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Interpreting this report

ACIL Allen Consulting (‘ACIL Allen’) was engaged by the Scientific Inquiry into Hydraulic Fracturing in the
Northern Territory (‘the Inquiry’) to conduct an economic study into the impacts and risk of an
unconventional shale gas industry in the Northern Territory. As one part of its scope of works, ACIL Allen
has conducted a series of modelling tasks, including the development of a commercial financial model.

All economic modelling is subject to uncertainty, and should be treated with caution. ACIL Allen
Consulting (‘ACIL Allen’) considers the modelling presented in this report is subject to higher than usual
uncertainty. This is because of the unusual nature of the task ACIL Allen has undertaken.

The development of a shale gas industry in the Northern Territory is at the very earliest possible stages.
To date, there has been one fracture stimulated horizontal well that has been tested in a near-production
setting — Origin Energy’s Amungee NW-1H well, in the Beetaloo Sub-Basin of the McArthur Basin. While
the well delivered a positive production test result, significant further testing is required to determine the
precise scale, scope and qualities of shale gas production potential in this sub-basin alone, let alone the
remainder of the Northern Territory.

However, in order to conduct economic impact assessment modelling, it has been necessary for ACIL
Allen to develop a commercial financial model of an industry in the Northern Territory. This model has
been built using a range of assumptions, and does not represent an assessment of the commercial
viability of a shale gas industry development in the Northern Territory. It is not possible to conduct such
modelling at this point in the industry’s life cycle, as even the most basic information regarding the
quantity and quality of gas in situ is unknown.

Ultimately, ACIL Allen was engaged by the Inquiry to articulate the potential economic benefits, impacts
and risks of a shale gas industry in the Northern Territory. We have done this using our best estimates of
what a successful development may look like, based on:

the views of the Northern Territory Government, potential industry operators, non-gas industry
stakeholders, Traditional Owners and native title holders, non-government organisations, and
representative bodies;

our own expertise in gas market and economic impact modelling;
the experience of shale gas industry development in analogous regions across the world; and
the latest research, data and insights of shale gas industry economics.

ACIL Allen has developed a framework that has allowed it to deal with the uncertain nature of our task,
which is presented in Chapter Il of this report. However, as a result of the significant information
limitations, ACIL Allen advises those who read this report to treat the results with higher than usual
caution. The modelling prepared and results presented in this report should be treated as what they are —
an estimate of the economic impacts of a shale gas industry development — and not for what they
are not — an assessment of the commercial viability of a shale gas industry development in the Northern
Territory.
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EXECUTIVE
SUMMARY

The Inquiry

Hydraulic fracturing for onshore unconventional gas has been subject to significant debate in the Northern
Territory in recent years. Following a change of government in 2016, the Northern Territory Government
announced a moratorium on hydraulic fracturing of onshore unconventional reservoirs including the use of
hydraulic fracturing for exploration, extraction, production and including Diagnostic Fracture Injection
Testing (DFITs).

On 3 December 2016 the Northern Territory Government announced an independent Scientific Inquiry into
Hydraulic Fracturing of Onshore Unconventional Reservoirs in the Northern Territory. The Inquiry is
investigating the environmental, social and economic risks and impacts of hydraulic fracturing (‘fracking’)
of onshore unconventional gas reservoirs and associated activities in the Northern Territory.

ACIL Allen Consulting (‘ACIL Allen’) was appointed on 24 May 2017 to assist the Inquiry understand the
potential economic benefits, impacts and risks of the development of an onshore unconventional gas
industry in the Northern Territory. An abbreviated version of the scope of works is presented below, and
the full terms of reference included in Appendix A.

ACIL Allen has been engaged by the Inquiry and this, our Final Report, has been released for public
consumption.

Our scope of works

ACIL Allen Consulting has been appointed by the Inquiry to assess the actual and potential direct
and indirect economic benefits, risks and impacts of fracking on the Northern Territory under the
current regulatory regime.

To facilitate this, ACIL Allen’s scope of works gives regard to three distinct scenarios:

Scenario 1, or the baseline scenario, where the moratorium on hydraulic fracturing of unconventional
shale gas reservoirs remains in place (the ‘base case’)

Scenario 2, which involves the development of the onshore unconventional shale gas industry in the
Northern Territory (the ‘unconstrained case’)

Scenario 3, which involves the development of unconventional shale gas reservoirs in the Beetaloo sub-
basin only.
In order to do this, ACIL Allen will complete two main tasks:

Conduct economic impact assessment modelling, using ACIL Allen’s suite of in-house economic
models, including models of the national gas and electricity markets. To complete this task, ACIL Allen
will develop credible, evidenced-based scenarios for the development of shale gas projects in the
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Northern Territory under a set of assumptions which are agreed by the Inquiry. The outcome of this task
will be quantitative economic impact assessment results under each of the three scenarios listed above.

— Research, analyse, articulate and discuss the potential impacts on the Northern Territory
economy’s other industries, including but not limited to tourism, agriculture, horticulture and pastoral.
This will centre on findings of stakeholder consultation and a review of relevant international literature and
case studies. The outcome of this task will be a chapter or chapters in the final report of this engagement
that outlines the economic risks and provides suggestions on policy initiatives the Inquiry may recommend
to the Northern Territory Government in the Inquiry report.

Scope variation - 18 July

Following the completion of its initial research and round of stakeholder consultation in the Northern
Territory, ACIL Allen presented the Inquiry with a proposal to vary its scope of works.

The key finding of our initial research and consultation was that it was not possible to conduct economic
modelling giving regard to the three scenarios as requested by the Inquiry in its scope of works. This was
primarily due to lack of information about the size or scope of commercial shale gas reserves in the
Northern Territory (both in the Beetaloo sub-basin and in the Northern Territory more broadly), and the
embryonic stage of the industry’s life cycle. The scenarios as described by the Inquiry implied a precision
which ACIL Allen was not comfortable providing.

ACIL Allen proposed to conduct modelling on the basis of five scenarios, briefly outlined below and
explained further in this report.

“Baseline”: The moratorium remains in place

2. “Shale CALM”: The moratorium is lifted, and exploration and appraisal activity occurs. However, the
results of testing indicate the resource is not commercial, and no further activity takes place.

3. “Shale BREEZE”: The moratorium is lifted, and exploration and appraisal activity occurs. A relatively
small scale development occurs, targeting production of 100 terajoules (TJ) per day.

4. “Shale WIND”: The moratorium is lifted, and exploration and appraisal activity occurs. A moderate scale

development occurs, targeting production of 400 TJ/day.

5. “Shale GALE”: The moratorium is lifted, and exploration and appraisal activity occurs. A relatively large
scale development occurs, targeting production of 1000 TJ/day.

Complementing these scenarios is a qualitative probability matrix, which is intended to articulate the
subjective likelihood that a given scenario would come to fruition under a series of moratorium lifting
scenarios. This is presented at the end of this summary.

ACIL Allen considered that the scenarios as described above would achieve the objectives of the scope of
works while also dealing with the lack of information and articulating the significant uncertainty which
currently exists regarding the prospects of a shale gas industry in the Northern Territory.

No other aspects of the engagement were proposed to change. The Inquiry agreed to the scope variation
post this meeting, and these are the scenarios ACIL Allen has adopted for its economic modelling and
policy analysis tasks.

Our methodology

ACIL Allen has completed two discrete but related tasks to meet the objectives of this scope of works.

Economic impact assessment modelling

We have completed an economic impact assessment on the five scenarios above, where the four
“Shale” scenarios are compared to a baseline assessment of the modelled growth of the Northern
Territory economy absent the development of a shale gas industry. In order to complete the economic
impact assessment, ACIL Allen conducted an iterative process of modelling across four models:

1. Gas Market Modelling: Understanding the supply and demand for gas from a Northern Territory shale
gas industry under each scenario, to determine the volume of gas that could be placed in the market at
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market prices each year of the study. This task was completed using ACIL Allen’s GasMark model of the
east coast gas market.

Project Development Modelling: Understand the production and infrastructure requirements to meet the
volume of gas to be placed in the market, using a bespoke shale well production schedule model. This
model required two major inputs: an assumed single average type curve of a hypothetical shale well
(different for each scenario) and a series of assumptions regarding the infrastructure required to enable
production to occur (wells, pads, gathering pipes, roads, water, camps, labour). This occurred in two
streams:

a) “ProjectCo™ the hypothetical development company responsible for exploring, appraising and
developing the shale gas industry in the Northern Territory.

b) “PipelineCo”; the hypothetical builder, owner and operator of new pipeline infrastructure required to
facilitate the sale of ProjectCo shale gas to market.

ProjectCo and PipelineCo are separate entities, but interact via tariffs paid by ProjectCo to PipelineCo for
the provision of pipelines to transport gas to market.

Project Cash Flow Modelling: Understanding the financial implications of the development using
assumptions regarding the cost of development of ProjectCo and PipelineCo, and volume and price data
derived from GasMark. ACIL Allen has built a bespoke discounted cash flow model that takes into account
all features of ProjectCo’s finances, including estimates of taxation. PipelineCo is built as a simple
discounted cash flow model with capital investment, ProjectCo tariffs revenue and operating expenditure.

Economic Impact Assessment Modelling: The summary inputs and outputs of the ProjectCo and
PipelineCo cash flow modelling are converted to a national accounting framework and processed through
ACIL Allen’s TasmanGlobal computable general equilibrium (CGE) model. The four development
scenarios are compared to the baseline assessment of the future growth of the Northemn Territory
economy to produce estimates of the potential economic impacts of each development scenario as a
discrete set of outputs.

Outputs are presented at the Northern Territory and Australia level, under the Australian Bureau of
Statistics National Accounting framework for income, expenditure and output — including at ANZSIC major
industry level. This ensures a comprehensive understanding of both positive and negative impacts of an
industry. This process is described at length in Sections Il and |1l of this report.

Perspectives on economic policy issues

We have also completed a qualitative research exercise centred on understanding the potential economic
policy implications of a shale gas industry in the Northern Territory. This is informed somewhat by the
outputs of the economic impact assessment modelling, as these articulate the potential “pressure points”
that may emerge at an industry level.

ACIL Allen has completed this in two chapters of this report.

A literature review centred on current academic research and practical insights of sustainable resources
industry development, with an Australian bent.

A discussion of six key policy issues that were raised during stakeholder consultation. We have
included examples of onshore gas industry development and other resources industry development in
other jurisdictions, as our literature review indicates resources-related developments have similar benefits
and costs.

ACIL Allen has not sought to develop a policy reform program to help capture benefits and mitigate risks,
as this is beyond the scope of works we have been asked to complete.

Economic impact assessment summary

ACIL Allen has conducted this economic impact assessment under five scenarios; a base case, and four
scenarios which are independent deviations from this base case.

The base case is ACIL Allen’s assessment of the future growth of the Northern Territory and Australian
economies under current policy settings, which is effectively an assessment of the economy if the

THE ECONOMIC IMPACTS OF A POTENTIAL SHALE GAS DEVELOPMENT IN THE NORTHERN TERRITORY

473



ACIL ALLEN

moratorium on fracking was to remain in place. The four scenarios are in line with the cash flow modelling
results presented in this report.

In line with ACIL Allen’s scope of works, the modelling outputs have been presented for three regions:
Northern Territory, Rest of Australia, and Australia (which is the sum of the first two regions), and under
the following macroeconomic variables:

— Realincome (Gross Real Income)

—  Real output (Gross State Product and Gross Domestic Product, and change in industry output from the
base case)

— Real final demand (State Final Demand and Domestic Final Demand)

— Realinvestment (Business Investment)

— Real exports (for the Northern Territory, international and interstate; for Australia, international only)
— Real employment (FTE employment and employment by industry)

— Real wages

—  Population

— Taxation (by major heads of taxation)

Base case

In order to assess the economic impact of a potential shale gas industry, it has been necessary to define
what the Northern Territory economy will look like without a shale gas industry in the future. This is known
as the “base case” scenario, which projects the long term growth of the Northern Territory economy.

The Northern Territory’s recent economic performance has been driven by the impact of INPEX’s Ichthys
offshore gas and LNG facility development. To this point, the impact has been mostly centred on the initial
surge and subsequent fall in construction activity, with the lift in production and export still on the horizon.
ACIL Allen has included a projection of the impact of Ichthys’ production phase on the Northern Territory
economy in its base case.

Other foreseen events for the Northern Territory included in the base case include:
—  The impact of the Northern Territory Government’s 10 Year Infrastructure Plan

— Project Seadragon, and the significant impact on the Northern Territory Government's aquaculture
industry

—  The highly likely development of an offshore gas project to support the backfill of DLNG as existing
supplies deplete

— Anexpanded horticulture sector, in line with research presented by NT Farmers and the perspective of
Northern Territory Government stakeholders

In Gross Territory Product (GTP) terms, ACIL Allen’s base case projects the Northern Territory economy
will grow by an average of 2.9 per cent over the forecast period (2018-2043) (Figure ES1, Panel 1). This is
lower than the average GTP growth of four per cent recorded over the past decade, which was mostly
influenced by the impact of first the DLNG project and then the Ichthys LNG project.

Growth is forecast to spike in the short term, with GTP growth of eight per cent forecast in 2019 on
account of the ramp up in Ichthys LNG production. This manifests as an increase in the Petroleum
sector's output, and a lift in the real export base of the Northern Territory economy. As LNG production
ramps up and then reaches a steady-state level of production, this is only anticipated to have a one year
impact on the Territory’s growth rate.

Following the ramp up of Ichthys LNG Project, ACIL Allen forecasts there will be a period of slightly above
average growth through the 2020s, as the Territory’s aquaculture and horticulture industries grow faster
than the rest of the economy, and the Northern Territory Government’s 10 Year Infrastructure Plan plays
out. The impact of the new offshore gas development to back fill DLNG is somewhat limited, as much of
the supplies and services for an offshore development are by necessity imported. This manifests in a
strong increase in Business Investment (and therefore State Final Demand), but a commensurate
increase in imports, therefore a near-zero impact on overall GTP.
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Beyond the 2020s, ACIL Allen projects the Northern Territory economy will grow in line with population
growth, labour force participation and productivity growth. All up, the Northern Territory economy is
projected to grow from a $23.4 billion economy (2018 dollars) in 2018 to a $47.9 billion economy by the
end of the forecast period.

ACIL Allen’s base case assumes total employment in the Northern Territory economy will grow by an
average of one per cent per annum over the forecast period (Figure ES1, Panel 2). Short term
employment growth follows the trajectory of the unwinding of the remainder of the Ichthys LNG project,
with employment forecast to fall by 1.4 per centin 2018 and 0.5 per centin 2019. Thereafter, total
employment is forecast to grow by an average of 1.2 per cent per annum.

FIGUREES1 BASE CASE HEADLINE RESULTS, REAL OUTPUT AND REAL EMPLOYMENT, ANNUAL PERCENTAGE CHANGE, FORECAST
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Economic impact assessment results

ACIL Allen’s economic impact assessment illustrates the potential economic upsides and downsides in the
event of small, medium and large scale shale gas industry developments in the Northern Territory, and the
flow on effects to the rest of the Australian economy. While the base case and CALM scenarios, where no
shale gas industry development occurs, show the Northern Territory economy is set to grow in the years
ahead, the development scenario modelling shows the shale gas industry could have an overall net
positive impact on the future growth of the Northern Territory economy.

ACIL Allen projects a shale gas industry development could result in a net real income (a measure of the
overall wealth impact of the industry’s development) increase of between $937.2 million (BREEZE), $2.8
billion (WIND) and $5.8 billion (GALE) for the Northern Territory over the modelling period, or between $36
million, $108.4 million and $222.2 million per annum. This equates to a net real income per capita
increase of $146, $439 to $903 per capita (based on the Northern Territory’s 2018 population) over the
modelling period, which is mostly caused by increased Northern Territory Government revenue. The rest
of Australia also sees a lift in real income, of between $3.4 billion (BREEZE), $9.1 billion (WIND) and
$12.5 billion (GALE) over the modelling period, on account of the flow on impact of lower gas prices
across the economy and the increase in Commonwealth taxes associated with the development (refer to
Figure ES 2).
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FIGUREES2 REAL INCOME, ANNUAL DEVIATION FROM BASE CASE, A$ MILLION, REAL TERMS
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The net economic benefit (in terms of increase to the Northern Territory’s Real Gross Territory Product) to
the Northern Territory ranges from $5.1 billion in the BREEZE scenario

($196.5m per annum), to $12.1 billion ($466.4m per annum) in the WIND scenario, to $17.5 billion
($674.4m per annum) in the GALE scenario, in real 2018 dollar terms. In annual average terms, this is the
equivalent of an additional 0.8 per cent, 1.9 per cent to 2.9 per cent of the Northern Territory’s forecast
Gross Territory Product in 2018 (Figure ES 3).

FIGUREES3  REAL OUTPUT, ANNUAL DEVIATION FROM BASE CASE, A$ MILLION, REAL TERMS
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This additional economic activity will generate employment opportunities for Territorians, with an
estimated 2,154 FTE jobs (BREEZE), to 6,559 FTE jobs (WIND) to 13,611 FTE jobs (GALE) generated by
the various development scenarios over the forecast period — over and above the existing employment
growth ACIL Allen has forecast in its base case (Figure ES 4). This equates to between 82 FTEs, 252
FTEs, and 524 FTEs of net employment growth in each year on average. This includes indirect
employment generated by the local spending of the industry. While modest in the context of the overall
Northern Territory labour market, this represents the capital intensive nature of the shale gas industry and
modelling assumptions (see Section 6).

VI
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FIGUREES4 REAL EMPLOYMENT, FTE JOB YEARS, REAL TERMS, BY SCENARIO
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For Territorians, the most visible channel of economic impact likely to be seen is an increase to Territory
Government revenue. ACIL Allen estimates a successful shale gas industry development could generate
between $757 million (BREEZE), $2.1 billion (WIND) and $3.7 billion (GALE) in additional revenue for the
Northern Territory Government over the 25 year modelling period, or between $29.1 million, $80.6 million,
and $143.2 million per annum (Figure ES 5). In the larger case, this represents a sizeable increase to the
Northern Territory’s recurrent revenue base of 2.2 per cent, or more than eight per cent if Commonwealth
Government grants are excluded. ACIL Allen has modelled royalty revenue, payroll tax and implied GST
raised in the Northern Territory.

ACIL Allen’s analysis shows a shale gas industry could also deliver windfall growth in Commonwealth
revenue, even as the cascading impact of reduced gas prices from the development reduces the income
earned by the gas sector outside of the Northern Territory. ACIL Allen has modelled company income tax,
personal income tax and PRRT revenue.

FIGUREES5 REAL TAXATION, NORTHERN TERRITORY GOVERNMENT, A$ MILLION, REAL TERMS,
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ACIL Allen estimates the Commonwealth Government could expect to raise between $1.3 billion
(BREEZE), $4.6 billion (WIND), and $5.5 billion (GALE) in income and profits based taxation over the
forecast period, or $50.2 million, $176.2 million and $210.4 million per annum (Figure ES 6).

FIGUREES6 REAL TAXATION, COMMONWEALTH GOVERNMENT, A$ MILLION, REAL TERMS, BY
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Project development probability matrix, and key development assumptions

As discussed in Section 4, the shale gas industry in the Northern Territory is at such an early stage that
the modelling conducted in this engagement is subject to more than the usual uncertainty. Below, ACIL
Allen has presented a subjective probability matrix to represent the qualitative likelihood of each scale of
development occurring (Figure ES 7).

On the basis of the financial modelling undertaken on the each development scenario, ACIL Allen has
assessed the probability of a shale gas industry developing in the Northern Territory in each case. This is
based on the outcomes of the financial modelling, the uncertainty regarding the size of the Northern
Territory’s commercial reserves, and the challenges associated with producing gas at a price which the
market will accept. As the development scales up, these challenges will become greater, leading to a
reduced likelihood that any given scale of development can be realised.

ACIL Allen has also formed a view that the probability of a shale gas industry developing in the Northern
Territory will improve the greater the potential area for exploration and appraisal. This is in line with
international experience, which shows that it is often developments which occur following an initial
discovery and development that prove to be the most commercial.

For example, under the GALE scenario, ACIL Allen has assessed, on current information, the likelihood of
a shale gas industry that will begin to scale to 1000 terajoules per day (TJ/day) of gas production at an
average price of $4.01 per gigajoule (GJ) within the next five years as low, assuming the moratorium is
lifted in full across the Northern Territory. If there is only a partial lift in the moratorium, this becomes a
very low probability, because there is less of an ability for a potential shale gas industry to find the most
commercial shale gas deposits.

In the context of the probability matrix, ACIL Allen notes that it has made a critical assumption that the
shale gas developments modelled in this report are a “dry gas play”. That is, the hydrocarbons produced
in a development do not include higher value liquid hydrocarbons such as ethane, propane, butane or
crude oil. A “liquids rich” shale gas play results in a very small increase in operating costs (associated with
increased processing to separate the higher value hydrocarbons from the lower value hydrocarbons), and
a very large increase in potential production revenue. This improves the commercial viability of a shale
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gas development, to the point where a larger development may have a higher probability of occurring

versus a dry gas play.

For further information on the development scenarios, refer to Section 4.

To be clear, this matrix is not an assessment of the commercial prospects of a shale gas industry in the
Northern Territory, as ACIL Allen has not been engaged to assess this, and it is too early in the industry’s

development to make such a determination.
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FIGUREES7  ACIL ALLEN DEVELOPMENT SCENARIO PROBABILITY MATRIX

A4

POLICY SCENARIO PROBABILITY MATRIX

INDUSTRY DEVELOPMENT . . Production PERMANENT
SCENARIO Production Profile Cost Regime | MORATORIUM PARTIAL LIFT FULL LIFT
BASELINE Nil Shale Production N/A CERTAIN MODERATE Low
SHALE CALM Exploration occurs N/A ZERO VERY HIGH VERY HIGH
Failure to commercialise
Scenario 1 )
SHALE BREEZE Tergetproducion: 36PJ per annum High cost ZERO MODERATE HIGH
Scenario 2
SHALE WIND Targetproducion: 150PY per annum Moderate cost ZERO Low MODERATE
Scenario 3
SHALE GALE Target producion: 365PJ per annum Low cost ZERO VERY LOW LOwW
SOURCE: ACIL ALLEN CONSULTING
THE ECONOMIC IMPACTS OF A POTENTIAL SHALE GAS DEVELOPMENT IN THE NORTHERN TERRITORY
APPENDICES 479



480

ACIL ALLEN CONSULTING

REPORT
STRUCTURE AND
KEY TERMS

Structure of this report

As this is a complex engagement, ACIL Allen has structured its report in a logical fashion, with
overarching Chapters and a series of Sections underneath. The contents of each remaining Chapter and
Section is briefly outlined below (excluding this introductory chapter).

Chapter I: Preliminary Information

Section 2: Economic context. This section provides relevant contextual information regarding the
structure and recent performance of the Northern Territory economy, the Australian economy,
Australia’s gas and electricity markets (including a brief discussion of recent policy initiatives) and
the Northern Territory's energy markets.

Section 3: Unconventional gas and hydraulic fracturing. This section provides relevant contextual
information regarding unconventional gas and hydraulic fracturing techniques, a brief overview of
unconventional gas extraction in Australia, and the recent experience of hydraulic fracturing for
shale gas in the Northern Territory prior to the moratorium.

Chapter II: Shale Gas Industry Development Scenarios

Section 4: Project Assumptions and Development Scenarios. This section outlines the process
used to derive the industry development scenarios discussed above, including a full explanation
of the target and realised gas sales and prices, single average type curve assumptions and
production and supporting infrastructure requirements. This includes the timing of development
under each scenario.

Section 5: Project Cash Flow Modelling. This section outlines the ProjectCo and PipelineCo
financial models, including all assumptions relating to the cost of development and overall
financial position of ProjectCo under each set of assumptions outlined in Section 4.

Chapter lll: Economic Impact Assessment

Section 6 through 11: Economic Impact Assessment Results. This section outlines the economic
forecasting results of the baseline scenario, before articulating the economic impact assessment
results of the four scenarios under the criteria established.

Section 12: Economic Impact Assessment Summary. This section briefly outlines the results of
the economic impact assessment chapter of the report in a brief, easy to understand format
centred on the highest level economic outputs and a narrative style description of the exercise.

Chapter IV: Economic Policy Considerations
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Section 13: Shale Gas Economics Literature Review. This section contains a thorough review of
contemporary academic literature regarding the benefits and costs of shale gas industry
development, and measures that can be taken to ensure sustainable economic development.

Section 14: Perspectives on Policy. This section uses domestic and international case studies
and feedback from stakeholder consultation to articulate some of the key policy issues likely to
emerge should a shale gas industry successfully develop in the Northern Territory. This section
does not include ACIL Allen’s perspective on measures the Northern Territory Government
should adopt, as this is outside of our scope of works.

Appendices

Appendices Part One: Information relevant to the engagement that has not been included in the
body of the report but which ACIL Allen believes is important to ensure transparency.

Appendices Part Two: Information regarding the structure and processes of ACIL Allen’s
economic and gas market models.

Glossary of terms and abbreviations

Throughout this report, ACIL Allen has used a number of technical terms related to both the economic and
energy market modelling tasks it has completed. These terms are outlined below.

= Definition

“Fracking” In this report, ACIL Allen will specifically define “fracking” as the process of
hydraulically fracturing shale formations for the purposes of targeting
hydrocarbons.

Employment The number of full time equivalent job years created as a result of a project or
expenditure in the economy, which includes direct and indirect (flow-on)
employment.

Exchange rate The exchange rate is expressed as the AUD/USD exchange rate unless
otherwise stated and is denoted as A$ throughout the document.

Exports The value of goods exported and amounts receivable from non-residents for
the provision of services by residents.

Gross product or A measure of the size of an economy
real economic

output Gross product is a measure of the output generated by an economy over a

period of time (typically a year). It represents the total dollar value of all
finalised goods and services produced over a specific time period and is
considered as a measure of the size of the economy. At a national level, it is
referred to as Gross Domestic Product (GDP); at the state level, Gross State
Product (GSP); while at a regional level, Gross Regional Product (GRP).

Gross value added A measure of the value of goods and services produced in an industry or sector
of an economy.

Gross Value Added (GVA) is the output of an industry or sector minus
intermediate consumption. GVA therefore represents the value of all goods and
services produced, minus the cost of all inputs and raw materials used to
produce that good or service. Unlike Gross Product, GVA does not include the
value of taxes minus subsidies.

Imports The value of goods imported to a region and amounts payable to non-residents
for the provision of services to residents.
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L Definition

Job years Real employment is measured in job years. A job year is employment of one
full time equivalent (FTE) person for one year. Alternatively in can be
expressed as one 0.5 FTE person for two years.

Millions, billions In this report, ACIL Allen Consulting will make use of units of measurement for
and trillions of hydrocarbons in millions, billions and trillions of cubic feet (mmscf, BCF and
standard cubic feet TCF). These units of measurement are an order of magnitude apart:

1,000mmscf = 1 BCF
1,000BCF =1 TCF

These units of measurement are the industry standard for measurement of gas
produced at the wellhead of a development. ACIL Allen Consulting will refer to
“BCF” produced per well.

Net Real Income,  The economic modelling outputs in this report are presented in “net” terms,
Net Gross Territory unless otherwise stated. This is a representation of the aggregated economic
Product and other impact on the particular variable, being the gross benefit of an investment less

“Net” Prefixes the crowding out effect on other sectors.

Net present value  The value of a future stream of income (or expenses) converted into current

(NPV) terms by an assumed annual discount rate. The underlying premise is that
receiving, say, $100 in 10 years is not ‘worth’ the same (i.e. is less desirable)
than receiving $100 today.

For the purposes of this study, NPV calculations have been made based on a
discount rate of 10 per cent. The discount rate has been selected as a balance
between a typical commercial financial discount rate (12-15 per cent) and a
typical social discount rate (seven per cent).

Real and nominal ~ Nominal dollars are dollars that are expressed in the actual dollars that are

dollars spent or earned in each year, including inflation effects. Real dollars have been
adjusted to exclude any inflationary effects and therefore allow better
comparison of economic impacts in different years. Over time, price inflation
erodes the purchasing power of a dollar thereby making the comparison of a
dollar of income in 2063 with a dollar of income in 2016 invalid. Adjusting
nominal dollars into real dollars overcomes this problem.

All values are expressed in real dollar terms with a base year of 2016, unless
otherwise stated.

Real income A measure of the welfare of residents in an economy through their ability to
purchase goods and services and to accumulate wealth

Although changes in real economic output are useful measures for estimating
how much the output of the economy may change due to the Project, changes
in real income are also important as they provide an indication of the change in
economic welfare of the residents of a region through their ability to purchase
goods and services.

Real income measures the income available for final consumption and saving
after adjusting for inflation. An increase in real income means that there has
been a rise in the capacity for consumption as well as a rise in the ability to
accumulate wealth in the form of financial and other assets. The change in real
income from a development is a measure of the change in the economic
welfare of residents within an economy.

State final demand A measure of the value of goods and services in an economy
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Term Definition

The aggregate obtained by summing government final consumption
expenditure, household final consumption expenditure, private gross fixed
capital formation and the gross fixed capital formation of public corporations
and general government. It is conceptually equivalent to the Australia level
aggregate domestic final demand.

Terajoules and Terajoules and petajoules are a standardised unit of energy measurement,

petajoules used in the energy and pipeline sectors. In this report, ACIL Allen will refer to
energy production in terms of terajoules per day (TJ/day) and petajoules per
annum (PJ/annum).
One terajoule (TJ) = ~0.001 petajoules (PJ)

Working age All usual residents of Australia aged 15 years and over except members of the

population permanent defence forces, certain diplomatic personnel of overseas
governments customarily excluded from census and estimated population
counts, overseas residents in Australia, and members of non-Australian
defence forces (and their dependants) stationed in Australia.

LIST OF ACRONYMS

Abbreviation Full name

ABS Australian Bureau of Statistics

AUD/ A$ or $ Australian dollars

BCF Billions of cubic feet of gas

Billion Billion measured by 1x10¢ (or 1,000 million) as per the US convention

CAPEX Capital expenditure

CGE Computable general equilibrium (model)

CPI Consumer Price Index

FIFO Fly in-fly out work practice

FTE Full time equivalent

GDP Gross Domestic Product

GSP Gross State Product

GST Goods and services tax

GTP Gross Territory Product

GVA Gross Value Added

LNG Liquefied natural gas

Million Million measured by 1x108 (or 1,000 thousand) as per the US convention

mmscf Millions of cubic feet

NPV Net present value

OPEX Operational expenditure

PJ Petajoules

PJ/day Petajoules per day

PRRT Petroleum Resources Rent Tax

TCF Trillion cubic feet

TJ Terajoules

TJ/day Terajoules per day
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Abbreviation Full name

USD or US$ United States dollars
WPI Wage Price Index

Stakeholder consultation

While our own independent research has helped form much of the inputs into our methodology, ACIL
Allen also conducted an extensive program of stakeholder consultation in the first month of the
engagement. ACIL Allen met with the following groups as part of its structured program of stakeholder
consultation, and held follow up meetings with a range of stakeholders to gather additional information as
the engagement progressed. Stakeholders were provided with a Consultation Guide prepared by ACIL
Allen, and comprehensive verbatim notes of the consultation sessions were taken by ACIL Allen. A copy
of the Consultation Guide has been included in Appendix B.

Stakeholders have been presented in alphabetical order.
TABLE 1.1 ACIL ALLEN STAKEHOLDER CONSULTATION

Stakeholder Organisation Method of Meeting Stakeholder Group

Australian Petroleum Production & Face to face Non-Government

Exploration Association Organisation

Central Land Council Teleconference Traditional Owner
representative

Lock the Gate Alliance & The Australia Face to face (Lock the Gate) and Non-Government

Institute teleconference (The Australia Organisation

Institute)

MS Contracting Teleconference Industry operators

Northern Land Council Face to face Traditional Owner
representative

NT Cattlemen’s Association Face to face Non-Government
Organisation

NT Department of Business, Trade and Face to face Government

Innovation

NT Department of Primary Industry and Face to face Government

Resources

NT Department of Primary Industry and Teleconference Government

Resources (follow up)

NT Farmers Face to face Non-Government
Organisation

NT Treasury Face to face Government

NT Treasury (follow up) Teleconference Government

NT Treasury (second follow up) Teleconference Government

Origin Energy Face to face and teleconference  Industry operators

Origin Energy (follow up) Face to face Industry operators

Pangaea Pty Ltd Teleconference Industry operators

Pangaea Pty Ltd (follow up) Teleconference Industry operators

Santos Face to face Industry operators

Santos (follow up) Teleconference Industry operators
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In addition to the consultation sessions above, ACIL Allen received a variety of material from all
stakeholders throughout the engagement, and drew on submissions made to the Inquiry by the full range
of stakeholders.
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ECONOMIC
CONTEXT

2.1 Economic trends

APPENDICES

The Northern Territory economy is a regional economy, which generated $23 billion in Gross State
Product (GSP) in 2015-16, accounting for 1.4 per cent of Australia’s Gross Domestic Product

(A$1.6 trillion). Northern Territory is an emerging economic centre, with average annual rates of growth in
the economy exceeding five per cent per annum over the past five years (around double the rates of
growth recorded in the national economy over the same period).

Economic growth in the Northern Territory is fairly volatile due to its small size and narrow economic base.
As a result, major investments can have a disproportionately large impact on overall growth. The
development of the Ichthys LNG Project has had a substantial impact on the Northern Territory economy,
driving growth (as measured by Gross Territory Product) to a high of 15.8 per cent in 2012-13 as
investment activity accelerated. While investment activity levels have remained at historically high levels,
as the pace of growth in investment has slowed this has had a corresponding impact on the broader
measures of growth in the Northern Territory.
FIGURE 2.1 REAL ECONOMIC GROWTH, NORTHERN TERRITORY AND AUSTRALIA, ANNUAL
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Business investment has driven overall levels of growth in the Northern Territory economy in recent years,
due to the impact of the development of the Ichthys LNG Project. Business investment has averaged 31
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per cent per annum on average since the commencement of the Project, and has accounted for 34 per
cent of all domestic economic activity, as measured by State Final Demand. This has seen business
investment overtake government spending and investment activity in the Territory (as measured by Public
Final Demand) as the key driver of domestic economic growth (see Figure 2.2 below).

FIGURE 2.2 NT BUSINESS INVESTMENT AND PUBLIC FINAL DEMAND AS A SHARE OF TOTAL
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Historically, it has been government that has been the dominant sector of the Northern Territory economy,
due in large part to the Commonwealth’s large defence presence. However, in recent years significant
development in the resources sector has seen it overtake the public sector as the driver of the Territory’s
economy. The substantial developments in the resources sector has in turn stimulated construction
activity, which became the largest contributor to the Territory economy in 2015-16.

By value add, the largest industries in the Northern Territory in 2015-16 were Construction ($4.2 billion or
21 per cent of the economy), Mining ($3 billion or 15 per cent of the economy), and Public Administration
and Safety ($2.4 billion or 12 per cent of the economy) (refer to Figure 2.3).

However, ACIL Allen estimates that as the Ichthys LNG Project transition from construction to production,
this will see the Mining industry overtake the Construction industry to become the largest industry in the
Northern Territory.
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FIGURE 2.3 NT OUTPUT BY INDUSTRY, 2015-16, A$ MILLION
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2.2 Labour market trends

The Northern Territory historically has had high levels of labour force utilisation. Overall levels of labour
force participation have averaged 74 per cent over the past decade, which is well above the national
average of 65 per cent. Employment opportunities have in turn meant that the average rates of
unemployment are well below those recorded in another other part of Australia (refer to Figure 2.4 below).

FIGURE 2.4 UNEMPLOYMENT RATE, PERCENTAGE OF WORKFORCE UNEMPLOYED
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Total employment in the Northern Territory was 132,200 in August 2017, which was just below the record
high of 139,900 in February 2017. Over the five years to August 2017, total employment has increased by
5,600 or 4.4 per cent.

Employment trends in the Northern Territory have been largely driven jobs growth in government and in
construction, which has increased its capacity in line with developments in the resources sector. Over the
past five years, there has 5,100 new jobs created in government, with a further 2,900 new jobs created in
construction. Against these trends, the largest decreases in employment have been seen in agriculture
(4,700) and wholesale trade (1,700).

FIGURE 2.5 NT EMPLOYMENT BY INDUSTRY, JUNE 2017, THOUSANDS
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Wage trends in the Northern Territory have typically followed broader wage trends across the national
economy in recent years. Despite robust labour market conditions in the Territory, wages growth (as
measured by the Wage Price Index (WPI)) has trended lower in recent years, due to the combination of
the unwinding of the resources boom, structural factors such as lower levels of productivity, and the low
inflation environment.

Over the year to June 2017, wages growth in the Territory averaged 2.1 per cent, which is well down on
the most recent high of 4.2 per cent in December 2011 during the height of the resources boom. Across
the public and private sectors, significant variances emerge, with public sector wages growing by three per
cent over the year to June 2017, compared to just 1.7 per cent in the private sector.

These trends are broadly consistent with the trends across the national economy, where the WPI rose by
1.9 per cent over the year to June 2017.
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FIGURE 2.6 NT EMPLOYMENT BY INDUSTRY, CHANGE BETWEEN JUNE 2012 & JUNE 2017,
THOUSANDS
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FIGURE 2.7 NT WAGE PRICE INDEX, PUBLIC SECTOR, PRIVATE SECTOR AND TOTAL, ANNUAL
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2.3 Population trends

In recent years, population growth in the Northern Territory has slowed significantly relative to the
demographic trends in other parts of Australia. Over the 12 months to December 2016, the population of

12
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the Northern Territory grew by just 0.3 per cent, which was the slowest rate of growth of any state or
territory in Australia, and well down on the most recent high of 3.1 per cent in March 2013.

By contrast, population trends across Australia have been relatively stable, with the estimated resident
population in Australia increasing by an annual rate 1.6 per cent by the end of 2016. The constancy of
Australia’s population trends reflects the relatively stronger rates of population in the larger states of New
South Wales (annual growth 1.5 per cent by the end of 2016) and Victoria (annual growth of 2.4 per cent),
offsetting the slowing rates of population growth in the resources states like Western Australia (annual
growth of 0.7 per cent by the end of 2016), Queensland (1.5 per cent) and the Northern Territory.

yy
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FIGURE 2.8 POPULATION GROWTH, ANNUAL PERCENTAGE CHANGE
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The end of the resources boom has had a pronounced impact on the population trends in the
predominately mining states and territories in Australia. For the Northern Territory, this has seen the levels
of overseas migration fall significantly (see Figure 2.9), as potential overseas migrants seek to settle in
other parts of Australia where their job prospects are stronger.

FIGURE 2.9 COMPOSITION OF NT POPULATION GROWTH
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Northern Territory Government finances

2.5

The Northern Territory’s 2017-18 Budget, released on in May 2017, projects five consecutive net
operating deficits for the Territory’s General Government sector (the arm of government that provides
most services to the community), with net debt rising from $2.4 billion to $5.5 billion between 2016-17 and
2020-21. The Northern Territory non-financial public sector raised $1.9 billion in revenue from its own
sources in 2016-17, and recorded total operating expenditure of $6.5 billion.

The Goods and Services Tax, including redistribution effects, is the Northern Territory Government’s
largest source of revenue, accounting for 49 per cent of the Territory’s revenue in 2016-17 (the last year of
actual data). With a large land mass and low population density, the delivery of government services is a
challenge in the Northern Territory. The Commonwealth Grants Commission’s formula for distributing the
GST assessed the Northern Territory Government requires between four and five times the hypothetical
equal per capita distribution of GST revenue.!

Expenditure challenges are writ large across all elements of Northern Territory public finances. The high
share of the Northern Territory’s population that is Aboriginal or Torres Strait Islander, remoteness and
regional costs, higher wage costs, and lack of administrative scale all result in the Commonwealth Grants
Commission assessing the Territory as requiring significant assistance from the GST to help in the
provision of services, vis-a-vis the other States and Territories. The Northern Territory has been a
significant recipient State in the GST distribution system since its inception.

However, the Northern Territory's broader public finance challenges are a relatively recent phenomenon.
This is because as a result of the release of the 2016 Census the Australian Bureau of Statistics believes
the population of the Northern Territory is smaller than previously thought, while the Commonwealth
Grants Commission believes the Northern Territory requires less GST per capita than previously thought
to compensate it for structural spending challenges.2 NT Treasury considers this is a structural shock to
the Territory's finances.

FIGURE2.10  NT GOVERNMENT NET OPERATING BALANCE, ACTUAL & FORECAST, $M
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Recent Australian energy market developments

APPENDICES

Over time, the individual energy markets across Australia’s eastern states have become joined up through
a series of policy changes and asset investments. The system is referred to as the “National Electricity
Market”, or NEM for short. Broadly speaking, it encompasses the full supply chain from the extraction of

1 Commonwealth Grants Commission. 2017. 2017-18 Update Report. Accessed online at http://www.cgc.gov.au
2NT Treasury. 2017. 2017-18 State Budget, Northem Territory. Accessed online at http://www.budget.nt.gov.au
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hydrocarbons and other fossil fuels through to the consumption of electricity, gas and other fuels by
domestic consumers and processing for export.

A series of significant developments in Australia’s energy market have emerged in recent years, driven by
rapid technological change, the pressing need for action to address climate change, and the development
of new onshore and offshore hydrocarbon industries targeting both domestic and international sales of
petroleum products.

Broadly speaking, these issues have manifested in significant uncertainty regarding the future direction of
energy policy in Australia; higher wholesale gas prices, which feed through the entire NEM supply chain;
and pressures to rapidly adjust to low emissions energy technologies.

The principal short term issue is an elevated level gas market uncertainty in eastern Australia. The long-
anticipated transition of the east coast domestic gas market as a result of the development of six large
export LNG trains at Gladstone has reached a critical point, with the last three trains having been
commissioned between December 2015 and September 2016. The full extent of the dislocation in the
domestic gas market caused by the LNG projects is now being felt as production ramps up and the market
moves to a new equilibrium state.

A number of other risk factors have become more prominent in recent times. A relatively severe winter in
2016 combined with constraints on the electricity interconnector between Victoria and South Australia
resulted in high electricity and gas prices which caused distress for large industrial users and brought a
renewed political focus on the idea of an electricity interconnector between South Australia and New
South Wales.

2.5.1 Eastern Australia gas demand and the LNG export transformation

Over the past six years there has been an unprecedented transformation of the eastern Australia gas
market, driven by large-scale export LNG developments and associated upstream coal seam gas (CSG)
field production facilities in Queensland. Three separate LNG export projects, with a combined production
capacity in excess of 25 million tonnes per year of LNG, were commissioned between late 2014 and late
2016. These facilities have a combined gross gas requirement of around 1,500 PJ/a—more than double
the amount of gas currently used in the entire eastern Australia domestic gas market.

The Australian Energy Market Operator (AEMO) released its 2016 National Gas Forecasting Report
(NGFR) in December 2016. Figure 2.11 shows historical and forecast levels of gas demand in eastern
Australia (Queensland, New South Wales, Victoria, Tasmania and South Australia; the NGFR does not
include Northern Territory) under AEMO’s Neutral scenario. This shows a tripling of total gas demand in
eastern Australia, driven by the rapid expansion of LNG production from the six LNG trains now
operational at Gladstone in central Queensland.
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FIGURE 211  HISTORICAL AND FORECAST GAS DEMAND IN EASTERN AUSTRALIA
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These LNG projects have had impacted on the domestic gas market by reducing the availability of gas to
supply domestic markets; affected the price of domestic gas and the ways in which gas prices are
determined; and affected levels of domestic gas consumption, particularly in the power generation sector.

Gas for power generation was, for a number of years, expected to be a driver of strong growth in demand
for gas in eastern Australia. Gas-fired power generation was commonly seen as offering a cleaner energy
transition pathway to a lower emissions future. However, in practice, the role of gas-fired generation in the
eastern Australian market has evolved very differently.

With large amounts of large-scale renewable energy (mostly wind) being added to the system to meet
mandated renewable energy targets, and strong uptake of subsidised rooftop solar photovoltaic systems,
the demand for centrally-generated electricity in the National Electricity Market has fallen and average
wholesale electricity prices have been suppressed. In these circumstances, and with tight gas supply and
rising gas prices, a number of large gas-fired generators have been mothballed or de-rated. This has
allowed them to profit by using their contractual gas entitlements to sell gas to LNG and/or other domestic
gas buyers, rather than using it to generate electricity. The Tamar Valley (Tasmania)® and Swanbank E
(Queensland) combined cycle gas turbine (CCGT) generators have been mothballed, and the Pelican
Point CCGT in Adelaide has cut back its operations and on-sold much of its gas entitlements.

The overall result has been to drive a significant reduction in recent and projected gas demand in the
eastern Australian domestic market. This is shown in Figure 2.12. Overall domestic demand is expected to
decline from 700 PJ per annum in 2012 to around 530 PJ per annum by 2019. Most of the decline will
occur in the gas-fired power generation sector, with gas use by large industrial consumers also expected
to fall. In the retail residential and commercial sectors consumption is expected to remain relatively flat,
with increasing customer numbers (driven by demographic growth) offset by declining average
consumption per customer (as a result of improved appliance efficiency, better building standards and
increased penetration of electric reverse-cycle air-conditioning).

3 Tamar Valley was temporarily returned to service in 2016 in response to an extended outage on the Basslink electricity interconnector between
Victoria and Tasmania.

4 In March 2017, the owner of Pelican Point (Engie) announced that it would recommission its second turbine by July 2017, returning the station to
full capacity. This decision followed a deal in which Origin Energy agreed to provide gas to Pelican Point and to enter into an offtake agreement
covering 240 MW of capacity from the station. The deal follows critical power shortages and blackouts in South Australia in late 2016 and early
2017, and is designed to improve the security of the grid in South Australia following closure of coal-powered generation at Port Augusta.
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The steep decline in gas-fired power generation reflects a number of factors: abnormally high levels of
gas-fired generation in the recent past (particularly in 2013 and 2014) driven by readily-available and low
cost gas from the ramp-up of coal seam gas (CSG) production in Queensland; rising gas prices resulting
in lower levels of economic dispatch of gas-fired generators; and increased penetration of renewable
generation sources displacing marginal gas-fired generation.

FIGURE2.12  HISTORICAL AND FORECAST DOMESTIC GAS DEMAND IN EASTERN AUSTRALIA
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Implications for eastern Australia gas supply

The structural transformation of the eastern Australia gas market brought about by the establishment of
the Queensland LNG industry has seen a large increase in the demand for east coast natural gas with a
consequent tightening of supply to domestic gas buyers. At the same time, the LNG developments have
seen the rapid expansion of gas production from CSG fields in Queensland. The LNG export
developments have been the primary driver for this increased production, although some of this gas has
been (and continues to be) supplied to the domestic gas market.

It is nevertheless the case that a large part of the gas production capacity in eastern Australia has been
committed, on a long-term basis, to support LNG production activities. The affected production sources
include not only the Queensland CSG projects controlled by the LNG proponents who have prioritised
delivery to the LNG facilities over domestic market sales. It has also seen the commitment of large
volumes of third-party gas supply, under long-term contract arrangements, to supply additional gas to the
LNG projects. There is anecdotal evidence that, for at least some of the Queensland CSG fields intended
to support LNG production, production performance has been below design expectations and the costs of
production higher than anticipated. As a result, LNG project proponents have turned to third-party
producers—traditionally suppliers to the domestic market—to seek incremental gas supply.

While the LNG projects have increased demand for gas in eastern Australia, they have also led to
development of large tracts of gas, and has increased the number of potential suppliers to the domestic
gas market. These newly developed sources of gas could, depending on market conditions, supply the
domestic gas market. Indeed, data published by AEMO on the Natural Gas Services Bulletin Board
confirms that, during the severe southern winter in July 2016, QCLNG diverted some gas supply from its
Gladstone operations into the southern states domestic market.

2.5.2 Northern Gas Pipeline

Jemena is currently constructing the Northern Gas Pipeline (NGP) between Tennant Creek in the
Northern Territory and Mount Isa in north-west Queensland. The NGP is designed to allow gas from the
Northern Territory to be delivered into the Eastern Australian market from late 2018. To the extent that the
project succeeds in allowing substantial quantities of competitively priced gas from the Northern Territory
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to enter the East Coast market, the project represents a competitive threat to other sources of gas supply
in eastern Australia.

Jemena took delivery of the first batch of pipe for the NGP in October 2016 and has commenced
construction. However the size of the project has been scaled back, reflecting a lack of customer
commitment. The diameter of the pipeline has been reduced to 12” (from the 14" diameter pipe originally
planned), with a corresponding reduction in throughput capacity from 120 TJ/d to 90 TJ/d.

Given the current scarcity of gas available for commitment into new long-term contracts in the east coast
market, this lack of customer support strongly suggests that the issue facing the NGP project relates to a
lack of proven gas reserves available to support firm gas sales agreements, rather than a lack of demand
from end-user customers. Apart from the gas being sold into the project by the Northern Territory
government from its Blacktip entitlements, no other gas supply has yet been committed to the project. The
Blacktip gas has effectively been committed to the Mount Isa market in Queensland (which has an annual
gas requirement comparable to the annualised throughput capacity of the NGP in its current
configuration).

Under current policy settings, NGP does not appear likely to deliver large quantities of competitively priced
gas into the east coast market.

2.5.3 Australian Domestic Gas Security Mechanism

In response to the current tight gas supply situation, sharply rising prices and forecasts of potential supply
shortages, the Australian Government has moved to bolster domestic gas supply by introducing the
Australian Domestic Gas Security Mechanism (ADGSM) which will rely on the Australian Government's
constitutional powers in relation to export controls. The ADGSM has been described by the government as
a ‘targeted, temporary measure ... to repair markets and allow Australian users to compete on a level
playing field'. The objective of the policy is to ensure that there is a secure supply of gas to meet the
forecast needs of Australian gas consumers by requiring, if necessary, LNG producers that are drawing
gas from the domestic market to limit their exports or to find offsetting sources of new gas.

The ADGSM came into effect on 1 July 2017. Operational details are set out in Guidelines dated 30 June
2017. In summary the ADGSM will operate as follows:

Export controls may be triggered on an annual basis if the Minister determines that there is likely to be
shortage of domestic gas supply in the next year, and that LNG exports are likely to contribute to that
shortfall.

If such a trigger occurs, LNG exporters would provide information to determine if they are ‘net-deficit
projects that are withdrawing more gas from the domestic market than they are contributing to it. LNG
exporters assessed as being ‘no effect’ or ‘net suppliers to the domestic market’ will not face any export
restrictions.

The extent of any export restrictions will depend on the ‘Total Market Security Obligation’ (TMSO)
determined by the Minister and the proportion of the gas shortfall attributable to net-deficit LNG projects.

‘Net deficit’ exporters will be required to contribute to the achievement of the TMSO on a pro-rata basis
according to the extent of their market deficits. This will be done by restricting Export Permissions for
these exporters.

Each ‘net deficit’ exporter will be required to meet its individual Exporter Market Security Obligation either
by restricting exports, or by increasing domestic production.

The Guidelines restrict the scope of ‘domestic suppliers’ by excluding suppliers that developed gas for the
primary purpose of export. The tests also involve the concept of ‘own gas’, with a source of gas to the
LNG plants being considered ‘own gas’ rather than gas obtained from domestic suppliers if it is owned by
an LNG joint venture, or by one of the joint venture partners who developed and contracted the gas for
LNG export sale. These provisions will reduce significantly the amount of gas deemed to be diverted from
domestic markets by the LNG project.

Assessment

On the basis of what is set out in the Guidelines it appears that the only party likely to be caught under the
ADGSM arrangements is the Santos-operated Gladstone LNG project, which is heavily reliant on third
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party gas. However, depending on how the definitions of ‘third party gas’ and ‘own gas’ are interpreted,
even GLNG's obligations may be relatively limited. We are aware of several ‘third party’ sales contracts
under which GLNG has access to gas supply totalling between 475 and 635 TJ/day. However, a number
of these contracts are likely to meet the test for ‘own gas’ and/or ‘export compatible third party gas’.

GLNG is likely to be the only liable party, and its net deficit is likely to be relatively small for the reasons
mentioned above. Even if the Minister declares a domestic shortage and imposes an Export Market
Security Obligation on GLNG, questions remain regarding the price at which that gas would be offered to
the market, how it would be sold, and what would happen to any gas offered for sale but not taken up. The
Guidelines are largely silent on the matter of the price or terms upon which any gas withheld from export
under the ADGSM would be offered for sale to domestic consumers.

On balance, we think that the ADGSM is unlikely to result in any large quantities of additional gas being
supplied into the domestic market, nor is it likely to result in significant downward pressure on domestic
gas prices.

2.5.4 Regulatory reform: the Vertigan Inquiry

In June 2017 the Gas Market Reform Group, chaired by Dr Michael Vertigan AC, published a final design
recommendation for a ‘Gas Pipeline Information Disclosure and Arbitration Framework'.

The overarching objective of the new information disclosure and arbitration framework is to facilitate
access on reasonable terms to services provided by ‘non-scheme’ (that is, currently unregulated)
pipelines, including SEA Gas.

The information disclosure requirements and arbitration processes proposed by Vertigan are set out in
changes to the National Gas Law that recently passing through the South Australian parliament.

The arbitration process covers disputes on any matter (including price or other terms and conditions). It
may be triggered by either the prospective shipper or the pipeline operator. While the arbitration
mechanism is a key element of the new framework, it is intended that commercial negotiation will continue
as the principal means by which access terms and conditions are determined and that the arbitration
mechanism will rarely be triggered. That is, it is intended that the threat of arbitration will be sufficient to
encourage the parties to reach a commercial agreement.

The arbitration design involves a three stage process:

Stage 1: Shipper considers whether to seek access having regard to basic information published by
pipeline operator

Stage 2: Shipper requests access and enters into commercial negotiations with pipeline operator.
Negotiations informed by further information exchanges

Stage 3: If negotiations fail, either party may seek arbitration. Arbitrator to make decision having regard to
the arbitration principles

Under the new framework, existing and prospective new shippers may be less inclined to agree to
commercially negotiated terms for pipeline services and more inclined to have recourse to arbitration. This
is because, while the arbitration process is said to be ‘binding’, the shipper is not in fact bound to enter
into a gas transport services agreement on the terms set out in the arbitrator's decision. The shipper can
elect (within 30 days) not to proceed in which case it is still able to continue to negotiate for transport.
Under this scenario, the only downside from the shipper’s perspective is that it foregoes the right to trigger
a new arbitration process (for a similar service) for 12 months. In effect, the prospective shipper has a free
option to see if it can get a better outcome under arbitration than it would achieve by accepting
commercially negotiated terms.

2.5.5 The Finkel Review

The Independent Review into the Future Security of the National Electricity Market (the ‘Finkel Review’,
named after the Review’s Chair Dr Alan Finkel) was commissioned by the Council of Australian
Governments (COAG), in order to address the security and reliability challenges faced by the National
Electricity Market in the context of transitioning policy imperatives and emerging and evolving
technologies.
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The report primarily addresses key issues in the National Electricity Market — such as the balance of
security and reliability, affordability and reduced emissions, as well as new technology integration and
rising gas prices rendering stations unviable — and provides guidance on measures to address current and
future challenges.

Finkel believed energy policy in Australia should be calibrated to deliver four central objectives:
— increased security
— future reliability
— rewarding consumers, and
—  lower emissions

The principal recommendation of the review is that technological change is occurring rapidly in the energy
sector, and the way forward is to provide certainty to both the energy sector and Australians more broadly
as to how Australia will meet its international emissions reduction commitments. In this respect, security
references the National Electricity Market’s ability to respond to disturbances, which with the inclusion of
variable renewable energy generation will require more attention than with more traditional, fossil fuel
methods of electricity generation.

Underpinning these are three pillars promoting an “orderly transition” to the future energy mix, better
system planning and stronger governance. An orderly transition is upheld by the recommendation of a
Clean Energy Target, and the recommendation for a mandatory three years' notice prior to closure of a
generator. Improved system planning seeks a system wide grid plan that informs investment decisions
and improved reporting and analysis in regards to reliability and security. Stronger governance is
recommended to be delivered through a new energy security board, and strengthened market bodies.

The Finkel Review outlines a blueprint of recommendations for the transition that makes special mention
of the increased requirement for flexible, gas-fired generation to support the variable renewable energy
generation. Finkel also noted that in the short to medium term tightening gas supply, and therefore rising
prices, threaten the economics of such generators.

Despite the clear findings and roadmap provided by the Finkel Review, there remains significant
uncertainty regarding the direction of energy policy in Australia.

2.6 The Northern Territory’s gas industry and energy markets

The Department of Industry, Science and Innovation suggest the Northern Territory consumed 46.2PJ of
natural gas in 2014-15, making it the largest source of energy for the Territory.> This gas is used to
produce electricity and to fuel industry, as well as being used in the processing of Liquefied Natural Gas
(LNG) that is exported through the Darwin LNG Plant (which does not show up in the Department's
statistics as it is not consumed in the NT).

The majority of the Territory’s gas is provided by three fields: ENI's Blacktip Gas Field, in the Bonaparte
Basin off the north west coast of the Northern Territory® (predominantly for domestic consumption),
ConocoPhillips’ Bayu-Undan field in the Australia-Timor-Leste Joint Petroleum Development Area’
(predominantly for LNG exports) and from fields in the Amadeus Basin to the east of Alice Springs, with
the Mereenie Oil and Gas Field the major producing play8. The Ichthys LNG project, owned and operated
by Japanese energy company INPEX, produces LNG at a facility in the Port of Darwin, but extracts gas
from the Browse Basin off the north west coast of Western Australia.

The major players in the Northern Territory energy market are NT Power and Water Corporation
(‘PowerWater'), the State-owned transmission and network company, and Territory Generation, the
wholesale provider of electricity. The two entities were formerly one vertically integrated entity but were
structurally separated in 2014 as part of a broader program of electricity market reform.® PowerWater and
Territory Generation represent a significant share of the residential and small scale commercial/industrial

5 Department of Industry, Science and Innovation, 2016. Australian Energy Statistics 2016, Table D. Accessed online at
http://lwww.industry.gov.au

6 ENI Australia. 2016. ENI in Australia. Accessed online at http://www.eni.com/

7 ConocoPhillips. 2017. Our Business Activities — Bayu-Undan. Accessed online at http://www.conocophilips.com.au/

8 Central Petroleum. 2017. Mereenie Oil and Gas Field. Accessed online at http://www.centralpetroleum.com.au/

9 Territory Generation. 2017. Territory Generation: About Us. Accessed online at http://www.territorygeneration.com.au
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energy markets in the Territory. The Territory has a contestable market for residential and small scale
commercial users.
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3.1 What is Hydraulic Fracturing?

APPENDICES

There are two broad types of gas reserves: conventional and unconventional. Conventional gas reserves
accumulate in confined areas with well-connected pore spaces in a sedimentary basin. This allows for
effective drainage of reserves with well-placed vertical wells. By contrast, unconventional gas reserves
accumulate in a larger area amongst more tightly bound and less porous sedimentary basins, which are
typically lower in the ground. A visual representation of conventional and unconventional gas
accumulations and some of the extraction techniques is provided in Figure 3.1 (overleaf).

Artificial stimulation is typically required to make the gas in unconventional reservoirs flow through a well.
One commonly used technique to achieve this is called hydraulic fracturing, commonly known as
‘fracking’. Fracking basically involves pumping a mixture of water, sand and chemical additives (‘fracking
fluid’) into the production well, under pressure, so that the rocks containing the gas resources crack. This
allows the gas contained in the tight reservoir to flow more freely.

3.1.1  Shale gas versus coal seam gas (CSG)

Fracking is used to extract both coal seam gas (CSG) and shale gas. The two types of resources differ
significantly.

CSG is typically extracted from wells that are much closer to the land surface (300m — 1,000m) than shale
wells (1,500m - 4,000m)

CSG is typically much closer to the surface, and therefore closer to potable water sources such as
aquifers. Shale gas is not typically located near aquifers

CSG is most often extracted using vertical wells, while shale gas is extracted using a combination of
vertical and horizontal drilling techniques

CSG wells are typically low productivity and require a larger number of wells, where shale gas wells
produce more energy per well. However, shale wells use more water per well, and operate across a larger
underground footprint.

The land surface area of CSG wells and shale gas wells is largely the same.
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FIGURE 3.1 DIFFERENT TYPES OF PETROLEUM ACCUMULATIONS AND DEVELOPMENT
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3.1.2 The fracking process

Shale gas is mainly methane (often with associated liquid hydrocarbons) that is trapped within clay-rich
sedimentary rock at depths greater than 1,500 metres. The low permeability of the rock means that gas,
either absorbed or in a free state, in the pores of the rock, is unable to flow easily.

To extract shale gas, wells are drilled anywhere from 1,500 — 4,000 metres deep through various layers of
rock to access the shale. The wells are lined with various steel casings, which are cemented using fit-for-
purpose cement designed to protect groundwater from contamination.

To maximise shale gas recovery a technique called horizontal drilling is used. This technique typically
involves the well changing from a vertical to a horizontal direction deep underground.

Before gas can be extracted from the shale gas reservoir, hydraulic fracturing must occur. Hydraulic
fracturing is a technique used to enhance the production of the gas. Hydraulic fracturing refers to the
injection of fluid (comprising approximately 99.5% water and proppant (sand) and approximately 0.5%
chemical additives) at high pressure into targeted sections of the layers of gas-bearing rocks. This creates
localised networks of fractures that unlock gas and allow it to flow into the well and up to the surface. An
average of 20 to 30 megalitres (ML) of water is used per fracked horizontal well over the life of the well.

Atter fracturing, the hydraulic pressure is released and most of the ‘“frack fluid’ is pumped back out of the
well. Typically gas production from the well builds up over a period of days or weeks as the frack fluid is
recovered (a process known as ‘well clean-up’). Much of the sand remains in the well, propping open the
cracks so that gas flow is maintained (hence ‘proppant’).

3.2 The “Shale Revolution”

Fracking is not a particularly new or novel technique for accessing petroleum deposits. However, rapid
technological improvements and a period of very high natural gas prices in the United States led to a
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significant wave of exploration and investment targeting shale gas with horizontal drilling techniques. The
result has been a so-called “shale revolution”, which has put significant downward pressure on energy
prices in the United States and across the world.10

Production of petroleum products from US shales has grown exponentially between 2007 and 2017, and
the shale gas industry deepens and continues to learn the most economic ways to target and extract oil
and gas from shales. According to the US Energy Information Administration, the volume of dry shale gas
produced in the United States has increased 15-fold between 2005-06 and 2016-17, from an average of
110.8 PJ per month to 1405.3 PJ per month (Figure 3.2)."

FIGURE 3.2 DRY SHALE GAS PRODUCTION, UNITED STATES, BY MAJOR PLAY, PJ/MONTH (12
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US producers have been able to extract more gas per well each year for the past 10 years, as technology
advancements like longer horizontal drilling, improved fracturing techniques, and increased knowledge of
the geology of formations have led to surging productivity. These conspire to reduce the average cost of
establishing a single petroleum well, which is the single largest influence on the wellhead cost of gas
produced.'? More than anything though, there is a strong negative relationship between the total number
of wells drilled in a shale gas play and the overall average cost per well drilled in said play (that is, the
more wells drilled the lower the marginal cost of establishing a well).

This “learning effect’, where the incremental cost of delivering a unit of gas has been shown to fall
substantially over time, has been the catalyst behind the shale revolution, and the ability for the shale
industry in the United States to deliver gas at increasingly lower prices (Figure 3.3).

10 European Commission. 2017. Shale gas production costs: historical developments and outlook. Accessed online at
http://www.insightenergy.org/

11US Energy Information Administration. 2017. US dry shale gas production, monthly data. Accessed online at http://www.eia.gov

12 ACOLA. 2013. Engineering Energy: Unconventional Gas Production in Australia, A study of shale gas in Australia. Accessed online at
http://www.acola.org.au/
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FIGURE 3.3 THE INTERNATIONAL SHALE LEARNING CURVE
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3.3 Shale gas in the Northern Territory

Given the significant uncertainty regarding the shale gas potential of the Northern Territory, ACIL Allen
Consulting has prepared this brief summation based on information presented by the Inquiry in its Interim
Report, released in July 2017.

There are a range of estimates available regarding the shale gas potential of the Northern Territory.
Geoscience Australia believes there is 257,276 PJ of potential gas resource trapped in shale formations
across the Territory — the vast majority of this concentrated in the Beetaloo Sub-Basin of the McArthur
Basin, in northern central Northern Territory. The US Energy Information Administration’s 2015
Technically Recoverable Shale Oil and Shale Gas Resources report for Australia estimated approximately
262 TCF of shale gas was in situ in the Northern Territory’s two most explored basins, Beetaloo and
Georgina.'®

Additional resource is thought to exist to the south (the Amadeus Basin, which is currently subject to
conventional gas production), north west (an onshore portion of the predominately offshore Bonaparte
Basin), south east (the Georgina Basin) and south-south east (the Pedrika Basin). However, the majority
of the effort of potential industry operators has been spent better understanding the geology and
petroleum potential of the Beetaloo Sub-Basin.

A map of the Northern Territory's known and approximated source rocks for hydrocarbons is presented in
Figure 3.4 (page 27).

According to the Department of Primary Industry and Resources, there have been eight hydraulically
fractured wells targeting unconventional shale gas in the Northern Territory. Four such wells have been
drilled in the Georgina Basin, and four in the Beetaloo Sub-Basin.

The most significant well drilled to date is Origin Energy’s (‘Origin’) Amungee NW-1H well, which
completed a 57 day production test prior to the moratorium taking effect.'> The well was a 1,100m long
horizontal fracture stimulated well with 11 fracture stages, targeting the so-called “Velkerri B shale” layer
within the basin. Origin reported a positive production test, and in conjunction with additional geological
data gathered over its exploration program to date lodged a notice with the Petroleum Resource
Management System (PRMS) that identified a “Contingent Resource” of 6.6 TCF of technically

13US EIA. 2015. Technically Recoverable Shale Oil and Shale Gas Resources: Australia.

14 Scientific Inquiry. 2017. Scientific Inquiry into Hydraulic Fracturing in the Northem Territory: Interim Report, July 2017. Accessed online at
http:/lwww.frackinginquiry.nt.gov.au/

15 Origin Energy. 2017. Notice to market: Beetaloo Basin drilling results indicate material gas resource, 15 February 2017. Accessed online at
http://www.asx.com.au/
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recoverable gas (the PRMS system is outlined briefly in Box 3.1). A 6.6 TCF discovery is significant; it is
50 per cent larger than the “Pluto” onshore LNG project in Western Australia, which cost an estimated $15
billion to develop (including liquefaction facilities).

BOX 3.1 THE PETROLEUM RESOURCE MANAGEMENT SYSTEM

A4

The Petroleum Resource Management System is the system used to classify the commerciality of
conventional and unconventional hydrocarbon discoveries in a clear, consistent and transparent manner as it
relates to companies listed on the Australian Stock Exchange. All publicly listed Australian companies are
required to report on the outcomes of their exploration activities using this framework.

It is a framework that allows companies to determine the quantity of petroleum thought to be in place in a
particular area using probabilistic modelling and an assessment of commerciality contingent on the ability to
deliver the petroleum to market.

Petroleum deposits effectively move through a codified lifecycle, starting out as prospective resources,
progressing to contingent resources — which are deposits with confirmed petroleum in place, but with questions
over the commerciality of the deposit — and finally to commercial reserves and eventual production. This
framework, prepared by the Society of Petroleum Engineers, is reproduced below.
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Origin Energy’s discovery in the Beetaloo Sub-Basin has been assessed by Origin as a 2C grade
contingent resource. In lay terms, this means Origin is fairly certain there is commercial scale petroleum in
place, but requires further testing to confirm this, and still has significant commercial hurdles to overcome
to progress to determination of a commercial reserve.

Origin’s contingent resource is the only material discovery made so far. While the Northern Territory is
thought to have significant shale gas, it is a mostly unknown proposition and requires significant further
exploration, testing and appraisal to ascertain a more defined estimate of its potential. There are three
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lead industry proponents seeking to undertake exploration and appraisal of shale gas deposits in the
Beetaloo Sub-Basin and beyond. These are Origin Energy Ltd (an ASX-listed energy company), Pangaea
Resources Pty Ltd (a privately held exploration company) and Santos Ltd (an ASX-listed energy
company). These three companies are the lead operators in the region, with a range of other companies
holding shares in exploration and appraisal projects. There are also a raft of companies which hold
exploration permits covering mostly unexplored regions of the Northern Territory.

FIGURE 3.4 POSSIBLE SHALE GAS DEPOSITS, NORTHERN TERRITORY
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4.1 Introduction

The shale gas industry in the Northern Territory is in a pre-embryonic stage of development. To date,
there has been one fracked well which has progressed to a 57 day production test. In the Marcellus Basin
in the United States State of Pennsylvania, more than 2,000 wells are drilled every year. Information on
the potential of the industry, and how it may develop in Northern Territory, is scant.

The results of our modelling are subject to higher than usual uncertainty and should be treated as what
they are — an estimate of the impacts of a hypothetical development — and not for what they are not - a
prediction of what will actually happen in the future. As a result of this lack of defined information, ACIL
Allen sought approval from the Scientific Inquiry to modify its scope of works slightly.

ACIL Allen’s original scope of works was to complete economic modelling under three scenarios:
The moratorium on fracking remained in place in perpetuity (‘Baseline’)

2. The moratorium on fracking is lited for the entire Northern Territory (‘full lift')

3. The moratorium on fracking is lifted in the Beetaloo Sub-Basin only (‘Beetaloo only’)

This was the premise with which ACIL Allen conducted its program of stakeholder consultation in the
Northern Territory. This implication of these scenarios is that it was possible to develop a model of what
would happen should the moratorium be lifted at some point in the future.

However, as we began to gather more information from government agencies, industry operators, and
conducted our own research, it became clear that there was no way of knowing what would happen, as
was the original intent of our scope of works.

With the endorsement of the Scientific Inquiry, ACIL Allen has modified the initial scope of works to
instead complete economic modelling on five scenarios. These scenarios make a broad assumption that
the quantity of shale gas in the Northern Territory is not a constraint, but instead the constraint on the size
of a potential development is on the demand side and contingent on the development of a quantity of gas
that can meet certain price points in the market. These are discussed below.

In addition to the uncertainty regarding the scale of commercial quality shale gas reserves, ACIL Allen was
confronted with a significant challenge to develop a set of underlying assumptions that would allow it to
“build” a shale gas industry in the Northern Territory. Typically, economic modelling is conducted using a
project or industry-level financial model; the development of a shale gas industry in the Northern Territory
is so early stage that such information was scant and largely held in commercial confidence by potential
industry operators.

ACIL Allen has sought to be as transparent as possible in this process. This section details every
assumption made in regards to the development of an industry financial model, including a rationale for
the assumption and a source where one is available. We have not been able to independently source
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evidence for every assumption required to build the financial model; some assumptions regarding the cost
of particular elements of a hypothetical development have by necessity been sourced as “industry
operators”.

The sum total of this scope variation is ACIL Allen now completing its economic modelling task using
information that is our assessment of what a successful shale gas industry could look like in the Northern
Territory. The Scientific Inquiry agrees that this fulfils the overall objectives of the economic advisory
services we have been asked to provide, which is to articulate for Territorians the potential economic
impacts, benefits and risks to them should an industry develop in the future.
The chapter of our report outlines:
The five industry development scenarios (baseline, exploration only, and three production scenarios)

2. The process of determining the inputs and outputs of the industry development scenarios

3. The overlaying assumptions used to determine gas prices, sales and production volumes in each of the
production scenarios

4. The underlying assumptions used to build the financial models of an industry
5. The financial models of gas industry development in the three production scenarios
6.  The financial models of gas pipeline development in the three production scenarios

4.2 Modelling process

ACIL Allen has undertaken a comprehensive exercise to build the assumptions set and associated inputs
and outputs used to facilitate the cash flow and economic modelling required to complete our scope of
works. The modelling occurred in four sequential phases, outlined below.

1. Gas Market Modelling: Understanding the supply and demand for gas from a Northern Territory shale
gas industry under each scenario, to determine the volume of gas that could be placed in the market at
market prices each year of the study. This was completed using ACIL Allen’s GasMark gas market model.
A description of the manner in which ACIL Allen’s GasMark deals with new sources of supply is provided
in Box 4.1, and a full outline of GasMark’s underlying system and processes is provided in F.

The task of gas market modelling was different to a normal modelling task, as ACIL Allen typically knows
the quantity, target sales price and underlying cost structure of a new gas development prior to attempting
to place it into the market in GasMark. Due to the early stage of development, there is no information
regarding the underlying cost structure of the gas present in the Northern Territory, even a very limited
understanding of the quantity and quality of the gas itself. To make up for this information gap, in this
engagement, ACIL Allen first had to determine how much gas could be sold to the market, to then
understand the infrastructure required to facilitate the extraction of gas, and ultimate cost structure of the
gas.

At first, ACIL Allen developed target levels of gas production under the three scenarios: 100. These target
production levels were input into GasMark iteratively, with $0.25 incremental price increase (starting at
$2.00/GJ) per iteration. GasMark then determined how much gas could be placed in the market at each
price point in each year of the study (through 2035). ACIL Allen then conducted a simple NPV calculation
using a 10 per cent discount rate to determine the price and volume quantities that should be adopted for
ProjectCo to maximise its revenue. These price and volume calculations were adopted as the actual
values for modelling.

2. Project Development Modelling: Understand the production and infrastructure requirements to meet the
volume of gas to be placed in the market, using a bespoke shale well production schedule model.
This model required two major inputs: an assumed single average type curve of a hypothetical shale well
(different for each scenario) and a series of assumptions regarding the infrastructure required to enable
production to occur (wells, pads, gathering pipes, roads, water, camps, labour). This occurred in two
streams:

a) “ProjectCo™: the hypothetical development company responsible for exploring, appraising and
developing the shale gas industry in the Northern Territory.
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BOX 4.1 ACIL ALLEN'S GASMARK MODEL AND NEW DEVELOPMENTS

A4

ACIL Allen’s GasMark model is built from the bottom up using both real world supply and demand sources and
pipelines which link supply to demand. When considering the right size of new sources of supply and transport,
ACIL Allen considers:

—  Current and projected future pipeline capacities across the national gas grid, and transport costs based
on actual tariffs (for regulated pipelines) or estimated tariffs (for unregulated pipelines)

—  Current and projected future supply from currently producing and committed sources of gas, as well as
yet-to-be-discovered gas, by taking publicly available information on reserve size, depletion rate and
estimated production costs

—  Current and projected future demand from households, industry, electricity generation and LNG export
facilities, based on publicly available information and internally generated projections, cross-checked
against forecasts prepared by the Australian Energy Market Operator (National Gas Forecasting
Report).

The model takes this information and attempts to clear the market in the most efficient manner possible, taking
into account effective final prices (ex-field, processing and transport inclusive).

When considering a new production project, ACIL Allen will typically incorporate assumptions about the
volume of new gas supply that will be made available to the market. ACIL Allen instructs the model to offer the
new gas into the market at a particular price point or in accordance with a specified supply cost curve, and the
market finds a new equilibrium — which may include reducing the production of existing fields or stopping the
development of planned fields if they are made uncompetitive versus the new supply. The model will only
dispatch the new gas offered into the market to the extent that it is able to competitively meet demand at the
price offered.

As discussed above (Page 22), this engagement requires a somewhat different approach because, given the
early stage of shale gas exploration in the Northern Territory, there is a lack of reliable information regarding
the size of the gas resource and its costs of production. We assume the existence of a significant shale gas
resource in the Northern Territory and to use the gas model to determine the hypothetical cost of production
(and consequently, the minimum ex-field selling prices) needed in order to achieve market penetration at the
levels implied by the three staged market development scenarios.

SOURCE: ACIL ALLEN CONSULTING

b) “PipelineCo”: the hypothetical builder, owner and operator of new pipeline infrastructure required to
facilitate the sale of ProjectCo shale gas to market.

ProjectCo and PipelineCo are separate entities, but interact via tariffs paid by ProjectCo to PipelineCo for
the provision of pipelines to transport gas to market.

3. Project Cash Flow Modelling: Understanding the financial implications of the development using
assumptions regarding the cost of development of ProjectCo and PipelineCo, and volume and price data
derived from GasMark.

ACIL Allen has built a bespoke discounted cash flow model that takes into account all features of
ProjectCo’s finances, including estimates of taxation. PipelineCo is built as a simple discounted cash flow
model with capital investment, ProjectCo tariffs revenue and operating expenditure.

4. Economic Impact Assessment Modelling: The summary inputs and outputs of the ProjectCo and
PipelineCo cash flow modelling are converted to a national accounting framework and processed through
ACIL Allen’s TasmanGlobal computable-general equilibrium (CGE) model. The four development
scenarios are compared to the baseline assessment of the future growth of the Northern Territory
economy to produce estimates of the potential economic impacts of each development scenario as a
discrete set of outputs.

Outputs are presented at the Northern Territory and Australia level, under the Australian Bureau of
Statistics National Accounting framework for income, expenditure and output — including at ANZSIC major
industry level. This ensures a comprehensive understanding of both positive and negative impacts of an
industry.
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This is a complex and iterative process. The process is outlined in the flow chart below (Figure 4.1).
Specific details regarding the models and modelling techniques described above can be found the
appendix of this report. The remainder of this chapter outlines the process of modelling, the assumptions
used, and the outputs of each phase of modelling.

FIGURE 4.1

ACIL ALLEN MODELLING FLOW CHART
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4.3 Shale gas industry development scenarios

ACIL Allen’s three onshore gas industry development scenarios

1. BREEZE Scenario: Target production of 100 TJ/day of gas into existing pipeline infrastructure, the net
effect being an increase in the amount of Northern Territory gas flowing through the Northern Gas Pipeline
(NGP) into the East Coast market. This was selected as the “small” scale development following
consultation with industry stakeholders and a review of their submissions to the Inquiry.

2. WIND Scenario: Target production of 400 TJ/day into newly constructed pipeline infrastructure, to fill
short term gap in East Coast industrial and power generation, and penetrate the Northern Territory market
(post-Blacktip) thereafter. This was selected as the “medium” scale development following consultation
with industry stakeholders and a review of their submissions to the Inquiry.

3. GALE Scenario: Target provision of 1000 TJ/day into the existing Darwin LNG facility and additional East
Coast supply (for power generation and LNG), replacing the Bayu-Undan feed stock as it depletes in the
middle of the next decade. This was selected as the “large” scale development as a development of such
scale would allow for scale economies to embed significantly into the project, and allow ProjectCo to
provide the scale of gas feed into LNG production.

The rationale and supporting evidence for each scale of development is outlined below. As discussed
above, at this stage these volumes of gas production are only “target’ rates which have been fed into ACIL
Allen’s GasMark model for the purposes of determining what can be realistically sold into the market at
particular price points. A second stage of modelling is conducted to determine how much gas ProjectCo
will provide to the market in order to maximise its revenue generating capacity.

Critical assumption: A dry gas development

One critical and overarching assumption in ACIL Allen’s development scenarios is the play that is
developed is a 100 per cent “dry gas” play. That is, there are no higher value hydrocarbons, such as
butane, ethane, propane or crude oil targeted for extraction, nor extracted, by ProjectCo. A “liquids rich”
shale gas play results in a very small increase in operating costs (associated with increased processing to
separate the higher value hydrocarbons from the lower value hydrocarbons), and a very large increase in
potential production revenue. As a result, the net effect of a liquids rich development is to significantly
improve total project economics.

ACIL Allen has assumed a dry gas play for two reasons. As discussed in Section 3.2, Origin Energy’s
Amungee NW-1H well produced dry gas from the Velkerri B shale, the shale which has been the target
play of operators that have explored in the Beetaloo Sub-Basin. While operators are of the view there is
likely to be a liquids rich shale in the sub-basin, it is too early to estimate the types or quantities of liquids
available for extraction. Given this uncertainty, ACIL Allen has not sought to model any liquids.

In addition, ACIL Allen’s scope of works requires a conservative assessment of the potential. Given the
significant boost to project economics associated with a liquids rich development, ACIL Allen is more
comfortable excluding the potential from its modelling. We can confidently state however that should a
liquids rich development occur, the overall project economics will be significantly more positive, and the
value of the shale gas industry to the Northern Territory would be significantly larger.

4.3.2 BREEZE Scenario: Target 100TJ/day scale

Based on ACIL Allen’s assessment of the Northern Territory gas market in Section 2.6, there is currently a
surplus of gas in the Northern Territory for the purposes of domestic consumption. This, and the potential
for future on and offshore gas developments in the Northern Territory, has spurred the development of a
gas pipeline linking Tennant Creek and Mt Isa in Queensland to the East Coast Gas Market - the
Northern Gas Pipeline.

In 2006, Northern Territory Power and Water, the Territory’s State-owned utility provider, entered into a 25
year off take agreement with ENI to take between 23 PJ/year and 37 PJ/year of gas from an onshore
processing facility on the Territory coast.'® However, it appears the current agreement results in the
provision of more gas than is required by the Territory, with NT Power and Water effectively underwriting
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the initial development of the NGP through the on-sale of Blacktip gas to a major industrial user in
Queensland."”

The current 12-inch diameter specification of the NGP allows for the provision of up to 90 terajoules per
day (TJ/day) of gas to the East Coast market.® As it stands, there is likely to be significant unutilised
capacity on the pipeline upon commissioning, with the on-sale of Blacktip gas referred to above utilising
only about one-third of the available capacity.

The Blacktip gas field has an estimated remaining life of 18 years, based on current reserves and
assuming a flat production profile of 87.4 TJ/day (about 32 PJ/year). Under current estimates of NT
domestic demand, there is unlikely to be a need for a major new source of gas for NT domestic
consumption over the forecasting period of GasMark (2017 - 2035). However, the entry of NT Power and
Water into the national gas market via the Northern Gas Pipeline affords it an opportunity to become a
larger player in the provision of gas to East Coast markets.

Our preliminary analysis using ACIL Allen’s GasMark model shows that on the basis of growth in NT
demand and potential to supply the East Coast market through the current specification of the NGP, there
is room for between 24 and 34 PJ/year of new gas to enter the market at current prices between 2018 and
2035. Itis assumed that ProjectCo will meet this demand.

Under the first scenario, it is assumed ProjectCo begins to produce shale gas in FY2022, with the current
moratorium on activities lifting at the end of FY2018 and the exploration/appraisal phase of development
occurring in FY2019, FY2020 and FY2021. At the tail end of FY2021, ProjectCo begins to build the
facilities required to tie into the Amadeus Gas Pipeline, which at that time will be linked to the East Coast
market via the NGP. ProjectCo produces gas at an initial rate of 33.4 TJ/day in 2022, ramping up to 90
TJ/day in 2034 as the Blacktip field begins to wind down production.

The model assumes the price of gas from ProjectCo is set at a level that allows for competitive supply into
the East Coast market without displacing production of Blacktip gas that is contractually committed to NT

Power and Water. Initially, all of the gas produced by ProjectCo flows to the East Coast gas market. After
2030 some ProjectCo gas starts to be delivered to the Northern Territory market, backfilling the decline in

production from Blacktip. However, as GasMark is only able to produce estimates to 2035, ACIL Allen has
assumed production remains constant from 2036 to 2043.

The profile of gas production by ProjectCo in BREEZE is below (Figure 4.2).

FIGURE 4.2 PROJECTCO GAS PRODUCTION, BREEZE SCENARIO, PJ/JANNUM
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SOURCE: ACIL ALLEN CONSULTING

7NT Power and Water. 2017. Power and Water positioned to enter the Australian gas market. Accessed online at
http://www.powerandwater.com.au/
18 Australian Energy Market Operator. 2017. Gas Statement of Opportunities, March 2017. Accessed online at http:///www.aemo.com.au/
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4.3.3 WIND Scenario: Target 400TJ/day scale

The WIND scenario assumes ProjectCo is further able to deliver commercial gas into the NGP and East
Coast market. After a successful initial development, ProjectCo seeks to build its market share on the East
Coast via production efficiencies to take advantage of push and pull factors in East Coast gas markets
associated with the development of higher cost coal seam gas (CSG) production and the backfill
requirements of existing LNG facilities in Queensland.

ProjectCo’s target production rate for this scenario is 400TJ/day — or an additional 300TJ/day over the
BREEZE scenario. Modelling indicates that under the optimal price/volume strategy adopted, the
maximum amount of gas that could flow to the East Coast market under current market assumptions is an
incremental 244 TJ/day peak in 2026 (total gas produced 315 TJ/day), with a long term equilibrium of 210
TJ/day by 2035 (total gas produced 300 TJ/day).

The majority of this gas is placed into the East Coast market, requiring additional pipeline infrastructure be
developed as the capacity of the existing NGP is 100 per cent subscribed by ProjectCo. Pipeline-related
assumptions are outlined in Section 4.5.1.

The production profile of ProjectCo in the WIND scenario is presented in Figure 4.3.

FIGURE 4.3 PROJECTCO GAS PRODUCTION, WIND SCENARIO, PJJANNUM
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SOURCE: ACIL ALLEN CONSULTING

4.3.4 GALE Scenario: Target 1000TJ/day scale

The Darwin LNG plant (DLNG) is currently supplied feed gas from the Bayu-Undan gas project in off the
coast of the Northern Territory in the Australia Timor-Leste Joint Petroleum Development Area. DLNG has
a single production train'®, producing up to 3.7 million tonnes of LNG per annum for sales to Japan®. To
produce 3.7 million tonnes of LNG, the plant requires approximately 225 PJ/year of feed gas.

As it stands, Bayu-Undan provides 100 per cent of the feed in gas to the plant. The field is set to reach
maturity in 2022-23, and will progressively reduce its production. Unless replacement gas is found DLNG
will cease production some time towards the end of the next decade. Acknowledging this, the owners of
the Bayu-Undan joint venture have begun independently investigating new sources of gas for the plant, at
this stage focussed on a new large scale offshore development off the coast of the Northern Territory.?!

ACIL Allen assumes ProjectCo is able to build to a scale that would allow it to progressively replace the
Bayu-Undan gas field as the feed in gas for DLNG, allowing the existing train to continue production

19 ConocoPhillips. 2017. Our Business Activities — DLNG. Accessed online at http://www.conocophilips.com.au/
2 Santos. 2017. Bayu-Undan/Darwin LNG Joint Venture. Accessed online at http:/www.santos.com/
21 Energy News Bulletin. 2017. Barossa development begins. Accessed online at http://www.energynewsbulletin.net/
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beyond 2022-23 at current rates. This necessitates investment to expand the Amadeus Gas Pipeline to
allow more gas to flow north to DLNG.

For the purposes of economic modelling, it is assumed that DLNG will continue to produce LNG at its
current rate with or without ProjectCo gas. In the base case, it is assumed one of the new offshore
developments discussed above comes to pass and this gas backfills DLNG. This is a critical assumption,
as it means there is no incremental value associated with LNG production attributable to ProjectCo gas —
the incremental value is any change to the production profile, profitability and local content of gas required
to backfill DLNG in an onshore scenario versus an offshore scenario. This is discussed further in Section
6.

It is also assumed that due to ProjectCo’s increasing scale economies, its cost of production falls below
the rate of the WIND scenario, allowing for further gas sales into the East Coast gas market — potentially
including partial backfill of an LNG train at Gladstone. In any event, the cascading effect of ProjectCo’s
gas results in a reduction in the wholesale price of gas in the East Coast market, with the “ripple” effect of
injection of more gas flowing west to east leading to less gas produced in Queensland fields moving
south. Similarly to DLNG, there is no incremental value associated with LNG backfill.

As such, this necessitates further investment in the NGP and Carpentaria Gas Pipeline over and above
the investment assumed to be required to meet WIND East Coast exports. As a result, ProjectCo is able
to fulfil its full target production of 1000 TJ/day by 2035. Economies of scale in production allowing it to
increase its penetration of the East Coast market over the WIND scenario. The production profile of
ProjectCo under these assumptions is shown below (Figure 4.4).

FIGURE 4.4 PROJECTCO GAS PRODUCTION, PJ/ANNUM, GALE SCENARIO
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4.3.5 Final volumes and prices

The final volumes and selling prices for ProjectCo gas under each scenario are presented below, in real
2017 terms, inclusive of transport costs. Details on the stratified sales of gas by market (domestic NT,
East Coast and DLNG) are presented in Appendix C.

TABLE 4.1 PROJECTCO FINAL GAS VOLUMES AND PRICES, BY SCENARIO, $/GJ & PJ/ANNUM

BREEZE WIND GALE

Volume Price Volume Price Volume Price
Year PJ/annum $/GJ PJ/annum $/GJ PJ/annum $/GJ
2018
2019
2020

36
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BREEZE WIND GALE

Volume Price Volume Price Volume Price
Year PJ/annum $/GJ PJlannum $/GJ PJfannum $/1GJ
2021 - - - - - -
2022 1.3 7.37 37.7 5.65 60.1 6.12
2023 235 7.64 70.2 6.07 75.6 6.12
2024 25.9 7.64 75.0 6.09 96.5 6.12
2025 25.2 7.69 85.9 6.12 146.6 5.96
2026 25.5 8.16 114.3 6.19 199.3 5.88
2027 26.2 8.37 109.1 6.79 2915 5.88
2028 26.9 8.48 105.9 7.33 302.8 5.82
2029 217 8.94 106.5 774 3144 5.77
2030 28.5 9.04 106.0 797 3232 573
2031 29.3 9.24 106.3 8.19 3337 5.70
2032 30.0 9.32 107.2 8.43 3422 5.67
2033 30.7 9.89 108.2 8.55 351.3 5.65
2034 33.0 9.81 106.1 8.80 357.9 5.63
2035 33.2 9.84 106.6 9.05 360.4 5.61
2036 35.1 9.84 107.3 9.05 3575 5.55
2037 36.6 9.84 108.1 9.05 357.7 5.48
2038 36.3 9.84 107.3 9.05 357.0 5.42
2039 36.4 9.84 107.0 9.05 358.0 5.35
2040 36.6 9.84 107.0 9.05 3574 5.28
2041 36.9 9.84 107.6 9.05 360.6 5.28
2042 36.2 9.84 108.3 9.05 360.7 5.28
2043 36.7 9.84 107.1 9.05 360.0 5.28

SOURCE: ACIL ALLEN CONSULTING

4.4 Adopting single average type curves

To progress from the volume of gas to be sold to the cost of production, ACIL Allen has formulated a
series of assumptions regarding the quality of the gas reserve available to ProjectCo in each of the
scenarios. The manifestation of this is what is known as a “type curve”, which shows how much gas is
produced from a single well at any one point in time (in this case per annum).

ACIL Allen has developed its own type curves, rather than using estimated type curves for gas fields in the
Northern Territory. This is because there has been one successful horizontally drilled shale gas well for
production testing in the Northern Territory: Origin Energy’s Amungee NW-1H. The results of this test
were positive, but cannot be used for our type curve assumption for three reasons:

—  The well only involved 11 “frack” stages (number of fracture stimulation points from the well). A typical
horizontal well will have at least 20 frack stages, and in most cases many more.

—  The well’s production profile was atypical, with a very low initial production rate and an almost perfectly flat
production curve.? A typical shale gas well has a high initial production in the first year or two relative to
the average production over the well life, and lower than average production over the well life thereafter.

2 QOrigin Energy. 2017. Submission to the Inquiry, #272. Accessed online at http://www.frackinginquiry.nt.gov.au
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Nonetheless, ACIL Allen has attempted to adopt the “flatter” characteristic of the Amungee NW-1H well in
its type curve

The well underwent production testing for 57 days. This is less than two months, making development of
an estimated type curve problematic

ACIL Allen has adopted a “single average type curve” for the purposes of modelling. In reality, every well
will produce a different type curve, relating to the location the well is drilled, the specific geology of the
formation, and the particular techniques used. However, ACIL Allen considered it impractical to develop
multiple type curves, and considers that the ultimate production in a given development can be
summarised by a single average type curve regardless.

A typical shale gas type curve is a hyperbolic decline function, where the production of a well in the first
period (typically reported in months) is very high relative to the average monthly production over the life of
the well. A well's production declines rapidly from this initial production rate, and continues to produce for
a long period of time at very low levels.

There are four key pieces of information required to develop a type curve:
Initial production rate (IP): the volume of gas produced in the first month of the well’s life
Decline rate (in two parts: exponent and rate): the speed in which the well’s production declines per month

Estimated Ultimate Recovery (EUR): the ultimate volume of gas that will be extracted from the well over its
useful life, measured in petajoules (PJ)

Well life (an exogenous figure): the useful production life of each well

ACIL Allen has developed a single average type curve for each of the three shale gas development
scenarios in the Northern Territory. We have built our type curves using a variety of sources — on the
advice of potential shale gas operators and the Northern Territory Government — and used the operators’
collective assumption that a shale gas well in the Northern Territory would have a useful life of 20 years.

Much of the information used is related to the Marcellus Basin shale gas play, in the United States of
America State of Pennsylvania. The rationale for the Marcellus analogue is that both Marcellus and
Beetaloo basin plays are thought exhibit similar geological characteristics: assumed to be a mostly dry gas
play, similar shale formation, similar depths and similar geology.?

The parameters of ACIL Allen’s development type curve assumptions are below Table 4.2.
TABLE 4.2 ACIL ALLEN TYPE CURVE ASSUMPTIONS

APPENDICES

. Initiall Decline Decline rate (% .EUR .
Scenario (m:::g:/(r:?nr;h) exponent per month) (Petaj‘:::lllt)as per Well life (years)
BREEZE 160 1.0 5.3% 8.4 20
WIND 160 1.0 3.8% 10.6 20
GALE 240 1.0 5.4% 12.7 20

SOURCE: ACIL ALLEN CONSULTING, DERIVED USING VARIOUS SOURCES BELOW

ACIL Allen’s type curves are presented below, in annual production terms. The type curves essentially
“graduate” in each scenario (each curve produces more gas at every point in time), as a proxy measure
for the fact that better project economics are required for ProjectCo to progress from one scenario to the
next.

2 Consensus view sourced from Origin Energy, Santos and Department of Primary Industry and Resources submissions to the Scientific Inquiry
into Hydraulic Fracturing Issues Paper.
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FIGURE 4.5 PROJECTCO SINGLE AVERAGE TYPE CURVES, BY SCENARIO, ANNUAL PRODUCTION
(PJ)
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The type curve is a critical assumption, as it governs the number of wells required to meet target
production rates, which flows through to capital and operating costs as well as the economic impact (as
this is fundamentally driven by total expenditure). The rationale for ACIL Allen’s type curve assumptions
are below.

4.41 Initial Production Rate (IP)

ACIL Allen initially developed its type curve assumption from a report prepared by petroleum engineer
Gary Swindell, titled Marcellus Shale in Pennsylvania: A 3,800 Well Study of Estimated Ultimate Recovery
(EUR). The table in this report has been reproduced below (Figure 4.6).

FIGURE 4.6 SWINDELL REPORT DATA

A4

The increase in initial production rate during the early years of the Marcellus development may be related to an increase in Lhe
horizontal length during the same period. For a subset of 2,168 wells where an estimate of the horizontal length was able to be
made, the average horizontal section increased from 2,280 ft in 2008; 2,890 fi. in 2009; 3,800 ft in 2010, 4,100 fi. in 2011;
4,500 ft. in 2012 and 4,751 in the 2013 vintage wells.

Average decline profiles for the whole state, vintaged by the year of first production are summarized in Table 1.

Average Average

initial Average initial EUR
production decline rate - Hyp b Statewide -

Vintage Mciimonth % factor Befe
2008 43,263 43.87 0.65 2,032.69
2009 71,768 4321 056 332725
2010 121,248 48.52 065 4.873.21
2011 121,339 49.02 0.66 4,531.52
2012 129,302 48.38 0.51 420177
2013 172,787 46.22 038 53597 .40

Table 1. Average decline profiles for the Pennsylvania Marcellus.

SOURCE: SWINDELL, G. 2016. MARCELLUS SHALE IN PENNSYLVANIA: A 3,800 WELL STUDY OF ESTIMATED ULTIMATE RECOVERY (EUR)

As the target of the Swindell study is estimating average EUR, his study does not include contemporary
information regarding initial production rates. The study used data from the Pennsylvania Department of
Environmental Protection, which mandates that producers in the State must report monthly production
figures for all shale wells drilled in the Marcellus shale.
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This is a regulatory requirement to assist the Department manage the industry and its impact on the
environment. However, the Department also publishes all of this data on the internet, allowing for precise
analysis of shale gas production from wells drilled in the Marcellus Basin. ACIL Allen initially sought out
this data to verify the findings of this report, but after understanding the depth of data available instead
used the data to determine an appropriate initial production rate for its type curves.

ACIL Allen extracted well level production data from 2012 to 2016. Data for 2012 to 2014 was reported on
a six-monthly basis, while 2015 and 2016 was monthly data. Initially, ACIL Allen converted production
data to monthly mmscf by dividing total production in the period by the number of days in the period,
multiplying this by 365.25 days (a standard year) and divided this by 12.

ACIL Allen then filtered out well data that was not dry gas and was not a horizontally drilled well. This
resulted in 171,611 individual data points over 7,925 wells for analysis.

ACIL Allen then determined the time which each well initially came online by applying a formula that
looked up the first time a Well ID Number appeared in the database. If this was in the first six months of
2012, this data was ignored as it was the first time Well ID Numbers appears for many wells which may
have been producing for some time. Applying this filter allowed ACIL Allen to determine the average IP
rate for wells drilled in particular years. These are presented in a table below.

TABLE 4.3 INITIAL PRODUCTION RATES OF SHALE GAS WELLS DRILLED IN MARCELLUS BASIN BY

APPENDICES

YEAR
Initial Production (TJ/month) # of Wells in Sample
2012 (2H2012 only) 134.7 746
2013 177.3 1402
2014 209.6 1217
2015 184.6 1004
2016 233.3 672

SOURCE: ACIL ALLEN CONSULTING, PA DEPARTMENT OF ENVIRONMENTAL REGULATION

This data suggests the IP rate of horizontal dry shale gas wells drilled in the Marcellus Basin has
increased over time, from 127.7 mmscf/month (134.7 TJ/month) in the second half of 2012 to 221.1
mmscf/month (233.3 TJ/month) in 2016. The increase has not been linear, with a decline in 2015.

ACIL Allen adopted an IP rate of 160 mmscf/month (168.8 TJ/month) for its BREEZE and WIND
scenarios, and an IP rate of 240 mmscf/month (253.2 TJ/month) in its GALE scenario. ACIL Allen has
adopted these as conservative estimates, noting:

technological progress in the shale gas industry is rapid, so adopting IP rates that are two to five years
behind the analogue shale is conservative

the anticipated geology of the most prospective areas of the Northern Territory is conducive to the
development of long horizontal wells, which tend to have higher IP rates.

It is noted that this IP rate is higher than the Amungee NW-1H well (33.5 mmscf/month or 35.3TJ/month),
and higher than the most comprehensive previous study of the economics of shale gas developments in
Australia, the Australian Council of Learned Academics report Unconventional Gas Production: A study of
shale gas in Australia (the ‘ACOLA report’), of 446Mscf per day (13.6 mmscf/month or 14.3TJ/month).
ACIL Allen has not adopted the well profile of NW-1H for the reasons identified above. ACIL Allen has not
adopted the well profile of the hypothetical shale gas development presented in the ACOLA report as we
are of the view it is now out of date, given it is based on the findings of a 2012 US Energy Information
Agency report, which itself was based on data that is two years older again, and is not certain that it
represents the experience of the Marcellus shale given the significant discrepancy between it and data
prepared by the Government of Pennsylvania.

4.4.2 EUR and Well Life

Determining the EUR of a well is a difficult exercise, even when information is fully available. It can only be
known once a well has reached the end of its useful life, which in the case of the current shale gas
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industry in the United States is not possible. It is possible to determine probabilistic measurements of well
EUR, but ACIL Allen does not have access to the requisite information to do so.

The EUR is a central assumption, as it is the variable in the type curve that provides the most sensitivity to
the number of wells required to facilitate the volume of production under each scenario, and the
expenditure on supporting infrastructure. ACIL Allen was unable to source adequate analogue data to
adopt like for like for a modelling assumption, and so was left to piece together evidence for credible EUR
assumptions from a range of sources. These are discussed below.

EUR is a function of the quality of the geology of the shale, the length of the horizontal section of the well
being drilled, the precision of the drilling activity taking place, and the number of fracking stages per unit of
lateral length. Research presented to the Inquiry and ACIL Allen by industry operators shows that shale
gas operators in the United States are drilling increasingly long horizontal wells with the aim of increasing
the EUR per well and thus lowering their development costs.2*

There is some conjecture regarding the relationship between lateral drilling length and the volume of gas
extracted per well, to the extent that EUR per 1,000 feet of lateral drilling (the industry definition of well
productivity) increases as the horizontal well length increases. A recent paper by Yuan et al, published in
the Society of Petroleum Engineers, found there was no additive effect of gas recovery per 1,000 foot of
horizontal drilling in the Barnett Basin (in Texas), but that there was a clear relationship between the
length of drilling and early production.?® In addition to the above factors, EUR is thought to be partially a
function of initial production rates per well, to the extent it reflects the quality of the shale targeted and the
ultimate productivity of the well drilled. Therefore, EUR per well is likely to exhibit a positive relationship
with the length of the horizontal section of a well.

This is reinforced by academic literature, such as in the Swindell report referenced in Section 4.4.1. The
Swindell report found the mean EUR per well across the study period (wells spudded between 2008 and
2013) was 5.0PJ per well, with approximately 80 per cent of wells exhibiting an EUR per well of 6.3 PJ or
less.2 The Swindell data suggests the average lateral length of wells drilled in the Marcellus Basin has
increased from 2,280 feet (694 metres) in 2008 to 4,751 feet (1,448 metres) in 2013 — more than doubling
over this time.?” The Swindell report does show average EUR per well by year of well spudding has
increased over time, from 2.1 PJ in 2008 to 4.7 PJ in 2011, and to 5.7 PJ in 2013. Assuming a steady
compound annual growth rate from 2011 to 2013 (9.5 per cent per annum), the PJ per well in the
Marcellus Basin could have increased to 8.2 PJ per well on average in 2017.

The latest report on US shale gas industry performance prepared by the US Energy Information
Administration, which ACIL Allen has relied upon for other assumptions in this report, found EUR in the
Marcellus Basin had increased from 4.6PJ per well in 2010 to 6.8 PJ per well in 2014.28 Assuming a
steady compound annual growth rate (11.9 per cent per annum), the PJ per well in the Marcellus Basin
could have increased to 9.5 PJ per well on average in 2017.

A second piece of research prepared by the US EIA suggested the average EUR of wells spudded in the
Marcellus Basin has increased from 0.4 PJ in 2008 to 5.4 PJ in 2010, and 6.8 PJ in 2013.2° Assuming a
steady compound annual growth rate from 2010 to 2013 (7.5 per cent), the PJ per well in the Marcellus
Basin could have increased to 9.0 PJ per well on average in 2017.

While useful, these estimates are based wholly on the continuation of historic growth rates in PJ per well,
without assuming any technological progress which has occurred in the United States in recent years.
This also illustrates the inherent difficulty in assessing EUR, as even in one of the most widely studied
basins there is significant uncertainty.

Outside of these two papers, ACIL Allen was unable to source academic literature that was able to strike a
balance between rigorous academic analysis and the contemporary experience of the shale gas industry
in the United States. The published data produced above contained data for wells that was at least three

2 See Origin (2017), Santos (2017) and Pangaea (2017).

2% Yuan, G. etal. 2017.

26 Swindell, G. 2016. Marcellus Shale in Pennsylvania: A 3,800 well study of estimated Ultimate Recovery (EUR). Accessed online at
http://www.gswindell.com/

2 Contemporary industry information suggests the average horizontal drilling length in the Marcellus Basin has increased to 7,000 feet (2,133
metres) in 2016.

28 US EIA. 2016. Trends in US Oil and Natural Gas Upstream Costs. Accessed online at http:/www.eia.gov/

2 Staub, J. 2015. The growth of US natural gas: An uncertain outlook for US and world supply. Accessed online at http://www.eia.gov/
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years old, and given the rapid productivity increases of the industry (see Section 3.2), is considered the
best available conservative estimate of contemporary shale gas industry practices.

To compensate for this, ACIL Allen accessed a series of reports prepared by US shale gas industry
operators for the Securities and Exchange Commission.3 These reports indicated a strong trend of
increasing EUR in the Marcellus Basin over time, and projections of further increases into the future.
These reports were supportive of EURs in excess of 21.1 PJ per well at the leading edge of developments
in the Marcellus Basin.

Operators provided a very large range of EUR per well that could be expected in the Northern Territory, of
4.2 -21.1 PJ per well. For instance, Santos, in a submission to the Inquiry, indicated it was expecting an
EUR of 12.2 PJ to 21.5 PJ of raw gas per well (raw gas suggesting it includes components which would
be stripped out following extraction such as carbon dioxide).3! Origin provided a range of between 5.2 PJ
and 15.8 PJ per well in one of its submissions to the Inquiry.®2 Pangaea did not provide a range of
expected EUR in its exploration areas, but it did cite evidence of 21.1+ PJ per well EUR outcomes in the
United States.

As a conservative assumption, ACIL Allen has adopted a graduated EUR for each scenario, starting with
an 8.4 PJ per well in the BREEZE scenario in line with ACIL Allen’s simple extrapolation analysis
presented above. EUR rates of 10.6 PJ per well and 12.7 PJ per well are adopted for WIND and GALE
scenarios, reflecting that to progress to increasingly large development ProjectCo would be required
embed technological improvements or the quality of the shale would have to improve. This strikes the
balance between ACIL Allen’s requirement to take conservative assumptions, consider the most relevant
contextual information of contemporary practice in the shale gas industry, and deliver economic modelling
results on the economic impact of the industry (as opposed to delivering an assessment of the economics
of the shale itself). This assumption also reflects the relationship between longer lateral lengths and PJ
per well observed in the literature.

Operators suggested an average well life of 20 years, which ACIL Allen understands is in line with
international experience. ACIL Allen has adopted this across the three scenarios.

4.4.3 Decline rates

ACIL Allen has assumed a decline rate and decline exponent that allows for the delivery of the target EUR
of gas in each scenario over a 20 year well life, assuming the IP rate of either 160 mmscf/month (168.8
TJ/month) or 240 mmscf/month (253.2 TJ/month). ACIL Allen has adopted a decline exponent of 1.0,
given there is no compelling reason to adopt a decline exponent of greater than or less than 1.0 - the
exponent varies significantly across plays. Therefore in effect, the decline rates adopted are a residual
calculation based on assumed IP, EUR and well life.

As discussed in Section 4.4, ACIL Allen has sought to qualitatively reflect the relatively low decline rate
experienced in the NW-1H well drilled and spudded by Origin. This can be seen below, with the BREEZE
type curve versus a hypothetical average decline curve developed from the data presented in Swindell
report and the ACOLA report.

The assumed single average type curves for each scenario are applied to the production volumes
modelled in Section 0 to determine the scale of the development required. The process of combining
these two outputs, and the assumptions used to determine the scale of the development, are discussed in
the next section.

30 ACIL Allen accessed material prepared by US shale companies Cabot, Antero, Eclipse Resources, EQT, Gulfport Resources, Rice Energy,
Southwestern Energy, and Tourmaline Corp, which were mostly in the form of SEC-compliant investor presentations. These reports contain the
historic and projected future productivity of wells drilled in the Marcellus Basin. While these reports are not prepared according to the scientific
method of academic research, they represent a body of evidence that is contemporary and based on the current experience of independent
operators in the United States.

31 Santos. 2017. Submission to the Scientific Inquiry into Hydraulic Fracturing, Submission #232. Accessed online at
http://www.frackinginquiry.nt.gov.au

3 Qrigin. 2017. Submission to the Scientific Inquiry into Hydraulic Fracturing, Submission #272. Accessed online at
http://www.frackinginquiry.nt.gov.au

3 Pangaea. 2017. Submission to the Scientific Inquiry into Hydraulic Fracturing, Submission #427. Accessed online at
http://www.frackinginquiry.nt.gov.au
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4.5 ProjectCo drilling schedule and supporting infrastructure

This section details how ACIL Allen estimated the number of wells required to meet the production profile
of each production scenario presented in Section 0. The estimation of the number of wells under each
production scenario enabled ACIL Allen to estimate the supporting infrastructure requirements, including:

— number of pads;
— required length of connecting roads; and
— required length of gathering pipes.

The process used by ACIL Allen to estimate the required number of wells and these infrastructure
requirements is detailed below.

FIGURE 4.7 HYPOTHETICAL DECLINE RATE, OBSERVED IN MARCELLUS BASIN VS ACIL ALLEN
TYPE CURVE ASSUMPTION
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SOURCE: PA DEPARTMENT OF ENVIRONMENTAL REGULATION, ACIL ALLEN CONSULTING

4.5.1 Number of wells required

To estimate the required number of wells to meet each development scenario’s production profile, ACIL
Allen required estimates of:

— sales volumes (as estimated by GasMark and presented in Section 0); and
— single average type curve assumptions (presented in Section 4.4).

Combining these two inputs allowed ACIL Allen to estimate the number of new wells required over time to
meet the production profile estimated by GasMark. This is a two-step process, involving new wells and
existing wells.

Existing wells are wells which have been constructed in previous periods, and which are still producing
gas. Each year, there are a number of new wells commissioned, which decline in production on an annual
basis in line with ACIL Allen’s assumed single average type curve. New wells are wells which are required
to be built in a given year to make up for a gap between required production and existing well production.
The number of new wells required is calculated by subtracting required production from existing
production, and dividing by the annual initial production rate of a new well. This excludes Year One of
production, as there is no existing production, and 100 per cent of required production must be met by
new wells.

Figure 4.8 highlights the number of new wells required to be drilled per annum to meet the production
profile in each development scenario.

Over the study period, ACIL Allen has estimated that a total of; 103 wells will be drilled (at an average of
four wells drilled per annum) under the BREEZE development scenario, 167 new wells under the WIND
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development scenario (at an average of 10.3 wells drilled per annum) and 670 new wells under the GALE
development scenario (at an average of 25.8 wells drilled per annum); to meet each scenario’s production
profile.

Figure 4.9 presents the total number of wells that are operating per annum by development scenario.
Towards the end of the study period, the number of wells that are operating under each development
scenario begins to level off as production profile of each development scenario hits its target level of
production.

Through the study period, the number of wells in operation peaks at 98 in 2042 under the BREEZE
development scenario, and 257 in the WIND development scenario. The number of wells in operation
peaks one year later at 645 for the GALE development scenario.

FIGURE 4.8 DRILLING SCHEDULE, NUMBER OF WELLS DRILLED PER ANNUM, BY DEVELOPMENT SCENARIO
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FIGURE 4.9 NUMBER OF OPERATING WELLS PER ANNUM, BY DEVELOPMENT SCENARIO
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4.5.2 Supporting infrastructure

In addition to the number of wells, there is a range of supporting infrastructure required to enable gas to
be extracted, processed, and sent to market. ACIL Allen has developed a simplified supporting
infrastructure regime using a series of ratios, presented in Table 4.4. Supporting infrastructure
requirements are a function of the number of wells built in a given year.
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TABLE 4.4 SUPPORTING INFRASTRUCTURE REQUIREMENTS

Supporting Infrastructure Assumption Source
Pads Every eight wells drilled requires ACIL Allen estimate based on
one new pad. If nine wells are industry consultation

drilled, two pads are required, and
anew pad is not required until the
number of new wells drilled

exceeds 16.

Roads For every one pad, 1.7km of roads ~ ACIL Allen estimate based on
are required for connection industry consultation
purposes.

Gathering pipes For every one pad, 1tkmof 5inch  ACIL Allen estimate based on
piping is required for gathering industry consultation
purposes.

These values for supporting infrastructure are fed into ProjectCo’s financial model, and are costed in line
with assumptions presented in Section 5.1.

4.6 Development prospect matrix

The above development scenarios are hypothetical, based on what a development could look like should
ProjectCo discover a commercial quality shale gas reserve in the Northern Territory. This is subject to
significant uncertainty, because there has been such little exploration activity that it is not possible to
determine the extent to which a development is likely to occur.

With this in mind, ACIL Allen has developed a qualitative matrix to represent the prospect of each
development occurring (Figure 4.10). On the basis of the financial modelling undertaken on the each
development scenario, ACIL Allen has assessed the probability of a shale gas industry developing in the
Northern Territory in each case. This is based on the outcomes of the financial modelling, the uncertainty
regarding the size of the Northern Territory's commercial reserves, and the challenges associated with
producing gas at a price which the market will accept. As the development scales up, these challenges will
become greater, leading to a reduced likelihood that any given scale of development can be realised.

ACIL Allen has also formed a view that the probability of a shale gas industry developing in the Northern
Territory will improves the greater the potential area for exploration and appraisal. As discussed in Section
3.2, international experience suggests that the ability to deliver large scale commercial quantities of
petroleum products from prospective shale gas resources is a function of the volume of exploration and
activity which has occurred, and the area available for exploration and activity to occur. This is driven by
institutional learning, the ability to find better quality reserves over time, and economies of scale and
scope.

For example, under the GALE scenario, ACIL Allen has assessed, on current information, the likelihood of
a shale gas industry that will begin to scale to 1000 terajoules per day (TJ/day) of gas production at an
average price of $4.01 per gigajoule (GJ) within the next five years as low, assuming the moratorium is
lifted in full across the Northern Territory. If there is only a partial lift in the moratorium, this becomes a
very low probability, because there is less of an ability for a potential shale gas industry to find the most
commercial shale gas deposits.

In the context of the probability matrix, ACIL Allen notes that it has made a critical assumption that the
shale gas developments modelled in this report are a “dry gas play”. That is, the hydrocarbons produced
in a development do not include higher value liquid hydrocarbons such as ethane, propane, butane or
crude oil. A “liquids rich” shale gas play results in a very small increase in operating costs (associated with
increased processing to separate the higher value hydrocarbons from the lower value hydrocarbons), and
a very large increase in potential production revenue. This improves the commercial viability of a shale
gas development, to the point where a larger development may have a higher probability of occurring
versus a dry gas play.
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FIGURE4.10 _ ACIL ALLEN POLICY SCENARIO PROBABILITY MATRIX 44
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4.7 PipelineCo development assumptions

APPENDICES

To get ProjectCo’s gas to market, it will need to be transmitted on a series of major gas transmission
pipelines. As discussed in Section 0, there is limited capacity available on existing gas transmission
pipelines. As a result, new pipelines must be developed.

PipelineCo is the builder, owner and operator of new major transmission pipeline infrastructure required to
facilitate the development of ProjectCo’s gas fields in each of the three scenarios. The development of
PipelineCo is significantly simpler than ProjectCo, as PipelineCo simply builds pipelines of the requisite
size to convey ProjectCo’s gas to market over the life of the modelling period. PipelineCo is modelled as a
typical pipeline owner-operator, with a relatively low required rate of return on its investments reflecting the
relative safety of investment in pipeline infrastructure.

The key assumptions used to develop PipelineCo are presented below.

PipelineCo builds all of its pipelines in the two years prior to the first flow of ProjectCo gas, to a
specification that will allow it to carry the peak load of ProjectCo gas in the modelling period.

PipelineCo has a 40 year investment horizon, and sets tariffs at a level that allow it to generate a six per
cent pre-tax internal rate of return in a simple DCF model.

PipelineCo’s operating costs are set at 1.25 per cent of its total up front capital costs, and begin accruing
from one year post the commencement of construction.

Finally, part of PipelineCo’s capital investment is stratified into initial investment in pipelines, which can
carry a certain volume of uncompressed gas, and ongoing smaller capital investments required to build
compression stations on the pipeline network as transmission requirements increase.

There are five distinct pipelines that are required to be built or duplicated over the three development
scenarios, with the diameter of the pipe changing in each scenario depending on the volume of gas
requiring transmission. The below matrix outlines the diameter of each pipe on PipelineCo’s network in
each scenario.

TABLE 4.5 PIPELINECO PIPELINE SPECIFICATIONS

Pipeline (length) Breeze diameter Wind diameter Gale diameter
Tie into Amadeus . . .
pipelin (50km) 12inch 19inch 22inch
Amadeus duplication 10 inch 18 inch 22inch

(300km)
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Pipeline (length) Breeze diameter Wind diameter Gale diameter

Northern Gas Pipeline
(NGP) duplication N/A 16 inch 21inch
(622km)

Carpentaria Gas Pipeline
(CGP) duplication (841 N/A 15inch 21inch
km)

DLNG Feed Pipeline
(new pipeline) (550km)

Note: For simplicity, ACIL Allen assumed the processing facility built by ProjectCo is approximately 50 kilometres away from the Amadeus pipeline, and 550km away
from the DLNG facility. Outside of this, ACIL Allen has not assumed a location for the development

SOURCE: ACIL ALLEN CONSULTING

N/A N/A 20inch

ACIL Allen has not considered the mooted Moomba-Alice Springs gas pipeline in this analysis for two
reasons. First, it is simpler to assume that existing pipeline routes are expanded or duplicated rather than
developing an entirely new pipeline from scratch, as existing pipeline lengths, routes and cost estimates
are available. Second, the Moomba-Alice Springs pipeline has been discussed for some time, and is yet to
progress beyond the pre-feasibility study stage, albeit the Federal Government committed to fund a more
detailed feasibility study earlier this year. At face value, the Moomba-Alice Springs gas pipeline would
represent a viable route to market for gas produced by a Northern Territory shale gas development.

34 NT News. 2017. Federal Government to investigate feasibility of north-south gas pipeline, 2 April 2017. Accessed online at
http://www.ntnews.com.au/
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PROJECT
DEVELOPMENT
FINANCIAL MODEL

After shaping the development, using a series of modelling tasks, ACIL Allen has converted ProjectCo and
PipelineCo’s development plans in each scenario into three separate financial models. The financial
models for ProjectCo are prepared as discounted cash flow (‘DCF’) model as if ProjectCo was a
standalone corporate entity with a relatively simple financial structure. This requires a series of
assumptions, which are outlined in Section 5.1. The outcome of the DCF modelling for ProjectCo is
presented in Section 5.2. Recognising the role that assumptions can play in the results of DCF modelling,
ACIL Allen has presented a series of sensitivity analysis on key inputs under each scenario. The results of
this are presented in Section 5.3. Finally, the simple financial model for PipelineCo is outlined in Section
54.

5.1 ProjectCo financial inputs and assumptions

This section details the remaining key inputs and assumptions used to populate the cash flow model for
each development scenario.

5.1.1 Overall inputs and assumptions

The inputs and assumptions used to populate the framework of the cash flow model are presented in the

table below.

Input or Assumption Value Source
Reporting year Financial year ACIL Allen
Cash flow model start date 2018 ACIL Allen
Discount rate start date 2018 ACIL Allen
Discount rate 10 per cent ACIL Allen

5.1.2 Financial inputs and assumptions

The inputs and assumptions used to estimate ProjectCo’s non capital, operating and taxation expenses
are presented in the table below.

Input or Assumption Value Source

Share of capital funded by debt 66.7 per cent ACIL Allen estimate based on
industry standards

Share of capital funded by equity 33.3 per cent ACIL Allen estimate based on
industry standards
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Input or Assumption Value Source

Term length of debt 20 years ACIL Allen estimate based on
industry standards

Amortisation of debt Yes ACIL Allen based on industry
standards

Native Title payments, exploration 3 per cent of proponent exploration Stakeholder consultation

cost

Native Title payments, operations 10 per cent of royalty payments  Stakeholder consultation

Pastoralist payments, operations $250,000 per pad Stakeholder consultation

Exploration permit $4,927 per permit NT Government3s

Exploration permit renewal $1,642 per permit NT Government*

Production permit $18,000 per block NT Government*

Production permit renewal $1,642 per permit NT Government*

Environmental bond Estimated cost of abandonment  Stakeholder consultation

5.1.3 Capital inputs and assumptions

The inputs and assumptions used to estimate ProjectCo’s capital expenditure are presented in the table

below.

Input or Assumption Value Source

Cost, drilling construction $18 million per well ACIL Allen estimate based on:

(well-related civil work, surface hole — US Department of Energy, Trends

preparation, drilling, fracture in US Oil and Natural Gas

stimulation, completion,