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EXECUTIVE SUMMARY

The soils of the proposed Reject Emplacement Area, Brine Storage Area on the Mine Site of
the Narrabri Coal Mine have been sampled and subjected to field and laboratory testing.

Similarly the soils along the proposed Water Pipeline Route from the Namoi River to the Mine
Site have been sampled, and field and laboratory analysed.

A single soil mapping unit [SMU R1] was identified at the proposed Reject Emplacement Area
while at the proposed Brine Storage Area there were three soil mapping units identified [SMUs
B1, B2, B3].

Sampling along the proposed Water Pipeline Route revealed a further three soil mapping units
[SMU P1, P2, P3].

In all, forty soil profiles were excavated and described and the horizons analysed to provide
data on their physical and chemical properties. Five of these profiles were at the proposed
Reject Emplacement Area site, twenty two within the proposed Brine Storage Area and
thirteen along the proposed Pipeline Route.

Laboratory analyses were undertaken on samples from all horizons in all profiles from the
proposed Reject Emplacement and Brine Storage Areas. This is a departure from normal
procedures as usually only a representative proportion of samples would be analysed. The
additional analyses were undertaken at the request of Narrabri Coal Operations Pty Limited to
ensure that the Company was fully briefed on the physical and chemical properties of the soils
in these critical areas.

Soil stripping, storage and handling recommendations have been provided for all soil mapping
units of the proposed Reject Emplacement and Brine Storage Areas.

As the proposed Water Pipeline Route soils would be replaced quickly after trench excavation,
pipe laying and trench refilling, stripping recommendations were not provided. Instead,
guidance on management of the soil materials during and after excavation and during refilling
of the trench have been addressed.

Assessments of the erodibility of the soil mapping units identified within the proposed Reject
Emplacement Area, Brine Storage Area and Water Pipeline Route have been undertaken
using the SOILOSS computer model. Results of the assessments have been provided.

The current Land Capability and Agricultural Suitability classifications for the land proposed to
be disturbed have been provided as follows.

° Proposed Reject Emplacement Area [Class |ll Land Capability; Class 3
Agricultural Land Suitability]

° Proposed Brine Storage Area [Class Il Land Capability; Classes 3 and 4
Agricultural Land Suitability]

° Proposed Pipeline Route [Classes Il and Ill Land Capability; Classes 2, 3 and 4
Agricultural Land Suitability]
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In addition an assessment of the likely land classifications for the post-disturbance landscapes
has been undertaken. The assessment is summarised as follows.

. Proposed Reject Emplacement Area [Class VI Land Capability; Class 3
Agricultural Land Suitability].

o Proposed Brine Storage Area [Class Ill Land Capability; Class 3 Agricultural
Land Suitability].

. Proposed Pipeline Route [Classes Il and Ill Land Capability; Classes 2, 3 and 4
Agricultural Land Suitability] — unchanged.
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1 INTRODUCTION AND DESCRIPTION OF PROJECT

1.1 Introduction

The Study was undertaken for R W Corkery and Co. Pty Limited on behalf of Narrabri Coal
Operations Pty Limited [the Proponent].

The soils and land capability Study Area covers three separate areas — the proposed Reject
Emplacement Area near the Mine box cut, the proposed Brine Storage Area to the north of the
Mine and Kurrajong Creek and the proposed route of a water pipeline from the Namoi River to
the northwest of Turrawan to the Mine.

Figure 1 shows all three study areas along with the locations of the soil sample pits that were
examined during the study.

Specifically the Study was carried out to provide soils and land capability information relating to
the areas proposed to be disturbed by works associated with the construction of the three
infrastructure facilities that are required for the Mine's operations.

Field sampling of the area was carried out on 24™, 25" 26™ and 27" August, 2009.
The brief for the study required the preparation of a report on:

(i) the soils on the proposed Reject Emplacement Area, proposed Brine Storage
Area and along the proposed Pipeline Route [collectively referred to as the Study
Areal, and;

(i)  the land capability and agricultural land suitability of these areas.

The report was required to include sufficient level of detail to satisfy NSW Industry and
Investment Mining Operations Plan guidelines and to satisfy the requirements of the
Department of Environment, Climate Change and Water specifications for soil surveys
associated with proposed mining operations.

This report describes the soils based upon forty representative soil profiles as well as
laboratory analyses of a selection of representative profiles and discusses the land capability
of the Study Area.

In particular, this report provides.
o the results of the field survey and laboratory testing of samples (in the case of the

proposed Reject Emplacement Area and Brine Storage Area all horizons in all of
the soil profiles described were subjected to laboratory analysis);

o a discussion of the results of field survey and laboratory physical and chemical
analysis in technical as well as “Plain English” terms;

o a discussion of the stripping suitability of the soil materials found at the Study
Area;
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. details of soil handling strategies and recommendations about soil stripping and
stockpiling;

o details of the land capability and agricultural suitability at the Study Area; and

. the results of soil sampling along the route of a proposed water pipeline from the
Namoi River to the Mine Site, including soil management recommendations.

1.2 Description of the Longwall Project

The Proponent’s objectives for the proposed development and operation of the Stage 2
longwall mining project at the Narrabri Coal Mine are to:

i) develop and safely operate a productive longwall mine producing up to 8 million
tonnes of low ash, thermal coal each year;

ii) progress to the elevated production levels, ie. greater than the approved 2.5Mtpa,
at the earliest possible date to maintain the Proponent’s coal production levels in
the Gunnedah Basin;

i)  continue to supply international markets for the coal produced;

iv) develop and operate the mine in a manner that complies with all statutory
requirements;

V) undertake all activities in an environmentally responsible manner, employing a
level of control and integrating safeguards that would ensure compliance with
appropriate criteria/goals and/or reasonable community expectations at all times;

vi)  design and construct additional surface infrastructure that would minimise surface
disturbance and would serve the mine for the foreseeable future;

vii) monitor and manage surface subsidence to ensure impacts on the local
environment are minimised;

viii) monitor and manage mine ventilation to ensure a safe working environment is
maintained and impacts on the local environment are minimised:;

ix)  maintain and increase the stimulus to the local economies of Narrabri, Boggabri
and Gunnedah and their surrounding districts through employment and service
supply opportunities related to the operation of the coal mine;

X)  achieve the above objectives in a cost-effective manner and thereby ensure the
ongoing viability of the proposed mining operation; and

xi)  provide for ongoing monitoring of local environmental parameters such as
groundwater, air quality and noise to ensure adverse impacts are minimised.

The Proponent proposes to convert the approved Narrabri Coal Mine from a continuous miner
operation with an approved annual production rate of 2.5Mtpa to a longwall mining operation
with a maximum annual production rate of 8Mtpa.
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1.2.1 The Proposed Reject Emplacement Area

The ROM coal would be drawn from the ROM coal stockpiles and fed to a rotary breaker for
size reduction. The broken coal would then be transferred to a dry screen with the <16mm coal
transferred directly to the product coal stockpile area and the remainder transferred to the Coal
Preparation Plant where the coal would be washed and coarse and fine reject screened off.
The fine and ultra-fine reject would be dewatered to produce a filter cake which would be
disposed of in combination with the coarse coal reject. The washed coal would be transferred
to the product coal stockpile area from where it would ultimately be loaded into train wagons
for transport from the Mine Site.

The Coal Preparation Plant is expected to remove up to 5% of the total ROM feed as reject,
which would be predominantly rock from the floor of the mine workings. Approximately 90% of
the reject would be coarse reject and the remainder comprising the filter cake, with both reject
streams stockpiled within a reject pile. From the reject pile, the consolidated reject would be
transferred to a Reject Emplacement Area on the north-facing side of a low ridge immediately
to the west of the box cut (see Figure 1). The proposed maximum footprint of the Reject
Emplacement Area is approximately 25ha, however, it would be constructed progressively as a
series of elongated (north-south oriented) cells in a westerly direction. The emplacement would
be constructed against the slope of the ridge, rising to a maximum of 15m above the natural
surface level.

1.2.2 The Proposed Brine Storage Area

As groundwater seeps into the underground workings, it would be diverted to underground
sumps from where it would be pumped to the surface into a dam located in the water
management area within the rail loop. Some of this ‘raw’ groundwater, which is expected to be
saline (Total Dissolved Solids (TDS) of up to 8 000mg/l), would be pumped from the dam for
use within the Pit Top Area, ie. coal washing and dust suppression.

Water would also be required for use underground, ie. dust suppression and equipment
cooling, with fresh water (TDS<500mg/L) required for these activities.

In order to improve the water quality for use underground, the approved water conditioning
plant (incorporating both micro-filtration and reverse osmosis processes) would be constructed
and operated. Water discharged into Dam A1 would be pumped to the Water Conditioning
Plant, with the treated water (“raffinate”) discharged to Dams C and D. The waste ‘brine’, which
is expected to have a salinity approximating that of seawater, would be initially stored near the
Pit Top area.

Following the completion of groundwater modelling for the Longwall Project, it became evident
that the volume of groundwater in-flow would gradually increase to a level whereby the volume
to be dewatered would exceed operational requirements. Furthermore, no beneficial use for
the excess raw groundwater has been identified and consequently, the Proponent would
process all dewatered groundwater not required for Pit Top Area activities through the Water
Conditioning Plant. It is proposed to discharge the excess treated water to the Namoi River.
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The additional brine, in excess of that which can be stored near the Pit Top, would be pumped
to and stored within an additional storage facility to be constructed (progressively) to the north
of Kurrajong Creek Tributary 2 (Brine Storage Area).

The Brine Storage Area would incorporate a series of ponds, which would be constructed as
required throughout the life of the Longwall Project (see Figure 1). The initial three ponds
which cover an area of 40ha have sufficient capacity to store the expected amount of brine that
would be generated.

However, the Proponent intends to provide an additional area of Brine Storage would provide
additional storage capacity in the event that amount of brine generated that predicted by
groundwater modelling.

Additionally, it was identified that as the volume of groundwater to be dewatered increased in
the initial years of the mine’s operation there was insufficient water make to meet the
operational requirements of the mine. The Proponent proposes to source additional sources of
water from water licences acquired from the Namoi River, Namoi alluvium and/or the Great
Artesian Basin.

At the completion of underground mining, the stored brine would be pumped back into the goaf
areas and remaining gate roads of the completed longwall panels and the Brine Storage Area
rehabilitated. The Proponent is also investigating the potential to progressively pump the brine
into the completed goaf areas of the mine as the direction of mining progresses up-dip). This
would target the transfer of all brine underground by the cessation of mining in approximately
30 years.

1.2.3 The Proposed Water Pipeline Route

The proposed pipeline would serve the purposes outlined in Section 1.2.2 in terms of allowing
water to be pumped from the Namoi River for use at the Mine and at a later date for return of
treated water to the River.

1.3 Rehabilitation
1.3.1 Pit Top Area infrastructure

All surface infrastructure, with the exception of the mine access road and rail infrastructure,
would be decommissioned, dismantled and removed from the Mine Site. The disturbed areas
of the Pit Top Area would be backfilled where appropriate, eg. box cut and underground water
storage dams (after dam lining and saline material is removed), profiled, covered with available
topsoil and revegetated with either pasture grass species or native tree, shrub and grass
species (depending on final landform and land use requirements).

1.3.2 Reject Emplacement Area

As the permanent 14° batters of each cell of the Reject Emplacement Area are formed, they
would be progressively capped with the previously stripped subsoil and topsoil. On completion
of each cell to the nominated 15m height, the top surface would be profiled to create a series
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of transverse (ie. east-west) drainage swales and respread with topsoil. The completed
surfaces of the Reject Emplacement Area would be revegetated with a fast growing cover crop
to stabilise the landform, with pasture species ultimately sown to enable a return to agriculture
over this area, once mining is completed.

1.3.3 Water and Brine Storage Ponds

Following dewatering of the ponds, the black plastic liner of each pond would be removed and
transported to a waste disposal facility. The salinity level of the compacted clay floor beneath
the liner would be analysed to confirm that no contamination has occurred as a result of
breaches in the liner. If required, appropriate remedial measures would be undertaken to
remove the saline contamination. The ponds would then be backfilled, profiled, re-topsoiled
and revegetated with pasture species to create a landform comparable with the surrounding
topography.

1.3.4 Ventilation and Gas Drainage Infrastructure

The ventilation and gas drainage infrastructure would be rehabilitated in much the same
fashion as the Pit Top Area, albeit on a smaller and more widespread scale. When facilities are
no longer required, they would be progressively rehabilitated given the area required for the
construction and installation of the bores required for ventilation and gas drainage greatly
exceeds the area required to manage and maintain these operations.

1.3.5 Surface Cracking caused by Subsidence.

The disturbance resultant from any surface cracking caused by subsidence would be
progressively rehabilitated. For smaller width cracking, the surface would simply be ripped to
allow the cracks to be filled in. In some instances, the surface cracking may be too wide to be
effectively in-filled by surface ripping and in these instances, material excavated from within
the footprint of the Reject Emplacement Area would be used to in-fill the cracks prior to ripping
and revegetation.

2 DESCRIPTION OF THE STUDY AREA

The proposed Reject Emplacement Area and Brine Storage Study Area are located adjacent
to, and west of, the Gunnedah — Narrabri Railway line and the Kamilaroi Highway some 19km
northwest of Baan Baa (see Figure 1).

The proposed Pipeline Route runs from the Mine Site along a road reserve adjoining the
western side of the Gunnedah — Narrabri Railway line to Turrawan Village, before it crosses
the railway line and the Kamilaroi Highway and progresses east along the road reserve of the
Old Narrabri Road. The route then turns north for a short distance and then turns east again to
enter 'Broadwater' property where the pump on the Namoi River would be located (see
Figure 1).
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It is proposed that two pipelines would be laid side by side in a trench approximately 1.2m
deep along the proposed route. The crossings of the Kurrajong Creek tributary, the Gunnedah
— Narrabri Railway, the Kamilaroi Highway and other roads would be constructed using an
under-road / rail boring machine.

3 LITERATURE REVIEW

31 Narrabri Soil Conservation Service Technical Manual

The Narrabri Soil Conservation Service Technical Manual [Anon, 1978] shows the proposed
Reject Emplacement Area and Brine Storage Area located near the boundary of the Red
Brown Earth soils and the Pilliga Scrub Soils.

The proposed Pipeline Route is located within both of these broad soil types and ectending
into the Brown and Grey Clays. Details of these soils are presented below.

3.1.1 Red Brown Earths

These are generally associated with gently undulating slopes and are typically hardsetting with
a sandy loam to sandy clay loam A horizon overlying a sandy clay loam to light clay B horizon.
The soils are predominantly red brown in colour and have a weak to moderate degree of
structure. Many have an earthy appearance.

A typical profile description provided by Anon [1978] is:

0-10cm [A1 horizon] — dark brown [7.5YR8/3 moist], moderate fine blocky structure, rough
ped fabric, sandy clay loam, pH 6.0; gradual change to:

10->100cm [B1 horizon] — brown [7.5YR4/4 moist], strong blocky structure, rough and smooth
ped fabric, pH 7.5.

3.1.2 Pilliga Scrub Soils

These soil are mainly sandy solodised soils and sandy solodic soils. They possess a surface
horizon of light texture that is sharply differentiated from the subsoil that has a well developed
columnar structure with a sandy texture. There is usually a strongly bleached zone above the
subsoil.

Other soils within this complex include deep siliceous sands, earthy sands, lithosols and red
and yellow earths. Typical profiles of all of these soil types are provided by Anon [1978] and
are presented below

3.1.21 Sandy Solodised Soils

0-2cm [A1 horizon] — dark brown [7.5YR3/3 moist], apedal, sand, pH 6.5, sharp change to:
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2-20cm [A2 horizon] — dull brown [7.5YR5/4 dry], sporadic bleach, apedal, wormy
appearance when exposed, sharp change to:

20-60cm [B1 horizon] — grayish yellow brown [10YR5/2], apedal, sand, gradual change to:

60cm+ [B2 - C horizon] — mottled red, greyish yellow sand, apedal, hardpan, pH 6.0

3.1.2.2 Sandy Solodic Soils
0-5cm [A1 horizon] — brown [7.5YR3/3 moist], sand, apedal, pH 5.5; sharp change to:
5-8cm [A2 horizon] — dull yellow orange [7.5YR7/2 dry], sand, apedal, sharp change to:

8-50cm [B1 horizon] — mottled orange yellow [dominant 7.5YR4/6 moist], clayey sand, diffuse
change to

50-150cm [B2 horizon] — mottled yellow grey [dominant 10YR5/4] sandy clay, pH 6.5]

3.1.2.3 Siliceous Sands

No typical profile provided.

31.24 Earthy Sands

No typical profile provided.

3.1.2.5 Lithosols

0-25cm [A1 horizon] — loamy sand, brownish black [7.5YR3/2 moist], weak crumb structure,
sandy fabric, pH 7.0, diffuse boundary to

25-60cm [C horizon] — weathering regolith of rounded large stones, orange [7.5yR6/6 moist],
diffuse change to

Sandstone conglomerate parent material.
3.1.2.6 Red Earths

0-10cm [A1 horizon] — dark brown [7.5YR3/3 moist], moderate subangular blocky structure,
rough ped fabric, silty clay loam, pH 6.5, gradual change to

10- 50cm [B1 horizon] — dark brown [7.5YR3/4 moist], weak subangular blocky structure,
earthy appearance, silty light clay, stones present, pH 7.0

Geoff Cunningham Natural Resource Consultants Pty Ltd



SPECIALIST CONSULTANT STUDIES 9b - 17 NARRABRI COAL OPERATIONS PTY LTD

Part 9b — Soils and Land Capability Assessment Narrabri Coal Mine - Stage 2 Longwall Project
of the REA, BSA and Water Pipeline Report No. 674/17
3.1.2.7 Yellow Earths

No typical profile provided.

3.1.3 Brown and Grey Clays

Anon [1978] describes the Brown Clays as uniform, brown structured clays and clay loams that
typically have a thin band of recent alluvium on the surface, which may or may not crack
seasonally. No description is provided for the grey clay soils.

Limited detailed profile information is provided on these soils other than to note that they have
a very low permeability and that salts are retained in the profile. A typical description of the
upper section of the profile of the brown clay soils is provided.

0-5cm [A1 horizon] — dark brown [7.5YR3/3] moist, weak subangular blocky structure, rough
ped fabric, clay loam', pH 7.0

5-35cm [B1 horizon] — brown [7.5YR4/3] moist, strong angular blocky structure, smooth ped
fabric, silty clay, pH 7.5

3.2 Soil Study for the Mine Pit Top Area, Rail Loop and Ventilation Shaft
[GCNRC, 2006]

This study identified two soil mapping units on the Study Area that was associated with the
current Pit Top facilities and Rail Loop. A third soil mapping unit was associated with the lands
near the Ventilation Shaft. Details of these units are outlined below.

3.2.1 Pit Top / Rail Loop Area
3.211 Soils of the Floodplain of a Tributary of Kurrajong Creek

Soil to 250cm+ deep, lower slope [floodplain] location, surface condition hardsetting, some
surface stone present

Topsoil to 12cm - sandy loam; many roots; pH 6.0; stones and gravel absent; brown
moderately pedal [50%], weak consistence dry; not hydrophobic.

Subsoil of four layers, medium clay or medium-heavy clay in upper layers, sandy light clay at
base of excavation; few roots; no lime present; no manganese present; pH 8.0 to 9.5; stones
and gravel generally absent; brown or yellowish brown coloured sometimes mottled in colours
of brown, yellow and grey; highly pedal very firm to very strong consistence dry; not
hydrophobic.

3.21.2 Soils of the Slopes and Crests near the Rail Loop and Mine Facilities

Soil to 250cm deep, sometimes only 125cm; mid- to upper slope location; surface condition
soft, loose or self-mulching; usually medium amounts of rounded / angular surface stone to
4cm present.
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Topsoil sandy clay, sandy light clay, light clay, medium clay, medium to heavy clay, heavy clay;
roots common to many; pH 5.5 to 7.0; some to much rounded angular gravel to 0.5-4cm
present; not mottled; not bleached; brown coloured; highly pedal firm to very strong
consistence dry; not hydrophobic.

Subsoil consisting of two to four horizons; medium clay or medium to heavy clay to heavy clay
textured; stones and gravel absent or containing some to much grave and larger stones in the
lower horizons; variously coloured brown, redish brown, dusky red, yellowish red; sometimes
mottled in colours of grey, brown, red and yellow; highly pedal; not hydrophobic.

3.2.2 Ventilation Shaft Area
3.2.21 Soil of the Crests near the Ventilation Shaft

Soil to 68cm deep, crest location, surface condition firm, medium amounts of surface stone to
15cm present.

Topsoil to 15cm deep, sandy clay loam; many roots; no lime present; no manganese present;
pH 4.5-5.0; some gravel to 2cm; not mottled; not bleached; reddish brown [5YR4/4] dry, dark
reddish brown [5YR3/3] moist; peds earthy-faced, moderately pedal [50%], polyhedral, 5-
10mm in size; weak consistence dry; hydrophobic.

Subsoil consisting of a single layer, sandy clay textured; pH 4.5-5.0; containing mainly flat
and angular gravel 1-2cm and some angular sandstone to 10cm; not mottled; not bleached;
red coloured; earthy fabric, massive, not hydrophobic; bedrock.

3.3 Soils of the Proposed Longwall Project Mining Area

This study is based on a reconnaissance survey of the 50 000 ha [approx] longwall subsidence
area that would be affected by the longwall mining operation proposal that is proposed by
Narrabri Coal [GCNRC, 2009].

The area surveyed is generally to the west of the current Study Area. The sampling sites were
selected after a stereoscopic airphoto interpretation of the Mine Site identified that a number of
different land form units were present.

These landform units were then associated with surface landforms of the three geology
formations occurring over the Project Site [Garrawilla Volcanics, Pilliga Sandstones,
Purlawaugh Formation] to identify suitable sites for sampling.

Each of the fourteen Geological Formation / Landform Units was then sampled in the field and
the soil characteristics recorded in detail. Some of these units were sampled only once while
others were sampled a number of times.

Thirty six soil profiles were excavated to a depth of 2.5m or a shallower depth if bedrock was

encountered or the backhoe could not penetrate further. The individual horizons in each profile
were described in detail in the field.
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Based on the recorded soil attribute data, it was then possible to identify soil characteristics
that might potentially cause problems on the subsidence areas — particularly those:

o on forested land,

. on cropland,

° on native and improved pasture land,

o near the subsidence cracks,

. along the drainage lines that traverse the Project Site,

. along roads and tracks,

o at farm dam and ground tank sites; and

. in areas where tank drains and soil conservation bank and waterway systems

had been constructed.

Soil pH values within the sampled area were generally within the range that supports plant
growth.

Soil textures vary from sandy soils generally associated with the Pilliga Sandstones, and many
of the drainage lines, to more clayey soils within the other two geological formations.

Soil depth varies but in many cases it was possible to excavate the profiles to the full 250cm
depth. The exceptions were usually on ridge crests and some upper slopes.

Soil dispersibility, as measured by the Dispersion % and Emerson Aggregate Test showed that
many subsoils were dispersible. The potential impact of this dispersibility when associated with
subsidence cracks is discussed.

Soil salinity of a slight to moderate degree was evident in some subsoils.

4 SURVEY METHODOLGY

4.1 Field Procedures
For the soil study, sampling involved the complete description of forty profiles.

The profiles in the proposed Reject Emplacement Area and the proposed Brine Storage Area
exposed in a pit to a depth of 2.5m or the depth of backhoe refusal.

Five profiles were excavated within the proposed Reject Emplacement Area and twenty two
profiles were examined in the proposed Brine Storage Area.

For the proposed Pipeline Route 13 profiles were excavated — generally to a depth of 180cm
which is allows for characterization of the soil properties of the pipeline trench to its maximum
depth.

The locations of the soil sampling sites within the Study Area are shown in Figure 1.
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For each test profile [site] described, details of the following soil properties were noted.

o Texture o Gravel/stone occurrence
e Fabric e Presence of roots

e Structure e Presence of lime

¢ Consistence e Presence of manganese
e Boundary sharpness e pH

e Colour [moist and dry]

Soil pH was measured using the Raupach method [Raupach indicator and barium sulphate].
Soil colour [moist and dry] was determined using Munsell soil colour charts [Macbeth, 1992].
The classification of the soils that were described was based on Isbell [1996].

In determining the soil classifications the CD-ROM titled "The Australian Soil Classification - An
Interact