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4 ENVIRONMENTAL
ASSESSMENT

The following sub-sections present the
environmental assessment for the Project,
including:

. a description of the existing environment,
including descriptions of components of the
existing Tasman Underground Mine and its
environmental management regime and
environmental performance, where relevant;

. an assessment of the potential impacts
associated with the Project, including
cumulative impacts;

. a description of the measures that would be
implemented to avoid, minimise, mitigate
and/or offset the potential impacts of the
Project;

. contingency plans and/or adaptive
management for managing any potentially
significant residual risks to the environment;
and

. a description of the ongoing mitigation
measures, management and monitoring that
would be implemented by Donaldson Coal.

The assessment of the potential impacts of the
Project was conducted in accordance with the
DGRs (Section 1.2 and Attachment 1), and in
consideration of the outcomes of consultation with
key stakeholders, including the community
(Section 3), and the results of the Environmental
Risk Assessment (ERA) (Section 4.1 and
Appendix O).

The assessment of potential subsidence impacts
and subsequent environmental consequence is
based on the subsidence performance measures
described in Section 2.6.3. An adaptive
management approach would be applied to achieve
the subsidence performance measures

(Section 2.9.3 and Figure 2-10).

A summary of other major projects that may interact
with the Project and potentially give rise to
cumulative impacts is provided in Attachment 4.
Potential cumulative impacts have been
considered, where relevant, in the specialist studies
and are described in the sub-sections below.

Mitigation measures, management, monitoring and
reporting have been developed as a result of the
environmental assessment for the Project and are
described in each relevant sub-section and
summarised in Section 7.

4.1 ENVIRONMENTAL RISK

ASSESSMENT

In accordance with the DGRs, an ERA was
undertaken to identify key potential environmental
issues for further assessment in this EIS. The ERA
was conducted in August 2011, and was facilitated
by a risk assessment specialist (SP Solutions,
2012).

The ERA workshop was used to identify key
potential environmental issues for further
assessment in this EIS. The key potential
environmental issues identified during the ERA
workshop are summarised in Table 4-1 and
addressed in Sections 4.2 to 4.19, as well as the
relevant appendices to this EIS.

The risk assessment team consisted of
representatives from:

. Donaldson Coal,

. DgS (subsidence);

. Evans & Peck (surface water);

. Fluvial Systems (geomorphology);
. RPS Aquaterra (groundwater);

. Hunter Eco (biodiversity);

. Biosphere Environmental Consultants
(biodiversity);

. PAEHoImes (air quality and greenhouse gas);
. SLR Consulting (noise);
. Halcrow (road transport);

. Ardill Payne & Partners (land contamination
and civil design); and

. Resource Strategies.

The risks associated with the potential
environmental issues shown in Table 4-1 were
ranked in accordance with the frameworks detailed
in Australian Standard/New Zealand Standard
(AS/NZS) 31000:2009 Risk Management —
Principles and Guidelines, MDG1010 Risk
Management Handbook for the Mining Industry
(DPI, 1997) and Handbook (HB) 203: 2006
Environmental Risk Management — Principles and
Process (Standards Australia/Standards New
Zealand, 2006).

With the implementation of the proposed risk
treatment measures, all of the potential issues were
ranked within the “Medium — As Low as Reasonably
Practicable” or “Low” range by the risk assessment
team. The ERA is provided in full as Appendix O.
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Table 4-1
Key Potential Environmental Issues

Environmental Issue/
Subject Area

Description of Issue

EIS Section/Appendix

Land Resources and
Landforms

Subsidence impacts on steep landforms (including cliff lines
and steep slopes).

Sections 4.2 and 4.3 and
Appendix A

Subsidence related impacts on the recreational and
aesthetic values of the Sugarloaf State Conservation Area.

Sections 4.2, 4.3 and 4.19 and
Appendices A, E, Fand G

Land Resources and
Landforms/Visual

Visual impacts of subsidence related impacts on cliff lines.

Sections 4.2, 4.3 and 4.19 and
Appendix A

Groundwater/Surface Water

Impacts on surface water drainage and near surface
groundwater as a result of potential connective cracking
between underground workings and the surface.

Sections 4.2, 4.4 and 4.6 and
Appendices A, B and C

Stream Geomorphology

Subsidence related impacts on geomorphology of streams.

Section 4.2 and 4.5 and
Appendices A and D

Biodiversity

Impacts on Tetratheca juncea population.

Section 4.8 and
Appendix F

Impacts on groundwater dependent ecosystems.

Section 4.8 and
Appendices A, B, C and F

Impacts on fauna as a result of construction and operational
activities associated with the new pit top.

Section 4.9 and
Appendix G

Aboriginal Heritage

Project related impacts on known Aboriginal heritage items.

Section 4.10 and
Appendices A and K

Project related impacts on unknown Aboriginal heritage
items.

Section 4.10 and
Appendices A and K

Road Transport

Impacts of Project road movements on the safety and
performance of the road network (including traffic associated
with coal haulage, employees and deliveries).

Section 4.12 and
Appendix H

Noise

Noise impacts on nearby residences as a result of
construction and operation associated with the new pit top.

Section 4.13 and
Appendix |

4.2

Subsidence is the vertical and horizontal movement
of the land surface as a result of the extraction of
underlying coal. These land surface movements

SUBSIDENCE

. develops appropriate SCZs (subsidence
control zones) to achieve Donaldson Coal’s

are generically referred to as subsidence effects.

proposed subsidence performance measures
for significant natural and built surface
features (Section 2.6.3);

The different types of subsidence effects are
described in Section 2.6.2, including systematic
subsidence movements, far-field horizontal
movements and sub-surface strata movements.

A detailed Subsidence Assessment was prepared
by DgS (2012) and is presented in Appendix A. The
Subsidence Assessment:

. identifies natural and built features that could
be affected by subsidence;

. models predicted cumulative subsidence
effects associated with the indicative mining
layout in the West Borehole Seam and
approved mining in the Fassifern Seam;

. assesses the likely subsidence impacts on
natural and built features, in consideration of
the cumulative subsidence effects and SCZs;
and

. recommends mitigation measures,
management and monitoring for natural and
built features.

The Subsidence Assessment (Appendix A)
demonstrates that potential subsidence impacts can
be appropriately mitigated and managed.
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Detailed Extraction Plans would be prepared prior
to the commencement of mining in each area.
Extraction Plans would include subsidence
predictions based on the final development
heading, panel and pillar extraction layouts and
would demonstrate that the subsidence
performance measures for surface features
(Section 2.6.3) can be achieved.

The Extraction Plan process would involve the
review and evaluation of subsidence monitoring
results and would apply an adaptive management
approach to the SCZs to achieve the subsidence
performance measures.

A summary of observed subsidence impacts at the
existing Tasman Underground Mine is provided in
Section 4.2.1. The subsidence prediction
methodology is described in Section 4.2.2 and a
summary of the subsidence predictions for the
Project is provided in Section 4.2.3.

The types of subsidence impacts that would
potentially occur as a result of the predicted
subsidence effects are summarised in

Section 4.2.4. An assessment of the potential
consequences of the subsidence impacts is
provided in Section 4.2.5, including relevant
cross-references to sub-sections with further detail.
Section 4.2.6 describes the subsidence mitigation
measures, management and monitoring.

42.1 Subsidence Impacts Observed at the

Existing Tasman Underground Mine

Secondary extraction commenced at the Tasman
Underground Mine in March 2008. Monitoring of
subsidence movements and impacts above
extracted panels at the Tasman Underground Mine
is undertaken in accordance with approved SMPs.

Monitoring includes subsidence surveys, visual
inspections and photographic monitoring of surface
features, such as cliffs, rock outcrops, tracks,
drainage lines and Aboriginal heritage sites. Apart
from some recent observations of minor tensile
cracking on an access track, there has been no
observed and/or reported subsidence impacts on
cliffs, rock outcrops, drainage lines, tracks or
Aboriginal heritage sites (Donaldson Coal, 2010a,
2010b).

There have been no observed and/or reported
service difficulties resulting from subsidence
impacts on surface infrastructure and no community
complaints in regard to subsidence impacts
(Donaldson Coal, 2010b).

4.2.2 Prediction Methodology

A geological model of the West Borehole Seam
mining area was developed by DgS (Appendix A)
based on known geological structure locations
(Section 2.2) and data from 34 exploration
boreholes, including bore logs, core testing data
(point load and immersion tests) and geophysical

logging.

Predictions of systematic subsidence movements
for the indicative mining layout in the West Borehole
Seam were made using the Australian Coal
Association Research Program (ACARP) (2003)
and Holla (1987) empirical subsidence models,
based on the geological model of the mining area.
The ACARP (2003) model is derived from a
comprehensive database of measured subsidence,
strain, tilt and curvature in the Newcastle, Hunter
Valley, Western and Southern Coalfields
(Appendix A).

The Subsidence Assessment (Appendix A) includes
predictions of ‘mean’ and ‘upper 95% confidence
limit’ subsidence effects. The credible worst-case
prediction is normally the upper 95% confidence
limit (Appendix A).

Appendix A provides a more detailed description of
the subsidence prediction methodologies and
includes a validation of the performance of the
subsidence prediction methodology at the Abel
Underground Mine and the existing Tasman
Underground Mine, which have similar geological
conditions and mining methods.

4.2.3 Prediction of Subsidence Effects
Subsidence effects are the deformation of the
ground mass caused by mining, including all mining
induced ground movements.

Systematic subsidence movements are described
by the following parameters: subsidence, tilt,
curvature and associated strains (tensile and
compressive strains) (Section 2.6.2).

The magnitude of subsidence varies across a panel
with pillar extraction. The greatest amount of
vertical movement (subsidence) occurs in the
centre of the panel with total pillar extraction.
Compressive strains generally occur near the
centre of the panel, while tensile strains generally
occur near the sides or ends of the panel
(Appendix A).

A summary of the range of predicted maximum total
subsidence, tilts, curvature and strains above
panels for total pillar extraction is provided in

Table 4-2.
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Table 4-2
Maximum Predicted Subsidence, Tilt, Curvatures and Strains for the Indicative Mining Layout
in the West Borehole Seam

Subsidence Parameter Mean Upper 95% Confidence Limit

Maximum Subsidence above a Panel (m) 0.33t0 1.26 0.58 to 1.27
Maximum Tilt above a Panel (mm/m) 31040 510 60

Maximum Horizontal Displacement above a Panel (mm) 32to 401 48 to 602

Maximum Hogging Curvature above a Panel (km'l) 0.20to0 1.94 0.30t02.91
Maximum Tensile Strain above a Panel (mm/m)l 21019 31029

Maximum Sagging Curvature above a Panel (km'l) 0.251t0 2.46 0.38 t0 3.69
Maximum Compressive Strain above a Panel (mm/m)1 3t025 410 37

Source: After Appendix A.
1

exceed predicted ‘smooth profile’ values by 2 to 4 times.

Some panels would have lower subsidence than the
parameters summarised in Table 4-2 as patrtial
pillar extraction or no secondary extraction (i.e.
limiting extraction to first workings) would occur in
some areas to meet subsidence performance
measures for surface features (Section 2.6.3).

The caving and subsidence development process
above a pillar extraction panel usually results in
sub-surface fracturing and shearing of sedimentary
strata in the overburden. The extent of fracturing
and shearing is dependent on mining geometry and
overburden geology.

The overburden may be divided into essentially
three or four zones of surface and subsurface
fracturing defined in ascending order (i.e. from the
seam level) as the (Section 2.6.2 and Appendix A):

. caved zone;
. fractured zone;
. continuous or constrained zone; and

. surface zone.

These zones can also be described as the
‘continuous subsurface fracturing’ zone (comprising
the caved and fractured zones) and the
‘discontinuous subsurface fracturing’ zone
(comprising the constrained zone).

Within the continuous subsurface fracturing zone,
cracking is likely to result in a direct hydraulic
connection to the workings, if a subsurface (or
shallow surface) aquifer is intersected (Appendix A).
A summary of the predicted likelihood of connective
cracking to the surface as determined by DgS
(2012) is provided in Table 4-3.

Predicted strains are ‘smooth profile’ strains. Discontinuous displacements can occasionally result in secondary curvatures and strains that

Bending and/or curvature deformation of the rock
strata is expected within the discontinuous
subsurface fracturing zone, resulting in a general
increase in horizontal and vertical permeability
(Appendix A). This type of fracturing does not
usually provide a direct flow path or connection to
the mine workings, but may interact with surface
cracks, joints or faults. Predictions for the height of
the discontinuous subsurface fracturing zone are
provided in Appendix A.

424 Subsidence Impacts

Subsidence impacts are the physical changes to
the ground and its surface caused by the
subsidence effects described in Sections 2.6.2
and 4.2.3. A summary of subsidence impacts as a
result of the Project is provided below.

Surface Cracking

Cracking occurs on the surface when there is
sufficient 'bending’ of the overburden as the
subsidence trough develops.

In areas of total pillar extraction, surface cracks
between 50 and 300 mm are likely to develop
above the goaf (Appendix A). These surface cracks
could be greater than 600 mm in areas of adverse
or anomalous geological or topographical
conditions (Appendix A).

DgS (2012) determined it is ‘very unlikely’ that
surface cracks would develop above areas of first
workings pillars and ‘unlikely’ that they would
develop above partial pillar extraction panels (where
subsidence magnitudes <300 mm) (i.e. within
SCZs).
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Table 4-3
Likelihood of Connective Cracking to the Surface above Partial and
Total Pillar Extraction Panels

Level of Pillar Extraction Depth of Cover (m) S G el RS IISHITA G LT D)
Surface
First workings (no secondary extraction) >50 Not Credible (<1%)
Partial pillar extraction >50 Unlikely (5-10%) to Very Unlikely (1-5%)
Total pillar extraction <50 Likely (25-75%)
50 -80 Possible (10-25%)
80 — 100 Unlikely (5-10%)
>100 Very Unlikely (1-5%)
Source: After Appendix A.
Changes in Stream Bed Gradients Slope Instability and Erosion
Pre-mining and post-mining surface level profiles Local pillar extraction mining has not resulted in any
along Surveyors Creek 2 are presented in large scale, en-masse sliding instability due to mine
Figure 4-1a, including a comparison of the subsidence (or other natural weathering processes,
post-mining surface levels with and without the etc.) in undulating terrain with slopes up to
implementation of SCZs to achieve the subsidence approximately 1 in 2 (Appendix A).
performance measures (Section 2.6.3). Predicted
subsidence and the change in gradient along In general, it is possible that localised instability
Surveyors Creek 2 are presented in Figure 4-1b. could occur where slopes are steeper than 1in 2
and if the slopes are also affected by mining
Pre-mining and post-mining surface level profiles induced cracking and increased erosion rates due
along other streams above the West Borehole to subsidence in excess of 300 mm (Appendix A).
Seam mining area are presented in the Subsidence Therefore, SCZs would be applied to steep slopes
Assessment (Appendix A). greater than 1 in 2 and cliff line areas to minimise
environmental consequences and impacts to public
Ponding and Changes in Stream Alignment safety (Section 2.6.3). The proposed subsidence
performance measures can be achieved for slopes
Ponding refers to the potential for ‘closed-form’ between 1 in 3 and 1 in 2 without limiting extraction
depressions to develop at the surface after mining (Appendix A).
beneath gentle slopes and relatively flat terrain.
The cumulative subsidence effects along the steep
Analysis of the pre-mining and post-mining surface slopes and cliff line areas are unlikely to result in
levels suggests that ponding (if it occurs) would be cracking, toppling or slope instability after
likely to develop near existing streams completion of mining in the Fassifern and West
(Appendix A). DgS (2012) determined that Borehole Seams (Appendix A).
depressions with maximum depths of between
0.1 and 0.7 m may occur outside of existing stream The rate of erosion may increase significantly in
alignments after mining in the West Borehole Seam areas with exposed dispersive and/or reactive
is completed. alluvial or residual soils or tuffaceous claystone and
where slope gradients are increased by more than
Actual ponding depths would depend upon several 2% (>20 mm/m) (Appendix A). DgS (2012)
other factors, such as rain duration, surface determined that changes in slope gradient sufficient
cracking and effective percolation and to accelerate erosion processes would be unlikely
evapo-transpiration rates, in addition to the within areas of partial pillar extraction or first
post-mining surface levels (Appendix A). workings only (i.e. within SCZs).
Slope instability, rock fall and erosion occur
naturally along steep slopes and cliff line areas due
to natural weathering and tree root wedging
processes (Plate 4-1). In some circumstances it
may be difficult to differentiate between natural and
mining induced processes.
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Plate 4-1 — Natural Slope Erosion on Sugarloaf Range
Depressurisation of Groundwater Aquifers

Continuous subsurface fracturing would result in
pressure loss within the groundwater system due to
a direct hydraulic connection to the underground
workings (Section 4.2.3). Discontinuous subsurface
fracturing would result in an increase in rock mass
storage capacity and horizontal permeability
(Appendix A).

An assessment of the potential impacts on the
groundwater resource as a result of subsurface
fracturing is conducted in Appendix B and
summarised in Section 4.4.

4.2.5 Potential Consequences of
Subsidence on Key Natural and Built

Features

An assessment of the potential consequences of
the subsidence impacts described in Section 4.2.4
is provided below, including relevant
cross-references to sub-sections with further detail.

DgS (2012) concluded that overall the assessed
range of potential subsidence and far-field
displacement impacts would be manageable for the
majority of the site features, based on the analysis
outcomes and discussions with stakeholders to
date (Appendix A).

Streams

The mine layout would be designed to achieve
negligible environmental consequences for the third
order portion of Surveyors Creek 2 within the West
Borehole Seam mining area (i.e. negligible
diversion of flows and negligible change in the
natural behaviour of pools) (Section 2.6.3).

Subsidence impacts on other streams within the
mining area would be managed to achieve not more
than minor environmental consequences and
negligible connective cracking to the underground
workings (Section 2.6.3).

DgS (2012) assessed that the use of partial pillar

extraction areas beneath streams would provide a
high level of protection from continuous fracturing
from surface to seam (Appendix A).

Potential subsidence consequences for fluvial
geomorphology and stream flow are assessed in
Sections 4.5 and 4.6 and Appendices C and D.

Cliffs and Steep Slopes

The mine layout would be designed to achieve no
additional risk to public safety and only minor
impacts to steep slope and cliff line areas (resulting
in negligible environmental consequence)
(Sections 2.6.3 and 4.3.2). Mitigation measures,
management and monitoring for cliffs and steep
slopes are described in Section 4.3.3.

An assessment of potential impacts of slope
instability on visual character is provided in
Section 4.19.

Land Use and Land Resources

Potential consequences on land resources and land
use (e.g. recreation, conservation, forestry and
agriculture) as a result of subsidence impacts are
assessed in Section 4.3.

Groundwater Dependent Ecosystems and
Riparian Vegetation

The mine layout would be designed to achieve
negligible environmental consequences to Coastal
Warm Temperate — Sub Tropical Rainforest and
Alluvial Tall Moist Forest, which are considered
groundwater dependent ecosystems and are listed
as EECs (Section 2.6.3). Environmental
consequences to an area of Uplands Paperbark
Thicket (potentially a groundwater dependent
ecosystem) would be negligible due to the
implementation of other SCZs.

The mine layout would be designed to achieve
negligible environmental consequences to the
Hunter Lowlands Redgum Forest community (an
EEC) that is present along the third order portion of
Surveyors Creek 2 (Section 2.6.3).
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DgS (2012) assessed that the use of partial pillar
extraction areas beneath groundwater dependent
ecosystems and riparian vegetation would provide a
high level of protection from continuous fracturing
from surface to seam (Appendix A).

Potential consequences for flora as a result of
subsidence impacts are assessed in Section 4.8
and Appendix F.

Aboriginal Heritage

Potential consequences (e.g. cracking) may occur
to sandstone-based Aboriginal heritage sites as a
result of subsidence.

Potential consequences for Aboriginal heritage as a
result of subsidence impacts are assessed in
Section 4.10 and Appendix K.

Principal Residences and Residential Structures

There are currently three privately-owned principal
residences within the underground mining areas
(Figure 4-2).

Mining under principal residences would be
restricted to first workings only (i.e. non-subsiding)
within a 26.5° angle of draw resulting in less than
20 mm of subsidence (unless agreed otherwise with
the landholder) (Section 2.6.3 and Box 4-1). As a
result, subsidence impacts to principal residences
would be minimal.

This would also reduce impacts to structures
located adjacent to principal residences (e.g. water
tanks and on-site effluent disposal areas)
(Appendix A).

Other residential structures that are located further
away from the principal residence (e.g. fences and
driveways) are likely to be impacted by mine
subsidence. These structures would be fully
repaired or compensated as described in

Section 4.2.6.

DgS (2012) indicates that the majority of
subsidence movements likely to affect undermined
properties would occur within a period of
approximately six to eight weeks after each panel is
extracted (Appendix A).

BOX 4-1
PRINCIPAL RESIDENCES
SUBSIDENCE MANAGEMENT

Private Residence East of Sheppeard Drive*

Project subsidence performance measures:

e Maintain safety.

e Serviceability to be maintained and/or fully
compensated.

e Damage must be fully repaired or compensated.

Project subsidence control zone:

e First workings only within 26.5° angle of draw resulting
in less than 20 mm subsidence, 5 mm/m tilt and 2
mm/m strain (may be relaxed if agreement reached
with the owner).

Project subsidence control outcomes:

e No more than minimal impact on the residence, unless
otherwise agreed by the owner.

e Long-term stable pillar (i.e. non-subsiding) left under
each principal residence, unless otherwise agreed by
the owner.

Refer to Table 2-3 for details.
*Appendix A.

Infrastructure and Improvements and Private
Landholdings

The potential impacts of subsidence effects on
infrastructure and improvements are assessed in
Appendix A. Infrastructure and improvements with
more than 20 mm predicted subsidence from
mining in the West Borehole Seam include
(Figure 4-2):

. electrical infrastructure (i.e. TransGrid and
Ausgrid electricity transmission lines);

. telecommunication infrastructure (i.e. FOCs
and copper telecommunication cables);

. Sheppeard Drive and associated drainage
infrastructure; and

. fire trails and other minor tracks and roads.
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The mine layout would be designed to maintain
safety and serviceability for electrical infrastructure
and FOCs (Section 2.6.3 and Box 4-2). Any minor
damage to these items would be fully repaired or
compensated as described in Section 4.2.6.

BOX 4-2
KEY INFRASTRUCTURE
SUBSIDENCE MANAGEMENT

Ausgrid 132 kV Transmission Line Easement*

Project subsidence performance measures:

e Maintain safety and serviceability.

 No damage to structures or loss of service for
communication towers on Mount Sugarloaf.

o Damage must be fully repaired or compensated for
FOCs, TransGrid and Ausgrid towers.

Project subsidence control zone:

e First workings only within 45° angle of draw resulting in
less than 2 mm subsidence and 10 mm horizontal
displacement for communication towers on Mount
Sugarloaf.

e Partial extraction with stable remnant pillars resulting in
less than 300 mm of subsidence for FOCs (unless
cables can be relocated by agreement with the
infrastructure owner or is suspended on electricity
transmission towers).

e First workings only within 26.5° angle of draw resulting
in less than 20 mm subsidence, 5 mm/m tilt and 2
mm/m strain for TransGrid towers (may be relaxed if
cruciform footings can be installed and agreement
reached with the infrastructure owner).

e Maximum extraction for Ausgrid towers (except where
within another SCZ).

Project subsidence control outcomes:

e Maintenance of key infrastructure safety and
serviceability and repair or compensation for any
subsidence related damage.

e Implementation of management measures agreed with
infrastructure owners in advance of associated
subsidence.

Refer to Table 2-3 for details.

Negligible subsidence impacts are anticipated on
the communication towers on Mount Sugarloaf, the
Orica Richmond Vale facilities®, the proposed
TransGrid substation on Sheppeard Drive, George
Booth Drive and the Hunter Expressway (currently
under construction) (Appendix A).

4.2.6 Mitigation Measures, Management and

Monitoring

The SCZs would mitigate impacts to significant
surface features (Section 2.6.3). DgS (2012)
considers that the proposed SCZs to achieve the
subsidence performance measures are
conservative, and the SCZs would be confirmed
through subsidence monitoring and adaptive
management as mining progresses (Appendix A).

Extraction Plans would be prepared prior to the
commencement of mining in each area to
demonstrate that the subsidence performance
measures can be achieved. The Extraction Plan
process would apply an adaptive management
approach to the SCZs to achieve the performance
measures (Section 2.6.3).

Mitigation measures and management for
subsidence impacts on land resources,
groundwater, stream geomorphology, surface
water, aquatic ecology, flora, terrestrial fauna,
Aboriginal heritage and visual character are
summarised in Sections 4.3 to 4.10 and 4.19.

Principal Residences and Residential Structures

Donaldson Coal commits to restricting extraction to
non-subsiding first workings only under principal
residences (unless agreed otherwise with the
landholder). Donaldson Coal would only consider
one residence per private lot as a ‘principal
residence’. Once the mining layout has been
finalised, Extraction Plans would be developed
progressively over the life of the Project and would
include:

. specific subsidence assessment for principal
residences and residential structures
(improvements) on properties potentially
impacted by the Project;

. consultation with owners and/or occupiers of
properties, including provision of detailed
subsidence assessments and the opportunity
for individual discussions with Donaldson
Coal;

1 Includes an ammonium nitrate emulsion production

*Appendix A.
facility and technical and research facility off George
Booth Drive.
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. pre-mining inspections of the property by
Donaldson Coal and the MSB (with the
approval of the landholder/occupier) to:

- undertake a structural assessment to
determine tolerable limits for subsidence
to the principal residence in
consideration of the dwelling
construction, size, footings and surface
conditions;

- identify and record pre-existing condition
of the structure; and

- identify and discuss any areas of concern
to the landholder/occupier;

. development of a mining layout that maintains
subsidence parameters within tolerable limits
for a principal residence; and

. using the information gathered above,
development of a Built Features Management
Plan’ for each property.

The Built Features Management Plan would be
provided to the landholder/occupier prior to mining
in the area and would include:

. easy-to-read plan of the property in relation to
the final mining layout;

. details of predicted subsidence impacts and
associated probabilities of these impacts
occurring;

. the expected timing of mine subsidence;

. a specific subsidence monitoring plan to
monitor subsidence impacts during and
following mining, including visual inspections
and structure surveys;

. implementation of appropriate pre-mining
mitigation measures to minimise impacts,
where appropriate;

. the process for identifying and rectifying any
impacts to structures that may occur as a
result of mining; and

. contact details for Donaldson Coal should any
further information be required.

The term Built Features Management Plan is used
through the EIS Main Report to be consistent with the
terminology in contemporary Project Approvals and
Development Consents. These documents are also
referred to as Property Subsidence Management
Plans (Appendix A).

In the event of any mine subsidence damage to any
residential structure (improvement), claims are
lodged with the MSB (Section 6.3.1). If a claim is
accepted, the MSB may offer the owner the option
of having the repairs carried out by the MSB'’s
contractors or of having the MSB provide a financial
settlement. The usual practice is for the MSB to
arrange, supervise and pay for the repairs (MSB,
2007). The MSB covers all improvements located
outside a proclaimed mine subsidence district and
most improvements within a mine subsidence
district (Section 6.3.1).

In circumstances where the owner of the principal
residence and Donaldson Coal can agree to terms
which permit secondary workings under the
principal residence, Donaldson Coal would
negotiate a detailed plan of management and
compensation accordingly.

Infrastructure and Improvements

Measures to mitigate and manage the impacts of
subsidence on surface infrastructure would be
developed in detail in consultation with the
infrastructure owner as a component of future
Extraction Plans.

Mitigation measures and management would be
documented in Built Features Management Plans,
which would be developed as part of the Extraction
Plans. Built Feature Management Plans would
include:

. pre-mining inspections of structural stability
and susceptibility to subsidence;

. implementation of appropriate pre-mining
mitigation measures to minimise impacts,
where appropriate (e.g. installation of
cruciform footings beneath suspension
transmission towers);

3 implementation of an appropriate subsidence
monitoring program, including subsidence
surveys and visual monitoring at appropriate
frequencies;

. development of appropriate remedial
measures for any subsidence impacts,
including a commitment to mitigate, repair,
replace or compensate any impacts in a timely
manner;

. development of Trigger Action Response
Plans for unexpected subsidence impacts; and

. development of protocols for the distribution of
results to relevant stakeholders.
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Subsidence Monitoring

Surface subsidence monitoring data would be
collected in accordance with the subsidence
monitoring programs detailed in the Extraction
Plans. Subsidence monitoring would include
transverse and longitudinal subsidence lines above
each panel, and survey lines/pegs around features
of interest (e.g. principal residences, Aboriginal
heritage sites and TransGrid towers).

Monitoring of sub-surface fracture heights above
pillar extraction panels in the West Borehole Seam
would be conducted through the installation of
extensometers and piezometers.

The subsidence monitoring data would be reviewed
as part of the Extraction Plan and reporting
processes to assist with the management of risks
associated with subsidence, validate subsidence
predictions and inform the adaptive management
process.

4.3 LAND RESOURCES, LAND USES,

CLIMATE AND BUSHFIRE REGIME

Land resources include the topographical features
and natural landforms and the soil landscapes.
Land uses in the Project area are influenced by the
available land resources.

A description of the land resources, land uses,
climate and bushfire regime in the Project area is
provided in Section 4.3.1. Potential impacts on land
resources, land uses and the bushfire regime as a
result of underground mining and surface activities
are described in Section 4.3.2. Mitigation
measures, management and monitoring for
potential impacts are summarised in Section 4.3.3.

43.1 Existing Environment

Landforms and Topography

The topography of the Project area is dominated by
the Sugarloaf Range, which extends from the
Watagan Mountains (in the south) to Mount
Sugarloaf (in the north). Mount Vincent is, at

426 m Australian Height Datum (AHD), the highest
point on Sugarloaf Range, and is located to the
south of the Project. Mount Sugarloaf has an
elevation of 412 m AHD and is the highest
topographical point in the Project area.

The western section of the Project area extends
beneath the lower elevated areas leading towards
the Surveyors Creek and Wallis Creek floodplain.
The south-eastern section of the Project area
includes the lower elevated Slatey Creek area. The
existing pit top facility and part of the existing
Fassifern Seam mining area are located within the
Blue Gum Creek catchment which flows east to
Hexham Swamp.

The Sugarloaf Range is dominated by Triassic
sandstone and siltstone sediments from the
Narrabeen Group. The Permian Newcastle Coal
Measures outcrop on the lower slopes and flatter
areas surrounding Sugarloaf Range.

The land overlying the extent of the West Borehole
Seam mining area ranges in elevation from
40 to 370 m AHD (Plate 4-2).

Within the extent of surface disturbance for the new
pit top facility, the elevation varies between
approximately 50 to 80 m AHD, and is
characterised by undulating terrain.

Cliff Lines and Steep Slopes

Steep slopes are present along the Sugarloaf
Range within the Project area. There is
approximately 10 km of slopes with a gradient
greater than 18° within the Project area

(Appendix A). The slopes along the Sugarloaf
Range include a variety of forms including
continuous cliff lines, overhangs, cliff terraces,
discontinuous rock outcrops, talus slopes and other
vegetated steep slopes.

Distinctive cliff lines are formed within sandstone of
the Triassic Narrabeen Group along the Sugarloaf
Range (Figure 4-3 and Plate 4-3).

DgS (2012) estimated from aerial Light Detection
and Ranging (LIDAR) surveys and site inspections
that there are approximately 4.9 km of continuous
cliffs between 10 to 60 m high and 4.4 km of minor
continuous cliffs between 5 to 10 m high within the
West Borehole Seam mining area (Appendix A).
Numerous discontinuous, minor cliffs or rock
formations between 2 to 5 m high also exist along
sections of the steep slopes associated with the
ridges (Appendix A).

Large sandstone talus boulders (approximately 2 to
5 m in diameter) form rocky steep slopes below the
cliffs between 28° and 45° slope and extend for
approximately 100 m down to the foot slopes
(Plate 4-4).
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Source: Appendix F.

Plate 4-2 — Topography in the West Borehole Seam Mining Area

Source: Appendix A.
Plate 4-3 — Sandstone Cliff on Sugarloaf Range

Natural instability occurs within the cliff lines and
steep slopes of the Project area, primarily due to
the undercutting of mudstone beds and the release
of overlying sandstone blocks along existing
orthogonal joint patterns (Appendix A). Tree-root
wedging is also a contributing factor to natural cliff
face instability (Appendix A).

Soils

The Sugarloaf Range is dominated by Triassic
sandstone and siltstone sediments from the
Narrabeen Group, while the surrounding lower
slopes and adjacent terrain are dominated by
Permian Newcastle Coal Measures with a band of
Triassic Tomago Coal Measures to the west of the
Sugarloaf Range (NSW Department of Environment
and Climate Change [DECC], 2008).

Source: Appendix A.

Plate 4-4 — Talus Slope on Sugarloaf Range

Soil landscapes in the vicinity of the Project have
been mapped by the former NSW Department of
Land and Water Conservation as described in the
document Soil Landscapes of the Newcastle
1:100,000 Sheet (Matthei, 1995).

Soil landscapes across the Project area are shown
on Figure 4-4. Table 4-4 summarises the key
characteristics, the dominant soil materials and the
fertility of each soil landscape within the Project
area.
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Table 4-4

Soil Landscapes of the Project Area

Soil Landscape

Characteristics

Dominant Soil Materials

Soil Fertility

Residual Landscapes

Beresfield

Undulating low hills and rises on Permian
sediments.

Generally moderate limitations for cultivation and
low limitations for grazing.

Limitations include water erosion hazard, high
foundation hazard, and localised steep slopes, high
run-on, seasonal waterlogging and rock outcrops.

Friable brownish black loam (topsoil).

Hardsetting dull yellowish brown sandy loam
(topsaoil).

Pedal brown plastic mottled clay (subsoil).
Reddish brown plastic pedal clay (subsoil).

Gleyed “puggy” silty clay (subsoil).

Moderate to low soil material suitability as a
growth medium.

Low soil profile suitability as a growth medium.

Moderate soil volumes for root penetration.

Vestigial Landscapes

Sugarloaf
Landscape Variant

Summit surfaces and crests on sandstone and
siltstone sediments of the Narrabeen Group in the
Sugarloaf Range.

High limitations for cultivation and moderate
limitations for grazing.

Limitations include shallow soils, water erosion
hazard, rock outcrops and localised seasonal
waterlogging, foundation hazard and high run-on.

Brownish black sandy clay loam (topsoil).
Bleached, massive sandy clay loam (topsoil).
Earthy bright yellowish brown sandy clay (subsoil).

Generally low soil material suitability as a
growth medium.

Moderate soil profile suitability as a growth
medium.

Restricted soil volumes for root penetration.

Colluvial Landscapes

Sugarloaf Rolling to steep mountains on sandstone and Brownish black sandy clay loam (topsoil). Generally low soil material suitability as a
siltstone sediments of the Narrabeen Group in the leached . dv clav | i growth medium.
Sugarloaf Range. Bleached, massive sandy clay loam (topsoil). ¥ — il A
. L S . Bright yellowish brown pedal mottled clay (subsaoil). ow soil profile suitability as a growth medium.
High to severe limitations for cultivation and grazing. Generally hiah soil volumes for root
S . Earthy bright yellowish brown sandy clay (subsoil). Y nig
Limitations include steep slopes, mass movement penetration.
hazard, rock fall hazard, water erosion hazard,
foundation hazard and localised rock outcrops and
shallow soils.
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Table 4-4 (Continued)

Soil Landscapes of the Project Area

Soil Landscape

Characteristics

Dominant Soil Materials

Soil Fertility

Erosional Landscapes

Landscape Variant

Killingworth Undulating to rolling hills and low hills on Newcastle
Coal Measures.
High limitations for cultivation and moderate
limitations for grazing.
Limitations include water erosion hazard, seasonal
waterlogging on lower slopes and localised high
run-on, foundation hazard, shallow soils and rock
outcrops.

Killingworth Undulating to rolling hills and low hills on Newcastle

Coal Measures.

High limitations for cultivation and moderate
limitations for grazing.

Limitations include water erosion hazard and
localised high run-on, steep slopes, mass
movement hazard, shallow soils, rock outcrops and
foundation hazard.

Brownish black pedal loam (topsoil).

Bleached hardsetting loamy sand to sandy clay
loam (topsoil).

Pedal yellowish brown clay (subsoil).

e Very low soil material suitability as a growth
medium.

e Low to moderate soil profile suitability as a
growth medium.

e Low to moderate soil volumes for root
penetration.

Alluvial Landscapes

Cockle Creek

Narrow floodplains, alluvial fan deposits and broad
delta deposits.

Moderate limitations for cultivation and low
limitations for grazing.

Limitations include flooding hazard, seasonal
waterlogging, water erosion hazard, high run-on,
foundation hazard and localised waterlogging and
permanently high watertables.

Brownish black sandy loam (topsoil).
Hardsetting bleached sandy clay loam (topsoil).
Dull yellowish brown pedal clay (subsoil).
Earthy mottled sandy clay (subsoil).

e Moderate to low soil material suitability as a
growth medium.

e Low soil profile suitability as a growth medium.

e Restricted soil volumes for root penetration.

Source: After Matthei (1995).
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The Sugarloaf colluvial soil landscape unit occurs
on the sandstone and siltstone sediments of the
Narrabeen Group on the slopes of the Sugarloaf
Range (Figure 4-4). The Sugarloaf vestigial soil
landscape variant occurs on the undulating to
rolling broad summit surfaces and narrow, stony
ridges and crests of the Sugarloaf Range, with
gradients <20% (Matthei, 1995).

The Killingworth erosional soil landscape unit (and
landscape variant) occurs on sediments of the
Newcastle Coal Measures on the easterly facing
slopes and foothills of the Sugarloaf Range
(Matthei, 1995). The Beresfield residual soil
landscape unit occurs on the undulating low hills
and rises on Permian sediments to the west of the
Sugarloaf Range (Figure 4-4).

The Cockle Creek alluvial soil landscape unit
occurs on Surveyors Creek 2 downstream of the
Project area, on the tributary to Surveyors Creek
near the new pit top facility, and on Slatey Creek
near O’Donneltown (Figure 4-4).

There are generally moderate to severe limitations
for cultivation on soil landscapes across the Project
area (Table 4-4). Limitations to grazing are low to
moderate across the Project area, except within the
Sugarloaf soil landscape unit which has high to
severe limitations due to the steep slopes and cliff
lines (Table 4-4).

There are no soils identified as having acid sulphate
potential within the Project area (Appendix C).

Land Use

A large portion of the Project area comprises the
Sugarloaf State Conservation Area and Heaton
State Forest. This vegetation forms part of a
corridor of contiguous vegetation that links
Sugarloaf Range to the Watagan Mountains in the
south (DECC, 2008). Sugarloaf State Conservation
Area and Heaton State Forest are used for
recreational purposes by bushwalkers, off-road
vehicles and trail bikes.

The Keepa Keepa Elders Corporation (a registered
Aboriginal group) has a prior agreement to use a
portion of the Heaton State Forest for educational
purposes (Appendix K).

Existing development within and immediately
surrounding the Project area includes (Figure 4-2):

. electrical infrastructure (i.e. TransGrid and
Ausgrid electricity transmission lines);

. telecommunication infrastructure (i.e. FOCs
and copper telecommunication cables);

. Sydney-Newcastle (F3) Freeway, Hunter
Expressway (under construction), George
Booth Drive, Sheppeard Drive, Mount
Sugarloaf Road and other minor tracks and
roads;

. the Orica Richmond Vale facilities off George
Booth Drive;

. public lookout and picnic area on Mount
Sugarloaf;

. rural residential properties along Sheppeard
Drive;

. locality of O’'Donneltown and township of
Seahampton; and

. the existing Tasman Underground Mine.

The Tasman Underground Mine commenced in May
2006, with underground mining commencing in
September 2006. The operations at the current
underground mining area are supported by the
existing Tasman Underground Mine pit top facility
which is located off George Booth Drive

(Figure 4-2).

Other operational mines in the vicinity of the Project
include (Figure 1-1):

. West Wallsend Colliery, approximately 5 km
south-east;

. Westside Colliery, approximately 6 km
south-east;

. Abel Underground Mine, approximately 10 km
north-east;

. Donaldson Open Cut Mine, approximately
10 km north-east; and

. Bloomfield Colliery, approximately 10 km
north-northeast.

Portions of the Project area have been historically
mined by the Stockrington No. 2 Colliery in the
West Borehole Seam.

Agricultural Land Use and Land Capability

There are no agricultural enterprises located within
the West Borehole and Fassifern Seam
underground mining areas or the new pit top facility
and upcast ventilation shaft areas.

Rural land capability is a method of evaluating the
quality of rural land. Rural land capability is an
eight class classification system based on
assessment of biophysical characteristics
categorising land in terms of general limitations
such as erosion hazard, climate and slope (Emery,
1985).
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Regional rural land capability mapping (DECC,
2009a) was used to evaluate the quality of rural
land within the Project area and is shown on
Figure 4-5. The following rural land capability
classes are mapped within the Project area:

. Class IV — suitable for grazing with occasional
cultivation.

. Class VI — suitable for grazing with no
cultivation.

. Class VII — land best protected by green
timber.

. Class VIII — areas incapable of sustaining
agricultural or pastoral production (e.g. cliffs).

The major factor influencing the classification of the
land was slope, with Classes IV and VI located on
the flatter areas and Classes VIl and VIl located on
the steeper slopes.

Agricultural suitability mapping has not been
completed for the Project area.

The Project area does not include any “regionally
significant agricultural land” identified in the Lower
Hunter Regional Strategy (DoP, 2006).

On the basis of the above and the inherent soil
fertility of the soil landscapes in the Project area,
there is considered to be no highly valuable
agricultural lands or resources.

Meteorology

Long-term local meteorological records are
available from the Commonwealth Bureau of
Meteorology (BoM) meteorological stations

(Table 4-5). Short-term records are available from
the on-site automatic weather stations (AWS)
located at the Tasman Underground Mine and the
Donaldson Open Cut Mine.

The Tasman Underground Mine AWS was installed
in November 2006 and is operated in accordance
with the Development Consent (DA 274-9-2002).
The AWS monitors a number of meteorological
parameters, including rainfall, temperature at 2 m
and 10 m and wind speed/direction.

A summary of meteorological parameters in the
vicinity of the Project relevant to the environmental
studies in this EIS are provided below.

Rainfall

The long-term average annual rainfall at
meteorological stations in close proximity to the
Project varies from approximately 766 mm at the
Cessnock (Nulkaba) meteorological station to
approximately 966 mm at the Mulbring (Vincent St)
weather station (Table 4-5). The highest monthly
average rainfalls are in January and February
(Table 4-5).

Generally the rainfall records indicate moderate
seasonality, with higher rainfall being recorded in
the late summer and autumn and lower rainfall
during the spring and winter.

Temperature

Long-term, monthly-average daily maximum and
minimum temperatures show that temperatures are
warmest from November to March and coolest in
the winter months of June, July and August

(Table 4-5).

Monthly-average daily maximum temperatures are
highest in January (approximately 30 degrees
Celsius [°C]) and monthly-average daily minimum
temperatures are lowest in July (between 4.6°C and
6.1°C) (Table 4-5).

Evaporation

Evaporation records are available from the
Cessnock (Nulkaba) and Paterson (Tocal AWS)
meteorological stations, which have recorded
average annual evaporation of approximately
1,327 mm and 1,562 mm, respectively (Table 4-5).

The highest monthly-average evaporation is in
December and January and the lowest
monthly-average evaporation is in June (Table 4-5).
Measured monthly-average evaporation exceeds
the measured monthly-average rainfall in all
months, except June (Table 4-5).

Wind Speed and Direction

As part of the air quality assessment of this EIS
(Appendix J), annual and seasonal wind speeds
and directions were evaluated using available
15-minute averages of wind speed and direction
data for 2010 from the Tasman Underground Mine
AWS.

The annual and seasonal windroses for the Tasman
Underground Mine AWS are provided in
Appendix J.
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Table 4-5
Relevant Long-term Meteorological Information
Average Daily Temperature (°C)* Average Monthly Rainfall (mm)*? Average Monthly Evaporation (mm)*®
Cessnock (Nulkaba) Paterson (Tocal AWS) | Morpeth Post Mulbring Cessnock East Maitland Cessnock Paterson
Period of Record (61242) (61250) Office (Vincent St) (Nulkaba) Bowling Club (Nulkaba) (Tocal AWS)
Minimum | Maximum | Minimum ‘ Maximum (61046) (61048) (61242) (61034) (61242) (61250)
1966-2012 1967-2012 1884-2010 1932-2007 1966-2012 1902-1994 1966-2012 1967-2012
January 17.7 30.4 17.6 29.7 90.5 101.8 87.9 89.0 177 192
February 17.7 29.6 17.6 28.8 100.5 124.0 105.1 94.1 140 148
March 155 27.6 15.6 27 111.1 117.8 85.3 96.5 121 130
April 11.7 24.6 12.4 24.2 83.1 74.2 58.2 87.4 84 99
May 8.5 211 9.6 20.6 74 75.2 54.2 70.3 59 74
June 6 18.2 7.5 17.8 84.8 96.3 60.2 84.2 45 63
July 4.6 17.8 6.1 17.3 64 51.3 32.6 58.1 53 74
August 49 19.8 6.6 19.3 54.2 62.5 37.1 52.2 78 105
September 7.8 22.7 8.9 22.3 55.5 52.6 43.8 54.8 105 132
October 11 25.3 115 24.9 63 65.2 59.3 65.5 136 161
November 13.9 27.4 14 26.7 69 70.3 72.7 61.6 153 174
December 16.1 29.3 16.2 29 86.8 82.7 70.7 81.3 177 208
Annual Average - - - - 933.2 966.3 765.7 895.0 1,327 1,562
Total
! Source: BoM (2012).
2 source: Appendix B.
®  As measured by Class A Evaporation Pan.
4-22

Y
L 4 Resource
Strategies

DONALDSON
IA. oAl

Part of Gloucester Coal



Tasman Extension Project — Environmental Impact Statement

For the duration of the collection period the annual
windrose shows a prominent westerly pattern of
winds, with winds from the north-east and the
southern quadrants also prominent. The annual
average wind speed is 2.3 metres per second (m/s),
with calm periods (i.e. winds less than 0.5 m/s)
recorded by the Tasman Underground Mine AWS
approximately 15% of the time during 2010
(Appendix J).

Bushfire Regime

The Project area is mapped as bushfire prone land
by the Cessnock City Council and Lake Macquarie
City Council, with the majority of the area mapped

as Vegetation Category 1.

The Project is located within the jurisdiction of the
Lake Macquarie Bush Fire Management Committee
(BFMC) and the Hunter BFMC, which follow the
LGA boundaries of Lake Macquarie and Cessnock,
respectively. Bushfire risk management plans have
been prepared by the Lake Macquarie BFMC
(2011) and the Hunter BFMC (2009).

The bushfire season in the Project area generally
occurs from August/September to March and is
typically associated with north-westerly winds, high
daytime temperatures and low relative humidity
(Lake Macquarie BFMC, 2011; Hunter BFMC,
2009).

The major sources of ignition for bush fires in the
Project area and surrounds include (Lake
Macquarie BFMC, 2011; Hunter BFMC, 2009):

. illegal burning activities;

. arson/incendiarism;

. car dumping;

. escapes from legal burning;
. lightning; and

. arcing of electrical power lines.

High intensity bushfires in the Sugarloaf State
Conservation Area generally occur between late
spring and the end of summer (DECC, 2008).
Arson is a recurring problem in parts of the
Sugarloaf State Conservation Area with incidents
occurring in most summer seasons (DECC, 2008).

For some vegetation within the Project area there
has been over a decade since the last fire, with only
one or two fires recorded (Hunter BFMC, 2009).

Donaldson Coal implements a Bushfire
Management Plan for the existing Tasman
Underground Mine as part of the Health and Safety
Management System. The Bushfire Management
Plan was prepared in consultation with the RFS.
The existing Tasman Underground Mine pit top is
also included in the Lake Macquarie Bush Fire Risk
Management Plan (Lake Macquarie BFMC, 2011).

4.3.2 Potential Impacts

Landforms

SCZs for cliff lines and steep slopes would be
implemented for the Project (Section 2.6.3 and
Box 4-3) to have no more than a minor impact on
the topographic feature, and negligible
environmental consequence. The cumulative
subsidence effects along the steep slopes and cliff
line areas are unlikely to result in cracking, toppling
or slope instability after completion of mining in the
Fassifern and West Borehole Seams (Appendix A).

Slope instability and rock falls occur naturally along
steep slopes and cliff lines areas due to natural
weathering and tree root wedging processes
(Appendix A). In some circumstances it may be
difficult to differentiate between natural and mining
induced processes.

Due to the difficulties in distinguishing between
natural and mining induced instabilities, DgS (2012)
predicts any impacts on cliff lines and steep slopes
would represent in the order of 3 to 5% of the cliff
face and steep slope areas.

Soil and Erosion Potential

Potential impacts of the Project on soils would
relate primarily to:

. disturbance of in-situ soil resources within
surface disturbance areas (e.g. new pit top
facility, upcast ventilation shaft, exploration
and subsidence remediation activities);

. alteration of soil structure beneath
infrastructure items, hardstand areas and
roads;

. possible soil contamination resulting from
spillage of fuels, lubricants and other
chemicals;
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BOX 4-3
CLIFFS AND STEEP SLOPES
SUBSIDENCE MANAGEMENT

Cliffs within the Project Area*

Project subsidence performance measures:

e Minor impact resulting in negligible environmental
consequence.

e No additional risk to public safety.

Project subsidence control zone:

e  First workings only within 30 m of a cliff line greater
than 20 m in length resulting in less than 150 mm
subsidence.

e Partial extraction with stable remnant pillars resulting in
less than 300 mm of subsidence for all other cliff lines
and steep slopes with greater than 1 in 2 slope.

Project subsidence control outcomes:

e No more than minor impact on the topographic feature,
and negligible environmental consequence.

Refer to Table 2-3 for details.
*Appendix A.

. increased erosion and sediment movement
due to exposure of soils during construction of
the new pit top facility and upcast ventilation
shaft, exploration and subsidence remediation
activities;

. alteration of physical and chemical soil
properties (e.g. structure, fertility, permeability
and microbial activity) due to soil stripping and
stockpiling operations; and

. potential for increased erosion and sediment
movement due to surface cracking or changes
in gradient as a result of subsidence.

As described in Section 4.3.1, the soil landscapes
within the Project area are susceptible to water
erosion.

The potential for surface cracking and increases in
soil erosion as a result of subsidence is described
in Section 4.2.4. It is unlikely that these impacts
would occur within SCZs (Appendix A). Mitigation
measures to manage potential impacts on soil
resources outside SCZs are described in

Section 4.3.3.

Land Uses

As described in Section 2, the Project would largely
comprise underground mining activities, with only
limited surface disturbance being required outside
the existing and new pit top facilities (e.g. line of
sight clearing may be required for subsidence
monitoring, however, this would nominally be
located along or adjacent to existing tracks).

Subsidence performance measures (Section 2.6.3)
would minimise potential impacts on the
conservation and recreational values of the
Sugarloaf State Conservation Area and Heaton
State Forest, including performance measures for
streams, cliffs, steep slopes and groundwater
dependent ecosystems. Residual environmental
consequences for groundwater, stream
geomorphology, surface water, ecology, heritage,
amenity and visual character within Sugarloaf State
Conservation Area and Heaton State Forest are
summarised in Sections 4.4 to 4.11, 4.13, 4.14 and
4.19.

Mining operations and associated activities within
Heaton State Forest would be conducted in
accordance with the conditions of the relevant
mining tenement and necessary occupation permits
(Section 6.3.1). Surface works within Heaton State
Forest would be undertaken in consultation with
Forests NSW and would aim to minimise potential
disruption on forestry operations.

Areas of Sugarloaf State Conservation Area and
Heaton State Forest are unlikely to require closure
from the public. In the event that subsidence
impacts require remediation within Sugarloaf State
Conservation Area or Heaton State Forest

(e.g. areas of surface cracking), there may be
temporary closure of some areas to maintain public
safety in consultation with the OEH or Forests
NSW.

Public Safety Management Plans would be
prepared as a component of the Extraction Plan
process and would include management measures
and Trigger Action Response Plans to mitigate
impacts on public safety due to anticipated or
unanticipated impacts.

A
@ Resource
Strategies

DONALDSON
IA. oAl

Part of Gloucester Coal



Tasman Extension Project — Environmental Impact Statement

Potential impacts on built features as a result of
Project subsidence are described in Appendix A
and summarised in Section 4.2.5. As described in
Section 4.2.6, specific management measures
would be implemented for the management of key
surface features, which would be developed as the
Project progresses as a component of the
Extraction Plan process.

Agricultural Land Use

The Project is anticipated to have no material
adverse impact on agricultural resources,
agricultural production or associated enterprises
within the Project area on the basis of the following:

. there are no agricultural enterprises located
within the Project underground mining areas or
the new pit top facility and upcast ventilation
shaft areas (Section 4.3.1);

. the Project would involve only a small amount
of surface disturbance (approximately
11 hectares [ha]);

. the portions of the Project area within
Sugarloaf State Conservation Area and
Heaton State Forest are not available for
agricultural purposes;

. no “regionally significant agricultural land” or
highly valuable agricultural lands or resources
have been identified in the Project area based
on generally low soil fertility and the land not
being suitable for regular cultivation
(Section 4.3.1);

. potential impacts as a result of Project
subsidence (Section 4.2) would not
significantly impede the future use of land for
agriculture;

. there would be no material impacts on
downstream water resources (Section 4.6);
and

. no significant impacts on the safety, efficiency
and performance of the road network are
expected to arise as a direct result of the
Project (Section 4.12).

Therefore, no specific mitigation measures for
agriculture are considered necessary for the
Project.

Land Contamination Potential

Potential land contamination risks were identified as
part of the Preliminary Hazard Analysis (PHA)
(Section 4.18 and Appendix N) and include spills,
fires and explosions associated with the transport,
storage and usage of hydrocarbons and chemicals.

The potential for acid generation during
construction activities is considered to be very low
as there are no soils identified as having acid
sulphate potential within the Project area

(Section 4.3.1) and the box cut would generally
involve excavation of weathered material.

Bushfire Hazard

Any uncontrolled bushfires originating from Project
activities may present potentially serious impacts to
residents along Sheppeard Drive, in O’Donneltown
and other rural properties, Sugarloaf State
Conservation Area, Heaton State Forest and other
surrounding areas. Similarly, fires originating in
nearby bushland or rural areas could pose a
significant risk to Project infrastructure and
Donaldson Coal staff, contractors and equipment.
Smoke from bushfires can also have adverse
impacts on the operation of mine ventilation, major
transportation routes (road and rail), tourism
operations, urban interface areas and hospitals
(Hunter BFMC, 2009).

The degree of potential impact would vary with
climatic conditions (e.g. temperature and wind) and
the quantity of available fuel.

Self-heating of coal can give rise to smouldering
fires in coal stockpiles. However, the likelihood of
spontaneous combustion at the Project is
considered very low as West Borehole Seam coal
has low to medium potential for spontaneous
combustion and there would be only temporary
stockpiling of coal at the pit top facilities
(Appendix N).

The continuation and expansion of surface activities
for the Project could increase the potential for fire
generation. However, given the range of
management measures proposed to be in place to
manage the behaviour of people in the Project area
and the maintenance of fire-fighting equipment
on-site, it is unlikely that there would be an increase
in fire frequency resulting from the Project. The
PHA (Appendix N) includes consideration of the
potential for bushfire.
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4.3.3 Mitigation Measures, Management and
Monitoring
Landforms

Subsidence and photographic monitoring of cliff
lines and steep slopes would occur during and
following mining to validate that the subsidence
performance measures are being achieved.
Monitoring would involve observations of any
cracking along ridges, increased erosion down
slopes, seepage in footslope areas and drainage
path adjustments that may indicate unanticipated
impacts on cliff lines and steep slopes.

Land Management Plans would be prepared as part
of the Extraction Plan process and would detail
monitoring programs and Trigger Action Response
Plans in the unlikely event of slope instability.
Management measures for slope instability may
include infilling of surface cracks and/or removal of
unstable boulders. An adaptive management
approach would be applied to the mine design
should unanticipated impacts be observed.

Signage would be erected near cliff lines and steep
slopes in public areas while mine subsidence is
occurring as part of the Public Safety Management
Plans which would be prepared as part of the
Extraction Plan process.

Soil and Erosion Potential

The existing Site Water Management Plan for the
Tasman Underground Mine would be revised to
include the construction and operation of the new
pit top facility.

Mitigation measures, management and remediation
for impacts on soil resources as a result of
subsidence would be outlined in the Land
Management Plans as a component of the
Extraction Plans.

Specific mitigation measures and management
during construction and temporary disturbance
activities, operation of surface infrastructure and
subsidence impacts are described below.

Construction and Temporary Disturbance

The following management measures would be
implemented during the stripping of soils for surface
disturbance activities for the Project:

. Areas of disturbance would be stripped
progressively, as required, to reduce potential
erosion and sediment generation.

. Areas of disturbance requiring soil stripping
would be clearly defined following vegetation
clearing.

. Topsoil and subsoil stripping during periods of
high soil moisture content (i.e. following heavy
rain) would be avoided to reduce the likelihood
of damage to soil structure.

During surface disturbance activities, erosion and
sediment control would be designed in
consideration of Managing Urban Stormwater: Soils
and Construction (Landcom, 2004).

Rehabilitation of temporary disturbance areas is
described in Section 5.3.

Operation of Surface Infrastructure

During the continued operation of the existing pit
top facility as part of the Project, the water
management system at the existing pit top facility
would continue as per the existing and approved
water management system described in

Section 2.1.5.

Water management measures would be
implemented at the new pit top facility to control
erosion and sediment migration as described in
Sections 2.9.2 and 4.6.3.

Subsidence Impacts

Surface crack repair works may need to be
implemented for the Project, in particular along
public roads and streams.

Based on the implementation of the SCZs, surface
cracking is unlikely to occur within 1% and 2" order
streams with a depth of cover of less than 80 m
(i.e. SCZs would be implemented for 1% and 2™
order streams where the depth of cover to the
stream is less than 80 m [Table 2-3 of

Section 2.6.2]) and is very unlikely to occur along
the 3" order portion of Surveyors Creek 2
(Appendix A). Therefore, surface cracking along
streams is likely to be limited to 1% and 2" order
streams with greater than 80 m depth of cover
(Appendix A).
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The requirement and methodology for any erosion
and sediment control and remediation techniques
would be determined in consideration of:

e potential impacts when unmitigated, including
potential risks to public safety and the potential
for self-healing or long-term degradation;

e potential impacts of the control/remediation
technique, including site accessibility; and

e consultation with relevant stakeholders.

Control and remediation measures to limit erosion
and sediment migration as a result of subsidence
may include (Section 5.3.6):

o filling of cracks and minor erosion holes;

e installation of sediment fences downslope of
subsidence induced erosion areas;

e stabilisation of erosion areas using rock or
other appropriate materials; and

e revegetation using brush matting, seeding or
tubestock.

Monitoring would be undertaken to identify the need
and subsequent success of the erosion and
sediment control and remediation measures.

Land Use

Mitigation measures and management with respect
to potential impacts of the Project on stream
geomorphology, surface water, aquatic ecology,
flora and terrestrial fauna within Sugarloaf State
Conservation Area and Heaton State Forest are
provided in Sections 4.5.3, 4.6.3, 4.7.3, 4.8.3

and 4.9.3, respectively.

Public Safety Management Plans would be
prepared as a component of the Extraction Plan
process and would include management measures
and Trigger Action Response Plans to mitigate
impacts on public safety due to anticipated or
unanticipated impacts. This would include signage
in public areas currently undergoing mine
subsidence.

Surface works in Sugarloaf State Conservation
Area would be undertaken in consultation with OEH
and in accordance with any necessary approvals
(Section 6.4). Surface works within Heaton State
Forest would be undertaken in consultation with
Forests NSW and would aim to minimise potential
disruption on forestry operations.

Mitigation measures, management and monitoring
of potential impacts of subsidence on built features
are provided in Section 4.2.6. Any subsidence
impacts on access tracks within Sugarloaf State
Conservation Area and Heaton State Forest would
be stabilised and then remediated as soon as
practicable (e.g. weather and access permitting)
following the completion of subsidence in the area.

Section 5 describes the rehabilitation principles for
surface disturbance areas, including temporary
disturbance areas in Sugarloaf State Conservation
Area and Heaton State Forest. Project
rehabilitation works would include activities that
would be undertaken progressively (e.g. monitoring
and exploration areas) and activities that would be
undertaken at the cessation of the Project (e.g.
decommissioning and rehabilitation of the upcast
ventilation shaft and new pit top facility).

Land Contamination

A number of hazard control and mitigation
measures would be implemented for the Project
(Section 4.18).

General measures to reduce the potential for
contamination of land would include the following:

. Contractors transporting dangerous goods
would be appropriately licensed in accordance
with the provisions of the Australian Code for
the Transport of Dangerous Goods by Road
and Rail (ADG Code) (National Transport
Commission, 2007).

. On-site consumable storage areas would be
designed with appropriate bunding and would
be operated, where applicable, in compliance
with the requirements of AS 1940 The Storage
and Handling of Flammable and Combustible
Liquids.

. Fuel storage areas would be regularly
inspected and maintained.

Additional general fuel and waste management
measures that would typically be implemented
during activities such as construction and
exploration works to reduce the potential for land
contamination would include:

. the provision and maintenance of portable
chemical toilet facilities;

. the management of fuels, oils and other
hydrocarbons to minimise the risk of spills
which would cause soil contamination;
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. the collection of rubbish and waste materials
for regular disposal off-site; and

. the removal of construction/exploration
equipment from site on completion of
activities.

Investigations would be undertaken at mine closure
to identify and remediate any contaminated soll
materials in accordance with the requirements of
the NSW Contaminated Land Management Act,
1997 (Section 5.4.5).

Bushfire Hazard

In addition to environmental and social
responsibilities, there exists significant economic
incentive to prevent fire damage to mining
infrastructure, equipment and surrounding land
uses. Fire awareness and fire safety training would
continue to be included in the induction of
appropriate Donaldson Coal staff and contractors.

The new pit top facility and upcast ventilation shaft
would be constructed in compliance with

AS 3959-2009 Construction of buildings in
bushfire-prone areas.

The existing Bushfire Management Plan would be
revised for the Project in consultation with the RFS
and in consideration of Planning for Bush Fire
Protection (RFS, 2006). The Bushfire Management
Plan would include fuel management and general
housekeeping practices, procedures to minimise
the risk of bushfire, emergency response to bushfire
and evacuation procedures for personnel at the
surface facilities and underground.

Other mitigation measures and management to
reduce the potential risk of bushfire include:

. appropriate storage of chemicals, fuel, gas
and dangerous substances in accordance with
relevant Australian Standards and legislation;

. power reticulation designed to Australian
Standards and legislation;

. maintenance of appropriate fire breaks and/or
radiation zones;

. housekeeping activities (i.e. site would be kept
clean and tidy and fire hazards removed
where practicable);

. fire fighting equipment and spill kits located in
on-site vehicles and infrastructure (where
appropriate);

. provision of adequate water supply on-site for
fire fighting purposes;

. construction of internal roads at the new pit
top facility to provide two-wheel drive all
weather access; and

. installation of appropriate fencing and security
to discourage unauthorised access to the pit
top facilities.

Meteorological Monitoring

Meteorological monitoring would continue for the
Project, including the installation of an AWS at the
new pit top facility.

The meteorological data recorded would continue to
assist in the interpretation of groundwater, surface
water, noise and air quality monitoring data
(Sections 4.4, 4.6, 4.13 and 4.14).

4.4 GROUNDWATER

A Groundwater Assessment for the Project was
undertaken by hydrogeological experts RPS
Aquaterra (2012) and is presented in Appendix B.

A description of existing groundwater resources,
including baseline data, is provided in Section 4.4.1.
Section 4.4.2 describes the potential impacts of the
Project including cumulative impacts, and

Section 4.4.3 outlines mitigation measures,
management and monitoring.

4.4.1 Existing Environment

Hydrogeological Data

A number of groundwater studies have previously
been undertaken by Donaldson Coal, and for other
surrounding mining projects, including:

. groundwater investigations undertaken for the
Donaldson Open Cut Coal Mine in 1998;

. hydrogeological studies undertaken for the
existing Tasman Underground Mine in 2002;

. a groundwater investigation undertaken for the
Abel Underground Mine in 2006; and

. a groundwater investigation undertaken for the
Bloomfield Colliery in 2008.

As part of these studies, numerous groundwater
monitoring bores were installed and core samples
were collected. Many of these groundwater
monitoring bores were maintained and form part of
an ongoing monitoring network in the Project region
(Appendix B).
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Previous studies also included hydraulic
conductivity testing of core samples from the
Project region.

RPS Aquaterra (2012) analysed data from the
previous studies as part of the groundwater
investigation program for the Project.

To extend the monitoring coverage, a further seven
groundwater monitoring sites (i.e. multi-level
vibrating wire piezometers) were installed in
exploration holes in the Project area (Appendix B).

The locations of groundwater monitoring bores in
the Project region, including those installed for the
Project, are shown on Figure 4-6.

Hydrogeological Regime

Two distinct aquifer systems occur within the
Project area (Appendix B):

. a fractured rock aquifer system in the coal
measures, with groundwater flow occurring
mainly in the coal seams; and

. a shallow aquifer system in the unconsolidated
sediments of the colluvium associated with
incised channels of Surveyors Creek in
elevated terrain, and alluvium outside the
immediate Project area associated with Wallis
Creek and the lower reaches of Surveyors
Creek (north of George Both Drive).

Groundwater levels in the coal measures have a
regional pattern. The groundwater levels are
controlled by the topographic elevations where
specific coal seams outcrop or subcrop (i.e. their
recharge zones), and the elevations of the
discharge zones to the Hunter River estuary and
Hexham Swamp (to the east of the Project)
(Appendix B).

Groundwater flows down gradient from the recharge
zones towards the discharge areas, generally in a
south-easterly direction (Appendix B).

Groundwater flow is predominantly parallel to strata,
and occurs mostly within the coal seams.

Groundwater levels in the shallow aquifer system
are closely related to topography, with flow patterns
broadly similar to the surface flow patterns
(Appendix B).

Recharge of this system occurs by rainfall
infiltration, and groundwater flows down gradient
towards the local surface drainages. In the most
elevated areas, alluvium is absent, and the regolith
is unsaturated (Appendix B). No alluvium is present
in the Project area (Appendix B).

There is very little flow from the shallow to deeper
strata under natural conditions.

Groundwater Quality

The salinity of groundwater in the Project region is
variable, levels ranging from less than 600 to more
than 16,000 microSiemens per centimetre (uS/cm)
(Appendix B).

Within the existing Tasman Underground Mine
area, salinity levels in the Fassifern Seam workings
are generally less saline (i.e. less than 1,500 pS/cm
electrical conductivity [EC]) than in the aquifers
above the Fassifern Seam (2770 to 5280 pS/cm),
as the Fassifern Seam receives relatively direct
rainfall recharge from adjacent areas of sub-crop
(Appendix B).

The pH of the groundwater in the Project region is
generally close to neutral, or slightly acidic, with pH
values ranging from 6.2 to 7.4 (Appendix B).

Three samples collected from a bore completed in
the Fassifern Seam were found to be moderately
acidic, with pH around 4.7. These samples all
contained very high concentrations of dissolved
iron, ranging from 272 to 1,245 milligrams per litre
(mg/L). This bore was located very close to an
outcrop of the Fassifern Seam, where the coal
seam is likely to be readily exposed to the
atmosphere (Appendix B).

Further description of groundwater quality in the
Project region is provided in Appendix B. A
description of surface water quality is provided in
Section 4.6.1 and Appendix C.

Existing Groundwater Users

Groundwater use in the vicinity of the Project is
negligible, as there are no significant useable
aquifers underlying, or close to, the Project area
(Appendix B).

There are nine registered bores within
approximately 5 km of the Project area (NOW
database of registered groundwater bores)
(Figure 4-6).

Four of these registered bores are monitoring bores
associated with the Tasman Underground Mine. Of
the remaining registered bores, none are located
within aquifers with the potential to be hydraulically
connected to the Project (Appendix B).
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Existing Environmental Performance

Groundwater level and groundwater quality
monitoring for the existing Tasman Underground
Mine is conducted in accordance with the
requirements of DA 274-9-2002.

Review of all AEMRs prepared for the Tasman
Underground Mine to date indicates that no
reportable incidents associated with groundwater
have occurred.

No adverse impacts on the Blum Gum Creek as a
result of the Tasman Underground Mine have been
observed or reported to date.

Notwithstanding the above, in January 2011, an
impact on baseflow within a tributary of Slatey
Creek near O’Donneltown was reported to
Donaldson Coal. In response to this report,
Donaldson Coal undertook a monitoring program of
the tributary including water quality samples,
groundwater levels and observations of stream flow.

Information on the water quality and stream flow in
the tributary prior to mining is based solely on
anecdotal evidence, however reviews by Peter
Dundon and RPS Aquaterra determined:

. Temporary loss of stream flow in the tributary
was likely caused by decrease in seepage
from the Great Northern Seam and/or
Fassifern Seam as a result of depressurisation
of the aquifer(s) caused by underground
mining, in combination with other
environmental factors, such as a period of
lower rainfall.

. Resumption of stream flow in the tributary in
March 2011 was possibly due to completion of
mining in Panels 1 and 2 at the Tasman
Underground Mine, which are located closest
to the seam outcrop near the tributary and
downdip of the remainder of the panels. Water
flow in the tributary should be naturally
sustainable in the future, as water levels in the
downdip areas of the Fassifern Seam recover.

. Changes in the water quality of the tributary
were possibly caused by sediments in the
stream bed oxidising while desaturated
leading to the generation of iron oxides and
acidity. Water quality in the tributary has been
observed to improve significantly.

The type of impacts on baseflow within Slatey
Creek described above are not expected to occur
due to Project mining in the West Borehole Seam,
as the Project mining is not located immediately
adjacent to a seam outcrop. The potential impacts
of mining in the West Borehole Seam are described
in Section 4.4.2.

4.4.2 Potential Impacts

Groundwater Prediction Methodology

A detailed description of the groundwater prediction
methodology is provided in Appendix B, and is
summarised below.

Groundwater Model

A regional groundwater model was developed for
the Project, which built upon the previous
groundwater model developed for the Abel
Underground Mine Environmental Assessment
(EA). In accordance with Project Approval for the
Abel Underground Mine (PA 05_0136),
improvements were made to the groundwater
model to address comments received following an
independent review of the model (on behalf of the
DP&I) during the assessment phase of the Abel
Underground Mine EA (Appendix B).

The groundwater model covered a surface extent of
approximately 550 square kilometres (km?),
including the Tasman Underground Mine, Abel
Underground Mine, Donaldson Open Cut Mine,
Bloomfield Colliery and West Wallsend Colliery
mining areas (Appendix B).

Geological features (e.g. alluvium, colluvium,
overburden and coal seams) within the model
domain were conceptualised by 20 model layers
(Appendix B).

The groundwater model for the Project was
developed in accordance with best practice
guidelines (Appendix B).

Model Calibration
Model calibration was undertaken in two phases.

Initial calibration of the groundwater model was
undertaken for steady state conditions, where the
predicted groundwater levels were compared with
long-term average groundwater levels (Appendix B).
The steady state calibration was undertaken to
provide initial conditions for the transient calibration.

A
@ Resource
Strategies

4-31

DONALDSON
IA. oAl

Part of Gloucester Coal



Tasman Extension Project — Environmental Impact Statement

A transient calibration was conducted for the period
2006 to 2010. The results of the transient
calibration were used to determine whether the
groundwater levels predicted by the model were
responding to actual groundwater level changes
associated with mining (e.g. in the Tasman and
Abel Underground Mines) (Appendix B).

The results of modelled versus actual groundwater
levels for 82 monitored piezometers showed
reasonable agreement across all model layers. Key
calibration statistics were consistent with the
relevant groundwater modelling guideline
(Appendix B).

Predictive Modelling

Predictive modelling was conducted for the life of
the Project, with the annual development of
underground mining reflected in the groundwater
model.

The predictive groundwater modelling also
considered the cumulative impacts associated with
continued mining in other existing mining operations
in the area, and accounted for known historical
abandoned mining areas (Appendix B).

Groundwater Inflows

Groundwater inflows in the West Borehole Seam
workings are predicted to be approximately

0.2 megalitres per day (ML/day) within the first year
of mining, increasing to a peak of approximately
1.35 ML/day in 2024, before decreasing to less than
0.6 ML/day by the end of mining (Appendix B).

As described in Section 2.9.2, groundwater inflows
would be captured in sumps, and piped to a mine
water storage dam. Water stored in the mine water
storage dam would not be transferred off-site, rather
it would either be used to meet underground mining
requirements (e.g. for cooling and underground
dust suppression) or would be returned directly into
historic workings in the West Borehole Seam.

Groundwater Level Impacts
Mining Phase

During mining, the West Borehole Seam and
overburden overlying the mining area are predicted
to be de-watered (Appendix B).

Outside of the mining area, groundwater level
drawdowns of 5 m or more within the Permian strata
(i.e. coal measures) could occur up to 2 km from
the Project following completion of coal extraction
(Appendix B).

The geometry of the mine layout for the Project
effectively compartmentalises the mine and its
impacts within the region. Potential impacts to
groundwater levels associated with the Project are
limited to the east due to the buffering effect of the
abandoned workings in the West Borehole Seam.
Potential impacts to the west of the Project are
limited by the sub-crop of the strata (Appendix B).

Under pre-mining conditions, and during mining, the
shallow regolith is generally unsaturated (i.e. dry),
with groundwater only occurring in the colluvium on
the lower slopes and valley colluvium associated
with Surveyors Creek down gradient of the Project
Area.

The area of dry regolith is predicted to increase
slightly due to the Project, and groundwater level
drawdown of up to 15 m in the partially saturated
regolith could occur along the hillslope to the
north-west of the Project, with drawdown receding
to approximately 5 m within 1 km of the Project
(Appendix B).

Potential impacts to groundwater levels within the
colluvium associated with the Surveyors Creek
catchment are predicted to be insignificant
(Appendix B).

No alluvium is present within the Project Area
(Appendix B).

Groundwater levels in strata below the West
Borehole Seam are predicted to be unaffected by
the Project (Appendix B).

Post-mining

The groundwater model was used to predict
potential residual impacts from the Project for
100 years following the cessation of mining.

Recovery of groundwater levels is predicted to
occur relatively rapidly (i.e. within a 25 to 30 year
period) in areas downdip of the Project
(Appendix B). For a small area in the south of the
Project area, residual drawdown is predicted to
remain in the lower interburden.

The changes in the Permian strata do not
significantly affect the shallow regolith, and as there
is negligible impact on Surveyors Creek during
mining no residual impact is anticipated

(Appendix B).
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Stream Baseflows

The Project is predicted to have a very limited
impact on baseflow to Surveyors Creek (i.e. a
maximum reduction in baseflow of 0.0045 ML/day is
predicted to occur as a result of the Project)
(Appendix B).

A description of the potential impacts to surface
flow regime associated with predicted changes in
baseflow in Surveyors Creek is provided in
Section 4.6.2 and Appendix C.

Impacts to baseflow in other streams/creeks in the
Project region would also be negligible
(Appendix B).

Groundwater Dependent Ecosystems

Impacts on flows and groundwater levels within the
colluvium associated with the Surveyors Creek
catchment are predicted to be insignificant, both
during mining and post-mining. Therefore it is very
unlikely that groundwater dependent ecosystems
associated with Surveyors Creek would be
impacted by the Project (Appendix B).

Further description regarding the potential impacts
to groundwater dependent ecosystems is provided
in Section 4.8.2.

Climate Change and Groundwater

The potential groundwater impacts of the Project, in
the context of global climate change, has been
considered and is presented in Appendix B.

443 Mitigation Measures, Management and

Monitoring
Water Management Plans

Water Management Plans would be prepared for
the Project as part of the Extraction Plan process
(i.e. Extraction Plans would be prepared prior to the
commencement of mining in each area).

Groundwater Monitoring

As described in Section 4.4.1, an extensive regional
groundwater monitoring program exists for the
existing Donaldson Coal operations. Groundwater
monitoring would continue at the locations
(operated by Donaldson Coal) shown on Figure 4-6.

The monitoring network established for the Project
(Figure 4-6) would be maintained and regular
measurement of groundwater levels within all
vibrating wire piezometers and standpipes would be
conducted. Two additional multilevel vibrating wire
piezometers would also be installed, at the
proposed locations shown on Figure 4-6.

Monitoring of groundwater inflow rates and the
quality of groundwater inflow would also be
conducted once mining commences.

Validation of sub-surface fracture heights above
pillar extraction panels in the West Borehole Seam
would be conducted through the installation of
extensometers and piezometers (Figure 4-6).

The details of additional groundwater monitoring
sites would be included in the Water Management
Plans. The results of groundwater monitoring would
be reported in the AEMRs for the Project.

Groundwater Model Review

The groundwater model predictions for the Project
would be validated following the completion of
mining of the north-south mains heading and
Panel 1. This would be detailed in the Water
Management Plans prepared for the Project.

Further reviews of the groundwater model would be
conducted every five years during the Project.

Should actual groundwater levels/inflows
significantly differ from those predicted, an adaptive
management approach would be applied to manage
potential impacts.

4.5 STREAM GEOMORPHOLOGY
An assessment of the geomorphic character of
streams in the West Borehole Seam mining area
and potential risks to geomorphic character was
undertaken by Fluvial Systems (2012) and is
presented in Appendix D.

Section 4.5.1 provides a description of the existing
geomorphic character of streams in the West
Borehole Seam mining area and Section 4.5.2
describes the potential risks to the geomorphic
character as a result of potential subsidence
impacts. Section 4.5.3 outlines mitigation
measures, management and monitoring.
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45.1 Existing Environment

Existing Performance

As described in Section 4.2.1, monitoring of
subsidence movements and impacts above
extracted panels at the Tasman Underground Mine
is undertaken in accordance with approved SMPs,
and includes subsidence surveys, visual
inspections and photographic monitoring of surface
features, including drainage lines.

There has been no observed and/or reported
subsidence impacts on drainage lines during
current operations (Section 4.2.1).

Study Methodology and Area

Characterisation of the geomorphology of streams
in the West Borehole Seam mining area (i.e. the
fluvial geomorphology) was conducted by Fluvial
Systems (2012) at two measurement scales:

. geomorphic stream type at the stream reach
scale (i.e. hundreds to thousands of metres);
and

. geomorphic features at the stream
cross-section and reach scale (i.e. tens to
hundreds of metres).

The characterisation of fluvial geomorphology was
based on a combination of field survey and desktop
analysis of existing data. The field survey was
undertaken by Fluvial Systems over the period

4 to 9 April 2011, and involved walking the lengths
of the majority of streams in the West Borehole
Seam mining area.

The characterisation of the fluvial geomorphology
was conducted by Fluvial Systems (2012) for the
stream reaches shown in Figure 4-7. Assessment of
potential risks to geomorphic character was
determined by Fluvial Systems (2012) for an area
defined by the perimeter of the proposed West
Borehole Seam underground mine workings, or
expanded to the 2 mm subsidence contour (as
sourced from DgS [2012]) where this contour
extended beyond the proposed underground mining
workings (Appendix D).

Definition of the Stream Network
The stream network was defined as those streams

marked on 1:25,000 topographic maps, corrected
with field data where necessary (Appendix D).

The streams in the West Borehole Seam mining
area generally drain in a northerly direction from
upper Surveyors Creek, which joins Wallis Creek to
the north of the West Borehole Seam mining area.
Wallis Creek joins the Hunter River at Maitland. A
short length of the Wallis Creek headwater stream
also lies within the West Borehole Seam mining
area. This creek flows west into Wallis Creek.

None of the tributaries to Surveyors Creek or Wallis
Creek are named, and as such, the streamlines
were assigned the names shown on Figure 4-7.

Geomorphic Stream Type

The geomorphic stream types of steams were
classified by Fluvial Systems (2012), consistent with
the River Styles® framework (Brierley and Fryirs,
2000, 2005, 2006; Fryirs and Brierley, 2006). As the
River Styles® framework was designed to be
applied at a large scale, a greater level of detail was
applied for the geomorphic stream type
classification, based on stream characteristics
identified during the field survey.

In the West Borehole Seam mining area, the
streams were all within confined valley settings, and
therefore exhibited no proper floodplain
development. However, the streams differed in
terms of bed patrticle size, channel form and
channel continuity (Appendix D).

The classification of geomorphic stream type
therefore comprised two main groups, as shown in
Figure 4-8 (Appendix D):

e confined valley streams in bedrock with
coarse-grained bed material; and

e streams formed on valley fill with fine-grained
bed material.

The confined, coarse-grained streams were
classified as the Headwater geomorphic stream
type (Figure 4-8) (Appendix D).

The fine-grained streams were classified as one of
six geomorphic stream types, depending on a
combination of continuity, relative depth, and
whether or not a flat sand-bed was present
(Figure 4-8) (Appendix D).

For some streams, the geomorphic stream type was
unclassified (Figure 4-8) (Appendix D). This applied
to streams where there was insufficient information
to classify the stream as one of the geomorphic
stream types identified in Figure 4-8, or where it
was not considered necessary to classify the
stream, as it fell outside the West Borehole Seam
mining area (Appendix D).
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Source: After Appendix D.

Figure 4-8 — Classification of Geomorphic Stream Types

The classification of geomorphic stream type for
streams in the West Borehole Seam mining area is
shown on Figure 4-9. These geomorphic types are
specific to the West Borehole Seam mining area,
and are a sub-set of the many geomorphic stream
types found in Australia (Appendix D).

Geomorphic Features

The following geomorphic features for the streams
in the West Borehole Seam mining area were
observed during the field survey (Appendix D):

. continuous defined channel (bed and banks
present);

. indistinct channel (flow path but no clear bed
and banks);

. incised gully (channel deeper than expected
for a stable stream);

e pool (either wet or dry);

. hydraulic control (shallow area that controls
flow level);

. cascade/waterfall (length of steeply-sloping
rock or boulder in headwaters);

. knickpoint (vertical drop in channel bed, which
can be in headwaters in rocks or boulders, or
in fine grained sediments in lower valley
settings);

. head of creek (upstream extent of a headwater
channel);

. channel junction (where two streams meet);

. track crossing (where a track passes directly
over or through the stream); and

. ponded water presence.

Examples of geomorphic features found within the
Project area are shown on Plates 4-5 to 4-10.

Existing Geomorphic Condition

All streams in the West Borehole Seam mining area
were assessed by Fluvial Systems (2012) as being
in good geomorphic condition, on the basis that
(Appendix D):

. the streams and their catchments are
essentially undisturbed, with the exception of
isolated short lengths where the streams cross
high voltage power line easements, narrow
lightly used tracks, or roads with properly
formed culverts; and

. although some of the stream lengths were
identified as being incised, and flat-sand beds
were present in places, there was no evidence
that these were unnatural features.
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Plate 4-5 Headwater Stream Type Plate 4-6  Knickpoint in bedrock marking the transition between Headwater
Type and Valley Fill, Fine-grained, Incised Stream Type

Plate 4-7  Chain-of-ponds Stream Type (example of a pool containing water Plate 4-8  Chain-of-ponds Stream Type (example of a pool not containing
on the day of survey) water on the day of survey)
Plate 4-9  Example of Bedrock Outcrop Plate 4-10  Channel incised into fine-grained valley fill (sand-rich) with flat
sand-bed Source: Flyvial Systems (2012)

TASMAN EXTENSION PROJECT

Plates 4-5 to 4-10
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45.2 Potential Impacts

Risk Assessment Methodology

There is limited surface disturbance associated with
the Project, and as such, the potential risks to the
geomorphic character (i.e. form and process) of
streams in the West Borehole Seam mining area
were considered by Fluvial Systems (2012) to be
associated with potential subsidence impacts.

The potential risks to geomorphic character of
streams in the West Borehole Seam mining area
associated with potential subsidence impacts were
assessed by Fluvial Systems (2012) using a risk
assessment method.

The risk to geomorphic character was considered
by Fluvial Systems (2012) to be dependent on the
following:

. Geomorphic fragility of the stream, which is a
function of both the potential for changes to
the stream due to potential subsidence
impacts, and the resilience of the stream to
potential subsidence impacts.

. The existing geomorphic condition of the
streams in the West Borehole Seam mining
area.

. Relative subsidence (i.e. the change in
bedslope due to subsidence, relative to the
existing bedslope of a particular stream, as
well as the distributions of bedslopes for the
various geomorphic stream types within the
West Borehole Seam mining area).

Geomorphic Fragility

The fragility of the stream types in the West
Borehole Seam mining area was assessed by
Fluvial Systems (2012) relative to the fragility
categories defined by Cook and Schneider (2006),
and described in Appendix D, and in consideration
of potential subsidence impacts. Potential
subsidence impacts were predicted by DgS (2012).

Table 4-6 describes potential threat levels to
geomorphic fragility associated with potential
subsidence impacts.

The potential subsidence impact identified by
Fluvial Systems (2012) as having the greatest
potential threat to geomorphic fragility was the
upstream migration of knickpoints. On this basis,
the following geomorphic stream types were
considered by Fluvial Systems (2012) to have “high”
geomorphic fragility:

. “Valley Fill, Fine Grained, Continuous” — as
potential for knickpoint migration with incision
may lead to stream migration or avulsion.

. “Valley Fill, Fine Grained, Discontinuous” — as
potential for knickpoint migration with incision
may lead to stream migration or avulsion.

. “Chain of Ponds” — knickpoints are stable in
these stream types, and as such, knickpoint
migration may alter the pond formation. In
addition, subsidence impacts have the
potential to create new pools or enlarge
existing pools.

Table 4-6

Potential Level of Threat to Stream Geomorphology

Potential Subsidence Impact

Potential Level of Threat to Stream Geomorphology

Cliff fall in upper headwaters

Headwaters are naturally highly variable in form, so geomorphic impact is small.
Primarily a geotechnical issue.

Cracking of bedrock sections of
stream beds

Leakage through cracks in rock beds can reduce baseflow and drain pools, but this
does not directly impact sediment transport or bed stability. Primarily a geotechnical
and hydrological issue.

Sinking of sand-bed sections of
streams

This stream type would probably be resilient through rapid infilling of subsided areas
with sand (high transport rate).

Hydraulic control points that
maintain the depth of water in pools
could subside

There are few pools within the area proposed for mining, and the most important pools
(chain-of-ponds stream type reaches) are mostly downstream of the area affected by
subsidence, and therefore at low risk.

Reversal of flow direction

The streams have sufficiently high gradient that reversal of flow direction is unlikely.

Knickpoint migration upstream of
areas of subsided stream bed

A potential threat, particularly in areas immediately downstream of existing knickpoints,
and where subsidence increases stream gradient beyond the natural range of variation.

Source: After Appendix D.
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In addition, the geomorphic stream type “Valley Fill,
Fine Grained, Incised” was considered by Fluvial
Systems (2012) to have “medium” fragility due to
the potential for knickpoint migration. The fragility of
this geomorphic stream type was considered to be
lower than for the geomorphic stream types listed
above (i.e. “medium” fragility as opposed to “high”),
because active knickpoints were identified in the
existing “Valley Fill, Fine Grained, Incised” streams
lengths, and therefore, the incised stream lengths
are not conducive to avulsion.

All other geomorphic stream types were considered
by Fluvial Systems (2012) to have “low” fragility.

Existing Geomorphic Condition

As discussed in Section 4.5.1, all streams in the
West Borehole Seam mining area were assessed
as being in good geomorphic condition.

Relative Subsidence

Relative subsidence was defined by Fluvial
Systems (2012) as the change to the stream slope
due to potential subsidence impacts. A more
steeply sloping bed in the upstream direction was
considered by Fluvial Systems (2012) to result in a
greater threat to geomorphic character, as the more
steeply sloping bed may cause formation of a
knickpoint that migrates upstream and scours the
bed and banks.

Where the slope of a stream length was predicted
to change by less than 5% (due to potential
subsidence impacts), it was considered an
insignificant threat to geomorphic character
(Appendix D).

In addition, potential subsidence impacts were only
considered to be a threat to geomorphic character if
the post-mining stream slope for a particular stream
length was above the 90" percentile slope value for
existing streams of the same geomorphic stream
type within the West Borehole Seam mining area
(Appendix D). For instances where post-mining
slopes of a stream length exceeded the 90™
percentile slope value for the existing streams, the
threat to geomorphic character for that stream
length was considered by Fluvial Systems (2012) to
increase with an increased percentage change in
slope due to subsidence.

The relative subsidence for stream lengths (average
6 m long) was determined based on subsidence
profiles provided by DgS (2012) for streams S2,
S2E, S2D, S2C, and S2F (as identified on

Figure 4-7). Relative subsidence was not
determined for the other streams identified in

Figure 4-7.

Potential Risk to Geomorphic Character

Using the methodology described in Appendix D,
the risk to geomorphic character was determined by
Fluvial Systems (2012) over short stream lengths
(average 6 m long) as follows:

1. The subsidence threat levels were determined,
based on a combination of the existing
geomorphic condition and the calculated
relative subsidence of each stream length
(Table 4-7).

2. The geomorphic fragility was determined for
each stream length (as described above).

3. The risk to geomorphic character was
determined, based on a combination of the
subsidence threat level and geomorphic
fragility (Table 4-8).

For the majority of the stream lengths (i.e.
approximately 99% of total length) within the West
Borehole Seam mining area, the potential risk to
geomorphic character was determined by Fluvial
Systems (2012) to be “insignificant” (Figure 4-10).

For a few isolated, short stream lengths, the
potential risk to geomorphic character was
determined by Fluvial Systems (2012) to be “low”,
“moderate” or “high” (Figure 4-10). As such,
ongoing monitoring of potential impacts to
geomorphic character (Section 4.5.3) would target
these locations. If necessary, mitigation measures
(Section 4.5.3) would be implemented to mitigate
long-term environmental consequences.

The stream lengths where the highest potential risk
was identified were located on the “Valley-fill,
Fine-grained, Discontinuous” geomorphic stream
type on S2F, as these stream sections were
identified as having high fragility (due to the
potential for knickpoint migration), and high relative
subsidence (Appendix D).

The unassessed streams (i.e. where subsidence
profiles were not available) were steep headwater
streams, and one unclassified stream. Based on the
similarities between the geomorphic characteristics
of the assessed and unassessed streams, it was
considered by Fluvial Systems (2012) that the
potential risks to the geomorphic character of the
unassessed streams would be “insignificant”.

A
@ Resource
Strategies

4-40

DONALDSON
IA. oAl

Part of Gloucester Coal



Tasman Extension Project — Environmental Impact Statement

Table 4-7
Methodology for Determining Subsidence Threat Levels

Geomorphic condition

Source: After Appendix D.

Good Moderate Poor
Sa S PgoSs or Insignificant i S
g Sr<1.05 9 Insignificant Insignificant
]
2 Sa > PgoSg and
§ 1.05 < Sp <1.25 Low Moderate
»
2 Sa > PgSg and
>
E 1.25 < Sp <1.50 Moderate
)
i Sa > PgoSg and
Sk > 1.50

Notes: Sa = slope before mining; Sg = slope after mining; Sg = Sa/Sg; PgoSg = 90" percentile of

slope before mining for geomorphic stream type.

Table 4-8
Methodology for Determining Risk to Geomorphic Character
Subsidence threat level'

Moderate Low Insignificant
-_:::’. - Moderate Insignificant
= .
2o Medium Moderate Low Insignificant
Qi
o L PR
o ow Low Low Insignificant

Source: After Appendix D.

Determined using the methodology shown in Table 4-7.

4.5.3 Mitigation Measures, Management and

Monitoring
Monitoring Program

The proposed subsidence monitoring for the Project
(i.e. survey lines and visual inspections before and
after mining) (Section 4.2.6) would provide relevant
information for the monitoring of potential impacts to
the geomorphic character for streams in the West
Borehole Seam mining area.

In addition to the proposed subsidence monitoring
for the Project, permanent reference points for
annual photographic recording would be
established at the locations on the streams where a
low/moderate/high risk to geomorphic character
was identified (Figure 4-10) in the Water
Management Plans prepared as part of the
Extraction Plan process. These photographs would
be assessed to determine potential impacts to
geomorphic character at these locations, with the
results reported as part of the Extraction Plan
process.

In addition, the survey conducted for the
assessment of the geomorphic character of streams
in the West Borehole Seam mining area would be
repeated to identify potential impacts to geomorphic
character. Fluvial Systems (2012) considers that the
geomorphic response to subsidence would likely be
slow, and as such, the geomorphic survey would be
repeated at a frequency of at least five years.

Mitigation Measures and Management

The key subsidence-related risk to the geomorphic
character of streams in the West Borehole Seam
mining area was identified as the development, and
upward migration, of knickpoints (Appendix D).

Potential impacts to geomorphic character of
streams in the West Borehole Seam mining area
would be managed through a process of adaptive
management that would include the following:

° monitoring (as described above) would detect
if, and where, any potential impacts
associated with knick point development and
migration have occurred;
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. an assessment would be made to determine
the potential consequences of any identified
potential impacts; and

. in consideration of the potential impacts of the
unmitigated impact and any
control/remediation technique, appropriate
control/remediation works would be
implemented.

For streams in the West Borehole Seam mining
area, large wood structures are considered to be
the most appropriate control works for the mitigation
of knick point development and migration

(Appendix D). However, if it is determined during
the adaptive management process that
control/remediation structures are required, the
most suitable structure would be assessed on a
case-specific basis, and in consultation with
relevant stakeholders.

4.6 SURFACE WATER

A Surface Water Assessment for the Project was
undertaken by Evans & Peck (2012) and is
presented in Appendix C.

The water management systems for the existing
Tasman Underground Mine and proposed Project
are described in Sections 2.1.5 and 2.9,
respectively.

A description of existing surface water resources,
including baseline data, is provided in Section 4.6.1.
Section 4.6.2 describes the potential impacts of the
Project including cumulative impacts, and

Section 4.6.3 outlines mitigation measures,
management and monitoring.

46.1 Existing Environment

Baseline Surface Water Data

Evans & Peck (2012) analysed Donaldson Coal
databases and data made available by
Commonwealth and State government agencies,
local councils and surrounding mining
opera