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Executive summary

This report responds to the 2019 World Heritage Committee (WHC) decision (43 COM 7B.2) that
Australia undertake ‘an assessment of potential cumulative impacts of all existing and planned
mining projects in the vicinity of the [Greater Blue Mountains Area] property’.

The Australian Government commissioned CSIRO, Australia’s national science agency, to
undertake a cumulative impact assessment of risks from mining near the Greater Blue
Mountains Area (GBMA). To do this, CSIRO used a spatial causal network analysis to evaluate
how stressors of nearby mines may impact on eight high-level components of the GBMA'’s
Outstanding Universal Value (OUV) chosen to represent the natural values and integrity of the

property.

Fifteen existing and planned open-cut and underground coal mines and three sand mines within
20 km of the GBMA were identified as potential threats to its OUV. CSIRO’s analysis identified
the mining-related stressors that may threaten one or more components of the OUV and rated
the risk of each stressor pathway in terms of likelihood of occurrence and consequence of the
impacts (i.e. risk).

The CSIRO analysis identified a potential cumulative impact area (PCIA) of 1984 km? within the
10,438-km? GBMA, distributed across six discrete areas, where cumulative impacts from mining
could occur in the absence of protection and management measures. Highly conservative
assumptions were made in defining the PCIA which means that the actual area of potential
cumulative impacts from mining is likely to be considerably smaller. Within the PCIA, the risk of
significant impacts to components of the property’s OUV is assumed to generally decrease with
increasing distance from the mining areas.

The greatest mining-associated risk to the OUV is potentially to the ‘water systems’ of the GBMA
via water table lowering and changes in streamflow, water quality and channel condition. Water
systems of the GBMA include streams, riparian areas and many groundwater-dependent
ecosystems (GDEs), occupying about 400 km?2 (c. 20%) of the PCIA.

Collective impacts from multiple stressors are most likely closest to the mining areas, potentially
affecting the boundary integrity near the six mines within 1 km of the GBMA.

The Department of Agriculture, Water and the Environment used the independent CSIRO
analysis to determine residual risk (that risk remaining after legislated protection and
management measures have been applied) to the eight high-level components of the OUV. Given
the scope of the WHC'’s request, residual risk was assigned at the scale of the GBMA. However,
this does not preclude localised areas of higher risk to components of OUV within the PCIA.

Overall, the residual risk to the OUV of the GBMA was assessed as ‘Low’ because most potential
impacts are currently effectively mitigated by strict environmental conditions imposed on mine
operators. Key messages from the residual risk assessment include:

e The residual risk to iconic Gondwanan flora, such as the Wollemi Pine and the Blue
Mountains Pine, is rated as ‘Very low’ due to their likely distance from mining areas.

Department of Agriculture, Water and the Environment
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e The residual risk to Scleromorphic flora is collectively rated as ‘Very low’. Their
physiological adaptations to harsh environments mean that most of this component’s flora
can tolerate many mining-related stressors. However, some scleromorphic flora in riparian
and wetland habitats that are hydrologically connected to mining areas could be more
vulnerable.

e Conservation-significant flora and fauna are considered to be at ‘Low’ residual risk because
they are well protected under existing Australian and New South Wales government
legislation which requires mine proponents to determine whether there is potential for
significant impacts and provide acceptable avoidance, mitigation and offset options to
minimise impacts.

e  The residual risk to Geodiversity is ‘Very low’. Subsidence and blasting management
practices are well established and the impacts from ground movements can be contained
close to the mine site by appropriate mine layout and blast control.

e  Overall, there is a ‘Low’ residual risk to Water systems. Most stressors can be managed to
avoid and minimise off-site impacts but groundwater drawdown is an inevitable
consequence of mining and may have far-field impacts on GDEs. The residual risk to
streams, riparian areas and swamp habitats is ‘Low’ whereas incomplete knowledge of
other GDEs and wetlands such as the Thirlmere Lakes system meant that their residual risk
from mining could not be determined.

e The Boundary integrity of the GBMA has a ‘Low’ residual risk of being impacted by
subsidence damaging escarpments and cliffs, by clearing or accidental burning of vegetation
buffers on mine lease areas that adjoin the GBMA, and incursion of weeds and other
invasive species.

e Indigenous custodial relationships within the GBMA, which are important to the integrity of
the property, are underpinned by other components of its OUV. Therefore, it is reasonable
to assume that mining-related stressors that impact one or more components of OUV may
also impact Indigenous cultural connections with the land and custodial relationships.
However, consultation with all relevant Indigenous custodians was not sufficient to enable a
reliable rating of residual risk to this high-level component of OUV, so it was rated as
‘Indeterminate’.

In 2019-20, bushfires burnt 71% of the GBMA with varying severity and changed the landscape
context in which other stressor activities are occurring . For example, there is emerging evidence
from swamp habitats outside the GBMA of irreversible damage or lowered recovery potential in
burnt swamps that have been impacted by mining compared to similar burnt swamps that have
not been impacted by mining. Future protection and management measures may need to
account for an increasing frequency and severity of fires and to ensure that GBMA habitats are
not allowed to degrade, even for short periods.

This desktop risk assessment implies that there is a ‘Low’ residual risk of impacts on some of the
high-level components of the OUV of the GBMA, especially in areas that were recently burnt.
Future work building on systematically collected field data from the GBMA is needed to confirm
these estimates of residual risk, document poorly known elements of the OUV (e.g. subsurface
GDEs) and investigate specific areas within the PCIA near multiple mines to monitor potential
cumulative impacts on, for example, water systems and flora.
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Limitations of the assessment are acknowledged and further work to address these is described.
This assessment and its focus on mining-related impacts should be seen as a first step towards a
more comprehensive understanding of cumulative risks to the OUV of the GBMA from other

past, present and planned human activities within and near the area in the context of a changing

climate.

Department of Agriculture, Water and the Environment
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1 Introduction

1.1 Purpose of this report

This report presents the findings of a desktop assessment of the potential cumulative impacts of
existing and planned mining projects in the vicinity of the Greater Blue Mountains Area (GBMA).
The GBMA was inscribed on the World Heritage List in 2000 because its value is of such
exceptional significance ‘as to transcend national boundaries and to be of common importance for
present and future generations of all humanity’ (UNESCO 2019a) - its Outstanding Universal
Value (OUV). Mining is prohibited in national parks under New South Wales (NSW) legislation
and there is no mining within the GBMA.

The work reported here was done in response to the request of the World Heritage Committee
(WHC) atits 43rd session in 2019 for Australia

“to undertake an assessment of potential cumulative impacts of all existing and planned
mining projects in the vicinity of the property through a Strategic Environmental
Assessment (SEA) or a similar mechanism” (Decision 43 COM 7B.2, UNESCO 2019b).

The WHC made this request after noting “with concern that several mining projects exist in the
vicinity of or adjacent to the property, and that some mining activities have resulted in impacts
on the property, as evidenced by the incident at the Clarence Colliery”.

To address this concern, the Australian Government Department of Agriculture, Water and the
Environment (DAWE) engaged the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) to prepare a cumulative impact assessment. DAWE works to protect and
strengthen Australia’s agriculture, water resources, environment and heritage, and is
responsible for delivering the Australian Government’s response to the WHC. The CSIRO is
Australia’s national scientific research agency and has expertise in bioregional assessments and
analysis of cumulative impacts.

Details of the analyses undertaken by CSIRO are presented in the Technical Report by Holland et
al. (2021). The purpose of the current report is to build on these analyses and extend their
results by evaluating the current measures for mitigating potential cumulative impacts of mining
on the OUV of the GBMA, and using these to estimate residual risk remaining after
implementation of these measures.

The authors sought input from relevant experts throughout the process. CSIRO undertook
internal and external peer reviews in accordance with their business requirements. DAWE
sought reviews from relevant experts internally and in the NSW Department of Planning,
Industry and Environment.

1.2 Scope and objectives

The investigative scope of this assessment is the potential cumulative impacts of existing and
planned mines within 20 km (justified in Section 2.4) of the property’s boundary on the GBMA’s
Outstanding Universal Value (OUV).

Department of Agriculture, Water and the Environment
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The assessment focuses on the residual risk of cumulative impacts at the scale of the entire
GBMA. Where information is used from environmental impact statements of individual mines, it
is primarily for illustrating potential impacts and mitigation measures operating at more local
scales that may collectively affect the OUV of the GBMA.

Climate change and human activities such as tourism, agriculture and urbanisation may also
contribute to cumulative impacts. Given the specific wording of the WHC’s request, the potential
impacts of these drivers were not in scope. However, in the spring and summer of 2019-20
(after this assessment had commenced), severe bushfires associated with climatic extremes
burnt 71% of the property. As these fires led to a change in its ‘Conservation Outlook’ rating in
the 2020 IUCN Outlook Report to ‘Significant Concern’, the scope of the assessment was
broadened to include discussion of their likely influences (e.g. reduced ecological resilience,
modified landscape) on the potential cumulative mining-related impacts on the property’s OUV.

The objective of this assessment is to evaluate the present residual risk (i.e. assuming current
levels of protection and management) of potential cumulative mining-related impacts on the
GBMA'’s OUV. To achieve this objective, the following eight questions (Qi-Qviii) were addressed:

i)  What are the main components of the GBMA’s OUV, and how might these be
summarised to efficiently assess potential cumulative mining-related impacts?

ii) What and where are the existing and planned mining operations in the vicinity of the
GBMA that could impact components of its OUV?

iii) What are the key mining-related stressors, processes and causal pathways (terms
defined in Table 3.1) that could impact components of the GBMA’s OUV?

iv) Inwhich areas of the GBMA might these key mining-related stressors individually and
cumulatively impact components of the GBMA’s OUV?

v) To what extent and where do these areas of potential impact overlap with the
distributions of components of the GBMA’s OUV, and with areas burntin 2019/20?

vi) Which components of the GBMA’s OUV are potentially most at risk of cumulative
mining-related impacts, and where?

vii) What measures (e.g. protection and management) are in place to protect and manage
components of the GBMA’s OUV from potential cumulative mining-related impacts,
and are they likely to be adequate in how and where they are currently applied?

viii) What is the residual risk to the components of the GBMA’s OUV from cumulative
impacts of mining?
The assessment does not review the effectiveness of existing protection and management

arrangements in delivering environmental outcomes, or evaluate the level of compliance and
environmental performance of the mine operations.

1.3 Approach

The approach was a desktop-based risk assessment drawing on scientific literature, existing
data and expertise within the CSIRO and relevant government agencies. Although no biophysical
modelling was done for this assessment, previous modelling for nearby Bioregional Assessments
(Herron et al. 2018a) was used to support some of the inferences.

Department of Agriculture, Water and the Environment
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Details of the approach are given in Chapter 3. Briefly, the main components of the GBMA’s OUV
were summarised (Qi), and existing and planned mines within 20 km of the property were
mapped and assessed for their potential to impact on the OUV components (Qii). After
identifying key mining-related stressors and processes, the links along their causal pathways to
the OUV components were evaluated for risk (likelihood and consequence) to underpin a causal
network (Qiii). The likely maximum spatial extent of each mining-related stressor was mapped
(Qiv) and superimposed on maps of the OUV components and the areas burnt during the
2019/2020 bushfires (Qv). Spatial analysis of the causal networks and the maps indicated which
components were potentially most at risk of cumulative mining-related impacts and where they
were located (Qvi). Protection and management measures were reviewed for each OUV
component to identify which ones are applied at specific mines and in the GBMA, and their likely
effectiveness was evaluated (Qvii). Integrating and mapping the information from Qi-Qvii
enabled assessment of residual risk (Qviii), the main objective.

1.4  Structure of this report

Following this introduction (Chapter 1), the context of the assessment is presented in Chapter 2
which describes the GBMA, the components of its OUV, the existing and planned mines within 20
km of the property, and the main protection and management measures currently in place in the
GBMA. Chapter 3 defines technical terms used in this report, briefly reviews relevant literature
on cumulative impact assessment, outlines the risk assessment approach and the methods used
to address Qiii-Qviii, and lists the assumptions and limitations of the approach.

Key findings and their supporting evidence are presented in Chapter 4 and its appendix, focusing
on the components of OUV of the GBMA that are threatened by mining near the property, threats
and their likely pathways for each component, current protection and management measures,
and what residual risk remains after implementing these measures. Finally, Chapter 5 reiterates
the main findings and their implications, broadly reviews protection and management measures
and their effectiveness, discusses limitations of the current assessment and suggests future work
to address knowledge gaps in our understanding of the potential cumulative mining-related
impacts to the OUV of the GBMA.

There is also a list spelling out the initialisms used in this report, and a glossary defining various
words and terms. As these words and terms are used in a particular context here, some of the
definitions may differ from those used conventionally, in common language or in other reports.

Department of Agriculture, Water and the Environment
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2 The Greater Blue Mountains Area

2.1 Overview of the property

The Greater Blue Mountains Area (GBMA) consists of 1.04 million hectares of sandstone
plateaus, escarpments and gorges dominated by temperate eucalypt forest contained within
seven national parks and one conservation area (Figure 2-1). It forms part of the Great
Australian Dividing Range to the west of the major coastal cities of Sydney, Wollongong and
Newcastle, providing large areas of accessible wilderness close to more than five million people.

The GBMA was inscribed on the World Heritage List in 2000 based on natural heritage values
meeting World Heritage criteria (ix) and (x) (Box 2-1). The GBMA is noted for its representation
of the evolutionary adaptation and diversification of eucalypt ecosystems and associated
communities of plants and animals that occurred on the Australian continent after the break-up
of Gondwana 180 million years ago. It is especially biodiverse, harbouring some 10% of
Australia's vascular flora (including almost 100 eucalypt taxa) and numerous rare or threatened
species. These species include endemic and evolutionary relict species such as the Wollemi Pine
(Wollemia nobilis) and the Blue Mountains Pine (Pherosphaera fitzgeraldii) that persist in highly
restricted microsites.

The GBMA also meets conditions of integrity, as provided in its statement of integrity (Box 2-2).
The combination of its huge area and the extensive legislative mechanisms (e.g. the NSW
statutory wilderness designation of 65% of the property) that protect the ‘wholeness and
intactness’ of its natural heritage values are critical to its integrity. Parts of the property adjoin
National Parks and conservation reserves that further buffer the biota and ecosystem processes
of the area from human activities outside the GBMA. This connectivity with other protected
areas also means that the area will continue to provide opportunities for adaptation and range-
shifts for its native plant and animal species, allowing essential ecological and evolutionary
processes to continue. The area’s integrity also depends upon the complexity of its geological
structure, geomorphology and water systems which have created the conditions for the
evolution of the GBMA's outstanding biodiversity and require the same level of protection.

When it was inscribed as a World Heritage property in 2000, there was insufficient evidence to
support a listing based on the area’s geodiversity, scenic value and cultural heritage values.
However, these three values are now also identified as important components of its integrity.
Aboriginal people from six language groups continue to have a custodial relationship with the
area through ongoing practices that reflect traditional and contemporary presence.

Department of Agriculture, Water and the Environment
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Box 2-1 The two natural heritage criteria underpinning the inscription of the GBMA on the
World Heritage List, as included in the Statement of Outstanding Universal Value

The GBMA was inscribed on the World Heritage list in 2000 based on two criteria:

(ix) be outstanding examples representing significant on-going ecological and biological processes in
the evolution and development of terrestrial, fresh water, coastal and marine ecosystems and
communities of plants and animals.

The Greater Blue Mountains include outstanding and representative examples in a relatively small area of
the evolution and adaptation of the genus Eucalyptus and eucalypt-dominated vegetation on the
Australian continent. The site contains a wide and balanced representation of eucalypt habitats including
wet and dry sclerophyll forests and mallee heathlands, as well as localised swamps, wetlands and
grassland. It is a centre of diversification for the Australian scleromorphic flora, including significant
aspects of eucalypt evolution and radiation. Representative examples of the dynamic processes in its
eucalypt-dominated ecosystems cover the full range of interactions between eucalypts, understorey,
fauna, environment and fire. The site includes primitive species of outstanding significance to the
evolution of the Earth’s plant life, such as the highly restricted Wollemi Pine (Wollemia nobilis) and the
Blue Mountains Pine (Pherosphaera fitzgeraldii). These are examples of ancient, relict species with
Gondwanan affinities that have survived past climatic changes and demonstrate the highly unusual
juxtaposition of Gondwanan taxa with the diverse scleromorphic flora.

(x) contain the most important and significant natural habitats for in-situ conservation of biological
diversity, including those containing threatened species of Outstanding Universal Value from the
point of view of science or conservation.

The site includes an outstanding diversity of habitats and plant communities that support its globally
significant species and ecosystem diversity (152 plant families, 484 genera and c. 1,500 species). A
significant proportion of the Australian continent’s biodiversity, especially its scleromorphic flora, occurs
in the area. Plant families represented by exceptionally high levels of species diversity here include
Myrtaceae (150 species), Fabaceae (149 species), and Proteaeceae (77 species). Eucalypts (Eucalyptus,
Angophora and Corymbia, all in the family Myrtaceae) which dominate the Australian continent are well
represented by more than 90 species (13% of the global total). The genus Acacia (in the family Fabaceae)
is represented by 64 species. The site includes primitive and relictual species with Gondwanan affinities
(Wollemia, Pherosphaera, Lomatia, Dracophyllum, Acrophyllum, Podocarpus and Atkinsonia) and supports
many plants of conservation significance including 114 endemic species and 177 threatened species.

Greater Blue Mountains - New South Wales - World Heritage Places (environment.gov.au)
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Box 2-2 The statement of integrity underpinning the inscription of the GBMA on the World
Heritage List as included in the Statement of Outstanding Universal Value

Statement of integrity

The seven adjacent national parks and single karst conservation reserve that comprise the GBMA are of
sufficient size to protect the biota and ecosystem processes, although the boundary has several anomalies
that reduce the effectiveness of its 1 million hectare size. This is explained by historical patterns of
clearing and private land ownership that preceded establishment of the parks. However, parts of the
convoluted boundary reflect topography, such as escarpments that act as barriers to potential adverse
impacts from adjoining land. In addition, much of the property is largely protected by adjoining public
lands of State Forests and State Conservation Areas. Additional regulatory mechanisms, such as the
statutory wilderness designation of 65% of the property, the closed and protected catchment for the
Warragamba Dam and additions to the conservation reserves that comprise the area further protect the
integrity of the GBMA. Since listing, proposals for a second Sydney airport at Badgerys Creek, adjacent to
the GBMA, have been abandoned.

Most of the natural bushland of the GBMA is of high wilderness quality and remains close to pristine. The
plant communities and habitats occur almost entirely as an extensive, largely undisturbed matrix almost
entirely free of structures, earthworks and other human intervention. Because of its size and connectivity
with other protected areas, the area will continue to play a vital role in providing opportunities for
adaptation and shifts in range for all native plant and animal species within it, allowing essential
ecological processes to continue. The area’s integrity depends upon the complexity of its geological
structure, geomorphology and water systems, which have created the conditions for the evolution of its
outstanding biodiversity and which require the same level of protection.

An understanding of the cultural context of the GBMA is fundamental to the protection of its integrity.
Aboriginal people from six language groups, through ongoing practices that reflect both traditional and
contemporary presence, continue to have a custodial relationship with the area. Occupation sites and rock
art provide physical evidence of the longevity of the strong Aboriginal cultural connections with the land.
The conservation of these associations, together with the elements of the property’s natural beauty,
contributes to its integrity.

Greater Blue Mountains - New South Wales - World Heritage Places (environment.gov.au)
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Figure 2-1 The Greater Blue Mountains Area and nearby NSW conservation reserves.
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2.2 Components of Outstanding Universal Value

As mentioned in Chapter 1, the GBMA is considered to be of Outstanding Universal Value (OUV)
because the property is of such exceptional significance ‘as to transcend national boundaries and
to be of common importance for present and future generations of all humanity’ (UNESCO 2019a).
This OUV is composed of multiple and inter-related components that, together, constitute the

GBMA'’s exceptional significance.
For this assessment of the potential cumulative impacts of existing and planned mining projects

in the vicinity of the GBMA, eight high-level components of OUV were selected that represent the
two criteria of natural heritage value as presented in the Statement of OUV for the property (Box
2-1) and key aspects of the integrity of the GBMA (Box 2-2). There is considerable overlap

among these high-level components, reflecting the interconnectedness of the component values

contributing to its OUV.
Although attention in this report focuses on these eight high-level components, examples and

evidence are also drawn from mid-level components such as Threatened Ecological
Communities (e.g. Temperate Highland Peat Swamps on Sandstone) and valued ecosystems
(Thirlmere Lakes) and from species-level components (e.g. Wollemi Pine, Blue Mountains Pine).
This broad hierarchical classification (Figure 2-2) seeks to represent important components of
the OUV of the GBMA as a focus for assessing the potential cumulative impacts of existing and

planned mining projects in its vicinity.
Figure 2-2 Classification of components representing the GBMA’s OUV used in the current

assessment.
Outstanding Universal Value (OUV) of the GBMA
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(e.g. threafened species,
endemic species)

High-level components were used as Assessment Endpoints in the spatial causal network analysis (Section 3.6) whereas
mid- and species-level components were assessed spatially, drawing on narratives and the conceptual model underpinning

the causal network.
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2.2.1 Natural heritage value

Six high-level components represent the two natural heritage values used to justify inclusion of
the GBMA on the World Heritage List (Figure 2-3). There is an intentional bias towards the floral
components of OUV, reflecting the specific values presented in the Statement of OUV for the
property (Box 2-1). Note that when referring to specific high-level components as proper nouns
in this report, the first word of the component is capitalised (e.g. Scleromorphic flora).

Four of the components were assessed in detail (as described in Chapter 3):

iy

2)

3)

4)

Gondwanan flora - Primitive rainforest species with Gondwanan affinities that have
survived in isolated pockets of the GBMA (e.g. Wollemi Pine, Blue Mountains Pine, species of
Lomatia, Dracophyllum, Acrophyllum, Podocarpus and Atkinsonia).

Scleromorphic flora - Plants having hard, short and often spiky leaves that have evolved in
response to conditions of low soil fertility and limited water (e.g. Myrtaceae - eucalypts,
Fabaceae - acacias, Proteaceae - banksias, grevilleas and hakeas). Scleromorphic flora cover
more than 98% of the GBMA.

Conservation-significant flora - Plant species and ecological communities that are
identified under the Australian Government Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) and/or the New South Wales Biodiversity Conservation Act
2016 (BC Act) as requiring special environmental protection due to substantial declines in
geographic distribution and/or key species, and because of the presence of ongoing
pressures that are likely to continue the trend of degradation and loss.

Conservation-significant fauna - Animal species and ecological communities that are
identified under the EPBC Act (Cth) and/or the BC Act (NSW) as requiring special
environmental protection for the same reasons as above.

The two other components - Other flora and Other fauna - incorporate the species of plants and
animals not covered by the above four components, and are included for completeness (Figure
2-3). In the current assessment of potential cumulative impacts of existing and planned mining
projects in the vicinity of the GBMA, it was assumed that risks to these two components of OUV
relating to natural heritage values could be readily inferred from those to the four components
that were assessed in detail.

Department of Agriculture, Water and the Environment
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Figure 2-3 Natural heritage value criteria (ix and x) are represented by six high-level
components. Four (highlighted) are assessed in greater detail in this assessment.
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The Gondwanan Flora and Scleromorphic Flora components go to the heart of the World
Heritage listing under criterion (ix). They are also differentiated because they have evolved in
very different environments and are likely to have different sensitivities to potential cumulative
impacts of mining.

2.2.2 Integrity

Eight high-level components contribute to the integrity of the GBMA (Figure 2-4). Many of these
components are intimately interdependent; a decline in the quality of one of them is likely to
detract from others such as the property’s cultural value, natural beauty and wilderness value.
Some components (e.g. Intactness) also encompass attributes of the property, such as its large
size, wilderness quality and largely undisturbed matrix, that were considered unlikely to be
impacted by mining in the vicinity of the property.

Again, four of the components were assessed in detail:

1) Boundary integrity - characteristics of the GBMA’s boundary (e.g. native vegetation
buffers, rocky escarpments) that help protect the GBMA’s OUV. The GBMA was listed
without a formal buffer zone, yet an essential part of the conservation strategy of World
Heritage properties is the protection of the surroundings of inscribed properties.

2) Geodiversity - the diversity of geological structures and landforms such as plateaus, cliffs,
escarpments, caves, canyons, gorges and pagoda rocks. These provide the setting for its
unique biota and contribute to the property’s Indigenous heritage and natural beauty
(Washington and Wray 2011).

3) Water systems - aquatic features (e.g. streams, springs, swamps, lakes, waterfalls, seeps
and groundwaters) and associated water-dependent ecosystems that have evolved in
tandem with the geomorphic evolution of the landscape. Examples include the Thirlmere
Lakes system in Thirlmere Lakes National Park and the Colo, Kowmung and Grose river
systems which are declared Wild Rivers under the NSW National Parks and Wildlife Act
1974 (NPW Act). A Wild River is one that is of natural origin and exhibits substantially
natural flow, and must be protected to conserve this condition.
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4) Indigenous custodial relationships - includes culturally important sites (e.g. caves,
shelters, hearths, rock art, grinding grooves, scar trees and landscape features); species that
are important for diet, materials, medicine, cultural identity and spiritual values of the
Indigenous peoples of the area; and intangible values that reflect the connections and
interdependent relationship between Indigenous people and their ancestral lands.

Most of the remaining components are derivatives of the four components above (Figure 2-4),
and collectively contribute to the property’s integrity. Following the same reasoning in Section
2.2.1, it was assumed that risks to these remaining components of integrity could be readily
inferred from the results of the four components that were assessed in detail.

Figure 2-4 Integrity of the GBMA is represented by eight high-level components. Four
(highlighted) are assessed in greater detail in this assessment.
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2.3 Threats and trends

At the time of listing in 2000, the main threats to the OUV of the GBMA were considered to be
from tourism, fire and invasive species (NSW NPWS 1998). In remote bush areas, fire and pest
species are considered the greatest threats and are the focus of management control. Visitor use
of the property has tended to be concentrated around the urban corridor and is actively
managed to minimise erosion and disturbance impacts (NSW NPWS 1998). More recently,
climate change has been added as a fourth key threat to the draft Strategic Plan being prepared
for the property (NSW DPIE, in prep).

Mining is prohibited in national parks in NSW, but several coal mines were operating in the
vicinity of the GBMA at the time of its nomination and subsequent listing. These mines were
reported not to be affecting the water catchments that drain to the area. Although cliff collapse
and the alteration of surface drainage were identified as potential impacts from mining, strict
development control and pollution licensing requirements in NSW were considered to be
effective in managing this threat (NSW NPWS 1998).

There are multiple ways that mining can threaten the OUV of the GBMA. These threats can be
grouped by their predominant pathways. Groundwater drawdown and contamination (e.g.
hydrocarbons, salts, heavy metals) can affect natural groundwater-dependent ecosystems
(GDEs) such as groundwater-fed swamps, seeps and streams as well as many types of
vegetation. Surface water extraction alters the flow regimes of waterways entering the GBMA,
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affecting flow-dependent plants, animals and ecological processes (e.g. nutrient cycling).
Sediment regimes are also changed, affecting natural rates of erosion and deposition in the
waterways and along their banks.

Surface water contamination may harm or Kkill aquatic plants and animals, impact on riparian
vegetation and pollute shallow groundwater that exchanges with streams in their beds and
banks. Harmful chemicals may be mobilised from contaminated water and bank sediments and
may ultimately affect nearby terrestrial ecosystems in the GBMA. Air pollution, dust, and noise
and light pollution are all air- or wind-borne, and may have impacts on terrestrial plants and
animals. Other potential threats to the components of the OUV of the GBMA include ground
subsidence from longwall mining and vibrations from blasting. However, some threats such as
accidental fires, vehicle strike, vegetation clearance and invasive plants and animals that may be
facilitated by mining are less likely in the GBMA. Importantly, these various threats are often
cumulative, and must be considered collectively when assessing potential impacts on the OUV of
the GBMA.

In the last decade, two important trends in potential threats to the OUV of the GBMA have
become apparent. The first is the escalating threat of potential cumulative impacts of coal
mining, especially via water pollution and subsidence, associated with increasing numbers of
proposals for new mines or extensions of existing ones in the vicinity of the property.

For example, the Wollangambe, Wolgan and Colo Rivers in the GBMA (Figure 2-1) have already
been impacted by polluted water from coal mining activities. In July 2015, coal fines from the
Clarence Colliery spilled into the Wollangambe River and the mining company was obligated to
remediate the damage (Box 2-3). Pollution from the mine extends at least 22 km downstream in
the Wollangambe River from the outflow of coal mine wastes, impairing the aquatic ecosystem
and reducing the abundance and taxonomic richness of pollution-sensitive aquatic
macroinvertebrates (Wright et al. 2017). This pollution includes increased salinity, thermal
pollution and elevated concentrations of heavy metals that appear to have been taken up by
riparian vegetation (Wright et al. 2017, Belmer and Wright 2018). Investigations by the
Australian Government concluded that there were no long-term impacts on the OUV of the
World Heritage property (Commonwealth of Australia 2019, UNESCO 2019c). Heavy metals
(notably zinc and nickel) from the Canyon Colliery, closed in 1997, also enter the Grose River
(Price and Wright 2016) which flows into the GBMA

Subsidence from longwall coal mining near the GBMA may cause cliff collapse, water pollution
and the loss of surface water as well as lower water tables and lead to desiccation of peat
swamps (Independent Expert Panel for Mining in the Catchment 2019). Temperate Highland
Peat Swamps on Sandstone (THPSS) are a Threatened Ecological Community (TEC) occurring
within the GBMA. Impacts on water retention and ecological functions of these swamps due to
mining can exacerbate impacts from climate change and bushfires (Cowley et al. 2019). One of
the most serious threats from subsidence is when fractures form in the sandstone bedrock of
undermined watercourses and substantially increase local hydraulic conductivity. This, in turn,
can reduce or even eliminate baseflow, leading to progressive drying of downstream swamps,
loss of wetland plant species, desiccation of peat (with increased vulnerability to burning) and
greater potential for incision and erosion of the swamps during high flow events.
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Growing awareness of these potential impacts and the continuing approval of new or extended
coal mines around the property led to the WHC’s concerns that existing controls may not be
effective in managing the threat from coal mining and prompted their request in 2019 for this
cumulative impact assessment. Since this request, there has been a second notable event: a
change in the Conservation Outlook for the property from ‘Good with some concerns’ (IUCN
2014, 2017) to ‘Significant concern’ (IUCN 2020). This change in assessment appears to be
largely due to the potentially serious impacts on the property’s OUV caused by bushfires from
the end of October 2019 to early February 2020 that burnt 71% of the area with varying degrees
of severity (Section 4.3.14).

The 2020 Conservation Outlook (IUCN 2020) now lists two climate change-related threats as
‘Very high threat’: (i) Fire/Fire suppression, and (ii) Habitat shifting/alteration, Droughts,
Temperature extremes, Storms/flooding. The only two mining-related threats are listed as ‘High
threat’ and are: (i) Water pollution, and (ii) Oil/gas exploration/development,
Mining/quarrying.

As a consequence of the recent severe fires and the elevation of their threat level in the 2020
IUCN Conservation Outlook of the GBMA to ‘Very high’, we have explicitly considered these
threats when assessing the potential cumulative impacts of mining in this report. We
acknowledge that more detailed work on the impacts of the fires on the property’s OUV is
underway and that our interpretations of likely interactions with mining-related impacts are
preliminary and based solely on desktop analyses.

Box 2-3 The spill of coal fines from Clarence Colliery into the Wollangambe River in 2015

The Clarence Colliery underground coal mine, a joint venture between Centennial Coal and SKA Energy
Australia, is situated in the Western Coalfield approximately 15 km east of Lithgow and produces thermal
coal for export and domestic use. Mining commenced in 1979 and production rates vary between 2 and
2.5 Mt/year.

On 2 July 2015, a spill occurred from a coal reject stockpile at the mine site that caused many tonnes of
coal fines and coarse reject material such as coal rock and gravel to be dispersed into the environment
surrounding the mine site. Coal fines also entered the Wollangambe River, which flows into the GBMA.
The mine swiftly reported the incident to the NSW Environment Protection Authority (EPA) who
commenced an investigation with an immediate focus on containing and cleaning up the spill. A Clean-up
Notice was issued to Centennial Coal on 3 July 2015 directing the company to install 22 silt fences
between the mine and the river to contain the material and prevent any further impact to the river.
Centennial Coal was also directed to remove coal material from over 350 metres of the drainage line from
the river upslope towards the mine site (EPA 2015).

The EPA’s inspections confirmed that coal fines, in varying quantities, settled in the river up to eight
kilometres downstream of the spill site. Because of the difficult terrain and sensitive environment,
removal of deposits of coal fines from the river was either by hand or using a small suction pump. The
extensive rehabilitation operation of the contaminated land and water took 12 months, and cost almost
two million dollars (AUD). The NSW Land and Environment Court convicted the company of two offences
and imposed more than AUD 1,050,000 in penalties. When delivering the judgement, Justice Robson said,
“I find that Clarence Colliery’s conduct caused both substantial actual harm and likely environmental harm
and that the areas adversely affected were areas of high environmental and conservation value which were
specifically preserved and clearly intended to be relatively free of pollution” (Australian Mining, 18 July
2017).
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2.4 Mines in the vicinity of the GBMA

Coal mining has occurred in the geological basin underlying the GBMA and its surrounds for
over 200 years, well before its World Heritage listing. While there are no longer any operating
mines in the GBMA itself, the property historically supported a number of coal mines (e.g. Blue
Mountains Colliery, Canyon Colliery, Katoomba Coal Mine) as well as oil shale mines at Newnes
and Baerami in the Wollemi National Park and lead/silver/gold mines at Yerranderie in the Blue
Mountains National Park. A number of coal mines within and around the GBMA had ceased
extraction prior to the property’s World Heritage listing in 2000 or prior to this assessment.
Although environmental impacts from these mines may persist after closure, these legacy mines
do not meet the ‘existing and planned’ requirement for inclusion in this assessment.

There are also sand and rock mines operating around the GBMA which supply products to
industries associated with road-making, concrete, iron and construction. Like coal mining, this
activity has a long history and new developments continue to be proposed to meet the demand
for construction materials in nearby urban areas, including Sydney.

A key step in the current assessment was to identify what mining operations that could impact
components of the GBMA’s OUV exist or are planned in the vicinity of the property (Qii, Section
1.2). All types of mines were considered in scope which, for this region, means coal, sand and
kaolin mines. The terms ‘existing’, ‘planned’ and ‘in the vicinity’ were interpreted as follows:

— ‘Existing’ mines are those under construction, in production or in temporary care and
maintenance in 2020.

— A'planned’ mine is a ‘reasonably foreseeable’ mine, defined by the Minerals Council of
Australia (2015) as a project that has been approved and commencement announced
or is under assessment with full documentation available.

—  ‘Inthe vicinity’ is close enough to the GBMA that there are plausible pathways for
mining-related hazards to threaten components of the OUV of the property. For
underground and open-cut coal mining operations, a conservative distance of 20 km
from the property was adopted to select mines; for sand mines, a distance of 5 km from
the property was selected.

Further details of these definitions and the process for selecting which mines to include in the
assessment are given in Appendix A.

At the time that this assessment commenced (March 2020), 15 coal- and 3 sand-mining
operations were identified that met the criteria for inclusion. Fourteen are existing operations
and four mines were considered reasonably foreseeable. The 18 mines are listed in Table 2-1,
which includes details of mine type, operating status and distance to the GBMA. The mine lease
areas, and the mine footprints used by Holland et al. (2021) for delineating stressor extents, for
these operations are shown in Figure 2-5. Appendix B provides the time line of approved and
proposed operations for the mines included in this assessment (Figure B1) and a short
description of each mining operation.

Sixteen coal-mining operations in the vicinity of the GBMA were excluded from this assessment,
primarily because they were either in care and maintenance and on a pathway to closure or
were assessed as hydrologically disconnected from the GBMA. Details of their exclusion are
presented in Appendix A.
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Since the assessment was completed, the NSW Court of Appeal has upheld the decision to refuse
the Bylong Coal project, and the proposed Hume Coal project has been rejected (although the
decision may be appealed). These greenfield projects now appear unlikely to proceed. Their
status in Table 2-1 has been updated to reflect recent decisions. As this desktop analysis
assumed that they were approved, the area of GBMA potentially threatened by mining in its
vicinity is overestimated.
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Table 2-1 Existing and planned open-cut (OC) and underground (UG) mines included in this assessment (briefly described in Appendix B)

Mine

Airly

Angus Place

Appin

Bulga

Bylong Coal Project

Clarence
Dendrobium
Hume Coal Project

Hunter Valley
Operations

Mount Thorley
Warkworth

Tahmoor

United/ Wambo
Wambo
Invincible
Springvale
Kables

Newnes Kaolin Friable
Sandstone Project

Tinda Creek

Company

Centennial Coal
Centennial Coal
South32
Glencore

KEPCO

Centennial Coal
South32
POSCO

Yancoal / Glencore

Yancoal

Tahmoor Coal

Glencore
Peabody
Castlereagh Coal
Centennial Coal

Hanson Construction
Materials

Newnes Kaolin Pty
Ltd

Hy-tec - Aus10
Rhyolite Pty Ltd

Type

UG
UG
UG
0C&UG
0C& UG

UG
UG
UG
ocC

ocC

uG

ocC

0C & UG
ocC

UG

Sand

Kaolin,
sand

Sand

Existing/
Planned

Existing
Existing
Existing
Existing

Planned

Existing
Existing
Planned

Existing

Existing

Existing
Planned
Existing
Existing
Existing

Existing

Planned

Existing

Status

Operating
C&M (pre-EIS)
Operating
Operating

Refused. Appealed but
decision upheld

Operating
Operating
Refused

Operating

Operating

Operating
Approved
Operating
C&M

Operating
Operating

Not yet mining

Operating

Mining started

1998
1979
1962
1982
Refused

1979
2001

1949

1981

1975

Approved 2019
1969

1957+

1995

1988

Construction
started 2011

1996

Approved to

2037
2024
2041
2039

n/a

2026
2030
22 years
2030

2037

2032
2042
2042
2025
2028

unknown

21 years from
start extraction

2045

MLA adjoins
GBMA

Yes
Yes
No
No
Yes

Yes
No
No
No

Yes

Yes

No*
Yes
No
No
No

Yes

Yes

Mine to
GBMA (km)

1

8
14
7
0.5

0.5
15
17

6

Adjacent
1.5

3

7

6.5

1.5

Adjacent

Adjacent

C&M = In care and maintenance; MLA = mine lease area; n/a = Not applicable
* United mine lease area does not adjoin GBMA, but the joint venture lease area with Wambo does.
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Figure 2-5 Locations of mines included in this assessment. See Appendix B for brief
descriptions of each mine.

Muc&;ee
Hunterg\/all_e” gp\e‘{%g:oﬁn_ﬁ _
United ) WafsBo -, e Singleton
°  Mambo @ivount Thorley-Warkworth
" PR ArBulga
Newca{
Airly -k
Tinda Cree
Bath.ursl Invincible N/
Springvalg Clarence
Lithgow *—a
L] 5 S L
Kable's Newpesy w.',;-.f
T
Oberon
L]

Katoomba
K

Sydney

34°

B

Bowral
L

L=
E@Hume

GBMA-080
Mine footprint (open-cut) l:l Mine lease area
0 25 50

- Mine footprint (underground) |:| Greater Blue Mountains Area 1 ] ]
Kilometres
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2.5 Protection and management

The GBMA and its OUV are protected and managed under both Australian and New South Wales
(NSW) government legislation. These two levels of protection are summarised below to provide
context for this report; more detail is provided for particular stressors and pathways in relevant
parts of Appendix C.

2.5.1 Protection of the GBMA by Australian Government legislation

The EPBC Act (Cth) provides a high level of protection for the OUV of the GBMA by regulating all
actions that have, will have or are likely to have a significant impact on the OUV of a World
Heritage property. Under the definitions of the EPBC Act (Box 2-4), World Heritage properties
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are Matters of National Environmental Significance (MNES). Actions that could have a significant
impact on MNES can form the basis for a ‘controlled action’ determination under the Act. A
‘controlled action’ means that the risks of the action to the MNES must be assessed and, where
significant impacts are likely, options to avoid or mitigate the risks must be identified that
reduce the risk to acceptable levels. ‘Controlled actions’ require approval by the Australian
Goverment Minister for the Environment and enable the Minister to set appropriate conditions
as part of the project approval to ensure that any significant impacts on World Heritage Areas
are acceptable. Conditions can be prescriptive (i.e. specify the actions that a proponent must
undertake to comply with the approval), outcomes-based (i.e. specify the environmental
outcomes that a proponent is required to achieve, without specifying how they are to achieve
these outcomes) or a combination of the two. Approved projects are monitored for
environmental performance and compliance with conditions. Where breaches are identified,
penalties can be imposed.

Box 2-4 Key terms in the EPBC Act

Action - a project, development, undertaking, activity, or series of activities, or an alteration to any
of those things. In this assessment, the action is mining.

Controlled action - an action that needs approval under the EPBC Act if the Australian
Government Environment Minister determines that it is likely to have a significant impact on
matters of national environmental significance. Coal mines near the GBMA may trigger the World
Heritage property controlling provision if significant impacts on World Heritage values are
considered likely from the action.

Matter of National Environmental Significance (MNES) - currently nine matters (‘triggers’)
identified by the Australian Government, based primarily on Australia’s responsibilities under
international agreements on environmental protection, that are the subject of Australian
Government environmental protection under the EPBC Act. World Heritage properties are an
MNES.

Significant impact - an impact which is important, notable, or of consequence, having regard to its
context or intensity, which will depend upon the “sensitivity, value, and quality of the environment
which is impacted, and upon the intensity, duration, magnitude and geographic extent of the impacts”
(DOE 2013). The term is not explicitly defined in the EPBC Act. Significant Impact Guidelines
(Commonwealth of Australia 2013) have been developed to guide the assessment of likely
significant impact. In relation to World Heritage properties, a significant impact is one where there
is a real chance or possibility that it will cause one or more World Heritage values to be lost,
degraded, damaged or notably altered, modified, obscured or diminished.

https://www.environment.gov.au/epbc/about/glossary

Water trigger - a new MNES added to the EPBC Act in 2013 that triggers a more rigorous
assessment of potential impacts on surface water and groundwater resources from large coal
mines and coal seam gas projects. Proposals for new coal mines and expansions of existing coal
mining operations trigger this MNES. Where coal mining is near a World Heritage property, this
water trigger provides further protection to the property from impacts propagated via water
pathways.

https://www.environment.gov.au/epbc/what-is-protected /water-resources

In 2013, an amendment to the EPBC Act specified that all coal seam gas and large coal mining
proposals required Australian Government assessment and approval if they were likely to have

Department of Agriculture, Water and the Environment

27



Potential cumulative impacts of mining on the OUV of the Greater Blue Mountains Area

a significant impact on a water resource which, for these two activities, is legislated to be an
MNES. Since then, coal seam gas and large coal mining proposals have been referred to the
Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development
(IESC) for advice on potential impacts on water resources. The Australian Government Minister
for the Environment takes this advice into consideration when making a final decision and
setting conditions. This ‘water trigger’ adds an additional layer of protection for all water
resources and water-dependent assets at risk from large coal and coal seam gas developments.
Table 2-2 provides details of the most recent referral decisions for mining developments in the
vicinity of the GBMA.

Table 2-2 Recent referral decisions for planned and existing mines in the vicinity of the
GBMA. See Appendix B for mine summaries.

Mine Modification Year Controlled  World Water
referred  action Heritage  trigger

Airly Airly Mine Extension Project 2013 Yes Yes Yes

Angus Place Angus Place Mine Extension Project 2013 Yes Yes Yes

Appin Nothing current No n/a n/a

Bulga Bulga Optimisation Project Modification =~ 2018 Yes No Yes

Bylong Coal n/a 2014 Yes No Yes

Project

Clarence Clarence Colliery 2012 No n/a n/a

Dendrobium Dendrobium Mine Extension Project 2017 Yes No Yes

Hume Coal Project n/a Yes No Yes

Hunter Valley Hunter Valley Coal Mining Operations 2016 No n/a n/a

Operations North - State approved mining, NSW

Invincible Coalpac Pty Invincible Colliery 2014 No n/a No
Modification

Mount Thorley Warkworth Extension Project 2009 Yes No No

Warkworth

Springvale Springvale Mine Extension 2013 Yes Yes Yes

Tahmoor Tahmoor South Project 2014 Yes No Yes

United/ Wambo Combined Wambo-United open-cut coal 2015 Yes No Yes
project

Wambo South Bates Extension 2016 Yes No Yes

Kables Kables Sand Quarry Depth Extension 2003 Yes No No

Newnes Kaolin n/a 2002 Yes Yes No

Friable Sandstone

Project

Tinda Creek Expansion of Tinda sand quarry 2013 Yes Yes No

operation, north of Windsor, NSW

n/a - not applicable. Mines under assessment or approved but yet to commence; not seeking modification to existing

approval.
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2.5.2 Protection of the GBMA by NSW government legislation

The GBMA lies in the state of New South Wales (NSW). Under Australia’s federal system of
government, management of the GBMA is the responsibility of the NSW government. Each of the
eight conservation reserves that make up the GBMA have management plans that set out the
specific management objectives, directions and actions for each reserve in accordance with the
requirements of the WHC. These are guided by the Greater Blue Mountains World Heritage Area
Strategic Plan 2009 (NSW NPWS 2009) which is intended to bring strategic coherence to the
overall management of the property. A new plan is currently in preparation and includes specific
references to potential impacts of mining in the vicinity of the GBMA as well as the implications
of the recent wildfires.

The NSW Government is also responsible for development approvals in its state, including
mining. The NSW Environmental Planning and Assessment Act 1979 (EP&A Act) sets out the
requirements in relation to the assessment of risks as part of the development approval process.
Coal or mineral sands mining, mining in an environmentally sensitive area of State significance
or mining which has a capital investment value of more than AUD30 million are considered to be
State Significant Developments (SSDs). SSDs require a more detailed assessment of
environmental impacts through preparation of an environmental impact statement (EIS) and
greater public participation compared to smaller-scale developments.

A mining proponent is required to undertake a comprehensive environmental impact
assessment, which includes assessments of potential impacts on surface water, groundwater,
flora and fauna, air quality, visual amenity and cultural heritage and social values. These
assessments are informed by geotechnical reports, subsidence impact assessments, blasting
assessments, groundwater modelling and reports detailing site water management, waste
management and rehabilitation and post-mining land use plans. Where a risk of potentially
significant impacts is identified, avoidance and mitigation options must be proposed to bring the
residual risk within acceptable limits. There are well-established industry best practices,
departmental policies and guidelines, and legislative requirements that inform the preparation
of the EIS.

The EIS and accompanying assessment reports are reviewed by relevant state agencies,
independent committees such as the [ESC and other independent experts. Once the assessment
has been done to an acceptable standard and options for mitigating risk have been evaluated, a
decision is made by the NSW Government Minister or delegated authority (e.g. the Independent
Planning Committee) whether to approve the development and, if so, what conditions are
required for consent. The consent conditions specify performance objectives and measures,
requirements for monitoring and preparation of specific management plans to avoid or
minimise risks. Post-approval processes operate to monitor environmental performance and
ensure compliance with approval conditions over the mine life, including post-closure
completion criteria such as meeting rehabilitation objectives.

The application of Australian and NSW government regulatory instruments in relation to the
assessment and mitigation of risks associated with mining in the vicinity of the GBMA is
discussed for each key finding (Chapter 4 and Appendix C) and in the general context of
potential cumulative mining-related impacts on the GBMA in Chapter 5.
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3 Approach

3.1 Introduction

This section outlines the approach used in the assessment of potential cumulative impacts of
mining on components of the OUV of the GBMA. We start first by defining key terms and
introducing the fundamental elements of cumulative impact assessment (CIA). The section
concludes with key assumptions and limitations of the approach, acknowledging that it is a
desktop study and that the potential cumulative impact areas within the property that are
identified as part of this assessment do not necessarily mean that impacts have occurred or will
occur in these areas. Rather, they identify areas where further investigation of local-scale factors
is needed to refine the assessment of risk.

Full details of the causal network method and spatial analysis undertaken by CSIRO are
presented in the Technical Report by Holland et al. (2021).

3.2 Some useful terms

Unfortunately, many terms in environmental impact assessment (EIA) and CIA are used
inconsistently and interchangeably, causing substantial confusion and misinterpretation
(Oesterwind et al. 2016). To address this problem, we explicitly define the terms adopted in this
report and give relevant examples (Table 3-1).

Briefly, this CIA involved identifying relevant mining activities, their associated hazards and the
main causal pathways (involving stressors and processes) by which these hazards may affect
assessment endpoints (AEs) chosen to represent components of the property’s OUV. The
collective impacts of these causal pathways were configured as a causal network whose links
were evaluated for their likelihood and consequence (risk) to specific AEs. Superimposing
inferred stressor extents of the multiple stressors on the mapped extents of AEs indicates areas
where cumulative impacts on the OUV of the GBMA are possible, and where further investigation
of risk, monitoring and, potentially, mitigation strategies might be needed. Italicised t