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Glossary and abbreviations

Key terms Description

Climate adaptation Actions undertaken to manage or reduce the adverse consequences of
climate change, as well as to harness any beneficial opportunities.
Adaptation actions may include physical changes to an asset to achieve
or facilitate adaptation including changes/upgrades to technology and
equipment or design standards for particular project elements (e.g., flood
protection designed to the Probable Maximum Flood (PMF)). Adaptation
actions may also include changes to contracts, setting specific targets or
objectives, scheduling regular reviews or inspections, development of an
emergency management plan, development of design guidelines, etc.

Climate change A change in the state of the climate that can be identified (e.g., using
statistical tests) by changes in the mean and/or the variability of its
properties, and that persists for an extended period, typically decades or
longer (IPCC).

Climate mitigation Refers to efforts to reduce or prevent emission of greenhouse gases.

Climate resilience Climate resilience is the capacity of organisations to survive, adapt, and
grow no matter what kinds of climate-related chronic stresses and acute
shocks they experience.

Climate change Climate change mitigation includes actions we take globally, nationally
mitigation and individually to limit changes caused in the global climate by human
activities. Mitigation activities are designed to reduce greenhouse
emissions and/or increase the amounts of greenhouse gases removed
from the atmosphere by greenhouse sinks.

Construction footprint The area required for construction of the project

Critical infrastructure The assets, systems and networks required to maintain security, health
and safety, operations of the project.

GreenPower GreenPower is a government accredited renewable energy product
offered by most electricity retailers to households and businesses in
Australia.

Operational footprint The area required for operation of the project

Physical risks Risks driven by physical changes in climate such as heatwaves, flooding,

and sea level rise. These can be event driven (acute) or longer-term shifts
(chronic) in climate patterns.

Proposed upgrade Construction and operation of a twin tunnel bypass of Blackheath and
Mount Victoria and surface road works for tie-ins to the east and west of
the tunnel

Scope 1 Direct emissions: greenhouse gas emissions generated by sources

owned or controlled by the project, for example emissions generated by
the use of diesel fuel in project-owned construction plant, equipment or
vehicles.

Scope 2 Indirect emissions: greenhouse gas emissions from the consumption of
purchased electricity in project-owned or controlled equipment or
operations. These greenhouse gas emissions are generated outside the
project’s boundaries, for example the use of electricity purchased from the
grid.
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Key terms Description

Scope 3

Indirect upstream/downstream emissions: greenhouse gas emissions
generated in the wider economy due to third party supply chains and road
users as a consequence of activity within the boundary of the project, for
example greenhouse gas emissions associated with the mining,
production and transport of materials used in construction (referred to as
the embodied energy of a material).

Shocks

Acute shocks are sudden, short-term events that disrupt individuals,
communities, institutions, business and systems. Examples include major
storms, foods, bushfires, heatwaves, disease outbreaks, terrorism and
cyber-attacks.

Stresses

Chronic stresses weaken a systems and communities on a day-to-day or
cyclical basis. Examples include homelessness and housing affordability,
lack of access to public transportation systems, family violence, climate
change, structural inequity, and chronic food or water shortages.

Transport for NSW
(Transport)

The proponent seeking approval for the project.

Ventilation outlet option

A ventilation building and ventilation outlet at Blackheath and Little Hartley
exit portals

Portal emissions option

Emissions leave the tunnel at entry and exit portals

Acronym Definition

ARG The Sixth Assessment Report of the Intergovernmental Panel on Climate
Change

CCRA Climate change risk assessment

CERT Carbon Estimate & Reporting Tool

CO2 Carbon dioxide

CO2e Carbon dioxide equivalent emissions

CSIRO Commonwealth Scientific and Industrial Research Organisation

EIS Environmental Impact Statement

EP&A Act Environmental Planning and Assessment Act 1979 (NSW). Provides the
legislative framework for land use planning and development assessment
in NSW

EPA NSW Environment Protection Authority

GHG Greenhouse gases - any various gaseous compounds (such as carbon
dioxide or methane) that absorb infrared radiation, trap heat in the
atmosphere, and contribute to the greenhouse effect.

IPCC Intergovernmental Panel on Climate Change

km Kilometres

LGA Local Government Area

m Metres

MPa Megapascals

SEARs Secretary’s Environmental Assessment Requirements

t Tonnes

t CO2e Tonnes of carbon dioxide equivalent emissions
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Acronym Definition

Transport Transport for NSW

VMS Variable message signs
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Executive summary

Transport for NSW (Transport) is seeking approval under Division 5.2, Part 5 of the Environmental
Planning and Assessment Act (NSW) 1979 (EP&A Act) to upgrade the Great Western Highway
between Blackheath and Little Hartley (the project).

The project would comprise the construction and operation of new twin tunnels around 11 kilometres in
length between Blackheath and Little Hartley, and associated surface road upgrade work for tie-ins to
the east and west of the proposed tunnel portals.

Subject to planning approval, construction is planned to commence in 2024 and be completed by late
2031; however, the project would be open to traffic by 2030.

This technical report provides a climate change, sustainability and greenhouse gas (GHG) assessment
of the proposed project and has been prepared to inform the Environmental Impact Statement. The aim
of this report is to address the relevant Secretary’s Environmental Assessment Requirements (SEARSs)
issued for the project.

Climate change risk assessment

The climate change risk assessment was completed in line with the Transport Climate Risk Assessment
Guidelines (Transport, 2021). The assessment identified the climate effects relevant to the construction
and operational phases of the project for two time periods - the short-term time period of 2030, and a
longer-term time period of 2090 — allowing a view of the climate impacts throughout the design life of
the project based on the publicly available project ion data. It recommends appropriate risk
management and adaptation measures to be incorporated into the design, construction and operational
phases of the project.

Climate change risks were identified for key climate hazards (extreme heat, bushfire, drought, extreme
rainfall and flooding, and extreme storms). For the construction phase a total of four risks were
identified and assessed pre-mitigation, one of which was rated low in 2030 and medium in 2090
(relating to impacts from bushfires on the construction and maintenance schedule), one which was
rated a medium risk in 2030 and a high risk in 2090 (relating to impacts of storms on workers during
construction) and one which was rated a high risk in 2030 and an extreme risk in 2090 (relating to
impacts of extreme heat on workers during construction).

For the operational phase, 50 risks were identified and assessed with pre-mitigation. For the 2030 time
period, three risks were rated as high (relating to drought impacts on fire prevention systems, bushfires
potentially trapping motorists in the tunnel, and bushfires impacting the physical infrastructure of the
project). For the 2090 time period 19 risks were rated high (predominantly relating to extreme heat,
bushfires, and flooding hazards).

Potential mitigation and adaptation measures were identified to address all high and extreme risks, and
the majority of medium risks. These measures will be considered for implementation in later phases of
the project. A residual risk assessment was undertaken to consider climate change risks to the project
post-mitigation, following the implementation of adaptation measures identified. Adaptation measures
identified as part of this climate change risk assessment would increase the project’s resilience to
climate change, thereby reducing the consequence of potential impacts and lowering residual risks.

Of the one high risk and one medium risk identified for project construction, proposed adaptation
measures have resulted in a residual risk rating of two medium risks.

For project operation in 2030 and 2090, proposed adaptation measures have resulted in all high risks
lowered to a residual risk rating of medium or low.

This assessment of climate risks will be reviewed and updated during future stages of the project
lifecycle to ensure new and emerging risks are addressed and appropriate controls have been
implemented.
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Sustainability

The sustainability of the project is guided by relevant Australian and NSW government strategy
documents and policies including the Future Transport Strategy: Our vision for transport in NSW
(Transport 2022b) and Transport Sustainability Plan 2021 (Transport 2020a).

Sustainability of the project will be assessed in accordance with the Infrastructure Sustainability Council
Rating Tool and the project is seeking a minimum IS ‘Design’ and ‘As-Built’ rating of ‘Excellent’,
applying version 1.2 of the tool.

Sustainability initiatives have been identified for planning and design consideration to embed specific
sustainability commitments and targets for implementation by the construction contractor. A project
specific Infrastructure Sustainability Management Plan will be prepared to guide the implementation of
sustainability throughout the design and construction phases and to facilitate the achievement of the IS
rating.

Greenhouse gas assessment

A GHG impact assessment has also been undertaken to determine the impacts of the project and to
identify management and mitigation options to reduce the GHG emissions associated with the project.
The Carbon Estimate and Reporting Tool (CERT) provided by Transport was used to calculate the
GHG emissions produced from construction and operation of the project over a 100-year operation
period. Two ventilation scenarios were assessed: (1) emissions from ventilation outlet (ventilation outlet
option); and (2) emissions from portals (portal emissions option).

Construction impacts from the project represent the majority of scope 1 (direct emissions), 2 (indirect
emissions) and 3 (indirect upstream/downstream emissions) GHG emissions associated with the
project lifecycle. Construction is estimated to produce 1,407,140 tonnes of carbon dioxide equivalent
emissions (t COze). The difference in construction GHG emissions between the two ventilation options
is assumed to be negligible. The majority of emissions during construction are estimated to occur from
the large electricity requirements of the tunnelling plant and equipment over the construction period.

For the ventilation outlet option, around 3,549,990 t CO2e emissions are estimated over a nominal 100-
year operation and maintenance period. For the portal emissions option, around 1,274,820 t COze
emissions are estimated over the same period. Electricity consumption for ventilation, lighting, and
other electrical equipment make up the majority of operational emissions from the project. A reduction
in tailpipe emissions from road users is anticipated as a result of the project’s impact on traffic flow,
based on GHG emissions outputs from traffic and air quality modelling. This anticipated reduction in
tailpipe emissions during operations led to a reduction in scope 3 emissions under the ventilation outlet
option, and net negative scope 3 emissions for the portal emissions option. A negative quantity of scope
3 emissions means the project is anticipated to reduce more scope 3 emissions during operation than it
creates.

A summary of the total GHG emissions by project phase is presented in Table ES1.

Table ES1 Summary of greenhouse gas emissions by project phase

O O - < O Old U e O < PDIroje ) c <
Construction 138,900 525,200 743,040 1,407,140
Operation and Maintenance:
ventilation outlet option 13,410 3,484,780 51,800 3,549,990
Operation and Maintenance:
portal emissions option 13,410 1,396,980 -135,570 1,274,820

Note 1: Estimates rounded to the nearest 10 t CO2e

Mitigation measures have been recommended to reduce GHG emissions associated with the project,
including taking measures to improve energy efficiency, sourcing electricity from renewable sources,
and sustainable material selection (among others).
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1.0 Introduction

1.1 Project context and overview

The Great Western Highway is the key east-west road freight and transport route between Sydney and
Central West New South Wales (NSW). Together, the Australian Government and the NSW
Government are investing more than $4.5 billion towards upgrading the Great Western Highway
between Katoomba and Lithgow (the Upgrade Program). Once upgraded, over 95 kilometres of the
Great Western Highway will be two lanes in each direction between Emu Plains and Wallerawang.

The Upgrade Program comprises the following components:

e Great Western Highway Upgrade — Medlow Bath (Medlow Bath Upgrade): upgrade and duplication
of the existing surface road corridor with intersection improvements and a new pedestrian bridge
(approved)

e Great Western Highway East — Katoomba to Blackheath (Katoomba to Blackheath Upgrade):
upgrade, duplication and widening of the existing surface road corridor, with connections to the
existing Great Western Highway east of Blackheath (approved)

e Great Western Highway Upgrade Program — Little Hartley to Lithgow (West Section) (Little Hartley
to Lithgow Upgrade): upgrade, duplication and widening of the existing surface road corridor, with
connections to the existing Great Western Highway at Little Hartley (approved)

e Great Western Highway Blackheath to Little Hartley: construction and operation of a twin tunnel
bypass of Blackheath and Mount Victoria and surface road works for tie-ins to the east and west of
the tunnel (the project).

The components of the Upgrade Program are shown in Figure 1-1.

Transport for NSW (Transport) is seeking approval under Division 5.2, Part 5 of the Environmental
Planning and Assessment Act 1979 (NSW) (EP&A Act) to upgrade the Great Western Highway
between Blackheath and Little Hartley (the project).

The project would comprise the construction and operation of new twin tunnels around 11 kilometres in
length between Blackheath and Little Hartley, and associated surface road upgrade work for tie-ins to
the east and west of the proposed tunnel portals.

The project would be located around 90 kilometres northwest of the Sydney CBD and located within the
Blue Mountains and Lithgow Local Government Areas (LGA).

The majority of the project would be located below ground generally along or adjacent to the west of the
existing Great Western Highway between around Blackheath and Little Hartley.

1-1
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1.2 The project
1.21 Key components of the project

Key components of the project are summarised in Table 1-1 and shown in Figure 1-2. These
components are described in more detail in Chapter 4 (Project description) of the environmental impact
statement (EIS).

The indicative operational configuration of the surface road network at Blackheath and Little Hartley is
shown Figure 1-3 and Figure 1-4.

Subject to approval, the project is anticipated to be open to traffic in 2030.

Table 1-1 Key components of the project

Key project

component SLTTED

Tunnels Twin tunnels around 11 kilometres in length between Blackheath and Little
Hartley, connecting to the upgraded Great Western Highway at both ends. Each
tunnel would include two lanes of traffic and road shoulders and would range in
depth from just below the surface near the tunnel portals, to up to around 200
metres underground at Mount Victoria.

Surface work Surface road upgrade work would be required to connect the tunnels and
surface road networks south of Blackheath and at Little Hartley. The twin
tunnels would connect to the surface road network via:

e mainline carriage ways and on- and off-ramps at the Blackheath portal,
located adjacent to the existing Great Western Highway and south of Evans
Lookout Road

e mainline carriageways at the Little Hartley portal, located adjacent to the
existing Great Western Highway at the base of the western escarpment
below Victoria Pass and southwest of Butlers Creek.

Operational Operational infrastructure that would be provided by the project includes:

infrastructure e atunnel operations facility adjacent to the Blackheath portal

e in-tunnel ventilation systems including jet fans and ventilation ducts
connecting to the ventilation facilities

e one of two potential options for tunnel ventilation currently being
investigated, being:
- ventilation design to support emissions via ventilation outlets; or
- ventilation design to support emissions via portals

e water quality infrastructure including sediment and water quality basins, an
onsite detention tank at Blackheath and a water treatment plant at Little
Hartley

o fire and life safety systems, emergency evacuation and ventilation
infrastructure and Closed Circuit Television

e lighting and signage including variable message signs and associated
infrastructure such as overhead gantries.

Utilities Key utilities required for the project would include:

e anew electricity substation at Little Hartley to facilitate construction and
operational power supply

e anew water supply pipeline between Little Hartley and Lithgow to facilitate
construction and operational water supply

e other utility connections and modifications, including electricity substations

in the tunnel.
Other project The project would also include:
elements e integrated urban design initiatives

e landscape planting.

1-3
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1.2.2 Project construction
Construction of the project would include:
¢ site establishment and enabling works
e tunnel portal construction

e tunnelling and associated works

e surface road upgrade works

e operational infrastructure construction and fit-out, including construction of operational
environmental controls

¢ finishing works, testing, and commissioning.
These activities are described in more detail in Chapter 5 (Construction) of the EIS.

The indicative construction footprint for the project is shown in Figure 1-5 to Figure 1-7, including
construction site layout and access arrangements.

Construction of the project is expected to take around eight years. Subject to planning approval,
construction is planned to commence in 2024 and be completed by late 2031; however, the project is
anticipated to be open to traffic by 2030.

1-7
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1.2.3 Baseline environment

The Katoomba to Blackheath and Little Hartley to Lithgow Upgrades adjoining the project to the east
and west respectively would be under construction when construction of the project commences (refer
to Figure 1-8). To minimise environmental impacts, parts of the Katoomba to Blackheath Upgrade and
Little Hartley to Lithgow Upgrade construction footprints would be used to support construction of the
project.

As a result, the following activities will be undertaken at the construction sites as part of the Katoomba
to Blackheath and Little Hartley to Lithgow Upgrades:

e vegetation would be cleared

o topsoil would be levelled and compacted

o site access tracks would be established

e water quality controls such as water quality and sediment basins would be installed.

The environmental impacts associated with these works have been assessed as part of the Katoomba
to Blackheath Upgrade and the Little Hartley to Lithgow Upgrade.

The construction footprint for these projects are shown in Figure 1-9 and Figure 1-10 and form the
baseline environment considered at Blackheath and Little Hartley for this EIS.

No work is proposed at Soldiers Pinch as part of the Katoomba to Blackheath Upgrade or the Little
Hartley to Lithgow Upgrade and therefore the existing environment forms the baseline environment for
this EIS.

Great Western Highway Upgrade Program construction
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Great Western Highway Blackheath to Little Hartley

Figure 1-8 Great Western Highway Upgrade Program construction
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Figure 1-9 Baseline environment at Blackheath
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1.24 Other project specific aspects

They key feature of the project relevant to the GHG assessment is the tunnelling works. The tunnelling
works will require large amounts of electricity over a sustained period, as well as large volumes of
concrete and steel, all of which are GHG intensive. The tunnelling is also expected to encounter coal
deposits along part of the project alignment, leading to likely fugitive emissions from coal seam gas.

1.3 Purpose of this report

This climate change and sustainability technical report is one of a number of technical documents that
forms part of the EIS. The purpose of this technical report is to:

e provide an assessment of the impacts due to climate change on the project and identify mitigation
measures to be implemented in the design, construction and operations phases of the project

e outline how the project would embed sustainability measures in accordance with the Infrastructure
Sustainability Council (ISC) Infrastructure Sustainability Rating Tool version 1.2.

e provide an assessment of the greenhouse gas emissions across the lifecycle of the project and
identify opportunities for emissions reduction in the design, construction and operations phases of
the project.

1.3.1 Assessment requirements

The Secretary’s environmental assessment requirements (SEARs) issued by the NSW Department of
Planning and Environment (DPE), relating to climate change, sustainability and greenhouse gases and
where these requirements are addressed in this technical report are outlined in Table 1-2.

Table 1-2 Secretary’s environmental assessment requirements — Climate change, sustainability and greenhouse gases

AR

Desired performance Requirement Section
outcome where
addressed
in report
The project is designed, The risk and vulnerability of the project to climate Section 2.0
constructed and change in accordance with the current guidelines.
operated to be resilient Climate change risks must be quantified with reference
to the future impacts of to the NSW Government’s climate projections at 10 km
climate change. resolution (or lesser resolution if 10 km projections are
not available) or equivalent projection tool (such as the
Climate Futures Tool from CSIRO and BoM
(attenuated for project region)) and specific adaptation
actions incorporated in the design.
Desired performance Requirement Section
outcome where
addressed
in report
The project reduces the The sustainability of the project in accordance with the | Section 3.0
NSW Government’s Infrastructure Sustainability Council (ISC) Section 4.0
operating costs and Infrastructure Sustainability Rating Tool and
ensures the effective recommend an appropriate target rating for the project.
and efficient use of Consider and assess the project against current
resources. Conservation guidelines including targets and strategies to improve
of natural resources is Government efficiency in use of water, energy and
maximised. transport.
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2.0 Climate change risk assessment

2.1 Assessment methodology
2141 Relevant guidelines and policies

Risk assessment describes the overall process of risk identification, analysis and evaluation, informed
by findings of the previous stage.

Risk management for physical risks has been assessed in accordance with:
e Climate Risk Assessment Guidelines (Transport, 2021d)

e Australian Government, Climate Change Impacts & Risk Management — A Guide for Business and
Government, Australian Government (2006).

e AS/NZS ISO 31000:2009, Risk management — Principles and guidelines, Australian Standard
(2009)

The risk management for physical risks has also considered the following:

e the risk assessment approach set out in the TINSW Enterprise Risk Management Standard,
TfNSW Enterprise Risk Management Team (2020)

ISO 14091 Adaptation to climate change - Guidelines on vulnerability, impacts and risk
assessment, ISO standard (2021)

Climate Risk Ready NSW Guide, Adapt NSW (2021)

ISv1.2 Technical Manual, Infrastructure Sustainability Council (2018)

AS 5334-2013 Climate change adaptation for settlements and infrastructure — A risk-based
approach, Australian Standard (2013)

21.2 Climate change risk framework

The risk assessment followed the procedures outlined by the AS 56334:2013 Climate change adaptation
for settlements and infrastructure standards. This involved:

1. the collection of reputable and scientifically validated climate datasets relevant to the project
location and reviewing the regional climate change projections.

2. facilitating a workshop with the project team (including relevant stakeholders) to identify physical
risks associated with each climate change variable (e.g., temperature, relative humidity, rainfall,
windspeed and solar radiation)

3. classifying the likelihood and consequence to determine the overall risk rating that would be
anticipated in 2030 (near future) and 2090 (closest reliable projection to the design life with
available data') timescales

4. identifying potential adaptation and mitigation measures to respond to each physical risk with input
from the project team

5. determining the residual risks by classifying the risk likelihood and consequence after considering
the impact of the potential adaptation and mitigation measures.

213 Climate datasets (projection models)

The risk assessment was carried out using climate models to inform the physical risks to the project.
Climate models predict the anticipated changes to the local climate system seasonally and at different
timescales (e.g., near future or far future). These projections are used as a decision support tool to

' Projections extending beyond 2090 can vary and this variation increases exponentially with time. Additionally, there are few
publicly available sources for projection data relating to all climate hazards. Therefore 2090 is referred to in this report as a
reliable long-term prediction of the likely climate change impacts of each RCP scenario.

2-1
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determine the likelihood, consequence, and overall risk severity (impact) of climate change to physical
assets.

This report obtained climate datasets from the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) Climate Science Centre which provides the most comprehensive and statistically
rigorous climate change projections to date and are used by policy makers in the Intergovernmental
Panel on Climate Change (IPCC).

214 Climate change scenarios

The CMIPS5 is the 5" generation of climate projection data used by the CSIRO Climate Science Centre?.
It accounts for downscaling between coarse resolution atmospheric and local climate data (e.g.,
localised weather data measured by the Bureau of Meteorology). These are prepared at various
timescales for risk assessments across different scenarios referred to as the representative
concentration pathways (RCPs).

RCPs represent different climate futures quantified in CO2-equivalent concentrations (parts-per-million-
by-volume). Currently, the IPCC and the CSIRO considers four climate future scenarios (RCP2.6,
RCP4.5, RCP6.0 and RCP8.5) that represent socio-economic assumptions (anthropogenic activities)
that would contribute to greenhouse gas concentrations. Table 2-1 is a summary of the four RCPs.

Table 2-1 Definition of representative concentration pathways (RCPs)

RCP scenario Scenario

RCP8.5 littl bi f emissi
(Worst case o ittle curbing o emissions - . .
scenario) e  COz2 concentration continues to rapidly rise, reaching 940 ppm by 2100
e lower emissions achieved by application of some mitigation strategies
RCP6.0 and technologies
) e  CO2 concentration reaching 660 ppm and total radiative forcing
stabilising shortly after 2100.
e  COz2 concentrations are slightly above the RCP6.0 until after the mid-
century
RCP4.5 e  COz2 concentration reaches 540 ppm by 2100
e radiative forcing peaks around 2040 at 2.9 W/m2.
e emissions peak around 2020 and then rapidly decline
RCP2.6 e requires early participation from all emitters as well as technologies that
(Best case will actively remove carbon dioxide from the atmosphere
scenario) e  CO:2 concentration reaches a maximum of 440 ppm by 2040 and then
declines to 420 ppm.
21.5 Climate change clusters

The CSIRO provides climate projections based on Australia’s 54 natural resource management (NRM)
regions (biophysical regions) that are grouped into clusters.

The GWHC sits on the boarder of the East Coast South Sub-Cluster of the major East Coast Cluster
(see Figure 2-1). The East Coast cluster contains the six coastal regions from Rockhampton to Sydney
that also form the central part of the eastern seaboard of Australia. This includes the drainage basins
from the subtropical mountain ranges that flow through the coastal zone and to the Pacific Ocean.
Dominant land uses include urban, peri-urban, large scale dryland grazing, large mining centres and
agricultural development.

2 Further details on the climate modelling methodology, see:
https://www.climatechangeinaustralia.gov.au/en/overview/methodology/
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2-1 East Coast South sub-cluster where the project sits

Climate risk assessment workshop
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A risk workshop was conducted on the 10 June 2022 with key stakeholders and the project team.

Physical risks were considered for the RCP8.5 (worst-case) emissions scenario for 2030 (near future)
and 2090 (closest reliable forecast to the design life of the asset) (see Table 2-2). Risks were classified
in accordance with the AS 5334:2013 likelihood and consequence matrices (see Annexure A).

Table 2-2 Tunnel structures design life

Asset

permanent ground support elements for mainline tunnels,
cross passages, underground substations, and associated
enlargements including:

rock reinforcement

primary lining

secondary lining

segmental lining including gaskets.

Design life
100 years

permanent ground support elements for other tunnel
structures such as shafts including:

pile walls and capping beams etc.

ground anchors (if applicable)

rock reinforcement

primary lining and secondary lining.

100 years

permanent ground water control systems

waterproofing measures, such as pre-excavation and post-
excavation grouting and surface grouting

groundwater control drainage systems, such as membranes
and strip drains.

100 years

buildings — buildings integral with civil infrastructure and
other in tunnel structures.
underground substation buildings

100 years

2-3
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2.2 Existing environment

The Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC) (IPCC
2022) states with high confidence that Australia is already experiencing impacts from climate change.
Observed trends include increases in the frequency of air temperature extremes, changes in mean and
extreme rainfall, increases in the frequency and intensity of storm events, increases in bushfire weather
conditions, ocean warming, ocean acidification and sea level rise.

In 2015, the CSIRO and the Australian Bureau of Meteorology (BoM) released an assessment of
observed climate change and projected future changes in Australia over the 21st century. This recent
assessment confirms the long-term warming trend, showing that in Australia, the average surface air
temperature has increased by 0.9°C since records began in 1910, with most of the warming occurring
since 1950. Australia’s warmest year since 1910 was 2013 (Australian Government Department of the
Environment and Energy, 2017).

In addition to an increase in annual mean temperature, oceans around Australia are warming and
acidifying while sea levels are rising. Longer droughts are predicted in southern Australia, in addition to
increased flooding in the north. A long-term increase in extreme fire weather and length of fire season
will be progressively experienced. The effects of climate change will not only be felt within Australia, but
across the globe. These extreme weather events pose significant threat to the environment, society and
the economy, and building self-resilience throughout Australian communities is critical.

The possible impacts of climate change are identified through an analysis of available climate models
and projections of how the climate will respond to changes of GHG concentrations. The models are
based on historical climate data and future trends of GHG concentrations. As future GHG
concentrations are not known, many different models have been developed to provide a range of
possible future climate scenarios.

The key climate hazards identified for this assessment include:
e extreme heat

e  bushfire

e drought

e extreme rainfall and flooding

e extreme storms.

221 Historical climate

Historical climate data was used to provide context to the potential severity of the climate change
projections for 2030 and 2090 under the RCP8.5 worst-case scenario. The data was obtained from the
BoM from the Katoomba Weather Station® (Station Number: 063039) to best represent historical
climate characteristics of the project.

Figure 2-2 shows the average maximum temperature (top), the average minimum temperature (middle)
and the average rainfall (bottom) for the region. Temperature conditions dropped as low as 2°C as
shown in the average minimum temperature. High rainfall occurred across summer and autumn and
dropped below 100mm during winter and spring. Table 2-4 presents the historical data with the CMIP5
RP8.5 climate projections side-by-side for context.

3 Historical climate data obtained from the Bureau of Meteorology:
http://www.bom.gov.au/jsp/ncc/cdio/cvg/av?p _stn_ num=063039&p prim_element_index=0&p comp_element_index=0&redraw=
null&p display type=full_statistics table&normals_years=1981-2010&tablesizebutt=normal

24
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Figure 2-2 Historical weather data from 1991 to 2020 obtained from the Katoomba Weather Station 063039

Table 2-3 Summary of climate change projections

Historical data

Climate variable 1991 2020 RCP8.5 2030 RCP8.5 2090
Mean (yearly) 1309.2 1298 1267
Wettest day 226 235 261
Increase in severe rainfall event intensity - 3.9 15.3
(%)

Hottest day (°C) 39.8 41.2 43.9
Coldest night (°C) -3.6 -2.8 -0.2
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Historical data

Climate variable 1991 2020 RCP8.5 2030 RCP8.5 2090
Days/y = 30°C 11.9 15.5 37.3
Days/y = 35°C 1.1 1.5 7.2
Days/y = 40°C 0.0 0.0 0.4
Daysly < 2°C 35.8 31.2 5.0
Daysly < 0°C 10.9 7.3 0.4

2.2.2

Climate projections

Climate projections for temperature, rainfall, relative humidity, solar radiation, and wind speed are
presented from Figure 2-3 to Figure 2-8. The projections represent the anticipated or predicted changes
for each variable under the four RCP scenarios starting from 2005 to 2090 for the East Coast South
sub-cluster. A summary of the climate change projections is presented in Table 2-4.

Table 2-4 Summary of the climate change projections for the East Coast South sub-cluster

Hazard

Extreme heat

Climate change projections

average temperature will continue to
increase in all seasons with very
high confidence. The annual
averaged warming across all
emission scenarios is projected to
be around 0.5 to 1.3°C above the
climate of 1986 to 2005 in the near
future, and 2.9 to 4.6°C in the late
century (2090) under the worse-
case scenario RCP8.5

more hotter days, warm spells, and
fewer frosts are forecast with very
high confidence, with some areas
forecasted with 2-3 times the
average number of hot days above
350C.

Potential impact

health and safety concerns for road
users and workers through the
tunnel

melting asphalt and road surface
damage.

Bushfires

harsher fire weather is forecast with
high confidence (magnitude of
change is uncertain at this stage).

physical danger to workers and road
users

smoke reducing visibility for road
users and reducing air quality
destruction of physical infrastructure
(e.g. electrical equipment, signage,
barriers)

fallen trees and debris blocking and
impacting traffic.
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Hazard

Rainfall and
storms

Climate change projections

increase intensity of extreme rainfall
events is forecast with high
confidence

decrease in winter rainfall projected
with medium confidence (other
changes are possible but unclear).

Potential impact

flooding resulting in road closures
and impacting traffic

reduced visibility of hazards on the
road

safety impacts on road users due to
slipping

scour of embankments and cuttings
resulting in landslips causing
damage to infrastructure

damage and disruption to electrical
equipment, signage and barriers.
reduced visibility leading to safety
incidents

fallen trees and debris blocking and
impacting traffic

Drought

time spent in drought is projected to
increase with medium confidence
over the course of the next century.

reduction in the availability of water
for landscaping and increased
cracking of soils

Decreased water availability during
construction.

Sea level rise

main sea level will continue to rise,
and height of extreme sea-level
events will also increase with very
high confidence.

unlikely to impact project site due to
distance from the coast.
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Figure 2-9 Projected change in windspeed to 2090 under
different RCP scenarios

2.3 Risk assessment
2.31 Risks (pre-mitigation/adaptation)

A total of 54 physical risks were identified in the risk workshop, four of which relate to the construction
phase (including maintenance during operations) and 50 of which relate to the operational phase of the
project. These were classified according to the risk likelihood and consequence in accordance with the
AS 5334:2013 (see Annexure A for consequence and likelihood criteria). Table 2-5 is the summary of
the total number of risks by risk rating for 2030 and 2090. Detailed results of the climate change risk
assessment are provided in Annexure B. Classification of risks are sensitive to the project design
strategies and would be continually reviewed at each phase of the project.

Table 2-5 The total number of risks classified by risk rating for 2030 and 2090.

Construction risks, pre- Operational risks, pre-
mitigation/adaptation

mitigation/adaptation

Risk rating

2030 2090 2030 2090
Low 2 1 16 3
Medium 1 1 31 28
High 1 1 3 19

2.3.2 Assessment of construction impacts

Climate change projections for the near future (2030) are considered relevant to the project’s proposed
construction timeframes, planned for the period between 2024 and 2031.

A total of four risks were identified for the construction period, one of which was a high risk, one of
which was a medium risk, with remaining risks rated as low for 2030. Table 2-6 outlines the risks
identified as extreme, high and medium, prior to the implementation of mitigation measures. Mitigation
measures are discussed further in Section 5.0, and a residual risk assessment is provided in Section
24.

4 The 2090 risk rating for construction risks also applies to the maintenance workers during the operational phase of the project.
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Table 2-6 Construction risks

Risk # ﬁ:::;e Risk impact statement 2030 rating ‘ 2090 rating®
Increased temperatures lead to
increased surface temperature of
2 Temperature elements such as handrails and health Low
and safety risk to construction and
maintenance workers and passengers
Increased extreme heat days leads to
1 Temperature an increased risk of heat stress for High
construction and maintenance workers
Increased storm intensity leading to
safety risk to construction and Medium High
maintenance workers

Increased frequency and intensity of
bushfires impacting access to the
project site leading to construction and
maintenance delays

Low

Increased

£ storm intensity

46 Bushfire Risk Low Medium

2.3.21 Cumulative construction impacts

The nature of the project, primarily comprising underground tunnel infrastructure, is likely to offer
protection from a number of climate impacts (e.g., solar radiation, rainfall, storm events, urban heat
island), however, the construction of surface infrastructure, including interchanges, surface road
upgrades and project buildings, and the project’s construction footprints are likely to be susceptible to
such impacts.

The vulnerability of project infrastructure would be specific to the location of each surface element. As a
result, the cumulative climate change risks are considered to occur at locations where project
construction would overlap with construction of other major infrastructure projects. Cumulative climate
change risks would be associated with an increase in extreme climate events and delays to respective
construction programs, resulting in a cumulative increase in the duration of construction periods.
Climate change risk assessments undertaken for each project would address risks specific to each
project respectively.

233 Assessment of operational impacts

The climate change risk assessment identified a total of 50 direct and indirect risks during the
operations period of the project. Of these risks, three high and 31 medium risks were identified for 2030
and 17 were rated as medium and 17 rated as high for 2090, as summarised in Table 2-7. Operational
risks assessed as high for this project are related to both drought and bushfire hazards. These risks are
assessed prior to consideration of adaptation measures, which are detailed in Section 5.0. A residual
risk assessment is presented in Section 2.4.

Table 2-7 Operational risks

Climate
hazard

Risk impact statement 2030 rating 2090 rating

Increased heat causing accelerated degradation
1 Temperature of materials leading to increased maintenance Medium Medium
and replacement

Increased exposure to higher temperatures
affects the resilience of soil and vegetation and
results in a loss of biodiversity and impacts to
project landscaping

3 Temperature Medium High

High temperatures lead to an preference for
private vehicles compared to other transport
4 Temperature modes which will increase traffic through the Medium Medium
tunnel and increase emissions within the tunnel
and put excess load on the ventilation system,

® The 2090 risk rating for construction risks also applies to the maintenance workers during the operational phase of the project.
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Climate
hazard

Risk impact statement 2030 rating 2090 rating

leading to increased maintenance and possible
failure

High temperatures lead to an preference for
private vehicles compared to other transport

5 Temperature modes which will increase traffic through the Medium High
tunnel increasing wear of road surface leading to
increased maintenance (e.g., resurfacing)
Increased temperatures lead to power supply

6 Temperature disruptions leading to interruption to transport Medium Medium
services, traffic congestion or outages
Increase temperatures leads to more cooling
7 Temperature days and an increase in energy consumption Low Medium
and carbon emissions

Extreme heat days lead to potential failure of
mechanical and electrical systems

Increased temperatures lead to increased
expansion and slacking between transmission
9 Temperature lines decreases clearance from ground leading Low Medium
to increased health and safety incidents for
workers and motorists

Increased temperatures lead to increased
evaporation from hydrology systems impacting
10 Temperature capacity of downstream swamps to act as Medium Medium
retention basins for runoff from the project
leading to biodiversity and reputational impacts
Increased temperatures lead to increased

12 Temperature deterioration of road surfaces and increased Medium Medium
safety risk for motorists

Increased frequency and severity of drought
conditions leads to increased water scarcity
13 Drought impacting fire prevention systems and increased High High
damage to infrastructure within the tunnel and a
health risk for workers and motorists

Increased frequency and severity of drought
conditions leads to increased dust build up in
mechanical ventilation systems requiring
additional maintenance

Increased frequency and severity of drought
conditions leads to increased dust storms

15 Drought creating visibility issues within the tunnel for Medium Medium
motorists and increased health and safety
impacts

Increased frequency and severity of drought
16 Drought conditions leads to increased water scarcity Low Medium
impacting water services in the project
Increased frequency and severity of drought
17 Drought conditions leads to increased risk of erosion and Low Medium
landslips from vegetation loss

Increased frequency and severity of drought

8 Temperature Medium High

14 Drought Medium Medium

18 Drought conditions leads to impacts on project Medium High
landscaping
Increased frequency and severity of extreme
Extreme rainfall events leads to water quality impacts to
19 rainfall and downstream receivers (groundwater dependent Medium Medium
flooding ecosystems, drinking water catchments etc.)
leading to biodiversity and reputational impacts
Extreme Increased frequency and severity of extreme
20 rainfall and rainfall events leads to flooding of the Medium High
flooding carriageway leading to unsafe driving conditions
Extreme

Increased frequency and severity of extreme

el izl e rainfall events leads to overloading of upstream

flooding

Medium High
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E:g?;e Risk impact statement 2030 rating 2090 rating
detention basins and flooding impacts to the
project site
Extreme Increased frequency and severity of extreme
- rainfall events leads to drainage issue over .
22 rainfall and . Low Medium
flooding green roof covered ancillary structures and
damage to property
Increased frequency and severity of extreme
Extreme rainfall events leads to corrosion of steel
23 rainfall and structures and decreased durability of other Medium High
flooding structural materials requiring additional
maintenance or replacement
Increased frequency and severity of extreme
Extreme rainfall events impacting traveller choices,
. reducing active transport such as walking and .
24 rainfall and . . : X Low Medium
flooding cycll_ng and increasing traffic through the tunnel
leading to congestion and reduced safety of
motorists
Extreme Increased frequency and severity of extreme
. rainfall events leads to increased risk of . .
25 rainfall and . o Medium Medium
flooding landslides to new and existing embankments
and damage to structures
Extreme Increased frequency and severity of extreme
. rainfall events leads to overloading capacity of .
26 rainfall and : : : Low Medium
flooding downstream retent_lon basins leading to
downstream flood impacts
Extreme Increased frequency and severity of extreme
. rainfall events leads to increased operational .
27 rainfall and . ; Low High
flooding malqtenance costs from water pumping and
repairs
Extreme Increased frequency and severity of extreme
- rainfall events leads to flooding of surrounding . .
28 rainfall and . i Medium High
flooding access roads Iea_dlng to re_duced traffic and
impacting operational profits
Increased Increased storm intensity leading to damage to . .
2 storm intensity @ structures e e
Increased Increased storm frequency and intensity leading . .
& storm intensity | to increased risk of lightning strike to pedestrians el el
Increased storm frequency and intensity leading
31 Increased to increased risk of lighting strike to Low Medium
storm intensity | infrastructure and increasing repair and
maintenance costs
Increased Increased storm intensity leading to damage to
32 storm intensit power supply infrastructure and service Medium Medium
y disruptions
Increased Increased intensity of extreme winds causing
33 storm intensit falling trees and debris leading to direct safety Medium High
y impacts for motorists
Increased frequency and severity of storm
Increased events leads to overloading capacity of
& storm intensity = downstream retention basins leading to LE e
downstream flood impacts
Increased Increased storm intensity leading to safety risk to
35 storm intensit travellers transitioning from outside to inside of Medium Medium
Y| tunnel and vice versa
Increased Increased storm intensity leading to resulting in
36 storm intensit delays in construction and maintenance and Low Medium
y reputational impacts
Increased Increased intensity of extreme winds causing
37 storm intensit falling trees and debris leading to direct safety Low High
y impacts for motorists
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Ellmate Risk impact statement 2030 rating 2090 rating
azard
Increased intensity of extreme winds causing
38 Increa§ed ; falling trees and dgbris on road_or on essential Medium Medium
storm intensity | infrastructure leading to safety impacts for
motorists
Increased Increased storm intensity leading to reduced
39 X . driving visibility causing road accidents and Medium High
storm intensity traffi !
raffic congestion
Increased Increased storm intensity leading to increased
40 X . hail speed and size causing impact on vehicles Medium Medium
storm intensity . .
at tunnel exits and entries
I d Increased storm intensity diverting tunnel
41 ncrease . ventilation flow causing an increase in emission Low Low
storm intensity .
concentration
Increased frequency and intensity of bushfires
42 Bushfire leading to road closures, congestion and safety Medium High
impacts to motorists
Increased frequency and intensity of bushfires
- leading to entry and exit of the tunnel becoming . .
= e blocked and travellers becoming trapped inside High High
the tunnel
Increased frequency and intensity of bushfires
44 Bushfire leading to a loss of biodiversity and impacts to Medium High
project landscaping
Increased frequency and intensity of bushfires
45 Bushfire Risk leading to smoke inhalation risk for workers, Low Medium
travellers and fauna
Increased frequency and intensity of bushfires
47 Bushfire Risk leading to increased smoke anq rv_educed Low Low
performance of the tunnel ventilation system
requiring increased maintenance
Increased frequency and intensity of bushfires
. leading to damage to infrastructure (e.g. noise . .
& il walls, pavement) resulting in increased il High
maintenance and decrease in operational safety
Increased frequency and intensity of bushfires
49 Bushfire leading to damage to power infrastructure Medium Medium
impacting tunnel operations
Increased frequency and intensity of bushfires
50 Bushfire leading to increased strike risk for displaced Medium Medium
fauna
Increased frequency and intensity of bushfires
51 Bushfire leading to smoke pollution impacting road Medium High
visibility and increasing safety risk to motorists
52 Increased Increased solar radiation leading to increased Medium High
solar radiation | strike risk for fauna seeking shade
Increased Increased solar radiation leading to deterioration
53 . of tunnel surfaces and requiring additional Low Medium
solar radiation ;
maintenance
54 Increased Increased solar radiation leading to increased Medium High
solar radiation | harmful UV effects to operations personnel
2.3.31 Cumulative operational impacts

Cumulative impacts associated with climate change risk would primarily occur as a result of
interdependencies between the project and the upstream and downstream environment. These impacts
may occur where the introduction of the project increases climate change risks for receiving
environments. Examples of interdependencies for the project, which may be susceptible to climate
change risks, include:

e increased overland flow and changes to drainage lines associated with the project resulting in

increased risk of localised flooding and/or increased flows to receiving environments
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e the project would contribute to a cumulative increase in impervious surfaces, however given that
the majority of project infrastructure would be below the surface in tunnels, this increase is not
anticipated to result in significant cumulative impacts

e project infrastructure at surface locations would interact with existing drainage systems. The design
for project drainage infrastructure has been undertaken to account for the capacity of these
existing drainage systems, such that project drainage infrastructure has been designed to meet or
improve current drainage flows

e project infrastructure acting as an evacuation route during extreme events, with implications for
emergency management and response.

Adaptation measures identified in Section 5.0 will improve the project’s resilience to climate change and
reduce potential interdependencies and cumulative climate change risks. The implementation of
adaptation measures to address climate change risks provides opportunities to improve the resilience of
infrastructure within the region.

2.4 Residual risk assessment

In line with volume1.2 of the ISC IS Rating Scheme Cli-2 criteria, adaptation measures for all high and
extreme risks and a percentage of medium priority risks have been identified (Annexure C). Specifically,
to comply with Cli-2 level 2 requirements between 25 — 50 per cent of medium risks must be treated. To
comply with Cli-2 level 3 requirements at least 50 per cent of medium priority risks must be treated and
the optimal scale and timing be addressed.

A residual risk assessment was undertaken to consider climate change risks to the project post-
mitigation, following the implementation of adaptation measures identified in Section 5.0. Adaptation
measures identified as part of this climate change risk assessment would increase the project’s
resilience to climate change, thereby reducing the consequence of potential impacts and lowering
residual risks. The residual risk ratings are provided in Table 2-8.

Of the one high risk and one medium risk identified for project construction, proposed adaptation
measures have resulted in a residual risk rating of two medium risks.

For project operation, proposed adaptation measures have resulted in all high risks lowered to a
residual risk rating of medium or low.
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Table 2-8 Residual risk ratings after proposed mitigation and controls have been implemented for construction and operational phase risks

2030 Rating
(before

Risk #

Element

Temperature

Risk impact statement

Increased heat causing accelerated degradation of materials
leading to increased maintenance and replacement

mitigation and

controls)

Medium

2030 Residual
risk rating

(after mitigation

and controls)

Low

2090 Rating
(before
mitigation and
controls)

Medium

2090 Residual
risk rating

(after mitigation
and controls)

Low

Temperature

Increased exposure to higher temperatures affects the resilience of
soil and vegetation and results in a loss of biodiversity and impacts
to project landscaping

Medium

Low

High

Medium

Temperature

High temperatures lead to an preference for private vehicles
compared to other transport modes which will increase traffic
through the tunnel and increase emissions within the tunnel and put
excess load on the ventilation system, leading to increased
maintenance and possible failure

Medium

Low

Medium

Medium

Temperature

High temperatures lead to an preference for private vehicles

compared to other transport modes which will increase traffic
through the tunnel increasing wear of road surface leading to
increased maintenance (e.g., resurfacing)

Medium

Medium

High

Medium

Temperature

Increased temperatures lead to power supply disruptions leading to
interruption to transport services, traffic congestion or outages

Medium

Medium

Medium

Medium

Temperature

Extreme heat days lead to potential failure of mechanical and
electrical systems

Medium

Medium

High

Medium

10

Temperature

Increased temperatures lead to increased evaporation from
hydrology systems impacting capacity of downstream swamps to act
as retention basins for runoff from the project leading to biodiversity
and reputational impacts

Medium

Low

Medium

1

Temperature

Increased extreme heat days leads to an increased risk of heat
stress for workers

High

Medium

12

Temperature

Increased frequency and severity of drought conditions leads to
increased water scarcity impacting fire prevention systems and
increased damage to infrastructure within the tunnel and a health
risk for workers and motorists

Medium

Medium

Medium

Low

Medium

Medium

13

Drought

Increased frequency and severity of drought conditions leads to
increased dust build up in mechanical ventilation systems requiring
additional maintenance

High

Low

High

Medium

14

Drought

Increased frequency and severity of drought conditions leads to
increased dust storms creating visibility issues within the tunnel for
motorists and increased health and safety impacts

Medium

Low

Medium

Low

15

Drought

Increased frequency and severity of drought conditions leads to
impacts on project landscaping

Medium

Low

Medium

Medium
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2030 Rating 2030 Residual 2090 Rating 2090 Residual
.. (before risk rating (before risk rating
Element Risk impact statement mitigation and (after mitigation mitigation and (after mitigation
controls) and controls) controls) and controls)
Increased frequency and severity of extreme rainfall events leads to
18 Drought water quality impacts to do_wn_stream receivers (groundwater_ Medium Low High Medium
dependent ecosystems, drinking water catchments etc.) leading to
biodiversity and reputational impacts
Extreme Increased fre d severity of ext infall events leads t
19 rainfall and . quency and severily of extreme raintali events leads to Medium Low Medium Medium
flooding flooding of the carriageway leading to unsafe driving conditions
Extreme Increased frequency and severity of extreme rainfall events leads to
20 rainfall and overloading of upstream detention basins and flooding impacts to Medium Low High Medium
flooding the project site
Extreme Increased frequency and severity of extreme rainfall events leads to
21 rainfall and corrosion of steel structures and decreased durability of other Medium Low High Medium
flooding structural materials requiring additional maintenance or replacement
Extreme Increased frequency and severity of extreme rainfall events leads to
23 rainfall and increased risk of landslides to new and existing embankments and Medium Low High Medium
flooding damage to structures
Extreme Increased frequency and severity of extreme rainfall events leads to
25 rainfall and flooding of surrounding access roads leading to reduced traffic and Medium Medium Medium Medium
flooding impacting operational profits
Extreme
28 rainfall and Increased storm intensity leading to damage to structures Medium Low High Medium
flooding
29 Isr:g:::zsed Ipcregsed s_torm frequenqy and intensity leading to increased risk of Medium Low Medium Medium
. . lightning strike to pedestrians
intensity
emases Increased storm intensity leading to damage to power supply
30 storm . . ; . Medium Low Medium Low
N . infrastructure and service disruptions
intensity
32 Isr:g:t:sed Incrgased iqtensity of e_xtreme winds cau;ing falling trees and debris Medium Low Medium Low
N . leading to direct safety impacts for motorists
intensity
33 Isr:g::::sed Increg;eq storm intensjty Iegdiqg to safety risk to t_ravellers Medium Medium High Medium
intensity transitioning from outside to inside of tunnel and vice versa
Increased Increased intensity of extreme winds causing falling trees and debris
35 storm on road or on essential infrastructure leading to safety impacts for Medium Medium Medium Medium
intensity motorists




AECOM Great Western Highway Blackheath to Little Hartley
Appendix Q — Technical Report — Climate change and sustainability

2030 Rating
(before

2030 Residual
risk rating
(after mitigation
and controls)

2090 Rating
(before
mitigation and
controls)

2090 Residual
risk rating
(after mitigation
and controls)

Element Risk impact statement

mitigation and
controls)

ez Increased storm intensity leading to reduced driving visibility causing
38 storm . X . Medium Medium Medium Medium
; . road accidents and traffic congestion
intensity
Increased . . . . . .
39 storm Incre_ase_d storm |ntens_|ty leading to |ncreased hail _speed and size Medium Medium High Medium
: . causing impact on vehicles at tunnel exits and entries
intensity
Increased . . ) .
40 storm Increased frequer]cy and |nten5|t_y of bushfires Iez_adlng to road Medium Low Medium Medium
intensity closures, congestion and safety impacts to motorists
Bushfire Increased frequency and intensity of bushfires leading to entry and
42 Risk exit of the tunnel becoming blocked and travellers becoming trapped Medium Medium High Medium
inside the tunnel
Bushfire Increased frequency and intensity of bushfires leading to a loss of . . . .
= Risk biodiversity and impacts to project landscaping High LB il LBl
Bushfire Increased frequency and intensity of bushfires leading to damage to
44 Risk infrastructure (e.g. noise walls, pavement) resulting in increased Medium Medium High Medium
maintenance and decrease in operational safety
48 B_ushflre Increas_ed frequency_and |nFenS|ty of bushflr(_es leading to damage to High Low High Medium
Risk power infrastructure impacting tunnel operations
Bushfire Increased frequency and intensity of bushfires leading to increased . . .
= Risk strike risk for displaced fauna LA B0 Lo A5 T et
Bushfire Increased frequency and intensity of bushfires leading to smoke
50 Risk pollution impacting road visibility and increasing safety risk to Medium Medium Medium Medium
motorists
51 B.ushflre Incre.ased solar radiation leading to increased strike risk for fauna Medium Medium High Medium
Risk seeking shade
Increased e . .
52 solar Increa§ed solar radiation leading to increased harmful UV effects to Medium Medium High Medium
o operations personnel
radiation
Increased frequency and severity of drought conditions leads to
Increased . Lo e .
increased water scarcity impacting fire prevention systems and - o -
54 solar . . e Medium Low High Medium
I increased damage to infrastructure within the tunnel and a health
radiation . :
risk for workers and motorists
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3.0 Sustainability

3.1 Relevant guidelines and policies

An assessment of the sustainability policy framework relevant to the project, including NSW Government
targets and strategies to improve efficiency in the use of water, energy and transport, included the
following documents:

e  GWHUP - Blackheath to Little Hartley Sustainability Strategy (Transport 2022a)
e  Transport Environment and Sustainability Policy (Transport 2020a)

e Transport Sustainability Plan 2021 (Transport 2021a)

e  Future Transport Strategy: Our vision for transport in NSW (Transport 2022b)

e A Metropolis of Three Cities — the Greater Sydney Region Plan (Greater Sydney Commission
2018)

e  NSW Sustainable Design Guidelines Version 4.0 (Transport 2017)

e  NSW Climate Change Policy Framework (NSW Office of Environment and Heritage (OEH)
November 2016)

e  NSW Government Resource Efficiency Policy (OEH 2019)

e  NSW Waste Avoidance and Resource Recovery Strategy 2014-21 (NSW Environment Protection
Authority (NSW EPA) 2014)

e Net Zero Plan Stage 1: 2020-2030 (Department of Planning, Industry and Environment, 2020)
e NSW Climate Change Policy Framework (Office of Environment and Heritage 2016)

o  NSW Waste and Sustainable Materials Strategy 2041 (Department of Planning, Industry and
Environment 2021)

e  Beyond the Pavement (Transport 2020c).

Together, these documents provide the sustainability principles that inform the design of the project. In
addition, Transport has set out specific requirements for sustainability under the GWHUP — Blackheath
to Little Hartley Sustainability Strategy (Transport 2022a) (Table 3-1).

Table 3-1 Sustainability focus areas (taken from GWHUP — Blackheath to Little Hartley Sustainability Strategy (Transport
2022a))

GWHUP Blackheath to Little Hartley
sustainability focus areas

Transport sustainability focus areas

Respond to climate change Zero Carbon
e net zero emissions by 2050 e working towards net zero carbon emissions
e consider climate change risks in all and impact.

decisions. Resilience

e resilient and adaptive to natural hazards and
the impact of a changing climate.

Protect and enhance biodiversity Biodiversity
e no netloss of biodiversity. e working with the landscape rather than

against it and finding opportunities for green
infrastructure solutions.

Improve environmental outcomes Circular Economy

e develop a circular economy for Transport by | ¢ A closed-loop system that eliminates waste,
designing waste and pollution out and minimises the use of resource inputs and
keeping products and materials in use minimises the creation of waste, pollution

e reduce environmental impacts of projects and carbon emissions.

and operation.
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Transport sustainability focus areas

GWHUP Blackheath to Little Hartley

Procure responsibly

o all suppliers meet the standards in the
Transport

e supplier Sustainability Charter

e social and environmental outcomes included
in all procurement decisions

e go beyond minimal compliance targets and
Aboriginal Procurement Policy.

sustainability focus areas

Partner with Communities

e always leave a positive legacy for
communities as a result of projects

e enable, apply and report on community
engagement

Community Buy-in
e  culture, communities and people are at the
heart of design and decisions.

Respect culture and heritage

e  aboriginal culture is integrated and
preserved

e acknowledge and incorporate through
stories, examples and best practice.

Align spend and impact

e all decisions consider value created from
sustainability alongside financial analysis

e reduce whole of life costs for the transport
network.

Third Party Assurance and Transparency

e  being transparent about actions and
progress.

Whole of Life Approach

e considers all aspects of the use, operation,
maintenance and disposal of the asset from
concept development, design and
construction, through to infrastructure
redundancy and demolition.

Empower customers to make sustainable

choices

e use customer journeys to inform, engage
and inspire more sustainable practices and
demonstrate Transport’s progress.

3.2

Infrastructure Sustainability Rating

Sustainability of the project will be assessed in accordance with the Infrastructure Sustainability Council
Rating Tool to determine and set an appropriate target rating for the project, in accordance with the

SEARs.

In August 2021, ISC released Version 2.1 of the ISC Rating Tool. This update provides a number of
improved and additional categories and credits to further enhance the sustainability performance of
major infrastructure projects. The scheduled retirement of version 1.2 of the ISC Rating Tool is at the
end of 2023. Transport is updating its internal procedures to enable a gradual and successful transition
of future projects to version 2.1. Although ISC version 1.2 is being applied to this project, Transport is
managing this transition by continuing to investigate and implement ISC version 2.1 credits where

possible to enhance sustainable project outcomes.

The IS rating scheme was developed and is administered by ISC. The IS rating scheme is a
comprehensive rating system for evaluating sustainability across the design, construction and operation
of infrastructure, as shown in Figure 3-1. For Version 1.2 the three types of ratings as part of the IS

rating scheme are Design, As Built and Operation.

The project is seeking a minimum IS ‘Design’ and ‘As-Built’ rating of ‘Excellent’. This is outlined in the
Great Western Highway — Central: Preliminary Infrastructure Sustainability Management Plan (AECOM
& Aurecon 2022) (ISMP). The ISMP also provides a timeline for achieving the ‘Excellent’ rating and a
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preliminary assessment to determine the targets and strategies to be implemented to improve
sustainability across a range of areas including water and energy use.

The infrastructure lifecycle

Generalised c .
Stages Project Planning
Initiation == Development == Procurement == Design == Construction == Operation
Design Operation
Guideline(s) Ratin Ratin
ISC Services ( >< = ) Hg
As Built Rating
Figure 3-1 IS rating scheme
3.3 Sustainability initiatives

Sustainability workshops and meetings were held with planning and design teams during EIS
development to assess and progress initiatives for achieving the target IS ‘Design’ and ‘As-Built’ rating
criteria. Opportunities for future detailed design development suggested in these workshops were also
taken into account.

Sustainability initiatives were identified under the following headings:

energy use: initiatives for achieving efficiencies in energy use through design of tunnel ventilation,
construction programming, construction utilities provision, transport options, offsets and renewable
energy generation

water use: initiatives for achieving efficiencies in water use through design of stormwater drainage
and utilities, and for reducing potable water use by exploring opportunities to use non-potable
water sources instead

materials: initiatives for achieving efficiencies in material lifecycle impacts through the selection of
sustainable materials, sourcing in close proximity to the site to minimise transport, and innovating
with recycled materials

waste: including waste minimisation to realise a range of efficiencies (e.g. reduction in transport
requirements), the development of a deconstruction plan to ensure all temporary infrastructure is
able to be dismantled for reuse post construction, as well as the management and reuse of spoil
during construction

urban design: including provision of connectivity with local bushwalking trails

environment: including initiatives to minimise the construction footprint, where possible, and
protect ecologically sensitive areas including hollow-bearing trees

ecology: consideration for landscaping to support native species, minimise groundwater
drawdown and minimise habitat impacts

climate change: including initiatives to improve the resilience of the project to future extreme
climate events

heritage: including initiatives for the preservation and enhancement of heritage values
health: consideration of air and noise quality improvement initiatives

land use: initiatives that conserve topsoil and subsoil and minimise impacts to previously
undisturbed land
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o stakeholder engagement: consideration of engagement methods that are tailored for each
stakeholder group, particularly vulnerable stakeholders

e innovation: initiatives that encourage or rely on solar power such as battery storage to power
infrastructure, optimised tunnel design to utilise space efficiently, and consider alternative materials
including recycled materials in the structural design.

A number of initiatives were documented for planning and design consideration to embed specific
sustainability commitments and targets for implementation by the construction contractor. The
construction contractor would be responsible for ensuring that enough credits are achieved to meet the
IS 'Excellent' rating.
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4.0 Greenhouse gas assessment

4.1 Assessment methodology

This section provides a detailed description of the GHG assessment methodology, including the
emissions factors used for all emission sources, and detailed calculation methods used to estimate the
GHG emissions from fuel combustion, electricity consumption, vegetation removed, materials use and
fugitive emissions during the construction and operational phases. Two ventilation scenarios were
assessed: (1) emissions from ventilation outlet (ventilation outlet option); and (2) emissions from portals
(portal emissions option).

411 Relevant guidelines and policies

The following summarises relevant GHG related legislation, policy and guidelines applicable to the
assessment of the project:

. International:

- Paris Agreement: Driver for setting Commonwealth and State GHG legislation, policy, and
targets (United Nations Framework Convention on Climate Change, 2015)

- GHG Protocol: A Corporate Accounting and Reporting Standard (World Business Council for
Sustainable Development and the World Resources Institute, 2015)

- AS/ISO 14064.1:2006 GHG Part 1: Specification with guidance at the organisational level for
quantification and reporting of GHG emissions and removals (International Organization for
Standardization, 2006).

- AS/ISO 14040:2019 Environmental management — Life cycle assessment — Principles and
framework (International Organization for Standardization, 2019).

- AS/ISO 14044:2019 Environmental management — Life cycle assessment — Requirements
and guidelines (International Organization for Standardization, 2019).

e  Commonwealth:
- National Greenhouse and Energy Reporting Act 2007 (NGER Act)
- National Greenhouse and Energy Reporting (Measurement) Determination 2008

- The current Australian National Greenhouse Accounts: National Greenhouse Accounts
Factors (NGA Factors) (Department of Industry, Science, Energy and Resources, 2021).

. State:

- NSW Climate Change Policy Framework (State of NSW and Office of Environment and
Heritage, 2016)

- Transport Environment and Sustainability Policy (Transport, 2020).

- NSW Net Zero Plan Stage 1: 2020-2030 (State of NSW and NSW Department of Planning,
Industry and Environment)

- Transport Carbon Estimate and Reporting Tool (CERT). Data sources used by the Transport
CERT include:

=  AuslLCl: National Life Cycle Inventory database set up by the Australian Life Cycle
Assessment Society (Australian Life Cycle Assessment Society, 2011)

=  NGA 2016: Australian National Greenhouse Accounts published by the Australian
Government Department of Industry, Science, Energy and Resources (Department of
Industry, Science, Energy and Resources, 2016)

=  TAGG 2013: Transport Authorities Greenhouse Group Australia and New Zealand
(TAGG), GHG Assessment Workbook for Road Projects (TAGG, 2013)
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= EPDs: Environmental Product Declarations, published within the Australasian EPD
Programme (2018).

Consideration of the project against current guidelines, targets and strategies to improve Government
efficiency in transport is provided in Chapter 2 (Strategic context and project need) of the EIS.

4.1.2

Methodology

The CERT has been used to estimate GHG emissions associated with the project, as described in
Chapter 5 (Project description) and Chapter 6 (Construction) of the EIS. The CERT is developed by
Transport and assists with the measurement and report of GHG emissions. GHG emission sources are
categorised into the following three ‘scopes’:

Scope 1 — direct emissions: GHG emissions generated by sources owned or controlled by the
project, for example emissions generated by the combustion of diesel fuel in project-owned
construction plant, equipment, or vehicles

Scope 2 — indirect emissions: GHG emissions from the consumption of purchased electricity in
owned or controlled equipment or operations for the project. These GHG emissions are generated
outside the construction and operational footprint of the project, for example the use of electricity
purchased from the grid

Scope 3 — indirect upstream/downstream emissions: GHG emissions generated in the wider
economy due to third party supply chains as a consequence of activity within the boundary of the
project, for example GHG emissions associated with the mining and production of materials used
in construction (referred to as the embodied emissions of a material) and transport of materials to
site.

A summary of the emissions sources included in the assessment is provided in Figure 4-1.
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Construction

Fuel use
Diesel consumption for site
vehicles
Diesel consumption for
stationary plant and
equipment
Diesel consumption for
mobile plant and equipment

Land Clearing
Lost carbon sequestration
potential from vegetation

clearing

Fugitive Emissions
Coal seam gas leakage as
a result of tunnelling

Electricity

Grid-supplied electricity use

Fuel use

Production and distribution
of diesel consumed

Electricity
Transmission and
distribution losses from grid-
supplied electricity use

Materials
Embodied emissions from
construction materials
(concrete, steel, efc.)
Transport of materials from
supplier to site

Operations and Maintenance

Fueluse
Diesel consumption for
operations vehicles
Diesel consumption for
stationary and mabile
maintenance plant and
equipment

Electricity

Grid-supplied electricity use

Fuel use
Production and distribution
of diesel consumed
Net change in vehicle
tailpipe emissions from road
users as a result of the
project

Electricity
Transmission and
distribution losses from grid-
supplied electricity use

Materials
Embodied emissions from
maintenance materials
(concrete, steel, etc.)

Figure 4-1 Summary of emission sources included in the GHG assessment

Once the emissions were quantified using the CERT, emissions were classified in accordance with the
relevant reporting guidelines outlined in Section 4.1.1.

CERT provides generic calculations to convert quantities of materials, fuel use, vegetation removal, etc.
into mass of GHG emissions produced. While the CERT sources emissions factors from the NGA 2016,
the only relevant emissions factors that change significantly year-to-year are emissions from the
electricity grid. For emissions from electricity use, an adjustment factor was applied to account for this
change such that the GHG emissions reflect the most recent (2021) emissions factor for NSW grid
electricity.
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To calculate the potential GHG emissions associated with the project, the following steps were used:

1. define the assessment boundary and identify potential sources of GHG emissions associated with
the project

2. determine the quantity of each emission source (fuel and electricity consumed, vegetation cleared,
construction materials used, etc.)

3. quantify the potential GHG emissions associated with each GHG source, using equations and
emission factors specified in the CERT

4. present the potential GHG emissions associated with the project.

GHG emissions are reported in this assessment as tonnes of carbon dioxide equivalent (t CO2e).

4.2 Existing environment
4.21 Current GHG activities

Transport in NSW accounts for 20 per cent of total emissions (25.9 million tonnes of carbon
dioxide equivalent (Mt CO:e) per year) (NSW Government, 2022), making it the state’s second largest
source of GHG emissions. Road transport is responsible for approximately 89 per cent of NSW
transport emissions (23 Mt CO2z¢e) (NSW Government, 2022). GHG emissions in NSW across all sectors
contributed to 132.408 Mt COze in 2020 representing approximately 27 per cent of Australia’s total
emissions (Australian Government Department of Industry, Science, Energy and Resources, 2020).

Activities that will generate GHG emissions during usual operation of the project infrastructure include:
e operational energy e.g., lighting, signalling, ventilation, ancillary building energy
e maintenance materials e.g., protective coatings and paints, asphalt for road maintenance

e maintenance plant and equipment e.g., rollers for resurfacing.

4.3 Assessment of construction impacts

It is estimated that the project would generate approximately 1,407,140 t CO2e during construction. The
breakdown of emissions by scope is shown in Table 4-1 and summarised as:

e 138,900 t CO2e of Scope 1 (direct) GHG emissions
e 525,200 t CO2e of Scope 2 (indirect) GHG emissions
e 743,040 t CO2e of Scope 3 (indirect) GHG emissions.

Key emissions sources during construction of the project are shown in Table 4-1. It was assumed that
any difference in construction GHG emissions between the two ventilation options would be negligible.

Table 4-1 Construction GHG emissions

GHG emissions (t CO2e over construction period)’

Emissions source

Fuel use

Diesel consumption for site vehicles
(incl. segment delivery and spoil 72,210 0 3,700 75,910 5%
haulage)

Diesel consumption for stationary

: 1,140 0 60 1,200 0.1%
plant and equipment
Diesel consumption for mobile plant o
and equipment 49,520 0 2,540 52,060 4%
Electricity
Electricity consumption | 0] 525200 | 47130 | 572,330 ] 41%
Construction materials
Concrete | 0] 0] 377,320 | 377,320 | 27%
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0 O 0 0 0 perioa
Steel 0 0 290,860 290,860 21%
Asphalt 0 0 1,750 1,750 0.1%
Other 0 0 200 200 0%
Transport of materials 0 0 19,480 19,480 1%
Land clearing
Land clearing | 4,740 | 0 | 0 | 4,740 | 0.3%
Fugitive emissions
]Ic:ugltlve emissions (methane gas 11,290 0 0 11,290 0.8%
rom coal seams) during tunnelling
Total 138,900 525,200 743,040 1,407,140 100%

Note 1: Estimates rounded to the nearest 10 t CO2e

As shown in Table 4-1, the majority of GHG emissions produced during construction are associated
with electricity (scope 2), followed by construction materials (particularly concrete and steel) (scope 3),
and fuel use (scope 1). This is mainly due to the large and prolonged electricity requirements of
tunnelling equipment. As noted in Annexure D, conservative assumptions regarding the use of electrical
equipment have been used due to a lack of further detail. As such, emissions from electricity use may
be smaller in practice. The large proportion of emissions from electricity use represents an opportunity
for the project to achieve significant reductions in overall greenhouse gas emissions through the
sourcing of electricity from a renewable source.

For the purposes of the assessment, it was assumed that the concrete to be used would have a
Portland cement-based concrete mix design, with no supplementary cementitious materials. The
emissions associated with concrete use may be reduced by using concrete mix designs with higher
proportions of Portland cement replacement, so long as this does not lead to an increase in steel
emissions.

Diesel combustion from plant, equipment and vehicles also contributes to the estimated GHG emissions
for construction. Reducing GHG emissions from fuel use is an ongoing challenge across the broader
construction industry. Reductions in emissions from fuel use can be made using biodiesel and
bioethanol and more efficient plant and equipment such as hybrid and electric plant, equipment, and
vehicles.

Refer to Section 5.0 for a full list of recommended mitigation measures to reduce GHG emissions
associated with the construction of the project.

In addition to the quantitative GHG assessment outlined above, a qualitative assessment was carried
out to assess the potential GHG impacts associated with the construction of a new water supply
pipeline to supply the construction site at Little Hartley. It is anticipated that the construction of the
pipeline would result in the following impacts to the project's GHG emissions:

e excavation of the pipeline trench and installation of the pipeline, including backfill and rehabilitation,
are anticipated to increase plant and equipment energy requirements and materials use. These
increased requirements would lead to an increase in GHG emissions

e concrete foundation and/or encasements works and thrust blocks are anticipated to increase plant
and equipment energy requirements and materials use. These increased requirements would lead
to an increase in GHG emissions

e connection to Lithgow water supply is anticipated to increase plant and equipment fuel requirements
and materials use. These increased requirements would lead to an increase in GHG emissions.
4.4

Key emissions sources during operations and maintenance of the project under the ventilation outlet
option are shown in Table 4-2.

Assessment of operational impacts
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Table 4-2 Operation and maintenance GHG emissions: ventilation outlet option

Emission source

GHG Emissions (t CO2e over 100 year asset life) '

Operation emissions (electricity consumption and

operations venicles) 8,370 | 3484780 | 313,170 | 3,806,320
Maintenance emissions (maintenance plant,

equipment and materials) 5 040 0 37.560 42 600
Road users (net change in vehicle tailpipe

emissions) 0 0 -298,930 -298,930
Total operations and maintenance emissions 13,410 3,484,780 51,800 3,549,990

Note 1: Estimates rounded to the nearest 10 t CO2e

Key emissions sources during operations and maintenance of the project under the portal emissions

option are shown in Table 4-3.

Table 4-3 Operation and maintenance GHG emissions: portal emissions option

0 O 0 D0
Operation emissions (electricity consumption and
operations vehicles) 8,370 1,396,980 125,800 1,531,150
Maintenance emissions (maintenance plant,
equipment and materials) 5,040 0 37,560 42,600
Road users (net change in vehicle tailpipe
emissions) 0 0 -298,930 -298,930
Total operations and maintenance emissions 13,410 1,396,980 -135,570 1,274,820

Note 1: Estimates rounded to the nearest 10t CO2e

The largest source of operations and maintenance GHG emissions is operational electricity use (scope
2) for both ventilation options. Ventilation equipment is the largest electricity-consuming component
during operation in both options. Options for consideration and further investigation include minimising
emissions from electricity through:

e improving energy efficiency in mechanical/ventilation equipment through the use of variable speed
drives and appropriate sizing of ducts, mechanical and lighting efficiency in the operations
buildings

e sourcing electricity from a renewable source e.g. through GreenPower or a power purchase
agreement

e inline with the study’s assumptions, ensuring building services are electrified (i.e. avoid all gas
water and space heating).

Materials use to replace components with a design life of less than 100 years is the second-largest
source of operations and maintenance GHG emissions (scope 3). These emissions can be reduced by
designing components to be longer lasting, and choosing materials during replacement with lower
embodied carbon, such as concrete with reduced Portland cement content.

A smaller component of GHG emissions is from operations and maintenance plant, equipment, and
vehicles. Opportunities exist to reduce these emissions by decarbonising the operations and
maintenance vehicle fleet.

It is noted that emissions are anticipated to be produced as a result of maintenance activities
throughout the 100-year asset life. Opportunities to lower and eliminate GHG emissions in line with the
NSW Government’s objective to achieve net zero GHG emissions by 2050 should be considered at a
broader organisation level by the asset operator.

It is anticipated that the project would facilitate a reduction in tailpipe emissions from vehicles travelling
along the Great Western Highway between Blackheath and Little Hartley (scope 3) compared to a
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‘without project’ scenario. This is expected to occur (at least in the short-term) due to an easing of
congestion, increased travel speed, and reduced travel time as a result of the project, resulting in lower
emissions per vehicle per kilometre. Note that projected uptake of electric vehicles by motorists were
not included in the assessment, however, it is expected that a gradual uptake of electric vehicles will
result in a corresponding reduction in GHG emissions from road transport over time.

The difference in total, scope 1, 2 and 3 GHG emissions between the two scenarios is estimated to be
2,275,168 t COze. This is driven by the higher electricity requirements from mechanical ventilation
equipment for the ventilation outlet option. As noted in Annexure D, conservative assumptions were
used to estimate the electricity requirements of the ventilation equipment under the ventilation outlet
option.

In addition to the quantitative GHG assessment outlined above, a qualitative assessment was carried
out to assess the potential GHG impacts associated with the operation of a new water supply pipeline. It
is anticipated that the operation of the pipeline would result in negligible impacts to the project's GHG
emissions. Operation of the pipeline may impact emissions in areas outside the assessment boundary,
such as pumping energy requirements by relevant water supply operators.

4.5 Assessment of cumulative impacts

Cumulative impacts have the potential to occur when benefits or impacts from a project overlap or
interact with those of other projects, potentially resulting in a larger overall effect (positive or negative)
on the environment or local communities. Cumulative impacts may occur when projects are constructed
or operated concurrently or consecutively. Once the project is operational, other projects which
interrelate may enhance the project and create positive cumulative benefits.

Four projects were reviewed against the following screening criteria for this cumulative impact
assessment:

e spatially relevant (i.e., the development or activity overlaps with, is adjacent to or within two
kilometres of the project)

e timing (i.e., the expected timing of its construction and/or operation overlaps or occurs consecutively
to construction and/or operation of the project)

e scale (i.e., large-scale major development or infrastructure projects that have the potential to result
in cumulative impacts with the project, as listed on the NSW Government Major Project website and
on the relevant council websites)

o status (i.e., projects in development with sufficient publicly available information to inform this
environmental impact statement and with an adequate level of detail to assess the potential
cumulative impacts).

Projects identified as contributing to potential cumulative impacts have met these criteria and include:
e Katoomba to Blackheath Upgrade (including Medlow Bath Upgrade)
e Little Hartley to Lithgow Upgrade.

Given the regional setting of the project primarily within the Blue Mountains Local Government Area
(LGA) and a small portion within the Lithgow LGA, there are fewer major projects within the locality.

Figure 1-8 shows the interface of the Katoomba to Blackheath Upgrade (including Medlow Bath) and
the Little Hartley to Lithgow Upgrade with the project.

Chapter 24 (Cumulative impacts) details the full cumulative impact assessment methodology adopted
for the project.
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GHG emissions from the project would not increase in a localised area as a result of multiple projects
being developed nearby, as GHGs are atmospherically mobile. Rather, cumulative impacts from GHG
emissions are measured as the project’s contribution to the global increase in GHG emissions which
contribute to climate change. Cumulative GHG emissions have been presented as a proportion of the
NSW annual emissions in 2020 as a benchmark, noting that the emissions are expected to be emitted
over a number of years of construction and operation.

4.51 Construction

GHG emissions in NSW across all sectors contributed to 132.408 Mt CO:ze in 2020. The estimated
average annual scope 1 and 2 emissions from the construction component of the project are 0.09 Mt
COze, equivalent to 0.07 per cent of total NSW annual emissions in 2020.

The Little Hartley to Lithgow Upgrade is predicted to cause 0.032 Mt COze/year during construction
(refer Great Western Highway Upgrade: Little Hartley to Lithgow (West Section) Technical Working
Paper — Greenhouse Gas and Climate Change Risk Assessment). Combined with the Blackheath to
Little Hartley project, these would cause 0.127 Mt CO-ze. This is equivalent to 0.096 per cent of total
NSW annual emissions in 2020.

Note that the Katoomba to Blackheath Upgrade and Medlow Bath Upgrade did not undertake GHG
assessments in the review of environmental factors process.

4.5.2 Operation

GHG emissions in NSW across all sectors contributed to 132.408 Mt COze in 2020. The estimated
average annual scope 1 and 2 emissions from the operation and maintenance of the proposed upgrade
are 0.03 Mt CO:e under the ventilation outlet option, and 0.01 Mt COze under the portal emissions
option. These are equivalent to 0.03 and 0.01 per cent of total NSW annual emissions in 2020 for the
ventilation outlet option and portal emissions options respectively.

The Little Hartley to Lithgow Upgrade is predicted to cause 0.001 Mt COze/year during operation (refer
Great Western Highway Upgrade: Little Hartley to Lithgow (West Section) Technical Working Paper —
Greenhouse Gas and Climate Change Risk Assessment). Combined with the Blackheath to Little
Hartley project, these would cause 0.036 Mt CO2ze under the ventilation outlet option, and 0.015 Mt
CO:e under the portal emissions option. These are equivalent to 0.027 and 0.011 per cent of total NSW
annual emissions in 2020 for the ventilation outlet and portal emissions options respectively.

Note that the Katoomba to Blackheath Upgrade and Medlow Bath Upgrade did not undertake GHG
assessments in the review of environmental factors process. As such, the quantities in the cumulative
impact assessment consider only the Blackheath to Little Hartley and Little Hartley to Lithgow projects.
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5.0 Management of impacts

5.1 Performance outcomes

Performance outcomes have been developed that are consistent with the SEARSs for the project. The
performance outcomes for the project are summarised below in Table 5-1 and identify measurable,
performance-based standards for environmental management.

Table 5-1 Performance outcomes for the project — Climate change and sustainability

SEARSs desired
performance outcome

Project performance outcome

The project is designed, | Design and implement the project taking into Design,
constructed and account current climate change projections and construction and
operated to be resilient potential future climate change impacts operation

to the future impacts of
climate change.

The project reduces the | Design and implement the project to minimise Construction and
NSW Government’s capital and operational costs, consistent with NSW | operation
operating costs and Treasury requirements.

ensures the effective Design and implement the project to achieve a

and efficient use of minimum Infrastructure Sustainability ‘Design’ and

resources. ‘As-built’ rating of ‘Excellent’ under version 1.2 of

Conservation of natural | the ISC rating tool
resources is
maximised.

5.2 Mitigation measures

An ISMP would be prepared for the project. The ISMP would detail the proposed approach to
implementing sustainability initiatives, monitoring and reporting during design and construction. A
number of sub-plans (and other supporting documentation, as required) would also be prepared as part
of the ISMP.

A community and stakeholder engagement plan (Engagement Plan) has been prepared for the
Upgrade Program and would be used to guide community and stakeholder engagement activities
during construction of the project. Engagement during construction would include updates on planned
construction activities and would respond to concerns and enquiries in a timely manner, seeking to
minimize potential impacts where possible.

Mitigation measures to manage potential climate change, sustainability, and greenhouse gas emissions
impacts of the project are outlined in Table 5-2. Further consideration is required as to the overall
emissions reduction target of the project, in line with Transport’s net zero targets. These targets should
be achieved in line with the following hierarchy for GHG emission reduction:

e avoid and reduce energy demand and GHG emissions
e undertake necessary activities as efficiently as possible
e use renewable energy sources to replace non-renewable sources

e carbon offsetting.
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Table 5-2 Management and mitigation measures — Climate change, sustainability, and greenhouse gas emissions

Mitigation and management measure

A climate change risk assessment will be carried as part of further
design development. Adaptation actions will be identified and
implemented to address extreme and high climate change risks, and
will be considered for medium climate change risks where reasonable
and feasible.

Design

Su1

An Infrastructure Sustainability Management Plan will be prepared and
implemented as part of further design development to guide the

implementation of sustainability initiatives. The Plan will detail how the
project will achieve an Infrastructure Sustainability rating of ‘Excellent’.

Design

SuU2

As part of further design development, construction and operation of
the project, the initiatives identified in the Great Western Highway
Upgrade Program’s Sustainability Strategy will be considered.

Design and
operation

GG1

Opportunities to minimise greenhouse gas emissions from the project,

including as a result of interactions with coal seams, will be identified

as part of further design development, and will be implemented during

construction and operation where reasonable and feasible.

Consideration of opportunities to minimise greenhouse gas emissions

will include:

e reducing the electricity requirements of the project and/ or
sourcing electricity from a renewable energy source

e selecting construction materials with reduced embodied
greenhouse gas emissions, through reduced materials use, lower
emissions construction materials, and/ or local sourcing of
materials

e selecting plant and equipment with lower fuel/ electricity
consumption and/ or greater energy efficiency.

Design,
construction and
operation

GG2

The project will be designed and implemented with the aim of

achieving the following:

e atleasta 10 per cent reduction in carbon emissions during
construction

o offset at least 25 per cent of the carbon emissions associated
with consumption of fuel and electricity through the purchase of
approved offsets and/ or renewable energy during construction

e atleasta 10 per cent reduction in scope 1 greenhouse gas
emissions using Climate Active Standard eligible offsets during
construction

e atleast 15 per cent reduction in carbon emissions during
operation

A baseline against which the target reductions above will be evaluated

will be established during detailed design, with reference to typical

construction materials and methodologies, and operational processes

and procedures, applied to other road tunnels in NSW.

Design,
construction and
operation
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6.0 Conclusion

The assessment has been prepared to support the EIS and to address the relevant SEARs issued for
the project. These are outlined in Section 1.3. Specifically, this report has been prepared to assess the
potential impacts of construction and operation of the project on climate change and GHG, to identify
appropriate mitigation and management measures to address the impacts identified, and outline how
the project will embed sustainability measures in accordance with the ISC Infrastructure Sustainability
Rating Tool. For detail, please refer to Sections 2.0, 3.0 and 4.0 for the respective assessments.

Climate change assessment

Climate change risks were identified for key climate hazards (extreme heat, bushfire, drought, extreme
rainfall and flooding, and extreme storms). For the construction phase a total of four risks were
identified and assessed with no mitigation controls considered, one of which was rated a medium risk
and one which was rated a high risk for the 2030 time period, and one of which was rated a medium
risk, one which was rated a high risk and one which was rated an extreme risk for the 2090 time period.

For the operational phase, 50 risks were identified and assessed with no mitigation controls considered.
For the 2030 time period, three risks were rated as high. For the 2090 time period 19 risks were rated
high.

Mitigation and management measures were identified for the priority risk statements (as well as other
non-priority risks). A number of the measures proposed can be applied to mitigate more than one of the
risk statements identified.

It is recognised that while there is uncertainty regarding the extent to which the climate will change into
the future, the adaptation actions identified within this report would reduce the impacts of the risks
across a range of future scenarios (both emissions pathways and future time frames) and serve to build
the resilience of the project to climate change.

Sustainability

Sustainability of the project will be assessed in accordance with the Infrastructure Sustainability Council
Rating Tool and the project is seeking a minimum IS ‘Design’ and ‘As-Built’ rating of ‘Excellent’.

Sustainability initiatives have been identified for planning and design consideration to embed specific
sustainability commitments and targets for implementation by the construction contractor. A project
specific Infrastructure Sustainability Management Plan will be prepared to guide the implementation of
sustainability throughout the design and construction phases and to facilitate the achievement of the IS
rating.

GHG assessment

A GHG impact assessment was undertaken to determine the impacts of the project and to identify
management and mitigation options to reduce the associate GHG emissions. Construction impacts from
the project represent the majority of GHG emissions associated the project lifecycle, as quantified within
the scope of this assessment. Construction is estimated to produce around 1,407,140 t CO2e
emissions. Operation and maintenance of the project is estimated to produce around 3,549,990 t CO2e
emissions under the ventilation outlet option, and around 1,274,820 under the portal emissions option.

The scope 1 and 2 emissions from the construction of the project are equivalent to 0.07 per cent of total
annual GHG emissions in NSW in 2020. The scope 1 and 2 emissions from the operation of the project
are equivalent to 0.03 and 0.01 per cent of total NSW annual emissions in 2020 for the ventilation outlet
and portal emissions options respectively. Opportunities to reduce and mitigate emissions have been
recommended in Section 5.0.
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Figure 7-1 Qualitative assessment for classifying risk likelihood in accordance with AS 5334:2013

RISK RATING MATRIX

Figure 7-2 Risk rating matrix.

Extreme 15 - Medium
Major 10- Low 14 - Medium 18 - Medium
Moderate 06 - Low 09 - Low 13- Medium 17 - Medium
Minor 08 - Low 12 - Low 16 - Medium
Insignificant 04 - Low 07 - Low 11- Low




AECOM

Great Western Highway Blackheath to Little Hartley
Appendix Q — Technical Report — Climate change and sustainability

DESCRIPT
ORS

Adaptive capacity’

Infrastructure service

Sociallcultural

Governance

Environmental

Economy

Financial

Azset ¥alue®

Extreme

Capacity destroyed,
redesign required when
repairing or renewing asset

Significant permancnt damage
andler camplete lazz of the
infrastructurs and the
infraztructure zervice. Losz of
infraztruckurs support and
translocation of service b okher
zitez, Early renewal of
infraskructure by >30%.

Severe adverse human
health effectz, leading te
multiple events of tatal
dizability or Fakalitiez,
Tatal dizrupkions to
emplogees, customers ar
neighbours, Emergency
respaonste ak a major level,

Mlajor palicy shifts,
Change to legislative
requirements. Full
change of
management control.

Wery significant lozs ko
the environment. Flay
includs localized lozz of
specics, habitats ar
ecosyzkems Exkenzive
remedial ackion ezzential
to prevent further
degradation,
Restaration likelp to b
required.

Mlajor effect on the
Iozzal, regional and
skate economies

Extreme financial loss
A0

Extreme loss in asset
walue [>405]

Major

Mlajor loss in adaptive
capacity. Fenewal or repair
would need new design to
improwe adaptive capacity

Extensive infrastructure
damage requiring major
repair, Major lozs of
infrastructure serdice, Early
renewal of Infrastructure by
B0-90%

Fermanent physical
injuries and Fatalities
MAaY OCCUr, SEders
digruptions to
employees, cUstomers
ar neighbours

Matices issued by
regulatars for
correckive actions.
Changes required in
management. Senior
Mmanagement
responsibility
questionable

Significant effect on
the enviranment and
local ecosystems.
Fiemedial action likely
o b required

Serious effect an the
local economy
zpreading to the wider
ECOnomy

Major financial loss
B0-90

Mlajor loss in as=et
walue [=55)

Moderate

Some change in adaptive
capacity. Fenewal or repair
may nead new dezign to
improwe adaplive capacity

Limited infrastructure
damage and loss of service.
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broader economy

Little Financial loss ar
increase in operating
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Figure 7-3. Qualitative assessment for classifying risk consequences in accordance with AS 5334:2013
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Annexure B: Climate change risk register

2090
Residual risk rati
(after mitigation and controls) (after mitigation and controls)
R:k Element Risk impact statement Likelihood | Consequence @ Rating Likelihood Consequence Rf:t'i:;al Likelihood | Consequence Rating Likelihood = Consequence Rf:t'i?";al
Increased heat causing accelerated
1 | Temperature ﬂi?;‘iigﬂ?:;@?;giﬁgdmg to Direct | Possible Moderate | 1 :;; m Possible Minor I(_):“', Likely Moderate | \/ :Zi; m | Possible Minor I(.):v;
replacement
Increased temperatures lead to
increased surface temperature of 08 - 08 - 08 -
2 Temperature | elements such as handrails and health Direct Possible Minor ey Possible Minor ey Likely Minor Possible Minor e
and safety risk to construction and
maintenance workers and passengers
Increased exposure to higher
temperatures affects the resilience of 13- 08 - 17 -
3 Temperature | soil and vegetation and results in a loss Both Possible Moderate Medi Possible Minor Likely Major Likely Moderate .
o 4 . . edium Low Medium
of biodiversity and impacts to project
landscaping
High temperatures lead to an increase
in private motorists which will increase
traffic through the tunnel and increase 13- 09 - 17 - 13-
4 Temperature | emissions within the tun.nell and put Direct Possible Moderate Medium Unlikely Moderate e Likely Moderate Medium Possible Moderate Medium
excess load on the ventilation system,
leading to increased maintenance and
possible failure
High temperatures lead to an increase
in private motorists which will increase
5 Temperature uzg'f;r:g:glg;;xnll zgﬁssmg Direct Likely Moderate M:Zi;lm Possible Moderate Me1:it-1m é;n:tg?rg Moderate Likely Moderate M;(;’i;m
increased maintenance (e.g.,
resurfacing)
Increased temperatures lead to power
6 | Temperature isnlizf:lilpc:;zguglgra‘zé:iﬂl%:\?ices, traffic Both Possible Moderate M::i;m Possible Moderate M::i;lm Likely Moderate M(:Zi;lm Possible Moderate M::i;m
congestion or outages
Increase temperatures leads to more 12- 12- Almost 16 - Almost 16 -
7 Temperature ggg!ﬂa"ﬂ:zi .:r;((:lj 22:82;92:1?52:::@/ Direct Likely Minor Ly Likely Minor Ly Certain Minor Medium Certain Minor Medium
Extreme heat days lead to potential 18 - 13- 17 -
8 Temperature fsay"sl:g?'r'gf mechanical and electrical Direct Possible Major Medium Possible Moderate Medium Likely Major Likely Moderate Medium
Increased temperatures lead to
increased expansion and slacking
9 | Temperature EI: t;zs]z;rfa:g;m;rzf: d“gifjﬂzctfases Direct | Possible Minor I(.):v; Possible Minor Il.):v; Possible Moderate M:(?i;m Possible Minor I(.):v;
increased health and safety incidents
for workers and motorists
Increased temperatures lead to
increased evaporation from hydrology 13- 08 - 17 - 12-
10 | Temperature | systems impacting capacity of Indirect | Possible Moderate Medium Possible Minor e Likely Moderate Medium Likely Minor i
downstream swamps to act as retention
basins leading to reputational impacts
Increased extreme heat days leads to 13- Almost 17-
11 | Temperature @ an increased risk of heat stress for Direct Likely Major Possible Moderate Medium  Certain Major Likely Moderate Medium
construction and maintenance workers
Increased temperatures lead to 14 - 14 - 18 - 14 -
12 | Temperature | increased deterioration of road surfaces | Direct Unlikel Major i Unlikel Major 0 Possible Major 0 Unlikel Major A
P and increased safety risk for motorists Y ' e Y ' =gt : [ Y ' H=diti
Increased frequency and severity of
13 | Drought ev';:?r:cca:?;f;:?:;alg?:; fti{r)e":)?’reevaeietii n Direct Unlikely Extreme Unlikely Moderate 8(9’“', Possible Extreme Possible Moderate M e1d3il-1 -
systems and increased damage to
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2030 2090
Residual risk rating Residual risk rating
(after mitigation and controls) (after mitigation and controls)
R;:k Element Risk impact statement Likelihood | Consequence = Rating | Likelihood Consequence Rf:t'i:l;al Likelihood | Consequence Rating Likelihood | Consequence R?;'i:l;al
infrastructure within the tunnel and a
health risk for workers and motorists
Increased frequency and severity of
drought conditions leads to increased 13- 08 - 17 - 12-
14 | Drought dust build up in mechanical ventilation Direct Possible Moderate Medi Possible Minor Likely Moderate n Likely Minor
- . edium Low Medium Low
systems requiring additional
maintenance
Increased frequency and severity of
drought condition§ Iea‘d‘f, tP. inf:reased _ _ 14 - ) 09 - ) ) 18 - ) 13-
15 | Drought dllJSt' storms creating VISIbI!Ity issues Both Unlikely Major Medium Unlikely Moderate e Possible Major Medium Possible Moderate Medium
within the tunnel for motorists and
increased health and safety impacts
Increased frequency and severity of
16 | Drought Sv;ggztc;??i?;“iz::alg?:gs\:;)altre](r:r:::/?fes Indirect | Unlikely Minor I(.)gv; Unlikely Minor B:V-I Possible Moderate Mt::il]m Possible Minor I(.):v;
in the project
Increased frequency and severity of
17 | Drought ﬂ;‘l’(“gfh;rf;’i‘g:'g:j ::ﬁg;itgs"]}gfnased Indirect | Unlikely | Moderate I‘_’:v; Unlikely  Moderate E:v; Possible Major M:gi;m Possible Major M;gi;m
vegetation loss
Increased frequency and severity of e oh -l e
18 | Drought drought conditions leads to impacts on Direct Likely Moderate Medi Likely Minor Likely Major Likely Moderate .
" . edium Low Medium
project landscaping
Increased frequency and severity of
Extreme extreme:' rai.nfall events leads to )
19 ;Iainfqll and fggﬁ:g&ztt':: doef pi?]ﬁgittrzioms;z?:g:s Direct | Unlikely Major M:;i;: m | Unlikely Moderate E:\; Possible Major M :;; m | Possible Moderate | o ;jil-l m
ooding drinki N
rinking water catchments etc.) leading
to reputational impacts
Extreme Inireased frefqllljency tanld sgv?ritf)]/ Ofd' s o8 "
N extreme rainfall events leads to flooding . . . - . ) - . . . -
20 ;Ia‘;gzailr::nd of the carriageway leading to unsafe Direct Possible Major Medium Possible Minor e Likely Major Possible Moderate Medium
driving conditions
Increased frequency and severity of
Extreme extreme rainfall events leads to
21 rainfall and overloading of upstream detention Direct Likely Moderate M:(;,il-lm Likely Minor :Z‘; éleTt(a,lsrt\ Moderate élen:tgls:] Minor M(;I((i;il-Jm
flooding basins and flooding impacts to the
project site
Increased frequency and severity of
Extreme extreme rainfall events leads to 08 - 08 - 13-
22 | rainfall and drainage issue over green roof covered Direct Possible Minor ey Possible Minor ey Possible Moderate Possible Moderate Medium
flooding ancillary structures and damage to
property
Increased frequency and severity of
[ Emme | Sememnmleeseasl e o e o
2 ;Ialn a and decreased durability of other structural irect ossible oderate Medium ossible inor Low Kely ajor iKely oderate Medium
ooding - . o
materials requiring additional
maintenance or replacement
Increased frequency and severity of
extreme rainfall events impacting
” E)gtreme traveller choices, reduglng active i i ) ) 12- ) i 08 - Almost ) 16 - ) i 12-
rainfall and transport such as walking and cycling Indirect Likely Minor L Possible Minor N Minor . Likely Minor
N ; N ) ow Low Certain Medium Low
flooding and increasing traffic through the tunnel
leading to congestion and reduced
safety of motorists
Extreme Increased frequency and severity of 13- 13- 18- 18 -
25 | rainfall and extreme rainfall events leads to Indirect | Possible Moderate Medium Possible Moderate Medium Possible Major Medium Possible Major Medium
flooding increased risk of landslides to new and
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2030 2090
Residual risk rating Residual risk rating
(after mitigation and controls) (after mitigation and controls)
R:k Element Risk impact statement Likelihood | Consequence = Rating | Likelihood Consequence Rf:'ii:l;al Likelihood | Consequence | Rating Likelihood | Consequence Rf:tii:l;al
existing embankments and damage to
structures
Increased frequency and severity of
Extreme extreme rainfall events leads to 08 - 08 - 13- 08 -
26 | rainfall and overloading capacity of downstream Indirect | Possible Minor Possible Minor Possible Moderate i Possible Minor
q ; . . Low Low Medium Low
flooding retention basins leading to downstream
flood impacts
E e Increased frequency and severity of
= extreme rainfall events leads to . . . 12 - . . 12 - Almost 20 - . . 12 -
27 ;Ia;::jai: and increased operational maintenance Direct Likely Minor Ly Likely Minor ey Certain Moderate High Likely Minor e
9 costs from water pumping and repairs
Increased frequency and severity of
Extreme extreme rainfall events leads to flooding
28 | rainfall and of surrounding access roads leading to Both ég:tZisr: Minor M:gi;lm élen:tg?rtl Insignificant :;v; élethlsrt] Moderate :IO ;l éla”r]tf:r: Minor Me1§i|:|m
flooding reduced traffic and impacting 9
operational profits
Increased . . .
Increased storm intensity leading to . . . 14 - . 09 - : . 18 - . 13-
29 isr::::;ity damage to structures Direct Unlikely Major Medium Unlikely Moderate Low Possible Major Medium Possible Moderate Medium
Increased Increased storm frequency and intensity 14 - 09 - 14 - 09 -
30 'storm_ Iegdlng to |ncregsed risk of lighting Direct Unlikely Major Medium Unlikely Moderate . Unlikely Major Medium Unlikely Moderate .
intensity strike to pedestrians
Ineroaced Increased storm frequency and intensity
31 | storm leading fo increased risk of lighting Direct | Unlikely Moderate = Unlikely Minor U= Possible Moderate = Possible Minor 3=
intensity strike to infrastructure and increasing Low Low Medium Low
repair and maintenance costs
Increased Increased storm intensity leading to 13- 08 - 17- 12-
32 | storm damage to power supply infrastructure Indirect | Possible Moderate Medi Possible Minor Likely Moderate . Likely Minor
g n . B ; edium Low Medium Low
intensity and service disruptions
Increased Increased storm intensity leading to 13- 13- 21. 17 -
33 _stom'l_ safgty risk to construction and Direct Possible Moderate Medium Possible Moderate Medium Likely Major High Likely Moderate Medium
intensity maintenance workers
Increased frequency and severity of
Increased storm events leads to overloading 08 - 08 - 12- 12-
34 | storm capacity of downstream retention Indirect | Possible Minor Possible Minor Likely Minor Likely Minor
: . ) N Low Low Low Low
intensity basins leading to downstream flood
impacts
Ineoaced Increased storm intensity leading to
35 | storm safety risk to travellers transitioning Direct | Possible Moderate 9o Possible Minor o Possible Major ok Possible Moderate &=
intensity from outside to inside of tunnel and vice Medium Low Medium Medium
versa
Increased Increased storm intensity leading to
36 | storm resulting in delays in construction and Indirect Likely Minor Ij(z:w; Likely Minor I!:v:l éleTtg?rt] Minor M(::i;m él—:TtZ?r: Minor M(::i;lm
intensity maintenance and reputational impacts
Increased Increased intensity of extreme winds 12- 08 - Almost 20- 17 -
37 | storm causing falling trees and debris leading Direct Likely Minor Ly Possible Minor ey Certain Moderate High Likely Moderate Medium
intensity to direct safety impacts for motorists 9
IRereaned Increased intensity of extreme winds
causing falling trees and debris on road . . 13 - . 09 - : . 18 - . . 14 -
38 isr:::':;“y or on essential infrastructure leading to Direct Possible Moderate Medium Unlikely Moderate Ly Possible Major Medium Unlikely Major Medium
safety impacts for motorists
Increased Increased storm intensity leading to 18 - 14 - 21. 18 -
39 §torm_ redl_Jced driving V|s_|b|I|ty causing road Direct Possible Major Medium Unlikely Major Medium Likely Major High Possible Major Medium
intensity accidents and traffic congestion
ey Increased storm intensity leading to
increased hail speed and size causing . . 13 - . . 08 - ] 17 - . 17 -
40 isr:?enr:;ity impact on vehicles at tunnel exits and Direct Possible Moderate Medium Possible Minor Low Likely Moderate Medium Likely Moderate Medium
entries
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2030 2090
Residual risk rating Residual risk rating
(after mitigation and controls) (after mitigation and controls)
R;:k Element Risk impact statement Likelihood | Consequence = Rating | Likelihood Consequence Rre:tii:l;al Likelihood | Consequence Rating Likelihood | Consequence R::‘ii:l;al
Increased Increased storm intensity diverting 08 - 08 - 12-
41 | storm tunnel ventilation flow causing an Direct Possible Minor Possible Minor Likely Minor Minor
n n ) . o . Low Low Low
intensity increase in emission concentration
Increased frequency and intensity of
Bushfire bushfires leading to road closures, . . . 18 - ) 13 - . . 17 -
42 Risk congestion and safety impacts to Direct Possible Major Medium Possible Moderate Medium Likely Major Moderate Medium
motorists
Increased frequency and intensity of
Bushfire bushfires leading to entry and exit of the . . . . 14 - } . . 18 -
43 Risk tunnel becoming blocked and travellers Direct Unlikely Extreme Unlikely Major Medium Possible Extreme Possible Major Medium
becoming trapped inside the tunnel
Increased frequency and intensity of
Bushfire bushfires leading to a loss of . 17 - . 13 - . . . . 18 -
44 Risk biodiversity and impacts to project Both Likely Moderate Medium Possible Moderate Medium Likely Major Possible Major Medium
landscaping
q Increased frequency and intensity of
45 ::':khﬂre bushfires leading to smoke inhalation Direct Possible Minor ng Possible Minor ng Possible Moderate M::i;lm Possible Moderate M::i;lm
risk for workers, travellers and fauna
Increased frequency and intensity of
Bushfire bushfires impacting access to the . . 09 - . 09 - . . 14 - . . 14 -
46 Risk project site leading to construction and Direct Unlikely Moderate ey Unlikely Moderate Ly Unlikely Major Medium Unlikely Major Medium
maintenance delays
Increased frequency and intensity of
q bushfires leading to increased smoke
47 :;":khﬂre and reduced performance of the tunnel | Direct | Possible Minor I(.)ca)v-v Possible Minor &Bw'l Likely Minor ::v; Likely Minor Ij(zw-v
ventilation system requiring increased
maintenance
Increased frequency and intensity of
bushfires leading to damage to
48 Byshflre infrastructure (e.g. noise walls, Direct Unlikely Extreme Unlikely Moderate = Possible Extreme Possible Major 18.'
Risk pavement) resulting in increased Low Medium
maintenance and decrease in
operational safety
Increased frequency and intensity of
4o |JBUshiite bushfires leading to damage to power Indirect | Possible Moderate 9o Possible Minor e Possible Maijor i Possible Moderate e
Risk infrastructure impacting tunnel Medium Low Medium Medium
operations
q Increased frequency and intensity of
50 g;;skhflre bushfires leading to increased strike Direct Possible Major M::il;m Possible Major M(::il;m Possible Major M(::il-lm Possible Major M:(?il;m
risk for displaced fauna
Increased frequency and intensity of
Bushfire bushfires leading to smoke pollution . . . 18 - ! 13 - } . . 18 -
51 Risk impacting road visibility and increasing Direct Possible Major Medium Possible Moderate Medium Possible Extreme Possible Major Medium
safety risk to motorists
Increased Increased solar radiation leading to 18- 14 - 18-
52 solz_ir . increased strike risk for fauna seeking Direct Possible Major Medium Unlikely Major Medium Likely Major Possible Major Medium
radiation shade
Increased Increased solar radiation leading to 12- 08 - Almost 12-
53 | solar deterioration of tunnel surfaces and Direct Likely Minor Possible Minor ; Minor Likely Minor
Hien - e . Low Low Certain Low
radiation requiring additional maintenance
Increased Increased solar radiation leading to 17 - 08 - Almost 17 -
54 | solar increased harmful UV effects to Direct Likely Moderate n Possible Minor : Moderate Likely Moderate n
radiation operations personnel edifn] (ke Certain Bedinn
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As part of the project’s design development, consideration has been given to avoiding,
minimising or managing risks from future climate change, where possible.

As discussed in Section 2.3, climate change risks identified as extreme or high for the project
are associated with an increase in the intensity and frequency of droughts, extreme

temperatures and bushfires.

Adaptation options identified for consideration in the design of the project are shown in Table
1. These are to be reviewed and confirmed in the next phase of the design development.

Table 1 Summary of mitigation measures to be considered in the next stage of the design development

. . Risk #
Adaptation measure Project phase addressed
Consider increasing albedo levels of concrete and other Detailed design 1,8
pavement structures during further design development and
incorporate materials with high solar reflectivity to reduce
degradation due to increased temperatures
Consider incorporating contact materials with low heat Detailed design 1,2,33
conductive properties (touch point surfaces) and slip resistant
materials during further design development to reduce risk of
health and safety incidents for workers and motorists
Consider the selection of drought and heat-tolerant vegetation | Detailed design 3,17,18, 44
(prioritising native species) for project landscaping during
further design development to reduce temperature and drought
impacts
Consider on-site irrigation or on-site detention systems during Detailed design 3,17,18, 44
further design development to store water for irrigation of
landscaped areas to minimise drought impacts
Review the efficiency and capacity of the ventilation system to | Detailed design 4,14, 45,47,
address the potential for bushfire smoke and dust to impact 51
operations and lead to health and safety incidents
Consider including emergency back-up power supply and Detailed design 6, 32, 49
future services corridor in tunnel during further design
development to supplement power infrastructure
During further design development, consider whether there is Detailed design 8,14
adequate ventilation and cooling to account for extreme high
temperatures due to climate change for mechanical equipment
that is susceptible to high temperatures
Consider designing roads, tunnel exits and entries to provide Detailed design 37, 38,43
sufficient land clearance from potential hazards including
vegetation debris
Consider designing to account for adequate drainage and Detailed design 10, 20, 21, 26,
stormwater removal and manage impacts to downstream water 28, 34
receivers including sensitive swamps
During further design development, consider whether the Detailed design 29, 32, 35, 36,
project design allows for increased safety factor for wind load 41
rating due to the projected increase in intensity and frequency
of storms
During further design development, consider whether the Detailed design 29, 32, 35, 36,
project design allows for increased variable loads to manage 41
structural fatigue
Consider conducting a fauna movement study to understand Detailed design 30, 45, 50, 52

the specific risks to fauna due to climate events and develop
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. . Risk #
Adaptation measure Project phase ‘ addressed
actions to mitigate these risks during further design
development
Consider designing to control traffic density and speed in Detailed design 4,7, 41
accordance with Australian Design Rule 27A to manage
vehicle emissions
Consider providing overhead shading (either built or natural Detailed design, 1,6, 52, 54
canopy) for work areas of the project during construction and construction
operations to limit exposure to direct sunlight and reduce
ambient temperatures
Limit work hours during extreme heat and storm weather Construction 2,9, 11,33, 54
conditions to minimise health and safety incidents for workers
Consider options for providing incentives for ride sharing to Operation 4,6,7,24
reduce congestion through the tunnel
Consider introducing regular organic fuel management planto | Operation 42,43, 44,45,
reduce bushfire risk around the project site 46, 47, 48, 49,

50, 51
Consider developing a resurfacing treatment plan as part of the | Operation 1,2, 33
regular maintenance plan for the project infrastructure to
address impacts due to increased heat impacts
Consider providing adequate shading to operations personnel Operation 2,9, 11
including safety work gear to minimise impacts from extreme
heat
Consider regular fire safety system testing to address Operation 13
increased risk of fires
Develop a plan for managing impacts of extreme weather Operation 23, 24, 36, 46,
events on project infrastructure as part of operational 47,48
maintenance plans to be prepared for the project
Develop emergency response procedures that address Operation 20, 25, 28, 30,
increasingly severe weather events 32, 35, 37, 38,
39, 40 ,42, 43,
45, 51
Consider First Nations burning practices to be incorporated Operation 42,43 44, 45,
into operational maintenance plans to minimise risk of extreme 46, 47, 48, 49,
bushfires 50, 51
Consider the development of a rerouting network plan for Operation 20, 25, 28, 30,
implementation during severe weather conditions 32, 35, 37, 38,
39, 40 ,42, 43,
45, 51
Consider implementation of regular inspections for indicators Operation 1,2,4,5, 14,
that would trigger maintenance including blistering, flaking or 23, 27,47, 48.
peeling of protective coatings 53
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Annexure D: Key greenhouse gas assessment assumptions

The proposed project remains subject to detailed design, and therefore high-level
assumptions have been made where detail on the exact material types, construction
methodology and resource requirements are unknown. Data and assumptions used for inputs
into the CERT are detailed in Annexure D.

Emissions source Assumptions

Construction fuel
use

all fuel use from plant, equipment and vehicles is diesel. Petrol use from
plant and equipment use would be negligible

precast concrete delivery and spoil haulage diesel use are included in
scope 1 construction fuel use figures as it was assumed these vehicle
movements fall within the operational control of the construction
contractor

there is negligible difference in construction fuel use between ventilation
scenarios.

Construction
electricity

estimated electricity requirements and operating hours include tunnelling
and construction equipment and construction sites

all electricity is purchased from standard NSW grid electricity. Note, the
CERT calculates emissions based on 2016 grid emissions factors. As
such, an ‘adjustment factor’ has been applied so that the equivalent
emissions from current 2021 NSW grid electricity is reported. The
emissions factor used is a conservative assumption, as the emissions
intensity of electricity is expected to reduce over time as renewable
energy penetration increases in NSW

there is negligible difference in construction electricity between ventilation
scenarios.

Construction
materials

quantities do not include materials that are associated with hired plant,
equipment and buildings as these materials will be reused

all materials travel 124 km to site. This is the approximate distance
between Sydney CBD and Little Hartley

concrete assumed to be Portland cement based, 40MPa strength grade;
and asphalt assumed to be ‘hot mix’ and contain 0 per cent reclaimed
asphalt pavement (RAP). Further assumptions relating to construction
materials inputs are detailed in Annexure E

there is negligible difference in embodied carbon of materials between
ventilation scenarios.

Waste

emissions from transport and decomposition of construction and
operation waste were not quantified as part of the study, as sufficient data
is not currently available. Emissions from waste are classified as scope 3
emissions and reporting of these are optional under the GHG Protocol
(World Business Council for Sustainable Development and World
Resources Institute, 2015). Further, the majority of material exported from
the project is expected to be tunnel spoil, which is captured under
‘construction fuel use’. The remaining general waste is expected to be
comparatively negligible.

Operational light
vehicles and
electricity

estimated operational electricity is assumed to be sourced from standard
NSW grid electricity. While the 2021 NSW grid emissions factor was used
for operational grid electricity over the asset life, future emissions from
operational electricity are expected to reduce as renewable energy
penetration increases in the NSW electricity grid. This has the potential to
significantly reduce the emissions associated with operational electricity
use over the asset life

axial fan energy consumption under the ventilation outlet option was
estimated based on the best available information. The ventilation
modelling involves conservative assumptions regarding minimum traffic
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Emissions source Assumptions

flow and traffic induced airflow, leading to conservative estimates of axial
fan energy consumption

e building services are powered exclusively from electricity without gas
appliances.

Maintenance e the project contract nominates minimum design life periods for each
component of the project. These were assigned to each item in the bill of
quantities to determine the quantity of materials required to be replaced
over the nominal 100-year asset life.

e construction plant and equipment requirements were used to estimate
fuel use requirements from maintenance activities

e there no anticipated material difference in maintenance plant and
equipment fuel use requirements between ventilation scenarios.

Land clearing ¢ land clearing area and vegetation types were based on Appendix H
(Technical report — Biodiversity) of the EIS.

Fugitive emissions | ¢  fugitive emissions were based on:

- tunnel spoil quantities provided by the project technical advisor

- initial estimates on the proportion of coal content within the tunnelled
areas. Note this is subject to coal seam gas sampling scheduled for
after detailed design and may be highly variable. The most
conservative figure, i.e. highest proportion of coal content, of the
range provided by the geotechnical team was used in the GHG
assessment

- The fugitive emission factor for open cut coal mining in the NGA
2021. Note that the tunnelling would more likely resemble
underground mining, however emissions factors are not published as
they are measured on a mine-specific basis. The fugitive emission
factor for open cut coal mining is the best factor available at the time
of writing and is expected to be more conservative compared to an
emission factor from underground mining or tunnelling. Emissions
may vary greatly from the value calculated

e  all fugitive emissions were allocated to the construction phase; however, it

is anticipated that a proportion would occur during operation. There is

currently not enough information available to quantify the allocation of

fugitive emissions between construction and operation.

Road users (net e  GHG emissions estimates from road users were modelled based on
change in vehicle outputs from the air quality modelling, outlined in Appendix E (Technical
tailpipe emissions) Report — Air Quality) of the EIS. The GHG emissions included in the

assessment are the difference in emissions between tailpipe emissions
with and without the project. This includes vehicles travelling on the
existing Great Western Highway, in the tunnel, and on surrounding
surface roads. The geographical scope of the modelling is outlined in
Appendix E — Technical Report — Air Quality

¢ modelled GHG emissions estimates with and without the project were
provided in project opening year (2030) and ten years into operation
(2040). Emissions were linearly interpolated between the modelled years.
Beyond 2040, traffic movements and fleet makeup are difficult to predict.
A simple assumption that emissions stay the same from 2040 onward
was made

e traffic emissions modelling does not account for the uptake of electric
vehicles as a conservative assumption. As electric vehicle penetration
increases, emissions per vehicle would be expected to reduce compared
to the estimates in this assessment

e detailed assumptions related to the GHG modelling for road users are
provided in Annexure E
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Project description

-

The Australian and NSW governments are investing $4.5 bilion towards upgrading
around 34 kilometres of the Great Western Highway between Katoomba and
Lithgow to a four lane carriageway (the Upgrade Program). Once upgraded, over 95
kilometres of the Great Western Highway will be two lanes in each direction between
Emu Plains and Wallerawang.

The Upgrade Program comprises the following components:

~Great Western Highway Upgrade — Medlow Bath (Medlow Bath Upgrade): upgrade
and duplication of the existing surface road corridor with intersection improvements
and a new pedestrian bridge (approved)

+Great Western Highway East — Katoomba to Blackheath (Katoomba to Blackheath
Upgrade): upgrade, duplication and widening of the existing surface road corridor,
with connections to the surface road network east of Blackheath (approved (TBC))
«Great Western Highway Upgrade Program — Little Hartley to Lithgow (West
Section) (Little Hartley to Lithgow Upgrade): upgrade, duplication and widening of the
existing surface road corridor, with connections to the surface road network at Little
Hartley (approved (TBC))

«Great Western Highway Blackheath to Little Hartley: construction and operation of a
twin tunnel bypass of Blackheath and Mount Victoria and surface road works for tie-
ins to the east and west of the tunnel (the project).

Transport for NSW (Transport) is seeking approval under Division 5.2, Part 5 of the
NSW Environmental Planning and Assessment Act 1979 (EP&A Act) to upgrade the
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Maximum GHG reduction target you are
reauired to achieve

Internal GHG % reduction

Enter reduction target(s) below for selected items.

0.0%

f vou have set an internal (informal) GHG reduction taraet. vou can enter this here to keep track of proaress towards this taraet.

-

Contact information

Person(s) that entered the data
Position
Organisation

Contact details
Address

City

State

Postcode

Telephone or mobile contact number
E-mail

Address

city
State

\ Postcode

VAN

Primary contact Isecom:an/ contact (if applicable)

Site address Project location

~

Data validation

[ | optional: describe type of validation

~

Data validated by [(Name] ]

| [Position] |

| [Organisati |
Sianature Date sianed
Sign-off by [Name] |

|1Position] I

| Organisali |
Sianature Date sianed
For internal use by I&S onlv!
Report validated and accepted by [Name] |

[Position] ]

oo

Date accepted

Project details

sonmenr | fOr NSW

User comments

Note: This informs the electricitv emission factor

Approximate dates at time of writina
Approximate dates at time of writi

User comments

User comments

- truction and operational e s
and requires a % red: an ISCA verified base case. Therefore the

reduction targets and data in both tools may not be directly comparable.

User comments

User comments

TINSW comments

Page 1



Data input CDR

Reporting period
Date of data entry

Carbon Estimate & Reporting Tool

Legend
N Transport Gorerote_ Cick it 1 a0 o it
NSW [for NSW [ a0 Couiedrss
[ Cotioruer s

el for user commentary

Materials
y— Ouanis e
8855.5 | m*
! I 13901 ornos
| I ‘mnnbs
omes

1374408.5 | tornes.

User defined

nts
et for notes (Materials):
Materials).

o otes (Materials).
ST o T e
t elements wil primarily b

uctural elements

OQuantity

Transport scenario

. e
16245 tonnes User defined - Materials).
403 | tonnes. User defined See 'Sheet for notes (Materials)'
=
s e T
Coarse aggregates. 20562 |m3. User defined
o
s s
\ Recycled crushed glass.
1|m User defined 1m of Vw;.e Th
Sl i e
T Gt Tincar (LT

Aurinium

Cerarmics (o..tles)

| E—1
i
| m—

[Userdefined |
| —

2000|m User defined
ctrical cable
Material
Emission
factor (kg
Quantity Unit O.elunit)
en. 6]t
78t
TP Chemicals 12591
[uPVC sheet a5t
Transnort modals) for Additionsl matrials Distance fkm. u
Rigd truck 61989 124 768,662
Artatod ruck o
Sipy o
Trein o

Materials - Mitigation calculator

saac sach cable Pt e (00 cfcaiaiThie
does not reflect the length of cable on the p but

the total mass of cable used on the pr(,c
or notes (Materials).

ney o Litlle

(hitos:liaoo alimans/l O2BHAWSKGZYASNT

-

Change in material quant

s (0.g. through value

Distance tosite
(kam)

Distanc.
© (k)

Material that is being avoided or replaced Quantity

(tonnes)

Change in material quant

s (0.g. through value

Distance tosite
(kam)

Emission factor

replaces

Materi hat s bing avoided orrplacd (e through Quantity  Distanc

(tonnes) e (km)

Emission factor

replaces

replaces

\&

Energy use

Energyuse
Electricitv use. on-site otal

Diesel consumoiion for site verickes

Diesal consumoiion for stationary ofant and eaioment

tion for mobike plant and ectioment
uels consumed on-sie n site veficles,
stationary and mobile pint

6733313

26643.0

4199

82744

FFF Fig

00

Emission
factor (kg
CO-elunitl

idence  data source  comments.
‘Sheet for notes (Eneray)
Tunnel Plant - Diesal’ Pr

tand Spoil

> 'Civl Plant - Diesal’, Tunnel Plant - Diesel

il Plant - Diesef’. Tunnel Plant - Diesel’

2 put COR (o o)

Not mitiaation (t CO-e)

‘otat miigation JNNNNNEERY 0.

Evidonce ! data source  comments



Energy use - Mitigation calculator

Quantity unit

Emission factor  Net mitigation
(tcO.01

Evidonce | data source comments

‘On-sie renewabie energy generation

00 ] o neration can only be
electricity is consumed within the
selling any renewable energ

Change n slecticiy use

plant

pant

fuels

biodesel

Totalnet mitigation |______0.0]tCOe /vear

Offset Offsets.
Emission factor  mitigation

Quantit Unit
Green Power | purchased [

Green energy certficates I
1coe

Cavonoegs
\ Yo

offsets mitigation | 0.0]tCO.0/vear

Waste generated

Wasto elatod amissions Quaniiy unit
Transpor af s o andit  — P

Construction and demoliion waste to andiik inert waste
(canereta, masony riass matak)
Construction and demolifon wast to anditimber,
vagetation waste

Construction and demolfion waste to landfik: mixed waste

assumes 50 kmto landfilsite

Waste - Mitigation calculator

Emission
reduction factor et mitigation
(kaCO.cluniti  (tCO.0)

Quantity unit
o [ 5] omes
i 1 |
“Waste" re-used on-site | ——

Land use / Vegetation clearing

Land use | Veastation clearina related emissions  Quantitu Unit

Totalarea of —

Totalemissions due 1o carbon sequestration oss

Tolal street rees cloared 7

Total emissions due to carbon sequestration oss.

Evidence ! data source | commants

~Jicoe
-~ Jicoe

~ Jicoe

Revegetation - Land use Mitigation calculator

Carbon seauestration related mitiaation measures

TAGE 2013 Workhnrsk Link o TAGG 2013 Workbook

Revaastation related seauestration Quantity Unit

alarea ol evecotaon  —

Net sequestration due to revegetation

Totl sieet roes prted | E—

Net sequesiration from additonal sireet ree planting

~Jicoe

~ Jicoe

Evidence ! data source | comments

End of Main data entry

Data ot COR for sl

Page



Operational energy

[Project

|Reporting period

Date of data entry

Carbon Estimate & Reporting Tool &

Legend

2500 Cakulated result
Gellfor user input
(el for user commentary

Operational energy totals - BASE CASE

Annualoperational energy use

‘Annual operational greenhouse gas emissions; scope 1
‘Annualoperational greenhouse gas emissions: scope 2
scope 3

Quantity

T e

tCOelyear
4.3]1COselyear

total

88.0]t COzelyear

Asset service life years

Total operational energy use over asset ife

Quantity Uit
6

oz
3] coe
[ olicos

Total operational greenhouse gas emissions over asset fe; ofal

429]tCo0

8.802]tcOe

Evidence ! data source  comments

ional eneray)”

See Notes (Operational energy!

Energy conversion

0
1192.718 | Guiyear

Guiyear

Project Quantit unit Energysource
AL oroinct

‘Annual elciriiy consumpion KWhiyear Elciicy

Annual desel consumption 3089944 KLlyear Diesel

Annual natural gas consumplion Neturelgas

Arnusl LPG consungion

Annual petol consumpion Perol/ULP

Annual E10 consumplion Petrl/ Etranol (109

Broakdown nto oroioct slements Quantity unit Encrav source

Elciicty 0.0/ Guear 00

Diesel 0.0] Gupear 00

Naturalgas 0.0| Guear 00
0.0 Guear 00

Petrol/ULP 0.0] Guear 00

Petrol  Ethanol (10%) blend 0.0/ Guiyear Lo

tCO,elvear
tcoelyear
tcosenvear
tcoelyear
tcO,envear
tcoelyear

br
) Quantity unit Synthetic gas

Evidence data source  comments

Default leakage rates for synthetic gases.
Equipment type.
Commercial air conditioning - hilers

Source: NGA 2016
IFCs E

009
023

0.16

Gas applcatons.

00089

Employee business ravel
Employees commating tffrom work

Energy density

Emission factor
(ka CO.elunit)

* Alistof GWP factors for common greenhouse gases is provided on
the "Formuias and background" workshee!
Ifyour refrgerant s not on tis s, it s lkly that

consists of a mixof

it
diferent gases. The GWP of the mix can be cakuiated based on the

GWPs of the indivicual

Quantity nit (GJlunit)

Quantity Unit

Mitgation i not captured under the Base Case

End of data entry

uction

Guiyear

Guiyear

[

|

—

tCOselyear

Guiyear
COjelyear

Operational energy

Page |



Operational energy

Carbon Estimate & Reporting Tool | rancport

Click text 1o g0 o calculator
Calculated resut

s [ cortoruserimut

(el for user commentary

Operational energy totals: Forecast — Optimised

Quaniin unie
[ReS—— [y
Aovualporatonal roonhousagas nsssons scopo 0] Comear
Aorus) oorsorel grecebouas ges eriasor scope 2 T 044.4] 1COsoear
Hovualoporalonal roonhouss gas mssons: scopo 3 2:449.2]1COohoar
Aoeusi reon pover, fets e certicatonprchassd 00]Corsear
o 7153511 Cosahear

100  year asset service life

Quantity

Unit

Total operational eneray use over asset ife 6.447,581] GJ

i 1 coe
1,504,436t CO.e

i 3 X
Totalgreen power,offsets and certficates purchased 0ltcoe
“Total oporational greenhouse gas emissions over assot fe; otal 1.719.355 | COe

Project wantit Unit Energy source Evidence / data source / comments
Annual electriity consumption 17909947.44 | kWhiyear Electity jonal eneray)’
Annual Gesel consumption Diesel
Annual natural gas corsumption Natural gas.
Annual LPG consumpiion
Annual petrol consumption Perol ULP
Annual E10 consumption Petol/ Ethanol (109
Breakdown into proiect clements Quantity Unit Enerav source Evidence / data source / comments
traction power, rolling stock
g. lighting, HVAC, vertical transport
signalling, communications, fire, hydrau
€. tunnel power, ventiltion
tail, front-of-house, back-of-hou
v back-up generators
Electity 0.0[ Gutyear 0.0[tCOzelyear
Diesel 0.0| Guyear 0.0]tCOetvear
Natural gas. 0.0] Guyear 0.0|tCOselyear
00| Guyear 0.0]tCOetvear
Petol/ULP 0.0] Guiyear 0.0|tCOzelyear
Petol Etharol (10%) bend 0.0] Guyear 0.0]tCOetvear

Eg. br
i building, rolling stock, switch ) Quantity unit Synthetic gas___ GWP"
kayear
Kgyear
kayear
kglyear
kayear
Default leakage rates for synthetic gases. Source: NGA 2016 * Alistof GWP factors for common greenhouse gases is provided on
Equipment type. HFCs E the "Formuias and background” workshee!
Commercial air conditioning - hilers 009 Ifyour refrgerant s not on tis st it s lkely that it consists of a mix of
023 diferent gases. The GWP of the mix can be cakulated based on the
016 GWPs of the indivicual
Gas applcatons. 00089 C 20 o the t

Ouantity unit

Enpioyoo businos travol T T

Enploysss aomming ifromwork [ I

Quantity unit

Energy density
(GJlunit)

Emission factor
(ka CO.elunit)

Quantity Unit

uction

‘Operational energy use related mitigation measures  Quantity unit

Emission factor
(ka CO,elunit)

Mitigation
achioved
(tco.e Evidence ! data source / comments

‘Onsie renewable energy generation

BX] Or-site generation can orly be claimed if the generated
elecricty is consumed within the project i
Jling any renewable energy certifcates

Site vehicles

o
moblle pant

[
56 of bodesel

Quantit unit

fiset
Emission factor
(ka CO,olunity

ed
(tco.e Evidence | data source  comments

Green Power / renewabie slecircity purchased

I
Groon onergy cortiates ] I

|
Carbon offsets | tCOelyear |

10000

m
o0
|

Total offsats purchased tC0.01vear

End of data entry CeEmem )

Operational energy

Energy conversion

6447581 Guiyear

REEER
H

Glyear
Guyear
Glyear
Guyear
Galyear
Guyear
Galyear
Guyear
Gyear
Guyear
Galyear
Guyear
Guyear
Guyear
Guyear
Gulyear
Guyear
Gulyear
Guyear
Gulyear
Guyear
Guyear

I

Gulyear
tcozelyear

Guyear
tCOselyear

Guyear
Gulyear

Page2



Maintenance

[Project

|Reporting period

|Date of data entry

Carbon Estimate & Reporting Tool

&lw! |$’&§"°‘w“

Maintenance totals - BASE CASE

Annual Routine Maintenance energy use
Annual Routine Maintenance GHG emissions; scope 1
Annual Routine Maintenance GHG emissions; scope 2
Annual Routine Maintenance GHG emissions; scope 3

Annual Routine Maintenance GHG emissions; total

717.1|GJlyear
— T
\ Compenr

375,61 COelyear
426.0] COelyear

Asset service life. 100 years

‘Total Routine Maintenance energy use over asset lfe
Total Routine Maintenance GHG emissions over asset Ife; scope 1
Total Routine Maintenance GHG emissions over asset fe; scope 2
Total Routine Maintenance GHG emissions over asset fe; scope 3

Total Routine Maintenance GHG emissions over asset ife; total

Enerav for R} Quantity Unit Enerav source

Annual electricity consumption Electricty

Annual diesel consumption Diesel

Annual natural gas consumpion Natural gas

Annual LPG consumption

Annual pelrol consumption Pelrol / ULP.

Annual E10 consumption Petrol/ Ethanol (10
Emission factor

Additional mate Quantity unit (ka CO,efunit)

Protective coalings, paints 00

Rubberised bitumen for road meintenance 1760 kglyear

| 08

|

L

Base Case - Estimated BAU MAJOR

Enerav for MPM
Annual slectricity consumption
Annual diesel consumption
Annual natural gas consumption
Annual LPG consumplion
Annual petrol consumption
Annual E10 consumption

Materiallproduct replacement associated with

Quantity

unit

19| kLiyear

Total quantity of
materials used at
COR stage

Coarse aggregates.
Recycled (coarse) aggregates.
Ballast

sand

Manufactured sand
Recycled crushed glass
Ready mixed concrete (1)
Ready mired concrete (I
Ready mixed concrete ()
Ready mixed concrete (IV)
Ready mixed concrete (V)
Ready mixed concrete (V1)
Ready mired concrete (V1)
Ready mired concrete (Vi)
Ready mixed concrete (1X)

Reinforcement steel bars - Ausiralian products
Reinforcement steel bars - imported products.

34,

55 t

Electriciy
Diesel
Natural gas

Petrol / ULP.
Petrol / Ethanol (10

VENTIVE MAINTENANCE (MPM) material & energ

#of
Roplacements

t
t
t
t
t

700,

,294 t

48,

959 t

1,37

40

8t

Evidence / data source | comments.

Bitumen input s routine maintenance, as there is no option
for input under major preventative maintenance. See 'St
for notes (Materials).

use

Evidence | data source | comments.
les (Materials)

See 'Sheet for notes (Materials)
e 'Sheet for notes (Materials)

Materials)

s (Materials)'

Click text to go to calculator
Calculated result

Cellfor user input

Cellfor user commentary

[o.0] cuyear
Guyesr

[ Y

Guiyear

tonnes of material replaced
73489.4

16343.76
11963435

Maintenance

Manenance

[Project

|Reporting period

| Date of data entry

Carbon Estimate & Reporting Tool

Legend
Concrsto_ Clcktext

Ak
NSW | for NSW

250.0] Calculated result
Cell for user input
Cellfor user commentary

Maintenance totals - Forecast

Asset service life. 100 years

Enerny convarsion

Giyoar
[ o.0|cuyear
[ o.0|cuear
[ o] cuear
[ o.0]cuear
o] cuer

Glyear

Ouantity unit Ouantity___ unit
Aanual Routine Melntenance energy use Gllear Total Routine Maintenance snergy use over asset e [E—
Anual Routine Maintenance GHG emissionsiscope 1 [ 010]1 Coseyear Tota Routine Maintenance GIHG emvsions over st Ife;scope 1 | 5]1COse
Anual Routine Maintonance GHG emissions;scope2 | 0,0]1 Goselear Tota Routine Maintenance GIHG emisions over aset Ife; scopa 2 | 0]1COse
Anual Routine Maintonance GHG emissionsiscope 3 | 0,0]1 Goselear Tota Routine Maintenance GIHG emissions over aset Ife; scopa 3 | 0]1COse
Anual Routine Maintenance GHG emissions;oial [ 010] Cosalear Tota Routine Maintenance GHG emissions over aset s total [ 0]100se
Ty
Eneray for R Quantity unit Enoray source Eridonco! data source | commerts
Anual sisctrcty consumpton ity
Aanual diese consumption Diosl
Aanual natural gas consumption Natural gas
Anual LPG consumption
Aanual petrol consumption Poral uLp
Aanual E10 consumption Potol  Enanal (10
Emission factor

Additonal mateias required for Routine Maintenance _Quantity unit (ka COsafuni)
Prolocive coatings, painis 0o
Rubberised bumen fo oad maintenance

2

Enerav for MPM
Annual electricity consumption
Annual diesel consumplion
Annual natural gas consumption
Annual LPG consumption
Annual petrol consumption
Annual E10 consumption

Quantity

Unit

Total quantity of
at

Electricly
Diesel
Natural gas

PG

Pelrol | ULP.

Petrol / Ethanol (10

#of
Replacements

Major Proventive Maintenance (MPM) COR stage o (ve: end of ea: o et life
Coarse aggregates 34955

Recycled (coarse) aggregates t

Ballast t

Sand t

Manufactured sand t

Recycled crushed glass t

Ready mixed concrete (I 700.294 t

Ready mixed concrete (I) 448,959 t

Ready mixed concrete (1)
Ready mixed concrete (IV)
Ready mixed concrete (V)
Ready mixed concrete (V1)
Ready mixed concrete (Vi)
Ready mixed concrete (VIl)
Ready mixed concrete (IX)
Ready mixed concrete (X)
Ready mixed concrete (X)
Ready mixed concrete (Xl)
Ready mixed concrete (XIl)
Ready mixed concrete (XIV)
Ready mixed concrete (XV)
Precast concrete (I
Precast concrete (I)
Precast concrete (1)
Precast concrete (IV)
Precast concrete (V)
Precast concrete (V1)
Precast concrete (Vi)
Precast concrete (VIl)
Precast concrete (IX)
Precast concrete (X)
Precast concrete (X)
Precast concrete (XI)
Precast concrete (XIl)
Precast concrete (XIV)
Precast concrete (XV)
Reinforcement steel bars - Australian products.
Reinforcement steel bars - imported producis

8t

13,901t
ot

Evidonce / data source / comments

Evidonce | data source / comments

Enorav convarsion

[ 0.0]cuyear
—

tonnes of material rep

Page 1



notes (Materials)

notes (Mater

‘Sheet for notes (Materials)

See 'Sheet for notes

heet for notes (Materials)'

See 'Sheet for notes (Materials)'

See 'Sheet for notes (Materials)'

See 'Sheet for notes (Materials)'

See 'Sheet for notes (Materials)'

Reinforcement steel mesh - Australian products ot
Reinforcement steel mesh - imported products ot
Roo steel: low relaxation strand and wire - Australian produ ot
Reo steel: low relaxation strand and wire - imported product| ot
Structural steel, beams and columns - Australian products 16,245
Structural steel, beams and columns - imported products t
Structural steel, hot rolled coil - Australian products 203t
Structural steel, hot rolled coil - imported products ot
Structural steel, merchant bar - Australian products. ot
Structural steel, merchant bar - imported products ot
Structural steel, plate - Australian products. 9t
Structural steel, plate - imported products ot
Galvanised steel - Australian products 5,617t
Galvanised steel - imported products ot
Steel rals - Australian products ot
Steel rals - imported products ot
Hot mix asphalt, 0% RAP (5.5% bitumen) 26,714t
Hot mix asphalt, 0-20% RAP ot
Hot mix asphalt, 20-40% RAP. ot
Hot mix asphalt, 40-60% RAP. ot
Hot mix asphalt, >60% RAP ot
Warm mix asphalt, 0% RAP (5.5% bitumen) ot
Warm mix asphalt, 0-20% RAP. ot
Warm mix asphalt, 20-40% RAP ot
Warm mix asphalt, 40-60% RAP ot
Warm mix asphalt, >60% RAP ot
Reinforced concrete pipes 606t
Steel pipe and tube - Australian products. 64531
Steel pipe and tube - imported products ot
HOPE pipes 16t
PG pipes 5,529t
Timber, Structural (softwood) ot
Timber, Structural (hardwood) o0t
Timber, MDF / Partcieboard o0t
Timber, Plywood o0t
Timber, Cross-Laminated Timber (CLT) ot
Auminium 22t
Glass 38t
Ceramics. ot
Power cables, Copper conductors. o0t
Power cables, Aluminium conductors o0t
Power cables, Other conductors, o0t
Additional or alternative materials required for

i Quantity Unit

Evidence | data source / comments

Mitigation is not captured under the Base Case.

72
0
9291.3531

3172
253,966
0.710574

[r—

Reinforcement steel mesh - Ausiralian products o0t 0
Reinforcement steel mesh - imported products ot 0
Reo steel: low relaxation strand and wire - Australian produ ot 0
Reo steel: low relaxation strand and wire - imported produc| ot 0
Structural steel, beams and columns - Australian products 16,245 o
Structural steel, beams and columns - imported products ot o
Structural steel, hot rolled coil - Australian products. 403t o
Structural steel, hot rolled coil - imported products ot 0
Structural steel, merchant bar - Australian products ot 0
Structural steel, merchant bar - imported products. ot 0
Structural steel, plate - Australian products. 9t o
Structural steel, plate - imported products ot 0
Galvanised stoel - Australian products 56171 0
Galvanised stoel - imported products ot 0
Steel rails - Australian products ot o
Steel rails - imported products o0t o
Hot mix asphalt, 0% RAP (5.5% bitumen) 267141 0
Hot mix asphalt, 0-20% RAP. ot 0
Hot mix asphalt, 20-40% RAP ot o
Hot mix asphalt, 40-60% RAP ot o
Hot mix asphalt, >60% RAP ot o
‘Warm mix asphalt, 0% RAP (5.5% bitumen) ot o
‘Warm mix asphalt, 0-20% RAP. ot o
‘Warm mix asphalt, 20-40% RAP. ot o
Warm mix asphalt, 40-60% RAP. 0t o
‘Warm mix asphalt, >60% RAP 0t 0
Reinforced concrete pipes 606 ¢ 0
Steel pipe and tube - Australian products 6.453 ¢ o
Steel pipe and tube - imported products. o0t o
HDPE pipes 16t o
PVC pipes 55291 o
Timber, Structural (softwood) 0t o
Timber, Structural (hardwood) 0t o
Timber, MDF / Particleboard 0t o
Timber, Plywood 0t 0
Timber, Cross-Laminated Timber (CLT) 0t 0
Auminium 22t o
Glass 38t o
Ceramics. o0t o
Power cables, Copper conductors o0t o
Power cables, Aluminium conductors ot o
Power cables, Other conductors. ot o
Quantity Unit

Evidence / data source / comments.

Change in materials used for Routine Maintenance &
Major Prventive Maintenance (MPM)

Quantity

Unit

Change in materials used for Routine Maintenance &
Major Preventive Maintenance (MPM)

Quantity

Unit

Emi
(ka COeftonne)

replaces

replaces

that would

Quantity

Unit

Quantity

Unit

replaces

replaces

replaces

replaces

replaces

-

/

(" chanao inenerav for R &

Quantity

unit

MPM
Change in annual electricity consumption

Ghange in annual diesel consumption

Ghange in annual natural gas consumption

Change in annual LPG consumption

Ghange in annual petrol consumption

Ghange in annual E10 consumption

Electriciy
Diesel

Natural gas
PG

Potrol / ULP.
Petrol / Ethanol

(10%) blend

Evidence / data source | comments.

Enerav conversion

0.0] GJiyear
0.0] GJiyear
0.0] GJiyear
0.0] GJiyear
0.0| GJiyear
0.0] GJiyear

0.0] GJiyear

Page2



Fuel use

Electricity

Construction materials

Land Clearing

Table 14: Construction GHG emissions

E GHG emissions (tCO2e over construction period)
missions source
Fuel use
E_)lesel consumpthn for site veh_lcles 72,209 0 3,703 75,912 5%
(incl. segment delivery and spoil haulage)
Diesel cgnsumptlon for stationary plant 1138 0 58 1,196 0.1%
and equipment
D|e§el consumption for mobile plant and 49,518 0 2539 52,058 4%
equipment
Electricity
Electricity consumption I o] 525198 47.133] 572,332] 41%
Construction materials
Concrete 0 0 377,322 377,322 279
Steel 0 0 290,858 219
Asphalt 0 0 1,747 0.19
Other 0 0 199 09
Transport of materials 0 0 19,482 19.482| 19
Land Clearing
Land clearing I 4.741] of of 4.741] 0.3%
Fugitive Emissions
Fugitive emissions (methane gas from I | | | I o
coal seams) during tunnelling 11,299 ° 0 11,299 0-8%
Total [ 138809 525.198 743.041] 1.407.139] 100%)
Table 15 Operation and maintenance GHG emissions: Ventilation Scenario 1 (ventilation outlets)
0 o 00-yea
Operation emissions (electricity consumption and
operations vehicles) 8373| 3484778 313,166 3,806,316
Maintenance emissions (maintenance plant, equipment
and materials) 5,034 0 37,561 42,595
Road users (net change in vehicle tailpipe emissions)
0 0 -298,929 -298,929
Total operations and maintenance emissions 13.407 3,484,778 51,799| 3,549,983
Table 16 Operation and maintenance GHG emissions: Ventilation Scenario 2 (portal emissions)
0 O2e over 100-year asset life
Operation emissions (electricity consumption and
i vehicles) 8,373 1,396,976 125,799 1,531,148
Maintenance emissions (maintenance plant, equipment
and materials) 5,034 0 37,561 42,595
Road t ch: in vehicle tailpi issi
oad users (net change in vehicle tailpipe emissions) o 0 208,920 208.929
Total operations and maintenance emissions 13.407 1.396.976| -135.568 1.274.815|

Total scope 1 and 2 lifecycle emissions (MtCO2e)

Construction period (vears)
Operations period (vears)

Table 1 Summary of Greenhouse Gas Emissions b!

NSW total emissions 2020 (MtCO2e) Transport
132.408 25.9
7 0.195608
100 GWH Central scope 1 and 2 annualised construction emissions (MtCO2e/vr)
0.09
GWH Central scope 1 and 2 construction emissions proportion of NSW annual emissions
7%
GWH Central scope 1 and 2 annualised operations and maintenance emissions - ventilation outlet (MtCO2e/yr)
0.03
GWH Central operations and maintenance emissions proportion of NSW emissions - ventilation outlet
0.03%
GWH Central scope 1 and 2 annualised operations and maintenance emissions - portal emissions (MtCO2e/yr)
0.01
GWH Central operations and maintenance emissions proportion of NSW emissions - portal emissions
0.01%
Ventilation outlet Portal emissions
[LH2L (MtCO2e/yr) | Combined (MtCO2elyr) [Combined (%)|Combined (MtCO2e/yr) | Combined (%)
Construction | 0.032 0.127] 0.096% 0.127] 0.001
Operations | 0.001 0.036] 0.027% 0.015] 0.011%
Ventilation outlet option vs portal emissions option (tCO2e):
2,275,168
2020
MtCO2e
QLb 159.202
NSwW 132.408
vic 83.274
WA 81.704
SA 25.376
NT 17.319
ACT 1.134
TAS -3.733
https://www.industry.gov.au/data-and-publications/national-greenhouse-accounts-2020/stats d-territory-greenho 9 tories-2020

v project phase
O2e over project p

Construction 138,899 525,198 743,041 1,407,139
| Operation and Maintenance: Ventilation Scenario 1 | 13,407 3.484.778 51,799 3,549,983
Operation and Maintenance: Ventilation Scenario 2 | 13,407 1,396,976 -135,568 1,274,815

Report Outputs
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Low estimate [High estimate

Spoil guantity (tonnes) 6171142. 6171142.8
% Coal 29 3%
Coal guantity (tonnes) 123422.85! 185134.284|
Fugitive emissions factor (t CO2e/t raw coal) 0.06 0.06
Fugitive emissions (t CO2e) 7528.79422| 11293.19132

Source: "BAM-RFI-GWHU-070-R2-REDUCED-SCOPE .xIsx"

Source: initial estimate from geotechnical team. This is highly variable, and subject to coal seam gas sampling scheduled for mid 2023.
Calculation

Source: NGAF 2021. Emissions factor for open cut mining used. Note that the tunnelling would more likely resemble underground mining, however emissions factors are not published as they are measured on a mine-specific basis.

Due to the above, the calculated fugitive emissions are likely to be highly inacurrate. Proper quantification of expected fugitive emissions should be undertaken after coal seam gas sampling is undertaken.

Fugitive emissions
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Source: "220802 - EA Information - RFI068 R1 (1).pdf"

Sheet for notes (Energy)

Centre-(KW)=

ITEM kW Diversity over life |Operation hours [ Power useage over life (MWh)
TBMs running 30,000 0.65 19655.4 383,280.4
TBMs idle 1,500 1.00 39480.6 59,220.9
Conveyors running 3,500 0.65 19655.4 44,716.1
Conveyors idle 1,167 0.65 39480.6 29,939.4|
Main ventilation fans 1,800 0.50 59 0 53,222.4
Back end works 1,000 0.50 59 0 29,568.0|
Emergency pumps 00 0.02 59 0 709.6
Misc 00 0.50 59 0 14,784.0
Cross passage operation 00 0.50 30744.0 6,148.8
Air compressors 400 0.20 59136.0 4,730.9
Cranes 400 0.50 8928.0 1,785.6
Office, crib and workshop 400 0.40 48180.0 7,708,
Cooling water system 50 0.60 19655.4 4,127
Tunnel Lights 00 0.50 64896.0 9,734.4
Water system 50 0.60 59136.0 8,870.4
Pumps 00 0.80 59136.0 9,461.
Grout system 150 0.60 59136.0 5,322.2
Total 673,331.3
* Maximum-Demandy
p i prep: ised-in
National Greenhouse Accounts Factors: 2021 Tabie-#il>Maximum-Demand]
Table 46: Scope 2 and 3 emissi factors — consumption of purchased electricity by end users a SUB01n SUBO02n SUB.03n SU|
Full fuel cycle EF
EF for scope 2 EF for scope 3 W
i i A B C D E E Tunnel 159.57=  59.10= 54.52e  57.65= 54.16= 5452 54.52n 122182 =
Financial year s Lighting=
il e 9 B i | e Baselevel 27.61% 4836 44612 47.11% 44300  4461=  4461n  30.42= 1=
Uil elkWh elGJ pesel (i‘(:w & - - & & .
NEW SOUTH WALES and AUSTRALIAN CAPITAL TERRITORY g
Latest estimate” [ ors | 216 0.07 19 [ o085 236 Transition-  122.40% = . . N . . 510a =
(Boost)
Lights WB-
()=
Component SUB-0]SUB-02 SUB-03 SUB-04 SUB-05__[SUB-06__ |SUB-07___[SUB-08__[Total Diversity ove|Hours/da|kWh/day Transiion-  3852¢ = = = 3 = = 2017= =
Tunnel Lighting 159.6 59.1 54.52 57.65 54.16 54.52 54.52 122.18 616.22 1 24] 14789.28 (Boost)
Base Level Lights (kW) 27.61 48.36 44.61 47.11 44.3 44.61 44.61 30.42 331.63 1 24] 7959.12 Lights EB-
Transition (Boost) Lights W] _122.4 5.1 127.5 1 4 3060 (e
Transition (Boost) Lights Ell 3.52 80.17 83.69 4] 2008.56
Cross Passage Lighting 1.61 2.99 2.76 2.99 2.76 2.76 2.76 161 20.24 4] 485.76] g;‘:sage 161=  299s 276 289 276« 276 276 16l= 2=
Other tunnel lighting (Emer| 4.43 7.75 7.15 7.55 71 7.15 4.88 46.0 4| 1104.24 Lighting=
Drainage (kW) 200 28 22 0. 1094.4
Ventilation 3778 1666.67 1333.33 1666.67 1500 1500 1666.67] 3777.78 16888. 0. 24| 202666.8| Othertunnel- 4.43= 775 7152 7.552 7.10= 7152 7.5z 4.88 3=
Axial Fans 2778 2777.78 5555.56 0. 24] 66666.72] lighting-
Jet Fans (Uphill) 666.7 1166.67 1000 1166.67 1000 1000 166.67 666.67 6833.35 0.5 4| 82000.2 (1
Jet Fans (Downhill) 333.3 500 333.33 500 500 500 500 333.33 3499.99 0 4] 41999.88 signage,
Control Centre (kW) 266 266 0.4 4] 2553 plant-room-
Backup Control Centre 50 50 0.02 4 24] lighting, etc.)
Workshop 151.2 151.2 0.4 2|_725.7 (kW)=
Water Treatment 162 162 0. 4| 2332 Dranage  200.00% = = = 5 = = 22002 4=
Fire pumps 400 400 0.02 4 192 (kW e
General Substation and Plg| 20 20 20 20 20 20 20 20 160 1 4 3840
ITS/Comms. 61.35 101.4 9. 101.4 9. 94 94 61.35 701. 1 4] 16838.4 Ventilation- 3777 78= 1,666 67= 1,333.33= 1 666.67= 1,500.00= 1,500 00= 1,666 67= 3 777 78= =
Electrical XP ITS/Comms | 196 36.4 33 36.4 33 33 336 196 246.4 4] 59136 i
Non-Electrical XP \TS/CDq 32.55 60.4 55 60.4 55 55 55.8 32.55 40 4] 9820 Al Fans. 277778 a % % B = = 27777835
Tunnel Sub ITS/Comms 4.6 4 4 4. 4 4. 4.6 4.6 36. - 3. (kW)=
Portal Sub ITS/Comms | 4.6 4.6 4 0.
Jet-Fans: 666.67= 1,16667= 1,000.00=1,166.67= 1,000.00= 1,000 00= 1,166 67= 666 67= &=
(Uphill}-(kw)e
Jet-Fans: 33333z 500.00= 33333= 50000= 500.00= 50000= 500.00= 33333= 7=
(Downhilly
()=
Control 266.00= = = = o = B = &=
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Civil Diesel Quantities
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Plant

roads
Sie esubismertamerany works
Lighing and electica equprmen
Inaccessile drainage clements

Site Est e Tt &
Site Est 12,0001 vater 1 oo sioae

Mobie Pant

Tus
Activity Quarter Sin suports and road fmiure
HIE 1 - 1 I I { ] 1 I 1 I | I+ 1 1 1 S| 3| 38 2 [
8 % 1 - g q 2 g 3 P b 3 I3 g 2 g 3 g I % b I
HES 5 % 3 S O 1 1 O 1 1 1 I { 3 3 3 3 RS RS HEIRERIE
gl 3 I d I 4 T I e A 4 E i : i z d B ed B i I i Retaning Wats
aindar Do I —  — . . . -  E— . P - Y Y Y ” . ” Y Y N Y Y ) P Y Y o
cing Davs Ral - - - P E— - - - . . P - N - P I . - e Treermare
g stucres
[Blackheath Total Type
[Eschwars
cibea Wood chipper T vozoe] voraoze Mobil Part
cibealn T30t Excavator e rock s o0z uouzner] Mobie Pant
civeal 201 Excavator churock n snszoze] gz Mobie Pant
rea oroit Z wnenoze|iouzez] Mobie Pant
Y 9 Dozer T Mobie Piant
racer I ez Mobie Plant
CAT823 Compacior T i Mobie Plnt
citea 151 Viraing Pad fool oler ; 02026 Mobie Pant
cheat T wosz0zs]vo0c0zr Mobie Pant
civea Foad o ucks per Mobil Pant
cioe 12,000t ¥ T oazez] Mobil Pant
Bored Pilina I I I
CutéCover simiar 2. sope| 2602025 I | I Mobile Plant
GuttCover obie Grare v w00 Zanazs Mobil Pant
Eoir Ramo simdar 2 vosz2e]— owovaoze Mobil Pant
Eoiry Ramo Mobe Crane T wner0ze | gmosrozs) Mobilo Pant
C Soil Nailina I
[CuECover BRURG HDS10 T sumeors] ez I Mobie Pant
w8 Cover shoteroing T o020z I Mobie Pant
s Cover obie Grare s grey Mobil Pant
oy Raro BRURG HDS10 \ 2 Mobil Plnt
oy Raro sholcrelr T a2z I Mobie Plant
oy Raro Nobie Cr I s . ! Mobie Plant
Siructure (Refaining Walls)
RSSWals 2 FTT Ty T Mobil Plant
RSS Wale 1o Crare T snezoze| oz Mobie Plant
I 12 Rollr + syatiook I ez L1027 Mobie Plant
Concrete Works I I
CulEGover Gererators coversans 1 ez I T Statonary Plant
s Jacie " T w020z Mobie Pint
Eoiry Rang neralors, gover I Za StaonaryPare
EninyRanp Jackt I 2u ] fobie Pint
Drainaas
01 Excavator ook 1 FTT Ty T Mobie Pant
ncrele Saw Poitoes Mobie Plant
porouctesg Mobie Plant
] Mobie Pt
I I I I I |
socer PTeEym— Mobie Piant
150y T T Mobie Plant
Bobcat 05 T T Mobie Pant
Asshalting
I m T Mobie Pant
Paver T oo Josz7 Mobie Plant
Aol debver m Mobie Pant
2t T o] e Mobile Pant
Ps: Plant I I I
Fomitons  —— —
ccinc Rate s oernic taed Mobie Pant
e 2 YT T Mobil Pant
Granes - 100t or franna o v FTT YT T Mobil Pant
Lighing Plarts - poriodicaly’ Perotees Mobil Pant
1128 or Calf24 or sl ¥ FYTS TS IS Mobil Pant
Mid point Shaft
S0 widening
: Titong coger : 77| T ot Part
n ! Excavator o ock I snzaoze| o] Mobie Plnt
Sie Est b ; w20z Mobie Pant
Sie Est Grador v oz izzo Mobil Pant
Sie Est v 7/ E—TTT Mobil Pant
o st v 2 wa0ed] Mobil Pant
I
I

Sie Est Grader s roted i cartuoris Mobile Pant
Site Est 03] . 122028 Mobile Pant
Site Est Bobeal 03] 112028 122028 Mobile Plant
Wisc Plant
Misc 1728 or Cal924 or similar 1 7202 002026 Mobile Pant
Bored Pilina
Shait Simiar 2 mez0za| sonozozs Mobile Pant
Shait Mobile Grane 1 e sorto0zd] Mobile Plant
‘Concrete Works to uober 20m
Shait neralors, povers 1 Somozoze]  sormozozd] Stationary Plant
Shait Jack 1 somoroza| sorioznze Stationary Plant
Litlle Hartle
Earthworks
lage 1 Wood chipper 5 1 Mobile Pant
g K Mobile Prant
g M Mobile Plant
g 1 Mobile Pant
tage 06 Dozer 1 Mobile Plant
tage 45t Excavator g 1 Mobile Plant
tage 401 Off 3 Mobile Plant
tage Grader Mobile Plant
age ‘CAT825 Compaclor 1 Mobile Pant
age 451 Vibraling Pad (ool roler 1 Mobile Pant
s T Mobile Pant
g Watercart Mobile Prant
g 1\ Excavalor T 1 1122026 0220z | 7 Y| T iobie Pant
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tag ce boign I I Mobile Plant
tag T I izl e — Mobie Pt
tag 21 I 1127028 T — Mobie Pt
Stage 2 Watercart Seo boiow I I Mobile Plant
Sages S0l Excavaior T YT MY Nobie Part
Siage 3 Grader 1 ey Nobie P
Siage 3 T YT NETTY) Nobie Pt
Siage 3 s nnzer] s Noble Pt
o Watercart Sox oo Nobie Plant
o I Excavaior T I 2z Moble Plart
tage Grader 1 ey Nobie Pt
fage st T YT T Nobie Pt
oo T in0zczs] sonzzozs Nobie Pt
face Watercart S oo Nobie Pt
tage ’Esc small plant 11102026 301212026 Mobile Plant
Siage Tz0iEsc T YTy T Noble Plant
iag T Grager 1 Freyeoen Nobie Pant
tag isc smal gant I YLt T Nobie Pt
I ]
I ]
Various e | Grader T ITTE Nobie Part
Various ocns 12 000K wgler T a0 1 Nobie Pt
Various ocne [ Grader T iz Noble Pant
Varius e 120008 I 2030 Nobie Plant
TocaiRg Bridge simiar T Nobie Pt
Locol Rd Bridge [ Mobie Grane T Noble Pt
Local Rd Brido T Nobie Plant
Locol Rd Bridge [ Nobie Gran T Nobie Pan
| ocol Rd Bridoe. T Statonary Plant
Soil Nailing
TormelEnd BBURG HDO10 7 FYTE T T Nobie Plant
Tunnel Ent T s, Nobie Pant
Tunnel Ent Moble Gran I inoz0zs]oan Mobie Pt
il Structure (Retaining Wall
RSS Wals 1 Excaval 7 Noble Plant
RSS Wal Erama Cran T Noble Plart
I 12 Roler + smat ook I Mobie Pt
Drainace
201 Excavator crock FrTTTer) MEIPTETE) Nobie Plant
rore oot voag Nobie Pt
imal conpacton equioment I T iz Mobie Pt
Loager- GATS06 1 I 1920 1122024 Mobie Plant
|
Grader eTSTepyw— Moble Pt
151 i 0 T pTrr Mobie Plrt
Boteal 0 1920 Lnz0z7 Mobie Plant
Asshaiting
5 T e T Mobie Pt
Paver T o0oz0ze [ oanz] Mobie Plart
Asphal detvery e Nobie Pt
2t T Zamnoze e Mobie Pt
Wisc Plant |
g oot oo Mobie Plart
MEWP's (scissor s or izl e Nobie Pt
Granes - 1001 or franna o Funozoze | vosn) Nobie Pt
Lighing Plants - prioccaly Feos e Nobie Pt
F 26 or Calo2d or simar ozcza] meaon Mobie Pt
TOTAL w H
ezl FYETX
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Tunnel Diesel Quantities

provided by TA- "BAMLRF xsx:

400252
[Site Vehicle 3657685

Activi Quarter

[
[Mobiie Plant__| 16201823
T

tart Date

oct24
san 25
Jan26
Apr26
0026
Jan27
oct29
Jan30
Apr-30
oct:30
Jan31
Apr3t
31
o3t

Apr2s
Su-26

fsan-24
Jr-apr24
fsu-2s
J-Apr27
fau-27
p-oct27
frsanze
J-apr28
0128
fsan20
I-Apr29

[1-4pr-24
fsur24

J-oct24
fvan2s
Iroct2s
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[1-4pr-26
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Jroct27
[-40r-28
Jr-oct2e
fvan0
J1-40r30
Jr-octa0
fvan-at
J1-apr31
st

froctat
frvana2

fvurzs
fvurzr
fdurze
fivur20
Jvura0

nc Date

b fiapras
 [1-san-20

b foprar
b fi-apr20

Jengar O

g
Yorking Days Rl
Day S 1 " .
Day + Nign! ShTFous - -

1
12[Blackheath
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2
24| Mid ooint Sh:
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TBM precast and Spoil Haulage Diesel Quantities
‘Source document: Diesel estimate provided by TA - "BAM-RFI-GWHU-070-R2-REDUCED-SCOPE .xIsx"
Based on 20% concept design and 80% concept design high level changes

Total diesel (L)

les (Delivery ai| 22,990,355 |
Quarter
s 33 3 3 % 8 & g 8 g g g § § 5 ] 8 g g § g & g 8 22 38 8 %2l
55| 2 3| 8 5| g 3| & s 3 3| 8 s & 3 8 s o 3 & 5| & 3| s sz 38 35 ¢33
G| 2| T z 2 < : z 2z < z z 2 < i z 2 < I z 2 =z B B I e I e B M 4
2| 5| < . o © - ° © < - < 5 ~ N ~ P © - © 2 @ - 2l gl sl ol sl sl =] <] =l &
S ¢ P 3 Ry 8 3 3 ¥ § P % ¥ 9 3 3 ¥ 8 3 T 9 i ot T2 2| 2] R e 2| 2|2
HEE 3 3 < 3 3 $ < 3 3 3 < 3 3 3 < 3 3 4 < 3 I EEIE R E
gl 3z 2 < b : 2 < i z 2 < B z 2 < 3 z 2 £ B : 1 I e e A e i B
Calendar Days o e = @ w e = @ o @ = = 0 o @ 2 @ . = @ = o @ = o @ @ @ © @ @ a
Working Days o] w o o w « o « w « w o P . " o o . - o s w o ol ] el W] o uf Wl W]
Working Days Ratio as| om ass e o am s e s on s e am o o s o ars o ast o on ass oea| oss] om| oesf oes] om| am| om
Day Shifl Hours Py - - u . o P o P . o . o u o P . P . o o P A ) ) P Y
Day + Night Shift Hours = » = » 2 » = » 'S » » = ') E3 2 ES » » » P = Pl » = » Pl » Pl » x » Pl
Precast Deliveries
Load Location Unload Location Duration oer trio | Start Date Finish Date
Little Hartley (EPB) 2.36 15/10/2025| 30/09/2027
Wallerawan Litte Hartley (Single Stield) 236 o202 3110712028 %
Spoil Haulage - Off Site
[
Blackheat 20% concept design for excavation guantities
Construction Activity Unload Location Volume Duration per trio | Start Date Finish Date
Site Wallerawany 68,000 3.12 1/08/2024| 30/05/2025
Road Works 55,000 3.12 19/06/2025| 22/07/2027
Cut and Govers. Wallerawang 75,004 312 11022025 | 30/11/2025
Road Works Little Hartley 59,000 1.88 19/06/2025|  7/06/2027
Cut and Covers Little Hartley 112,550 1.88 1/02/2025| 30/11/2025
Mid point Shaft to Wallerawan: |
Load Location Unload Location Volume Duration per trip | Start Date Finish Date
Site Wallerawan 28,000 2.80 20/08/2024| 15/11/2024
Shaft & Adit Excavation Little Harltey 83,000 1.64 10/09/2024 | 15/08/2025
Cavern Excavation Little Harltey 140,000 1.64 30/07/2025| 24/07/2026
| | | | |
Tunnels (Quantities Account for Tunnel Backfiling| I | | I [
Load Location Unload Location folume Duration per trip | Start Date Finish Date
Tunnelling Wallerawang 2,861,000 212 1/11/2025| 31/07/2029
XPs and Substations 82,000 212 19/09/2026|  7/01/2030
Little Hartley to
Load Location Unload Location Volume Duration per trip | Start Date Finish Date
Site Wallerawang 51,500 212 1/07/2024| 5/03/2025
Water 15000 212 110912022 ] 31/10/2024 ‘

TOTAL T diesel 22990365 _

1/07/2024

Precast and Spoil - Diesel Page 1



Source document: Biodiversity Assessment - "Appendix.G.Biodiveristy.Credit.Reports"

BAM Credit Summary Report

Classification for Vegetation Emissions
Methodology

TEC name Area (ha) |Vegetation Class |Name
Montane Peatlands and Swamps of
the New England Tableland, NSW JesTE
North Coast, Sydney Basin, South
Carex sedgeland of the slopes and East Corner, South Eastern A
tablelands Highlands_Australian Alps bioregions 0.43]1 Grassland
Monkey Gum - Eucalyptus blaxlandii
shrubby open forest on basalt of the Sydney
Basin Not a TEC 0.18|B Eucalypt Tall Open Forest
Monkey Gum - Eucalyptus blaxlandii
shrubby open forest on basalt of the Sydney
Basin Not a TEC 0.01]B Eucalypt Tall Open Forest
Blue Mountains Mallee Ash - Dwarf
Casuarina heath of the upper Blue
Mountains, Sydney Basin Bioregion Not a TEC 1.291H Heathlands
Blue Mountains Mallee Ash - Dwarf
Casuarina heath of the upper Blue
Mountains, Sydney Basin Bioregion Not a TEC 0.5[H Heathlands |
Sydney Peppermint - Silvertop Ash heathy = |
open forest on sandstone ridges of the XN — BEGA
upper Blue Mountains, Sydney Basin pl a - r
Bioregion Not a TEC 6.14|C Open Forest
Sydney Peppermint - Silvertop Ash heathy
open forest on sandstone ridges of the E e |
upper Blue Mountains, Sydney Basin 1 = -
Bioregion Not a TEC 0.86|C Open Forest W) L e
Sydney Peppermint - Silvertop Ash heathy e LN = | 2 g i L
open forest on sandstone ridges of the = - 5 = T = 3 T T
- . E M400E MSUDE WEIOTE MEDTE 146NTE WIOTE P0UE 4B00E  MBI0UE  WEFOTE MEFIOTE ISOUTE 1S000E 381
upper Blue Mountains, Sydney Basin
Bioregion Not a TEC 0.33|C Open Forest Transport Authorifies
Maximum Potential Biomass Class [ Class 4: 150 - 250 Greenhouse Gas As!
Summary ot il s iy [ ciass 5: 250 - 350
Vegetation Class [Area (ha) | [IcClass 1:0-50 B Class &: 350 - 450
! 0.43 I Class 2: 50 - 100 I Ciass 7: >450
B 0.19 I Class 3: 100 - 150 e et Maximum F
C 7.33 - —
H 1.79 Source: TAGG Workbook
Emission factor (t CO,-e/ha)
Potential maximum biomass class
Vegetation Class 1 2 3 4 5 6 7
A (Rainforest and vine thicket) 227 384 532 594 768
B (Eucalypt Tall Open Forest) 237 401 554 618
C (Open Forest) 77 209 307 521 718
D (Open Woodlands) 77 209 307
Area
Look up the project location and cleared Emission factor
Determine the types determine the 'Maxbio' class (ha) (t CO,e/ha) Total (t CO,e) Evidence / data sour|E (Calliris Forest and Woodland) 80 217 316
| (Grassland) 4 0.43 ha 110 47 F (Mallee and Acacia Woodland and Shrubland) 106 287
B (Eucalypt tall open forest) 4 0.19 ha 401 76 G (Open Shrubland) 13
C (Open forest) 4 7.33 ha 521 3,819 H (Heathlands) 115 309
H (Heathlands) 3 1.79 ha 446 798 | 110 110 110 110 110 110 110
TOTAL Vegetation clearing emissions 9.74 ha 4,741t CO2

Land Use

Page 1



nt - "GHG Totals Summary_11Aug20;

Source document; Biodiversity Assessme
ADS

TOTAL OF TUNNEL AND ROAD:
Prol vear ollu Ann COZ
verage [CO: 23724
verage |CO: 20777
verage |CO: 33343
verage |CO: 25717
e 30488
verage |N2( 220
verage |N2( 184
verage |N2( 222
verage |N21 133
verage |N21 153
LY
ataTvoe[Poll Ann (ka)
werage [CO2 Y 15943857
Y 19383307
Y
Y 341

SURFACE

Proi vear

9772851

9772.851

verage |CO: 111049541 11104
verage [N

verage [N 604

verage [N 837

verage [N 208

verage [N 238

"~ emission factor vears

Appendix 1 Greenhouse Gas Global Warming Potentials

WP in Tabie 32 below.

Table 32: Giobal Warming Potentials

Gas
Carbon divde cos '

Methane o, E
Nious oxde ~O 206

Above were used in the CO2-e calcs.

" (modelling outputs undertaken by air quality specialist)

Year

Project?
N

Without Proiect

Surface __ Tunnel
0 29961

30321
30682
31042
31403
31763
32123
32484
32844
33205
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565

33565
33565

33565
33565

33565
33565
33565
33565
33565

N

With Proiect

Total - without Surface _ Tunnel
29061 [ 982811 16022

30321
30682
31042
31403

33565
33565

33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565
33565

9962
10096
10230
10364
10498
10632
10766
10900
11034
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168
11168

11168
11168

11168
11168

11168
11168
11168
11168
11168

16367
16712
17057

Y

Total - wil Difference
25850 4111

26329
26808
27287
27766
28246
28725
29204
29683
30162
30641
30841
30641
30641
30841
30841
30641
30841
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30841
30641
30641
30641
30641
30841
30641
30641
30841
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30641
30841
30841
30641
30641
30841

30841
30641

-3992
-3874
-3755
-3636

Traffic

Traffic/tailoioe emissions modellina assumotions:

Parameter

Base Emission Factor

Dependencies

Source of Emission Factors

Comment

NSW EPA AT E

fons Inventory 2013 Calendar Year: On road mobile emissions air emissions inventory (AEI)

Vears of sszezzment
(2021, 2030, 2010)

2021 scenario uzed 2016 baze EF's
2030 scenario uzed 2026 baze EF's

Modelled based mixas provided sting.

Pollutants

Emission factors are calculated individually for each pollutant for entry into the model

Vehicle class

Emissions vary by vehicle class, ie.:light vs heavy vehicles. Light and the different sub-variants of the traffc fleet mix

Fuel fype. Fmissions vary by fuel type. i - petrol vs diesel and emissians have heen calculated to reflect variahility in fuel usage across the fleet
Ruad lye Road Lype variabilily has een considered by re ermissions calculations i.c.. congested Ualfic va free Mowing Uafic for a given average speed
Road grade Variability in road grade i on the road. been e the road grade.
Cold start emissions* ‘Additional emissions, due to the vehicles running “richer” (and temperature.
- due to vehici at operating temps using a ighway o may
Speed Factor Source of Speed Factor data | AEI, 6" pe base speed, and per link, per hour of day.
- CO2used COfactors
N20 used NOX factors
Traffic speed Emission vby Data used in the based on expected for 2 one-hour p: each road link.
Grade Factor Source of Grade Factors. PIARC (2019), Road. Demand
- CO2used COfactors
N20 used NOX factors
Grade g e
Traffic volume, Source of Traffic volumes from traffic modell day data used for calculations.

Total volume

Traffic data resolution

AADT data calculated for all road links and tunnel modelling scenarios. Data obtained from traffic model

Weekday 24-hour cycle.

1 These emi

the emission rate colculations
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Operational vehicles: Assume 2 trucks and 4-5 utes, taking 6-10 trips a day for the length of the tunnel. Assume diesel vehicles. Assumptions provided by project technical advisors.

Jdaysivear

Tkemtrip

Fuel use rate (kL/km)

Total annual fuel use

[an
I

Jirips/da
I

o]

104

1.22E-04

[Fruck
[Light vehicle

5]

0] 365]

10.4

1.14E-04

Operational electricity: Source file: RFI-075 Daily Energy Usage Estimate.xisx

[Svstem
Base Level Lights (kW)

Maximum Demand (kW)
331.65

% of max operatina
75%

Hrs per Dav_ kWh
5,

Total

5 969.70]50% liahts assumed in interior zones at niaht
Transition (Boost) Liahts WB (KW) 127.5 75% 1.147.50| Based on liahtina level varvina throuah dav
Transition (Boost) Liahts EB (kW) 83.7] 75% 753.30Based on lightina level varvina throuah dav (photometer)
Cross Passage Liahting 20.24 25% 121.44]Based on strobes and exit liahts beina alwavs on. 4x40W fluoros controlled based on door switch
Other tunnel lighting sianage. plant room lighting. etc.) (KW) 53.16 10% 127.58]Based on wavfindina, MET. FET liahtina alwavs on. other (LV room. plantroom lightina) beina on switch
Drainage (kW) 334 5% 0.10[Based on pumps at LH (10KW) runnina in cveles - other pumps only when rains / deluae testina / fire
Axial Fans (kW) 5555.56 - 24| 73,333 30| B25€d 0n O portal emissions 24 hours a day. Also Gonsenvative as SA don'tprovide flow rates for less than 200 vehicies
per hour (which occurs for ~8 hours per day based on SA traffic profile)
See "Ventilation Utilisation (2030)" tab - no jet fans required for emissions control for ‘normal' traffic case considered by
Jet Fans (EB) (kW) 7833.35 3.7% 24| 6,962.98(Stacey Agnew in vent modelling. Provision is for contraflow bank at exit portal and to exercise each fan for 2 hours once a
week
‘See "Ventilation Utilisation (2030)" tab - no jet fans required for emissions control for ‘normal' traffic case considered by
Jet Fans (WB) (kW) 4500) 7.0% 24| 7,578.95|Stacey Agnew in vent modelling. Provision is for contraflow bank at exit portal and to exercise each fan for 2 hours once a
week
Control Centre (KW) 100 384,00 Bulk of buildina enerav consuption will be associated with tunnel operations. Manned 24hrs a dav.
Backup Control Room (KW) 100 200.00Bulk of building enerav consuption will be associated with tunnel operations. Not normally manned
Workshop (kW) 10 512.00Normallv occuied throuah the dav. minimal operations durina the dav
Water Treatment (KW) 5 944.00[Assumed continuous throuahput at 50% plant capactity. Not normally manned
Fire pumos (kW) 0.00[ Overated durina closures or durina incidents onlv
General Substation and Plant Room Services (KW) 7 24] 2.688.00[Lighting assumed to be on switches. Air will cvcle based on tunnel ventialltion and drainage operation
ITS/Comms (kW) 75% 24| 12.628.80| Assumed some of redundant items to be liahtlv Ioaded.
Total Daily C (normal day, free flowing traffic) 122.401.74]

Annual

Over asset life

KWhiday Jwhiyear Jico
[Ventilation Scenario 1 (ventilation portals) | 122,402| 44,676,636 34,848 3127 3,484,778 312,736
[Ventilation Scenario 2 (no ventilation portals) [ 49,068 17,900,947 13.970] 1,264] 1.396.976] 125370
National Greenhouse Accounts Factors: 2021
 Table 46: Scope 2 and 3 emissions factors — of purchased electricity by end users
i T 7 T m 7 m T T FlTTeToyae EF
il it (EF for scope 2+ EF for 5cope 3]
Financial year A | B c D & I F
kg CO;- g CO;-
ke Wh ke KWh | ke o
g COz-e/k g CO-e/GJ. elkwt g g CO;el | | g CO;-l
078 [ 216 [ oor [EN| 0.85 [ 236

Notes (Operational energy)

Ak

NoW

Transport
for NSW
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encrgetics

&

Transport
NSW | for Nsw

Source: Table PS201.1 - Asset Design Life; Professional Services for Concept Design Scope and Requirements, PS201
item No._|Asset Short title um Design Life (vears) | Plant and equi diesel requi (L) Usedin BOQ? Whole of life diesel requi )
drainage elements’ drainage elements 1 | Y 0
Drainage elements that are accessible for and maintena| Accessible drainage elements 152174.7071] Y 304349
Sian faces Sian faces Y 485896 | Assume 'Misc Plant’ evenly slit between remainina (vellow) sub-100 vear desian life components
Ean support structures and other roadside furniture Sian supports and road furniture Y 53988 | Assume 'Misc Plant evenlv split between remainina (vellow) sub-100 vear desian life components
Fences including fauna fences Fences Y 215954 | Assume 'Misc Plant’ evenly split between remainina (vellow) sub-100 vear desian life components
Lighting and electrical equipment |Liahting and electrical equipment Y 215954 | Assume 'Misc Plant’ evenly split between remainina (vellow) sub-100 vear desian life components
Bridae structures. includina and wildiife tunrll_Bndue structures 1 Y
Retainina Walls including reinforced soil walls Relaining Walls 1 Y 0
oise barriers. noise attenuation devices and headiiht screens oise barriers 5 53988 Y 53988 Assume 'Misc Plant evenly split between remainina (vellow) sub-100 vear desian life components
10.1]Pavements - Main carriageway including ramps Pavement - main 4 103859.0902 Y 207718 | Assume 'Misc Plant' evenly split between remainina (vellow) sub-100 vear desian life components
10.2| Pavements - Local roads Pavement - local roads 2 2506477254 Y 103859 Assume 'Misc Plant’ evenly split between remaining (vellow) sub-100 vear desian life components
Local Road and support structures ocal road 101
including reinforced E 101 Y 0
Cut batters. including batter treatments Cut batters 101
Timber furniture Timber furniture 30 53988 Y 161965 Assume 'Misc Plant’ evenly split between remaining (vellow) sub-100 vear desian life components
Typical industry values for
similar assets of a high standard
5|Assets not detailed within this table Other and quality
6 capacity ion capacity i 1 63017
7| Tunnels and Long Underpass structures. structural finings and around| Tunnel 10 N 0
8 elements of drainage, fire protestion. liahtina. elements 10 N 0
9|Buildings - Free Standing Buildinas Buildings - free standing 5 53988 Y 53988 Assume Misc Plant evenly split between remaining (vellow) sub-100 vear desian life components
0| Buildings - Buildings above civil and buildings intearal wFul\qus ] 101 Y 0
[site works (use once - 100 vear desian life a¢[Site works 100 Y 0
Total (L) 1857661
Annualised total (L) 18577
Plant and Eauil Fuel use requi )
Blackheath
Concrete Works 20303
Drainage 20696
Road pavements 25010
Asphalting 14359
Misc Plant 106848
[Mid point Shaft
ite incl. road widening 63017
Road pavements 3983
isc Plant 39619
Little Hartley
Drainage 131479
Road pavements 53442
Asphalting 33030
Misc Plant 231452
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