intervening

rock strata, make this a highly unlikely pathway without some fractures assisting the transport
process.2’9

The second potential pathway is for fractures to extend out of the shale production zone into
another formation. Again, the likelihood of fractures growing out of the shale rock region for
distances of 1,000 to 3,000 m is extremely low.22° For example, the majority of fractures in the
Marcellus shale basin were found to have heights of less than 100 m, although fracture lengths
up to approximately 600 m have been recorded.?®

However, as Lock the Gate Alliance Northern Territory (Lock the Gate) has noted in its
submission, if there is a fault between the fractured region and the aquifer, this may provide a
preferred pathway between the shale layer and the aquifer for fluid flow during the hydraulic
fracturing operation.?8 US EPA, Reagan et al. and Westwood et al. have discussed this possibility
in detail?®3 and have concluded that the risk is low.

According to Origin, Pangaea and Santos, the location of faults is taken into consideration

during the design and construction of each well and the gas companies actively avoid faults
because their occurrence can seriously compromise the effectiveness of the hydraulic fracturing
operation, as well as being a potential environmental risk 284 This was the case for the Origin
Amungee NW-1H well, where a section of the horizontal bore was not fractured because of the
inferred existence of a small fault system 28 Origin told the Panel that,

‘prior to conducting the HFS operation at Amungee NW-1H Origin assessed the risk of induced
connectivity between the hydraulically fractured shale formation and the aquifers. The risk was
assessed as follows: first, what is the vertical offset between the target zone and the aquifers,
second, are there barriers to fracture height growth between the target zone and aquifers, and
third, do the barriers contain the fracture height growth for the designed pumping schedule?" 25

The other possible pathways identified above, that is, fractures intersecting with other wells
(including active and abandoned wells), are not likely given that there are currently very few deep
wells drilled in the NT. However, this is very unlikely to be an issue in the NT given the very low
number of deep wells that have been drilled, and moreover, because those that exist are well
documented. The US EPA has documented situations where unintended interactions between
fractured wells on multi-well pads, called ‘frac hits', can occur, most commonly if the lateral
separation between wells is less than around 340 m 287

The Panel notes that apart from the hydraulic fracturing phase, simple groundwater hydraulics
mean that it is highly unlikely that water would flow from the depressurised shale gas aquifer to
an overlying aquifer that remains pressurised. The only hydraulically plausible opportunity for
limited fluid migration along faults is during the intense pressurisation of the actual hydraulic
fracturing. However, it is considered that with close monitoring and management of the
pressurisation to ensure that only the desired interval is fractured, this scenario can be prevented.
Accordingly, there is a low likelihood of aquifer contamination as the result of groundwater flow
through faults as the result of, or exacerbated by, hydraulic fracturing.

The Panel has therefore assessed this risk as ‘low', given the vertical distance between the
fractured rocks and surface aquifers, and the hydraulic potential for flow between fractured rocks
and surface aquifers, provided that fracturing operations avoid proximity to faults.
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Recommendation 7.15

That gas companies must submit details of the locations of all faults that could compromise
well integrity. The occurrence of any faults must be addressed in the well design plan submitted
to the regulator for approval. The details of all faults and the well design plans must be publicly
disclosed online as soon as they are available.

76.6 Unacceptable contamination due to changed groundwater pressures as the
result of groundwater extraction for hydraulic fracturing

Extraction of water required for hydraulic fracturing from local groundwater can result in a
decrease in the groundwater pressure in a particular aquifer, which may result in underlying or
overlying groundwater bodies flowing into the aquifer and possibly changing its water quality.
This is a potential issue of concern in some CSG operations 288

The Panel is aware that the volumes of water involved in the hydraulic fracturing of shale are
likely to be much less than those involved in CSG operations, where the latter need to extract a
substantial volume of groundwater before gas can be developed. Onshore shale gas operations
require only the volume of water required for hydraulic fracturing, and if significant recycling of
flowback water is possible (see the discussion above in Section 7.3), the volume of groundwater
required can be reduced.

While excessive use of groundwater for hydraulic fracturing has the potential to change
groundwater pressures sufficient to impact groundwater flow pathways, and potentially aquifer
water quality, it is not possible to quantify this risk to groundwater quality without considering the
local hydrogeology and applying site specific predictive computer modelling. This potential risk
has not been considered in any of the gas companies' submissions.

Accordingly, the Panel considers that the risks of contamination from possible changed
groundwater pressures are insufficiently understood and that, therefore, appropriate local and
regional groundwater modelling is required prior to any production approvals being granted (see
Chapter 16).

Recommendation 7.16

That appropriate modelling of the local and regional groundwater system must be undertaken
before any production approvals are granted to ensure that there are no unacceptable impacts
on groundwater quality and quantity. This modelling should be undertaken as part of a SREBA.

A related issue raised during the community consultations was the possible cross-contamination
between two shallow aquifers during the well-drilling process. In the Beetaloo Sub-basin, this is
possible if gas companies need to drill through the Anthony Lagoon and Gum Ridge aquifers (see
Figure 7.7a) to reach the Velkerri shale deposit below.

Origin faced this risk when drilling the Beetaloo W-1 well, which is located approximately 85 km
south of the Amungee NW-1H well.?9 To mitigate the cross-flow risk, Origin used two casing
strings to protect the aquifers: first, an outer hole was drilled (using the metal casing) to below the
upper Anthony Lagoon aquifer; and second, the next hole was drilled inside this outer casing to
below the Gum Ridge aquifer. In this way, both aquifers were protected from cross-contamination
during the drilling.29°

76.7 Unacceptable contamination of surface waters due to the discharge of treated
or untreated wastewater (pathway 6)

The Panel has assessed the risk of contamination of surface waters due to the discharge of
treated or untreated wastewater from shale gas hydraulic fracturing operations. The discharge
of treated shale gas wastewaters to permanently flowing waterways is relatively common
practice overseas, although it is decreasing as more flowback and produced water is reused in
the hydraulic fracturing process.?9* However, in the Beetaloo Sub-basin, and other semi-arid and
arid regions of the NT, surface waters are only present for short periods of time during the wet

288 |ESC 2014.

289 Origin submission 1248, pp 16-18.
290 Origin submission 1248.

291 US EPA 2016a.
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season. Some larger water bodies, such as Lake Woods and Longreach Waterhole, near Elliott,
can persist for multiple years, although satellite imagery from Geoscience Australia indicates that
water in these two water bodies was only present for approximately 20% of the time between
1987 and the present.

The Panel considers that the discharge of any onshore shale gas wastewaters to temporary
surface waters is problematic because it is difficult to predict the behaviour of any contaminants
discharged to such systems. In particular, the variable nature of these temporary streams (and
temporary waterholes) makes it likely that discharged contaminants would be trapped in the
waterholes left after the temporary streams ceased to flow.

In its submission to the Panel, DPIR indicated that discharge of hydraulic fracturing shale gas
wastewaters to waterways are not permitted, stating that,

‘current practice requires that wastewater from hydraulic fracturing activities is fully contained
on site. The fluids may be held in double high density polyethylene (HDPE) lined evaporation
ponds. Evaporation may be aided with sprinklers or other devices to accelerate evaporation
rates. Concentrated waste fluids must be collected and transported to a licenced waste
treatment facility in accordance with the Waste Management and Pollution Control Act.
Certificates of acceptance of waste fluids by the treatment facility must be provided to the
Department.” 292

The Panel has serious concerns regarding any discharge of untreated or treated wastewaters to
temporary surface waters, particularly in the Beetaloo Sub-basin and other semi-arid and arid
regions. The Panel notes that none of the gas companies have indicated that they would seek
to discharge wastewaters (treated or not) to either drainage lines or waterways when these are
present.

Recommendation 7.17

That prior to the grant of any further exploration approvals, the discharge of any onshore shale
gas hydraulic fracturing wastewater (treated or untreated) to either drainage lines, waterways,
temporary stream systems or waterholes be prohibited.

76.8 Adverse effects of linear infrastructure on the quality and distribution of
surface waters across the landscape

The Panel has assessed the risks to the quality and distribution of surface waters across the
landscape from the linear infrastructure that would be needed by any onshore shale gas industry
inthe NT.

The establishment of any onshore shale gas industry in the NT will require the construction of
roads and pipelines (linear infrastructure) across the landscape. These and associated activities
(for example, borrow pits excavated for the purpose of providing material for road construction)
have the potential to interrupt water flows in the wet season and to increase erosion, with a
resultant increase in sediment loads entering streams. Additionally, seismic survey lines can also
have similarly disruptive effects, unless properly rehabilitated. Evidence from overseas indicates
that well pad development causes far less disruption to the landscape than the extensive
network of pipelines and roads required by shale gas development.?93 The construction of roads
and other linear infrastructure can also affect small-scale water flows that can play important
roles in terrestrial landscapes.

Participants at a community consultation session in Wadeye on 27 March 2017 told the Panel of
one instance where the improper location of road embankments by the gas industry in the NT
caused a backup of water and altered flow patterns across the landscape. Recent work published
by CSIRO has indicated that subsidence of improperly backfilled and compacted buried

CSG pipeline corridors resulting in increased erosion is a common occurrence in southwest
Queensland > The recent publication On New Ground - Lessons from development of the world's
first export coal seam gas industry, by the Queensland Gasfields Commission makes specific

292 DPIR submission 226, p 5.
293 Drohan and Brittingham, 2012.
294 Vacher et al. 2016.
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mention of erosion problems with installation of pipelines and other infrastructure during the wet
season.?% |n addition, it is more likely that increased damage to unsealed roads will occur during
intense wet season rainfall events in the Top End, with consequent increased potential for erosion
and sediment runoff. Unsealed road crossings are particularly at risk of this occurring (see also
Chapter 8).

A relevant study on the effects of road traffic on downstream sediment load (turbidity) and its
implication for aquatic life in the NT was conducted in 1997 at an unsealed road crossing over
Jim Jim Falls Creek located in Kakadu National Park.2%¢ A continuously logging data recorder

was used to measure the downstream pulses of turbidity as vehicles passed over the crossing.
Additionally, the abundance and diversity of fish and benthic macroinvertebrate populations
were measured upstream and downstream of the crossing. The study concluded that a threshold
level of turbidity for effects on invertebrates and fish was less than 30 NTU and that management
strategies should aim to achieve levels below this value. Further, the study found that a turbidity
monitoring program should be established to evaluate the effectiveness of any remedial
measures implemented. Although the results from this older study are location specific, they

do indicate the need for care to be taken in reducing vehicle-induced sediment scouring during
periods when water is flowing. This study further indicates the need to more generally minimise
erosion from road alignments where the runoff can enter streams.

The impacts on landscape and erosion processes by construction activities associated with

the CSG industry in Queensland have been the subject of recent research by CSIRO.2 It was
noted that although industry and pipeline manufacturing guidelines exist on leading practice for
effective pipeline installation, soil management, and re-compaction during backfilling, incidences
of pipeline subsidence, and surface and tunnel erosion were quite common across the Surat and
Bowen Basins 298 The depression zone caused by subsidence (or tunnel erosion) increased the
potential for additional runoff volumes by changing the natural flow of surface water from upslope
catchment areas. As a result, substantial volumes of water can be added from the upslope
catchment area, which increases the erosion potential. In addition to subsidence and tunnel
erosion on trench lines contributing to increased potential for erosion at the field and catchment
scales, impacts from soil surface disturbance (for example, vegetation clearance, compaction
and soil mixing, or layer inversion) on right of ways can further exacerbate erosion processes. The
Panel has assessed the likelihood of road and pipeline construction changing water flows across
the landscape, and, therefore, increasing erosion, as ‘medium,

The Panel has assessed the consequences associated with the disruption of landscape surfaces
and increased erosion ‘low' to ‘medium’, noting that the effects will depend strongly on the size
of the region affected, and that these effects will likely be cumulative as the footprint of any shale
gas industry expands.

The Panel has received submissions from Pangaea and Origin indicating that they adhere to
the various codes of practice for the construction of roads and pipelines, and therefore, no
issues are likely to arise?% However, community representations to the Panel, together with the
extensive data that CSIRO has obtained from southern Queensland, suggests that adherence
to construction guidelines does not always occur.3°° In particular, the high intensity and long
duration of rainfall events in the NT means that much greater attention needs to be paid to
reducing the potential for erosion and disruption of surface water flows during the wet season.

It has been noted by CSIRO3° that knowledge of existing overland surface flow is essential

to reduce impacts from the development of service roads, culverts, well pads, and pipeline
corridors. It suggests that surface flow models derived from fine scale digital elevation models
are an appropriate tool for monitoring impact of the wider gas industry footprint on surface
hydrology, in identifying potential problems during early negotiation with landholders, and in
planning and design of future infrastructure.

The Panelis of the view that the acquisition of this information is an essential component of the
baseline information required before any onshore shale gas production can occur. The advent of
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(relatively) low cost LIDAR-capable drone technology over the past five years has revolutionised
the capability of industry to easily and rapidly acquire high vertical resolution terrain data over
lease areas.

Given that the impacts from roads and pipelines are likely to be cumulative, the design of these
networks should be planned from the earliest stages of development and at a landscape scale,
to avoid unforeseen consequences arising from the incremental (piecemeal) addition of linear
infrastructure. This consideration applies to both individual operating leases and to the totality of
operations on leases that together cover broad areas of catchment systems. A landscape-scale
approach to design of infrastructure is especially critical for regions that have episodically flowing
streams and which therefore typically do not receive as much consideration as systems in which
water flow occurs for longer periods.3° Chapter 14 discusses area-based regulation.

Recommendation 7.18

That to minimise the adverse impacts of any onshore shale gas infrastructure (roads and
pipelines) on the flow and quality of surface waters, the Government must ensure that:

landscape or regional impacts are considered in the design and planning phase of
development to avoid unforeseen consequences arising from the incremental (piecemeal)
rollout of linear infrastructure; and

roads and pipeline corridors must be constructed to:

o Mminimise the interference with wet season surface water flow paths;
o minimise erosion of exposed (road) surfaces and drains;

o ensure fauna passage at all stream crossings; and

o comply with relevant guidelines such as the International Erosion Control Association
Best Practice for Erosion and Sediment Control and the Australian Pipeline Industry
Association Code of Environmental Practice 2009.

7.7 Aquatic ecosystems and biodiversity

Some of the major features of aquatic ecosystems in the NT were summarised in Section 7.2.3,
where it was noted that most of the permanent or semi-permanent surface water bodies in the
NT are found in the northern, high-rainfall regions (the Top End). The Panel has little specific
information about the aquatic ecosystems sustained by those temporary surface water bodies, or
about groundwater-dependent ecosystem in the Beetaloo Sub-basin, or elsewhere in the semi-
arid and arid regions of NT.3%3

Accordingly, the Panel has recommended that a SREBA be undertaken before any approval is
granted for hydraulically fractured shale gas production in the NT (see Recommendation 7.5).
These assessments should focus on improving the knowledge and understanding of water
resources (surface and groundwater), aquatic ecosystems (surface and GDESs), and terrestrial
ecosystems in potential shale gas basins in the NT.

Below, the Panel provides an assessment of the risks to aquatic ecosystems from any onshore
shale gas industry, first, from over-extraction of water for hydraulic fracturing, and second from
contaminated wastewater.

7.7.1 Water quantity

Water extraction can have potentially serious impacts on rivers, wetlands and other water-
dependent ecosystems, including on aquatic wildlife.3°4 Regulation and water extraction can
affect all components of the natural flow regime of rivers, and result in ecological degradation.3°5
For example, excessive water extraction can potentially cause perennial rivers to become
intermittent or temporary,3°® and can have major ecosystem impacts on intermittently flowing
rivers by decreasing the period of hydrological disconnection between deep-pool refugia during
the wet season, or increasing the risk of poor water quality during the dry-wet transition phase.3%7
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Tropical savannah rivers are characterised by highly seasonal and predictable flow regimes, but
with high interannual variation in the magnitude, timing, and duration of low flows.3°¢ King et al.
2015 identified three phases of the seasonal flow regime for perennial and intermittent rivers

in tropical savannah climates: the wet-dry transition, the dry season and the dry-wet season
transition.3°° These hydrological phases are each ecologically important in different ways and will
be affected differently by water extraction.

Similarly, adverse effects on the aquatic ecology may occur with discharges to a perennial or
intermittent river, depending upon when the discharge occurs. For example, a discharge made
towards the end of the wet season can extend the duration of flow and alter the ecosystem
development over the wetting-drying cycle.

The Panel has recommended in Section 7.5.1 that extraction of surface water resources for
hydraulic fracturing for shale gas should not be permitted in the NT (Recommendation 7.6).

The Panel has also assessed the risk of water extraction to groundwater-dependent ecosystems.
There was considerable community concern that excessive groundwater extraction from the CLA
aquifer could adversely affect the two largest permanently flowing rivers in the NT, namely, the
Daly and Roper Rivers.3'° Both these rivers are located north of the Beetaloo Sub-basin, but have
their dry-season flows maintained by groundwater inflows from the CLA3" There is evidence that
the CLA is very important for the Roper River system, sustaining Elsey National Park, Mataranka
thermal pools, Red Lily Lagoon and the riparian vegetation along the Roper River.3*?

The importance of Elsey National Park (including Bitter Springs, Mataranka thermal pool and John
Hauser Drive) as a tourist venue can be judged by the large number of annual visitors: 156,000

in 2015 and 171,000 in 2016.3'3 Accordingly, the community is understandably concerned about
the risks to these systems. As the owners of Bitter Springs Cabins and Camping at Mataranka

told the Panel, “‘we have based on two sets of springs, the Rainbow Springs which is at Mataranka
Homestead and the Bitter Springs. They're both in Elsey National Park, just different sides. We all
worR off the Tindall Water Basin, the water system. Without them we are all out of work as water
goes. All the town and other people in the area, we're basically nothing. So basically everybody's
employed by those businesses so the whole town's finished if we lose our water, which is spring fed.
That's the start. If the springs stop flowing the town will die and we all rely on the water in the springs,
the river system, the ground water to survive as it all is one of the same." 3*4

The Panel has been provided with evidence showing that recharge of the CLA in Roper River
region occurs locally (within 50 km of the river) during the wet season.3*® If this is the case, water
extraction from this aquifer in the Beetaloo Sub-basin, approximately 150-200 km away, is unlikely
to have an effect on groundwater inflows to the Roper River since the very low flows in the CLA
(estimated to be metres per year) mean that this water would take hundreds to thousands of
years to reach the Roper River.3®® However, as discussed Section 7.3.1.1, this may not be the case
for any onshore shale gas development (for example, by Hancock Prospecting) closer to the
Roper River3Y | ock the Gate, therefore, has called for further study of the groundwater recharge
areas in this region of the Roper River3®

Given its importance, the Panel is of the view that the boundary of the Beetaloo Sub-basin SREBA
(see Recommendation 7.5) should be expanded to include this region.

Recommendation 7.19

That the SREBA undertaken for the Beetaloo Sub-basin must take into account
groundwater-dependent ecosystems in the Roper River region, including identification and
characterisation of aquatic ecosystems, and provide measures to ensure the protection of these
ecosystems.
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The northern region of the NT has many GDEs, both aquatic and terrestrial, that may be affected
by groundwater extraction.3'® However, this does not appear to be the case in the semi-arid and
arid region of the Beetaloo Sub-basin, where the Panel has evidence that there are very few,

if any, surface GDEs because the groundwater is typically greater than 30 m deep and is not
connected to the surface.32°

Previously, the Panel (Section 7.2.3) identified the increasing awareness in a number of
jurisdictions in Australia of the importance of protecting stygofauna, the subterranean fauna that
live in aquifers. The Panel is not aware, however, of any detailed baseline survey of subterranean
aquatic ecosystems in the Beetaloo Sub-basin and recommends that such a study be included
as part of any SREBA.

Recommendation 7.20

That the Beetaloo Sub-basin SREBA must identify and characterise all subterranean aquatic
ecosystems, with particular emphasis on the Roper River region.

7.7.2 Water quality

The effective management of wastewaters (flowback and produced water) is a particularly
important issue for aquatic ecosystems and their biodiversity.

7.7.2.1 Surface water ecosystems

As discussed above in Section 7.6, contamination of aquatic systems can occur during either
the wet or dry season through discharges of contaminated wastewaters, accidental spills of
contaminated wastewaters, or accidents during the transport of chemicals or wastewater.3?* The
Panel has recommended that the discharge of treated or untreated shale gas wastewater to
surface water systems should be prohibited (Recommendation 7.17).

Spills that occur during the dry season, if not cleaned up, can result in contaminated water
produced from dissolution of salts on the soil surface being flushed into temporary water bodies
during the wet season. Increased erosion and transport of sediments into waterways due to the
construction of roads and pipelines can also impact aquatic ecosystems.32?

There has been limited study of the effects of contaminants on temporary water ecosystems,
these being the main surface water bodies likely to be present in the Beetaloo Sub-basin and
other semi-arid and arid regions on the NT. Two studies are available that have described
potential effects from agricultural, urban land-uses and mining on temporary waters in
Queensland and South Australia.3*3 The Panel notes that there have been calls for regulatory
agencies across Australia to give greater focus on the protection and management of these
systems, similar to that afforded to perennial waters.3?4

The Panel has assessed the risks to surface water ecosystems from shale gas fracturing
wastewater contaminants to be ‘low', provided discharge of wastewaters to surface water bodies
is prohibited and effective management practices are in place to prevent any accidental spills
from well pads, road tankers or pipelines from entering these water bodies.

7.7.2.2 Groundwater-dependent ecosystems

The Panel has also considered the possible risks to GDE from contaminated aquifers. The two
most likely mechanisms by which aquifers could be contaminated are, first, from leaky wells, and
second, from on-site spills of chemicals or hydraulic fracturing wastewater (see Sections 7.6.1,
7.6.2 and 7.6.3). In both these cases, the Panel's assessment is that the likelihood of groundwater
contamination is ‘low’, provided the design, construction and operation of hydraulically fractured
wells follows regulatory guidelines, on-site wastewater management is effective and enforced,
and any accidental spills are rapidly remediated.
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The Panelis not able to comment on the potential consequences to any stygofauna present if an
aquifer is contaminated because there is no toxicity data available for these animals. However,

as stated above, a more detailed assessment of stygofauna should be part of the recommended
strategic regional environmental baseline assessments recommended by the Panel.

7.7.3 Aquatic biodiversity

The Panel has not been able to assess the risk of any shale gas development to aquatic
biodiversity in the NT because of the limited knowledge relating to NT aquatic biodiversity.

Having said this, biodiversity in surface waters should be adequately protected if the Panel's
recommendations prohibiting the shale gas industry extracting surface water (Recommendation 7.6)
and discharging treated or untreated wastewater into drainage lines, waterways or temporary
stream systems (Recommendation 7.17) are accepted.

However, an assessment of the possibility that groundwater biodiversity (stygofauna and GDEs)
may be affected by over extraction or contamination of groundwater can only be done after the
recommended SREBA is completed (Recommendation 7.5).

7.8 Conclusion

The sustainable management of surface and groundwater resources is crucial to the development
of any onshore shale gas industry in the NT. The Panel assessed the risks relating to the

protection of three water-related environmental values: water quantity, water quality, and aquatic
ecosystems. The Panel has focussed its attention on the Beetaloo Sub-basin because this is the
most prospective shale gas region in the NT and its water resources have been comparatively well
studied. This case study allows the Panel to draw a number of the conclusions that have broad
relevance across the NT.

In total, the Panel assessed 20 water-related risks using the risk assessment framework detailed
in Chapter 4. For most of these risks, the Panel identified mitigation measures, which if introduced
and rigorously enforced will reduce these risks to an acceptable level.

However, the Panel has identified four high-priority issues from the 20 assessed in respect of
which there is insufficient information to enable a full risk assessment to be conducted for the
development of a mature onshore shale gas industry. These are: sustainable groundwater use;
contamination of groundwater with hydraulic fracturing fluids and wastewater from leaky wells;
groundwater contamination from on-site surface spills of wastewater; and the effect of these
water quantity and quality issues on either surface and/or groundwater-dependent ecosystems.

The Panel has determined that detailed SREBAs are needed to provide the necessary data and

knowledge. The Beetaloo Sub-basin should be the first priority for such a SREBA, and this must

be undertaken before any production licences are granted for the purpose of any onshore shale
gas industry in the NT.
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Chapter 8 Land

8.1 Introduction

The NT has exceptional terrestrial biodiversity and landscape values, featuring a wide range of
habitats and high levels of species diversity and endemism.* The high biodiversity values are

to a large extent due to the continuing connectivity of landscape wide ecological processes
because of limited intensive agriculture. The NT is internationally renowned for its vast and often
spectacular scenery, much of which has outstanding wilderness values.? It is one of the few

wild places on Earth that is readily accessible.® The wildlife and landscapes are integral to the
NT's identity, and are especially important to the traditional practices and heritage of Aboriginal
people, who retain a deep spiritual connection to land that has been fundamental to their culture
for millennia (issues specifically relating to Aboriginal people, their land, and their culture are
addressed in Chapter 11). Not only are landscapes important to Territorians * they are why most
tourists choose to visit, making landscapes fundamental to the NT's tourism industry.’ The Panel
heard from many Territorians who are passionate about protecting a lifestyle based on unspoiled
vistas and an absence of landscape industrialisation.®

Using the risk assessment framework detailed in Chapter 4, the Panel has assessed the risks
associated with any onshore shale gas development in the NT against two key land-related values:
terrestrial biodiversity and ecosystem health; and landscape amenity. The Panel has assumed that
the development of any onshore shale gas industry in the NT will only be acceptable if these two
land-related environmental values are adequately protected. Development will be acceptable if
the following environmental objectives are achieved:

no regional-scale impact on the terrestrial biodiversity values of affected bioregions:”

the maintenance of overall terrestrial ecosystem health, including the provision of
ecosystem services, at the regional scale;

any shale gas surface infrastructure does not become a highly visible feature of the
landscape; and

the volume of heavy-vehicle traffic does not have an unacceptable impact on landscape
amenity and place identity.8

In total, eight risks to terrestrial biodiversity and ecosystem health and landscape amenity have
been considered.

Similar to Chapter 7, the Panel has used the Beetaloo Sub-basin as a case study to focus

attention on the land-related issues because that region is the most prospective onshore shale
gas area in the NT.

8.2 Land inthe NT

8.2.1 Terrestrial ecosystems

The NT has a very strong north-south gradient in mean annual rainfall, which ranges from
2,000 mm on the Tiwi Islands off the northern coast to approximately 150 mm in the far south
(Figure 7.1). Rainfallis a dominant driver of the distribution of plants and animals and also has
a major effect on ecosystem function in the NT.? In particular, the summer monsoon dominates

Woinarski et al. 2007a.

Woinarski et al. 2007a; Alice Springs Town Council submission 235, p 2.

The Pew Charitable Trusts 2017, p 1.

Coomalie Community Government Council, submission 15 (Coomalie Council submission 15); Ms Yolande Doecke, submission 25 (Y Doecke
submission 25); Ms Lisa Gray, submission 354 (L Gray submission 354); Mr Mark Swindles, submission 364 (M Swindles submission 364), p 1.
Arid Lands Environment Centre, submission 88 (ALEC submission 88), p 5; Mr Brian Baker, submission 207 (B Baker submission 207), p 9; Katherine
Town Council submission 257, p 3; Mr Allan O'Keefe, Ms Marilyn O'Keefe and Ms Jasmin O'Keefe, submission 355 (O’Keefe submission 355), p 3;
M Swindles submission 364; Ms Heather Mclintyre, submission 366 (H Mcintyre submission 366), p 1; Somers submission 377.

6 For example: Mr Clinton Dennison, submission 5 (C Dennison submission 5); Ms Eleanor Wilson, submission 37 (E Wilson submission 37);
Mr Tony Hayward Ryan, submission 41 (T Ryan submission 41); Ms Margaret Clinch, Planning Action Network, submission 51 (PLAN submission 51);
Ms Sharyn Bury, submission 189 (S Bury submission 189); B Baker submission 207, Ms Jeananne Baker, submission 203 (J Baker submission 203).
Department of the Environment and Energy 2009.

Lee 2013.

9 Woinarski et al. 2007a.
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the rainfall of the northern and central regions (north of Tennant Creek), producing extensive
herbaceous growth, which dries out and burns during the dry season.’® This distinguishes the
tropical savannah landscapes in the northern and central regions from the desert ecosystems to
the south. In the southern semi-arid and arid region, herbaceous production and subsequent fires
are driven by decadal-scale periods of unusually high rainfall.™ The desert-to-savannah transition
occurs at an annual rainfall of about 500 mm/y and is the NT's primary biogeographic boundary,
in terms of the composition of plant and animal species.” The next most important boundary is
between the semi-arid savannahs of the central region and the high-rainfall savannahs of the
northern region at around the latitude of Katherine.®

8.2.2 Terrestrial biodiversity

Almost all of the NT is covered by natural vegetation due to very limited agricultural
development. There is extensive pastoralism,* but this has involved relatively little tree clearing,
and terrestrial ecosystems are therefore in generally good condition, with the NT's biodiversity
largely intact.*® A major exception is the small mammal fauna, which has suffered severe
depredations by feral animals, especially foxes and cats. Many of the small mammal species from
arid regions are now extinct,’® and species from the northern higher-rainfall zone have undergone
recent population crashes, likely driven by predation by cats and exacerbated by the removal of
shelter due to fire and high levels of grazing.

In total, the NT has 90 plant species recognised as “threatened” under Commonwealth or Territory
legislation.18 It has 126 terrestrial animal species recognised as ‘threatened”, comprising 48
mammals, 31 birds, 12 reptiles, one frog and 34 invertebrates (30 land snails, three butterflies and
a moth).*

The relatively intact savannah landscape of northern Australia, including the central and northern
part of the NT, represents one of the very few large natural areas remaining on Earth,*° and the
larger-scale biodiversity value is due to the continuing connectivity of landscape-wide ecological
processes. The world's largest expanse of tropical savannah woodland in good condition occurs
in Australia, giving Australia's tropical savannahs global conservation significance.® They have a
vastly under-described fauna, with fine-scale endemism equivalent to that in the rainforests of
eastern Australia, and represent a major component of Australia's evolutionary heritage.**

In a study of the Mitchell grass plains of northern Australia, a feature of the Barkly Tablelands
and southern parts of the Beetaloo Sub-basin in the NT, Fisher®® noted that these grasslands
were poorly represented in the national conservation reserve system and had been inadequately
studied ecologically, but that they nevertheless formed a distinct zone of regionalisation for
vascular plants, all invertebrate taxa, and some vertebrate groups. The understanding of the
faunal diversity values of the arid zone landscapes further south is even more limited, although
the existence of an unusually high diversity of some groups, such as lizards and ants, is well
established.*

DENR has provided the Panel with information on terrestrial biodiversity in the Beetaloo and
Southern Georgina Sub-basins.?® It shows that the Beetaloo Sub-basin has been moderately well

10 Andersen et al. 2003.

11 Nano et al. 2012.

12 Andersen et al. 2015.

13 Andersen et al. 2015.

14 Mr Daniel Tapp, submission 11 (D Tapp submission 11); Mr Rohan Sullivan, submission 18 (R Sullivan submission 18); North Star Pastoral,
submission 26 (North Star submission 26); Mr Tom Stockwell and Ms Tracey Hayes, Northern Territory Cattlemen’s Association, submission 32
(NTCA submission 32); Mr Rod Dunbar, submission 75 (R Dunbar submission 75); Barkly Landcare submission 241.

15 Woinarski et al. 2007a.

16 Woinarski et al. 2007b.

17 Woinarski et al. 2011; Davies et al. 2017.

18 NT Government, Threatened plants list.

19 NT Government, Threatened animals list.

20 Woinarski et al. 2007a, pp 1, 45, 47, 50.

21 Woinarski et al. 2007a, p 1.

22 Moritz et al. 2013.

23 Fisher 2001.

24 Morton and James 1988.

25 DENR 2016.
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sampled for plants (1,341 known species), but only sporadically sampled for vertebrates
(437 known native species), with sampling concentrated around main roads. The vertebrate fauna
includes 17 ‘threatened” species. There have been no systematic invertebrate surveys in this region.

The flora and fauna of the Southern Georgina Sub-basin is even less well known, but includes at
least 825 native plant and 293 native vertebrate species, 10 of which are listed as ‘threatened”. Such
limited information on the biodiversity assets of these prospective shale gas development regions
represents a severe knowledge gap for assessing the risks of any such developments beyond the
exploration phase 2

8.2.3 Bioregions

Bioregions are relatively large areas of land recognised as having a distinct climate, landforms,
native vegetation and biota.*” The Interim Biogeographic Regionalisation for Australia (IBRA) divides
the country into 89 bioregions,28 24 of which (or parts thereof) occur in the NT (Figure 8.1). IBRA
has been established to support the systematic development of a comprehensive, adequate

and representative national reserve system. It is a tool supported by all levels of government to
assist with identifying land for conservation as well as monitoring and evaluating natural resource
management initiatives.*® The Panel considers it appropriate to examine the development of any
onshore shale gas reserves in the context of affected IBRA bioregions, and their associated values.
The Panel notes Origin's suggestion that, ‘the bioregion is considered an appropriate unit with which
to assess the level of loss and/or fragmentation of habitat for fauna on a ‘regional’ scale”>° IBRA
bioregions were taken into account by Santos in the 2016 Southern Amadeus Seismic Program.*

The Beetaloo Sub-basin (26,200 km?) is located primarily within the Sturt Plateau Bioregion (an area
of about 98,000 km?), but extends into the Mitchell Grass Downs and Gulf Fall and Uplands at its
southern and eastern extents. Gently undulating plains on lateritised Cretaceous sandstones, with
predominantly neutral sandy red and yellow soils, dominate the Sturt Plateau Bioregion (Figure
8.1).% Elevation ranges from 100 to 300 m above sea level*® The most extensive vegetation is
eucalypt woodland with tussock grass or Triodia understorey, but there are also large areas of
lancewood (Acacia shirley) and bullwaddy (Macropteranthes kekwickii) thickets, and small areas of
Melaleuca woodland over grassland.3

The Sturt Plateau, Mitchell Grass Downs and Gulf Fall and Uplands are all considered to be under-
represented in the National Reserve System, with less than 1% of each protected in the NT.3 For
this reason, consideration must be given to protecting areas of high conservation significance that
are not part of the reserve network.

Indicative dominant vegetation at Amungee NW-1 and Beetaloo W-1 wells in the Beetaloo Sub-basin.
Source: Origin.3®

26 Environmental Defenders Office (NT) Inc, submission 213 (EDO submission 213), p 10.
27 Department of the Environment and Energy 2009.

28 ILC 2013.

29 ILC2013.

30 Origin submission 153, p 96.

31 DPIR submission 226, pp 8, 41.

32 Bakeretal 2005.

33 Bakeretal 2005.

34 Origin submission 153, p 92.

35 Thackway and Cresswell 1995.
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Figure 8(.31: Interim Biogeographic Regionalisation for the NT. Source: Department of the Environment and
Energy.®
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8.2.4 Land management

8.2.4.1 Legislation

The NT has a suite of legislation that is relevant to the development of any onshore shale gas
industry (see also Chapter 14) which:

determines where development may occur; for example, development cannot occur on
reserved blocks (see Chapter 14);

establishes a system of national parks, conservation reserves, heritage conservation areas
and MNES that inform development proposals;

establishes an environmental assessment framework; and

provides for the conservation and management of land, including weed, fire and feral
animal control.

Land management and the mitigation of potential environmental impacts by any onshore shale
gas industry in the NT is governed by the following legislation:

the Petroleum Act and Petroleum Environment Regulations: these laws ensure that
onshore shale gas activities are carried out in a manner consistent with the principles of
ESD and that environmental impacts and risks associated with the activities are reduced to
a level that is ALARP? To achieve this aim, interest holders must have an approved EMP in
place before a regulated activity can be undertaken. Once approved, the EMP functions as
an implementation and management tool for field operations and as a statutory compliance
checklist for use by the regulator (see Chapter 14)%

the Environmental Assessment Act 1982 (NT) (EAA): proposed developments that could
potentially have a significant environmental impact must be referred to the NT Environment
Protection Authority (EPA) for assessment under this Act. To date, no exploration projects,
including seismic survey and limited shale gas exploration drilling (including hydraulic
fracturing), have been referred for assessment under the EAA;*®

the EPBC Act: the EPBC Act provides a legal framework to protect and manage MNES,
including nationally and internationally important flora, fauna, ecological communities,
and heritage places. If an action might have a significant impact on a MNES, the action
may require assessment under the EPBC Act. The NT has a ‘bilateral agreement’ with the
Commonwealth under the EPBC Act, which allows the EPA to undertake the assessment,
but any decision regarding the approval of the action or any conditions on that approval
remains the decision of the Australian Government Minister for the Environment.*

Mining or the construction of new roads may require approval under the EPBC Act where
they occur in areas where MNES are present. The Arnhem Plateau Sandstone Shrubland
Complex is the only threatened ecological community listed as a MNES in the NT.#* There
are two Ramsar wetland site in the NT; the Cobourg Peninsula and Kakadu National Park.
These sites do not, however, occur on shale gas source rocks. The EPBC Act also covers
unique assemblages of plants and animals associated with Great Artesian Basin springs,
which can occur in the south east of the NT, but have not been specifically identified in that
part of the Basin.

The EPBC Act also provides for the identification and listing of key threatening processes
(KTP), which are processes that may threaten the survival, abundance, or evolutionary
development of a native species or ecological community. #* If a KTP is listed, a threat
abatement plan (TAP) can be developed in response. TAPs establish a national framework
to guide and coordinate Australia's response to KTPs listed under the EPBC Act. TAPs
identify the research and management priorities necessary to assist the long-term survival
of native species and ecological communities affected by key threatening processes;

37 DPIR submission 226, pp 8, 41.

38 DPIR submission 226, p 10.

39 DPIR submission 226, p 9.

40 Commonwealth of Australia and NT Government 2014.
41 SEWPaC 2012a.

42 EPBCAct, s 267.
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the Territory Parks and Wildlife Conservation Act 1976 (NT) (TPWC Act): this Act enables
the establishment of parks and reserves in the NT. Once established, a park or reserve
affords legal protection to wildlife contained within it and protects the land from certain
activities (unless undertaken in accordance with a management plan). Examples of
activities that can only be done in accordance with the management plan are excavation,
building construction and timber felling. Notably, the status of a park or reserve does

not protect land from onshore shale gas exploration;** however, some parks in the NT,
including Elsey National Park and Watarrka are recognised as Petroleum Reserved Blocks
under the Petroleum Act, which means that no drilling or exploration for petroleum
resources can occur in them (refer to Figure 14.7 of this Report). The location of parks and
reserves relative to prospective source rocks is discussed in Section 8.2.4.2.

In accordance with the TPWC Act, the Minister must identify the conservation status of
each species of wildlife in the NT, including threatened wildlife. Wildlife must subsequently
be managed in a manner that accords with their classification. In the case of threatened
wildlife, management must maintain or increase their population and the extent of their
distribution in the Territory. Conversely, feral animals, declared under s 47 of the Act,

must be managed in a way that reduces their population and/or extent and controls any
detrimental effect they have on wildlife and the land.** Management programs for the
control and management of feral animals can be established under the Act;

the Heritage Act 2011 (NT) (Heritage Act): the object of this Act is to provide for the
conservation of the Territory's cultural and natural heritage; 4°

the Weeds Management Act 2001 (NT) (Weeds Act): the purpose of the Weeds Act

is to prevent the spread of weeds in, into, and out of, the NT, and to ensure that the
management of weeds is an integral component of land management. The NT has

139 declared weed species,46 many of which are highly invasive and have already

had a substantial impact on conservation and agricultural production. There are three
classes of declared weed species, each requiring different management measures that
generally correspond to the relative risk of a weed having significant negative economic,
environmental and/or social and cultural impacts (weed risk), and the comparative ease or
feasibility of being able to control the weed species in a given weed management region
(feasibility of control).

Weed Management Plans (WMP) are statutory documents that set out the legal
obligations of landowners and occupiers to manage some of the highest risk

and established declared weed species. There are currently 10 plans in force for:
bellyache bush, cabomba, chinee apple, gamba grass, mesquite, mimosa, neem,

prickly acacia, grader grass and athel pine;* and

the Bushfires Management Act 2016 (NT) (Bushfire Management Act): this Act provides
the framework for managing bushfire in areas outside urban areas and major towns in the
NT. The Act focusses on fire management rather than fire exclusion, in part by establishing
a framework for bushfire management based upon bushfire risk and the preparation

of regional bushfire management plans in consultation with landowners and other
stakeholders. There is further discussion on fire in Section 8.4.3.

43
44
45
46
47

TPWC Act, s 17.

TPWC Act, s 31.

Heritage Act, s 3(2).

NT Government, Declared weeds.

NT Government, Statutory Weed Management Plans.
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8.2.4.2 Parks, reserves, areas of conservation significance and Indigenous protected areas

The Parks and Wildlife Commission NT manages 87 parks and reserves established in
accordance with the TPWC Act.*® There are also two federally managed parks in the NT, Uluru-
Kata Tjuta and Kakadu National Parks, which are recognised under the EPBC Act. National Parks
and other formal reserves account for approximately 9% of the NT, but these areas have not been
selected on the basis of a systematic assessment of NT's biodiversity values, and are not wholly
representative of the NT's biodiversity.*® For example, the Mitchell grass plains that are a feature
of the Barkly Tablelands and the southern parts of the Beetaloo Sub-basin, form a distinct zone
of regionalisation for vascular plants and some faunal groups, and yet are poorly represented in
reserves.®® There is increasing recognition within the community that the current reserve system
does not adequately represent all of the NT's biodiversity.>*

In 2009 the Government identified 67 sites of significance for biodiversity conservation in

the NT. Twenty-five of these sites are considered to be of national significance and 42 of NT
significance.* Conservation significance for biodiversity was determined using a broad range
of factors, including wetland values, importance to migratory species, habitat for threatened
species, endemism and other internationally accepted criteria.>®

The NT also includes several Indigenous Protected Areas (IPAs), which are voluntarily dedicated
by Aboriginal land and sea owners for biodiversity conservation, and are funded by the
Commonwealth as an important part of the National Reserve System. One IPA, Angus Downs,
adjoins the southern extent of the prospective shale gas areas in the NT.>*

The conservation reserves and sites of conservation significance that currently overlap with, or
are in close proximity to, prospective shale areas are shown in Figure 8.3 (Beetaloo Sub-basin)
and Figure 8.4 (Central Australia).

48 Territory Parks and Wildlife Conservation Act (NT), s 12.

49 Ward and Harrison 2009, p 1.

50 Fisher 2001.

51 Ward and Harrison 2009, p 1.

52 Ward and Harrison 2009, p 6.

53 Ward and Harrison 2009, p 2.

54 Australian Government, List of Indigenous Protected Areas.
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Figure 8.2: Locations of all national parks, conservation reserves and sites of conservation significance® in

relation to shale-gas regions in the NT. Source: Northern Territory Government.
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55 Harrison et al. 2009.
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Figure 8.3: Locations of all national parks, conservation reserves and sites of conservation signiﬁcance56 in
relation to shale gas regions in the vicinity of the Beetaloo Sub-basin. Source: Northern Territory Government.
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Figure 8.4: Locations of all national parks, conservation reserves and sites of conservation significance®
in relation to shale gas regions in the southern NT. Source: Northern Territory Government.

N
g
<
2
T
RS
,,,,,, %@& wgh
Dapy,
T+~ OYuendumu Qbof_, !
- o DULCE RANGE
° NATIONAL PARK
Plenty \a\'\g\“{@\vl---"" ---------- e,
.....
""""""""""""""" - & RUBY GAP
,,,,,,,,,,,,,,,,, CORROBOREE ROCK NATURE PARK
.................... WEST MACDONELL: CONSERVATION
NATIONAL PARK RESERVE
i — - .
—) ol / - N'DHALA GORGE
: T = L NATURE PARK
I Alice Springsc__
FINKE GORE Hermannsberg Q-x\{é"
TNORALA (GOSSE BLUFF)  NATIONAL o :
CONSERVATION RESERVE PARK =y EWANINGA ROCK CARVINGS
& CONSERVATION RESERVE
\ (
Y OWEN.
A SPRINGS ~
WATARRKA/{/ a ILLMURTA spnmss/ RESERVE
CONSERVATION
NATIONAL e RAINBOW VALLEY
PARK o CONSERVATION
RESERVE
h =
5
S
2
|
ulara Hgh
q Qf Lasseter — ey
A 5
¢
ULURU-KATA TJUTA
NATIONAL PARK
LEGEND
International Conservation Significance
Darwin
National Conservation Significance
Katherine |:| Parks and Reserves
Indigenous Protected Area
Extent of Known Prospective Source Rocks
Granted Petroleum Exploration Permits
Major Highways (sealed)
rrrrrrrrrrrrr Major Highways (unsealed)
30km 0 30 B60km

Map Location

57 Harrison et al. 2009.

© Northern Territory of Australia. The Northern Territory of Australia does not warrant that the product or
any part of it is correct or complete and will not be liable for any loss, damage or injury suffered by any

person as a result of its inaccuracy or incompleteness.

8. LAND

@¥s NORTHERN
.‘*.. TERRITORY

GOVERNMENT

177



The following conservation reserves occur in, or close to, the Beetaloo Sub-basin:

Bullwaddy Conservation Reserve (Portion 5680): located approximately 100 km east of
Daly Waters along the Carpentaria Highway. The 115 km? reserve was relinquished from
Amungee Mungee Station in May 1999 and is now freehold land held by the NT. The
reserve represents the only declared conservation area within the Sturt Plateau region

of the lancewood and bullwaddy vegetation types. The Reserve's management plan
acknowledges that the conservation of Acacia woodlands is severely under-represented in
protected areas, with less than 1% conserved in the Territory and 3% nationally;

Lake Woods: this is an internationally significant semi-permanent wetland, which adjoins
the southern tip of the Beetaloo Sub-basin. Lake Woods is one of the largest freshwater
lakes in Australia, and typically has an area of approximately 350 km?. During major rainfall
and flooding events, it can extend to 1,000 km?, when it can join the lower reaches of
Newcastle Creek (see Figure 7.8). Lake Woods is identified as a site of significant refugia
for biological diversity in arid and semi-arid Australia due to its importance as a breeding
and migratory stopover location for waterfowl. The reserve is popular for conservation and
recreation purposes;®® and

Historical Frew Ponds Overland Telegraph Line Memorial Reserve: established under

the former Heritage Conservation Act 1962 (NT), this is a section of the original Overland
Telegraph Line. The reserve is located on NT Portion 500 within Hayfield Station.

Pelicans at Lake Woods. Source: Matt Bolam.

58 Harrison et al. 2009.
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8.3 Infrastructure needs of any onshore shale gas industry in the NT

The infrastructure needs of any onshore shale gas industry will include on-site infrastructure,
such as rigs for drilling and hydraulic fracturing, chemical mixing facilities, water and wastewater
containment facilities, and off-site infrastructure, such as roads, pipelines, gas treatment facilities
and perhaps worker accommodation.

As discussed in Chapter 7 (Section 7.3.1), the Panel has used the Beetaloo Sub-basin (Figure 6.4)
as a case study to make a detailed assessment of water-related risks associated with an onshore
hydraulic fracturing shale gas industry. The Panel has used the possible shale gas development
scenarios provided by three petroleum companies - Origin, Santos and Pangaea - to develop

a likely scenario of 1,000 to 1,200 wells, associated with around 150 to 200 well pads in three
locations (Figure 8.5) over the next 25 years.

Multi-well pad infrastructure (CSG), Roma Queensland, as visited by the Panel, July 2017.
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Figure 8.5: Map showing potential shale gas development scenarios in the Beetaloo Sub-basin as
provided by Pangaea,®® Origin6° and Santos.™* Pangaea has since indicated a seven year development

scenario of 16 well pads, with 12 wells per pad.??
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Disclaimer: These indicative development scenarios have been recreated from submissions made to the Inquiry by Pangaea, Origin, and Santos
and are indicative only. To the Panel's knowledge the proposed scenarios have not been presented to the Northern Territory Government and
are not currently subject to any type of government assessment or approved process. Any interpretation of the scenarios should take into
account relevant information supplied in the respective submissions.

59 Pangaea submission 427, pp 10-12 (Adapted from Figure 1: 20 year indicative development scenario utilising Pangaea’s ‘NT Way' approach to

develop the field for social and mutual benefit).
60 Origin submission 153, pp 35-40 (Adapted from Figure 12: Schematic representation of a large scale development project including key activities

and infrastructure statistics).
61 Santos submission 168, pp 35-42 (Adapted from Figure 24: Ten-well lease development concept (to scale).

62 Pangaea submission 1147.
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8.3.1 On-site infrastructure

During drilling and hydraulic fracturing, there is a concentration of heavy equipment on site,
along with large stockpiles of drilling supplies and hydraulic fracturing chemicals. This can
involve thousands of truck movements per well site over many months, with directional drilling
occurring over several months and hydraulic fracturing usually taking less than one month.®
Accordingly, to drill and hydraulically fracture 8-10 wells per pad would take approximately one
year. During this time, the site would comprise a drilling rig, large compressors, chemical storage
facilities, water and wastewater storage ponds, and worker facilities.

Drilling Rig at Kalala S-1 exploration well. Identical drilling rig also used at Amungee and Beetaloo well
sites. Source: Origin.

After the completion of drilling and hydraulic fracturing, all heavy equipment is removed and
permanent surface infrastructure constructed, including a cement well pad, a well head, a
gas-water separator, a gas pipeline, storage facilities for produced water, and fencing to keep
livestock and other animals away from the well®* The final footprint of the well and surface
facilities is much smaller than the original drilling footprint.65

Origin provided the Panel with considerable detail of its expected on-site infrastructure needs
over a 20 to 40 year period.66 It identified three phases: exploration and appraisal (8-16 wells
on 2-6 well pads over two to three years); delineation (24-48 wells on 3-6 well pads over two
to four years); and development (400-500 wells on 50-65 well pads over 20-40 years).67 Origin
and Pangaea have assumed the size of each well pad during the initial two phases would be
approximately 200 m x 200 m, but during production would reduce to around 100 m x 100 m.%®

63 ACOLA Report.

64 Origin submission 153, pp 252-275.

65 Origin submission 433, p 49.

66 Origin submission 153, pp 35-44, 252-275; Origin submission 433, pp 49-52.

67 Origin submission 153, pp 35-36.

68 Origin submission 433, p 49; Pangaea submission 427, p 12; Santos have assumed a slightly large well pad area during production of
32,000 m? Santos submission 414, p8.
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Figure 8.6: Land use for a 10 well pad construction compared to Darwin’'s TIO Stadium. Source: Santos.?®
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69 Santos submission 420, p 8.
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The overall surface footprint of each development will depend upon the number of well pads
and their spacing. For example, a 50 well pad development, with each pad 2 km apart, would
result in a total footprint of around 500 km? (25 km x 20 km).”® In addition, Origin estimated land
disturbance between well pads due to pipelines (assumed to be 2.1 km long x 10 m wide) and
roads (assumed to be 2.1 km long x 15 m wide). Pangaea provided indicative seismic line clearing
widths of 5 m for the source lines and 3 m for the receiver lines. ”*

Therefore, the overall area of land affected by the shale gas operations of the three companies in
the Beetaloo Sub-basin would be approximately 1,000 to 1,500 km?® over the three locations out
of a total area of 26,200 km? (that is, 4-6% of the area) (Figure 8.5).

Amungee NW-1H wellsite in EP98 during drilling operations (30-60 days): Source Origin.

8.3.2 Off-site infrastructure

In addition to the above on-site infrastructure, any shale gas development will require significant
off-site infrastructure, such as roads, gas processing plants and pipelines. Three types of gas
pipelines will be needed: between well pads, from the well pads to gas processing plants, and
from these gas processing plants to either Darwin or the east coast of Australia. Additionally, it will
be necessary to treat the wastewater (flowback fluids and produced water) left at the end of the
hydraulic fracturing process and the produced water during the lifetime of the production phase.
However, as discussed in Chapter 7, the Panel has no detail on these issues.

8.3.2.1 Roads

Origin has noted that roads and pipelines, not well pads, make up the majority of the surface
footprint of onshore shale gas development in the NT”? It is well recognised that shale gas
development will require additional roads to be constructed, and many existing roads will need
to be upgraded. For example, Pangaea is progressing with the sealing of Western Creek Road
(started in 2016), which will be of substantial public benefit.”2

70 Origin submission 433, p 50.
71 Pangaea submission 220, p 42.
72 Origin submission 433, p 50.
73 Pangaea submission 427, p 11.
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Origin has indicated to the Panel that access roads between well pads will be 2.1 km long and

15 m wide and will be constructed alongside buried pipelines. Accordingly, for Origin's large-scale
development scenario, it is estimated that an additional 40-130 km of roads will be required,
representing around 0.5 to 2.0 km? of land disturbance.”

As noted in Section 8.5.2, development of an onshore shale gas industry will inevitably lead

to an increase in heavy-vehicle traffic on both major and minor roads. The Panel heard the
concerns from local government regarding who will be responsible for the maintenance of these
minor roads, many of which are not sealed.”® The gas companies have some responsibility for
maintaining roads they use, but the details of exactly what this entails needs to be worked out.

8.3.2.2 Gas processing facility

Any onshore shale gas development will require a gas processing facility to dehydrate the gas
to remove any remaining water and to compress the gas before it is transported (piped) to a
distribution hub.”® These are large and complex chemical engineering plants, with infrastructure
that can include a considerable amount of pipelines, compressors, electrical generation
equipment, water storage and treatment facilities, site offices and staff accommodation camps.”’

Condabri Central Gas Processing Facility. Source: Origin.

The Panel has no information on the possible location of any gas processing facilities associated
with the three shale gas developments proposed by Origin, Santos and Pangaea, or whether
these gas companies could build and operate a joint gas processing plant.

8.3.2.3 Pipelines

With the exception of roads, pipelines will have the largest impact on the landscape even though
it is anticipated that these will be underground.78 Origin has estimated that each well pad will
require 2.1 km of pipeline and a cleared width of around 10 m. Access roads between well pads
are likely to be constructed alongside the buried pipeline, these being 2.1 km long and 15 m wide.

Therefore, a 50-65 well pad development will require an estimated 250-300 km of connecting
gas pipeline, with a further 60-80 km depending upon the location of the gas processing facility.
Over the three potential developments mooted for the Beetaloo Sub-basin, there could be
around 1,000 km of pipelines, resulting in around 10 km? of land clearing.

74 Origin submission 153, pp 40-41.

75 For example, Coomalie Council submission 15, p 2.
76 Origin submission 153, p 275.

77 Origin submission 153, p 275.

78 Origin submission 433, p 49.
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In 2015, the Queensland Gasfields Commission undertook a major review of land rehabilitation
and landholder engagement practices associated with the construction of the pipelines
connecting the Surat Basin gasfields with the LNG facilities in Gladstone.”® The combined length
of these pipelines, constructed between 2012 and 2015, was almost 1,500 km. Key learnings
from the review included the fact that communication with landholders was critical; levels of
compensation needed to be relative to total impact; multiple pipelines required coordination and
cooperation; weed management required joint effort; and fencing of easements was found to be
a valued investment.®°

8.4 Biodiversity and ecosystem health

In assessing the land-related risks of any onshore shale gas industry in the NT, the Panel's
objectives are to ensure that there is no impact on the terrestrial biodiversity values at a
bioregional scale® and that the overall health of terrestrial ecosystems, including the provision of
ecosystem services ®? is maintained at the regional scale.

There is extensive overseas scientific literature on the impacts of onshore shale gas, and other
onshore oil and gas development, on terrestrial biodiversity and ecosystem health, and this has
been the subject of several recent studies.®® However, there has been relatively little analysis

of these impacts in an Australian context. 84 The Panel received a number of submissions on the
potential risks of any onshore shale gas industry to terrestrial biodiversity and ecosystem health. 8

The Panel has identified the following key risks to the protection of terrestrial biodiversity and the
maintenance of healthy terrestrial ecosystems in the NT:

the location of onshore shale gas development in areas of especially high conservation
values;

the spread of invasive species;
the impact of changed fire regimes;
changes to native vegetation;

disruption to the movement of water and nutrients due to the construction of roads and
pipelines; and

other impacts on wildlife.

8.4.1 Unacceptable location of shale gas development in areas of high
conservation value

The Panel believes that any onshore shale gas development must be excluded from areas where
regional conservation values are particularly high, such as areas of high biodiversity, significant
levels of endemism, or where there is a critical occurrence of threatened species. In Chapter 14,
the Panel recommends that national parks and conservation reserves,® with appropriate buffer
zones, be declared reserved blocks under s 9 of the Petroleum Act. This means that those areas
will never be released for onshore shale gas exploration or production (‘'no go zones).

However, given that the locations of these reserves have historically not been proclaimed on the
basis of any systematic evaluation of regional biodiversity assets, it cannot be assumed that they
are representatwe of broader regional biodiversity values or are fully protective of them

(Section 8.2.3).8” Most of the NT has never been systematically surveyed for flora and fauna, due
to its vast size and remoteness.® Consequently the distributions of most species (including
those formally recognised as ‘threatened”) are known only in general terms at best, and there

is very limited knowledge of geographic patterns of diversity and endemism. 89 |nformation is

79 Queensland Gasfields Commission 2015b.

80 Queensland Gasfields Commission 2015b.

81 Department of the Environment and Energy 2009.

82 Costanza et al. 1997.

83 Kiviat 2013; Brittingham et al. 2014; Souther et al. 2014.

84 Anotable exception is Eco Logical Australia 2013.

85 Forexample, ALEC submission 88; Arid Lands Environment Centre submission 238 (ALEC submission 238); EDO submission 213; Environmental
Defenders Office (NT) Inc, submission 456 (EDO submission 456); Department of Environment and Natural Resources, submission 473 (DENR
submission 473).

86 DTC 2017.

87 EDO submission 213, p 20.

88 DENR 2016.

89 EDO submission 213, p 10.
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particularly scant for terrestrial invertebrates,® which represent the great majority of the NT's
faunal species and which play a critical role in the functioning of ecosystems.

All onshore shale gas activities must have an approved EMP in place (see Chapter 14).°* However,
EMPs are not the appropriate tool to ensure that a comprehensive, region-wide assessment of the
biodiversity values of a permit area takes place. Localised and activity-based EMPs may not identify
any areas that might be biodiversity hotspots or centres of endemism within a regional context.

The Panel's assessment is that the likelihood of onshore shale gas development occurring in
currently undocumented areas of high conservation value in the NT is ‘high', given the lack of
comprehensive and systematic information on the biodiversity assets of prospective regions,®?
including virtually no information on invertebrate faunas. This poses a significant threat to
species that might occupy highly restricted ranges within a development area, and therefore, the
consequence is also rated as 'high’. Combining the likelihood (‘high’) and consequence (‘high’)
gives an overall risk rating of ‘high'.

This high risk can only be mitigated by implementing the findings from a strategic regional
assessment of biodiversity values (as part of a SREBA: see Chapter 15) conducted prior to any
shale gas development being approved. Bioregional planning based on strategic assessment is
widely recognised (including by the EPA®3) as the most appropriate basis for limiting the impacts
on biodiversity of regional development. It is formally recognised under the EPBC Act.®*

The Panel's assessment is that the risk of inappropriate location of any onshore shale gas
development would be acceptably low provided that a strategic regional assessment of
terrestrial biodiversity values is undertaken to ensure that development is excluded from

any identified areas of high conservation value. These regional assessments should be
comprehensive % both in terms of space (covering all major vegetation types across the region)
and biota (including all groups of vascular plants and terrestrial vertebrates, and representative
terrestrial invertebrates).?° The data should be assessed for patterns of species richness and
endemism, and for the occurrence of threatened species.

A SREBA is likely to take 3-5 years (see Chapter 15 for further detail), and the extent of land
clearing for exploration over this period would be small relative to existing rates of clearing. The
EPA has determined that the exploratory processes associated with onshore gas development
to date have not posed a significant risk to the environment.?” The Panel's view is that the risks
associated with land clearing during exploration over this time period are acceptable without the
need for a strategic terrestrial biodiversity assessment. Therefore, the Panel's opinion is that such
an assessment can occur in parallel with exploration activity should the moratorium be lifted, but
must be completed prior to the grant of any production approvals.

Recommendation 8.1

That:

strategic regional terrestrial biodiversity assessments be conducted as part of a SREBA
prior to the granting of any further production approvals;

any onshore shale gas development be excluded from areas considered to be of high
conservation value; and

the results of the SREBA must inform any decision to release land for exploration permits
as specified in Recommendation 14.2 and, upon completion, must be considered by the
decision-maker in the granting of any future exploration approvals.

90 ALEC submission 88, p 12.

91 Origin submission 153, pp 95-96; Santos submission 168, p 165; DPIR submission 226, pp 196-201; Origin submission 433, p 56.
92 Central Australian Frack Free Alliance, submission 505 (CAFFA submission 505), p 7.

93 Northern Territory Environment Protection Authority submission 417 (EPA submission 417), p 3.

94 Australian Government 2011.

95 EDO submission 456, p 27.

96 ALEC submission 88, p 16; ALEC submission 238, p 12.

97 DENR submission 449, p 2

186 SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - FINAL REPORT



8.4.2 Unacceptable increases in the spread or impacts of invasive species

8.4.2.1 Weeds

Nationally, weeds affect the structure and function of ecosystems and have a negative impact
on native fauna and flora.%® Weeds already pose a serious threat to biodiversity in the NT.%° and
throughout Australia's rangelands more generally.**® If introduced into suitable habitat, weeds
can rapidly compete with, and replace, native plant communities, transforming faunal habitat.
Weeds can also indirectly change ecological function by altering fire regimes, light and water
availability, and soil nutrients.*** The NT has many established weed species that already affect
conservation (and production) values, and are considered to be a core challenge of broad-
scale land management. At least $15 million is spent each year on weed management in the
NT'° The Panel is of the opinion that any onshore shale gas development must not result in the
introduction or spread of any declared weeds.

For some weeds, the resource implications on conservation and Aboriginal-managed lands may
be greater because grazing is not a management option. In northern Australia, gamba grass
(Andropogon gayanus) was deliberately introduced as a highly productive and palatable fodder
but has since proved to be highly invasive and damaging.**® Gamba grass is now declared and
recognised as a weed of national significance. It is extremely tall (up to 4 m) with exceptional
herbaceous biomass. This fuels fires of unprecedented intensity in the natural landscape that
cause major declines in tree cover and subsequent ecosystem functioning.*®* These fires
represent a significant threat to people’s lives and property'®® (see Figure 8.7). In 2009, the
Australian Government listed gamba grass as a key threatening process under the EPBC Act.

This initiated the development of the ‘threat abatement plan to reduce the impacts on northern
Australia’s biodiversity by the five listed grasses” (Grasses TAP)® The Grasses TAP identifies these
grass species as having the ability to change native species composition through competition
and by promoting intense, late-season fire through increased fuel loads. Any spread of such
grasses could threaten savannah burning programs for greenhouse gas emission abatement (see
Section 8.4.3) due to the exclusion of affected areas.*”’

In arid and semi-arid regions of the NT, buffel grass (Cenchrus ciliaris), an undeclared grass
used for pasture improvement and soil stabilisation in central Australia,**® produces a high fuel
load that supports more frequent and intense fires than these arid landscapes would othenwise
experience.'® The impacts of buffel grass fires on ecosystem function and biodiversity includes
the loss of keystone (and iconic) species such as river red gums (Eucalyptus camaldulensis)*°

Any onshore shale gas development has the potential to spread weeds into regions where they
do not currently occur, and to exacerbate spread and density where weed establishment has
already occurred (see Section 8.3 above). Biosecurity risks were among the greatest concerns
for rural landholders in Queensland with CSG activity on their property.** Weed monitoring and
prioritised management of newly established weeds divert resources away from standard farm
operations.*® Lock the Gate has noted that African love grass infestations, believed to have been
introduced by gas companies, has affected productivity, profitability and land value.**

The Weed Management Branch in DENR has identified petroleum exploration as a high-risk
pathway for weed spread, through the unintentional movement of seeds, plants, plant parts, or
soil containing seeds, along with disturbance to the soil that increases the probability of seeds
establishing.** DENR has advised the Panel that petroleum extraction has the potential to have
an adverse impact upon biodiversity through land surface disturbance, including the spread of

98 Invasive Plants and Animals Committee 2016, p 6.

99 NT Weeds Management Strategy 1996-2005; ALEC submission 88, p 16.
100 Grice 2006.

101 DENR 2015.

102 DENR 2015.

103 DENR 2014.

104 Rossiter et al. 2003.

105 Setterfield et al. 2013.

106 SEWPaC 2012b.

107 Environment Centre NT, submission 1254 (ECNT submission 1254), p 3.
108 Edwards et al. 2008, P 111.

109 Marshall et al. 2012, p 8.

110 Edwards et al. 2008, P 111.

111 Queensland Gasfields Commission 2017a, p 56.

112 GISERA 2016a.

113 Lock the Gate submission 171, p 27.

114 DENR 2015.
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Figure 8.7: The known and potential distribution for gamba grass in Australia. Source: Australian
Government.**®
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weeds.*® Multiple submissions to the Panel identified this risk.*”” Submissions from pastoralists
specifically identified weed introduction and/or spread as a 2Eroblem that should not become
their responsibility or be permitted to affect land condition.**

The Sturt Plateau is highly regarded as relatively free of weeds,*® but a number of high-risk
species not yet established in the NT are known to be climatically suited to the region. These
include weeds of national significance, such as parthenium (Parthenium hysterophorus)*° and
rubber vine (Cryptostegia grandiflora).*** In addition to their biodiversity impacts, these weeds
would have severe implications for pastoralism. Both parthenium and rubber vine are toxic

if ingested by stock, and parthenium can also produce serious allergic reactions in humans,
including dermatitis, hay fever and asthma.’** Grader grass (Themeda quadrivalvis) is already well
established on many pastoral properties in the Katherine and Roper districts. This weed presents
a range of challenges for landholders due to its competitiveness, short time frame to maturity
and inaccessibility during optimal control periods.**® Once established, its impacts include
reduced productivity, increased high-intensity fires, and increased management costs."**

In arid and semi-arid regions of the NT, buffel grass (Cenchrus ciliaris), an undeclared grass
used for pasture improvement and soil stabilisation in central Australia,"*® produces a high fuel
load that supports more frequent and intense fires than these arid landscapes would otherwise
experience.”” The impacts of buffel grass fires on ecosystem function and biodiversity include
the loss of keystone (and iconic) species such as river red gums (Eucalyptus camaldulensis).**’

Weeds are currently regulated under the Weeds Act (administered by DENR), and there is also
capacity for the Petroleum Environment Regulations (administered by DPIR) to regulate weeds.
The Panel requested information from DENR and DPIR to determine how the current legislative
structure is jointly administered, including monitoring, compliance and enforcement.*?® Their
combined submission revealed a number of deficiencies; namely, that:

only “‘owners” and ‘occupiers” are obliged to comply with statutory weed management
plans under the Weeds Act, and gas companies are neither.’*® This means that even
though gas companies can access, traverse and develop land, they do not have to comply
with the same legal obligations as the underlying tenure holder to manage weeds;

the Petroleum Act allows the Minister for Resources to place conditions on a petroleum
interest.”>° For example, the Minister can attach a condition on a permit stating that, ‘the
permittee shall take such steps as are reasonably practical to prevent the spread of noxious
weeds, including the washing down of vehicles and removal of grass seeds before moving
vehicles and equipment to a new area.” *** However, it is currently not a condition that there
must be compliance with a statutory weed management plan; and

under the Petroleum Environment Regulations all ‘regulated activities” (those with an
environmental impact, irrespective of how small) must have an EMP in place.** Therefore,
if there is a risk of weeds spreading as a result of an activity, the tenure holder must have

a weed management plan as part of its EMP*3 However, walking or driving on existing
roads or tracks for the purposes of taking water or rock samples are exempt from these
requirements. Such activities can nevertheless result in the introduction and spread of
weeds, and should not be exempt from the requirement to have a weed management plan
in place.

116 DENR submission 230, p 9.

117 Lock the Gate submission 171, p 27, EDO submission 213, pp 7, 11-12.
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In assessing the risk of the spread of invasive weeds by any onshore shale gas industry, the Panel
has assumed that an acceptable risk is no incursion of new non-native plant species into any
potential onshore shale gas development area, and no spread of hon-native plant species that
already occur in that area.

The Panel's assessment is that the likelihood of significant spread of invasive weed species

is ‘high" because of the large humber of additional personnel (company and contractors),
vehicles, and vehicle trips that will be associated with any onshore shale gas industry, and the
limitations of the current weed management regulations. Even with best management practice
in place (particularly with regard to hygiene, for example wash-down bays), the Panel is of the
view that the introduction of new species is likely. The chances of weed establishment before
detection and control are increased because of the remote location of these developments and
the seasonal inaccessibility of many areas. In addition, monitoring and compliance will require
considerable resources because of the potential distances and seasonal inaccessibility involved.
The Panel has also assessed the consequences of the spread of invasive weed species as ‘high’
because such species have a history of significant impact on terrestrial ecosystems and other
land uses in the NT. This gives an overall risk rating of ‘high'

Strengthening the current regulatory regime will help mitigate the risk of the spread of weeds.
For example, gas companies can be made expressly liable for any non-compliance with statutory
weed management plans by placing a relevant condition on an EMP.

It is currently open to the Minister for Resources to place conditions on any EMP. While gas
companies are not ‘owners” or ‘occupiers” under the Weeds Act, the Northern Territory Weeds
Management Strategy 1996-2005 makes it clear that industries responsible for the spread of
weeds should be responsible for their management. The Panel agrees.

The Panel s of the view that prevention of weed spread is the best approach to weed
management. The Queensland experience shows that there is considerable value in anticipating
some weed introductions and having an agreed process for management already in place. The
Panel's opinion is that a baseline assessment of weeds must occur as part of a SREBA prior to any
onshore shale gas exploration activities commencing, to monitor the types and extent of weeds
already in existence in order to determine whether new species have been introduced or whether
existing weed species have spread. The locations of weeds will also inform property and region-
specific requirements for wash downs.

Where onshore shale gas infrastructure is constructed in areas already covered by an existing
weed management plan, collaborative approaches to the prevention and management of weed
spread should be negotiated with and between gas companies in consultation with landholders.

The Panel notes the fundamental importance of early detection in weed management, and the
challenges this imposes for remote regions of the NT.** As noted by the NLC, “early detention
and response for invasive species remains a high concern which cannot be readily mitigated in
remote localities.” Substantial resources will be required for effective weed surveillance should
any onshore shale gas industry proceed. The Panel recommends that gas companies nominate
a dedicated weeds officer with the role of monitoring well pads, roads and pipeline corridors
for weeds. Additionally, all field workers should receive training in the identification of weeds,
especially gamba and grader grass, and should report any suspected incursions to the weeds
officer.

With the above mitigation measures in place, it is the Panel's view that the likelihood of significant
incursions of invasive weed species will be substantially reduced. Ongoing monitoring and
management will result in the detection and control of any incursions. This will result in a ‘low’
threat of the spread of invasive species as a result of any onshore shale gas development.

134 Environmental Defenders Officer (NT) Inc, submission 635 (EDO submission 635), pp 8-9.
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Recommendation 8.2

That a baseline weed assessment be conducted over all areas that will be accessed by a gas
company on an exploration permit prior to any exploration activities being carried out on that
area and that ongoing weed monitoring be undertaken to inform any weed management
measures necessary to ensure no incursions or spread of weeds.

Recommendation 8.3.

That, at all times, gas companies must have a dedicated weeds officer for each gasfield who is
responsible for weed management and whose role includes:

training all field workers in the identification of weeds, especially gamba and grader grass,
and to establish an effective reporting system for any suspected weed incursions;

designing and implementing effective weed surveillance; and

ensuring prompt and effective management of any weed incursions in consultation with
affected landholders.

That the gas industry funds a dedicated officer responsible for weed management associated
with any onshore shale gas development. This officer is to be located in the Government's Weed
Management Branch in a regional centre. The officer will be responsible for:

coordinating regional weed baseline assessments and subsequent weed surveillance; and
overseeing strategic and effective management of any weed incursions by gas companies.

Recommendation 8.4

That gas companies must be required to have an approved weed management plan for any
area the subject of an exploration permit prior to any part of that area being accessed for the
carrying out of any exploration activities. The WMP must be consistent with all relevant statutory
obligations and relevant threat abatement plans established under the EPBC Act.

8.4.2.2 Invasive ants

Exotic invasive ants are among the world's worst invasive species. Two species are already
established in parts of the NT, with substantial impacts on native biodiversity:**® the African big-
headed ant (Pheidole megacephala) and the Yellow crazy ant (Anoplolepis gracilipes). Additionally,
two other tropical exotic ants with serious environmental impacts elsewhere in the world, the

Red imported fire ant (Solenopsis invicta) and the Little fire ant (Wasmannia auropunctata) exist in
Queensland,”*® and therefore, have high potential for introduction into the NT.

The Panel has determined that there should be no incursion or spread of invasive ants by any
onshore shale gas industry.

The Panel has assessed the likelihood of this occurring as ‘'medium’ and the consequence as
‘high’, giving an overall risk rating of ‘'high’. However, exotic ant species are spread in the same
way as weeds, namely, by transport of contaminated vehicles and equipment, and poor hygiene
procedures. Measures that prevent the spread of weeds would therefore also mitigate the risk

of spread of exotic ants. Such measures must be included in an EMP for all onshore shale gas
activity (exploration and/or production) where the spread of invasive ants is a risk associated with
that activity.

135 Hoffmann et al. 1999; Hoffmann and Saul 2010.
136 Lach and Barker 2013.
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8.4.2.3 Feral animals

There is considerable evidence that feral animals are causing major environmental damage in
the NT.*¥ For example, Arabian camels, cane toads, cats, dogs, donkeys, foxes, pigs and horses
are all known to be present in the Sturt Plateau bioregion, with camels, donkeys and horses
present in high numbers, affecting the vegetation and water sources. Additionally, cane toads,
cats, dogs and foxes are affecting biodiversity, but their distribution and the extent of their impact
is uncertain.*® Wild dog impacts on cattle production and management costs are significant,
including on stations in the Sturt Plateau.™®

However, these feral animals are already well established in the NT, and whether any onshore
shale gas industry would affect the population dynamics or impacts of existing feral animals is
unclear. A report by Bali suggests that the impact of feral cats and cane toads, particularly on
already threatened species, may be increased due to the increased number of roads and cleared
pipeline corridors.**° The Panel notes that landholders in regions with gas development potential
have legislative obligations to control feral animals.** In addition, there are TAPs established
under the EPBC Act that apply to foxes, cats, pigs and cane toads.

The Panel s of the view that the risk of increased impacts from feral animals due to any onshore
shale gas industry is both ‘low’ and acceptable.

8.4.3 Unacceptable changes to fire regimes

Fire-related conservation issues in the NT typically concern too much, rather than too little,
fire,*** and the Panel considers increased ignitions as posing the greatest risk to biodiversity and
ecosystem health. As noted above, the development of any onshore shale gas industry in the NT
will require the construction of a comprehensive interconnected network of access roads and
linear infrastructure within previously contiguous landscapes. This network could;

increase the number and timing of deliberate or accidental ignitions. Edwards et al. have
noted that changing fire regimes in the NT often result in “a concomitant increase in the
number of fires associated with roads”: 43

increase the risk of fire due to flaring. The Panel notes that in NSW/, the EPA only allows

flaring of gas during total fire bans if that company has an exemption under the Rural Fires

Act 1997 (NSW)*** and

act as physical barriers to the spread of fire, and therefore reduce its areal extent.
Fire is a much more important issue for any onshore shale gas development in the NT than is
reflected in the overseas literature® because of the unusally high flammability of Australian
ecosystems. The biota of the NT has a long evolutionary history with fire and is adapted to the
habitat conditions created by it. Fire frequency is highest in the tropical savannah landscapes of
northern Australia, which cover both the northern and central regions of the NT.*® In the central
and northern regions of the NT, including the Sturt Plateau, annual monsoonal rains generate
considerable vegetative growth, which cures rapidly with the onset of each dry season to create
vast areas of fuel. Hundreds of thousands of square kilometres within these areas are burnt each
year, with most areas burnt every two to five years (Figure 8.8). DENR describes frequent, late
season, large scale fires as a constant risk in the Sturt Plateau, Gulf and northern Barkly areas.**’

Savannah fires are also important for Australia's carbon accounts because they release
substantial amounts of greenhouse gases.148 The use of prescribed burning to reduce fire extent
and intensity, and therefore greenhouse gas emissions, is emerging as a significant economic
activity across northern Australia, especially for remote Aboriginal communities,**°
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The Environment Centre NT has raised concerns that an onshore shale gas industry will have an
impact on successful existing Aboriginal fire management programs. *°° As at May 2017, there
were 17 savannah burning carbon projects registered in the NT, with two of these occurring in the
Beetaloo Sub-basin.**!

Fire is less frequent in arid regions of the NT, with the interval between fires usually ranging from
seven to 20+ years (Figure 8.8), driven by the high production of annual grasses that follows
periods of unusually high rainfall.*®* An exception to this fire pattern occurs in landscapes
dominated by the introduced pasture, buffel grass.*>® Buffel grass dries off between periods

of growth enabling a high volume of dry plant matter to accumulate, which can fuel intense
fires. Resilience to fire enables buffel grass to survive and quickly produce new growth after
burning, providing fuel for more fires. Wildfires fuelled by buffel grass are particularly damaging
to many central Australian native plant species, including trees, which are unable to cope with
the increased fire intensity and frequency. They are also damaging to riparian systems and high
conservation value aquatic ecosystems.** Additionally, these wildfires can result in serious
economic losses, particularly in regions where effective fire management strategies are absent,
including loss of cattle, reactive investment in fire fighting, damage to infrastructure, and loss of
pasture that requires cattle to be moved, agisted or sold at sub-optimal times.**°

Landscape fire management is integral to Aboriginal culture, playing a fundamental role in
hunting, the collection of bush tucker and fulfilling land stewardship responsibilities. Fire
management also plays a key role in contemporary land management. This includes the
management of conservation lands throughout the NT*° and the management of pastoral lands
by preventing wildfires, improving pasture, managing grazing, and controlling weeds.**”

Fire can have different impacts on different terrestrial ecosystems. For example, the savannah biota
of the NT needs frequent fire, being adapted to the open habitat conditions created by fire, such
that long term fire exclusion and subsequent canopy closure leads to substantial biodiversity loss.
However, the savannah landscapes also include vegetation types that require lower fire frequency.

Changes in fire regimes, particularly a high frequency of intense wildfires, can have

serious impacts on vegetation, biodiversity, cultural and sacred sites, pasture and physical
infrastructure.*®® For example, bullwaddy communities are extremely sensitive to frequent and
intensive fires. Without management of the fire regime there can be a change in the vegetation
communities from bullwaddy through to lancewood and then to a eucalypt dominated
woodland. This process may be accelerated or exacerbated by the invasion of exotic pasture
grasses such as buffel grass.*®
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