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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 Tarrawonga Coal Mine and its
environmental management regime, 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; and

. a description of the ongoing management and
monitoring measures that would be
implemented by TCPL.

The assessment of the potential impacts of the
Project was conducted in accordance with the
EARs (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).

A summary of other major projects that may interact
with the Project and potentially give rise to
cumulative impacts is provided in Attachment 3.
Potential cumulative impacts have been
considered, where relevant, in the specialist studies
and are described in the sub-sections below.

TCPL's Statement of Commitments for the Project
was developed as a result of the environmental
assessment of the Project and is provided in
Section 7.

4.1 ENVIRONMENTAL RISK

ASSESSMENT

In accordance with the EARs, an ERA was
undertaken to identify key potential environmental
issues for further assessment in the EA. The ERA
was conducted in July 2011, and was facilitated by
a risk assessment specialist (Safe Production
Solutions, 2011).

The risk assessment team consisted of
representatives from:

. Whitehaven;

° Cenwest Environmental Services;
. FloraSearch;

) Gilbert and Associates;

. Heritage Computing; and

. Resource Strategies.

The ERA workshop was used to identify key
potential environmental issues for further
assessment in this EA. The key potential
environmental issues identified during the ERA
workshop are summarised in Table 4-1 and
addressed in Sections 4.2 to 4.17, as well as the
relevant appendices to this EA.

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). 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.

4.2 CLIMATE

421 Existing Environment

Meteorology

Longer-term local meteorological data are available
from Commonwealth Bureau of Meteorology (BoM)
meteorological stations (Table 4-2), and short-term
records are also available from the on-site
automatic weather stations (AWS) located at the
Tarrawonga Coal Mine, Boggabri Coal Mine and
Maules Creek Coal Project.

The Tarrawonga Coal Mine AWS was installed in
2006 and is operated in accordance with the
Development Consent (DA 88-4-2005) and

EPL 12365. It monitors a number of meteorological
parameters, including rainfall, temperature,
barometric pressure, humidity, dew point, solar
radiation and wind speed/direction.
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Table 4-1
Key Potential Environmental Issues

Environmental Issue
Subject Area

Description of Issue

EA Appendix/Section

Groundwater

Potential impacts on alluvial groundwater.

Appendix A and Section 4.4

Groundwater/Surface Water

Final void and associated surface and groundwater
management.

Appendices A and B and
Sections 4.4, 4.5 and 5

Surface Water

Long-term stability of the permanent Goonbri Creek
alignment.

Appendix B and Section 4.5

Potential for inadequate water supply — for dust
suppression and consequent impacts on dust emissions.

Appendix B and Sections 4.5
and 4.7

Noise Mine site noise emissions — in particular cumulative Appendix C and Section 4.6
impacts.

Air Quality Blasting effects — in particular fume and dust emissions. Appendix D and Section 4.7
Mine site dust emissions — in particular cumulative Appendix D and Section 4.7
impacts.

Biodiversity Permanent Goonbri Creek Alignment — failure to establish | Appendix E and Section 4.10
riparian habitat.
Biodiversity impacts — in particular cumulative impacts of Appendices E and F and
multiple mines in the Leard State Forest. Sections 4.9 and 4.10
Loss of biodiversity associated with clearing of a portion of | Appendices E and F and
Goonbri Creek (particularly the large trees). Section 4.9 and 4.10

Visual Visual impacts from lighting and mine landforms. Appendix J and Section 4.12

Aboriginal Heritage

Effects of the Project on Aboriginal heritage.

Appendix K and Section 4.13

Rehabilitation

Achieving appropriate integration with Boggabri Coal Mine

Section 5

landform.

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

Temperature

The closest BoM meteorological stations to the
Project recording temperature data are located in
Gunnedah (BoM, 2011) (Figure 4-1).

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

(Table 4-2).

Monthly-average daily maximum temperatures are
highest in January (34.0 and 31.9 degrees Celsius
[°C] for the Gunnedah Pool Station and Gunnedah
Resource Centre meteorological stations,
respectively) and monthly-average daily minimum
temperatures are lowest in July (3.0 and 4.7°C for
the Gunnedah Pool Station and Gunnedah
Resource Centre meteorological stations,
respectively) (Table 4-2).

For the period 2006 to 2011, monthly-average daily
minimum temperatures recorded by the Tarrawonga
Coal Mine AWS ranged from 2.9°C (July 2007) to
4.8°C (June 2010) and monthly-average daily
maximum temperatures ranged from 30.5°C
(January 2008) to 34.5°C (January 2007) (TCPL,
2007, 2008, 2009, 2010, 2011a).

Rainfall

The long-term average annual rainfall at
meteorological stations in close proximity to the
Project (Figure 4-1) varies from approximately
581 mm at the Boggabri (Retreat) meteorological
station to approximately 591 mm at the Boggabri
Post Office weather station (Table 4-2).

The months with the highest monthly-average
rainfalls at the Boggabri Post Office, the Boggabiri
(Retreat) and Turrawan (Wallah) meteorological
stations are January (71.0 mm, 71.5 mm and
81.1 mm, respectively) (Table 4-2).

4-2

4-2
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Table 4-2

Relevant Long-term Meteorological Information

Average Daily Temperature (°C)l

Average Monthly Rainfall (mm)?

Average Monthly Evaporation (mm)? 3

Gunnedah Pool Gunnedah Resource Boggabri Boggabri Turrawan Gunnedah Resource

Period of Record (Sst;ig;?g éggtzr:) Szztj 83224 Pos?%ffice (R(gt?eat) (Wallah) Ke((;;;i2t7%?m Centre

Minimum | Maximum | Minimum | Maximum (55007) (53044) (550586) (55024)

1876 to 2011 1948 to 2011 1889 to 2011 1884 to 2011 1889 to 2011 1910 to 2011 1972 to 2006 1971 to 2010

January 18.4 34.0 18.9 31.9 79.4 71.0 71.5 81.1 255.7 248.4
February 18.1 32.9 18.7 31.1 67.0 64.4 61.4 61.2 204.5 202.1
March 15.8 30.7 16.6 29.1 49.9 45.5 42.2 42.5 182.1 196.4
April 11.4 26.4 12.8 25.2 37.0 33.7 35.4 334 124.1 138.2
May 7.1 21.3 8.7 20.3 44.4 41.8 38.0 41.9 80.6 90.4
June 4.3 17.6 6.1 16.8 42,5 435 43.7 43.0 56.1 61.7
July 3.0 16.9 4.7 16.1 44.2 41.4 42.8 42.3 63.9 64.8
August 4.2 18.9 5.8 17.9 39.7 38.1 37.3 34.8 89.2 91.8
September 7.0 22.8 8.6 21.4 38.9 38.0 39.9 37.2 129.3 127.4
October 10.7 26.7 12.2 25.1 53.2 51.1 50.3 50.9 172.7 174.9
November 14.2 30.3 15.0 28.3 58.3 58.5 56.9 57.6 207.7 206.1
December 16.8 32.9 175 31.1 64.0 64.1 61.7 65.3 259.4 250.5
Annual Average - - - - 618.5 591.1 581.1 591.2 1,825.3 1,852.7
Total

! Source: BoM (2011).

2 Source: After Gilbert
3

4

& Associates (2011).

As measured by Class A Evaporation Pan.

Data Drill located at 30.6 degrees (°) S, 150.15°E — north of Tarrawonga Coal Mine. The Data Drill sequence is a continuous, synthetic record based on interpolation of data from nearby sites.

4-4




Tarrawonga Coal Project — Environmental Assessment

The distribution of annual average precipitation
across the Project and regional areas is highest in
elevated areas associated with the Willowtree
Range and the volcanic highlands associated with
Mount Kaputar National Park to the north. Average
annual rainfall is relatively lower on the floodplains
of the Namoi River and areas to the south and east
of the Project (Appendix B).

For the period 2006 to 2011, the average annual
rainfall recorded by the Tarrawonga Coal Mine
AWS ranged from 412.6 mm (2006/2007) to
669.6 mm (2010/2011), with maximum monthly
rainfall typically occurring in the summer months
(TCPL, 2007, 2008, 2009, 2010, 2011a).

The average annual rainfall as predicted by the
BoM Data DriIIl, located in Leard State Forest
(Figure 4-1), is 619 mm (Table 4-2).

Evaporation

Evaporation records are available from the Keepit
Dam and Gunnedah Resource Centre
meteorological stations (Figure 4-1), which have
recorded average annual evaporation of
approximately 1,825 mm and 1,853 mm,
respectively (Table 4-2).

The highest monthly-average evaporation is in
December (259.4 mm and 250.5 mm for Keepit
Dam and Gunnedah Resource Centre, respectively)
and the lowest monthly-average evaporation is in
June (56.1 mm and 61.7 mm for Keepit Dam and
Gunnedah Resource Centre, respectively)

(Table 4-2).

Measured monthly-average evaporation exceeds
the measured monthly-average rainfall in all months
(Table 4-2).

Wind Speed and Direction

As part of the air quality assessment of this EA
(Appendix D), annual and seasonal wind speeds
and directions were evaluated using available
15-minute averages of wind speed and direction
data for 2010 from the Tarrawonga Coal Mine AWS.
The annual and seasonal windroses for Tarrawonga
Coal Mine AWS are provided in Appendix D.

The Data Drill is a system which provides
continuous, synthetic daily data sets for a specified
point by interpolation between surrounding point
records held by the BoM.

For the duration of the collection period the annual
windrose indicates that the prevailing wind direction
was from the northern quadrant (approximately
16%) with wind speeds generally between 0.5 and
4.5 metres per second (m/s). Calm periods

(i.e. wind speed less than 0.5 m/s) were recorded
by the Tarrawonga Coal Mine AWS for
approximately 18% of time during 2010.

Appendix D also provides windroses developed
(using the meteorological model CALMET) from a
synthesis of data from the Tarrawonga Coal Mine
AWS, Boggabri Coal Mine AWS, Maules Creek
AWS and the BoM meteorological station located at
Narrabri Airport.

422 Monitoring

The Tarrawonga Coal Mine AWS would continue to
operate for the Project. The data recorded would
continue to be used as part of the noise

(Section 4.6) and air quality (Section 4.7)
management regimes, and to assist in the
interpretation of surface water and groundwater
monitoring data (Sections 4.4 and 4.5).

4.3 LAND RESOURCES AND

AGRICULTURAL PRODUCTION

A description of the existing environment relating to
land resources and agricultural production is
provided in Section 4.3.1. Section 4.3.2 describes
the potential impacts of the Project on land
resources and agricultural production, and

Section 4.3.3 describes applicable management,
mitigation and monitoring measures.

43.1 Existing Environment

Landforms and Topography

The Project is situated in the foothills of the
Willowtree Range some 12 km east of the Namoi
River (Figure 4-1). Areas of higher elevation in the
region include peaks on the Willowtree Range
approximately 7 km to the north (465 m AHD), and
Goonbri Mountain approximately 4 km to the
north-east (540 m AHD) (Figure 4-1).

The Project is bounded by the Boggabri Coal Mine
and the Leard State Forest to the north and is
surrounded by low lying flood plains of Bollol Creek
(a tributary of the Namoi River) to the south

(Figure 4-1). Nagero Creek drains the southern
slopes of the Willowtree Range including the
north-western portions of ML 1579.

45
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In their lower floodplains, Bollol and Nagero Creeks
comprise poorly defined channels and a series of
depressions.

The topography of the Project site comprises a
series of rolling hills which vary in elevation from
about 300 to 380 m AHD. The floodplains of Bollol
Creek to the south of the Project vary from
approximately 260 to 280 m AHD.

The existing mine landforms of the Tarrawonga
Coal Mine have modified the topography within

ML 1579 (Figure 2-1). The Northern Emplacement
has an approved height of 370 m AHD, while the
base of the open cut is currently at approximately
200 m AHD. The Southern Emplacement has an
approved elevation of 340 m AHD.

The existing mine landforms of the Boggabri Coal
Mine have also modified the topography in the
vicinity of the Project area. Their maximum
approved height is currently 350 m AHD, however,
the proposed Continuation of Boggabri Coal Mine
would increase this to 395 m AHD.

Land Use

The study area was part of the tribal lands of the
Kamilaroi Aboriginal people who inhabited the
Gunnedah basin (Appendix K). The European
settlement of the valley began in 1835 with the
establishment of a sheep run called Namoi Hut at
the confluence of the Namoi River and Cox’s Creek
(Appendix L).

Contemporary land use in the vicinity of the
Tarrawonga Coal Mine is dominated by grazing
(primarily cattle) and cereal/fodder cropping in the
flatter and more fertile areas to the south, east and
west.

Leard State Forest, which is used for forestry,
mineral extraction and recreational purposes, is
located on the northern border of ML 1579, and is
the other main land use in the Project area. With
the exception of Leard State Forest, the majority of
the land adjacent to the Tarrawonga Coal Mine has
been cleared for agricultural purposes.

The Boggabri Coal Mine is located immediately to
the north and west of the Project, and is the only
other existing mining operation in the immediate
vicinity of the Project. Proposed mining
developments of particular relevance to potential
cumulative impacts include the Continuation of
Boggabri Coal Mine and the Maules Creek Coal
Project, as described in Attachment 3.

A number of private dwellings are located to the
south and east of the Project, however Whitehaven
and BCPL own a significant portion of the land
adjacent to the Project (Figure 1-2a).

Soils

An Agricultural Resource Assessment was
undertaken for the Project area by McKenzie Soil
Management (2011) and is presented in Appendix I.

The alluvial plain associated with Goonbri Creek is
part of the Central Mixed Soil Floodplain as defined
in Namoi Catchment Water Study Independent
Expert Phase 2 Report (Schlumberger Water
Services, 2011).

The main soil types observed during the soil survey
were Stratic Rudosols (44%), Tenosols (17%) and
Sodosols (16%). Other less prominent soils
included Chromosols, Kandosols, Kurosols and
Dermosols (Appendix I). These soil types can be
described as follows:

. Stratic Rudosols — characterised by a number
of alluvial depositional layers that have been
little altered by pedogenic processes except at
or near the surface.

. Chromosols — characterised by a strong
contrast in texture between topsoil and
subsoil.

) Tenosols — shallow stony soils with only weak
pedological development.

. Sodosols — strong texture contrast between
topsoil and sodic subsoil, which is not strongly
acidic.

. Kandosols — lack strong texture contrast and
have poorly structured massive subsoils.

. Kurosols — duplex soils with strongly acidic
subsoil.

. Dermosols — lack strong texture contrast, but
had structured B horizons.

These soil types and associated soil landscapes
are mapped in Appendix I.

In summary, the distribution of these soils in soil
landscape units is as follows:

. crest — dominated by Tenosols; sub-dominant
Kurosols and Kandosols.

. upper slope (westerly aspect) — a mosaic of
Kandosols, Tenosols, Chromosols and
Sodosols.

. upper slope (south-easterly aspect) —
dominated by Bleached-Leptic Tenosols.
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. lower slope — dominated by Grey, Brown,
Yellow and Red Sodosols; sub-dominant
Kandosols, Chromosols, and Stratic Rudosols.

. alluvial plain — dominated by Stratic Rudosols;
sub-dominant Chromosols, Dermosols and
Sodosols.

Rural Land Capability

The Rural Land Capability classification system is
used to delineate the various classes of rural land
on the basis of the capability of the land to remain
stable under particular uses. Land is allocated to
one of the following eight classes:

Land Suitable for Regular Cultivation/Cropping

Class I: No special soil conservation works or
practices necessary.

Class Il:  Soil conservation practices such as
strip cropping, conservation tillage and
adequate crop rotations are
necessary.

Class lll:  Soil conservation practices such as

graded banks and waterways are
necessary, together with all the soil
conservation practices as in Class Il.

Land Suitable Mainly for Grazing

Class IV:  Soil conservation practices such as
pasture improvement, stock control,
application of fertiliser, minimal
cultivation for the establishment or re-
establishment of permanent pasture
and maintenance of good ground

cover.

Soil conservation works such as
diversion banks and contour ripping, in
addition to the practices in Class IV.

Class V:

Land Suitable for Grazing

Class VI:  Not capable of cultivation. Soil
conservation practices include
limitation of stock, broadcasting of
seed and fertiliser, promotion of native
pasture regeneration, prevention of
fire, destruction of vermin,
maintenance of good ground cover
and possibly some structural works.

Land Suitable for Tree Cover

Class VII:  Land best protected by trees.

Land Unsuitable for Agriculture

Class VIII: Cliffs, lakes or swamps where it is
impractical to grow crops or graze
pasture.

Rural Land Capability mapping for MLA 1, MLA 2,
MLA 3 and the north-eastern section of ML 1579
has been completed by McKenzie Soil Management
(2011) and is documented in Appendix |. Mapped
Rural Land Capability ranged from Class Il to

Class VI. No Class V land was identified.

The major factor influencing the classification of the
land was slope, with the better classes

(i.e. Classes Il and Ill) located on the flatter areas
and the poorer classes (i.e. Classes IV and VI)
located on the steeper sections (Appendix I).

The presence of dispersive soil, acidic topsoil and
major nutrient deficiencies prevented the allotment
of higher Rural Land Capability classes

(Appendix I).

Agricultural Suitability

The Agricultural Suitability system is used to
classify land in terms of its suitability for general
agricultural use. Agricultural land is classified by
evaluating biophysical, social and economic factors
that may constrain the use of land for agriculture.

Agricultural Suitability mapping for MLA 1, MLA 2,
the south-eastern corner of MLA 3 (i.e. outside of
Leard State Forest) and the north-eastern section of
ML 1579 has been completed by McKenzie Soil
Management (2011) and is documented in
Appendix | and shown on Figure 4-2. Agricultural
suitability classes identified across the Project site
ranged from Class 3 to Class 5. No Class 1 or
Class 2 agricultural lands have been identified
within the Project area.

Class 3 agricultural suitability is defined as
(NSW Agriculture, 2002):

Grazing land or land well suited to pasture
improvement. It may be cultivated or cropped in
rotation with sown pasture. The overall production
level is moderate because of soil or environmental
constraints. Erosion hazard, soil structural breakdown
or other factors, including climate, may limit the
capacity for cultivation and soil conservation or
drainage works may be required.

Class 4 agricultural suitability is defined as
(NSW Agriculture, 2002):

Land suitable for grazing but not for cultivation.
Agriculture is based on native pastures and improved
pastures established using minimum tillage
techniques. Production may be seasonally high but
the overall production level is low as a result of major
environmental constraints.
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Class 5 agricultural suitability is defined as
(NSW Agriculture, 2002):

Land unsuitable for agriculture, or at best suited only
to light grazing. Agricultural production is very low or
zero as a result of severe constraints, including
economic factors which prevent land improvement.

The Class 3 areas (i.e. grazing land or land well
suited to pasture improvement) are associated with
the flatter areas and the alluvial plain and lower
slope soil landscape unit in the south-east of

MLA 2, MLA 1 and south-west of ML 1579

(Figure 4-2).

Agricultural Activities and Productivity

Agricultural enterprises known to have been
conducted on the Project site include a combination
of pasture production for grazing and some rain-fed
crop production (Appendix I).

Whitehaven also owns approximately

4,000 hectares (ha) of land located to the
north-east, east, south-east and south-west of the
Project. This area typically comprises the same
agricultural-related land uses.

The Project biodiversity offset area, which is located
approximately 20 km to the north-east

(Section 4.9.4), includes approximately 305 ha of
cleared agricultural land. Agricultural activities
historically conducted in the biodiversity offset area
include grazing livestock on native pastures
(Appendix ).

Bushfire Regime

The Bushfire Management Plan (Whitehaven,
2011b) outlines bushfire management measures in
place at the Tarrawonga Coal Mine, including:

. Clearing restrictions — clearing will not be
undertaken during periods of extreme fire
danger as defined by the BoM.

. Controlled grazing — controlled high intensity
short-term grazing will be employed to assist
in the reduction of vegetative fuel loads on
areas on which active mining operations are
not occurring and appropriate fencing is
available.

. Vehicle movements — all personnel and
contractors will be required to use diesel
vehicles and/or remain on defined roads or
tracks.

. Fire breaks — fire breaks will be maintained
around the perimeter of the mining leases.

No smoking areas — smoking will be prohibited
in fire prone areas.

. Fire fighting equipment — on-site fire fighting
equipment will be provided, including a fully
equipped fire tender to provide immediate
response to a bushfire.

. Training — all mine personnel will receive basic
fire control training.

An assessment for bushfire prone areas was
undertaken in accordance with NSW Rural Fire
Service (2001) over an area incorporating the
Tarrawonga Coal Mine. This assessment
determined that ML 1579 has a low to medium
bushfire hazard (Whitehaven, 2011b).

43.2 Potential Impacts
Landforms and Topography

The Project would alter the landforms and
topography within ML 1579 and MLAs 1, 2 and 3.
Some topographic changes would be temporary
(e.g. temporary bunds/drains) and some would be
permanent (e.g. final mine landforms).

The open cut operations would remove a ridge with
an elevation up to approximately 380 m AHD on the
eastern edge of ML 1579 (Figures 2-6 and 2-11).

The final elevation of the Northern Emplacement
would remain unchanged (370 m AHD) and would
be extended to the east and to the north. The
Northern Emplacement would be integrated with,
and would be lower than, the proposed maximum
height of the Continuation of Boggabri Coal Mine
waste rock emplacement (i.e. 395 m AHD)
(Figures 2-4 to 2-7).

The height of the Southern Emplacement would
temporarily increase to a maximum height of

360 m AHD (i.e. an increase of 20 m) (Figure 2-4).
However, at the completion of the Project mining
activities, earthworks would be undertaken to
reduce the elevation of the Southern Emplacement
to a final height of approximately 330 m AHD
(Section 5.4.2).

These changes, while altering the layout and extent
of the approved/existing Tarrawonga Coal Mine, are
effectively extensions to existing approved mine
landforms and would result in the integration of the
Northern Emplacement with the waste rock
emplacement at the Continuation of Boggabri Coal
Mine (Figure 2-8).
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The development of the low flow channel of the
permanent Goonbri Creek alignment and the
associated flood bund would also have a relatively
minor effect on the topography to the east of the
Project (Figures 2-7 and 2-8).

A range of lesser topographic changes would be
associated with the construction of roads,
hardstands, water management, and erosion and
sediment control features over the Project life.

At the cessation of mining, a final void would remain
at the eastern extent of the open cut (Section 5.4.3).
The open cut would be partially backfilled to
achieve a suitable post-mining pit-lake equilibrium
level (Section 5.4.3).

Soils

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

. disturbance of in-situ soil resources within
additional disturbance areas (e.g. extension of
the open cut);

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

o possible soil contamination resulting from
spillage of fuels, lubricants and other
chemicals;

o increased erosion and sediment movement
due to exposure of soils during construction of
mine infrastructure; and

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

A review of the physical and chemical properties of
the soils within the Project site has established that
there are soil resources present that would be
suitable as a rehabilitation medium for agricultural
land uses (including cropping/grazing areas) on the
Project site post-mining (Appendix I).

Land Contamination Potential

Potential land contamination risks were identified as
part of the Preliminary Hazard Analysis (PHA)
(Section 4.17) and includes leaks/spills, fires and
explosions associated with the transport, storage
and usage of hydrocarbons and chemicals.

Agricultural Activities and Productivity

The Project (including a portion of the biodiversity
offset area) would result in the long-term
disturbance or alteration of existing agricultural
lands. A summary of the area of agricultural lands
in these areas before, during the Project life and
post-mining is provided in Table 4-3.

The Project would reduce the area of Class 4
agricultural suitability land at the Project site by
approximately 125 ha in the long-term. The
proposed rehabilitation of Class 3 agricultural
suitability lands would result in no long-term change
in the area of Class 3 agricultural suitability lands
on the Project site (Table 4-3).

The Project biodiversity offset area would result in
the sterilisation of approximately 305 ha of
agricultural lands (i.e. Class 4 and Class 5
agricultural suitability lands [Table 4-3]) by returning
this area to native woodland/open woodland.

Table 4-3
Summary of Agricultural Lands at the
Project Site, Buffer Area and Biodiversity Offset Area

) o Area of Agricultural Land
Agricultural Suitability (ha)
Classification
Existing Project Life Post-Mining Net Change

Project Site
Class 3 210 210 0
Class 4 125 0 -125
Project Biodiversity Offset Area
Previous Agricultural Areas (Class 4 and 305 0 0 -305
Class 5)

Source:  After Appendix I.
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The Project would, therefore, result in the
sterilisation of approximately 430 ha of Class 4 and
5 agricultural suitability lands in the long-term.
These sterilised agricultural lands are not
considered to be highly productive, based on their
agricultural suitability classification (Appendix I).

The maximum annual value of total agricultural
production forgone as a result of the Project would
be approximately $310,000 (Appendix ). The
present value of the total foregone agriculture
production (in perpetuity) as a result of the Project
is approximately $1.5 million (M) (Appendix ).

Whitehaven will continue to manage its adjacent
agricultural lands (i.e. approximately 4,000 ha) for
agricultural use. These lands are generally farmed
by local landholders under licence agreement with
Whitehaven.

The potential impacts of the Project on the local
amenity of adjoining privately-owned land, or water
resources available for agricultural use, are
considered where relevant in the groundwater,
surface water, noise and blasting, and air quality
studies (Appendices A to D and Sections 4.4

to 4.7).

Bushfire Hazard

Any uncontrolled fires originating from Project
activities may present potentially serious impacts to
nearby rural properties and Leard State Forest.

Similarly, fires originating in nearby rural areas
could pose a significant risk to Project infrastructure
and TCPL staff, contractors and equipment.

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

The continuation and expansion of Tarrawonga
Coal Mine operations for the Project could increase
the potential for fire generation. However, given the
range of management measures in place to
manage the behaviour of people in the Project area
(Section 4.3.3), the overall risk of increased bush
fire frequency due to the Project is likely to be low
(Appendix F).

4.3.3 Mitigation Measures, Management and

Monitoring
Soils and Erosion Potential

General soil resource management practices would
include the stripping and stockpiling of soil
resources prior to any mine-related disturbance for
use in rehabilitation. The objectives of soil resource
management for the Project site would be to:

o Identify and quantify potential soil resources
for rehabilitation.

. Optimise the recovery of useable topsoil and
subsoil during stripping operations.

o Manage topsoil and subsoil reserves so as not
to degrade the resource when stockpiled.

. Establish effective soil amelioration
procedures to maximise the availability of soil
reserves for future rehabilitation works.

Disturbance areas would be stripped progressively
in order to reduce sediment generation and the
extent of topsoil stockpiles, and to enable use of
stripped topsoil as soon as possible for
rehabilitation.

The following management measures would be
implemented during the stripping of soils at the
Project:

. Areas of disturbance would be stripped
progressively, as required, to reduce potential
erosion and sediment generation, and to
minimise the extent of topsoil stockpiles and
the period of soil storage.

o 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.

Any long-term soil stockpiles would be managed to
maintain long-term soil viability through the
implementation of the following management
practices:

. Topsoil and subsoil stockpiles would be
retained at a height of 3 m, with slopes no
greater than 1:2 (vertical to horizontal [V:H])
and a slightly roughened surface to minimise
erosion.
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. Topsoil stockpiles would be constructed to
minimise erosion, encourage drainage, and
promote revegetation.

. Where additions such as lime, gypsum and
fertiliser are needed to improve the condition
of cut soil, they would be applied to the
stockpiles in-between the application of
separate layers from the scrapers.

. Wherever practicable, soil would not be
trafficked, deep ripped or removed in wet
conditions to avoid breakdown in soil
structure.

. All topsoil and subsoil stockpiles would be
seeded with a non-persistent cover crop to
reduce erosion potential as soon as
practicable after completion of stockpiling.
Where seasonal conditions preclude adequate
development of a cover crop, stockpiles would
be treated with a straw/vegetative mulch to
improve stability.

. Soil stockpiles would be located in positions to
avoid surface water flows. Silt stop fencing
would be placed immediately down-slope of
stockpiles until stable vegetation cover is
established.

. An inventory of soil resources (available and
stripped) on the Project site would be
maintained and regularly reconciled with
rehabilitation requirements.

. In preference to stockpiling, wherever
practicable, stripped topsoil and subsoil would
be directly replaced on completed sections of
the final landform.

The Biodiversity Management Plan would be
updated to describe the soil resource management
measures that would be used during the Project life.

Erosion and sediment control plans would continue
to be developed over the life of the Project (as part
of the Water Management Plan — Section 2.1.8) to
identify and manage activities that could result in
soil erosion and generate sediment. These plans
would describe the specific controls (including
locations, function and water monitoring structure
capacities) that would be used to minimise the
potential for soil erosion and transport of sediment
off-site.

Land Contamination

A number of hazard control and mitigation
measures are described in the following existing
Tarrawonga Coal Mine management documents:

e  Emergency Management System.

. Contractor Management Standard.

o Blast Management Plan.
. Bushfire Management Plan.

o Surface Water and Groundwater Response
Plan (part of the Water Management Plan).

e  Waste Management Plan.

These documents would be reviewed and revised to
incorporate the Project, subject to the conditions of
any Project Approval.

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

. Contractors transporting dangerous goods
loads 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 and AS 2187.1 Explosives — Storage,
Transport and Use — Storage.

. Fuel and explosive storage areas would be
regularly inspected and maintained.

In addition, during construction and exploration
activities fuels, oils and other hydrocarbons would
be managed to minimise the risk of spills which
could cause soil contamination.

Agricultural Activities and Productivity

Agricultural land resource management at the
Project would include the following key
components:

. Minimisation of disturbance to agricultural
lands, where practicable.

. Continued use of adjoining Whitehaven-owned
land for agricultural uses.

. Management of soil resources at the Project
site so that they can be used for rehabilitation.

. Inclusion of agricultural lands in the Project
rehabilitation strategy (i.e. some 210 ha of
Class 3 agricultural suitability land) (Table 4-3
and Section 5.5.4).
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Minimisation of Disturbance to Agricultural Lands

Refinements to the Project layout during the
development of this EA included relocation of the
infrastructure area from the originally proposed site
on the southern side of Goonbri Creek to the
currently proposed site on the northern side of
Goonbri Road (Section 6.9.1).

The Project biodiversity offset area is located in an
area with low agricultural suitability, which means
that its restoration to native woodland/open
woodland would have a relatively low impact on
agricultural lands in the region (Appendix I).

The area of agricultural land disturbed on the
Project site at any one time would be minimised so
that agricultural uses can continue, where
practicable.

Continued Use of Existing Agricultural Areas

Areas owned by Whitehaven that are outside of the
Project area would continue to be used for
agricultural uses, where practicable.

A Farm Management Plan would be prepared by a
suitably qualified person(s) to facilitate the
management of agricultural land in the Project area
and surrounding Whitehaven-owned land. The
Farm Management Plan would include property,
grazing and cropping management measures, as
well as erosion, weed and pest controls to be
applied. Biodiversity management measures would
also be included in the Farm Management Plan and
these are described in Section 4.10.3.

Management measures under the Farm
Management Plan would be implemented
progressively on properties under licence
agreement with Whitehaven, consistent with the
terms of the licence and in consultation with the
licensee.

At the completion of the Project, it is expected that
Whitehaven would sell the adjoining properties it
holds and as a result they would continue to be
used for agricultural purposes.

Management of Soil Resources

Soil resource management measures that would be
used during the life of the Project are described
above.

Re-establishment of Agricultural Lands

The rehabilitation and mine closure strategy for the
Project includes restoration of approximately 210 ha
of agricultural land suitable for cropping/grazing
(Section 5.5.4). The rehabilitation of this land
reduces the area of agricultural land that would be
sterilised by the Project.

Bushfire Hazard

The Bushfire Management Plan would be reviewed
and revised to incorporate the Project, subject to
the conditions of the Project Approval.

4.4 GROUNDWATER

A Groundwater Assessment for the Project was
undertaken by Heritage Computing (2012) and is
presented in Appendix A. The Groundwater
Assessment was reviewed by Kalf and Associates
(Dr Frans Kalf) and the review report is presented in
Attachment 4.

The Project groundwater and surface water studies,
and the conceptual design of the low permeability
barrier and permanent Goonbri Creek alignment,
have been undertaken in an integrated manner.
The assessment of potential groundwater impacts
included consideration of potential impacts on
surface water flows and the post-mining water level
of the final void determined by the surface water
assessment (Appendix B). The assessment also
included consideration of the two-dimensional
seepage modelling conducted as part of the design
of the low permeability barrier (Appendix R).

A description of existing groundwater resources in
the Project area and surrounds, including baseline
data and the existing effects of the Tarrawonga
Coal Mine and other nearby mining operations is
provided in Section 4.4.1. Section 4.4.2 describes
the potential impacts of the Project on groundwater
resources including cumulative impacts, while
Section 4.4.3 outlines mitigation measures,
management (including licensing considerations)
and monitoring.

441 Existing Environment

Baseline Groundwater Data

Baseline groundwater data was reviewed and
compiled from a number of sources as part of the
Groundwater Assessment including:

e existing TCPL exploration program
(i.e. geological) data;
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e results of searches of NOW PINNEENA
database including registered bores and
continuous monitoring data;

e NOW (then NSW Department of Natural
Resources [DNR]) Upper Namoi Groundwater
Flow Model (McNeilage, 2006);

e existing water management records at the
Tarrawonga Coal Mine and surrounding mining
operations (past and present) including the
neighbouring Boggabri Coal Mine;

e groundwater monitoring data from monitoring
programs and investigations undertaken at the
Tarrawonga Coal Mine, surrounding mining
operations (past and present) including the
neighbouring Boggabri Coal Mine and Canyon,
Vickery and Rocglen Coal Mines, and proposed
future projects (i.e. Maules Creek Coal Project);

e groundwater quality data from the above
monitoring programs and investigations; and

e other additional geological and regional
topographic mapping data.

In addition, the Groundwater Assessment has
considered the requirements of the Upper and
Lower Namoi Groundwater Water Sharing Plan and
Draft Porous Rock Groundwater Water Sharing
Plan.

The existing baseline groundwater data was
augmented with the results of a Project
groundwater investigation program undertaken by
RPS Aquaterra in May/June 2011, the results of
which are presented in Appendix A. The Project
groundwater investigation program included
(Figure 4-3):

e core testwork (horizontal and vertical
permeability, and porosity measurements) on
33 samples from three drillholes;

e installation of two vibrating wire piezometers
and one nested piezometer;

e installation of standpipe piezometers;
e pumping test and rising head test; and

e slug tests.

In addition, and to assist in delineating the extent
and depth of the alluvial groundwater system

(i.e. Upper Namoi Alluvium) in the vicinity of the
Project open cut extent, a transect of shallow
drillholes (TAWB17, TAWB18, TAWB20, TAWB21
and TAWB22) was completed and logged

(Figure 2-14).

To further define the geometry and properties of the
alluvium for the purposes of the low permeability
barrier concept design, and to validate and
correlate the results from drilling, Groundwater
Imaging (2011) completed a TEM survey to depths
of up to 58 m (Figure 4-4). The TEM survey results
are summarised in Appendix A.

The results of a Project bore census undertaken by
TCPL in May 2011 (described further below) were
also used to augment baseline groundwater
datasets.

Examination of the available baseline groundwater
data has enabled an understanding of the existing
groundwater systems and the scale and nature of
the effects of the existing Tarrawonga Coal Mine
and other operations in the region on local and
regional groundwater systems.

Existing Groundwater Regime

A conceptual geological model of the existing
groundwater regime was developed by Heritage
Computing (2012), based on the review of the
available baseline groundwater data and water
sharing plans (Appendix A). The two groundwater
systems identified in the relevant water sharing
plans are:

e Porous Rock groundwater system —
including the coal measures of the Maules
Creek Formation; and

e Alluvial groundwater system — associated
with the low-lying flood plains of the Upper
Namoi.

The Project coal resource is located within the
Maules Creek sub-basin of the Early Permian
Bellata Group (Section 2.3), which is within the
porous rock (i.e. sedimentary rock) groundwater
systems of the Gunnedah Basin, and lies within the
boundary defined in the Draft Porous Rock
Groundwater Water Sharing Plan. The Project coal
resource is wholly located within the
Gunnedah-Oxley Basin — Namoi Management Zone
of the porous rock groundwater system.

Alluvial sediments associated with the Bollol Creek,
Goonbri Creek and Nagero Creek surface
drainages exist to the east, south and west of the
Project area (Figure 4-5). These alluvial sediments
are part of the Upper Namoi Alluvium within the
Namoi Valley (Keepit Dam to Gin’s Leap)
Groundwater Source, also known as the Upper
Namoi Zone 4 Water Source.
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The Bollol Creek, Goonbri Creek and Nagero Creek
embayments are reported to have maximum alluvial
thicknesses in the order of 30 m (McNeilage, 2006).
However, the transect of shallow alluvial drillholes
conducted for the Project revealed local alluvial
thicknesses from 3 to 38 m, with a median
thickness of 26 m.

Groundwater Imaging (2011) also concluded that
the TEM survey data in the Project area indicates
approximately 30 m of conductive alluvium
(clay-bound gravel) overlying more resistive
basement rock (Figure 4-4). On the floodplain
between Bollol Creek and Driggle Draggle Creek
further south, the alluvium is generally 40 to 70 m
thick (McNeilage, 2006).

Alluvial sediments of the Upper Namoi are usually
subdivided into two formations, although they are
not always distinguishable. The uppermost Narrabri
Formation consists predominantly of clays with
minor sand and gravel beds. Underlying the
Narrabri Formation is the Gunnedah Formation
which consists predominantly of gravel and sand
with minor clay beds. This is the productive aquifer
used for irrigation in the region (Appendix A).

More broadly, the Upper Namoi Alluvium can reach
maximum thicknesses of 170 m associated with the
Namoi River. Separately, the Narrabri Formation
has a maximum thickness of 70 m and the
Gunnedah Formation peaks at 115 m (McNeilage,
2006).

Recharge to the groundwater systems occurs from
rainfall and runoff infiltration, lateral groundwater
flow and some leakage from surface water sources
(e.g. Namoi River). Although groundwater levels
are sustained by rainfall recharge, they are
controlled by topography, geology and surface
water levels in local drainages (Appendix A).

Local groundwater tends to mound beneath hills,
with ultimate discharge to local drainages and loss
by evapotranspiration through rock outcrops and
vegetation where the watertable is near the ground
surface (Appendix A).

Groundwater Dependent Ecosystems

There are currently no high priority groundwater
dependent ecosystems identified in the Upper
Namoi Groundwater Sources or Porous Rock
Groundwater Sources in the Project area
(Appendix A). Where relevant, the flora and fauna
assessments (Appendices E and F, and

Sections 4.9 and 4.10) have considered the
potential impacts on local groundwater dependent
ecosystems.

Existing Influence of the Tarrawonga Coal Mine

Groundwater levels have been monitored at the
MW series of bores at the Tarrawonga Coal Mine
since 2006 (Figure 4-3). The existing Tarrawonga
Coal Mine acts as a groundwater sink, and
groundwater nearby maintains a flow direction
towards the open cut.

The vibrating wire piezometer responses at TA60C
and TA65C (Figure 4-3) are also presented in
Appendix A. No significant mining effects have yet
been recorded at these piezometers.

Groundwater Use

A broad search of the NOW PINNEENA
Groundwater Works Database identified over

1,000 registered bores within the area covered by
the Project regional groundwater model. The
majority of these bores were found to be associated
with the Namoi River and alluvial groundwater
system (i.e. Upper Namoi Zones 4, 5 and 11)
(Appendix A).

In consultation with local landholders, TCPL also
conducted a bore census in May 2011 of a number
of privately-owned bores/wells in the vicinity of the
Project. The bore census was used to confirm
bore/well locations and take spot water level/water
quality measurements. The bore census results
have been considered in the development of the
regional groundwater model and impact
assessment.

A more refined search of the NOW PINNEENA
Groundwater Works Database (and incorporating
the results of the May 2011 bore census) identified
that 121 bores are located within approximately

5 km of the Project, of which some 37 are located
on Whitehaven-owned land (Appendix A).

Groundwater use in the Project area is
predominantly associated with mine dewatering
activities at the Tarrawonga Coal Mine and
Boggabri Coal Mine. The majority of groundwater
users with privately-owned bores are located in the
alluvial groundwater system (i.e. Upper Namoi
Zone 4) to the east, south-east and west-southwest
of the Project area (Figure 4-3 and Appendix A).

Groundwater Quality
An analysis of water quality attributes of

groundwater at the Tarrawonga Coal Mine and
surrounds is provided in Appendix A.
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The median recorded values for EC at the
Tarrawonga Coal Mine and Boggabri Coal Mine are
approximately: 1,000 microSiemens per centimetre
(1S/cm) in coal (adjacent the existing open cut
operations); 2,000 puS/cm in alluvium; 2,000 pS/cm
in volcanics; and 2,500 uS/cm in interburden of the
porous rock groundwater system.

In the vicinity of the Project, the typical EC of
groundwater in coal is in excess of 2,000 uS/cm.
The recorded EC values for coal range from

530 to 2,760 pS/cm increasing in the downdip
direction (i.e. east and south-east). As the lower
values tend to occur up-dip close to coal subcrop
limits, this suggests that the inherent salinity in the
coal seams is diluted by rainfall recharge
(Appendix A).

The recorded EC of groundwater in alluvium ranges
from 440 pS/cm (e.g. in the headwaters of Bollol
Creek) to 7,460 puS/cm (e.g. in surface/shallower
groundwater systems likely to be affected by
evapotranspiration effects).

Water quality results available from alluvial and
porous rock groundwater system bores indicate
sodium/potassium and chloride/bicarbonate are the
dominant ionic constituents, with fairly uniform to
mildly variable ionic ratios (Appendix A).

The recorded pH of groundwater has a relatively
narrow range from 6.9 to 7.8.

Based on the recorded EC values, most
groundwaters are at the limit of potable use, but are
suitable for livestock, irrigation and other general
uses (Appendix A).

4.4.2 Potential Impacts

The Groundwater Assessment has evaluated the
potential impacts of the Project on groundwater
resources using a numerical regional groundwater
model.

The numerical regional groundwater model covers
an area of approximately 1,518 square kilometres
(km2) (33 km east-west and 46 km north-south) and
incorporates the Maules Creek Coal Project and
Boggabri Coal Mine in the north, and Rocglen Mine
in the south. During the preparation of this EA,
TCPL has consulted with BCPL and Aston
Resources and has obtained and incorporated
relevant data and information from the mine plans
and groundwater models developed for these
projects.

The regional groundwater model was calibrated
(based on available data from January 2006 to
December 2010) and was then used to simulate the
potential effects of the Project on the local and
regional aquifer systems and groundwater users. It
was also used to estimate the potential magnitude
of groundwater inflow to the open cut over the life of
the Project, as well as post-mining.

A summary of the potential impacts on the porous
rock and alluvial groundwater systems, local
surface water resources, as well as existing
groundwater users is presented below.

Porous Rock Groundwater System

As mining progresses, the open cut would act as a
groundwater sink. This would cause a change in
groundwater flow direction, and in places a
localised reversal of direction. There would also be
a change in hydraulic properties over the mine
footprint where mine waste rock is used to infill the
open cut. As mine waste rock would have a higher
permeability than any natural rock material in the
area (i.e. associated with the porous rock
groundwater system), there would be associated
reductions in localised hydraulic gradients
(Appendix A).

Numerical modelling conducted as part of the
Groundwater Assessment predicts a reduction in
potentiometric head in the aquifers of the porous
rock groundwater system to the east and north of
the Project.

Groundwater drawdown contours during the Project
and post-mining are provided in Appendix A.

The numerical model indicates average
groundwater inflows to the open cut (prior to it
intersecting the alluvial groundwater system) from
the porous rock groundwater system would be
approximately 0.5 ML/day (ranging from 0.4 to

0.7 ML/day). The predicted groundwater inflows
from the porous rock groundwater system over the
life of the Project are low and fairly consistent
(Appendix A).

Numerical modelling of the post-mining scenario
shows that the water levels in the porous rock
groundwater system would slowly recover, but their
equilibrium level would be slightly below the
pre-mining level (i.e. a localised groundwater sink
would remain) (Appendix A).
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Based on the results of the Geochemical
Assessment (Appendix N), it is expected that use of
the Project mine waste rock handling practices
(Section 2.9.1) would be sufficient to maintain
adequate control over acid rock drainage risk
on-site. In consideration of the above, there would
be negligible impacts to groundwater quality (either
directly or via final pit voids).

The Groundwater Assessment concludes that there
is expected to be negligible change in groundwater
quality as a result of mining in the short-term and in
the long-term (Appendix A). However, given higher
rainfall infiltration rates through mine waste rock
within the mine footprint, it is possible that the
groundwater inflows to the open cut during
operations could be freshened by lateral flow from
mine waste rock (Appendix A).

In the long-term, the salinity in the final void would
increase through evaporative concentration, but as
the final void would remain a groundwater sink, no
impacts to surrounding groundwater quality are
expected (Appendix A).

Alluvial Groundwater System

The porous rock groundwater system would be the
primary groundwater source of inflows to the open
cut until approximately Year 12 of the Project
(Figure 4-5), from which point the alluvial
groundwater system would also contribute to the
total groundwater inflows to the open cut.

The numerical modelling conducted for the
Groundwater Assessment, and the low permeability
barrier seepage modelling undertaken by Allan
Watson Associates (2011) (Appendix R) conclude
that the low permeability barrier would significantly
reduce local drainage from the alluvial groundwater
system into the open cut during operations and
post-closure (Appendix A).

Water from the alluvial groundwater system

(i.e. Upper Namoi Zone 4 - Namoi Valley [Keepit
Dam to Gin's Leap] Groundwater Source) would
report to the open cut by two mechanisms
(Appendix A):

e direct inflows where the open cut operations
intersect the alluvium (i.e. inside of the low
permeability barrier); and

e indirect depressurisation via enhanced leakage
from the alluvial groundwater system to the
underlying porous rock groundwater system.

The numerical modelling predicted that the total
inflows to the open cut (from the porous rock and
alluvial groundwater systems) would vary between
approximately 0.4 and 1.1 ML/day over the life of
the Project (Appendix A).

The maximum predicted inflows from the alluvial
groundwater system to the open cut (i.e. from
aquifer storage due to excavation) would be
approximately 198 ML/annum (Appendix A). For
comparison purposes, in addition to basic
landholder rights and supplementary water access
licences, the extraction limit stipulated in the Upper
and Lower Namoi Groundwater Water Sharing Plan
for Upper Namoi Zone 4 (alluvial groundwater
system) is 25,700 ML/annum, comprising of

168 aquifer access licences, and 71 supplementary
water access licences.

After the alluvial material in the open cut extent is
removed, there would be minimal alluvial
groundwater reporting to the open cut and
negligible losses from alluvium outside of the low
permeability barrier. Based on the area of alluvium
inside the low permeability barrier, rainfall recharge
that would otherwise report to the alluvial
groundwater system would be reduced by up to

6 ML/annum (or 0.016 ML/day), assuming 1.2%
recharge (Appendix A).

Numerical modelling of leakage from the alluvial
groundwater system to the underlying porous rock
groundwater system was also undertaken, with
results indicating up to 5 ML/annum (or

0.013 ML/day) of additional leakage would occur as
a result of the Project (Appendix A).

Based on a porosity ranging from 10 to 20%,
Heritage Computing (2012) estimates that
approximately 1.4 to 2.8 gigalitres (GL) of stored
alluvial groundwater would be excavated during the
life of the Project. This volume would appear partly
as mine inflows (Section 4.4.3) or as water
contained in excavated material (i.e. remaining
within vestiges of alluvium). For comparison
purposes, the change in total alluvial aquifer
storage volume for the maximum predicted inflows
to the open cut (i.e. 198 ML/annum) is provided in
Table 4-4.
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Table 4-4

Predicted Change in Total Alluvial Aquifer

Storage Volumes

Estimated Total Change in Total

Upper Namoi Alluvial b :

) . Alluvial Aquifer
Alluvium Aquifer Volume Storage (%)

(GL)*

Within Model 2,400 to 4,800 0.004 to 0.008
Extent
Within Bollol/ 750 to 1,500 0.013 to 0.026%
Goonbri and
Driggle Draggle
Creeks
Embayment

Source: Appendix A
* Based on a specific yield ranging from 0.1 to 0.2.

With the low permeability barrier in place, based on
the numerical modelling results and experience at
other similar projects in NSW and overseas,
Heritage Computing (2012) expect that there would
be:

e negligible drawdown in the aquifers of the
alluvial groundwater system; and

e negligible impact on groundwater levels or
groundwater yield to privately owned bores in
the alluvial groundwater system.

Groundwater drawdown contours during the Project
and post-mining are provided in Appendix A.

There are not expected to be any significant
changes in the quality of the alluvial groundwater
system as a consequence of the Project
(Appendix A).

The low permeability barrier between the final void
and the alluvial groundwater system would limit flow
of any groundwater from the alluvial groundwater
system (and associated water quality effects) to the
final void, which would remain a groundwater sink
(Appendix A).

Surface Water Resources

The existing surface water resources and their
characteristics (i.e. streamflow, water quality and
nature) are described in Section 4.5.1. With the
exception of the upgradient reaches of each stream
(i.e. upstream of the Project), water leaks through
the stream bed to the underlying aquifer for most of
the length of each stream.

There is expected to be negligible loss of
groundwater yield to/from surface stream systems
(i.e. Bollol Creek, Goonbri Creek?, Nagero Creek
and the Namoi River) based on the numerical
modelling completed for the Groundwater
Assessment (Appendix A). Specifically in relation to
Goonbri Creek, the depth to water contours
presented in the Groundwater Assessment
(Figure A-17 in Appendix A) show that Goonbri
Creek adjacent to the mine is a ‘losing’ stream and
is supported by the pumping test results that nil
connective ‘gaining’ contribution occurred from
groundwaters within the Upper Namoi Alluvium
(Appendix A).

The low permeability barrier would allow the
hydrological character of the Goonbri Creek system
to be maintained, with negligible loss of flow from
the creek to the mine workings predicted to occur
during operations or post-closure (Appendix A).
When the new alignment of Goonbri Creek is
established, the new creek would have a different
creek-aquifer interaction behaviour as it would pass
over different ground and would be situated in a
different part of the groundwater flow field.
However, from the perspective of an integrated
water source, there is expected to be no net change
(Heritage Computing, 2012). Further discussion of
the predicted creek-aquifer interaction behaviour is
provided in Appendix A.

Groundwater Dependent Ecosystems

As described in Section 4.4.1, there are no high
priority groundwater dependent ecosystems
identified in the Upper Namoi Groundwater Sources
or Porous Rock Groundwater Sources in the Project
area (Appendix A).

One vegetation community within the Project area
and surrounds is considered to be potentially
groundwater dependent (i.e. the Bracteate
Honeymyrtle low riparian forest). This vegetation
community occurs along the 3 km long portion of
Goonbri Creek that is located within the proposed
open cut extension, and as a result, approximately
15 ha of it would be cleared during mining
operations. This would result in a local loss in
biodiversity in this section of Goonbri Creek.

Incorporating the permanent Goonbri Creek
alignment.
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However, this vegetation community also occurs to
the north and south of the Project area. In addition,
an equivalent length of the stream would be
recreated and revegetated with this community in
the permanent Goonbri Creek alignment, and TCPL
would implement a riparian enhancement program
for a further 3.2 km below the re-aligned section.

No significant impacts on groundwater dependent
ecosystems (outside the immediate Project area)
are anticipated due to the predicted negligible
drawdown in the aquifers of the alluvial groundwater
system (as presented above).

Further discussion of potential impacts on local
groundwater dependent ecosystems is provided in
Sections 4.9.2 and 4.10.2.

Groundwater Users

The numerical modelling indicated that the
drawdown effects on groundwater users in the
vicinity of the Project would not be significant

(i.e. would be less than 1 m) and would, therefore,
not materially affect the existing or potential future
beneficial use of groundwater. The predicted
impacts on individual bore/wells within 5 km of the
Project are tabulated in Appendix A.

As long as the Project final void remains a
groundwater sink, there would be no deleterious
effect on the beneficial use of any groundwater
source (Appendix A).

Notwithstanding the above, a Groundwater
Monitoring Program (Section 4.4.3) would be
established to monitor the ongoing groundwater
effects of the Project and to enable contingency
measures to be implemented, in the event that
agreed trigger levels at private bores/wells are
reached.

Cumulative Impacts

The Groundwater Assessment included
consideration of the cumulative impacts of the
Project, Continuation of Boggabri Coal Mine,
Maules Creek Coal Project and Rocglen Coal Mine.

Average groundwater inflow to all four mines during
the Project period is predicted to be approximately
4% of all groundwater discharge (Appendix A).

Based on the numerical modelling and experience
at other similar projects in NSW and overseas,
Heritage Computing (2012) concluded that the
potential cumulative impact on the alluvial
groundwater system or groundwater yield to
privately owned bores in the alluvial groundwater
system is expected to negligible (Appendix A).

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 A.

443 Mitigation Measures, Management and

Monitoring
Low Permeability Barrier

As described in Section 2.10.3, TCPL would
construct a low permeability barrier to reduce local
drainage from the alluvial groundwater system into
the open cut during operational and post-closure
periods.

The low permeability barrier would also reduce the
potential for impacts on the beneficial use of the
regional groundwater resource (through changes in
water quality), resulting from flow (if any) from the
final void waterbody into the alluvial groundwater
system under post-closure conditions.

The performance of the low permeability barrier
would be assessed during the life of the Project
through monitoring of nearby groundwater levels via
established piezometers, pit inflows, and
validating/re-modelling seepage predictions.
Remedial works would be undertaken, if necessary,
if the performance of the low permeability barrier is
sub-optimal.

Groundwater Licensing

A summary of groundwater licensing requirements
for the Project is provided below, with further
discussion of the licences required for each water
source associated with the Project provided in
Section 6.4.1.

Porous Rock Groundwater System

An appropriate groundwater licence for the open cut
dewatering activities at the Tarrawonga Coal Mine
would be sought and obtained from NOW pursuant
to the NSW Water Management Act, 2000 once the
Draft Porous Rock Groundwater Water Sharing
Plan is commenced. The predicted annual
groundwater volumes required to be licensed over
the life of the Project and post-mining are
summarised in Table 4-5.
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Table 4-5
Estimated Project Groundwater Licensing Requirements

Management Zone/

Predicted Average Annual Inflow Volumes requiring

Licensing (ML/annum)

Water Sharing Plan
Groundwater Source Years Year Years Post-Minin
1to11 12 1310 17 g
Draft Porous Rock : 209 (Average
Groundwater Water Sharing GBU nn_edarlll Oxlgy ( . ge) 209 209 (Average) 167" (Maximum)
Plan asin — Namol 252 (Maximum)
. Upper Namoi Zone 4 - 142 (Average
g?gfg;wngtle‘:’gg[jzzsmgg% Namoi Valley (Keepit Negligible 198 ( . ge) Negligible”
Dam to Gin’s Leap) 169 (Maximum)

Source: Appendix A

Groundwater inflows would reduce as the final void water level reaches equilibrium over many decades.

A The model predicted extra ‘alluvium to porous rock’ leakage induced beyond low permeability barrier is up to 5 ML/annum (0.013 ML/day) and
the reduced recharge due to excavated alluvium up to 6 ML/annum (0.016 ML/day) at 1.2% recharge.

Alluvial Groundwater System

Prior to mining in the saturated alluvial groundwater
system associated with the Upper Namoi Zone 4 -
Namoi Valley (Keepit Dam to Gin’s Leap)
Groundwater Source (i.e. approximately Year 12),
TCPL would obtain and hold appropriate volumetric
licences (refer Table 4-5) in accordance with the
legislative requirements of the Upper and Lower
Namoi Groundwater Water Sharing Plan.

For comparison purposes, in addition to basic
landholder rights and supplementary water access
licences, the extraction limit stipulated in the Upper
and Lower Namoi Groundwater Water Sharing Plan
for Upper Namoi Zone 4 (alluvial groundwater
system) is 25,700 ML/annum, comprising of

168 aquifer access licences, and 71 supplementary
water access licences.

Whitehaven currently holds 526 megalitres (ML) of
volumetric licence allocation in the Upper Namoi
Zone 4 — Namoi Valley (Keepit Dam to Gin's Leap)
Groundwater Source. The allocation was approved
on 14 October 2011 from WAL12622 (90AL806770)
to WAL12714 (90AL807001).

Groundwater Monitoring

The existing Groundwater Monitoring Program,
which is included in the Water Management Plan,
would be updated to incorporate the Project. The
extended Groundwater Monitoring Program would
be designed to detect changes in groundwater
levels and quality as a result of mining and improve
knowledge of aquifer definition and interactions.

The existing TCPL network of piezometers would be
augmented, particularly prior to and during Years 12
to 17 of the Project (i.e. coincidental with the
anticipated open cut intersection with the alluvial
groundwater system inside the low permeability
barrier). A network of piezometers would be
installed for the purposes of monitoring:

e the construction of the low permeability barrier
(to quantify and validate the predicted
short-term/localised dewatering impacts);

e groundwater levels and water quality in the
alluvial groundwater system on the inside of the
low permeability barrier as mining advances (to
validate the predicted mine inflow and
dewatering rates);

e groundwater pressures in the porous rock
groundwater system/coal measures (to validate
the predicted depressurisation effects at
depth); and

e groundwater levels and water quality in the
alluvial groundwater system on the outside of
the low permeability barrier as mining
advances (to validate the predicted negligible
impacts).

Additional piezometers would also be installed in
mine waste rock behind the advancing open cut to
provide information on recharge rates and mine
waste rock permeabilities and to validate
groundwater modelling assumptions and
predictions with respect to the emplacements.

The Groundwater Monitoring Program would be
designed to comply with the Murray-Darling Basin
Groundwater Quality Sampling Guidelines
(Murray-Darling Basin Commission, 1997). Further
information on the proposed Groundwater
Monitoring Program is provided in Appendix A.
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TCPL also proposes to establish, in co-operation
with BCPL and the Maules Creek Coal Project, a
regional monitoring program for groundwater
resources in consultation with the relevant
government agencies.

Groundwater Users — Management of
Complaints

In the event that a complaint is received during the
life of the Project in relation to depressurisation of a
privately-owned bore or well, the results of the
Groundwater Monitoring Program would be
reviewed by TCPL as part of a preliminary
evaluation to determine if further investigation,
notification, mitigation (e.g. bore re-conditioning),
compensation (e.g. alternative water supply) or
other contingency measures (refer below) are
required.

Numerical Model and Water Balance Review

The Groundwater Assessment numerical model
would be used as a management tool for the
periodic review and calibration of predicted
groundwater impacts through the life of the Project.

The results of the Groundwater Monitoring Program
would inform progressive refinement of the
numerical model. Revised outputs from the
numerical model would be reported periodically
over the life of the Project and used to inform the
site water balance review (Section 4.5.3).

Groundwater Response Plan

The existing Surface Water and Groundwater
Response Plan, which is included in the Water
Management Plan, would be reviewed and revised
to describe any additional measures/procedures
that would be implemented over the life of the
Project to respond to potential exceedances of
groundwater-related criteria. It would also describe
the contingent mitigation/compensation/offset
options that would be enacted in the event that
groundwater users are adversely affected by the
Project, or the low permeability barrier does not
perform to specification (e.g. reconstruction of a
portion of the barrier or use of an over-excavation
option as described in Appendix R).

4.5 SURFACE WATER

A Surface Water Assessment for the Project was
undertaken by Gilbert & Associates (2011) and is
presented in Appendix B.

The existing Tarrawonga Coal Mine and proposed
Project water management systems are described
in Sections 2.10.1 and 2.10.2.

A description of existing local and regional surface
water resources, including baseline data is provided
in Section 4.5.1. Section 4.5.2 describes the
potential impacts of the Project including cumulative
impacts, and Section 4.5.3 outlines mitigation
measures, management and monitoring.

45.1 Existing Environment

With the exception of Leard State Forest, the
majority of land adjacent to the Project has been
cleared for agricultural purposes. The surface
water quality and flow regimes in the Project area
reflect the influences of the historical clearing and
the existing mining operations at the Tarrawonga
Coal Mine and Boggabri Coal Mine.

The discussion below presents a summary
description of baseline surface water data and the
regional and local hydrology. Further detail is
provided in Appendix B.

Baseline Surface Water Data

Gilbert & Associates (2011) analysed TCPL
databases and data made available by
Commonwealth and State government agencies,
and surrounding mining operations/projects,
including:

e rainfall and evaporation records from the BoM
weather stations (Figure 4-1);

e rainfall records from the Tarrawonga Coal Mine
AWS (Figure 4-1);

e NOW gauging station flow data on the Namoi
River, Maules Creek and Coxs Creek
(Figure 4-1);

e aerial photography of the 1998 Namoi River
flood event made available by OEH;

e acompendium of data included as part of the
Carroll to Boggabri Flood Study (NSW
Department of Land and Water Conservation
[DLWC], 2003);
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e regional water quality data from the NSW
Government Water Information website
including Barbers Lagoon (downstream of
Bollol Creek), Driggle Draggle Creek, Maules
Creek and Namoi River (Figure 4-1);

e water quality from existing and previous TCPL
stream water quality monitoring programs on
Nagero Creek, Bollol Creek and Goonbri Creek
(Figure 4-6);

e water usage data from the Tarrawonga Coal
Mine water management system including haul
road dust suppression, historic water usage
from the “Thuin” groundwater production bore
and movement of water to/from the open cut,
storage dams, sediment basins and mine water
dams; and

e other additional geological and regional
topographic mapping data.

In addition, the Surface Water Assessment has
considered the requirements of the Water Sharing
Plan for the Upper Namoi and Lower Namoi
Regulated River Water Sources 2003.

Regional Hydrology

The Project area is situated within the Namoi River
catchment (Namoi Water Management Area under
the Water Sharing Plan for the Upper Namoi and
Lower Namoi Regulated River Water Sources
2003), which covers an area of some 42,000 km?
(Appendix B). The Namoi River is a tributary of the
Barwon River which ultimately flows to the
Murray-Darling System.

Flow in the Namoi River is regulated by three major
water storages:

e Keepit Dam - constructed on the Namoi River
upstream of the Peel River confluence in 1960
with a storage capacity of 427,000 ML.

e Chaffey Dam - constructed on the Peel River
upstream of Woolomin in 1979 with a storage
capacity of 62,000 ML.

e Split Rock Dam - constructed on the Manilla
River in 1988 with a storage capacity of
397,000 ML.

Water is released from these major water storages
for irrigation, for industrial and domestic/urban
requirements in the Namoi River catchment, and as
environmental flows.

The closest gauging station to the Project site on
the Namoi River is located at Boggabri (419012),
just upstream of the Bollol Creek confluence with
the Namoi River (Figure 4-1). The Boggabri
gauging station commands a catchment area of
22,600 km? and has an estimated mean annual flow
of 836,209 ML or 6% of the average annual rainfall
(Appendix B).

Streamflow in the Namoi River at Boggabiri is
characterised by strong flow persistence with flows
exceeding 1.3 ML/day on 95% of days (Figure 4-7).
Zero flow is recorded on 1.5% of days. Averaged
over the full period of available data, streamflow in
the Namoi River at Boggabri is estimated to amount
to 1,643 ML/day. These flow characteristics are
typical of large regulated catchments (Appendix B).

Additional operational gauging stations have also
operated in the region to the north of the Project
(Maules Creek gauging stations [419044 and
419051]) and to the south-west of the Project (Coxs
Creek gauging station [419032]). The locations of
these regional gauging stations relative to the
Project are shown on Figure 4-1.

Local Hydrology

The existing Tarrawonga Coal Mine is located within
the Bollol/Goonbri and Nagero Creek
sub-catchments which ultimately flow into the
Namoi River just north of Boggabri (Figure 4-1).

Bollol/Goonbri Creeks

Bollol Creek rises in the north-south trending range
to the east of the Project and is an ephemeral
waterway which flows south and west through a
confined valley before dispersing onto the alluvial
flats. Flows in Bollol Creek generally continue as
overland flow in a south-westerly direction to
eventually reach Barbers Lagoon, which flows into
the Namoi River.

Goonbri Creek rises on the eastern margin of the
Willowtree Range and is bounded by Middle
Mountain and Goonbri Mountain (Figure 4-1).
Goonbri Creek is an ephemeral waterway which
flows south along the eastern border of Leard State
Forest and through the Project area before trending
west and south-west and dispersing as overland
flow on the alluvial flats south of the Project area
(i.e. Bollol Creek). A series of photographic plates
illustrating the ephemeral nature of Goonbri Creek
are provided on Figure 4-8.

In their headwaters and mid-reaches, Bollol/Goonbri
Creeks exhibit small confined channels with
occasional pockets of adjoining floodplain.
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As they descend onto the alluvial flats, the creeks
transition into relatively poorly defined drainage
paths, which become expansive ponded overland
flow areas during and following heavy rainfall
events.

A portion of the catchment of Bollol/Goonbri Creeks
in the southern part of ML 1579 is captured within
the Tarrawonga Coal Mine water management
system for on-site usage and to prevent sediment
laden runoff entering the creeks.

Observation and anecdotal evidence from TCPL
staff and local landholders indicate that streamflows
in the local streams are highly ephemeral. The
streams respond quickly to rainfall, flow for
relatively short periods after rainfall events and
exhibit little flow persistence following rainfall. This
is considered by Gilbert & Associates (2011) to be
due to limited interaction between shallow alluvial
aquifers and the bed of the streams.

Water ponding is more prevalent and persistent in
the lower alluvial floodplain areas of the
Bollol/Goonbri Creek sub-catchment, due to the
slow moving nature of flows and the relatively low
seepage loss (groundwater recharge) rates in these
areas (Appendix B).

Although no direct gauged flow data is available for
the Bollol/Goonbri Creek sub-catchment, their likely
hydrological characteristics have been extrapolated
by assessing the flow records from the existing
Maules Creek gauging station (419044) (Figure 4-1)
which is likely to have similar hydrological
characteristics (Appendix B). Streamflow records
are available for this station for the period 1968 to
1992.

The catchment upstream of the Maules Creek
gauging station (419044) has an average annual
runoff yield per unit catchment area over the
gauged period of 40.3 mm/annum, or about 6.45%
of rainfall (Appendix B). As shown on Figure 4-7,
inferred streamflow characteristics for Goonbri
Creek have been derived by Gilbert & Associates
(2011) by scaling the observed flows at the Maules
Creek gauging station (419044).

Nagero Creek

Nagero Creek rises along the south-western
margins of the Willowtree Range, in Leard State
Forest (Figure 4-1). Nagero Creek is also an
ephemeral waterway, which flows generally
south-west into a series of lagoons known as The
Slush Holes, before ultimately draining into the
Namoi River.

A portion of the catchment of Nagero Creek in the
northern part of ML 1579 is captured within the
existing/approved Tarrawonga Coal Mine water
management system for on-site usage and to
prevent sediment laden runoff entering the creek.

A summary of the sub-catchments within the Project
area and surrounds, and the proportion of these
catchments excised by the approved Tarrawonga
Coal Mine, is provided in Table 4-6.

The existing Tarrawonga Coal Mine water
management infrastructure and licensed discharge
points are described in Section 2.1.6.

Surface Water Quality
Regional Surface Water Resources

The Namoi River, and its associated floodplains and
fringing lagoons, are the regional surface water
resources of relevance to this Project.

Regional water quality data is available for the
Namoi River at Gunnedah (419001), and further
downstream at Barbers Lagoon (downstream of
Bollol Creek) (41910214) and Driggle Draggle
Creek at Boggabri (41910271). Two regional
surface water quality monitoring sites are also
located on Maules Creek at Damsite (419044) and
Avoca East (419051). Maules Creek flows into the
Namoi River some 45 km downstream and 15 km to
the north-west of the Project.

Figures 4-1 and 4-6 show existing regional and
local surface water quality monitoring sites and
sample locations in the vicinity of the Project.

Water quality of the Namoi River and Maules Creek
is generally characterised by moderate alkalinity
and elevated EC relative to Australian and New
Zealand Environmental and Conservation Council
(ANZECC) and Agriculture and Resource
Management Council of Australia and New Zealand
(ARMCANZ) (2000) guideline trigger values

(Table 4-7). EC values in the Namoi River at
Gunnedah (419001) have ranged between

200 pyS/cm and 900 puS/cm every year since 2001
and there is no significant trend to the data
(Schlumberger Water Services, 2011).

Average total nitrogen and total phosphorous
concentrations have also been elevated relative to
guideline trigger values for aquatic ecosystems.
Phosphorous and nitrogen are sourced from
effluent, agricultural runoff and in-stream processes
(Schlumberger Water Services, 2011).
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Table 4-6
Local Sub-Catchment Area Summary
Sub-Catchment Location Total Catchment % of Total Catchment Excised by
Area (kmz) Existing/Approved Tarrawonga Coal Mine
Bollol/Goonbri Drains east and south of existing 153 1.8%
Creeks Tarrawonga Coal Mine.
Nagero Creek Drains north and west of existing 78 2.4%
Tarrawonga Coal Mine.
Source: After Appendix B.
Table 4-7

Summary of Regional Average Water Quality Data

Parameter”
Location
(refer Figure 4-1) pH (uSE/(c::m) AI(I:nagI]i/rlii)ty lelilt_)l_igi)ty Ni-{roc:glen Pho;—;)r:acl)lrous
(mg/L) (mg/L)

Namoi River (and Lagoons)
e Gunnedah (419001) 8.06 497 204 67.3 0.72 0.14
e Barbers Lagoon (Downstream of 7.70 348 - 304 - -

Bollol Creek) (41910214)
e Driggle Draggle Creek at 6.99 117 - - - -

Boggabri (41910271)
Maules Creek
e Damsite (419044) 7.70 537 - 21 - -
e Avoca East (419051) 7.56 351 141 135 0.43 0.15
ANZECC/ARMCANZ (2000) Guideline Trigger Values
e Aquatic Ecosystems [Default] 6.5-7.5 30-350 - 2-25 0.25" 0.02"
e Primary Industries [Default] 5.0-9.0 - - - - -
e Livestock Drinking Water [Default] - 3,125~ - - - -

Source: After Appendix B.

A Sample counts for each parameter varies for each location and are provided in Appendix B.

¥ 95% species protection.

Equivalent to 2,000 mg/L total dissolved solids (TDS) with a conversion factor of 1.5625 applied.

mg/L = milligrams per litre.
NTU = nephelometric turbidity unit.

Highest turbidities are recorded in the lower
sections of the Namoi River (Schlumberger Water

Services, 2011). Most sediment is derived from

disturbance within catchments, stream bed and
bank erosion, or direct access by livestock (Thoms
et al., 1999). As stated in Schlumberger Water

Services (2011):

In summary the early studies, including Nancarrow
(1998), concluded that prior to 2000, the chemical
water quality of the Namoi River system was
generally moderate to poor, with high levels of
nutrients, areas contaminated by agricultural
chemicals, and areas with on-going salinity
problems. While trends for parameters such as
salinity, turbidity and nutrients varied in the short
term, longer term trends showed little signs of a

decline through time.

As also reported in Schlumberger Water

Services (2011), surface water quality data between
2002 and 2007 has been analysed in a study
carried out by the NOW in the Namoi catchment
(Mawhinney, 2011), with the following conclusions:

e EC values typically exceeded trigger levels for
the protection of aquatic ecosystems, but were
suitable for irrigation.

e  Turbidity levels increased with distance down
the catchment and are predicted to fall as beds
and banks are stabilised.

e High total phosphorous and nitrogen were
detected, although there was no corresponding
significant growth of blue/green algae.

e High phosphorous and nitrogen in the Peel
River below Tamworth were attributed to
sewage treatment discharges and urban runoff.
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A full suite of surface water quality results for
regional surface water resources is provided in
Appendix B.

Local Surface Water Resources

Local water quality sampling has been conducted
on Bollol/Goonbri Creeks and Nagero Creek
upstream and downstream of the current mining
activities. Local water quality monitoring sites and
aquatic ecology water quality sample locations are
shown on Figure 4-6.

Bollol/Goonbri Creeks and Nagero Creek are
ephemeral, and as a result, there have been
relatively few opportunities to collect water quality
samples during the period since monitoring was
initiated at the Tarrawonga Coal Mine. A summary
of local surface water monitoring results is provided
in Table 4-8.

The available data for Bollol/Goonbri and Nagero
Creeks indicate that the local surface water
resources are generally characterised by near
neutral pH with mildly acidic-neutral pH in reaches
of Goonbri Creek (Appendix B). Recorded EC of
local surface water resources was generally low.

With the exception of the higher total suspended
solids (TSS) concentration recorded in Goonbri
Creek at site GCR2 and in Nagero Creek at site
NC-U, TSS in local surface water resources have
generally been moderately elevated when
compared to the EPL licensed discharge point limits
(Table 4-8).

Consistent with water quality records for regional
surface water resources, average total nitrogen and
total phosphorous concentrations have also been
elevated relative to guideline trigger values for
protection of aquatic ecosystems (Table 4-8).

Table 4-8
Summary of Local Average Water Quality
Parameter”
Site/Location pH EC TSS Grease Total Total
(refer Figure 4-6) (uSlcm) (mg/L) and Oil Nitrogen Phosphorous
(mg/L) (mg/L) (mg/L)
Bollol/Goonbri Creeks
e BC-U 6.9 139 165 <2 1.4 0.36
e BC-D 7.0 112 49 5 2.25 0.44
e Goonbri Upstream (M1, M2 & M3) 6.4 174 - - BD 10"
e Goonbri Midstream (M4 & M5) 6.5 184 - - BD >50
e Goonbri Downstream (M6 to M10) 6.3 230 - - BD >50
e Goonbri Downstream (GCR1) 7.0 60 38 - - -
e Goonbri Downstream (GCR2) 7.3 531 904 <5 - -
Nagero Creek
e NC-U 7.1 78 442 3.25 0.17
e NC-D 7.1 148 125 3.1 0.60
ANZECC/ARMCANZ (2000) Guideline Trigger Values
e Aguatic Ecosystems [Default] 6.5-8.0* 30-350 - - 0.25" 0.02"
e Livestock Drinking Water [Default] - 3,125~ - - - -
OEH EPL
e EPL 12365 Licensed Discharge 6.5-8.5 - 20 (med); 10 - -
Point Limits 50 (max)

Source: Appendices B and E.
N

Sample counts for each parameter varies for each location and are provided in Appendix B.

+

Sites M1 & M2 only.

* Value for NSW Upland Rivers (>150 m AHD altitude).

# 95% species protection.

BD — Nitrate (NOs)/nitrogen dioxide (NO,) below sample detection limit.
Shaded cells - Phosphate (PO, (Units in parts per million [ppm]).

Equivalent to 2,000 mg/L (TDS) with a conversion factor of 1.5625 applied.

4-31




Tarrawonga Coal Project — Environmental Assessment

Water quality samples collected from Bollol/Goonbri
Creeks and Nagero Creek were also analysed for a
suite of metals and the results are tabulated in
Appendix B. With the exception of total aluminium
concentrations, the results were below ANZECC
default guideline values for protection of aquatic
ecosystems.

A full suite of surface water quality results for local
surface water resources is provided in Appendix B.

Contained Water Storages

Water quality sampling and analysis is undertaken
at the Tarrawonga Coal Mine in accordance with
requirements of the Development Consent
(DA-88-4-2005) and EPL 12365. A summary of
water quality monitoring data ranges from on-site
contained water storages is presented in Table 4-9.

A full suite of surface water quality results for
contained water storages on-site is provided in
Appendix B.

Since the commencement of operations at the
Tarrawonga Coal Mine in 2006, there have been
several water-related EPL non-compliances for
elevated TSS being released from licensed
discharge points (SD9, SD14, SD16 and SD17)
during significant rainfall events in 2008 and 2010.

Acid Rock Drainage Management

As described in Section 2.9.1, the practice of ROM
blending of overburden and interburden is currently
used at the Tarrawonga Coal Mine to manage any
potential acid rock drainage issues. Historically
recorded pH levels in contained water storages at
the Tarrawonga Coal Mine have typically been
near-neutral to moderately alkaline

(Table 4-9).

Previous geochemical testwork (Geo-Environmental
Management, 2010) identified the potential for As,
Mo and Se in mine waste rock to be slightly soluble
under near-neutral pH conditions. TCPL monitors
these solute concentrations in contained mine water
storages at the Tarrawonga Coal Mine as part of the
existing Surface Water Monitoring Program, the
results of which are summarised in Table 4-9. For
comparison purposes, the recorded solute
concentrations within contained water storages on-
site have remained below the ANZECC guideline
trigger values (low risk) for livestock drinking water
quality (Appendix B).

Table 4-9
Tarrawonga Coal Mine — Summary Ranges of Contained Water Quality

Location” Parameter®
pH EC TSS Grease As Mo Se
(uS/cm) (mglL) and Oil (mg/L) (mg/L) (mg/L)
(mgiL)

Contained Water Storages

e Open Cut/Pit Dewatering 6.5-8.9 78-3,970 8-293 <2-30 <0.001-0.015 - -

e Nagero Creek 7.5-8.9 197-1,210 7-524 <2-13 0.005-0.007 0.006 <0.01
Sub-catchment

e Bollol/Goonbri Creek 6.8-9.2 190-1,450 5-1,940 <2-6 0.001-0.007 0.003-0.028 <0.01
Sub-catchment

OEH EPL

e EPL 12365 Licensed 6.5-8.5 - 20 (med); 10 - - -
Discharge Point Limits 50 (max)

Source: Appendix B.
#

On-site mine water storage locations are shown/provided in Appendix B.

A Sample counts for each parameter varies for each location and are provided in Appendix B.
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Flooding

The Namoi River valley has experienced a number
of significant floods. The largest confirmed flood
occurred in February 1955, with significant floods
also being recorded in January 1971, February
1984 and November 2000 (Appendix B).

Flooding along the reaches of the Namoi River
nearest to Boggabri is characterised by outbreaks
from the main river channel, and associated
inundation of the extensive floodplain areas on both
sides of the river. Floodplain flow is dominated by
flow in flood runners (i.e. overland preferential flow
paths). Flow patterns are affected by a series of
relic channels which form semi-permanent lagoons
between floods (DLWC, 2003).

A rural floodplain management plan has not yet
been prepared by the OEH for the rural floodplains
between Boggabri and Narrabri, where the Project
is located. Floodplain management plans do
however exist upstream and downstream on the
Namoi River (respectively) as follows:

e Carroll to Boggabri Floodplain Management
Plan (DNR, 2006); and

e Narrabri — Wee Waa Floodplain Management
Plan (DNR, 2005).

In the absence of a rural floodplain management
plan in the Project area, consultation was
undertaken by TCPL during the preparation of this
EA with local landholders and local council
representatives to identify and describe the
dominant overland flow paths on the alluvial
floodplains in the vicinity of the Project.

Based on anecdotal evidence from local
landholders compiled during the EA consultation,
large areas south of the Project become inundated
during intense and prolonged rainfall events, such
as those that occurred in July 1998, February 2003
and February 2007. It is understood that during
these events large slow moving sheets of water
formed which slowly dissipated by evaporation and
seepage into the alluvial plains and by slow
drainage through relic lagoons into the Namoi River.

During these events, flows from the various source
streams follow a number of overland flow paths on
the alluvial flats. The dominant flow paths follow
shallow natural swales and subtle depressions in
the terrain and are influenced by the location of
public roads, local cropping activities and the
location of farm dams (Appendix B).

452 Potential Impacts

The following sub-sections describe the potential
operational and post-mining impacts of the Project
on surface water flow regimes and surface water
quality.

Surface Water Flow Regimes

The Project would result in changes to flows in local
creeks due to the progressive extension of the open
cut and associated capture and re-use of drainage
from operational disturbance areas and controlled
releases from licensed discharge points. Changes
to groundwater baseflow contributions to local
creeks were also identified as a potential impact of
the Project. These potential impacts of the Project
are discussed in the sub-sections below.

Changes in Contributing Catchment

The surface water flow regimes in Nagero Creek
and Bollol/Goonbri Creeks would be affected by
progressive changes in catchment area as a result
of runoff capture in Project disturbance areas.
Table 4-10 summarises the potential progressive
changes in catchment area reporting to these
creeks as a result of the Project and potential
cumulative impacts with the Continuation of
Boggabri Coal Mine and Maules Creek Coal
Project.

As shown in Table 4-10, the reduction in
contributing catchment reporting to Nagero Creek
as a result of the Project in Years 2 to 12 would be
progressively reduced as a result of returning runoff
from rehabilitated and free-draining mine landforms
via licensed discharge points.

The maximum predicted impact over the life of the
Project when compared to the total catchment of
the Namoi River is 0.02%.

Following the completion of rehabilitation
post-mining, only the catchment area of the final
void would remain excised from the Namoi River
catchment (approximately 155 ha, or 0.004% of the
total catchment of the river).

Potential cumulative impacts of the Project
considering the Continuation of Boggabri Coal Mine
and Maules Creek Coal Project are discussed
below.
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Table 4-10
Progressive and Maximum Changes to Contributing Catchment of Local Creeks and the Namoi River

Mine/Project Percentage Reduction in Contributing Catchment
Nagero Creek Bollol/Goonbri Creeks Namoi River

Tarrawonga Coal Mine/Project
Tarrawonga Coal Mine 2.4% 1.8% 0.01%
(existing/approved)
Project — Year 2 6.9% 2.5% 0.02%
Project — Year 4 6.3% 2.6% 0.02%
Project — Year 6 4.5% 2.8% 0.02%
Project — Year 12 2.9% 2.3% 0.01%
Project — Year 16 3.0% 3.0% 0.02%
Post-Mining 6.0% -2.1%* 0.004%
Continuation of Boggabri Coal Mine
Maximum 21.1% 0.9% 0.04%
Maules Creek Coal Project
Maximum 0.8% - 0.04%
Potential Maximum 28.8%" 3.9% 0.10%
Cumulative Impact

Source: Appendix B.
Note: Bolded values indicate mine/Project only maximum values.

*  Based on the post-mine landform design (Section 5) there would be a gain of 2.1% of contributing catchment reporting to Bollol/Goonbri

Creeks.

A Assuming the maximum reduction in contributing catchments for each individual mine was to occur at the same time.

Potential Impacts on Groundwater Baseflow
Contributions

Appendix A concluded that potential impacts of the
Project on Goonbri Creek (incorporating the
permanent Goonbri Creek alignment), Bollol Creek
and Nagero Creek would be negligible and
therefore the downstream potential impacts on the
Namoi River would be negligible (Section 4.4.2).

Permanent Goonbri Creek Alignment

The Project would involve removal of a 3 km section
of Goonbri Creek within the Project open cut and
the establishment of a permanent Goonbri Creek
alignment and associated flood bund to the east
and south-east of the open cut.

As described in Section 2.10.3, the permanent
Goonbri Creek alignment would be constructed in a
manner so as to avoid and minimise any disruption
to flows reporting to the downstream portions of
Goonbri Creek.

Surface Water Quality

Potential impacts of the Project on surface water
quality include the reduction in surface water quality
due to controlled licensed discharges to receiving
waters, uncontrolled runoff from disturbed areas
and/or release of contaminants, acid rock drainage
from mine waste rock emplacements, saline runoff
from Project irrigation areas and/or alteration of
groundwater quality affecting baseflow in surface
water resources.

Runoff and Contaminants

Surface water runoff from disturbed areas could
potentially contain sediments, dissolved solids, oil,
grease, metals and salts. Erosion and sediment
controls and land contamination controls that would
be applied to the Project are described in

Section 4.3.

The Geochemistry Assessment (Appendix N)
concluded that the mine waste rock materials are
typically alkaline and are expected to be generally
non-saline.
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TCPL would continue to operate the Project in
accordance with the requirements of EPL 12365.
The Project water management system is described
in Section 2.10.2.

Provided the water management system is
constructed and operated in accordance with its
design and operational criteria, Gilbert & Associates
(2011) consider that there would be a low risk of
adverse water quality impacts from controlled
releases at licensed discharge points in accordance
with EPL 12365. Releases from passively
managed storages are also considered to have a
very low risk of adversely affecting downstream
waters (Appendix B).

The risk of an uncontrolled release (i.e. spill) from
the Project was evaluated as part of the site water
balance (Appendix B). The Project water
management system (including mine water surge
dams) has been designed with the objective to
securely contain mine water on-site, and minimise
the potential for spills off the Project site.

Acid Rock Drainage

A Geochemical Assessment was conducted by
Geo-Environmental Management and is presented
in Appendix N.

The geochemical testing results indicate that mine
waste rock material generated by the Project would
generally be expected to be NAF. As described in
Section 2.9.1, a small quantity of mine waste rock
(including some strata immediately adjacent the
targeted coal seams) was however identified as
PAF-LC and may require specific controls

(e.g. identification, selective handling and
emplacement below at least 15 m NAF mine waste
rock material).

Consistent with previous geochemical testwork
(Geo-Environmental Management, 2010), the
geochemical testing for the Project showed that As,
Se and Mo concentrations in mine waste rock are
likely to be slightly soluble under the prevailing
near-neutral pH conditions (Appendix N). As a
consequence there could potentially be slightly
elevated concentrations of these analytes in waters
released from licensed discharge points.

Irrigation

Irrigation activities to assist in revegetation
establishment would be limited to mine landforms
that drain to sediment basins and storage dams
where existing and/or proposed licensed discharge
points are operated.

Based on the recorded ranges of contained water
quality on-site (Table 4-9), the mine waters are
considered suitable for irrigation purposes when
compared to soil salinity tolerances of pasture
grasses used as cover crops at the Tarrawonga
Coal Mine (DPI, 2005). For example, rootzone soil
salinity (i.e. EC) levels of 3,000 to 6,600 uS/cm may
result in yield reductions of approximately 10 to
25% for Green Panic grass (DPI, 2005), which is
used at the Tarrawonga Coal Mine as a cover crop.
In comparison, the maximum recorded EC level of
contained water quality on-site is approximately
4,000 pS/cm (Table 4-9). Average recorded sodium
and chloride concentrations are also within the
range for moderately tolerant pasture species such
as lucerne and sorghum (i.e. 230 to 460 mg/L for
sodium and 350 to 700 mg/L for chloride) (National
Resource Management Ministerial Council et al.,
2006). The pH recorded in contained water
storages (6.5 to 9.2) has generally been within the
recommended pH range of 5 to 8.5 for irrigation
(DEC, 2003).

Irrigation activities would be undertaken to
maximise evapotranspiration but avoid surface
runoff (due to irrigation). Therefore, the risk of
impacts on downstream surface water resources
due to Project irrigation activities are considered to
be negligible (Appendix B).

Alteration of Groundwater Quality

No measurable changes in the quality of
groundwater (alluvial and porous rock) are
predicted to occur as a consequence of mining
(Appendix A). As a result, there would be negligible
impact on surface water quality in local creeks

(i.e. Bollol/Goonbri Creeks and Nagero Creek) due
to the interaction of surface water flows and
groundwater (Appendix A).

Flooding

The Project area is predominantly on land with
elevations greater than 275 m AHD, and therefore
would be above any conceivable flooding of the
Namoi River (Appendix B). Lower sections of the
Project site could however be affected by extreme
flooding from Bollol/Goonbri Creeks and would be
protected by both temporary and permanent flood
bunds as described in Sections 2.10.3 and 4.5.3.

The impacts of the flood bunds and Goonbri Road
re-alignments on the adjacent and downstream
Goonbri/Bollol Creek floodplain would be minimal
(Appendix B).
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Post-Mining Surface Water Impacts

The potential post-mining surface water impacts
primarily relate to the design of the final void and
performance of the permanent Goonbri Creek
alignment and rehabilitated mine landforms in the
long-term and are discussed below.

Final Void

Post-mining inflows to the final void would comprise
three contributing sources:

e incident rainfall;

e surface water runoff (albeit from a minimised
reporting catchment); and

e groundwater inflows from the porous rock
groundwater system as it recovers and
adjacent mine waste rock emplacement
infiltration (reducing with time).

As described in Section 4.4.3 (Table 4-5),
groundwater inflows from the alluvial groundwater
system post-mining would be negligible.

Water would be lost from the final void through
evaporation only. The final void would not overflow
to downstream watercourses (Appendix B).

A final void water recovery analysis, including
model predicted groundwater inflows (Appendix A),
has been conducted as part of the Surface Water
Assessment (Appendix B). The final void water
recovery analysis also includes predictions for water
quality (salinity).

The results of the final void water recovery analysis
are presented in Section 5.

Permanent Goonbri Creek Alignment

Without the application of the Project water
management mitigation measures described in
Sections 2.10 and 4.5.3, including the low
permeability barrier, permanent flood bund and
suitable performance of the permanent Goonbri
Creek alignment, surface water and alluvial
groundwater associated with Goonbri Creek could
drain directly to the final void.

A description of the low permeability barrier,
permanent Goonbri Creek alignment and
associated flood bund is provided in Section 2.10.3,
with further detail of the conceptual designs
contained in Appendix R.

Rehabilitated Mine Landforms

The Geochemistry Assessment (Appendix N)
concluded that Project waste rock materials are
typically alkaline and are expected to be generally
non-saline. Sodicity test results also indicated that
a relatively high proportion of the mine waste rock
material generated by the Project is likely to be
moderately to highly sodic and if left exposed on the
surface of the final mine landforms could become
dispersive (Appendix N). Therefore, specific
rehabilitation management measures (e.g. gypsum
treatment and/or construction methods for final
surfaces of mine waste rock emplacements) would
be required to manage sodic materials and would
be documented in the Project Rehabilitation
Management Plan (Section 5.7).

The existing storage dams and sediment basins
would be retained until the revegetated surface of
the mine waste rock emplacements are stable and
runoff water quality reflects runoff water quality from
similar unmined areas. At this time these drainage
controls would be removed and the rehabilitated
areas would be free-draining.

Cumulative Impacts

The Surface Water Assessment included an
evaluation of the cumulative impacts of the Project
(including the existing Tarrawonga Coal Mine) and
the Continuation of Boggabri Coal Mine and Maules
Creek Coal Project. As indicated in Table 4-10, the
maximum cumulative reduction in contributing
catchments to the Namoi River during the life of the
Project would be 0.1%.

Potential surface water impacts of the Project have
been considered in the context of potential
alterations to groundwater baseflow contributions at
a regional scale (considering both the Continuation
of Boggabri Coal Mine and the Maules Creek Coal
Project), and are discussed in Appendix A.

Climate Change and Surface Water
Potential effects of climate change on the predicted

Project surface water impacts (i.e. sensitivity
analysis) are considered in Appendix B.
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45.3 Mitigation Measures, Management and

Monitoring
Low Permeability Barrier

As described in Section 2.10.3, TCPL would
construct a low permeability barrier to the east and
south-east of the open cut. The design objectives
of the low permeability barrier are described in
Section 2.10.3 and include minimising the potential
for drainage of alluvial groundwater into the open
cut during operations and post-mining, and
maintaining the hydraulic character of Goonbri
Creek by minimising loss of baseflow.

Permanent Goonbri Creek Alignment and
Associated Flood Bund

As described in Section 2.10.3, in approximately
Year 15, open cut mining would remove a section of
Goonbri Creek. Prior to the open cut advancing into
this section of Goonbri Creek, the permanent
Goonbri Creek alignment would be established to
the east of the open cut, low permeability barrier
and permanent flood bund. The permanent flood
bund would be constructed to prevent inundation of
the open cut both during operations and
post-mining.

A Goonbri Creek Management Plan would be
developed for the Project prior to the
commencement of construction activities
associated with the permanent Goonbri Creek
alignment, low permeability barrier and flood bund.
It would include the detailed design and
specifications for the permanent Goonbri Creek
alignment, including a program for the staging of
construction works and their integration with the
mining operations.

The Goonbri Creek Management Plan would also
describe:

e revegetation objectives and activities;

e water quality, ecological, hydrological and
geomorphic performance and completion
criteria for the permanent Goonbri Creek
alignment based on baseline conditions; and

e a monitoring/maintenance program for water
quality, ecological, hydrological and
geomorphic integrity of the permanent Goonbri
Creek alignment.

Additional streamflow, water level and water quality
monitoring sites for the Project would be
established upstream and downstream of the
permanent Goonbri Creek alignment. Water level
(flood) gauges would also be installed in the lower
reaches and overflow areas of Bollol/Goonbri
Creeks. The monitoring data from these sites
would be used to inform the detailed design and to
monitor the hydrological performance of the
permanent Goonbri Creek alignment.

Water quality sampling of sites on Goonbri Creek
would continue to be event based. The analysis of
samples would comply with the current regime of
combined field sampling for salinity (EC), pH and
suspended solids and laboratory analysis for
common cations, anions, metals (including As, iron,
chromium, cadmium, zinc, aluminium, Mo and Se)
and bulk nutrients (total nitrogen, total phosphorus).

In order to progressively monitor the geomorphic
performance of the permanent Goonbri Creek
alignment, erosion and condition surveys would be
conducted for the first five significant flow events
following commissioning.

Water Quality Management Measures
Mine Water Management System

As described in Section 2.10.2, the Project water
management system would be used to control
runoff generated from surface development areas,
while minimising (where practicable) the
mixing/capture of upslope surface water runoff by
installation of upslope bunds and drains.

The water management system would include a
combination of permanent structures

(i.e. permanent Goonbri Creek alignment) that
would continue to operate post-mine closure, and
temporary structures that would only be required
until the completion of the rehabilitation works
(e.g. sediment control structures).

Water quality monitoring sites for the contained
water management system would be expanded to
include all new on-site storages and licensed
discharge points. Sampling in on-site storages
would be consistent with the existing regime of
quarterly and event based sampling.

The analysis of quarterly samples would comply
with the current regime of combined field sampling
as described above.
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Acid Rock Drainage Management

The current practice of ROM blending of overburden
and interburden at the Tarrawonga Coal Mine would
continue to be undertaken for the Project. TCPL
would continue to monitor the water quality of
contained water storages during the life of the
Project as part of the Surface Water Monitoring
Program.

If in the event acid rock drainage is identified
through the Surface Water Monitoring Program, a
testwork program for identification of any PAF-LC
material would be undertaken and specific controls
(e.g. selective handling and emplacement below at
least 15 m NAF mine waste rock material) would be
implemented.

Irrigation Management

Irrigation activities to assist in revegetation
establishment would be limited to mine landforms
that drain to sediment drains and storage basins
where existing and/or proposed licensed discharge
points are operated. Irrigation activities would be
undertaken to maximise evapotranspiration but
avoid surface runoff (due to irrigation).

Water Management Plan

The existing Water Management Plan would be
reviewed and revised to incorporate the Project. As
described in Section 2.1.8, the Water Management
Plan incorporates the Site Water Balance, Erosion
and Sediment Control Plan, Surface Water
Monitoring Program, Groundwater Monitoring
Program, and the Surface Water and Groundwater
Response Plan.

Site Water Balance

Periodic review and revision of the Site Water
Balance would be undertaken over the life of the
Project to record and document the status of inflows
(water capture), storage and consumption (e.g. dust
suppression and crushing activities) and to optimise
water management performance. Monitoring would
be undertaken over the life of the Project to provide
data for refinement of the Site Water Balance,
including:

e records of pumped water volumes;

e storage levels in mine water dams and other
containment storages;

e haul road water usage rates;
e crusher usage rates; and

e revegetation establishment irrigation usage
rates.

Erosion and Sediment Control

The proposed sediment control storages have
sufficient capacity to manage disturbed area runoff
in accordance with design criteria recommended in
the Landcom (2004) guidelines (Appendix B).

The Project sediment and erosion control system
would be managed through the Erosion and
Sediment Control Plan, which is a component of the
Water Management Plan. These plans would be
reviewed and revised periodically to address
changes over the Project life.

The operational sediment and erosion control works
would be retained and maintained during the
revegetation establishment phase. Once
rehabilitation areas are stable and the revegetation
is established, operational sediment control
structures would either be left as passive water
control storages or would be removed

(Section 5.4.6).

Surface Water Monitoring Program

The Surface Water Monitoring Program would be
updated to include the additional monitoring sites to
be installed during the life of the Project, including:

e two new surface water flow gauging stations on
Goonbri Creek upstream (GC-U) and
downstream (GC-D) of the permanent Goonbri
Creek alignment;

e two water level (flood) gauges in the lower
reaches and overflow areas of Bollol/Goonbri
Creek (FG1 and FG2);

e water quality monitoring on Goonbri Creek at
the two new gauging stations;

e water quality monitoring in new on-site water
storages and licensed discharge points; and

e two pluviometers in the upper (PV1) and mid
(PV2) reaches of the Goonbri Creek
catchment.

On-site meteorological monitoring would also
continue and is discussed in Section 4.2.1.
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Surface Water Response Plan

The existing Surface Water and Groundwater
Response Plan would be reviewed and revised to
describe the measures/procedures that would be
implemented over the life of the Project. In
particular, it would describe how TCPL would
respond to any potential exceedances of surface
water related criteria, and it would describe the
contingency mitigation/compensation/offset
measures that would be implemented in the event
that downstream surface water users or riparian
vegetation is adversely affected by the Project.

Surface Water Licensing

As no water is proposed to be extracted from a
regulated source (i.e. Namoi River), the Water
Sharing Plan for the Upper Namoi and Lower Namoi
Regulated River Water Sources 2003 would not
apply to the Project.

The Project is located within the Maules Creek
Tributaries Management Zone defined in the Draft
Water Sharing Plan for the Namoi Unregulated and
Alluvial Water Sources 2011.

The Draft Water Sharing Plan for the Namoi
Unregulated and Alluvial Water Sources 2011 is
currently on public exhibition until 2 December 2011
and is anticipated to be commenced in mid-2012
(NOW, 2011).

Until such time that the Water Sharing Plan is
commenced, the Project would continue to involve
capture and use of water from on-site mine water
storages, dams and sediment basins in accordance
with the NSW Water Act, 1912.

Based on the area of Whitehaven’s contiguous land
holdings in the Nagero Creek and Bollol/Goonbri
Creeks sub-catchments (Figure 1-2a), the total
harvestable right (i.e. maximum dam capacity) is

36 ML in the Nagero Creek sub-catchment, and
199 ML in the Bollol/Goonbri Creeks sub-catchment
(Appendix B).

Further discussion regarding licences required for
each water source associated with the Project is
provided in Section 6.4.1.

Post-Mining Surface Water Management

The management of surface water resources
post-mining, including drainage across the final
mine landform, final void management and the
performance of the permanent Goonbri Creek
alignment are discussed in Section 5.

4.6 NOISE AND BLASTING

A Noise and Blasting Impact Assessment for the
Project was undertaken by Wilkinson Murray (2011)
and is presented in Appendix C. It was conducted
in accordance with the NSW Industrial Noise Policy
(INP) (NSW Environment Protection Authority
[EPA], 2000), Technical Basis for Guidelines to
Minimise Annoyance due to Blasting Overpressure
and Ground Vibration (ANZECC, 1990), NSW
Environmental Criteria for Road Traffic Noise
(ECRTN) (EPA, 1999) and the Interim Construction
Noise Guideline (DECC, 2009).

Section 4.6.1 provides a description of the existing
noise environment, including a description of the
existing Tarrawonga Coal Mine noise and blasting
management and monitoring regime. Section 4.6.2
describes the potential impacts of the Project.
Section 4.6.3 outlines mitigation measures,
management and monitoring.

4.6.1 Existing Environment

Noise and Blasting Management and Monitoring
Regime

Noise management at the Tarrawonga Coal Mine is
currently undertaken in accordance with the Noise
Management Plan (TCPL, 2011b) which outlines:

e noise mitigation measures and controls;

e the noise monitoring and reporting regimes;
and

e the management of exceedances and
complaints.

The Noise Management Plan describes general
noise management and mitigation measures
including:

. Required compliance with approved hours
for operational and maintenance activities.

. Contractor environmental training on noise
control and awareness.

. Periodic noise emission testwork on mobile
mining equipment.

. Consideration of sound power levels in
equipment selection, and maintaining
equipment in good order.

. Monitoring for adverse weather conditions
and adjusting mining operations where
necessary.
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. Managing complaints in accordance with
the complaints management process
outlined in the Noise Management Plan.

. Monitoring emitted noise levels during
mining operations to verify compliance with
noise criteria and to assess the need, if
any, for additional noise attenuation
measures.

In addition, the Noise Management Plan details the
following reasonable and feasible noise mitigation
measures implemented at the Tarrawonga Coal
Mine, in accordance with the Tarrawonga Coal Mine
Section 75W Modification Environmental
Assessment (Whitehaven Coal Limited, 2010):

. installation of a 6 m high bund on the
southern side of selected portions of the
haul roads (where the haul roads run
east-west);

. where required by real-time noise
monitoring, cessation of waste
emplacement activities within the Southern
Emplacement during evening and
night-time periods;

. modification to the alignment of haul routes
(in particular, relocating the haul route from
the pit floor to the Northern Emplacement
to its northern face, away from receivers to
the south);

. orientation of ROM coal stockpiles to
screen the primary crusher; and

. modification of the fleet during the evening
and night-time periods, including a
reduction in the number of water carts,
dozers and loaders, and cessation of
scrapers.

A mobile real-time noise monitor has recently
been procured by TCPL. Consistent with the
Noise Management Plan, the real-time monitor is
located at selected nearby receivers in response
to complaints. Currently (October 2011), the
real-time noise monitor is situated at the
Sylvania residence, due east of MLA 3

(Figure 4-9).

As discussed in the Noise Management Plan
(TCPL, 2011b), the real-time noise monitoring
system provides real-time access to noise data,
and provides the capacity to set the monitoring
unit to a target noise goal.

Upon noise emissions reaching the identified
target level, an automated SMS message is
delivered to operational personnel on-site which
triggers an investigation into the prevailing
weather conditions and noise source, both
through review of relevant monitoring data/files,
and on-site knowledge of surface operations.
Upon determination that the noise source is
mine site related, active measures can be putin
place to modify operations, or stand down the
noise source to ensure compliance with noise
criteria is maintained.

The Tarrawonga Coal Mine Blast Management Plan
(TCPL, 2011c) describes the blast monitoring
regime and general blast management measures.
It also describes the process for notifying
landowners of upcoming blast events, flyrock
distribution monitoring, reporting and complaint
management procedures.

Compliance and Complaints

Attended noise monitoring and vibration/air blast
monitoring has been undertaken at the
Tarrawonga Coal Mine since 2006 at the
locations shown on Figure 4-9.

Quarterly attended noise monitoring has been
conducted at the Tarrawonga Coal Mine since the
commencement of mining operations. Wilkinson
Murray has reviewed available monitoring data
between 2006 and August 2011 and a number of
exceedances have been recorded (Appendix C).

The majority of recorded exceedances were
attributed to road haulage operations along the
sized ROM coal road transport route. In response
to these exceedances, Whitehaven has acquired
several properties in close proximity to the transport
route, and also negotiated private agreements with
some landowners. TCPL currently holds a private
noise agreement with the owner of the Kyalla
property (receiver 44a) (Figure 4-9). TCPL also had
private noise agreements with the owners of the
Ambardo and Pine Grove properties prior to them
being acquired in 2011.

Generally, mining operations were found to comply
with operational noise criteria, with the exception of
two monitoring periods during 2009 (Appendix C).

Blast monitoring is also conducted at two locations
for each blast event at the Tarrawonga Coal Mine
(Figure 4-9). Appendix C reports that whilst minor
exceedances of the human annoyance airblast
criterion have been recorded, these exceedances
were within allowable limits.
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TCPL manages complaints in accordance with
the Noise Management Plan. A summary of
noise and blasting-related complaints is provided
in Appendix C.

In the five years since April 2006, 11 complaints
were received in relation to on-site noise and
blasting. Of these, four complaints specifically
referred to operational noise (Appendix C).

TCPL has also received a number of complaints
during this period in relation to sized ROM coal road
haulage noise and/or operating hours.

Noise Measurement and Description

The assessed noise levels presented in Appendix C
and summarised in this section are expressed in
A-weighted decibels (dBA). The logarithmic dBA
scale simulates the response of the human ear,
which is more sensitive to mid to high frequency
sounds and relatively less sensitive to lower
frequency sounds. Table 4-11 provides information
on common noise sources in dBA for comparative
reference.

Hearing "nuisance” for most people begins at noise
levels of about 70 dBA, while sustained

(i.e. eight hours) noise levels of 85 dBA can cause
hearing damage.

Measured or predicted noise levels are expressed
as statistical noise exceedance levels (Lan) which
are the levels exceeded for a specified percentage
(N) of the interval period. For example, Laio is the
noise level that is exceeded for 10% of the sampling
period and is considered to be the average
maximum noise level.

The equivalent continuous noise level (Laeq) refers
to the steady sound level, which is equal in energy
to the fluctuating levels recorded over the sampling
period.

Background Noise Levels

The Rating Background Level is the background
noise level determined without the subject premises
in operation, in accordance with the INP.

Given that the construction of the Tarrawonga Coal
Mine commenced in 2006 and operations are
ongoing, Wilkinson Murray referred to background
noise surveys conducted prior to the establishment
of the mine (Appendix C).

Review of these background noise levels indicated
that background noise levels for the locality were
30 dBA during daytime, evening and night-time
periods, and these have been adopted for the
Project (Appendix C).

Table 4-11
Relative Scale of Various Noise Sources
goéss Level Relative Loudness Common Indoor Noise Levels Common Outdoor Noise Levels
110 to 130 Extremely noisy Rock band Jet flyover at 1,000 m
100 Very noisy Internal demolition work (jackhammer) Petrol engine lawn mower at 1 m
90 Very noisy Food blender at 1 m Diesel truck at 15 m
80 Loud Garbage disposal at 1 m, shouting at Urban daytime noise
1m
70 Loud Vacuum cleaner at 3 m, normal speech | Commercial area heavy traffic at 100 m
atlm
60 Moderate to quiet Large business office -
50 Moderate to quiet Dishwasher next room, wind in trees Quiet urban daytime
40 Quiet to very quiet Small theatre, large conference room Quiet urban night-time
(background), library
30 Quiet to very quiet Bedroom at night, concert hall Quiet rural night-time
(background)
20 Almost silent Broadcast and recording studio -
0to 10 Silent Threshold of hearing -

Source: After United States Department of the Interior (1994) and Richard Heggie Associates (1995).
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4.6.2 Potential Impacts

The Noise and Blasting Impact Assessment
(Appendix C) included assessment of the following
potential impacts:

o on-site operational and construction noise;
. off-site road traffic noise;

. off-site rail noise; and

. blasting.

Operational Noise
Noise Criteria

The INP assessment procedure for industrial noise
sources has two components (EPA, 2000):

. controlling potential intrusive noise impacts in
the short-term for residences; and

. maintaining noise level amenity for particular
land uses, for residences and other land uses.

The INP prescribes detailed calculation routines for
establishing Project-specific Laeqsminute) intrusive
criteria and Laeqg(period) @menity criteria. The INP
Project-specific intrusive and amenity assessment
criteria for the Project are presented in Table 4-12.
Intrusive criteria are applied on a Project-only basis
whilst amenity criteria are applied cumulatively.

As the applicable Project-specific intrusive criteria
are the most stringent, Appendix C assesses
Project-only noise levels against the intrusive
criteria and cumulative noise levels against the
amenity criteria.

In those cases where the INP Project-specific
assessment criteria are exceeded, it does not
automatically follow that all people exposed to the
noise would find the noise noticeable or
unacceptable.

In subjective terms, exceedances of the INP
Project-specific assessment criteria can be
generally described as follows (Appendix C):

. negligible noise level exceedance (less than
1 dBA) (not noticeable by all people);

. marginal noise level exceedance (between
1 and 2 dBA) (not noticeable by most people);

. moderate noise level exceedance (between
3 and 5 dBA) (not noticeable by some people
but may be noticeable by others); and

. appreciable noise level exceedance (greater
than 5 dBA) (noticeable by most people).

For the purposes of assessing potential noise
impacts, exceedances can be separated into a
Noise Management Zone (i.e. 1 to 5 dBA above the
criteria) and a Noise Affectation Zone (i.e. greater
than 5 dBA above the criteria).

Table 4-13 presents the methodology used for
assessing operational noise against the INP
Project-specific noise assessment criteria
(Table 4-12).

Table 4-12
INP Project-specific Intrusive and Amenity Assessment Criteria (dBA)

Amenity LAeq(period)l Amenity LAeq(period)l
. Intrusive Laeq(s minute)- (Recommended (Recommended
Receiver Land Use Acceptable Maximum)
Day | Evening | Day | Evening | Night Night | Evening | Night | Night
All residential Rural 35 35 35 50 45 40 55 50 45
receivers Residential

Source: Appendix C.
1

Daytime — 7.00 am to 6.00 pm; evening — 6.00 pm to 10.00 pm; and night-time — 10.00 pm to 7.00 am.

Table 4-13
Project-specific Noise Assessment Methodology
iect- ifi Noise Management Zone
Assgssnjent PI‘O]ECF spemflc Noise Affectation Zone
Criteria Criteria Marginal Moderate

Intrusive 35 dBA 1to 2 dBA above 3to 5 dBA above > 5 dBA above

L Aeq(15 minute) Project-specific criteria Project-specific criteria Project-specific criteria
Source: Appendix C.
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Blasting Measurement and Description

Overpressure (or airblast) is reported in linear
decibels (dBL) and is the measurable effect of a
blast on air pressure, including generated energy
that is below the limit of human hearing. Ground
vibration is the measurable movement of the ground
surface caused by a blast and is measured in
millimetres per second (mm/s) as Peak Vector Sum
(PVS) vibration velocity.

Discernible blast emission effects can be divided
into the three categories listed below:

1. Occupants of a building can be
inconvenienced or disturbed (i.e. temporary
amenity effects).

2. Contents of a building can be affected.

3. Integrity of a building structure can be
affected.

An individual's response to blasting vibration and
overpressure is highly dependent on previous
experience and expectations.

Operational Noise Modelling

An acoustic model was developed by Wilkinson
Murray (2011) that simulates the Project
components using noise source information

(i.e. sound levels and locations) and predicts noise
levels at relevant receiver locations. The model
considers meteorological effects, surrounding
terrain, distance from source to receiver and noise
attenuation.

The locations of modelled receivers (dwellings) are
shown on Figure 4-9.

Noise Modelling Scenarios

Three scenarios based on the progressive
development of the Project were assessed:

. Project Year 2 (Figure 2-4) — which
represents the first year that the Project
reaches the maximum ROM coal production,
mining operations in the western Project area
and considers waste rock emplacement works
on the Southern Emplacement.

. Project Year 4 (Figure 2-5) — is equivalent to
the maximum year of production at the
Continuation of Boggabri Coal Mine
(BCPL, 2010), and has been included in
consideration of potential cumulative noise
impacts.

. Project Year 16 (Figure 2-8) — represents
mining operations in the eastern Project area.

Assessment of Feasible and Reasonable Noise
Mitigation Measures

Wilkinson Murray (2011) conducted an investigation
of feasible and reasonable noise mitigation
measures for the Project, particularly in relation to
night-time operations.

A number of iterative steps were undertaken to
develop noise mitigation measures for the Project,
including:

1. Preliminary noise modelling of scenarios
representative of the maximum noise
emissions from the Project to identify the
potential for noise exceedances.

2. Evaluation of various combinations of noise
management and mitigation measures to
assess their relative effectiveness.

3. Review of the effectiveness of these measures
and assessment of their feasibility by TCPL.

4.  Adoption by TCPL of management and
mitigation measures to appreciably reduce
noise emissions associated with the Project,
including:

- installation of an earth bund on the
southern side of exposed sections of the
services corridor (i.e. ROM coal haul
road to the Boggabri Coal Mine);

- modified alignment of haul routes to
reduce their exposure relative to nearby
receivers; and

- a reduction in the number of mobile fleet
items operating during the evening and
night-time periods.

These feasible and reasonable mitigation measures
are generally consistent with the existing noise
control measures (Section 4.6.1) and were included
in noise modelling for the Project.

Assessment of Meteorological Conditions

The INP generally directs the use of a single set of
adverse meteorological data in the assessment of
noise impacts (EPA, 2000). However, for noise
modelling in this and other projects, Wilkinson
Murray has adopted the methodology of predicting
noise levels at nearby receivers for a range of
meteorological conditions based on local
meteorological data. A 10" percentile exceedance
noise level is then calculated (i.e. the level that is
exceeded 10% of the time), which is compared with
relevant criteria.

Details of meteorological analysis and modelled
meteorological conditions are provided in
Appendix C.
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Predicted Noise Emissions

In summary, the operational noise assessment
indicates the following (Appendix C):

During the daytime, operational noise from the
Project would comply with the 35 dBA

L aeq(15 minute) Operational noise criterion at all
privately-owned residences.

Operational noise from the Project would also
comply with the 35 dBA Laeg,15 minute Night-time
operational noise criterion at all
privately-owned residences during periods of
calm meteorological conditions.

During evening and night-time periods with
adverse meteorological conditions, operational
noise would exceed the relevant criterion at
three privately-owned receivers (i.e.
residences 43, 44a and 45).

Receivers 43 (Suey) and 45 (McGregor) would
exceed the criteria by greater than 5 dBA and
would be in the noise affectation zone, whilst

receiver 44a (Crosby) would be in the

moderate noise management zone (3 to 5 dBA

above the criteria).

Table 4-14 presents a summary of potential
exceedances of criteria under adverse
meteorological conditions. Indicative noise
contours for night-time operations under adverse
meteorological conditions for Years 2 and 16 are
presented in Figures 4-10 and 4-11, respectively.

Table 4-14

Summary of Potential Operational Noise
Exceedances at Private Receivers

under Adverse Meteorological Conditions

Noise Management Noise Affectation
Zone Zone
1to 2dBA 3to 5dBA > 5 dBA exceedance
exceedance | exceedance
Nil Receiver 44a Receivers 43 (Suey)
(Croshy) and 45 (McGregor)

Source: Appendix C.

Of the receivers listed in Table 4-14, receiver 45

(McGregor) is in the existing Tarrawonga Coal Mine

affectation zone and receiver 44a (Crosby) has a
private agreement with TCPL in relation to road
haulage noise.

Vacant Land Assessment

Wilkinson Murray (2010) also reviewed potential
impacts on private vacant land and concluded that
greater than 25% of vacant property 49 (Laird) is
predicted to be affected by Project noise in excess
of 40 dBA Laeg,15 minute (Appendix C). In addition,
vacant properties 42 (Pryor) and 41 (Jones and
Woodward) are predicted to exceed the criterion of
35 dBA Laeg,15 minute Dy between 1 and 5 dBA for
greater than 25% of the properties (Appendix C).

Cumulative Noise Emissions

The Continuation of Boggabri Coal Mine and
Maules Creek Coal Project are not yet approved
projects, however, they were conservatively
assessed as cumulative noise sources
(Appendix C).

Cumulative noise impacts resulting from the
concurrent operation of the Project, Continuation of
Boggabri Coal Mine and the Maules Creek Coal
Project were assessed against the INP
recommended acceptable and recommended
maximum amenity criteria.

The methodology used for cumulative assessment
was to logarithmically add the respective noise
predictions for the three projects and compare the
results for each receiver against the INP amenity
criteria.

This assessment focussed on night-time noise
levels. This was because Project noise levels are
predicted to be most pronounced in this period, and
consequently the Project has the highest potential
to contribute to cumulative noise levels

(Appendix C).

The assessment indicated that cumulative noise
levels resulting from the concurrent operation of the
Project, Continuation of Boggabri Coal Mine and
Maules Creek Coal Project would comply with the
night-time recommended maximum amenity
criterion (45 dBA) at all receivers and with the
night-time recommended acceptable amenity
criterion (40 dBA) for all but two privately-owned
receivers. Cumulative exceedances of this criterion
are predicted at receiver 43 (Suey) (1 dBA
exceedance) and receiver 45 (McGregor) (5 dBA
exceedance) (Appendix C).

Receivers 43 (Suey) and 45 (McGregor) are
identified as falling within the Project’s noise
affectation zone and are also within the
Continuation of Boggabri Coal Mine’s noise
affectation zone (Appendix C).
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