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The Hon Michael Gunner MLA 
Chief Minister 
Parliament House 
Darwin, NT 0801

Dear Chief Minister

RE: RELEASE OF THE INQUIRY’S DRAFT 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) I was appointed Chair of 
the Inquiry along with a panel of scientists for the Inquiry panel.

I am pleased to present you with the draft Final Report for the Inquiry. This report sets out work 
of the Inquiry to date and presents its current assessment of the impacts and risks of hydraulic 
fracturing of onshore shale gas reservoirs and associated activities in the Northern Territory. 

The Inquiry will be consulting with the community on this draft Final Report before completing  
a Final Report for your Government in 2018.

In presenting this draft Final Report I wish to acknowledge the assistance of many people that 
have contributed to the Inquiry’s efforts, including those members of the community who took 
the time to join conversations, present information and make written submissions to the Inquiry.

Yours sincerely

THE HON JUSTICE RACHEL PEPPER

Chair

12 December 2017
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This draft Final Report is part of a suite of documents published to date by the Inquiry, which 
include the Background and Issues Paper and the Interim Report. The draft Final Report is 
accompanied by an Executive Summary, which summarises the principal findings and risk 
assessments contained in each Chapter and sets out all the draft recommendations made by 
the Panel in the Report. There is also a set of appendices. Each document has, for the sake of 
convenience and due to the length of the draft Final Report, been published separately, but 
together they form the totality of the draft Final Report.

The draft Final Report represents the work of the Panel over the past 12 months. As its title 
indicates, it is amenable to change once the final round of consultations have concluded and 
the Inquiry has received comment on the content of the Report from various stakeholders, 
community groups, and individual members of the public. That amendment should occur 
upon receipt of further submissions is appropriate given its draft status. With each round 
of consultations, the Panel has received additional information that has been invaluable to 
its deliberations and analyses and instrumental in the formulation of its recommendations. 
Further material and new perspectives are integral to the final round of consultations and it can 
reasonably be expected that the draft Final Report will be altered to reflect any new and relevant 
evidence and perspectives.

In addition to the Panel members who have undertaken the research, deliberation and writing of 
this Report, and the Taskforce, without whom the operation of this Inquiry would not be possible, 
the Inquiry would like to acknowledge the assistance of Prof Sandra Kentish (who assisted with 
the research for Chapter 9), and Ms Nicole Heesh and Mr Angus Veitch (who assisted with the 
literature review for Chapter 12). 

THE HON JUSTICE RACHEL PEPPER

Chair

Draft Final Report foreword
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“resource management and environmental management/regulation functions should be 
separate to reduce conflict of interest. Worldwide experience, recently with the Montara 
and Macondo blowouts, has demonstrated that resource management and environmental 
management functions should be separated.”339

The government has proposed significant reforms to the current environmental regulatory 
framework. The proposed reforms align with Dr Hawke’s second model in his 2015 Report. The 
reforms consist of the development of new environmental protection legislation (referred to in 
this Section as the ‘Environmental Protection Act’), which will replace the Eaa and the Waste 
management act. The new Environmental Protection act will require that all activities that have 
an environmental impact, including any onshore unconventional shale gas activities, will require 
a separate environmental approval under that act in addition to any other approvals that may 
be required under other legislation including, for example, the Petroleum act.340 The Minister 
with statutory responsibility for the new Environmental Protection act will be the minister for the 
Environment, who will be supported by a stronger, better resourced and independent EPa.341

It is proposed that the development of the legislation will occur in two stages. Stage 1 involves 
the reform of the current Eaa and introduction of the requirement of an environmental approval 
issued by the minister for Environment. as discussed above, there is currently no requirement for 
the minister to give a separate approval for matters that require assessment under the Eaa. 

Stage 2 involves merging the provisions of the Waste management act and the environmental 
assessment and approval provisions in petroleum and mining legislation (including the Petroleum 
Environment Regulations) into the new Environment Protection act. The merging of the Waste 
management act into the new Environment Protection act will remove the current demarcation 
between the regulation of activities that occur on and off petroleum permits. This reform will 
mean that only one set of environmental laws will apply to a project, which contrasts with 
the current system whereby various acts and regulators have jurisdiction over environmental 
matters.342 The proposed legislative reforms will also mean that only one environmental 
assessment is undertaken, which will increase efficiency (currently, an environmental assessment 
is technically required under the Petroleum Environment Regulations and, if the activity will have 
a “significant” environmental impact, the Eaa).

Figure 14.12: Option�1�-�A�separate�envirnomental�approval

339 2012�Hunter�Report,�p�35.
340 Territory�Labor�2016,�p�12;�DENR�Discussion�Paper,�p�5.
341 Territory�Labor�2016,�p�12;�DENR�Discussion�Paper,�p�5.
342 2012�Hunter�Report,�p�34.

Figure 14.12: Option 1 – A separate environmental approval 
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The principle elements of option 1 are as follows:

•  a single, overarching Environmental Protection act is introduced in accordance with 
the Government’s current environmental reform agenda whereby the Minister for the 
Environment provides a separate and independent approval for all petroleum activities 
that have an environmental impact. The act will require that minister to decide whether 
or not petroleum activities (including any onshore shale gas activities) can occur or not, 
on environmental grounds only. The minister must apply the principles of ESD, including 
the precautionary principle, when the Minister makes a decision, and the Minister must be 
satisfied that the environmental risks and impacts associated with the petroleum activity 
have been reduced to levels that are acceptable. Consistent with the current regulatory 
framework for petroleum activities, all environmental plans, approvals and reasons for all 
approvals must be published;

•  the Environmental Protection act will require the minister for the Environment to take into 
account the advice of a wholly independent unconventional gas advisory body when 
making a decision about whether or not an activity can proceed. The advisory body must 
consult widely with other experts in the government, including aaPa, and the Weeds, 
land Resources and Water divisions in DENR, when providing advice to the minister. 
The independent advisory body can be the independent EPa, provided that the EPa is 
strengthened to include expertise in managing the environmental impacts associated with 
the development any onshore shale gas industry;343 and

•  the Minister for Resources, supported by DPIR, will retain responsibility for the Petroleum 
act and all subordinate legislation under that act. The Petroleum act will be amended 
to remove all environmental matters, which will be transferred to the Environmental 
Protection act. The Petroleum Environment Regulations will be repealed. The Petroleum 
act will continue to regulate the calculation and collection of royalties (which can remain 
the responsibility of the Treasurer), the land release process, titles administration, data 
collection and resource management under new resource management and administration 
regulations consistent with Recommendation 14.16 above. 

under option 1, two approvals will be required before a petroleum activity can proceed: one 
from the minister for Resources under the Petroleum act; and one from the minister for the 
Environment under the Environmental Protection act. While the requirement for two approvals 
for one activity may appear inefficient, it ensures that decisions about the environment are 
made completely independently from other issues that the current regulator has to balance, 
including the promotion of exploration for petroleum resources and issues relating to resource 
management. The requirement for a separate environmental approval for petroleum activities 
exists in other jurisdictions. for example, in Queensland a gas company can only undertake 
activities if it has an environmental authority under separate environmental legislation (the 
Environmental Protection Act 1994 (Qld)). This requirement is in addition to a permit given under 
the Petroleum and Gas (Production and Safety) Act 2004 (Qld). To increase efficiency, activities are 
assessed depending on the perceived level of risk, with lower impact activities being approved 
subject to standard conditions providing certain specified criteria are met.344 If the criteria are not 
met then an assessment is required.345

343 �Witt�et�al.�2017,�p�26�consider�that�“an independent agency, in this case the EPA, would be best suited to administer and regulate strategic 
assessment of shale gas development in the NT.” 

344 Environment Protection Act 1994�(Qld),�s�122.
345 Environment Protection Act 1994 (Qld),�s�124.
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14.12.2.2 Option 2
option 2 involves the creation of a single ‘one-stop-shop’ bespoke regulator (the ‘Unconventional 
Shale Gas Regulator’, or ‘USGR’), which is responsible for all assessments and approvals for any 
onshore shale gas industry, except those with respect to land release, promotion of the resource, 
and water.

This option is not novel. as was quoted by DPIR in its submission to the Panel:

“Safety and pollution prevention programs are more effective if a single agency is responsible 
and accountable for the regulation of operations. Unfortunately, legislative bodies do 
not always comprehend the safety and environmental risks associated with fragmented 
or compartmentalized regulatory regimes. These risks include regulatory gaps, overlap, 
confusion, inconsistencies, and conflicting standards. Also, a sufficient number of competent 
regulatory personnel may not be available to staff multiple agencies. Ideally, one agency 
would be responsible for all regulatory aspects of drilling and production operations. 
Safety and pollution prevention are inextricably linked and both should be regulated by this 
agency.”346

The model has support overseas in Canada in the provinces of alberta (the aER) and BC (BC oil 
and gas Commission). It has been mooted in the uK by the Royal Society and Royal academy of 
Engineers,347 and the Task force on Shale gas.348

It was the preferred model of the NSW Chief Scientist and Engineer in her Independent Review of 
Coal Seam gas activities in NSW.349 as Prof mary o’Kane observed:350

“the Review believes that there are significant advantages to having a single regulator in a 
whole-of-resource context. These include efficiencies, knowledge sharing... Well-constructed, 
a single regulator would have the capacity to draw on expertise both from within and outside 
Government… Having a single regulator means that all issues associated with environmental 
risks, health risks, water risks and pollution risks would be managed by one regulatory agency.”

The duplication of regulators is a recognised source of regulatory burden.351 It can lead 
to unnecessary compliance costs, inconsistent regulation and inconsistent reporting 
requirements.352 as the EPa noted in its submission to the Panel, “multiple environmental 
regulators cause community confusion”.353

option 2 draws from regulatory models seen in leading practice jurisdictions, such as the aER 
in alberta, and proposes the establishment of a new bespoke regulator, the NT unconventional 
Shale gas Regulator (‘USGR’), to regulate all aspects of the onshore shale gas industry, including 
environmental matters, resource management matters, and operational matters. The uSgR 
will not, however, have responsibility for promotional matters or decisions about which land is 
released for shale gas exploration. These matters will remain the responsibility of the Minister 
for Resources and DPIR. The ugR will be established under new bespoke onshore shale gas 
legislation, the ‘unconventional Shale gas act’ (‘USG Act’), which will be the responsibility of the 
minister for Environment.

346 �Elmer�P�Danenberger,�submission to Montara Inquiry,�quoted�in�DPIR�submission�226,�p�37.
347 �Royal�Society�Report,�p�55.
348 �Task�Force�on�Shale�Gas�2015,�pp�15-16.
349 �NSW�Report,�section�6.2.4.
350 �NSW�Report,�section�6.2.4,�p�45.
351 �Productivity�Commission�2013,�pp�84-85.
352 �Productivity�Commission�2013,�p�85.
353 �NT�EPA�submission�417,�p�11.
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Figure 14.13:�Option�2�–�Establishment�of�a�new�Unconventional�Shale�Gas�Regulator�(USGR)

The principal elements of option 2 are as follows:

•  the repeal and replacement of all existing legislation that would otherwise regulate an 
onshore shale gas industry in the NT with the uSg act; 

•  the power to assess and recommend the granting of, or refusal to grant, all approvals (both 
in respect of exploration and production), except water approvals (for the reasons given 
above in Section 14.11), for all onshore shale gas activities in the NT;

•  the power to grant all approvals in respect of all onshore shale gas activities (except 
those with respect to water and the release of land for petroleum activities) is reposed 
in the minister for the Environment. The power must be exercised having regard to the 
recommendation of uSgR to grant or refuse the approval. all decisions made by the 
minister contrary to the recommendation of uSgR must be accompanied by published 
written reasons; 

•  uSgR to be responsible for all compliance and enforcement, including complaints, dispute 
resolution (at first instance) concerning land access to non-Indigenous land (in relation to 
Indigenous land see the discussion in Chapter 11), and the imposition of sanctions, both civil 
and criminal;

• responsibility for engagement between industry and the community;

• responsibility for public education;

•  uSgR to have a regional presence with offices in locations as geographically proximate as 
reasonably practicable to the onshore shale gas activities; and

•  the creation of a uSgR website to serve as a ‘one-stop-shop’ information portal for all 
onshore shale gas activities in the NT.

The Panel recognises that the regulatory changes necessitated by option 2 cannot be 
undertaken quickly. for this reason, the Panel recommends that the promulgation of uSg act and 
the creation of uSgR occur prior to the production phase of any onshore shale gas development 
in the NT. In due course, however, uSgR would be expected to have responsibility for all aspects 
of the industry, including exploration and production.

Figure 14.13: Option 2 – Establishment of a new Unconventional Shale Gas Regulator (USGR) 
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Recommendation 14.32

That the Government develop and implement the reforms described in Option 1 and/or Option 2 
above prior to any production licences being issued for any onshore shale gas activities in the NT.

14.13 Conclusion
The design and implementation of a robust regulatory framework is a fundamental precursor to, 
and aspect of, the development of any onshore shale gas industry in the NT. 

The Panel has described the necessary reforms to make the regulatory regime for any onshore 
shale gas industry in the NT sufficiently ‘robust’. The key observations and recommendations 
are as follows. first, the government must ensure a clear separation between the entity that 
is responsible for promoting the industry and the entity that is responsible for regulating the 
industry. While those responsibilities reside in the one agency, there will exist the perception that 
decisions have not been made independently and that the entity has been subject to regulatory 
capture. This in turn will further erode community confidence and trust. 

Second, the Schedule must be repealed and replaced with enforceable, objective-based 
legislation. That legislation must be supported by transparent, enforceable, prescriptive codes of 
practice. 

Third, the regulator must be completely transparent about how and why decisions about the 
onshore gas industry are made. EmPs, and all other approvals and reports, must be publicly 
available and the reasons why the Minister has made a particular decision (including which 
land should be released for exploration and which gas company should get a permit) should 
be published to demonstrate to the community that the Minister has balanced all competing 
interests fairly and in accordance with the legislation. only when the decision-making process 
is transparent, the regulator is independent, and when the regulator and the industry are 
accountable, will any onshore gas industry be able to earn an Slo in the NT. 
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15.1 Introduction
The lack of adequate pre-development assessment and environmental baseline data is routinely 
cited as being one of the biggest environmental regulation and management related issues 
associated with the rapid development of the shale gas industry in the US, and with the rapid 
development of the CSG industry in Queensland.1 

The need for robust baseline data has been emphasised and echoed in many of the submissions 
received by the Panel, during the community consultation meetings, and in prior reports on 
hydraulic fracturing. Recommendation 4 from the 2012 Hunter Report specifically referred 
to the need for baseline water data,2 while recommendation 15 from the 2015 Hawke Report 
was to: “Strengthen long-term strategic land use planning so that environmental considerations 
and constraints - including threatened species impacts - are considered when strategic land use 
decisions are being made.” 3

Without an adequate pre-disturbance baseline, the magnitude of any post-development change 
cannot be effectively predicted or its impacts assessed. Comprehensive regional baseline 
datasets are essential to underpin modelling of the possible impacts of any new industry and to 
inform the site specific quantitative impact risk assessments (for example, water quality or public 
health) that are being conducted by industry and being submitted to regulators for assessment.4 
The absence of a robust baseline also negatively affects the ability of industry, government, the 
community and affected landholders to be able to strategically plan for the rollout of any onshore 
shale gas industry, but also to identify any key sensitivities in the regional context and to openly 
and constructively investigate and resolve issues that may arise as a result.5 

The lack of an integrated strategic and coordinated approach to data collection over 
large geographic regions in which multiple industry players are involved can also result in 
inconsistencies between datasets and, therefore, prejudice the subsequent usefulness of 
such data for developing region wide assessment and management models. An Australian 
example where this has been effectively addressed for water-related data is provided by OGIA in 
Queensland, which was established to develop and house an integrated groundwater model for 
the Surat Basin and to provide independent assessment of likely impacts. 6

It has also been noted by the Panel (see Chapters 7 and 8) that there is generally poor spatial 
coverage of data on surface and groundwater characteristics and of both aquatic and terrestrial 
biodiversity in those regions of the NT most likely to be affected by any onshore shale gas 
industry. Based on evidence provided to the Panel, there is very limited understanding of the 
attributes and behaviour of surface waters and groundwater, or their relationship with aquatic 
or groundwater dependent/groundwater influenced ecosystems. Distributions of most species 
are known only in general terms, and there is very limited knowledge of geographic patterns 
of diversity and endemism and the dependence of that biodiversity on specific surface and 
groundwater resources. Such limited information on biodiversity assets and the locations within 
which they occur in prospective onshore shale gas development regions represents a significant 
knowledge gap, impeding the ability to properly assess the risks of any shale gas development 
(especially cumulative risk over large areas). It also reduces the ability to plan the location of 
infrastructure to avoid, or minimise, the risk of unacceptable impacts to local flora and fauna 
(both aquatic and terrestrial). 

1  US EPA Report; Jackson et al. 2013; ACOLA Report; Queensland Gasfields Commission 2017.
2 2012 Hunter Report.
3 2015 Hawke Report
4 Department of the Environment and Energy 2017c.
5 Queensland Gasfields Commission 2017.
6 Queensland Gasfields Commission 2017, p 52.
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15.2 Scope of strategic regional environmental and baseline assessment

Recommendation 15.1

That a strategic regional environmental and baseline assessment (SREBA) be undertaken prior to 
the grant of any production licence for onshore shale gas.

The inclusion of ‘regional’ in the title is a deliberate choice because onshore shale gas plays 
typically extend over large areas that often include whole aquifer systems and large sections of 
river catchments, together with multiple social and cultural contexts. 

A regional assessment will provide the foundation for a planning framework for development that 
gives certainty to both industry and communities, and achieves better environmental outcomes 
by addressing the potential for cumulative impacts across broad regions.

Bioregional planning based on strategic assessment is widely recognised, including by the EPA,7 
as the most appropriate basis for limiting the impacts of regional development on biodiversity. It 
is formally recognised under the EPBC Act, including for “large-scale industrial development and 
associated infrastructure”.8

The SREBA framework recommended by the Panel is much broader than the scope of the 
bioregional assessment process that has been developed and applied by the Commonwealth 
Government for the assessment of regions affected, or potentially affected, by large coal mines 
or by the extraction of CSG.9 Those bioregional assessments are limited to the assessment of 
water assets and water dependent ecosystems by virtue of constraints imposed by the ‘water 
trigger’ provision of the ePbC Act. Water related aspects of the extraction of shale gas are not 
included within the ambit of the ePbC Act, and only mNeS that there may be a significant impact 
upon (for example, rare and endangered species or Ramsar wetlands) by any development are 
required to be assessed under that Act. Areas of high conservation significance by virtue of local 
assemblages of plants and animals are not specifically addressed by the provisions of the ePbC 
Act unless they are areas of habitat for rare and endangered species. In addition, the bioregional 
assessments completed to date have largely relied on existing datasets. This approach would be 
especially problematic in the NT where, as has been noted in Chapters 7 and 8, there is generally 
very poor survey coverage of biological assets.

A SREBA as proposed by the Panel would consist of the physical, biological, public health, social 
and cultural components outlined below, to address the key knowledge gaps identified in this 
Report and its associated recommendations. 

7 EPA submission 417, p 3.
8 Australian Government 2011.
9 Barrett et al. 2013.
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15.2.1 Water quality and quantity
A SREBA would address the following objectives with respect to water quality and water quantity:

•  establish a baseline for groundwater and surface water hydrology over a period 
that is representative of the climatic cycles of the area and of the geological and 
geomorphological variation across the region;

•  characterise the hydrostratigraphy of the region sufficient to identify and characterise the 
aquifer systems and any interconnectivity that could be affected by the extraction of water 
for shale gas development; 

•  quantify recharge rate (and where possible, recharge zones) and to establish the 
sustainable yield for potentially affected aquifer systems;

•  develop a suitably calibrated groundwater-surface water flow model(s) to quantify 
the connectivity between groundwater and surface water systems to predict the likely 
impacts of hydrological perturbation as the result of potential shale gas development and 
production; and 

•  establish a baseline for water quality, including measuring vertical profiles of water quality 
parameters through potentially affected aquifers and surface waters, noting that this will 
need to be done at a number of locations across a region to inform the lateral variations in 
quality. In semi-arid and arid regions, particular attention should be paid to the water quality 
of perennial to near-perennial water bodies that are likely to provide dry season refugia for 
aquatic biota and drinking water sources for wildlife.

15.2.2 Surface aquatic and groundwater dependent ecosystems
A SREBA would address the following objectives with respect to surface aquatic ecosystems and 
GDes:

•  determine locations of ecologically important temporary waterbodies and dry season 
aquatic refugia;

• characterise the wet season surface water flow regime (including overland flow); 

•  characterise the dependency or degree of influence of ecosystems by groundwater, and 
their likely sensitivity to shale gas-related water abstraction; and

•  characterise inter-annual and seasonal water quality variability, with particular focus on dry 
season aquatic refugia (see above).

15.2.3 Terrestrial ecosystems
A SREBA would address the following objectives with respect to terrestrial ecosystems:

•  identify locations of high conservation value within affected IbRA bioregions10 through 
systematic survey of vascular plants, vertebrates and selected invertebrate taxa;

•  establish current distribution and densities of occurrence of weed species throughout the 
region; and

•  determine if any threatened species are likely to be seriously affected by the cumulative 
effects of habitat loss and fragmentation that could accompany any onshore shale gas 
development.

15.2.4 Greenhouse gas emissions
A SREBA would address the following objectives with respect to GHG:

• establish a regional baseline for methane concentrations and fluxes; and

•  identify any locations that have substantively higher emissions than the regional average 
and determine, where possible, the reasons for these anomalies.

10 Thackway and Cresswell 1995.
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15.2.5 Public health
Baseline data needs to be obtained on the frequency and duration of the occurrence of 
symptoms commonly associated with irritant substances (for example, sore eyes, respiratory 
irritation, asthma).  

15.2.6 Social impacts
The social impacts of any onshore shale gas industry must be assessed in accordance with the 
strategic SIA, as discussed in Chapter 12 (see Section 12.4). 

15.2.7 Aboriginal people and their culture
Any assessment with respect to Aboriginal people and their culture should:

• be designed in consultation with land Councils and AAPA; and

•  engage traditional Aboriginal owners, native title holders and affected Aboriginal 
communities, and be conducted in accordance with world leading practice.

For further discussion see Chapter 11.

15.3 Guidance for undertaking a SREBA
While it is not the intention of the Panel to be overly prescriptive, there are a number of 
overarching issues that must be addressed when designing the framework and developing 
scopes of work for regional baseline assessments to ensure a robust outcome. 

In particular, it needs to be implicitly recognised that much of the work that has been undertaken 
to date has been opportunistic (that is, used existing data collected for other purposes), or 
spatially restricted, rather than being regionally strategic for the purposes of providing the pre-
development data required to underpin effective land use planning and to properly inform the 
environmental performance of any onshore shale gas industry. This situation is aptly described, 
using groundwater as an example, by the quotation below from a recent paper describing the 
status of monitoring (baseline and otherwise) for methane and other contaminants in relation to 
the industry the US:11 “Present-day monitoring efforts do not consider the groundwater resource in 
its entirety and involve only periodic sampling from existing sparsely located domestic wells, which 
serve as receptors at risk, rather than adequate monitors for groundwater impact evaluation.”

15.3.1 Water
The data collected for the regional assessment must be sufficient to inform the water supply, 
surface and groundwater interactions, and water quality components of the baseline assessment. 
Further, the data must add to the knowledge-base of these systems in the NT. Useful guidance 
for this process has been developed by the victorian ePA12 and the IeSC13.

15.3.1.1 Water supply
The key parameters are recharge rate, recharge mechanism, sustainable yield and flow velocity. 
As noted in Chapter 7, these four components are not well defined over much of the NT. even for 
the most well characterised groundwater system in the Beetaloo Sub-basin, there is still missing 
data, especially in the southern part of the Sub-basin.

Recharge can be inferred from water balance models, but this is a relatively unsophisticated 
approach that is subject to considerable uncertainty,14 especially for the case of stratified aquifer 
systems. leading practice for measuring these parameters uses a combination of geochemical 
fingerprinting and stable isotope measurements.15 Work of this type needs to be done regionally 
to determine the extent of heterogeneity in aquifer systems because sustainable yield in one 
part of a shale basin may be very different to other (lower rainfall) parts. Santos and Origin have 
recently commissioned CSIRO to undertake these measurements across their lease areas in the 
Beetaloo Sub-basin, including the southern Beetaloo area.16

11 Cahill et al. 2017, p 293.
12 Victorian EPA 2006.
13 IESC 2015.
14 Crosbie et al. 2010; Suckow et al. 2016.
15 Suckow et al. 2016; Suckow et al. 2017.
16 Santos submission 420, pp 10-11; Origin Energy Ltd, submission 469 (Origin submission 469), Attachment 1, p 12.



SCIENTIFIC INQUIRY INTO HYDRAULIC FRACTURING IN THE NORTHERN TERRITORY - DRAFT FINAL REPORT398

15.3.1.2 Surface and groundwater interactions
The regional assessment should identify locations where groundwater aquifers intersect with 
surface waters, and the extent, and importance, of any ecosystems dependent on, or influenced 
by, groundwater. In particular, the locations of groundwater fed springs and dry season aquatic 
refugia need to be identified and characterised, and the sensitivity of these assets to the 
abstraction of groundwater should be assessed. 

For all relevant water resources and water dependent assets, a description of baseline conditions, 
and conceptual and/or numerical models of potential impacts of any onshore shale gas industry 
need to be developed. Numerical modelling should be undertaken to inform an understanding of 
potential impacts to a particular water resource. It should be constructed in accordance with the 
conceptual model, calibrated and verified with appropriate baseline data, and should explore the 
probability of a range of possible outcomes based on uncertainty analysis.17 

15.3.1.3 Water quality
The standard suite of water quality parameters that that have been measured to date throughout 
the NT by the Power and Water Corporation have been focussed on those inorganic (salts and 
metals) and microbiological standards most relevant to assessing near surface systems for 
human drinking, stock watering, or agricultural uses.18 There are no extended time series baseline 
datasets for those parameters that would be diagnostic of an industry that can potentially 
contaminate groundwater with natural inorganic (including NORm) and organic chemicals 
(methane and hydrocarbons) that originate from depth.19 

It is only recently that a more comprehensive range of water quality measurements have been 
acquired from samples collected by consultants engaged by industry.20 These measurements 
will need to be extended regionally, and made seasonally over several years to provide a robust 
baseline dataset.21 The analytical detection limits (DLs) that are specified will also need to be fit 
for purpose. The lowest Dls appropriate for water quality assessments need to be used, noting 
that the Dls needed for environmental baseline assessments are generally lower than those 
required for human drinking water.

As stated in Chapter 7, methane will be a key water quality parameter as ‘fugitive’ methane is the 
most likely contaminant to be found in groundwater close to gas extraction wells. The baseline 
needs to determine both the concentrations and geologic origin (‘thermogenic’ - deep shale gas, 
or ‘biogenic’ - near surface microbiological origin) of measured methane.22 This is a specialist field 
that uses a combination of isotopic ratio measurements and gas compositions. Establishing a 
reliable baseline for methane in water requires specialist expertise.23

A fundamental limitation on the rigour and usefulness of the water data acquired to date (and 
this includes the current CSIRO work) is that it has mainly come from bores constructed for the 
purpose of domestic supply or stock watering, with variable bore depths and screened intervals. 
While the groundwater quality data from these bores is adequate for a preliminary assessment, 
the data obtained to date is not sufficient to properly inform the development of a regionally 
extensive industry that has the potential to contaminate groundwater by salts or gas for the 
following reasons:

•  first, aquifer systems can be vertically stratified with overlying younger water flowing 
across the top of the aquifer profile, with much older water residing below it. Therefore, 
measurements of groundwater age that do not specifically address this issue can yield 
estimates of recharge (and therefore sustainable yield) that are incorrect;24

17 Barnett et al. 2012.
18 Power and Water Corporation 2016.
19 For example, Appendix A in Department of the Environment and Energy 2017c.
20 Origin submission 153, Appendix 4.
21 See Jackson et al. 2013 for a comprehensive discussion of the issues and the extent of the monitoring required.
22 Currell et al. 2017.
23 Currell et al. 2017; Walker and Mallants 2014.
24 Suckow et al. 2017.
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•  second, the concentrations of dissolved oxygen through the aquifer need to be determined 
as this will inform the potential for degradation of fugitive methane in groundwater by 
aerobic or anaerobic microbial pathways (see Section 7.6.1), and the potential for the 
occurrence of stygofauna; and

•  third, the baseline concentrations of major ions need to be established through the aquifer 
profile to provide a reference condition against which leakage of flowback water from a 
well, or a surface spill contaminating the groundwater, can be assessed. 

Obtaining this information will require the targeted installation of multilevel piezometer arrays, 
screened across a number of discrete vertical intervals, to permit sampling through time conducted 
reliably and reproducibly at each horizon. In this context, the Panel also recommends that such 
multilevel bores be used for performance monitoring of installed shale gas extraction wells.

15.3.1.4 Collation of data and quality control of process
A central issue regarding the integrity of regional baseline assessments is the quality of the data 
being collected. Typically, multiple entities collect water samples and submit them for analysis 
to different commercial laboratories. This is currently the case in the beetaloo Sub-basin, where 
different consultants are engaged by different gas companies to do their baseline work. 

All of the data being collected for a regional assessment must be collated into a single repository 
database. Ideally, this collation should be done regularly to ensure that any identified issues are 
addressed as expeditiously as possible, including inconsistencies in analysis quality and achieved 
quantification limits. Adequate resourcing must be provided to ensure that the data are uploaded 
regularly and any problems immediately identified and rectified.

Ongoing attention to quality control is vital as variances in sampling methods, sample processing, 
and laboratory analysis procedure, can lead to significant systemic variation between datasets 
consisting of the same set of measured parameters. 

To minimise the potential for problems, the Panel recommends that there be an annual field 
and laboratory evaluation component built into the work program for any consultants involved 
in the assessment program. Specifically, this should comprise samples collected (on an annual 
frequency at a minimum) from several bores nominated by the regulator, with the resultant 
field and laboratory data being compared and assessed by the regulator, or by an independent 
consultant engaged by the regulator. In this way, any bias or systemic issues can be identified at 
the earliest opportunity, and corrective action taken. If this is not done, then the possibility exists 
of having unexplained discrepancies between the datasets that are being obtained across a 
region.

The Panel recommends that the regulator play a role in auditing the data and the data collection 
process, not only to avoid discrepancies between datasets, but also to give the community 
confidence in its scientific independence. 

This data quality control and review by the regulator, must apply to all components of the 
regional assessment.
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15.3.2 Aquatic and stygofauna biodiversity
For surface water ecosystems, there are few generic protocols for assessment of biodiversity that 
will be equally applicable in all NT waters. The AusRivAS (Australian River Assessment System) 
models have been developed for some parts of the NT, and can be used to obtain generic 
river health biodiversity data for some systems in the Top End.25 However, this approach only 
provides information on higher taxonomic level biodiversity of macroinvertebrates, which is only 
one component of biodiversity in the waters of the NT. more recently, Townsend et al. provided 
more general commentary on approaches to river health assessment in the wet-dry tropics,26 
but again, this was focussed on stream health assessment, and not on the development of a 
biodiversity baseline. For a SRebA, a broader range of taxonomic groups should be considered, 
including fish and other vertebrates, macroinvertebrates, macrophytes and algae, and 
microcrustaceans that can play dominant roles in the aquatic biodiversity of some NT waters. 

The NT straddles a number of major Australian drainage divisions, including the lake eyre basin, 
Tanami-Timor Sea, North Western Plateau and Carpentaria Coast,27 and some spring systems 
associated with the Great Artesian Basin. The Carpentaria Coast drainage division is the current 
remnant of a previously much more extensive lake Carpentaria catchment at lower sea levels28 
that connected what are current drainage divisions of the NT, Queensland and southern Papua 
New Guinea. Inundation of that catchment by sea level rise has resulted in patchy remnant 
populations of aquatic organisms that were formerly more widespread, with an example being 
the Finniss River Grunter,29 which is only known to occur in one NT river, its nearest relative being 
in Papua New Guinea. 

The fact that most surface waters of the NT have been poorly studied highlights the need 
for detailed surveys before development of the production phase of a regionally extensive 
industry such as onshore shale gas. Specifically, the aquatic biodiversity of the NT is not well 
known, the distributions of its species is uncertain, even for fish, and the locations of key refugia, 
sensitive assemblages, and isolated populations are poorly documented. The Panel finds that 
without detailed baseline data, it is not possible to understand the key sensitivities in any region 
proposed for any onshore shale gas industry, and planning to manage possible impact on aquatic 
ecosystems must therefore be based on application of the precautionary principle. Accordingly, 
assessing the risk to surface water aquatic ecosystems from the accidental release of shale gas 
wastewaters will need to be based largely on expert opinion. This is correct for not only Top end 
ecosystems, but also for the much less studied semi-arid and arid ecosystems.

In the inundated semi-arid and arid systems, baseline data collection is made especially difficult 
because planning for sampling is confounded by unpredictability. It is further complicated by the 
fact that in any one period of inundation, only part of the biodiversity may be apparent because of 
high variability in the development of assemblages of organisms between wetting-drying cycles 
and geographically within temporary water networks due to:

• stochastic recruitment effects on assemblage development;30

•  in-built genetic variability in timing and triggers for ending aestivation within populations 
(‘spreading the risk’) and among different species;31

•  physical and chemical constraints on assemblage successions and variability among years 
will require different benchmarking between inundation events. For example, the initial 
assemblage composition (and therefore process of ecosystem successional development) 
in salt lakes is contingent on the amount of inflow in the initial re-wetting of the ecosystem, 
with different taxa favoured by different salinities;32

•  changes in the relative input of surface and groundwater flows (particularly to pools/
refugia) at different phases of the wetting-drying cycle, with implications for water 
persistence and water quality; and

25 See https://ausrivas.ewater.org.au/.
26 Townsend et al. 2012.
27 BOM River Regions.
28 Reeves et al. 2008.
29 DENR 2006.
30 Vanschoenwinkel et al. 2010.
31 Simovich and Hathaway 1997.
32 Suter et al. 1995; Halse et al. 1998; Cale et al. 2004.
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•  the extent of connectivity between refugia and newly inundated habitats, geographically 
and temporally, strongly affecting recruitment opportunities and sequences and therefore 
the resultant biological interactions.33 

Accordingly, it is essential that any SREBA is designed to include multiple-year sampling of 
aquatic ecosystems. As a general rule, in the Top end two to five years of baseline data will be 
required to achieve adequate coverage of inter-annual variability,34 while in drier zones, a longer 
timeframe is required. 

The timing of sampling will be dependent on the hydrological cycle of the water bodies of 
interest. For example, King et al. 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.35 They identified these hydrological phases as each being 
ecologically important, albeit in different ways. However, Humphrey and Pigeon36 have identified 
the recessional flow phase in the wet-dry transition as being the best period for sampling the 
macroinvertebrate assemblage in these seasonal tropics, because it represents the period 
of maximum biodiversity in an established assemblage. In systems with different inundation 
patterns and durations, the timing of sampling in each inundation cycle will need to be adapted, 
and optimal timing may differ for different taxonomic groups. 

There is no specific guidance on measuring stygofaunal biodiversity in the NT, but guidance 
documents have been developed for WA, NSW and Queensland that are generally applicable 
to the NT.37 The comments above concerning the limitations of using existing bores for 
characterising the groundwater quality baseline are equally applicable to establishing a baseline 
for stygofauna biodiversity, but bores developed for a regional assessment of groundwater 
quality can also be designed to be appropriate for stygofauna assessment.

Timing may be less critical for the assessment of surface GDes than for non-groundwater 
dependent surface water ecosystems. However, access may be more difficult in the wet season 
in the wet-dry tropics, or immediately after the less predictable rainfall further south. Again, for 
these systems, a broad range of taxonomic groups should be considered, including fish and 
other vertebrates, macrophytes and algae. microcrustaceans and terrestrial vegetation and 
associated fauna should additionally be considered.

Bameranji Waterhole, Hayfield Station 2017.

33 Sheldon et al. 2003; Sheldon et al. 2010.
34 Humphrey et al. 1995.
35 King et al. 2015, pp 747-753.
36 Humphrey and Pidgeon 2001.
37 WA EPA 2007; WA EPA 2016; Serov et al. 2012; Queensland DSITI 2015.
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15.3.3 Terrestrial biodiversity
The Panel’s assessment is that the risk of inappropriate location of any onshore shale gas 
development would be ‘low’ and acceptable provided that a SREBA of terrestrial biodiversity 
values is undertaken and applied to ensure that the development is excluded from any identified 
areas of high conservation value. These regional assessments should be comprehensive,38 

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).39 The data should be assessed for patterns of species richness and endemism, 
and for the occurrence of threatened species. 

The EPA has developed guidance for assessing impacts on terrestrial biodiversity. 40 The 
recommended assessment methodology utilises a combination of desktop assessments and 
field verification to identify and map vegetation communities, the presence of threatened flora 
and fauna under the Territory Parks and Wildlife Conservation Act, critical habitat, mNeS, and the 
presence of weed and pest species.

While the EPA guidance provides a good starting point for what is required, it should be noted 
that across much of the NT there is insufficient coverage of survey data to be able to place a 
strong degree of reliance on existing mapping datasets. This applies especially to the coverage 
of ground data that will be required for a regional assessment of an industry with a potentially 
large footprint with a potentially significant cumulative impact, as distinct from an individual 
project assessment with a smaller total footprint (for example, a medium sized metal mine). 
Significant on-ground work will therefore be needed to comprehensively map the occurrence 
and distribution of terrestrial biodiversity assets of regions likely to be affected by the extraction 
of any onshore shale gas.

As noted above for water, it will be critical to ensure that verifiably consistent methods are being 
used by the different consultants engaged to undertake the baseline assessment for the gas 
companies that hold leases in prospective shale gas basins. If not, the integrity and usefulness of 
the regional assessment could be seriously compromised.

15.3.4 Greenhouse gas emissions
Establishing an appropriate methane baseline is important to provide an understanding of  
pre-existing pollutant sources, which are necessary to predict cumulative impacts from any 
proposed onshore shale gas development. In the beetaloo Sub-basin, for example, there are a 
range of natural GHG emission sources likely to be contributing to the regional GHG (including 
methane) budget. These include biomass burning, ephemeral wetlands, termites, agriculture and 
pastoral activities. These emissions sources are likely to vary significantly both temporally and 
spatially, and therefore, a robust GHG baseline program is required.

many of the technical issues involved with estimating fluxes of methane to the atmosphere have 
been addressed in Chapter 9 (Section 9.5), noting that such measurements are complex and 
require well developed expertise and specialist equipment. GISeRA has undertaken detailed 
measurements of methane concentrations in the Surat Basin in Queensland over the last three 
years which provide a good reference for future monitoring programs.41 It is noted that both 
Origin and Santos are in the planning phase of a baseline methane assessment in the beetaloo 
Sub-basin.42

38 EDO submission 465, p 27.
39 ALEC submission 88, p 16; ALEC submission 238, p 12.
40 NT EPA 2013.
41 Day et al. 2013; Day et al. 2015; Etheridge et al. 2017.
42 Santos submission 168, p 110; Origin submission 433, p 58.
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15.3.5 Public health
Section 10.2 references the community desire for adequate baseline data on public and 
environmental health to be collected ahead of any onshore shale gas development, so 
that future impacts of the industry can be reliably assessed. The Panel has recommended 
(Recommendation 7.4) the need to have completed a SREBA that includes baseline human 
health prior to approval being given for the production of any onshore shale gas in any of the 
prospective regions in the NT.

The Panel does not underestimate the difficulties of compiling this public health data. It is not 
known by the Panel what type of health data is held by regional hospitals or community health 
centres. Nor is it clear how accessible this data is, given the privacy issues surrounding its 
collation. Collection of public health data through community surveys of self-reported symptoms 
and health status may be one way of collecting it, but the utility and reliability of such survey data 
is problematic. Section 10.3.2.1 discusses some of the limitations of self-reported public health 
data in assessing the impacts of airborne pollutants sourced from any shale gas industry.

The sample size is likely to be small for people living in close proximity to sites of any 
unconventional gasfield development in the NT, and this is likely to compromise baseline health 
comparisons with larger regional or State-wide surveys. However, the Panel suggests that 
existing models for the assessment of such data, such as that used by the menzies School of 
Health Research, may be useful. Such methods were successfully applied to the prospective 
assessment of birth outcomes in a relatively small Aboriginal birth cohort.43 

An industry submission44, while supporting the need for collation of baseline regional health 
data, suggests that some of this data already exist in State and Territory Health departments 
and that its collation should not be the responsibility of industry but a task for Government or an 
independent organisation such as GISeRA. It was noted that such baseline health statistics were 
used in an analysis of the impact of CSG activities in Queensland.45 

Another issue is drawing the boundaries for the public health component of a SREBA. The 
proximity of humans and livestock (‘receptors’ in the HHRA methodology) to the sources of 
emissions is an important factor in determining health risks. In the HHRA reports commissioned 
by industry (see Section 10.1.1.4), findings that credible exposure pathways leading to nearby 
residents, or people other than onsite workers, are ‘incomplete’ has led to the discounting of any 
potential health impacts on local communities.

In analysing all of the data on airborne and water-borne exposure pathways, the Panel has had 
difficulty in recommending suitable ‘setback’ distances between wellheads, processing facilities, 
pipelines, and local communities. If any onshore shale gas industry in the NT occurs in areas 
remote from established towns or local communities, the gathering of public health data from 
distant sites of habitation may be less useful. If there are isolated pockets of people living in 
closer proximity to any onshore shale gas development (for example, pastoral homesteads, or 
Aboriginal communities), the small numbers of people may compromise the meaningfulness of 
any data.

43 Menzies 2013.
44 Origin submission 433, p 63.
45 Werner et al. 2017.
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15.3.6 Social impacts
As discussed in detail in Chapter 12, developing a baseline assessment of social and economic 
data for individual communities and regions has been deemed essential for monitoring and 
evaluating the impact of any onshore shale gas industry on the NT. leading SIA practice suggests 
that such baseline data becomes a critical reference point, along with other benchmark values, 
against which potential impacts can be anticipated and change measured. leading practice for 
SIA requires that the assessment is not undertaken as a component of an eIS but rather as a 
standalone assessment that also anticipates the monitoring of any cumulative impacts that may 
occur as a result of intersecting industries and/or activities. 

To be successful, any SIA must include participation from a range of stakeholders that are likely 
to be affected by the industry. On-ground consultation means that each community or region can 
develop its own framework based on the natural, cultural, social, human, political, financial, built 
and institutional capitals. From this, key indicators can be developed that will take into account 
both historic trends, but also any regional aspirations for growth. 

Issues important for any SIA undertaken in regions in the NT include impacts on housing and 
infrastructure, employment, business income, education and skills development, community 
cohesion, crime rates, transport, and the transient nature of the workforce.

based on other Australian and international experiences, it will be critical to monitor the potential 
for cumulative impacts that may develop if multiple gas companies exist and are likely to operate 
across a common region. Any data gathered by individual gas companies must be shared 
openly and must be made available to the community to ensure that the greatest degree of 
transparency is afforded to any development. There must be a participatory regional monitoring 
and evaluation framework that includes an online open access database of all information arising 
from any monitoring.

15.3.7 Aboriginal people and their culture
An assessment of the cultural impacts of any onshore shale gas development must be included 
in the SREBA and, as discussed in Chapters 11 and 12, should:

• be undertaken by a suitably qualified and independent party;

•  be designed to engage traditional owners and the affected Aboriginal communities to 
enable them to understand risks and opportunities associated with development of any 
onshore shale gas industry, including any risks to the maintenance of cultural continuity and 
community cohesion;

•  utilise the expertise and knowledge held within the land Councils and AAPA for both the 
design and implementation of the assessment;

• be conducted in accordance with world leading practice; and

•  be completed and their findings made public before any onshore shale gas development 
(in particular, production) occurs.
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The following additional activities are planned between now and the release of the Final Report. 

16.1 Visit to Amungee Mungee pastoral lease
The Panel intends to visit the Amungee Mungee pastoral lease and surrounding area to view the 
hydraulically fractured Origin shale gas well and examine its impact on the surface of the land. 

16.2 Visit to Beetaloo pastoral lease
The Panel also intends to visit the Beetaloo pastoral lease, where Origin holds an exploration licence.

16.3 Visit to Mereenie gas fields 
The Panel will visit Central Petroleum’s Mereenie tight gas fields near Alice Springs - of which 
approximately one third of the wells have already been hydraulically fractured - to examine the 
impact of the gas field on the environment. 

16.4 Consultation with BC Oil and Gas Commission
Following the suggestion by Mr Gerry Wood, MLA, the Panel will consult with the BC Oil and Gas 
Commission to examine the regulatory framework within which the onshore unconventional gas 
industry operates in that Province, and to determine if there are any governance measures from 
that jurisdiction that can be appropriately adapted and applied to the Territory.

16.5 Final round of consultations
As indicated in the Interim Report, pursuant to the release of this Report, a third and final round 
of public hearings and community forums will commence in late January 2018 for approximately 
three weeks.

16.6 Publication of Final Report
The Final Report will be published in March 2018.

16.7 Implementation 
If the Government decides to lift the moratorium, implementation of the recommendations 
contained in the Final Report will require a multi-faceted approach from Government. In order to 
engage with, and respond to, the regulatory and policy challenges presented by the proposed 
reforms, a high degree of intra and inter-agency and stakeholder coordination and cooperation 
will be required. 

It is likely that the Panel will recommend centralising the consideration, response and 
implementation of the recommendations contained in its Final Report within the Department of 
the Chief Minister. If so, the establishment of an implementation committee by the Government 
will be required headed by a senior officer in that Department and reporting to the Chief Minister 
and the relevant Minister responsible for granting onshore shale gas approvals.

16.8 Further information 
The Inquiry’s contact information is as follows: 

Hydraulic Fracturing Inquiry  
GPO Box 4396 Darwin,  
Northern Territory 0801,  
Australia  
Phone: (+61) 08 8999 6573  
Email: fracking.inquiry@nt.gov.au 

Chapter 16 Future work of the Inquiry
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Term Definition 

AAPA Aboriginal Areas Protection Authority

ABA Area-based analysis

ARC Administrative Review Council

ACOLA Australian  Council of Learned Academies

ACOLA Report Engineering Energy: Unconventional Gas Production, report for the Australian Council of 
Learned Academies, May 2013

AECOM AECOM Australia Pty Ltd

AER Alberta Energy Regulator

AHD Australian Height Datum

ALARP As low as reasonably practicable

ALEC Arid Lands Environment Centre

ANAO Australian National Audit Office

APPEA Australian Petroleum Production and Exploration Association

API American Petroleum Institute

BC British Columbia, Canada

BCOGC BC Oil and Gas Commission

BOM Bureau of Meteorology

BTEX Benzene, toluene, ethylbenzene, xylenes

CBI Confidential business information

CBL Cement bond log

CCF Community Capital Framework

CCGT Combined-cycle gas turbine (power plant)

CCSG University of Queensland Centre for Coal Seam Gas 

CEM Conceptual Exposure Model

CET Clean energy target

CGE Computable general equilibrium

CH4 Methane

CI Confidence interval

CLA Cambrian Limestone Aquifer

CLC Central Land Council

CLP Country Liberal Party

CMA Cumulative management area

CNS Central nervous system

CO2 Carbon dioxide

COAG Energy Council Council of Australian Governments Energy Council

CoC Chemicals of concern

COP21 Conference of the Parties, United Nations Framework Convention on Climate Change, 
21st session

CRS Chronic rhinosinusitis

CSG Coal seam gas

CSIRO Commonwealth Scientific and Industrial Research Organisation

CSM Conceptual site model

CSRM Centre for Social Responsibility in Mining (University of Queensland)

DDPHU Darling Downs Public Health Unit

Glossary
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Term Definition 

Deloitte Deloitte Access Economics

DENR Department of Environment and Natural Resources (NT)

DIDO Drive-in drive-out worker

DIPL Department of Infrastructure, Planning and Logistics (NT)

DLs Detection limits

DPIR Department of Primary Industry and Resources (NT)

EAA Environmental Assessment Act 1982 (NT)

EDO Environmental Defenders Office NT

EIS Environmental impact statement

EMP Environment management plan

EPA Northern Territory Environment Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 (Cth)

ESD Ecologically sustainable development

EUR Estimated ultimate recoveries

Exploration permit/ EP Petroleum exploration permit under the Petroleum Act 1984 (NT)

FIFO Fly-in fly-out worker

FPIC Free, prior, and informed consent

Fracking See ‘hydraulic fracturing’

Framework NT Water Allocation Planning Framework

FTE Full time equivalent

Fugitive emissions Intentional and unintentional release of greenhouse gases during the production, 
processing, transport, storage, transmission and distribution of fossil fuels

GAB Great Artesian Basin

GDE Groundwater dependent ecosystems

GDP Gross domestic product

GHG Greenhouse gases

GISERA Gas Industry Social and Environmental Research Alliance

GLNG Gladstone Liquefied Natural Gas

Government Northern Territory Government

GSP Gross State product

GST Goods and services tax

GWP Global warming potential

H2S Hydrogen sulfide

HDPE High-density polyethylene

HELE High efficiency, low emissions power generation

HFF Hydraulic fracturing fluid

HHRA Human health risk assessment

HI Hazard index

HIA Health impact assessment

Hydraulic fracturing Fracturing of rock with a liquid under high pressure to create artificial openings and 
cracks in the rock to increase the rock’s permeability. See also ‘fracking’

IBRA International Biogeographic Regionalisation for Australia

IEA International Energy Agency

IMAP Inventory Multi-tiered Assessment and Prioritisation

Glossary
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Term Definition 

Indigenous Land Land under the Land Rights Act and the Native Title Act

Inquiry Scientific Inquiry into Hydraulic Fracturing of Onshore Unconventional Reservoirs and 
Associated Activities in the Northern Territory

IPA Indigenous protected areas

IPCC Intergovernmental Panel on Climate Change

ISO International Standards Organisation

Issues Paper Background and Issues Paper, published February 2017

KTP Key threatening process

Land Access Guidelines Stakeholder Engagement Guidelines Land Access

Land Rights Act Aboriginal Land Rights (Northern Territory) Act 1976 (Cth)

Lazarus Report Senate Select Committee on Unconventional Gas Mining Interim Report, Chaired by 
Senator Glenn Lazarus in 2016

LCOE Levelised cost of electricity 

LNG Liquefied natural gas

Lock the Gate Lock the Gate Alliance

MAR Managed aquifer recharge

MEI Melbourne Energy Institute

Minister for Environment Northern Territory Minister for Environment and Natural Resources

Minister for Resources Northern Territory Minister for Primary Industry and Resources

MNES Matters of national environmental significance

Montara Inquiry Montara Commission of Inquiry

MSDS Material Safety Data Sheets

NAIF Northern Australia Infrastructure Facility

NARMCO North Australian Rural Management Consultants Pty Ltd

Native title land Land subject to a native title application or determination under the Native Title Act 
1993 (Cth)

NCRA National Chemicals Risk Assessment

NEPM National Environment Protection Measure

NETL US National Energy Technology Laboratory

NGER National Greenhouse and Energy Reporting

NGGI National Greenhouse Gas Inventory

NGI Northern gas pipeline

NICNAS National Industrial Chemicals Notification and Assessment Scheme

NIR National Inventory Report

NLC Northern Land Council

NNTT National Native Title Tribunal

N2O Nitrous oxide

NOPSEMA National Offshore Petroleum Safety and Environmental Management Authority

NORM Naturally occurring radioactive materials

NOx Oxides of nitrogen

NSPS US EPA New Source Performance Standards

NSW New South Wales

NTA Native Title Act 1993 (Cth)

NTCA Northern Territory Cattlemen’s Association

NTCAT Northern Territory Civil and Administrative Tribunal

OCGT Open cycle gas turbine

OGI Optical gas imaging

OGIA Office of Groundwater Impact Assessment
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Term Definition 

OR Odds ratio (a measure of association between exposure and outcome)

Origin Origin Energy Limited

Panel The scientific panel appointed by the Chief Minister to conduct the Inquiry

Pangaea Pangaea Resources Pty Ltd

Paris Agreement Decision of the Conference of the Parties, United Nations Framework Convention on 
Climate Change,
Adoption of the Paris Agreement, 21st session, UN Doc FCCC/CP/2015/L.9/Rev.1

Pastoral Land Act Pastoral Land Act 1992 (NT)

Pastoral Lease Pastoral leases granted under the Pastoral Land Act 1992 (NT)

Pastoral lessee/ pastoralist Holder of a pastoral lease under the Pastoral Land Act 1992 (NT)

Petroleum Act Petroleum Act 1984 (NT)

Petroleum Environment  
Regulations

Petroleum (Environment) Regulations 2016 (NT)

Petroleum permittee Holder of a petroleum exploration permit under the Petroleum Act  1984 (NT)

PM Particulate matter

REC Reduced emission completions

RMPs Regional Management Plans

SA South Australia

Santos Santos Ltd

Schedule Schedule of Onshore Petroleum Exploration and Production Requirements 2016 (NT)

SIMP Social impact management plan

SIA Social impact assessment 

SLO Social licence to operate

SREBA Strategic regional environmental and baseline assessment

TAMEST The Academy of Medicine, Engineering and Science of Texas

TAP Threat abatement plan

TDS Total dissolved salts

TMP Traffic management plans

TWP Total warming potential

UGE Unconventional gas extraction

UK United Kingdom

UNFCCC United Nations Framework Convention on Climate Change

UQ University of Queensland

US United States of America or United States

US EPA United States Environmental Protection Agency

USGS United States Geological Survey

USGR Unconventional Shale Gas Regulator

VOCs Volatile organic compounds

WA Western Australia

WAP Water Allocation plan

Water Act Water Act 1992 (NT)

Waste Management Act Waste Management and Pollution Control Act 1998 (NT)

WCD Water Control District

Weeds Act Weeds Management Act 2001 (NT)

WIMS Well integrity management system
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Units of measurement

Unit Definition

Bcm Billion cubic metres

CO2e Carbon dioxide equivalent. A metric for the measurement of the global warming 
potential of a substance

EC Electrical conductivity

EUR Estimated Ultimate Recoveries

GL Gigalitre

GL/y Gigalitres per year

GWP Global Warming Potential

ha Hectare (10,000 m2)

km Kilometre

km2 Kilometre squared

L Litre

L/s Litres per second

L/min Litres per minute

m3 Metres cubed

mg/L Miligrams per litre

MJ Megajoule (1 joule x 106)

ML Megalitre (1 litre x 106)

ML/y Megalitres per year

mm Millimetre

mmcfd Million cubic feet per day 

mm/y Millimetres per year

mS/cm Millisiemens per centimetre (= 1000 uS/cm)

Mt CO2e Million tonnes of carbon dioxide equivalent

MW Moment magnitude. The moment magnitude scale is based on the total moment re-
lease of the earthquake. Moment magnitude estimates are about the same as Richter 
magnitudes for small to large (ie <8) earthquakes. 

MWh Megawatt-hour

PJ Petajoules

t Tonne (1,000 kg)

Tcf Trillion cubic feet

TDS Total dissolved salts

TJ Terajoule (1 joule x 1012)

TJ/d Terajoule (1 joule x 1012) per day

TOC Total organic content

TSS Total suspended solids

uS/cm Microsiemens per centimetre
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