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The total amount of clearing by all proponents for gas field development is relatively small compared
with the overall tenement sizes. However, the need to establish gas wells in a grid format, connected
by access tracks and pipelines, has the capacity to fragment remnant vegetation. Regardless of the
conservation status of that vegetation, the activities must be carefully managed to avoid severing
landscape linkages for flora and fauna.

Fragmentation also has the capacity to degrade the quality of significant areas of adjacent habitat over
time. Vigilance in weed and pest animal species control for the duration of these projects is vital for the
protection of the significant number of 'endangered, vulnerable, or rare' or near threatened species
present within both remnant and non-remnant vegetation in the region.

With diligent and cooperative management of terrestrial ecological impacts in all developments
(actively involving regional community organisations) and a broad-scale and integrated planning
approach to rehabilitation and offset locations, the combined development projects currently proposed
for the relevant provinces are expected to minimise the impact on habitats for a number of
conservation significant flora and fauna species. Those species most at risk are those which are
endemic to the region and rely specifically on connected, large tracts of intact, remnant vegetation.

Concentration of rehabilitation efforts within the bioregional corridors recommended for the Australia
Pacific LNG Project will have positive local ecological benefits. However, coordination of habitat
rehabilitation efforts for all of the proposed gas field projects is outside of the authority of any of the
individual proponents and will require government input.

25.2.5 Aquatic ecology

The aquatic ecology values, potential impact mechanisms and related impact mitigation strategies
relating to the Project's gas fields' area are detailed in Volume 2 Chapter 9. These are generally
applicable to all potential projects identified for the area.

Much of the Condamine, Balonne, Dawson and Border rivers contain poor or very poor quality aquatic
habitat due to past habitat disturbance. However, there are some sites in these river systems
containing habitat values due to good channel and habitat diversity, minimal surrounding land use
impact, and good riparian connectivity and shading. The Australia Pacific LNG assessment in

Volume 2 Chapter 9 demonstrates that following implementation of the identified mitigation strategies,
the residual risk levels for aquatic ecology values is assessed as low.

No other project proponent proposing to develop a mining or other project within the gas fields' project
area has publicly confirmed that discharges to watercourses are planned.

There are potential cumulative impacts to water quality resulting in adverse effects on aquatic flora
and fauna due to increased total suspended solids and turbidity as a result of riparian vegetation
removal and construction of pipelines and roads across watercourses from other project developments
within the gas fields’ water catchments. Implementation of erosion control and sediment controls to
address regulatory requirements, along with construction activities being undertaken in consideration
of wet weather should minimise the risk of cumulative environmental impacts to aquatic ecology
values.

25.2.6 Surface water

Water courses within the principle catchment areas of the gas fields are mostly ephemeral and have
been significantly modified following settlement of the region.

Australia Pacific LNG Project EIS Page 8 March 2010
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The analysis within Volume 2 Chapter 11 identifies the potential impacts to these water courses,
including on stream flow and downstream users resulting from discharges of treated associated water.
These risks and possible impacts include:

o Damage to the environment from changes to natural flow regimes, which can cause erosion of
watercourses and increased turbidity, and changes to aquatic ecology

o Damage to the environment from discharge that is beyond the hydraulic capacity of waterways,
which can cause hydraulic and geomorphic changes to waterways

¢ Impact to downstream water users (including the environment) from adding flows to the system,
which can increase water availability to downstream users and possibly improve the
hydrological condition of Narran Lakes.

Preliminary hydrological modelling detailed in Volume 2 Chapter 11 identifies preliminary discharge
guidelines to be applied to ensure acceptable environmental and water security outcomes.

No other project proponent proposing to develop a mining or other project within the gas fields'
development area has publicly confirmed that discharges to watercourses are planned. If other
discharge proposals emerge in the future, the preliminary discharge guidelines would be similarly
applicable.

Australia Pacific LNG has designed the gas fields such that key infrastructure, such as gas processing
and water treatment facilities will be located above the 1 in 500-year average recurrent interval flood
events. It has not proposed to place any infrastructure within flood prone areas that could increase the
intensity of flood impacts on downstream property.

If other proponents for major projects across the gas fields' region adopt a similar approach to site
planning and flood management, it is unlikely that significant cumulative impacts associated with
flooding will occur.

25.2.7 Groundwater

The proposed development of the various CSG projects has the potential to affect the groundwater
environment within and beyond the proposed gas fields' area. The groundwater modelling detailed in
Volume 2 Chapter 10 was based on projected groundwater impacts for all major CSG projects in the
Surat Basin.

In general, the magnitude of the projected groundwater level drawdown in the overlying and
underlying aquifers was related to the thickness of the intervening lower permeability layers and the
projected drawdown in the coal seams. The extent and magnitude of drawdown in aquifers of the
Surat Basin, underlying and overlying the Walloon Coal Measures, is projected to expand in the
cumulative case (relative to the project case) due to groundwater production by all CSG operators.

The drawdown effect is projected to be highest in the Springbok Sandstone, which is closest to the
CSG interval. The Hutton Sandstone, which is beneath the Walloon Coal Measures and separated
from it by a low permeability unit, is expected to experience comparatively less drawdown. Small
amounts of drawdown are expected to occur in the deeper Precipice Sandstone, and shallower
Gubberamunda Sandstone/BMO Group and near-surface Cainozoic Units.

Potential impacts associated with the projected groundwater level drawdown include:
¢ A low potential for adverse groundwater quality changes and groundwater-induced salinity

¢ A high risk of reduction of groundwater production rates in landholder bores

Australia Pacific LNG Project EIS Page 9 March 2010
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e Alow risk of the reduction of baseflow to surface water systems and/or increases in stream
losses

¢ Alow risk of reduction to spring flows and negative effects of reduced water availability to
groundwater-dependent ecosystems

¢ A medium risk of gas migration away from the gas fields and through inappropriately
constructed wellbores

¢ Alow risk of differential land subsidence

e Alow risk of CSG production wells and existing well bores providing an artificial connection
between aquifers, thereby locally exacerbating drawdown effects in overlying aquifers.

In relation to landholder bores, Australia Pacific LNG is committed to monitoring and mitigating these
impacts according to the 'make good' requirement of the Queensland Petroleum and Gas (Production
and Safety) Act 2004. It is considered that such measures would significantly reduce the residual risk.

A key element of managing potential impact for the Project will be the development of an adaptive
groundwater monitoring program predicated on risk identification and management. Development of
the regional monitoring network will be assisted by the projections of the numerical groundwater flow
model.

It appears that all project proponents are making commitments similar to those adopted by Australia
Pacific LNG. This involves committing to collaborating with the Queensland Government in support of
its Blueprint for Queensland's LNG Industry (2009), and other CSG operators in the south central
Queensland region, to develop an agreed approach to regional groundwater monitoring and
cumulative effects groundwater modelling.

The implementation and use of this approach to enable effective impact and risk mitigation will require
high levels of collaboration with other project proponents and regulatory authorities over time.

25.2.8 Associated water

Associated water is water that is co-produced from CSG wells as a result of de-pressuring the coal
seams to liberate the adsorbed gas. The Queensland Government requires each proposed CSG
project to submit an associated water management plan specific to that project. An adaptive
associated water management plan for the Australia Pacific LNG Project is presented in Volume 2
Chapter 12.

The plan notes that, although several pilot studies for associated water management have been
trialled, an understanding of the quantity and quality of associated water production from the Walloons
gas fields is being progressively developed as further exploration and evaluation studies are
completed. This highlights a need to adapt to changing conditions when developing water treatment
facilities and brine management systems for the various CSG projects in the Surat Basin.

Australia Pacific LNG will optimise commercial and beneficial water use through a flexible approach
including:

o Water which can be readily supplied long-term will be contracted to commercial customers

o Pursuit of opportunities for water to be managed in conjunction with other producers including
water aggregation

¢ Investigation of beneficial uses and alternative water management technologies including
aquifer injection.
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The complexity and need for adaptive management and ongoing collaboration among different project
proponents and regulatory authorities means that, while proposed mitigation strategies are expected
to effectively manage impacts, the details are still evolving. On-going discussions are occurring
between industry and government about potential future management of the water.

As part of associated water treatment, a brine stream will be produced. It is proposed that the brine
will be initially stored in appropriate ponds. The ponds will be designed, operated and
decommissioned to meet hazardous dams' standards, to ensure potential impacts on the surrounding
environment are avoided. Currently, encapsulation is the industry management standard for
evaporated brine (salts). This appropriately caps the cell to avoid environmental impacts. Australia
Pacific LNG and other CSG proponents are currently investigating the technical feasibility of
opportunities for the injection of brine into suitable reservoirs and/or crystallisation of brine for
commercial use.

The cumulative volume of brine accumulated at surface by all CSG producers represents a significant
cumulative risk to environmental values in the region, which will require careful and coordinated
management to reduce this risk to an acceptable level.

25.2.9  Air quality

As detailed in Volume 2 Chapter 13, the primary source of air emissions within the gas fields' area will
involve gas-fired engines used to drive equipment such as well-head pumps and gas processing
facilities, as well as for power generation. Construction and transport activities will also result in air
emissions, such as from internal combustion engines, dust generated from earth moving activities,
and vehicle movements on unpaved roads and construction sites.

The key air pollutant identified in the Australia Pacific LNG air quality assessment was nitrogen
dioxide. Modelling was undertaken to determine the cumulative ground level concentration for nitrogen
dioxide over the central gas fields' area southwest of Chinchilla. This area was selected as it has the
greatest concentration of existing and proposed CSG development in the Walloons gas fields and
hence where the cumulative impact is most likely to occur. Cumulative impacts include the Australia
Pacific LNG Project, and existing and other proposed CSG facilities and power stations in the south
central Queensland region

The modelling enabled the potential total pollutant load in the region to be compared with ambient air
quality objectives. The modelling results are presented in the technical report on air quality in Volume
5 Attachment 28.

The maximum ground-level concentration of emissions, predicted at any sensitive receptor location in
this area, was below the relevant Environmental Protection (Air) Policy 2008 air quality objectives for
both short-term and annual average requirements. This assumes that oxides of nitrogen emissions
from the current rich-burn gas-fired engines at the Talinga gas processing facility are reduced, through
non-selective catalytic convertors or similar reduction technology. Figure 25.3 shows the predicted
cumulative maximum one-hour average ground level concentrations for nitrogen dioxide for the
Australia Pacific LNG Project, and other existing or proposed CSG developments in the central gas
fields' area (also known as the Undulla Nose area).

In relation to the potential for cumulative impacts from dust associated principally with construction
activities, Australia Pacific LNG proposes a range of dust mitigation and management measures.
These include minimising the area and duration of land disturbance, dust suppression, traffic controls
and speedy rehabilitation of disturbed areas.
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As a consequence, potential dust impacts are expected to be generally minor in magnitude, localised
in extent and short in duration. They are considered to have a very low potential to contribute
significantly to cumulative impacts with other proposed projects in the region.
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Figure 25.3 Predicted cumulative maximum 1-hour average NO, ground level concentrations

Notes:

Normal operating scenario — predicted maximum 1-hour average ground-level concentrations of nitrogen dioxide (NO,)for the
Australia Pacific LNG gas fields with background including third party gas producers (central gas fields' case study model)

Locations of identified sensitive receptors are also shown with pink crosses.

Areas exceeding objective are shaded red.

Data source: CALPUFF; Units: pg/m?

Environmental Protection (Air) Policy 2008 - Air quality objective: Health and wellbeing: 250 pg/m?*
Prepared by: Katestone Environmental, December 2009

25.2.10 Greenhouse gas emissions

Assessment of the cumulative impacts of the major 30 projects in the region on state and national
greenhouse gas (GHG) emissions inventories was assessed in comparison to the year 2007. The
impact on Australia's projected GHG emissions for 2030 was also considered.

Due to the non-site specific nature of GHG emissions, the analysis considered the emissions from all
projects, irrespective whether they are located within the vicinity of the gas fields, gas pipeline, or LNG
facility.
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Figure 25.3 shows the scope 1 (and where relevant, scope 2)° GHG emissions of the Australia Pacific
LNG Project and other major projects in the region, specifically those projects currently undergoing
expansion and new projects (including CSG developments) not yet operating.

GHG data were sourced from environmental impact statements for the other major projects where
they were publicly available. For example, data for the Gladstone Steel Plant, the East End Mine
Expansion, the Wiggins Island Coal Terminal and the Yarwun Alumina Refinery were either not
available or not reliable for use in this analysis.

Data on the estimated GHG emissions for the proposed Shell LNG project were not publically
available at this time. Scope 1 GHG emissions data for the Shell LNG project were therefore estimated
based on the average GHG emissions intensity for the Australia Pacific LNG, Gladstone LNG (GLNG),
Queensland Curtis LNG (QCLNG) and Gladstone LNG — Fisherman's Landing projects. The average
was estimated to be 0.3 million tonnes of carbon dioxide equivalent per year (Mt CO,-e/yr). The
estimated LNG production capacity of the Shell LNG facility is 16Mtpa LNG; therefore, the estimated
GHG emissions are 4.8Mt CO,-e/yr. The gas field GHG emissions were estimated for the Shell LNG
and Gladstone LNG (Fisherman's Landing) projects on the basis that the ratio of gas fields to LNG
facility GHG emissions is about 1:1 on average.

Some GHG emissions estimates are for peak annual GHG emissions (e.g. Australia Pacific LNG,
Gladstone LNG and QCLNG), while GLNG GHG emissions data is an annual average and the Shell
LNG data is coarse estimates. Complexities due to differing CSG production ramp-up periods for each
project were not considered in this analysis.

It should be emphasised that the data presented in Table 25.3 for Shell LNG and Gladstone LNG
projects are estimates. A comparison of the GHG intensity data for the proposed Australia Pacific
LNG, Gladstone LNG, GLNG and QCLNG LNG facilities is presented in more detail in Volume 4
Chapter 14 and Volume 5 Attachment 31.

The total GHG emissions for these major projects in the Gladstone region are approximately 39Mt
CO,-elyr. These projects would represent 6.5% of Australian GHG emissions in 2007 (597Mt CO,-e).
In terms of Queensland GHG emissions in 2007 (182Mt CO,-e), these projects represent 21.4% of
state GHG emissions.

A second scenario considers if all projects were operational in 2030. From the Garnaut Report
(Garnaut 2008), Australia's GHG emissions under a business as usual scenario without a carbon
pollution reduction scheme could reach approximately 800Mt CO»-e. If it is assumed that all facilities
would continue their GHG emissions at their current or presently projected levels then total GHG
emissions from the major projects in the Gladstone region represent 4.9% of Australia's net GHG
emissions. Of this 4.9%, 3.2% is related to LNG projects. Based on the analysis conducted in Volume
5 Attachment 31, the combined LNG projects could avoid global emissions of 190Mt CO.-e/yr based
on 42Mtpa of export LNG substituting for coal-fired electricity generation. This equates to a reduction
of 24% of Australia's emissions in 2030.

3 Scope 1 GHG emissions are produced directly from combustion and fugitive sources that are within the project’s boundary. Scope 2 GHG
emissions arise from the generation of purchased electricity, heat and steam. This energy is generated outside of the project boundary and is
transmitted to the project site.
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25.2.11 Noise and vibration

The key noise creating aspects of the various identified projects in the gas fields' area are expected to
be constructing wells and operating gas processing facilities. Additional noise and vibration associated
with construction activities, particularly rock breaking, trenching for pipelines and blasting, if required,
have the potential to cause relatively short-term noise disturbance at some dwellings. Similarly, traffic
noise associated with transport of equipment or personnel, particularly on quieter rural roads out of
hours, could cause local noise disturbance.

Given that multiple gas tenement holders have numerous tenements scattered throughout the Surat
and Bowen Basins, it is possible that different CSG project proponents could develop infrastructure in
adjacent gas fields. However, the modelling detailed in Volume 2 Chapter 15 demonstrates that noise
impacts from gas field development activities are localised and do not generally extend outside
tenement boundaries. As a result, it is highly unlikely that there will be any particular locations at risk
of experiencing significant cumulative noise impacts.

25.2.12 Waste

It is assumed that all relevant project proponents will adhere to common practices for waste
minimisation. Australia Pacific LNG commits to:

¢ Implement the waste hierarchy — avoid, reduce, re-use, recycle, dispose

o Dispose of any generated waste in a safe and efficient manner, limiting risk to employees and
the public, and in compliance with the relevant legislation.

While limited data is currently available, the extent of cumulative waste may have the potential to
place pressure on the capacity of landfills in the area.

This issue will require various project proponents to effectively consult with local councils, to determine
current landfill capacities and accepted waste types. Should insufficient capacity be identified, the
proponents will need to individually or collectively provide information to councils to enable planning
for the expansion and upgrade of their landfills.

25.2.13 Traffic and transport

The traffic and transport analysis outlined in Volume 2 Chapter 17 highlights that the key cumulative
traffic and transport impacts associated with the Project and other proposed regionally significant
projects will come from substantial increases in road traffic over time. It is likely that other proposed
projects in the gas fields' region would use the same general road network for transport of equipment,
materials and personnel as that proposed by Australia Pacific LNG.

As part of this technical analysis, when determining the impact of the project, four components of the
road infrastructure network were analysed as follows:

¢ Road link capacity
¢ Intersection capacity
e Pavement capacity

o Bridge capacity.
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Road link, intersection and pavement capacity were assessed using a spreadsheet-based sketch
traffic model. This combined background traffic and growth rates with project generated traffic. The
impact of the Project on bridges was assessed qualitatively, as only limited bridge condition data was
made available for this assessment.

These projected traffic increases will require the following works to upgrade the road network in the
relevant parts of the south central Queensland region:

¢ Upgrades to federal, state and local government road links within the region

e Pavement rehabilitation works brought forward on federal, state and local government road
segments, due to heavy vehicle traffic generated by the proposed projects.

The technical analysis summarised in Volume 2 Chapter 17 indicates that with the proposed mitigation
measures the cumulative impacts on traffic and road networks of all CSG projects and other regionally
significant projects will be significantly lower. However, the risk of serious traffic accidents remains
high due to the relatively ‘uncontrolled’ nature of this risk. To reduce the risk of accidents to employees
and other transport network users from project operations, Australia Pacific LNG will develop and
implement detailed traffic management plans and transport and logistics management plans for
constructing and operating the Project. These plans will incorporate safety measures to be
implemented across all relevant modes of transport. Australia Pacific LNG will also work with the
relevant regulatory authorities and, where appropriate, other project proponents to address road safety
issues.

25.2.14 Heritage

Potential impacts to Indigenous and non-indigenous (shared) cultural heritage in the vicinity of the gas
fields typically relate to construction activities.

Australia Pacific LNG is developing cultural heritage management plans with the relevant Indigenous
parties within the Walloons gas fields to minimise potential impacts to cultural heritage values.

Should the other projects in the region develop cultural heritage management plans to meet regulatory
requirements and manage Indigenous heritage, the likelihood of cumulative impacts to registered
Indigenous heritage sites is considered to be low.

Management approaches usually involve:
¢ Identifying listed Indigenous cultural heritage locations early in project planning
e Carrying out a site selection process to avoid identified locations

e Agreeing on mitigation and management measures with the Indigenous parties where impacts
cannot be avoided.

There is potential for increased risks to non-indigenous (shared) heritage sites from the cumulative
effects of multiple projects in the region, particularly during construction phases of the various
proposed projects.

Australia Pacific LNG proposes to manage shared heritage through avoiding identified non-Indigenous
heritage sites, managing development impacts in the vicinity of these sites, developing procedures to
deal with sites detected during construction, carrying out detailed recording (archives) of threatened
sites, and recovering information on early non-Indigenous land use.

If other project proponents manage shared heritage in a similar manner to Australia Pacific LNG, the
cumulative risks are considered to be low.
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Based on past practices and currently available environmental impact statements, it is reasonable to
assume that the potential hazard and risks associated with abnormal events and accidents are limited
to the extent of the petroleum tenements (refer to Volume 2 Chapter 22), with the exception of traffic
and transport risks. The mitigation measures associated with traffic and transport are addressed in
Section 25.2.13.

25.3 Conclusions

Cumulative impacts on physical/biological, social, cultural, economic and built environmental values
have been assessed for the collective 30 projects currently proposed for the broader central
Queensland and Western Downs regions. These have been applied, where relevant, across 16
categories of values — land, landscape and visual amenity, terrestrial ecology, aquatic ecology,
surface water and watercourses, ground water, associated water, air quality, GHG emissions, noise
and vibration, waste, traffic and transport, cultural heritage, social impacts, economic impacts, and
hazard and risk.

It should be noted that in most instances quantitative published data was not available to enable
quantitative assessment of cumulative impacts.

In 10 categories, it is considered that there is only a low to moderate level of risk associated with
potential cumulative impacts. In a limited number of cases — groundwater, associated water, social,
economic and greenhouse gas emissions — one or more of the following factors has led to a higher
rating in terms of impact significance and/or risk:

o A relatively high degree of complexity exists relating to characteristics of the values in question
¢ A relatively high degree of complexity exists relating to cumulative impact mechanisms

¢ Available mitigation approaches are not standardised and require the ongoing cooperation of
multiple parties.

In these cases, it is considered that the risks can be managed effectively if the various proponents and
relevant regulatory authorities cooperate to implement impact mitigation strategies such as those
committed to by Australia Pacific LNG.
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