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Glossary of Terms

2003 Extension Area

BAA
BBAM

BCAM

Biodiversity offsets

Biodiversity Offset
Strategy

CEEC

CMA
CPP
Credits

Direct impact

Disturbance boundary

DoE
DP&E
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The area approved under the 2003 extension of Warkworth Mine as approved
under development consent DA 300-9-2002i.

Biodiversity Assessment Area.

Abbreviation for BioBanking Assessment Methodology, used by the Upper
Hunter Strategic Assessment to calculate the suitability of offsets for a
development proposal, expressed as species credits or ecosystem credits.

Abbreviation for Biodiversity Certification Assessment Methodology, used by the
Upper Hunter Strategic Assessment to calculate the impact of a project and
determine the offset required, expressed as species credits or ecosystem credits.

For the purposes of this report, biodiversity offsets are measures that benefit
biodiversity by compensating for the predicted adverse impacts of the Proposal,
particularly. Biodiversity offsets are intended to achieve long-term conservation
outcomes where development and infrastructure projects are likely to impact
biodiversity.

Biodiversity offsets work by protecting and managing biodiversity values in one
area in exchange for impacts on biodiversity values in another. For example, if a
development requires an area of native forest or woodland to be cleared, another
area of similar vegetation can be protected, improved and managed for
conservation in perpetuity, effectively ‘offsetting’ the clearing at the development
site. The gain in biodiversity achieved by improving a similar area of woodland is
intended to balance the loss to biodiversity due to the clearing.

The strategy that has been developed in relation to the use of offsets to
compensate for the impacts of the 2003 Extension and the 2014 Proposal.

Critically Endangered Ecological Community listed under the NSW TSC Act
and/or Commonwealth EPBC Act.

Catchment Management Authority.
Coal Preparation Plant.

In the context of this report, credits are BCAM credits, used to calculate the
impact of a project and the offset required.

Impact resulting in physical change as a result of the project, at the same time
and place as the project; in the context of ecology this is most commonly the
removal of habitat.

The area of land proposed to be disturbed by the Proposal, and relates
exclusively to the Proposal.

Commonwealth Department of the Environment.

NSW Department of Planning and Environment.

FINAL  EMGA MITCHELL MCLENNAN
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EA
EEC

EIA

EMM
EP&A Act
EPBC Act
(draft) FBA

GDE
GPS

Green Offset Strategy

HMA

Indirect impact

LGA

Local occurrence

Locality
MNES
MTCL
MTO
MTW
NBA
NDA

NSW
OEH

Offset strategy

Previous surveys

CUMBERLAND ECOLOGY © - WARKWORTH CONTINUATION 2014

Ecological Assessment.

Endangered Ecological Community listed under the NSW TSC Act and/or the
Commonwealth EPBC Act.

Ecological Impact Assessment.

EMGA Mitchell McLennan Pty Ltd.

NSW Environmental Planning and Assessment Act 1979.

Commonwealth Environment Protection and Biodiversity Conservation Act 1999.

Abbreviation for the (draft) Framework for Biodiversity Offsets, a document that
sets out the detailed operation of the Draft NSW Biodiversity Offsets Policy for
Major Projects.

Groundwater Dependent Ecosystem
Global Positioning System.

The offset strategy developed in 2002 “offset the short and medium term loss of
habitat and ensure connectivity until the rehabilitation of the mined land can
restore these values”.

Abbreviation for Habitat Management Areas, which are offset areas defined in
the Green Offsets Strategy (ERM, 2002b) for the 2002 approval as areas that
“offset the short and medium term loss of habitat and ensure connectivity until the
rehabilitation of the mined land can restore these values”

An effect in the environment (impact) that has been caused by the direct impact,
in other locations and times.

Local Government Area.

The occurrence of a threatened species or ecological community within the study
area.

The area within a 10 km radius of Warkworth Mine.
Matters of National Environmental Significance.
Mount Thorley Coal Loader.

Mount Thorley Operations.

Mount Thorley Warkworth.

Northern Biodiversity Area.

Abbreviation for Non-Disturbance Areas, which are offset areas defined in the
Green Offsets Strategy (ERM, 2002b) for the 2002 approval as areas that
“preclude open cut mining and agriculture”.

New South Wales
NSW Office of Environment and Heritage.

Current proposed offset strategy to compensate for ecological impacts of the
Proposal.

All previous flora and/or fauna surveys conducted within the study area prior to
20009.
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the Proposal
Region
Regional occurrence

SBA
SEPP
the Site
SRs
SSD

Study area

Threatened flora and

The Proposal of Warkworth Continuation 2014 as outlined in Section 2.1 of this
report.

Refers to the Interim Biogeographic Regionalisation for Australia (IBRA)
Bioregion which Warkworth sits within; in this case the Sydney Basin Bioregion.

The occurrence of a threatened species or ecological community within the
Hunter-Central Rivers CMA.

Southern Biodiversity Area.

State Environmental Planning Policy.

The area covered by the application.

Secretary’s Environmental Assessment Requirements.
State Significant Development.

Includes all land on which flora and fauna studies have been conducted. The
area is shown in Figure 1.1.

Refers to communities, populations and species listed as Vulnerable or

fauna Endangered under the Commonwealth EPBC Act and NSW TSC Act.

TSC Act NSW Threatened Species Conservation Act 1995.

UHSA Abbreviation for Upper Hunter Strategic Assessment, which is a strategic
biodiversity assessment process for acquiring and managing future mining
offsets for the Upper Hunter Valley coalfields.

UNE University of New England.

WML Warkworth Mining Limited.

WSG Warkworth Sands Grassland.

WSWwW Warkworth Sands Woodland.
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Executive Summary

Cumberland Ecology was commissioned by EMGA Mitchell McLennan Pty Ltd (EMM) on
behalf of Warkworth Mining Limited to conduct an Ecological Impact Assessment (EIA) for a
proposed extension of Warkworth Mine (the Proposal). Warkworth Mine is an open cut coal
mine approximately 8 kilometres (km) south-west of Singleton in the Hunter Valley, NSW.
The mine is operated by Coal & Allied on behalf of Warkworth Mining Limited (WML).

This EIA has been prepared to describe the ecological values of the area covered by the
Proposal and to assess the potential impacts of the Proposal on native flora and fauna.
Impact assessment focuses particularly but not exclusively on endangered ecological
communities (EECs) as well as flora and fauna species protected under the NSW
Threatened Species Conservation Act 1995 (TSC Act) and Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act).

The impacts from open cut mining at Warkworth have been avoided and mitigated where
feasible to minimise the ecological impact. Residual ecological impacts are proposed to be
compensated for by the provision of "biodiversity offsets", which are an integral part of the
Proposal. This EIA report therefore provides details about the Biodiversity Offset Strategy
that has been developed to compensate for residual ecological impacts.

This report will be incorporated into an Environmental Impact Statement prepared by EMM
for submission to the Minister for Planning for assessment under Part 4 of the NSW
Environmental Planning and Assessment Act 1979 (EP&A Act).

S1 Background

Warkworth Mine currently operates under Development Consent No. DA 300-9-2002-i (the
development consent) issued by the then Minister for Planning in May 2003 under Part 4 of
the EP&A Act. The mine site also operates under two separate Commonwealth approvals
(EPBC Act); EPBC 2002/629 and EPBC 2009/5081.

Immediately to the south of Warkworth Mine is Mount Thorley Operations (MTO). Since
2004, the two mines have integrated at an operational level and are known as Mount Thorley
Warkworth (MTW), with a single management team responsible for all the operations.

The 2003 development consent permitted the clearing of woodland and forest that are
habitat for threatened flora and fauna on the condition that biodiversity offsets were provided
under what was referred to as the Green Offsets Strategy (ie the offsets for the 2003
Extension that are provided under the current development consent). This included portions
of land to the west and north of the 2003 Extension and rehabilitation to woodland following
mining. These Green Offsets were designated as Habitat Management Areas (HMAs) and
Non-Disturbance Areas (NDAs). The intent of the HMAs was for the temporary preservation

CUMBERLAND ECOLOGY © - WARKWORTH CONTINUATION 2014 FINAL  EMGA MITCHELL MCLENNAN
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of ecological values as economic coal resources were known to occur beneath these areas.
The intent of the NDAs was for long term preservation. Both the HMAs and NDAs are
currently managed in accordance with the Green Offsets Strategy, which is proposed to be
replaced and upgraded by the Biodiversity Offset Strategy.

S2 The Proposal

WML seek to apply for a new development consent to allow an extension of North and West
pits further west. The Proposal comprises:

> extension of the mining footprint by approximately 698 hectares (ha) to the west of
current operations extending the life of North and West pits by 21 years;

> ability to transfer overburden and coal to MTO to assist in the final landform for
MTO and processing of ROM coal from Warkworth Mine;

> ability to transfer and accept mine water from neighbouring operations (ie Bulga
Coal Complex, Wambo Mine, Mount Thorley Operations and Hunter Valley
Operations);

> closure of Wallaby Scrub Road;

> an optional underpass for the approved but yet to be constructed third bridge
crossing on Putty Road;

> minor changes to the design of the Northern out-of-pit dam;

> use of existing secondary access gates to the mine sites and offset areas to allow
for infrequent vehicle movements to enable activities such as drilling, offset
management and equipment shutdown pad access; and

> maintain the approval of all aspects of the existing operations for Warkworth Mine
approved under DA 300-9-2002-i, including integrations with MTO (such as an
integrated management system for rejects and water) and other surrounding mines
and Redbank Power Station.

Under the Proposal, WML is proposing to mine through some of the Green Offsets (ie the
offsets for the 2003 Extension that are provided under the current development consent)
extending mining beyond the current approval. As such WML are assessing the ecological
impacts of the Proposal, as well as the implications for re-offsetting the impacts of the 2003
Extension for all non-Warkworth Sands Woodland/Warkworth Sands Grassland (non-
WSW/WSG) vegetation (see further explanation in Section S3).

WML are proposing to quantify ecological impacts in accordance with the Upper Hunter
Strategic Assessment (UHSA), which is preparing a strategic biodiversity offsetting strategy
for Upper Hunter mines. In accordance with the UHSA a metric measurement tool called
Biodiversity Certification Assessment Methodology (BCAM) has been used to objectively
quantify ecological impacts (see further explanation in Section S3).

CUMBERLAND ECOLOGY © - WARKWORTH CONTINUATION 2014 FINAL  EMGA MITCHELL MCLENNAN
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WNMLs' proposed Biodiversity Offset Strategy:

> will provide additional offsets to compensate for the Proposal's residual impacts
using the rules of the Upper Hunter Strategic Assessment; and

> will replace the Green Offset Strategy for the 2003 development consent in areas
referred to as the Southern Biodiversity Area (SBA) and Northern Biodiversity Area
(NBA) and by mine rehabilitation..

In accordance with the UHSA, , where offsets are to be provided directly by WML, a second
metric measuring tool, the BioBanking Assessment Methodology (BBAM) has been used to
calculate the contribution of each offset to addressing the ecological impacts measured
using BCAM.

S3 Approaches to Biodiversity Offsetting

As the Proposal will entail clearing of forest and woodland, biodiversity offsetting is a
fundamental part of the application. Biodiversity offsets are measures that benefit
biodiversity by compensating for the predicted adverse impacts of a proposal. Biodiversity
offsets are intended to achieve long-term conservation outcomes where development and
infrastructure projects are likely to impact biodiversity. An offset "package" is a package of
related offset measures for a given project.

The required offset package for the Proposal will be included in WML's Biodiversity
Assessment Area under the UHSA. The offset requirements have been estimated using
BCAM, which measures the projected ecological impacts in terms of units called "credits"
which are a measure of habitat quality. Credits include those for plant communities
(ecosystem credits) and/or those for threatened species (species credits). Credit estimates
for offsetting requirements that are presented in this report will be subsequently verified and
certified by the Office of Environment and Heritage (OEH).

Impacts quantified using BCAM can be addressed in a number of ways. A proponent can
retire the credit liability by paying funds to purchase credits from the trust to be established
under the UHSA. Or, a proponent provides offsets directly, in which case the credits for the
offsets have to match those determined by BCAM. For the Proposal, some of the offsets are
being provided directly by the provision of offsets within the SBA and NBA.

The approaches to offsetting for the Proposal have been designed to consider the two broad
types of vegetation that occur. The landscape within the Site is gently undulating and
comprises areas where Quaternary aeolian sands have been deposited over various
Permian sedimentary geological formations. Where sands occur, the resultant free-draining
sandy soils support a distinctive type of vegetation reminiscent of coastal vegetation that is
referred to as Warkworth Sands Woodland (WSW), which is listed as an endangered
ecological community (EEC) under the Threatened Species Conservation Act 1995 (TSC
Act). Where the sands are absent, soils contain a higher clay content and the dominant
vegetation comprises various forms of Ironbark (Eucalyptus crebra) forest, which are also
listed EECs under the TSC Act.
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For the purposes of this report, native vegetation other than WSW/WSG vegetation is
referred to collectively as "non-WSW/WSG" vegetation. Both WSW/WSG and non-
WSWWSG vegetation provide habitat for threatened fauna and flora, particularly birds and
bats. However, this EIA entails different approaches to offsetting ecological impacts to
WSW/WSG and non-WSW/WSG vegetation given the restricted occurrence of WSW in the
vicinity of the Proposal.

Biodiversity offsetting for this EIA therefore has been separated into the following
components:

> Component 1: Offsetting the impacts to WSW/WSG vegetation for the Proposal;

> Component 2: Offsetting the impacts for non-WSW/WSG vegetation impacted by
the Proposal; and

> Component 3: Offsetting the impacts to non-WSW/WSG vegetation for the 2003
Extension.

Areas of WSW/WSG vegetation impacted by the Proposal will be offset by conserving the
remaining WSW/WSG vegetation within the SBA and NBA, as well as a suite of
supplementary measures including funding the preparation of an Integrated Restoration
Implementation Plan and research into completion criteria for the re-establishment of this
community.

Non-WSW/WSG vegetation will be offset by protecting non-WSW/WSG vegetation in the
SBA and NBA, as well as through rehabilitation of mined areas to provide additional areas of
woodland.

Any ecosystem credits or species credits that cannot be provided directly within the SBA,
NBA or rehabilitation will be offset through the retirement of credits under the rules of the
UHSA.

S4 Methods

The Site has been extensively studied since the 1990s and a range of field surveys have
been conducted. The area within which field surveys have been conducted is referred to as
the study area and comprises areas beyond the Site. This document relies on the data
collected, synthesised and presented in the 2010 Ecological Assessment (EA) prepared by
Cumberland Ecology. The results are considered directly applicable to the current
assessment, are contemporary, and the ecological values of the study area are unlikely to
have changed significantly in the intervening period.

Subsequent to the preparation of the EA in 2010, additional reports have been prepared by
Cumberland Ecology and others. These have been reviewed and the results incorporated
into this document where appropriate. This included additional field survey and literature
review. Further, recent high resolution aerial photography has been examined to determine
if the previously mapped boundaries of vegetation communities are still valid, and in some
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cases some minor alterations have been made due to regrowth of canopy trees since the
previous mapping was undertaken.

S4.1 Database Analysis

Database analysis of flora and fauna records was conducted for the locality surrounding the
Site using the OEH Atlas of NSW Wildlife Database (OEH 2014). The lists generated from
these databases were used to assist in designing surveys for threatened species considered
to have the potential to occur in the study area as well as structuring habitat assessments to
further assist in the determination of the likelihood of occurrence of threatened species.

S$4.2 Flora Surveys

Flora surveys were conducted in the study area from 11-12 June 2009, 24-26 June 2009,
7-11 September 2009, and 28-30 October 2013. Flora survey methods involved the
following:

> quadrat sampling (20 m x 20 m);

> random meander surveys;

> meander-transect surveys; and

> targeted searches for threatened flora.

In addition, targeted threatened flora searches for ground orchids were conducted on 20-21
September 2012 and 3-4 October 2012 with particular focus on Pterostylis gibbosa (lllawarra
Greenhood), Diuris tricolor (Pine Donkey Orchid) and Diuris sp. aff. dendrobioides (Wedge
Diuris). Targeted searches for these species were undertaken using transects, random
meanders and area searches.

Cumberland Ecology ground truthed existing vegetation mapping in 2009, and this was
further refined in 2012 following detailed review of additional information.

In conjunction with the quadrat sampling, additional plot data was collected using the survey
methodology adopted by BCAM. Collection of the quadrat and plot data enabled the
calculation of the number of credits required to offset the impacts of the Proposal in
accordance with the UHSA.

S4.3 Fauna Surveys

Fauna surveys by Cumberland Ecology were conducted over four one-week periods from
15-19 June 2009, 29 June-3 July 2009, 13-17 July 2009 and 7-11 September 2009. In
addition, a targeted threatened bird survey was undertaken by ornithologist Dr Stephen
Debus during the winter blossoming period from 10-11 June 2009.

The following fauna survey methods for were utilised for the Cumberland Ecology fieldwork:
> amphibians: habitat searches, pitfall traps, spotlighting, call playback;
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> birds: visual observation and call identification, nocturnal call playback, diurnal call
playback;

> mammals: trapping (ground and arboreal trapping), hair tubes, Anabat call
recording, spotlighting, infra-red cameras; and

> reptiles: pitfall traps, spotlighting, habitat searches.

Numerous surveys have been conducted over a number of years, range of seasons and
conditions, thus providing a comprehensive data-set to use for this assessment.

S5 Results
S5.1 Vegetation Communities

The vegetation in the study area primarily consists of dry sclerophyll woodland, regrowth
woodland and grassland. Of the suite of native vegetation communities occurring with the
study area, the following six communities occur within the disturbance boundary:

> Warkworth Sands Woodland (WSW) (TSC Act EEC);

> Warkworth Sands Grassland (WSG);

> Central Hunter Grey Box — Ironbark Woodland (TSC Act EEC);

> Regenerating Central Hunter Grey Box — Ironbark Woodland (TSC Act EEC);

> Central Hunter Ironbark — Spotted Gum — Grey Box Forest (TSC Act EEC); and

> Central Hunter — Grey Box — lIronbark Derived Grassland.

S§5.2 Groundwater Dependent Ecosystems

Two vegetation communities recorded from the study area, Hunter Valley River Oak Forest
and River Red Gum Floodplain Woodland, occur along the ephemeral Wollombi Brook to the
west of the Site. It is likely that they are dependent to some extent on water in Wollombi
Brook and are likely to be extracting groundwater from the shallow alluvial aquifer. Although
this is an ephemeral stream, there is a groundwater component to its base flow, and these
communities are potential Groundwater Dependent Ecosystems (GDEs).

An ephemeral perched aquifer is present in the aeolian Warkworth sands that overlie the
coal measures to the north-east of Warkworth Mine. The Warkworth sands are recharged
from rainfall derived recharge through the sandy soils; and due to their ability to store water,
the sands support the WSW ecological community. This community is being assessed as a
GDE due to the potential for groundwater drawdown as a result of the Proposal to affect this
community.
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S5.3 Flora

Approximately 400 flora species have been recorded in the study area; with over 75% of the
species being native. One threatened flora species, Ancistrachne maidenii, listed as
Vulnerable under the TSC Act has been recorded from the study area. This species was
recorded within Central Hunter Grey Box — Ironbark Woodland outside of the disturbance
boundary. The Atlas of NSW Wildlife holds records of Slaty Red Gum (Eucalyptus glaucina),
listed as Vulnerable under both the TSC and EPBC Acts, adjacent to the western boundary
of the study area. However, despite numerous flora surveys, the species has never been
confirmed.

A number of threatened flora species listed under the TSC Act and/or EPBC Act are known
to occur within the locality and some species have potential to occur in the study area due to
the presence of suitable habitat. Many flora surveys have been undertaken in the study area
over many years, and these species have not been recorded. Accordingly, despite the
presence of potential habitat, they are considered unlikely to occur.

S5.4 Fauna

A suite of fauna species have been recorded in the study area and utilise a variety of
available habitat types. A total of 21 threatened fauna species have been recorded within
the study area, including the following:

> Little Lorikeet (Glossopsitta pusilla) (Vulnerable under the TSC Act);

> Brown Treecreeper (eastern subspecies) (Climacteris picumnus victoriae)
(Vulnerable under the TSC Act);

> Grey-crowned Babbler (eastern subspecies) (Pomatostomus temporalis
temporalis) (Vulnerable under the TSC Act);

> Speckled Warbler (Chthonicola sagittata) (Vulnerable under the TSC Act);
> Hooded Robin (Melanodryas cucullata) (Vulnerable under the TSC Act);

> Diamond Firetail (Stagonopleura guttata) (Vulnerable under the TSC Act);

> Varied Sittella (Daphoenositta chrysoptera) (Vulnerable under the TSC Act);
> Scarlet Robin (Petroica boodang) (Vulnerable under the TSC Act);

> Glossy Black-cockatoo (Calyptorhynchus lathami) (Vulnerable under the TSC
Act);Spotted Harrier (Circus assimilis) (Vulnerable under the TSC Act);

> Little Eagle (Hieraaetus morphnoides) (Vulnerable under the TSC Act);

> Regent Honeyeater (Anthochaera phrygia) (Endangered under the EPBC and
Critically Endangered under the TSC Act);

> Swift Parrot (Lathamus discolor) (Endangered under the EPBC and TSC Acts);
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Black-breasted Buzzard (Hamirostra melanosternon) (Vulnerable under TSC Act);
> Squirrel Glider (Petaurus norfolcensis) (Vulnerable under the TSC Act);

> Eastern Bentwing-bat (Miniopterus schreibersii oceanensis) (Vulnerable under the
TSC Act);

> Large-eared Pied Bat (Chalinolobus dwyeri) (Vulnerable under the EPBC and the
TSC Acts);

> Eastern Freetail-bat (Mormopterus norfolkensis) (Vulnerable under the TSC Act);
> Little Bentwing-bat (Miniopterus australis) (Vulnerable under the TSC Act);
> Southern Myotis (Myotis macropus) (Vulnerable under the TSC Act); and

> Grey-headed Flying-fox (Pteropus poliocephalus) (Vulnerable under the EPBC and
TSC Acts).

A number of threatened fauna species listed under the TSC Act and/or EPBC Act are known
from the locality. Although not recorded from the study area, a number of species recorded
from the locality have potential to occur in the study area due to the presence of potential
habitat.

S6 Impact Assessment

S6.1 Avoidance

Avoidance of impacts to listed species and communities was carefully considered during the
planning process and has been achieved by modification of the design and location of mine
associated infrastructure away from natural habitats, where feasible. Avoidance of impacts
has also been achieved through the proposed closure of Wallaby Scrub Road rather than its
relocation. These avoidance measures have reduced the impacts on the WSW EEC and
avoided any impacts on the State and Commonwealth listed White Box Woodland EEC and
other important vegetation communities such as TSC Act listed Central Hunter Grey Box —
Ironbark Woodland EEC.

S$6.2 Mitigation

Where certain impacts are unavoidable through design changes, mitigation measures have
been introduced to ameliorate the ecological impacts of the Proposal. Mitigation measures
relevant to the Proposal include:

> existing management strategies and procedures, such as the Coal and Allied
Environmental Management Strategy and Rio Tinto’s Biodiversity Strategy;

> existing mitigation measures, such as dust minimisation, weed control and flora
and fauna monitoring;
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> minimising vegetation clearance and habitat loss through establishment of clearing
limits;

> pre-clearance surveys including identification of transportable habitat features; and

> management plans which will outline the management techniques and monitoring
that will be undertaken within the Site and biodiversity offset areas.

S6.3 Impacts

The primary impact from the Proposal will be the additional clearing of vegetation within the
Site. Approximately 611 ha of forest, woodland and grassland will be progressively cleared
over the 21 year project life within the disturbance boundary. Table S.1 provides a summary
of the areas of each vegetation community to be cleared for the Proposal.

Considerable areas of the forest and woodland communities within the disturbance boundary
were extensively cleared prior to the 1960s. As a result few old growth trees remain within
the Site; however the regenerating vegetation does provide a range of habitat types for
numerous species. The clearance of this vegetation will result in the direct loss of habitat for
species known from or potentially occurring within the Site.

In addition to the direct removal of vegetation, potential indirect impacts resulting from the
Proposal on the vegetation adjacent to the Site include; increased edge effects, modification
of abiotic factors such as light regimes and water flow, fragmentation of the vegetation and
isolation of patches of vegetation and the fauna that utilise them.

Table S.1 Vegetation Communities in the Disturbance Boundary

Vegetation Community Area (ha)

Forest and Woodland

Warkworth Sands Woodland 72.0
Central Hunter Grey Box - Ironbark Woodland 365.5
Regenerating Central Hunter Grey Box - Ironbark Woodland 6.5
Central Hunter Ironbark - Spotted Gum - Grey Box Forest 15.0
Subtotal Forest and Woodland 459.0
Grassland
Warkworth Sands Grassland 0.5
Central Hunter Grey Box - Ironbark Derived Grassland 151.5
Subtotal Grassland 152.0
TOTAL 611.0

Note: all areas are rounded to the nearest 0.5 ha.
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S7 BCAM Quantification of Impacts

The BCAM analysis of ecological impacts of has been separated into the following

components:

> Component 1: WSW/WSG vegetation impacted by the Proposal;

> Component 2: Non-WSW/WSG vegetation impacted by the Proposal; and

> Component 3: Non-WSW/WSG vegetation impacted by the 2003 Extension.

The ecosystem credits and species credits requirements for each offset component are

presented in Table S.2.

Table S.2 BCAM Ecosystem and Species Credits Required for each Component
WSW/WSG Non-WSW/WSG Non-WSW/WSG
Vegetation for the Vegetation for the Vegetation for the
Proposal Proposal 2003 Extension
Aspect (Component 1) (Component 2) (Component 3)
Credits Credits Credits

Area (ha) Required Area(ha) Required Area(ha) Required

Ecosystem Credits
Warkworth Sands Woodland (EEC) 72.0 2,935
Warkworth Sands Grassland 0.5 15

Central Hunter Grey Box - Ironbark 365.5 13,644 249.0 8,974
Woodland (EEC)
Regenerating Central Hunter Grey Box - 6.5 240
Ironbark Woodland (EEC)
Central Hunter Ironbark - Spotted Gum - 15.0 553 1.5 56
Grey Box Forest (EEC)
Central Hunter Grey Box - Ironbark Derived 151.5 1,546 227.0 2,545
Grassland

Total Ecosystem Credits 2,950 15,983 11,575
Species Credits
Regent Honeyeater (Anthochaera phrygia) 72.0 1,923 387.0 10,326 250.5 6,683
Large-eared Pied Bat (Breeding Habitat) 10.5 139
(Chalinolobus dwyeri)
Southern Myotis (Breeding Habitat) (Myotis 11.5 875 153.5 11,810 72.0 5,538
macropus)

Total Species Credits 2,798 22,136 12,360
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Table S.2 BCAM Ecosystem and Species Credits Required for each Component

WSW/WSG Non-WSW/WSG Non-WSW/WSG
Vegetation for the Vegetation for the Vegetation for the

Proposal Proposal 2003 Extension

Aspect (Component 1) (Component 2) (Component 3)
Credits Credits Credits

Area (ha) Required Area(ha) Required Area(ha) Required

TOTAL CREDIT REQUIREMENT 5,748 38,119 23,935

Note: all areas are rounded to the nearest 0.5 ha.

S8 The Biodiversity Offset Strategy

S8.1 General Strategy

In order to offset the impacts of the Proposal that were quantified using BCAM, the
Biodiversity Offset Strategy may include:

> establishment of land-based offset sites that secure various ecosystem and
species credits on land secured by the proponent;

> rehabilitation measures aimed at providing new habitats for native flora and fauna
on mined land to adjoin and complement the surrounding native vegetation;

> supplementary measures to improve the management of EEC vegetation and
threatened species or other measures that benefit biodiversity; and

> retirement of credits under the rules of the UHSA, which includes contributions to
the Upper Hunter Offset Fund.

S8.1.1 Establishment of Land-based Offset Sites

The land-based offsets include the local properties contained within the SBA and NBA. The
vegetation communities recorded from the SBA and NBA and the BBAM credits that they will
provide are summarised in Table S.3.
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Table S.3

Ecosystem and Species Credits Generated by the SBA and NBA

Vegetation Community

TSC Act

Status SBA (ha) NBA (ha)

Area (ha) Credits Area (ha) Credits

Ecosystem Credits

Warkworth Sands Woodland

Warkworth Sands Grassland

Central Hunter Grey Box - Ironbark Woodland

Regenerating Central Hunter Grey Box - Ironbark
Woodland

Central Hunter Grey Box - Ironbark Derived
Grassland

White Box Woodland

Yellow Box Woodland

Hunter Valley Vine Thicket
Hunter Lowlands Redgum Forest

River Red Gum Floodplain Woodland

Total
Ecosystem Credits (non-‘like-for-like’)*
Hunter Valley River Oak Forest
Regenerating Hunter Valley River Oak Forest

Total

Species Credits
Regent Honeyeater

Southern Myotis (breeding habitat)

EEC

EEC
EEC

CEEC
CEEC
EEC
EEC
EEC

CE

56.0
25
380.0
18.5

144

28.0
7.0
0.5

32.5
9.5

678.5

255
1.0
26.5

558.0
160.0

382
24
3,318
161

1,240

265
77

319
83
5,875

238
11
249

3,349
962

19.5
156.5
104.0

23

303.0

123.5

191
1,706
1,201

251

3,349

740

Note: all areas are rounded to the nearest 0.5 ha

* Not ‘like-for-like’ under UHSA and therefore unable to be used to offset the ecosystem credit requirement for

impacts to non-WSW/WSG vegetation of the 2003 Extension. The habitat provided within these communities can

however contribute to species credits if suitable habitat is identified.

S8.1.2 Mine Rehabilitation

The Biodiversity Offset Strategy includes the rehabilitation of mined land within the MTW

operations.

The aim of mine rehabilitation will be to replant woodland within portions of

previously mined areas to create a large block of habitat in the future for native flora and
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fauna. The credit value of the mine rehabilitation has been calculated using BBAM in
accordance with the rules set out in the UHSA. A total of 11,204 ecosystem credits would be
generated by mine rehabilitation as part of the Biodiversity Offset Strategy.

S8.1.3 Supplementary Measures

Supplementary measures are actions other than acquisition of land that are taken to improve
biodiversity or other relevant environmental values. They can include financial contributions
to Recovery Plans, management actions for communities or species and/or for targeted
research.

S8.1.4 Retirement of Credits under the UHSA

The UHSA provides an option to contribute to the Upper Hunter Offset Fund that will be used
to secure offset lands and fund ongoing management of such lands. Where a shortfall of the
credit requirement exists for the Proposal, the Biodiversity Offset Strategy has allowed for
contribution to be made to the UHSA. The value of the contribution will be calculated by the
rules set out by the UHSA.

S$8.2 Summary of Outcomes
The Proposal will meet the offsetting requirements for each component as follows:

> Component 1: the provision of land-based offsets, supplementary measures and
retirement of credits under the rules of the UHSA;

> Component 2: the provision of land-based offsets, mine rehabilitation and
retirement of credits under the rules of the UHSA; and

> Component 3: the provision of land-based offsets, mine rehabilitation and
retirement of credits under the rules of the UHSA.

A summary of the offset outcomes for each component is provided in Table S.4. The value
of the land-based offsets and mine rehabilitation for each of the assessed components has
been calculated using BBAM and compared against the BCAM requirements.

Table S.4 Overview of the Biodiversity Offset Strategy for each Component

Element Component 1 Component 2 Component 3

Ecosystem Credits

Total BCAM credits required 2,950 15,983 11,575
BBAM Credits supplied through land-based offsets 2,303 TBC* 6,921
BBAM Credits supplied through mine rehabilitation 0 6,550 4,654
Will supplementary measures be provided? Yes No No
BBAM Credits to be retired by the rules of the UHSA 647 TBC* 0
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Table S.4 Overview of the Biodiversity Offset Strategy for each Component

Element Component1 Component 2 Component 3

Species Credits (Regent Honeyeater) (Anthochaera

phrygia)

Total BCAM credits required 1,923 10,326 6,683
BBAM Credits supplied through land-based offsets 454 TBC* 3,759
Supplementary measures? No No No
BBAM Credits to be retired by the rules of the UHSA 1,469 TBC* 2,924

Species Credits (Large-eared Pied Bat) (breeding
habitat) (Chalinolobus dwyeri)

Total BCAM credits required 139
BBAM Credits supplied through land-based offsets 0

Supplementary measures? No
BBAM Credits to be retired by the rules of the UHSA 139

Species Credits (Southern Myotis) (breeding habitat)

(Myotis macropus)

Total BCAM credits required 875 11,810 5,538
BBAM Credits supplied through land-based offsets 61 TBC* 912
Supplementary measures? No No No
BBAM Credits to be retired by the rules of the UHSA 814 TBC* 4,626
TOTAL RESIDUAL CREDIT REQUIREMENT 2,930 31,569 7,689
S$8.3  Consistency with Draft NSW Biodiversity Offsets Policy for Major

Projects

In order to verify whether the Biodiversity Offset Strategy is suitable to offset the proposed

impacts,

it has been assessed against the offsetting principles within the Draft NSW

Biodiversity Offsets Policy for Major Projects (OEH, 2014c). In accordance with the
principles the Biodiversity Offset Strategy:

> has been developed following avoidance and mitigation measures;
> has utilised BCAM to assess the impacts and BBAM to assess the value of the
offsets;
> targets biodiversity values being lost or higher conservation priorities;
> includes offsets that are additional to other legal requirements;
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> includes offsets that will be enduring, enforceable and auditable; and

> includes supplementary measures where direct offsets are unable to be utilised.

S9 Conclusion

Avoidance and mitigation measures have been implemented through the design of the
Proposal to reduce the ecological impacts. In accordance with the UHSA, BCAM and BBAM
metrics have been used to objectively quantify the impacts and offsetting of the Proposal.
The Biodiversity Offset Strategy comprises establishment of substantial land-based offset
sites (the SBA and NBA), mine rehabilitation, supplementary measures and retirement of
credits under the rules of the UHSA. A total of 1,008 ha of native vegetation will be
protected within the SBA and NBA and an additional 2,100 ha will be rehabilitated within
mined areas of the MTW operations.

The proposed Biodiversity Offset Strategy will meet the requirements of the UHSA and be
consistent with the principles of the Draft NSW Biodiversity Offsets Policy for Major Projects.
It will achieve the maintenance and improvement of a substantial area of native woodland
and forest vegetation, including WSW and threatened species habitat that will be conserved
in perpetuity. This represents a net positive ecological outcome as required by Rio Tinto’s
Biodiversity Policy.
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Chapter 1

Introduction

1.1 Purpose

Cumberland Ecology was commissioned by EMGA Mitchell McLennan Pty Ltd (EMM) on
behalf of Rio Tinto Coal Australia to conduct an Ecological Impact Assessment (EIA) for a
proposed extension of Warkworth Mine (the Proposal). Warkworth Mine is an open cut coal
mine approximately 8 kilometres (km) south-west of Singleton in the Hunter Valley, NSW.
The mine is operated by Coal & Allied on behalf of Warkworth Mining Limited (WML).

The EIA has been prepared to describe the ecological values of the area covered by the
Proposal and to assess the potential impacts of the Proposal on native flora and fauna.
Impact assessment focuses particularly but not exclusively on endangered ecological
communities (EECs) as well as flora and fauna species protected under the NSW
Threatened Species Conservation Act 1995 (TSC Act) and Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act).

The impacts from open cut mining at Warkworth have been avoided and mitigated where
feasible to minimise the ecological impact. Residual ecological impacts are proposed to be
compensated for by the provision of "biodiversity offsets". For the purposes of this report,
biodiversity offsets are measures that benefit biodiversity by compensating for the predicted
adverse impacts of the Proposal, particularly. Biodiversity offsets are intended to achieve
long-term conservation outcomes where development and infrastructure projects are likely to
impact biodiversity. Biodiversity offsetting is thus an integral part of the Proposal.

This EIA report provides details about the Biodiversity Offset Strategy that has been
developed to compensate for residual ecological impacts.

Specifically, the objectives of the study are to:

> describe and map vegetation communities within the study area, identifying any
listed threatened communities;

> identify and map the location of threatened flora and fauna species;
> assess the likelihood that threatened flora and fauna species could occur within the
study area;
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> describe the types and extent of potential impacts on threatened communities and
species arising from the Proposal;

> demonstrate where impacts have been avoided where practicable;

> where relevant, develop measures for mitigation in order to minimise potential
impacts on threatened communities and species; and

> provide a Biodiversity Offset Strategy that proposes additional offsetting
mechanisms for the Proposal and replaces the "Green Offset Strategy" of the
current (2003) development consent.

The area covered by the application is hereafter referred to as “the Site” (see Figure 1.1).
The study area is the area that has been subject to ecological studies for the Proposal, and
is shown in Figure 1.2. The area of disturbance for the Proposal is termed the “disturbance
boundary” and is shown in Figure 1.2. The Warkworth Mine and surrounding region are
shown in Figure 1.3.

This report will be incorporated into an Environmental Impact Statement prepared by EMM
for submission to the Minister for Planning for assessment under Part 4 of the NSW EP&A
Act.

1.2 Background
1.2.1  Warkworth Mine

Warkworth Mine currently operates under Development Consent No. DA 300-9-2002-i (the
development consent) issued by the then Minister for Planning in May 2003 under Part 4 of
the EP&A Act. The mine site also operates under two separate Commonwealth approvals
(EPBC Act); EPBC 2002/629 and EPBC 2009/5081.

Warkworth Mine has been in operation since 1981 and the originally approved operation has
been modified several times. Immediately to the south of Warkworth Mine is Mount Thorley
Operations (MTO). Since 2004, the two mines have integrated at an operational level and
are known as Mount Thorley Warkworth (MTW), with a single management team responsible
for all the operations. Equipment, personnel, water, rejects and coal preparation are all
shared between the mines. The operations involve an existing workforce of an average of
approximately 1,300 persons, which includes full-time personnel and a small number of
short-term contractors. Ownership of the two mines remains separate.

Warkworth Mine currently operates three integrated open cut mining areas, namely North,
West and South pits with West and North pits being the focus of production. Run-of-mine
(ROM) coal from Warkworth Mine is transported to either the Warkworth or Mount Thorley
coal preparation plant (CPP) for processing. Product coal from the CPPs is transported via
conveyor to either the Mount Thorley Coal Loader (MTCL) or to the Redbank Power Station.
Coal loaded onto trains at the MTCL is transported to the Port of Newcastle for export.
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1.2.2 2003 Development Consent

The 2003 development consent permitted the clearing of woodland and forest that are
habitat for threatened flora and fauna on the condition that biodiversity offsets were provided
under what was referred to as the Green Offsets Strategy (ie the offsets for the 2003
Extension that are provided under the current development consent) (ERM 2002). This
included portions of land to the west and north of the 2003 Extension (ERM, 2002a) and
rehabilitation to woodland following mining. These Green Offsets were designated as:

> Habitat Management Areas (HMAs): Approximately 889.5 ha of land owned by
Warkworth Mining Limited (WML) to offset the short and medium term loss of
habitat and ensure connectivity until the rehabilitation of the mined land can restore
these values; and

> Non-Disturbance Areas (NDAs): Approximately 758 ha of land that will provide
long term protection of vegetation communities and biodiversity values for the life
of the consent and preclude open cut mining and agriculture.

The location of the HMAs and NDAs are shown in Figure 1.4. The intent of the HMAs was
for the temporary preservation of ecological values as economic coal resources were known
to occur beneath these areas. The intent of the NDAs was for long term preservation. Both
the HMAs and NDAs are currently managed in accordance with the Green Offsets Strategy,
which is proposed to be replaced and upgraded by the Biodiversity Offset Strategy.
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Chapter 2

The Proposal

21 The Proposal

WML seek to apply for a new development consent to allow an extension of North and West
pits further west. The Proposal comprises:

> extension of the mining footprint by approximately 698 hectares (ha) to the west of
current operations extending the life of North and West pits by 21 years;

> ability to transfer overburden and coal to MTO to assist in the final landform for
MTO and processing of ROM coal from Warkworth Mine;

> ability to transfer and accept mine water from neighbouring operations (ie Bulga
Coal Complex, Wambo Mine, Mount Thorley Operations and Hunter Valley
Operations);

> closure of Wallaby Scrub Road;

> an optional underpass for the approved but yet to be constructed third bridge
crossing on Putty Road;

> minor changes to the design of the Northern out-of-pit dam;

> use of existing secondary access gates to the mine sites and offset areas to allow
for infrequent vehicle movements to enable activities such as drilling, offset
management and equipment shutdown pad access; and

> maintain the approval of all aspects of the existing operations for Warkworth Mine
approved under DA 300-9-2002-i, including integrations with MTO (such as an
integrated management system for rejects and water) and other surrounding mines
and Redbank Power Station.

Under the Proposal, WML is proposing to mine through some of the Green Offsets (ie the
offsets for the 2003 Extension that are provided under the current development consent),
extending mining beyond the current approval (see Section 1.2.1 and Figure 1.4). As such
WML are assessing the ecological impacts the Proposal, as well the implications for re-
offsetting the impacts of the 2003 Extension for all non-Warkworth Sands
Woodland/Warkworth Sands Grassland (non-WSW/WSG) vegetation.
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WML are proposing to quantify ecological impacts in accordance with the Upper Hunter
Strategic Assessment (UHSA), which is preparing a strategic biodiversity offsetting strategy
for Upper Hunter mines. In accordance with the UHSA, a metric measurement tool called
Biodiversity Certification Assessment Methodology (BCAM) has been used to objectively
quantify ecological impacts (see Chapter 6).

WML'’s proposed Biodiversity Offset Strategy:

> will provide offsets to compensate for the Proposal's impacts using the rules of the
UHSA; and

> will replace the Green Offset Strategy established for the 2003 Extension in areas
referred to as the Southern Biodiversity Area (SBA) and Northern Biodiversity Area
(NBA) (see Figure 2.1) and by mine rehabilitation.

In accordance with the UHSA, where offsets are to be provided directly by WML, a second
metric measuring tool, the BioBanking Assessment Methodology (BBAM) has been used
calculate the contribution of each offset to addressing the ecological impacts measured
using BCAM. The Biodiversity Offset Strategy is discussed further within Chapter 7.
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2.2 Site Description

The Site is bound by the Golden Highway to the east and north, Wollombi Brook to the west
and Putty Road to the south. Wallaby Scrub Road runs north-south through the western
portion of the mining lease. The Hunter River is located approximately 4.5 km north east of
the Site; while Wollombi Brook, a tributary of the Hunter River, occurs approximately 1.5 km
to the west. An unnamed ephemeral drainage line flows west into Wollombi Brook
approximately mid-way through the Site.

The landscape within the Site is gently undulating and comprises areas where Quaternary
aeolian sands have been deposited over various Permian sedimentary geological
formations. Where sands occur, the resultant free-draining sandy soils support a distinctive
type of vegetation reminiscent of coastal vegetation that is referred to as Warkworth Sands
Woodland (WSW), which is listed as an endangered ecological community (EEC) under the
TSC Act. The clearing of this community has resulted in the presence of Warkworth Sands
Grassland (WSG), however this form is not listed under the TSC Act. Where the sands are
absent, soils contain a higher clay content and the dominant vegetation comprises various
forms of Ironbark (Eucalyptus crebra) forest, which are also EECs listed under the TSC Act.

For the purposes of this report the native vegetation other than WSW/WSG vegetation is
referred to collectively as "non-WSW/WSG" vegetation. Both WSW/WSG and non-
WSW/WSG vegetation provide habitat for threatened fauna and flora, particularly birds and
bats.

Mining is currently being conducted in the eastern side of the Warkworth mining leases
which cover an area of approximately 4,200 ha. A large portion of the mining leases are
covered by currently operating mine works and associated infrastructure, while the
remainder is a mosaic of land previously cleared for agriculture and regenerating remnant
vegetation.

Since European settlement, the native forests and woodlands of the Hunter Valley
catchment have been extensively cleared and used for agriculture. Much of this clearing
took place over 100 years ago as some of the earliest farming ventures within NSW occurred
in this location. This has resulted in much of the original native vegetation being either
removed or heavily modified.

Much of the Hunter Valley is underlain by coal deposits, and numerous coal mines have
been developed in the Hunter Valley coal fields — some dating back to the turn of last
century. Large modern open cut mines have resulted in further clearance of native
vegetation. However, within the extensive mining leases required for such mining
operations, broad areas of land are typically released from livestock grazing and this has
resulted in considerable regeneration of native vegetation in parts of the coal fields that is
unlikely to have occurred under the previous land use regimes.

Existing mines that surround the Site include Hunter Valley Operations to the north, Wambo
Mine to the west and MTO and Bulga mines to the south. To the east is Mount Thorley
Industrial Estate and beyond lies agricultural land. Further afield to the west is Wollemi
National Park which forms part of the EPBC Act listed Greater Blue Mountains World
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Heritage Area. This area is also protected under the EPBC Act as a National Heritage
Place. The location of the Site in relation to these regional features is illustrated in Figure
1.3.

23 Legislation, Government Policies and DGRs

The following sections outline the relevant contemporary government legislation, policies and
Director-General’'s requirements which are considered in this EIA.

2.3.1 Environment Protection and Biodiversity Conservation Act 1999

Under the EPBC Act, any action (which includes a development, project or activity) that is
considered likely to have a significant impact on Matters of National Environmental
Significance (MNES) (including nationally threatened ecological communities and species,
and listed migratory species) must be referred to the Commonwealth Minister for the
Environment. The purpose of the referral is to allow a decision to be made about whether an
action requires approval on a Commonwealth level. If an action is declared a “controlled
action”, then Commonwealth approval is required.

Any action that is considered likely to have a significant impact on MNES must be “referred”
to the Department of Environment (DoE) to obtain confirmation of whether or not a Project
constitutes a “Controlled Action”. If an action is declared a Controlled Action, then
Commonwealth approval is required.

Project approval was received by the DoE in 2009 (EPBC 2009/5081). The disturbance
footprint that was approved by DoE in 2009 is the same as the current Proposal, and
therefore the impacts to Matters of National Environmental Significance (MNES) have
already been assessed and approved. Accordingly, this report does not consider MNES.

232 Environmental Planning and Assessment Act 1979

The EP&A Act is the overarching planning legislation in NSW that provides for the creation of
planning instruments that guide land use. The EP&A Act also provides for the protection of
the environment, including the protection and conservation of native animals and plants.
This includes threatened species, populations and ecological communities, and their habitats
of biodiversity values, as listed in the TSC Act and NSW Fisheries Management Act 1994.
The protection of the environment is addressed in Section 5A of the EP&A Act (Significant
effect on species, populations or ecological communities or their habitats).

i. Division 4.1 of Part 4 of the EP&A Act

Upon the repeal of Part 3A of the EP&A Act on 1 October 2011, the Environmental Planning
and Assessment Amendment (Part 3A Repeal) Act 2011 inserted a new Division 4.1 in
Part 4 of the EP&A Act. This Division provides for a new planning assessment and
determination regime for State Significant Developments (SSDs). A SSD is a development
declared by a State Environmental Planning Policy (SEPP) or Regional Environmental
Planning Policy to be a SSD, or development that the Minister for Planning has called in for
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determination. The Minister for Planning is the consent authority for SSD. The Project is
considered to be a SSD and therefore Warkworth Mining Limited will seek development
consent from the Minister for Planning under Division 4.1 of Part 4 of the EP&A Act.

Secretary’s Environmental Assessment Requirements (SRs) were issued by the Department
of Planning and Environment (DP&E) on 22 May 2014 for the Proposal and the provisions
that are relevant to this EIA are provided in Section 2.3.10.

2.3.3 Threatened Species Conservation Act 1995

The TSC Act is the key piece of legislation in NSW relating to the protection and
management of biodiversity and threatened species. The TSC Act aims to protect and
encourage the recovery of threatened species, populations and communities that are listed
under the Act through threat abatement and species recovery programs. The TSC Act
requires consideration of whether a development (Part 4) or an activity (Part 5) is likely to
significantly impact threatened species, populations, communities or their habitat.

Section 5.4 of this document presents an assessment of the potential impacts of the project
on threatened species, populations and communities listed under the TSC Act.

2.3.4 Draft NSW Biodiversity Offset Policy for Major Projects

The NSW Government is currently developing the NSW Biodiversity Offsets Policy for Major
Projects for two categories of development proposed under the planning system: state
significant development and state significant infrastructure. The policy:

> establishes a set of offsetting principles for major projects;

> defines key thresholds for when offsetting is required;

> adopts an assessment methodology to quantify and describe the offset required;
> defines preferred mechanisms to establish offset sites;

> provides a range of flexible options that can be used in lieu of providing offsets
including rehabilitation actions and supplementary measures; and

> sets out how payments to the NSW Biodiversity Offsets Fund can be used to acquit
offset requirements.

The Draft NSW Biodiversity Offsets Policy for Major Projects is underpinned by seven key
principles for determining biodiversity offset requirements for major projects:

1. Before offsets are considered, impacts must first be avoided and unavoidable
impacts minimised through mitigation measures. Only then should offsets be
considered for the remaining impacts;

2. Offset requirements should be based on a reliable and transparent assessment of

losses and gains;
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3. Offsets must be targeted to the biodiversity values being lost or to higher
conservation priorities;

4. Offsets must be additional to other legal requirements;

5. Offsets must be enduring, enforceable and auditable;

6. Supplementary measures can be used in lieu of offsets; and

7. Offsets can be discounted where significant social and economic benefits accrue to

NSW as a consequence of the proposal.

These offset principles have been considered during the development of the Offset Package
for the Proposal, and an assessment of compliance with these principles is presented in
Section 7.5.

2.3.5 Draft Framework for Biodiversity Assessment

The (Draft) Framework for Biodiversity Assessment (FBA) sets out the detailed operation of
the Draft NSW Biodiversity Offsets Policy for Major Projects. It contains the assessment
methodology that is adopted by the policy to quantify and describe the impact assessment
requirements and offset guidance that applies to major projects.

The FBA comprises three broad stages that set out the biodiversity assessment
requirements and offset practices for major projects.

Stage 1 — Biodiversity assessment requirements

Stage 1 sets out the requirements and survey methods that must be undertaken by a
proponent to identify, map and describe the native plant community types, threatened
species and threatened species habitat on the development site and an offset site.

Stage 2 — Impact assessment of a major project

Stage 2 describes the methods to measure the loss to biodiversity caused by the direct and
indirect impacts of the development. The FBA quantifies the loss and gain in biodiversity
values through biodiversity credits. There are two categories of biodiversity credits:

1. Ecosystem credits — these are created or required for all impacts on biodiversity
values, including EECs and threatened species that can be reliably predicted by
habitat surrogates, except the threatened species or populations that require
species credits.

2. Species credits — these are created or required for impacts on threatened species
that cannot be reliably predicted to use an area of land based on habitat
surrogates.

The loss of biodiversity values caused by the project will be expressed as a biodiversity
credit requirement and set out in the biodiversity assessment report. It will set out the
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number and type of biodiversity credits that would be required to offset the impact of
development.

Stage 3 — Biodiversity offset strategy requirements

Stage 3 sets out the requirements for preparing a biodiversity offset strategy for a
development. The biodiversity offset strategy is submitted by a proponent and describes the
measures proposed to meet the offset requirement determined in Stage 2. The FBA
provides guidance on the options that a proponent can use to fulfil an offset requirement,
including:

> establish their own offset site;
> undertake rehabilitation of degraded land; or

> purchase biodiversity credits that have been generated by a landowner with an
offset site.

The FBA sets out the requirements for calculating the gain in biodiversity values (in
biodiversity credits) that can be achieved at an offset site through management actions. In
some circumstances, supplementary measures may also be used as part of a biodiversity
offset strategy for a major project.

Although the FBA is still draft, the approach taken in this EIA is consistent with that specified
by the FBA, with the loss and gain in biodiversity values calculated in terms of BCAM and
BBAM credits respectively instead of the FBA methodology (which is still in development
stages). (see Chapter 8). A schematic diagram of how the FBA is being applied to the
Proposal is show in Figure 2.2.
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2.3.6 Upper Hunter Strategic Assessment

The UHSA was initiated by the NSW and Commonwealth Government in 2012 to provide a
strategic biodiversity assessment process for acquiring and managing future mining offsets
for the Upper Hunter Valley coalfields. The purpose of the UHSA is to implement a
coordinated assessment of the current biodiversity values and current and future impacts of
coal mining in the Upper Hunter Valley coalfields, in order to inform the Upper Hunter
Biodiversity Plan. It is intended that the Upper Hunter Biodiversity Plan will fulfil all
biodiversity impact assessment requirements at both the State and Commonwealth levels.

This is a voluntary process, and participating companies are required to survey and assess
the area of land which they nominate as their Biodiversity Assessment Area (BAA).
Individual Biodiversity Assessment Reports are being prepared for each nominated BAA by
each participating company, and will be submitted to the NSW Office of Environment and
Heritage (OEH) for review. The Biodiversity Assessment Reports and data layers created
will be incorporated into the Upper Hunter Biodiversity Plan to set out the offsetting
framework for future mining proposals for participating companies in the Upper Hunter
Valley. This is expected to largely comprise the establishment of and contribution to, the
Upper Hunter Offset Fund that will be used to secure offset lands and fund ongoing
management.

Participating companies will also be able use mine rehabilitation to address up to 25% of
their total offsetting commitments under the rules of the UHSA. In recognition of the
associated risks, a discount rate of 50% is applied to the proportion of offsets to be
addressed using mine rehabilitation, accordance with the UHSA rules.

The BAA for MTW includes the Site, which will form part of the Biodiversity Assessment
Report being prepared for inclusion in the UHSA. Therefore, the offsets for the Proposal will
form part of Warkworth Mine's inputs for the UHSA.

2.3.7 Biodiversity Certification Assessment Methodology

BCAM is the methodology used by the UHSA. BCAM involves specific field survey
requirements and on-ground methods for surveying threatened species habitat and
vegetation condition, and using the results provides a methodology to determine whether
biodiversity certification will improve or maintain biodiversity values. The methodology
assesses the loss of biodiversity values on land proposed for biodiversity certification and
the gains from conservation measures on land proposed for biodiversity conservation.

This is achieved by the calculation of impacts and offsets as credits. BCAM assesses
general biodiversity values for their conservation significance including native vegetation
types, condition and spatial configuration such as connectivity and extent of native
vegetation. Using the methodology it is possible to determine how many credits would be
required to offset an impact to biodiversity. Conversely, it is also possible to determine how
many credits an offset property would be able to furnish in order to offset the impacts from
an impact elsewhere. Under the TSC Act, biodiversity certification may only be conferred on
land where the Minister makes a determination, on the basis of a biodiversity certification
assessment made in accordance with the methodology, that the conferral of biodiversity
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certification will improve or maintain biodiversity values. Further information about the
BCAM is provided in the BCAM Manual (DECCW 2011).

BCAM assessments have been undertaken for the Proposal to determine how many credits
are required to offset the impacts of the Proposal, in accordance with the UHSA. BCAM
analysis has also been completed to quantify the reaellocated Green Offsets (ie the offsets
for the 2003 Extension that are provided under the current development consent).

2.3.8 BioBanking

BioBanking is a market-based scheme that provides a biodiversity assessment process for
development and an offsetting scheme.

BioBanking establishes an ‘improve or maintain’ test for biodiversity values. Improving or
maintaining biodiversity values means avoiding important areas for conservation of
biodiversity values, and offsetting impacts on other areas. The offsets are measured in
terms of credits, using the BBAM. The scheme requires participating developers to meet this
improve or maintain test based on the impact of their proposed development. Credits are
created by the landowner, who establishes a BioBank site and commits to enhancing and
protecting biodiversity values.

The credits represent an improvement in the condition of biodiversity values such as an
improvement in the habitat or an increase in the habitat or population of a threatened
species. The scheme creates a market for the credits. Landowners can sell the credits to
provide income and fund the future management of the site. Developers can buy the credits
to offset impacts from their development and to either the improve or maintain biodiversity
values. Developers will need to source particular types of credits in accordance with the
offset rules in the methodology:

> ecosystem credits can only be used to offset biodiversity impacts in the same
ecological community, or in another community of the same formation that has an
equal or greater percentage of land cleared and the same predicted threatened
species; and

> species credits can only be used to offset biodiversity impacts on the same
threatened species.

Under the USHA, BBAM is currently the only available tool to determine the credits
generated by an offset site. It has been used in this report to determine the likely credits
generated by the proposed offsets, which will form part of Warkworth Mine's Biodiversity
Assessment Report under the UHSA.

2.3.9 NSW State Groundwater Dependent Ecosystems Policy

The NSW State Groundwater-dependent Ecosystems Policy provides guidance on how to
identify, manage and protect groundwater dependent ecosystems. This applies to the Site
as Groundwater Dependent Ecosystems (GDE) have been identified on the study area.

An assessment of potential GDEs in the study area is presented in Section 4.2.3.
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2.3.10 Secretary’s Requirements

As mentioned in Section 2.3.2, the SRs for the Proposal were received on the 22 May 2014.

Those relevant to this study are reproduced below in Table 2.1.

Table 2.1 SRs Relating to Biodiversity

Requirement

Section within Report

an assessment of the likely biodiversity impacts of the new development,
having regard to the principles and strategies in the draft NSW
Biodiversity Offsets Policy for Major Projects and the Upper Hunter
Strategic Assessment — Interim Policy, using the Biodiversity
Certification Assessment Methodology as amended by the Upper Hunter
Strategic Assessment for credit calculation, and the Biobanking
Assessment Methodology as amended by the Upper Hunter Strategic
Assessment for calculating the credits of any offsets;

Chapter 5,6 and 7

specific assessment of the likely impacts of the new development on the Section 5.2.1 and Section 6.2

Warkworth Sands Woodland endangered ecological community; and

the provision of alternate offsets for the disturbance area approved
under the 2003 development consent, using the Biodiversity Certification
Assessment Methodology as amended by the Upper Hunter Strategic
Assessment for credit calculation and the Biobanking Assessment
Methodology as amended by the Upper Hunter Strategic Assessment
for calculating the credits of any offsets.

Chapter 7
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Chapter 3

Methods

This study draws on a large body of field survey and data analysis that has been conducted
for the study area over many years, and provides a comprehensive description of the
biodiversity values present, including threatened species of flora and fauna and EECs.

The Site has been extensively studied since the 1990s and a range of field surveys have
been conducted. The area within which field surveys have been conducted is referred to as
the study area and comprises areas beyond the Site. This document relies on the data
collected, synthesised and presented in the 2010 Ecological Assessment (EA) prepared by
Cumberland Ecology. The results are considered directly applicable to the current
assessment, are contemporary, and the ecological values of the study area are unlikely to
have changed significantly in the intervening period.

Subsequent to the preparation of the 2010 EA, additional reports have been prepared by
Cumberland Ecology and others. These have been reviewed and the results incorporated
into this document where appropriate. This included additional field survey and literature
review. Further, recent high resolution aerial photography has been examined to determine
if the previously mapped boundaries of vegetation communities are still valid, and in some
cases some minor alterations have been made due to regrowth of canopy trees since the
previous mapping was undertaken.

Full details of the methodology used in the field surveys are provided at Appendix A.

3.1 Database Analysis and Literature Review

Database analysis of flora and fauna records was conducted for the surrounding locality
using the OEH Atlas of NSW Wildlife Database (OEH, 2014a). The lists generated from
these databases were used to assist in designing surveys for threatened species considered
to have the potential to occur in the study area as well as structuring habitat assessments to
further assist in the determination of the likelihood of occurrence of threatened species.

3.2 Flora Surveys

Flora surveys were conducted in the study area from 11-12 June 2009, 24-26 June 2009,
7-11 September 2009 and 28-30 October 2013. Flora survey methods involved the
following:
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> quadrat sampling (20 m x 20 m);

> random meander surveys;

> meander-transect surveys; and

> targeted searches for threatened flora.

In addition, targeted threatened flora searches for ground orchids were conducted on 20-21
September 2012 and 3-4 October 2012 with particular focus on Pterostylis gibbosa (lllawarra
Greenhood), Diuris tricolor (Pine Donkey Orchid) and Diuris sp. aff. dendrobioides (Wedge
Diuris). Targeted searches for these species were undertaken using the following methods:

> transects: walking transects were conducted in grassy woodland areas with two
ecologists spaced five to twenty metres (m) apart to run parallel transects at each
location. The start and end points of each transect were recorded using a
handheld Global Positioning System (GPS) unit;

> random meanders: walking meander transects were conducted in grassy woodland
areas. Each meander was tracked using a GPS; and

> area Searches: 20 minute searches by two ecologists conducted in larger areas of
open grassland. Each location was recorded using a GPS.

Cumberland Ecology ground truthed existing vegetation mapping in 2009, and this was
further refined in 2012 following detailed review of additional information.

In conjunction with the quadrat sampling, additional plot data was collected using the survey
methodology adopted by BCAM. Collection of the quadrat and plot data enabled the
calculation of the number of credits required to offset the impacts of the Proposal in
accordance with the UHSA.

Further details of the flora survey methodology are presented in Appendix A.

3.3 Fauna Surveys

Fauna surveys by Cumberland Ecology were conducted over four one-week periods from
15-19 June 2009, 29 June-3 July 2009, 13-17 July 2009 and 7-11 September 2009. In
addition, a targeted threatened bird survey was undertaken by ornithologist Dr Stephen
Debus during the winter blossoming period from 10-11 June 2009.

The following fauna survey methods for were utilised for the Cumberland Ecology fieldwork:
> amphibians: habitat searches, pitfall traps, spotlighting, call playback;

> birds: visual observation and call identification, nocturnal call playback, diurnal call
playback;
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> mammals: trapping (ground and arboreal trapping), hair tubes, Anabat call
recording, spotlighting, infra-red cameras; and

> reptiles: pitfall traps, spotlighting, habitat searches.

Numerous surveys have been conducted over a number of years, range of seasons and
conditions, thus providing a comprehensive data-set to use for this assessment. Further
details of the fauna survey methodology are presented in Appendix A.
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Chapter 4

Results

This section synthesises the findings of numerous flora and fauna surveys across the study
area and surrounds to present a comprehensive description of the biodiversity values
present in the study area. A wide variety of woodland and open forest flora and fauna are
known to occur in the study area and a considerable diversity of species has been identified.
Total flora and fauna species lists are provided in Appendix B and Appendix C,
respectively. A detailed discussion of the threatened fauna species recorded from the study
area or considered to have potential to occur is presented in Appendix D.

4.1 Native Vegetation and Threatened Ecological Communities

The vegetation in the study area primarily consists of dry sclerophyll woodland, regrowth
woodland and grassland. The vegetation communities recorded from the study area and
their TSC Act status are indicated in Table 4.1 below, and are shown in Figure 4.1. Of
these, the following six native vegetation communities occur within the disturbance
boundary:

> Warkworth Sands Woodland (WSW);

> Warkworth Sands Grassland (WSG);

> Central Hunter Grey Box — Ironbark Woodland;

> Regenerating Central Hunter Grey Box — Ironbark Woodland;

> Central Hunter Ironbark — Spotted Gum — Grey Box Forest; and
> Central Hunter Grey Box — Ironbark Derived Grassland.

Descriptions of each native vegetation community occurring within the disturbance boundary
are provided in subsequent subsections.
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Table 4.1 Vegetation Communities in the Study Area and Disturbance Boundary

TSC Act Study Area

Disturbance

Vegetation Community Status (ha) Boundary (ha)

Forest and Woodland
Warkworth Sands Woodland EEC 186.5 72.0
Central Hunter Grey Box - Ironbark Woodland EEC 1,455.0 365.5
Regenerating Central Hunter Grey Box - Ironbark Woodland EEC 49.0 6.5
Central Hunter Ironbark - Spotted Gum - Grey Box Forest EEC 17.0 15.0
White Box Woodland EEC 28.0
Yellow Box Woodland EEC 7.0
Hunter Valley Vine Thicket EEC 0.5
Hunter Lowlands Redgum Forest EEC 48.5
River Red Gum Floodplain Woodland EEC 10.0
Hunter Valley River Oak Forest 54.5
Regenerating Hunter Valley River Oak Forest 1.0

Subtotal Forest and Woodland 1,857.0 459.0
Grassland
Warkworth Sands Grassland 45.5 0.5
Central Hunter Grey Box - Ironbark Derived Grassland 668.0 151.5

Subtotal Grassland 713.5 152.0

TOTAL* 2,570.5 611.0

Note: all areas are rounded to the nearest 0.5 ha.

* Excludes non-native vegetation, cleared areas and unmapped vegetation.
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4.1.1 Warkworth Sands Woodland

WSW is listed as an EEC under the TSC Act. WSW occurs predominantly in the north and
west of the study area in a relatively large band with scattered occurrences to the west and
to the north (Figure 4.2).

WSW is a woodland to open forest that occurs on old dune formations, sand sheets, or
swales between the dunes and all of these form part of the Warkworth Land System
described in Story et al (1963). In the latter two landscape elements — sand sheets and
swales - fewer species such as Banksia integrifolia occur but more mesic species such as
Melaleuca thymifolia occur.

WSW is the name given to at least two and probably several recognisable vegetation
assemblages, including:

> Rough-barked Apple (Angophora floribunda) and Coastal Banksia (Banksia
integrifolia) dominated woodland on deeper sands (Photograph 4.1);

> Blakely’s Red Gum/Forest Red Gum intergrades (Eucalyptus blakelyi/tereticornis)
dominated woodland (sometimes open forest) on shallower sand in swales
(Photograph 4.2); and

> Other assemblages, such as Callitris endlicheri dominated woodland on higher,
drier portions of the sand system.

Hundreds of native plant species have been recorded across the assemblages. The quality
of this community varies considerably and can be considered to vary from high to low
depending upon species composition, structural formation and the level of recent
disturbance.

Dominant canopy species in the higher quality areas of this community include Rough-
barked Apple (Angophora floribunda) and the small tree Coastal Banksia (Banksia
integrifolia). Other small trees recorded in the canopy of this community include Bulloak
(Allocasuarina luehmannii), Black She-Oak (Allocasuarina littoralis), Blakely’s Red
Gum/Forest Red Gum intergrades (Eucalyptus blakelyi/tereticornis), Black Cypress Pine
(Callitris endlicheri) and White Cypress Pine (Callitris glaucophylla).

Common understorey species include Coffee Bush (Breynia oblongifolia), Hibbertia linearis,
Slender Rice Flower (Pimelea linifolia), Silver-stemmed Wattle (Acacia parvipinnula) and
Dogwood (Jacksonia scoparia). The groundcover is characterised by Bracken (Pteridium
esculentum). Common grasses in this community are Three-awn Speargrass (Aristida
vagans), Weeping Meadow Grass (Microlaena stipoides), Purple Wiregrass (Aristida
ramosa), Brown's Lovegrass (Eragrostis brownii), Blady Grass (Imperata cylindrica) and
Hairy Panic (Panicum effusum). Other common groundcovers include Rock Fern
(Cheilanthes sieberi), Berry Saltbush (Einadia hastata), Pomax (Pomax umbellata) and
Variable Glycine (Glycine tabacina).
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Photograph 4.2 WSW with Forest Red Gum / Blakely’s Red Gum hybrid canopy
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4.1.2  Central Hunter Grey Box — Ironbark Woodland

Central Hunter Grey Box-lronbark Woodland is listed as an EEC under the TSC Act. This
woodland community is the most common vegetation community within the disturbance
boundary (Figure 4.1).

This community forms a large continuous tract of on the western side of Wallaby Scrub Road
with a more fragmented distribution on the eastern side of Wallaby Scrub Road. The main
structural features of this community are shown in Photograph 4.3. Much of this community
had been cleared prior to the 1960s and as a result the majority of this vegetation community
exits as regrowth (Photograph 4.4). To the south of the Site this community is fragmented,
however genetic exchange between patches of this community is still likely to occur.

The dominant canopy species within this community are Grey Box (Eucalyptus moluccana)
and Narrow-leaved Ironbark (Eucalyptus crebra). There are also local abundances of
Bulloak (Allocasuarina luehmannii) and White Feather Honeymyrtle (Melaleuca decora) in
the midstorey.

Common understorey species include Fan Wattle (Acacia amblygona), Acacia falcata,
Native Blackthorn (Bursaria spinosa) and Coffee Bush (Breynia oblongifolia). Common
groundcover species include Purple Burr-Daisy (Calotis cuneifolia), Blue Trumpet
(Brunoniella australis), Kidney Weed (Dichondra repens), Blue Flax Lily (Dianella revoluta),
Threeawn Speargrass (Aristida vagans), Wattle Matt-rush (Lomandra filiformis), Common
Fringe-sedge (Fimbristylis dichotoma) and Rock Fern (Cheilanthes sieberi).

Photograph 4.3 Central Hunter Grey Box - Ironbark Woodland with grassy
understorey
CUMBERLAND ECOLOGY © - WARKWORTH CONTINUATION 2014 FINAL  EMGA MITCHELL MCLENNAN
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Photograph 4.4 Central Hunter Grey Box — Ironbark Woodland with regrowth Narrow-
leaved Ironbark

4.1.3 Regenerating Central Hunter Grey Box — Ironbark Woodland

This community has been recently mapped in 2014 based on interrogation of recent aerial
photographs. These aerials showed that some areas that had been mapped as Derived
Native Grassland from what was originally Central Hunter Grey Box — Ironbark Woodland
show significant regeneration of canopy tree species. The regeneration has occurred to
such an extent that they can no longer be described as grassland, and have therefore been
described separately as Regenerating Central Hunter Grey Box — Ironbark Woodland.
Although the derived native grassland of this woodland does not meet the criteria for the
EEC under the TSC Act, it is considered that the regenerating areas do conform to the EEC
listing of Central Hunter Grey Box — lIronbark Woodland.

The species composition of these areas is very similar to that described for the Derived
Native Grassland form of Central Hunter Grey Box — lronbark Woodland, except the
characteristic species of Grey Box (Eucalyptus moluccana) and Narrow-leaved Ironbark
(Eucalyptus crebra) are present in juvenile form, as well as other species such as Bulloak
(Allocauarina luehmannii) and White Feather Honeymyrtle (Melaleuca decora).

4.1.4  Central Hunter Ironbark — Spotted Gum — Grey Box Forest

Central Hunter lronbark Spotted Gum Grey Box Forest is listed as an EEC under the TSC
Act. The extent of this community in the Site consists of one larger patch in the south
eastern corner of Site and several smaller isolated patches along the eastern side of Wallaby
Scrub Road (Figure 4.1). The smaller patches generally occur as small stands of forest
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surrounded by grassland. The main structural features of this community are shown in
Photograph 4.5 and Photograph 4.4.

Dominant canopy species in this community include Narrow-leaved Ironbark (Eucalyptus
crebra), Spotted Gum (Corymbia maculata) and Grey Box (Eucalyptus moluccana). Bulloak
(Allocasuarina luehmannii) is a common midstorey species.

The common understorey species in this community are Fan Wattle (Acacia amblygona) and
Gorse Bitter Pea (Daviesia ulicifolia). Common groundcover species include; Blue Trumpet
(Brunoniella australis), Common Everlasting (Chrysocephalum apiculatum), Wattle Matt-rush
(Lomandra filiformis), Many-flowered Mat-rush (Lomandra multiflora), Blue Flax-lily (Dianella
longifolia), Three-awn Speargrass (Aristida vagans), Rock Fern (Cheilanthes sieberi) and
Variable Glycine (Glycine tabacina).

Photograph 4.5 Regrowth Central Hunter Ironbark — Spotted Gum — Grey Box Forest
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Photograph 4.6 Central Hunter Ironbark — Spotted Gum — Grey Box Forest
4.1.5 Warkworth Sands Grassland

This vegetation community consists of grasslands that have been derived from the clearing
of previously occurring Warkworth Sands Woodland. WSG occurs on the aeolian sands that
WSW grows upon and has been identified to enable an understanding of the areas of
grassland suitable for the reestablishment of WSW community. This vegetation community
is not listed under State or Commonwealth legislation despite being derived from the WSW
EEC.

This community occurs as scattered patches in proximity to woodland remnants (Figure
4.1). The vegetation community is present as a result of previous land clearance and, as a
consequence, canopy trees are sparsely scattered throughout this community. These
comprise those found in Warkworth Sands Woodland.

This vegetation community lacks a shrub layer, with rare scattered occurrences of Black
Wattle (Acacia mearnsii). The groundcover is generally dominated by grasses, particularly
Couch (Cynodon dactylon) and the exotic African Lovegrass (Eragrostis curvula), with the
native herb Common Everlasting (Chrysocephalum apiculatum) also dominant in places.
Other native herbs and grasses also occur including Barbed Wire Grass (Cymbopogon
refractus), Weeping Meadow Grass (Microlaena stipoides) and Slender Rat’s Tail Grass
(Sporobolus creber). This community is shown in Photograph 4.7.
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Photograph 4.7 Warkworth Sands Grassland
4.1.6 Central Hunter Grey Box - Ironbark Derived Grassland

This vegetation community has been created by the clearing of the previously occurring
Central Hunter Grey Box — Ironbark Woodland. Although Central Hunter Grey Box-Ironbark
Woodland is listed as an EEC under the TSC Act, this grassland vegetation community is not
listed under State or Commonwealth legislation.

A substantial proportion of the study area is comprised of this community (Figure 4.1). The
vegetation community is present as a result of previous land clearance and, as a
consequence, canopy trees are sparsely scattered throughout this community, mostly those
found in the original woodland community, such as Grey Box (Eucalyptus moluccana), and
Narrow-leaved Ironbark (Eucalyptus crebra).

This vegetation zone lacks an understorey. The groundcover is generally dominated by
native grass species, however some herbs also occur. There is a low to moderate incursion
of weed species within this vegetation community, particularly along areas that have been
disturbed. Weed incursion is high where exotic species have been sown for soil stability
control measures. This community is shown in Photograph 4.8.
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Photograph 4.8 Central Hunter Grey Box - Ironbark Derived Grassland

4.2 Groundwater Dependent Ecosystems

This section discusses the potential for Groundwater Dependent Ecosystems (GDE) to occur
within the study area. Initially, the definition of what constitutes a GDE is discussed, followed
by a discussion of potential GDEs within the study area.

4.2.1 Definition of a Groundwater Dependent Ecosystem

GDEs are defined as those that rely in some part for their survival on groundwater.
Dependence ranges from complete reliance for some systems to others that rely partially on
groundwater, particularly during times of drought. The degree and nature of dependency
influences the extent to which ecosystems are affected by changes to groundwater aquifers,
both in quality and quantity (DECCW, 2009). In general, the majority of Australian
ecosystems have little dependence on groundwater, however, there are some localised or
extensive ecosystems in Australia with at least a high dependence on groundwater (Hatton
and Evans, 1998).

Four main types of GDEs have been identified (Hatton and Evans, 1998), as described
below:
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> terrestrial vegetation — may depend on diffuse discharges of shallow groundwater
to varying degrees, either to sustain transpiration and growth through a dry season
or to maintain perennially lush ecosystems in otherwise arid environments;

> wetland ecosystems — may depend on groundwater to keep them seasonally
waterlogged or flooded;

> river baseflow systems — many river reaches have a baseflow component of
groundwater discharge. This groundwater component may be vital to the character
and composition of in-stream and near-stream ecosystems; and

> aquifer and cave ecosystems — the biology of karst or limestone caves, particularly
micro-organisms and invertebrates, are heavily dependent on groundwater
availability.

The only potential GDE type within the Site is “terrestrial vegetation”, as no permanently
flowing rivers with a baseflow rate maintained by groundwater occur, no limestone or karst
environments occur, and there are no wetlands that are seasonally waterlogged.

Knowledge of GDEs and their sustainability is relatively low and little is known about their
location or condition (Eamus and Froend, 2006). For most wetlands and terrestrial
ecosystems, it is unknown what the critical depth to the water tables is, and the characteristic
dynamics (Hatton and Evans, 1998).

4.2.2 National Atlas of Groundwater Dependent Ecosystems

The National Atlas of Groundwater Dependent Ecosystems (GDE Atlas) is a GIS based set
of information that presents the current knowledge of GDE across Australia. It displays
ecological and hydrogeological information on known GDE and ecosystems that potentially
use groundwater. The GDE Atlas shows ecosystems including springs, wetlands, rivers and
vegetation that interact with:

> subsurface presence of groundwater, or
> surface expression of groundwater.

The GDE Atlas shows the general location of GDEs and provides information to support the
recognition and identification of GDEs. It indicates where ecosystems potentially interact
with groundwater, and some of the characteristics of those ecosystems that may be useful in
determining water requirements. Each polygon represents an area within which
groundwater interaction potentially occurs; however, this does not mean that the whole
polygon is interacting with groundwater. Similarly, it does not imply that an entire mapped
ecosystem is using groundwater, but rather within the mapped ecosystem groundwater
interaction may be occurring, since only part of the ecosystem may actually be interacting
with groundwater.
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4.2.3 Poftential Groundwater Dependent Ecosystems in and Near the Study
Area

i Vegetation along Waterways

Two vegetation communities recorded from the study area, Hunter Valley River Oak Forest
and River Red Gum Floodplain Woodland, occur along the ephemeral Wollombi Brook to the
west of the Site (see Figure 4.2). Hunter Valley River Oak Forest occurs directly adjacent to
the creek, while River Red Gum Floodplain Woodland occurs further away, on the floodplain.
Both of these communities are dependent on relatively high levels of water, which is why
they occur adjacent to waterways and on the floodplains of waterways that are periodically
inundated. It is likely that they are dependent to some extent on water in Wollombi Brook
and are likely to be extracting groundwater from the shallow alluvial aquifer. Although this is
an ephemeral stream, there is a groundwater component to its base flow, and these
communities are potential GDEs.

il. Warkworth Sands Woodland

An ephemeral perched aquifer is present in the aeolian Warkworth sands that overlie the
coal measures to the north-east of Warkworth Mine. The Warkworth sands are recharged
from rainfall derived recharge through the sandy soils; and due to their ability to store water,
the sands support the WSW ecological community. WSW that occurs on these sands,
particularly in swales between dunes may be dependent on this ephemeral perched water
table and is therefore considered to be a potential GDE.

The fine-grained sands are up to approximately 3 m thick and overlie a low permeability
base of residual clay associated with the underlying strata (AGE, 2014). The presence of
this impermeable clay layer is thought to impede downward percolation of recharge forming
a locally perched aquifer system at the base of the sand mass. The permanence of
groundwater with the formation is unknown but the water table would be expected to
fluctuate with climatic patterns or rainfall and also from evapotranspiration. The thick
relatively low permeability Permian overburden is thought to impede leakage of groundwater
from the Warkworth sands towards the Warkworth Mine area. This community is being
assessed as a GDE due to the potential for groundwater drawdown as a result of the
Proposal to affect this community.

jii. GDEs Identified by the National Atlas of Groundwater Dependent Ecosystems

The GDE Atlas has identified several areas in the study area as containing potential GDEs
(see Figure 4.2). These include Wollombi Brook that is considered by the GDE Atlas to be a
GDE “identified during previous study; fieldwork”, and the Hunter River, which is considered
to have “high potential for groundwater interaction”, and some nearby sections mapped as
having “moderate potential for groundwater interaction”. No GDEs identified by the GDE
Atlas occur within the Site.
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4.3 Landscape Features

Habitat assessment, supported by evidence from historical aerial photography (Figure 4.3),
indicates that the study area has undergone large-scale clearing in the past for agriculture.
Much of the open forest and woodland vegetation that now occurs within the study area is
regrowth, although some scattered trees were historically retained. Some of the remaining
mature trees and stags provide small to medium sized hollows suitable as shelter habitat for
small arboreal mammals.

The primary fauna habitats located within the study area are:

> open forest communities (Central Hunter Ironbark — Spotted Gum — Grey Box
Forest);

> woodland communities (WSW, Central Hunter Grey Box — Ironbark Woodland);
> derived native grassland; and
> permanent and ephemeral water bodies such as dams and creeks.

The forest and woodland communities within the study area consist of a small number of
remnant old-growth trees surrounded by regenerating vegetation and provide suitable
habitat for a range of fauna types including: amphibians, reptiles, birds, bats and arboreal
and terrestrial mammals. Key habitat features recorded during the current study includes:

> ephemeral riparian environments suitable for fauna species dependant on these
habitats (e.g. amphibians);

> ground cover, leaf litter, fallen timber and rocky outcrops suitable as shelter for
small terrestrial fauna species;

> tree hollows suitable as shelter and breeding habitat for a range of hollow-
dependant fauna;

> blossom-producing trees suitable as foraging habitat for a range of nectarivores;
and

> primary and secondary Koala feed tree species.

No naturally occurring wetlands or permanent streams occur within the study area.
However, some ephemeral streams and farm dams occur. Some of these dams provide
permanent water sources and support aquatic or riparian vegetation and are therefore likely
to provide suitable habitat for some wetland-dependant species such as wetland birds and
amphibians. The water in the dams provides a drinking source for terrestrial and arboreal
mammals, birds and reptiles. The network of intermittent drainage lines would create
temporary pools following heavy rain and provide suitable foraging and breeding habitat for
some amphibian species. Features such as bush rock, fallen logs, leaf litter and ground
vegetation, which provide shelter for many of the small to medium sized terrestrial fauna
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species known from the wider locality, were generally limited to areas not previously cleared
while cleared areas and regrowth lacked such habitat features. The habitat features
described above can be found to some degree in most of the woodland communities within
the study area. Generally, the types of terrestrial native species using the study area are
likely to be restricted to those that are common and well-adapted to disturbed woodland and
agricultural areas.

The mature living trees and stags that remain in forest and woodland communities within the
study area provide a number of small to medium-sized tree hollows for fauna species
dependant on this resource as shelter and breeding habitat. However, large hollows in tall
trees that provide breeding and shelter habitat, particularly for large forest owls and large
gliders, are relatively scarce throughout the study area. The scarcity of these larger hollows
can be attributed to the regenerating nature of the vegetation following past agricultural uses
throughout the area. Habitat assessment data indicates that the vegetation community
Hunter Lowlands Red Gum Forest supports the largest number of tree hollows within the
study area. This indicates that this vegetation community supports a greater amount of old
growth trees than other communities and is most likely due to the reduced level of clearing
that would have occurred along water courses during past agricultural land use in
comparison with other communities present on suitable grazing land.

All open forest and woodland vegetation communities within the study area would provide
suitable foraging habitat for a wide range of nectarivorous birds during blossom periods.
Spotted Gum (Corymbia maculata) was at the end of blossoming, while ironbark species
(Eucalyptus crebra) were commencing blossoming during the survey period. It is likely that a
number of nectar-dependant bird species would be attracted to the study area during the
blossoming periods of dominant trees.

No caves or rocky overhangs are present in the study area, and therefore no roosting or
breeding habitat is present for cave-dependant microbats.
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4.3.1 Fauna Corridors

Fauna corridors are areas of habitat that allow the movement of fauna over small and large
scales. At a local scale, small fauna corridors facilitate the migration of fauna through the
landscape by providing shelter and foraging habitat required by groups or individuals to
successfully move between areas of more extensive habitat. They also enable movement
between breeding and non-breeding areas and provide access to seasonally available food.

On a regional scale, fauna corridors provide linkages between large areas of core habitat for
species with a distribution greater than the locality, thus enabling genetic flows between core
habitats and ensuring long-term survival of breeding populations. They also provide linkages
of foraging habitat for migrating or highly nomadic species that undertake large-scale
movements, or may form connective habitat for species with very large home ranges
incorporating a matrix of foraging, shelter and breeding habitat at a regional scale.

4.3.2 Local Corridor Values of the Study Area

The study area provides wildlife corridor values for a range of faunal groups at both a local
and regional scale. Locally, forest, woodland and grassland communities within the study
area provide suitable shelter and foraging habitat for small mobile species such as woodland
birds that forage throughout the area in groups of mixed species during non-breeding
periods. Further, regenerating vegetation within the study area provides suitable habitat for
dispersing individuals of species such as the Squirrel Glider from more intact adjacent
vegetation communities.

4.3.3 Regional Corridor Values of the Study Area

The vegetation communities of the study area provide regional corridor values for migratory
and nomadic species, particularly birds. Scarce records of both the Regent Honeyeater and
the Swift Parrot indicate that the study area occasionally supports seasonal foraging habitat
for both species as they move through the region. Other species, such as summer migratory
birds have been recorded during surveys indicating that the study area provides seasonal
foraging and potential breeding habitat for some of these species.

The regenerating vegetation communities within the study area also facilitate genetic flows in
the region by providing suitable foraging and breeding habitat for species su