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Glossary

Acidity Base neutralising capacity.
Alkalinity Acid neutralising capacity.

Alluvium Unconsolidated sediments (clays, sands, gravels and
other materials) deposited by flowing water. Deposits can
be made by streams on river beds, floodplains, and alluvial
fans.

Alluvial aquifer Groundwater stored within unconsolidated alluvial
sediments. Shallow alluvial aquifers are generally
unconfined.

Anion An ion with a negative charge — usually non-metal ions
when disassociated and dissolved in water.

Annulus The void space between the casing in a water bore or gas
well and the rock or sediment in a formation, or another
casing.

Aquiclude A low-permeability unit that forms either the upper or lower
boundary of a groundwater flow system.

Aquifer Rock or sediment in a formation, group of formations, or
part of a formation that is saturated and sufficiently
permeable to transmit economic quantities of water.

Aquifer properties The characteristics of an aquifer that determine its
hydraulic behaviour and its response to abstraction.

Aquifer, confined An aquifer that is overlain by low permeability strata. The
hydraulic conductivity of the confining bed is significantly
lower than that of the aquifer.

Aquifer, semi-confined An aquifer overlain by a low-permeability layer that
permits water to slowly flow through it. During pumping,
recharge to the aquifer can occur across the confining
layer — also known as a leaky artesian or leaky confined
aquifer.

Aquifer, unconfined Also known as a water table or phreatic aquifer. An
aquifer in which there are no confining beds between the
zone of saturation and the surface. The water table is the
upper boundary of an unconfined aquifer.

Aquitard A low-permeability unit that can store groundwater and
also transmit it slowly from one aquifer to another.
Aquitards retard but do not prevent the movement of water
to or from an adjacent aquifer.
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Groundwater that is under pressure when tapped by a
bore and is able to rise above the level at which it is first
encountered. It may or may not flow at ground level. The
pressure in such an aquifer commonly is called artesian
pressure, and the formation containing artesian water is a
confined aquifer.

The reference point (very close to mean sea level) for all
elevation measurements, and used for correlating depths
of aquifers and water levels in bores.

A period of regular water quality and water level
measurements that are carried out over a period long
enough to determine the natural variability in groundwater
conditions.

In sedimentary or stratified rocks, the division plane which
separates the individual layers, beds or strata.

A structure drilled below the surface to obtain water from
an aquifer or series of aquifers.

An atmospheric gas comprised of one carbon and two
oxygen atoms.

An ion with a positive charge — usually metal ions when
disassociated and dissolved in water.

A non-fissile rock of sedimentary origin composed
primarily of clay-sized particles (less than 0004 mm).

A sedimentary rock derived from the compaction and
consolidation of vegetation or swamp deposits to form a
fossilised carbonaceous rock.

A layer of coal within a sedimentary rock sequence.

Coal seam gas is a form of natural gas (predominantly
methane) that is extracted from coal seams.

A depression of the water table or potentiometric surface
that has the shape of an inverted cone, which develops
around a production bore/gas well from which water is
being drawn. It defines the radius of influence of a
pumping test.

A body of relatively impermeable material that is
stratigraphically adjacent to one or more aquifers — it may
lie above or below the aquifer.

A digital recording instrument that is inserted in monitoring
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Fault

Fracture

Fractured rock aquifer
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Hydraulic conductivity

Hydraulic head
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and pumping bores to record pressure measurements and
water level variations.

The volume of water flowing in a stream or through an
aquifer past a specific point in a given period of time.

A lowering of the water table in an unconfined aquifer or
the pressure surface of a confined aquifer caused by
pumping of groundwater from bores and wells.

A measure of a fluid’'s ability to conduct an electrical
current and is an estimation of the total ions dissolved. It is
often used as a measure of water salinity.

A hydraulic test on a monitoring bore or piezometer that
involves a sudden rise in water level (i.e. a volume of
water is quickly added to the water column and the rate of
water level decline is measured). Also called a slug test or
slug-in test.

A fracture in rock along which there has been an
observable amount of displacement. Faults are rarely
single planar units; normally they occur as parallel to sub-
parallel sets of planes along which movement has taken
place to a greater or lesser extent. Such sets are called
fault or fracture zones.

Breakage in a rock or mineral along a direction or
directions that are not cleavage or fissility directions.

These occur in sedimentary, igneous and metamorphosed
rocks which have been subjected to disturbance,
deformation, or weathering, and which allow water to move
through joints, bedding planes, fractures and faults.
Although fractured rock aquifers are found over a wide
area, they generally contain much less groundwater than
alluvial and porous sedimentary aquifers.

The water contained in interconnected pores located
below the water table in an unconfined aquifer or located
at depth in a confined aquifer.

The rate at which water of a specified density and
kinematic viscosity can move through a permeable
medium (notionally equivalent to the permeability of an
aquifer to fresh water).

Is a specific measurement of water pressure or total
energy per unit weight above a datum. It is usually
measured as a water surface elevation, expressed in units
of length. In an aquifer, it can be calculated from the depth
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to water in a monitoring bore. The hydraulic head can be
used to determine a hydraulic gradient between two or
more points.

Hydrogeology The study of the interrelationships of geologic materials
and processes with water, especially groundwater.

Infiltration The flow of water downward from the land surface into and
through the upper soil layers.

Lithology The study of rocks and their depositional or formational
environment on a large specimen or outcrop scale.

microSiemens per centimetre A measure of water salinity commonly referred to as EC
(uS/cm) (see also Electrical Conductivity). Most commonly
measured in the field with calibrated field meters.

Monitoring bore A non-pumping bore, is generally of small diameter that is
used to measure the elevation of the water table and/or
water quality. Bores generally have a short well screen
against a single aquifer through which water can enter.

pH potential of Hydrogen; the logarithm of the reciprocal of
hydrogen-ion concentration in gram atoms per litre;
provides a measure on a scale from 0 to 14 of the acidity
or alkalinity of a solution (where 7 is neutral, greater than 7
is alkaline and less than 7 is acidic).

Piezometer See monitoring bore.

Recharge The process which replenishes groundwater, usually by
rainfall infiltrating from the ground surface to the water
table or by river water reaching the water table. The
addition of water to an aquifer.

Redox potential (ORP or Eh) The redox potential is a measure (in volts) of the affinity of
a substance for electrons — its electronegativity —
compared with hydrogen (which is set at 0). Substances
more strongly electronegative than (i.e. capable of
oxidising) hydrogen have positive redox potentials.
Substances less electronegative than (i.e. capable of
reducing) hydrogen have negative redox potentials. Also
known as oxidation-reduction potential and Eh.

RL Reduced level or height, usually in metres above or below
an arbitrary or standard datum.

Salinity The concentration of dissolved salts in water, usually
expressed in EC units or milligrams of total dissolved
solids per litre (mg/L TDS). The conversion factor of 0.6
mg/L TDS = 1 EC unit is commonly used as an
approximation of salinity.
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Fresh water quality — water with a salinity <800 pS/cm.

Marginal water quality — water that is more saline than
freshwater and generally waters between 800 and 1,600
puS/cm.

Brackish quality — water that is more saline than
freshwater and generally waters between 1,600 and 4,800
puS/cm.

Slightly saline quality — water that is more saline than
brackish water and generally waters with a salinity
between 4,800 and 10,000 uS/cm.

Moderately saline quality — water that is more saline than
brackish water and generally waters between 10,000 and
20,000 pS/cm.

Saline quality — water that is almost as saline as seawater
and generally waters with a salinity greater than 20,000
puS/cm.

Seawater quality — water that is generally around 55,000
puS/cm.

A type of bore lining or casing of special construction, with
apertures designed to permit the flow of water into a bore
while preventing the entry of aquifer or filter pack material.

A laminated sediment in which the constituent particles are
predominantly of clay size.

A mineral composed of iron carbonate FeCOs.

A fine-grained rock of sedimentary origin composed mainly
of silt-sized particles (0.004 to 0.06 mm).

A test to determine the hydraulic properties of an aquifer,
made by either pouring a small instantaneous charge of
water into a well or by withdrawing a slug of water from the
well.

The height to which groundwater rises in a bore after it is
drilled and completed, and after a period of pumping when
levels return to natural atmospheric or confined pressure
levels.

The depositional order of sedimentary rocks in layers.

A measure of the salinity of water, usually expressed in
milligrams per litre (mg/L). See also EC.

Tuff is a type of pyroclastic rock consisting of consolidated
ash ejected from vents during a volcanic eruption.

Where the groundwater surface (water table) is at
atmospheric pressure and the aquifer is recharged by
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direct rainfall infiltration from the ground surface.

uPVvC Unplasticised polyvinyl chloride

Water quality Term used to describe the chemical, physical, and
biological characteristics of water, usually in respect to its
suitability for a particular purpose.

Water table The surface in an unconfined aquifer or confining bed at
which the pore water pressure is atmospheric. It can be
measured by installing shallow bores extending a few
metres into the zone of saturation and then measuring the
water level in those bores.

Well Pertaining to a gas exploration well or gas production well

Page viii 2162252C PR_5340 PARSONS BRINCKERHOFF



Drilling Completion Report for Monitoring Bores at Spring Mountain and Windermere

List of Units

C degrees Celsius

L/s litres per second

m metres

mMAHD metres Australian Height Datum
mbgl metres below ground level
meg/L milliequivalents per litre
m/day metres per day

mslday cubic metres per day

m/year metres per year

ML/day megalitres per day

pS/cm microSiemens per centimetre
mg/L milligrams per litre

mv millivolt

List of Abbreviations

AGL AGL Energy Limited

CEMP Construction and Environmental Management Plan
CSG coal seam gas

DECCW Department of Environment, Climate Change and Water
Dl Department of Industry and Investment — Minerals and Petroleum
DHH down hole hammer

EC electrical conductivity

HESP Health, Environment and Safety Plan

MGA Map Grid of Australia

NOW NSW Office of Water

ORP oxidation reduction potential

PB Parsons Brinckerhoff

PEL Petroleum Exploration Licence

SMP Safety Management Plan
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Drilling Completion Report for Monitoring Bores at Spring Mountain and Windermere

Introduction

Background information

Parsons Brinckerhoff (PB) was contracted by AGL Energy Limited (AGL) to assess the
groundwater and surface water resources, and water connectivity in the vicinity of AGL'’s two
new coal seam gas (CSG) exploration sites, located at Broke and Bulga in the Hunter Valley,
NSW. The Hunter Gas Project is a coal seam gas exploration project which comprises
Petroleum Exploration Licences 4 and 267 (PEL 4 and PEL 267) owned and operated by
AGL.

Supplementary to the 2010 gas flow testing program at Broke and part of their ongoing CSG
exploration drilling program in PEL 267, AGL recently drilled a total of eight (8) exploration
wells at Broke and Bulga in the Singleton Local Government Area. Four (4) vertical
exploration core and stratigraphic wells were drilled at ‘Spring Mountain™ 1 Oakley Lane,
Broke (MK01-MKO04) and four (4) wells were drilled at ‘Windermere’ 1946 Putty Road, Bulga
(WDO01-WD04) — eight holes in total. Six of the eight wells have been capped and suspended
pending further development. One corehole at Spring Mountain was converted to a
piezometer nest with vibrating wire piezometers while the other corehole at Windermere was
plugged and abandoned.

To provide baseline groundwater level and quality data at these sites, PB designed and
supervised the installation of seven groundwater monitoring bores. Impax Group Ltd (Impax)
were contracted to drill the monitoring bores. The monitoring data will be used to provide an
understanding of the natural characteristics of the local aquifers and to further develop the
conceptual understanding of groundwater systems and aquifer connectivity across the
broader Broke-Bulga area. The location of the monitoring sites is shown in Figure 1-1 and
Figure 1-2.

Objectives

The monitoring bores have been specifically designed to collect data from the alluvial and
shallow bedrock aquifers. The targeted aquifers include the alluvium of Wollombi Creek, the
fractured bedrock of the Newcastle Coal Measures/Denman Formation, and the Whybrow
and Wambo Seam water bearing zones located at the top of the Wittingham Coal Measures.

The objectives of the groundwater monitoring program are to:

A Provide more information on groundwater in the area by determining whether the
aquifers are connected (or not) at various depths; and to

A Help AGL and the community understand what impacts, if any, there might be on local
groundwater supplies as a result of gas exploration.

Scope of work

There are five primary tasks associated with this 2010 groundwater investigation and
monitoring program:

! The Spring Mountain site is also referred to as “Monkey Place” in some project related documents. Reference to
Spring Mountain and Monkey Place are synonymous and interchangeable.

PARSONS BRINCKERHOFF 2162252C PR_5340 Page 1
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1. Drilling and installation of water monitoring bores
2. Baseline groundwater sampling and laboratory analysis
3. Datalogger installation and operation/maintenance for the balance of the field program
4. Hydraulic testing (falling head/slug tests)
5. Final reporting.
The results of the groundwater level monitoring and water quality programs are reported in a
separate annual monitoring report (PB, 2011). This report is the drilling completion report for
the installation of the seven monitoring bores, and relates to Tasks 1, 2 and 4, above.

14 Report structure

This report presents details of the monitoring bore drilling program for ‘Spring Mountain’ and
‘Windermere’ and is structured as follows:

Section 2 — discusses the selection of suitable sites for the monitoring bores based on
proximity to AGL's CSG exploration program and the local geology, hydrogeology, and other
groundwater users; and describes all necessary approvals, licences and permits.

Section 3 — detalls the health, safety and environmental plans developed for the drilling
program.

Section 4 — presents the specifics of the drilling program including details of the geology and
hydrogeology encountered, monitoring bore completions, baseline water quality, and
hydraulic testing.

Section 5 — presents the conclusions of the drilling program.

Page 2 2162252C PR_5340 PARSONS BRINCKERHOFF
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Monitoring bore site selection

Background

2.1.1 Geology and hydrogeology

The exploration sites at ‘Spring Mountain’ and ‘Windermere’ are located within the Hunter
Coal Field of the Sydney Basin. The underlying geology of the area comprises the upper
portion of the Permian, Singleton Super Group comprising the Newcastle Coal Measures,
the Watts Sandstone and the underlying Wittingham Coal Measures. Together these form a
large thickness of inter-bedded sandstone, shale and coal sequences that dip shallowly to
the southwest. The Wittingham Coal Measures contain the greatest proportion of high grade
coal and are currently being mined in the Broke-Bulga area. Geological mapping (Figure 2-1)

indicates that AGL's CSG exploration site at ‘Spring Mountain’ is located on the alluvium of
Monkey Place Creek and is directly underlain by the Newcastle Coal Measures. At the
‘Windermere’ exploration site, the stratigraphy is Wollombi Brook alluvium overlying the
basal Newcastle Coal Measures. The western side of the Wollombi Brook valley features the
outcrop escarpment of the Narrabeen Group Sandstone. Localised outcrops of Jurassic
volcanic rock are also present in the valley around Broke. The stratigraphy of the area is

described in Table 2-1.

Geology of the study areas

Stratigraphy

Lithology

Undifferentiated alluvium
Unnamed basalt

Patonga Sandstone

Tuggerah Formation

Clay, silt, sand and gravel

Basalt

Sandstone, inter-bedded
Sandstone, siltstone and claystone

Widden Brook Conglomerate

Glen Gallic Subgroup

Doyles Creek Subgroup

Horseshoe Creek Subgroup

Apple Tree Flat Subgroup

Sandstone and Conglomerate

Conglomerate, Sandstone,
Siltstone, Claystone, Tuff and Coal

Watts Sandstone

Sandstone and minor
Conglomerate

Table 2-1
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Denman Formation

Sandstone-siltstone laminite and
siltstone

Jerrys Plains Subgroup @

Conglomerate, lithic sandstone,
siltstone, coal and minor claystone

Archerfield Sandstone

Quartz-lithic sandstone

Vane Bulga Formation
Subgrou
group Foybrook
Formation

Sandstone-siltstone laminite

Conglomerate, lithic sandstone,
siltstone, coal and minor claystone

Saltwater Creek Formation

Sandstone-siltstone laminite and
minor coal bands

Derived from J Beckett 1988
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Note: (1) The Wollombi Coal Measures have recently been renamed to the Newcastle Coal Measures
following a re-evaluation of the correlation between the Wollombi Coal Measures and the Newcastle
Coal Measures. The nomenclatures of groups contained within the Wollombi Coal Measures have yet
to be evaluated by the Wollombi Coal Measures Working Party. For the purposes of this document the
subgroups retain their original names.

(2) The Whybrow Seam and Wambo Seam are part of Jerrys Plains Subgroup

The location of the gas exploration wells and groundwater monitoring bores are shown on
Figures 1-1 and 1-2. The target for the deep core and stratigraphic exploration wells at the
‘Spring Mountain’ and ‘Windermere’ sites were the coal seams of the Wittingham Coal
Measures (Jerrys Plains and Vane Subgroup) below 150 m. The depth to the top of the
Wittingham Coal Measures is approximately 90 metres below ground level (mbgl) for the
‘Spring Mountain’ site and 50 mBGL for the ‘Windermere’ site.

At ‘Spring Mountain’ and ‘Windermere’ the thickness of cover above the target coal seams
within the Wittingham Coal Measures combined with the presence of low permeability layers
in between the coal seams is considered sufficient to prevent vertical hydraulic connectivity
with overlying fractured rock and alluvial aquifers.

2.1.2 Geological structure

The ‘Spring Mountain’ exploration site is located at the intersection of two major structural
features of the lower Hunter Coalfield being the steep, easterly dipping Mount Thorley
Monocline and the southerly plunging nose of the Loder Dome. However, no local geological
features were identified at ‘Spring Mountain’. Some regional and local faulting has been
identified in the ‘Windermere’ area. A major thrust (known as the Redmanvale Fault Zone),
dipping east, exists approximately 3 km west of the site (Figure 2-1). Locally on
‘Windermere’ reverse faulting has been identified throughout the upper portion of the
Wittingham Coal Measures. Thisis likely related to the Redmanvale Fault Zone given the
tentatively interpreted north-west strike.

2.1.3 Previous investigations

Two gas exploration wells (HBO1 and HB02) were previously constructed by Sydney Gas at
Broke to investigate prospective CSG zones within the Jerrys Plains Subgroup of the
Wittingham Coal Measures.

A network of monitoring bores, consisting of three monitoring sites (BM01, BM02 and BM03),
was installed in March and July 2009 around gas exploration well HBO2 to monitor
groundwater levels and water quality from the alluvial and shallow bedrock aquifers. Details
of this drilling program are presented in PB (2009). Results from the substantial investigation
and pumping test program that followed are presented in PB (2010). Latest monitoring
results are presented in PB (2011).

2.1.4 Groundwater users

As part of the background information search for the ‘Spring Mountain’ site, eight licensed
groundwater bores were identified within a 2 km radius of the site from the NSW Office of
Water (NOW) groundwater database. The full details of the search and a map showing their
location are provided in Appendix A.

Five of the bores are licensed for irrigation use, one for stock purposes and for two the use is
unknown. Two of the five licensed bores for irrigation purposes are located on the ‘Spring
Mountain’ property and are the primary water supply source for the vineyard. One bore does
not appear to be licensed and it is likely this was initially an exploration borehole or is an old

2162252C PR_5340 PARSONS BRINCKERHOFF
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bore constructed prior to licensing requirements in NSW and may no longer be in use. The
depth of the bores varies between 6.25 mbgl and 11 mbgl with the majority of the bores
installed within the alluvium. Standing water levels in the alluvium were between 3.1 to 4.6
mbgl. Bore yields vary between 0.25 and 7.5 litres per second (L/s) for the alluvium and 0.5
L/s for the bore constructed in shale.

Thirteen groundwater bores were identified within a 2 km radius of the ‘Windermere’ property
from the NOW groundwater database. The full details of the search and a map showing their
location are provided in Appendix A.

Most bores are licensed for stock, domestic and/or irrigation use. Four bores do not appear
to be licensed and it is likely these were initially exploration boreholes or are old bores
constructed prior to bore licensing requirements in NSW and may no longer be in use. One
bore is registered as a monitoring bore with a completed depth of 30 mbgl in shale. This bore
was installed in October 2005 and has a standing water level of 9.6 mbgl. The bores
installed in alluvial deposits have standing water levels of 5.5 and 6.4 mbgl. A bore yield of
1.5 L/s is noted. Three bores are installed in sandstone and have standing water levels of
9.1 and 10 mbgl, with bore yields ranging between 0.15 and 1.01 L/s.

Approvals, licences and permits

As this work is a groundwater (resource) investigation program and one of the aims of the
investigation is to determine the connectivity of deeper coal seams with shallow aquifers
used for water supply in the area, test licences under the Water Act 1912 were obtained by
AGL prior to the monitoring bore drilling program.

Drilling and completion of the groundwater monitoring bores was carried out in accordance
with the NOW bore licence conditions and followed a detailed design and specification
compliant with the:

A Minimum Construction Requirements for Water Bores in Australia (Edition 2, Australian
Drilling Industry Association (ADIA), 2003).

Test bore licences (20BL172516 (‘Spring Mountain’) and 20BL172518 (‘Windermere’)) for
the drilling and the construction of monitoring bores were issued by NOW. Standard
conditions for the construction of test and monitoring bores attached to each licence. The
primary condition relating to onsite water management states:

7. The licensee shall not allow any tailwater/discharge to discharge into or onto:

Any adjoining public or Crown road

Any other persons land

Any Crown land

Any river, creek or watercourse

Any native vegetation as described under the Native Vegetation Conservation Act
1997

1 Any wetlands of environmental significance

= = —a —a —_a

No other approvals were required to construct these water monitoring bores. Copies of the
test bore licences are provided in Appendix B. The monitoring bore details are summarised
in Table 2-2.

PARSONS BRINCKERHOFF 2162252C PR_5340 Page 5
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Table 2-2 Bore licences
NOW Licence No. of Local bore ID Site location Lot DP Bore
No. locations type
20BL172516 3 bores MBMPO1 Spring 21 | 758164 MB
MBMPO2 Mountain
MBMPO3
20BL172518 4 bores MBWO01 Windermere 11 758164 MB
MBWO02
MBWO03
MBWO04

MB — monitoring bore

The licence conditions require that the driller's Form As (Appendix C) and the initial water
level and water quality data be supplied to NOW. These compliance details were forwarded
by AGL to NOW in August 2010.

Final site selection

Two water monitoring sites were selected to install monitoring bores, one in the vicinity of the
‘Spring Mountain’ exploration site, 1 Oakley Lane, Broke and one in the vicinity of the
‘Windermere’ exploration site, 1946 Putty Road, Bulga.

The ‘Spring Mountain’ site is located approximately 3 km east of the town of Broke. The area
is gently sloping with open areas and is located next to a vineyard. Monkey Place Creek is
located approximately 500 m from the site to the northeast (Figure 1-1). A total of three
monitoring bores were constructed at the ‘Spring Mountain’ site (MBMP01, MBMPO02, and
MBMPO03). The site was chosen so as to be within the area of influence of any potential
future pilot testing at any or all gas well sites MK01, MKO02, and MKO03.

The ‘Windermere’ site is located approximately 1 km northeast of the town of Bulga. The
area is flat lying with open cleared areas used for grazing. It is located approximately 400 m
east of Wollombi Creek and 20 m to the west of an unnamed ephemeral tributary to
Wollombi Creek. A small ephemeral drainage gully is located approximately 10 m north of
the site (Figure 1-2). The boundary of a slightly undulating lucerne paddock is located
approximately 25 m west of the site. A total of four monitoring bores were constructed at the
‘Windermere’ site (MBWO01, MBWO02, MBWO03, and MBWO04). The site was chosen so as to
be within the area of influence of any potential future pilot testing at any or all gas well sites
WDO01, WD02, and WDO03.
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Health, Safety & Environment

Safety Management Plan (SMP)

The installation of monitoring bores was conducted in accordance with the SMP developed
for the Hunter Valley sites by AGL. Three documents cover the health, safety and
environmental working procedures at the ‘Spring Mountain’ and ‘Windermere’ sites:

1. Health, Safety and Environment guidelines: Handbook for contractors working on the
Hunter Gas Pilot Exploration Program;

2. Hunter Gas Pilot Exploration Program Emergency Response Plan;

3. AGL Upstream Gas Golden Rules.

All fieldwork undertaken at the ‘Spring Mountain’ and ‘Windermere’ sites was covered under
the aforementioned documents including exploratory drilling and subsequent groundwater
monitoring.

Health, Environment and Safety Plan (HESP)

Impax were contracted to complete the drilling operations under supervision from PB. During
the design phase of the project, PB developed a comprehensive site specific HESP for the
supervision of drilling work and groundwater monitoring activities at the Spring Mountain and
Windermere sites: Health, Environment and Safety Plan (HESP) AGL — Broke Il Monitoring
(OH_5267, June 2010).

All site operations were subsequently undertaken in accordance with Impax’s environmental
management systems as detailed in a site specific Construction and Environmental
Management Plan (CEMP). The CEMP was submitted to PB for approval prior to the
commencement of any work on the project and all Impax/PB staff and site visitors were
required to undergo a drill site induction in which they were given an overview of the
commitments under the CEMP and how it applied to their specific duties.
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Drilling program

Overview

Three monitoring bores were constructed at the ‘Spring Mountain’ site, installed and
developed by Impax under PB supervision between 7 and 17 June 2010. Four monitoring
bores were constructed at the ‘Windermere’ site, installed and developed by Impax under PB
supervision between 19 and 29 July 2010.

Final bore locations are shown on Figure 1-1 and Figure 1-2 with the driller's Form As in
Appendix C and geological bore logs for each monitoring bore provided in Appendix D. A
summary of completion details and initial water levels are provided in Table 4-1.

Table 4-1 Summary of bore completion details
Bore Bore depth Screened interval . . Groundwater
Aquifer monitored
number (mbgl) (mbgl) level* (mbgl)
MBMPO1 6.5 2.8-5.8 Alluvium 1.45
Fractured rock (Denman
MBMPO02 120.5 112.5-118.5 Formation) 10.68
MBMPO3 150 142.0-145.0 Whybrow Seam 11.25
MBWO01 11 6.0-9.0 Alluvium 4.5
Fractured rock (Denman
MBWO02 60.35 49.2-55.2 Formation) 503
MBWO03 84.2 70.0-76.0 Whybrow Seam 5.07
MBWO04 162 154.4-160.4 Wambo Seam 541

* Groundwater level measurements were taken during the first monitoring round on 16, 17 and 18 August 2010.

Site setup

PB undertook service checks prior to all drilling operations. No underground services were
detected at the ‘Windermere’ site. Irrigation lines, delivery lines from the Broke-Fordwich
Private Irrigation District (PID), and Telstra buried cables are present along Oakley Lane at
the ‘Spring Mountain’ site. The drill sites were located at a safe distance away from these
services.

Final borehole positions at both sites were identified and pegged out by the PB site
supervisor based on advice from AGL staff on the most suitable locations.

During the drilling operations, the sites comprised the drilling rig and compressor, settlement
pits, soil stockpile areas, and multiple 10,000 L agricultural tanks. Hazard areas around the
drilling rig (including the open pits areas) were fenced off with orange plastic windrow safety
fencing. PB and Impax support vehicles were parked just off the adjacent access tracks in
visible areas away from the drilling rig.
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Drilling operations
4.3.1 Spring Mountain

The monitoring bores on the ‘Spring Mountain’ site are located approximately 100 m north-
west of AGL's MKO1 exploration site, and adjacent to an internal access track within the
‘Spring Mountain’ property.

Drilling was completed with Impax’s Explorer 500 drill rig and the air rotary — down hole
hammer (DHH) technique was used. This technique uses air and water to drill through the
thin alluvium and then into the fractured bedrock to the required depths. No drilling fluids or
additives were used during the construction of the monitoring bores.

To control water on site, two interconnected sumps, each measuring approximately 4 m x 4
m x 1.5 m deep, were excavated adjacent to the access track and down slope from the
drilling pad. The total volume of the in-ground pits was approximately 45,000 L. A shallow
trench was excavated from each of the drilling locations to direct water and drill cuttings to
the sumps. Excavated earth was piled along the road side of the trench and around the
sumps to assist in controlling drilling water. A 10,000 L agricultural water tank was positioned
at the end of the second sump and a pump and line made available so that water could be
transferred from the sump to the tank to prevent overtopping.

Drilling water was collected from the agricultural tank on a daily basis by CAC Ltd. and
disposed to licensed wastewater receiving centres in the Hunter Valley and western Sydney.
Less than 40,000 litres (L) were removed from this site.

All drilling and water management activities were fully compliant with the Part V licence
issued by NOW under the Water Act 1912 and construction was in accordance with
standard (water well) industry practice and national guidelines. Airlift groundwater volumes
were low and all water was contained within the pits and tanks.

4.3.2 Windermere

The monitoring bores on the ‘Windermere’ site are located approximately 100 m south-west
of AGL's WDO01 exploration site. In anticipation of the volume of water and drilling fines that
could be generated during drilling through the fractured rock aquifers at the ‘Windermere’
site, a water management plan was prepared by PB and agreed with the Manager
Hydrogeology at AGL prior to the start of the operations.

Drilling was completed with Impax’s Explorer 500 drill rig and the air rotary — DHH technique
was used. No drilling fluids or additives were used during the construction of the monitoring
bores.

A series of three unlined settlement pits were dug to a depth of ~1.2 m, down topographic
gradient of the drill locations to collect drilling fines and groundwater (Figure 4-1). With the
close proximity of a drainage gully to the north west (dry at the time of drilling) and an
ephemeral creek to the north and east, it was important that all water produced from the
drilling was contained and controlled, and excess waters remaoved from site or released to
ground in a controlled manner. The total volume of the in-ground pits was approximately
60,000 L.

All excavated spoil was used to create a bund to protect against any surface flows
overflowing into the adjacent drainage gully and the access road. A shallow drainage trench
was dug to convey drilling water and fines from each bore to the settlement pits.
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To prevent overflow from the settlement pits, and following settlement, any excess water was
pumped into a 10,000 L agricultural tank before water was tankered away for disposal by
CAC Ltd (to sites both in the Hunter and western Sydney).

Approximately 87,000 L were taken to Worth Recycling at Windsor (21-23 July) and
approximately 193,000 L were taken to Transpacific at Kooragang in Newcastle (26-29 July).

The deep monitoring bore (MBWO04) produced a significant volume of water which was
unexpected based on previous drilling programs at Broke and ‘Spring Mountain’. On 22 July,
the site control measures, including the settlement pits, agricultural tank and CAC tankers
reached capacity and drilling operations ceased. Following consultation with AGL project
staff and to facilitate the completion of drilling, it was decided to allow controlled pumping of
settled groundwater to the lucerne paddock immediately to the west of the drill site. The
location was wholly within AGL'’s property and was a slight depression in the floodplain
where this excess groundwater could be contained and monitored.

Drilling was completed to the target depth on 24 July, and discharges to ground were
required to complete the drilling and the construction of the monitoring bore. Discharge
volumes and water quality were monitored throughout the controlled discharge period.

4.3.2.1 Controlled ponding at MBW04

From 23 — 24 July 2010, approximately 120,000 L of groundwater from settlement pit 3 (after
all the drill cuttings had settled out through the series of settlement pits) was diverted onto
the adjoining lucerne paddock.

On-site water quality measurements were taken for a range of parameters (electrical
conductivity, temperature, pH, dissolved oxygen, and redox potential). Water quality was
also monitored within the small ephemeral creek to the north of the drill site to ensure that no
groundwater seepage or surface runoff from the immediate area occurred. This monitoring
site was across gradient from the drill site (as shown in Figure 4-1). Flow measurements
were recorded over an inline v-notch weir. Water quality results are shown in Tables 4-2 and

4-3.

Table 4-2 Groundwater quality that was discharged to lucerne paddock
Date 23/07/2010 23/07/2010 24/07/2010 24/07/2010
Time 3.15PM 5.25 PM 11.15 AM 1:00 PM
Discharge (L/s) 7.7 7.7 7.7 7.7
Temperature (°C) 20.7 - 18.1 23
Electrical conductivity (uS/cm) 9,040 9,080 10,620 10,450
TDS (mg/L) 4,431 4,446 5,203 5,121
pH 8.05 8.04 8.06 8.12
ORP (mV) -71.7 -71.2 -64.8 -69.8
Dissolved oxygen (mg/L) 7.87 8.31 7.87 9.05
Dissolved oxygen (% sat) 89.3 92.6 86.9 108.1

Table 4-3 Water quality from pool in Ephemeral Creek (east of drill site)
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Date 24/07/2010
Time 2.30 PM
Temperature (°C) 12.6
Electrical conductivity (uS/cm) 437
TDS (mg/L) 214

pH 8.19
ORP (mV) -72.2
Dissolved oxygen (mg/L) 5
Dissolved oxygen (% sat) 50.6

A relatively small area of the lucerne paddock was inundated (approximately 40 m long by 8
m wide). This small area of lucerne was not growing as vigorously as the remainder of the
paddock, and exposed soils suggested ponding and water logging following heavy rainfall
occurs at this location.

The pumped water quality was slightly salty (9,000-10,500 uS/cm). The groundwater did not
contain any known contaminants (based on water quality results of similar salinity waters
from the Broke water monitoring bores). The pumping and ponded water area was
continuously monitored by PB staff on site. This activity was in accordance with Condition 7
of the NOW bore licence (Appendix B) and is normal practice for the construction of water
bores on agricultural properties.

This controlled pumping event was the subject of a pollution incident report to the
Department of Environment, Climate Change and Water (DECCW) and to the Department of
Industry and Investment — Minerals and Petroleum (DIl). DECCW found there was no case
to answer and referred any further action to DII. DIl investigated the details supplied by
several parties and concluded the following (from DIl, 2010):

“I&I NSW has confirmed that approximately 120,000 litres of saline water was released
by AGL during water bore construction under Licence from the NSW Office of Water
within PEL 267. The water was released onto land within a low lying depression on
AGL’s Windermere property. I& NSW confirms that no water entered the waterways.

The action appears to be compliant with the Conditions of AGL’s Water Licence. 1& NSW
concludes this release of groundwater from the construction of monitoring bores does not
constitute pollution of waters, is of a temporary and minor environmental impact and can
be mitigated by remedial work. Despite this, the quality of the water has the potential to
affect short term soil salinisation and AGL has undertaken remedial works under
directions from I& NSW issued pursuant to conditions of PEL 267.”

The ponded area was allowed to dry out and to remediate the soils, the area was lightly tilled
and lucerne seed was sown across the affected area. This remedial work was completed to
the satisfaction of DII.

Borehole geology and completion details

Onsite drilling observations are summarised below for each monitoring bore installation.
Geological logs for each bore are shown in Appendix D.
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441 Spring Mountain
44.1.1 MBMPO1

Borehole MBMPO1 was drilled into the shallow alluvium to a final depth of 6.5 mbgl on 16
June 2010 using the truck mounted air rotary drilling rig (122 mm in diameter).

A single water cut was encountered from approximately 3 to 5.5 mbgl and the bore was
constructed with 50 mm internal diameter (ID) uPVC casing slotted between 2.8 and 5.8
mbgl with a 0.2 m sump at the base of the bore. A gravel pack was installed to 1 m above
the slotted casing and the annulus was sealed with bentonite to the surface. A painted steel
monument was concreted in place to protect the uPVC standpipe above ground.

The borehole was developed by airlift for one hour and a static water level of 1.45 mbgl was
recorded during the first monitoring round following drilling.

4.4.1.2 MBMPO2 (abandoned)

Borehole MBMPO02 was drilled to a maximum depth of 126 mbgl using the truck mounted air
rotary drilling rig. Drilling commenced on 9 June and was completed on 10 June 2010.
However during installation of the monitoring bore, part of the uPVC casing-screen assembly
fell down the hole and was irretrievable. Following consultation with the Manager
Hydrogeology at AGL it was decided to abandon this borehole (plugged and backfilled to
surface) and drill a new monitoring bore. The geological log for this bore is shown in
Appendix D.

4413 MBMP02

The replacement borehole for MBMPO02 was drilled to a maximum depth of 120.5 mbgl using
the truck mounted air rotary drilling rig and was completed in the major fractured rock aquifer
(uppermost portion of the Denman Formation). Drilling commenced on 15 June and was
completed on 16 June 2010.

There was no significant identifiable water cut until approximately 92 mbgl with a low
recorded flow of approximately 0.2 L/s. Low drilling returns recorded between 97 and 101
mbgl are likely to be associated with a water bearing zone although an increase in flow was
not immediately apparent. The deeper zone between 112 and 117 mbgl showed a significant
increase in water and correlates with the water bearing zone intercepted in the abandoned
bore (above). Flows from the bore to this point are estimated to be approximately 1 L/s.

A 2 m bentonite plug was installed at the base of the hole. The bore was constructed with 50
mm ID uPVC casing with a 1 m sump and screened between 111 mbgl and 117 mbgl. A
gravel pack was installed to 2 m above the slotted casing and the annulus was sealed with a
2 m bentonite plug, followed by backfill and cement to the surface. A painted steel
monument was concreted in place to protect the uPVC standpipe above ground.

The borehole was developed by airlift for approximately one hour until airlifted water ran
clear and free from sediment. A static water level of 5.03 mbgl was recorded during the first
monitoring round after drilling.

4414 MBMPO3

Borehole MBMPO3 was the first monitoring bore drilled and was drilled to a final depth of 150
mbgl and completed into the Whybrow Seam of the Wittingham Coal Measures — Jerrys
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Plains Subgroup. Drilling commenced on 7 June and was completed on 8 June 2010 using
the truck mounted air rotary drilling rig.

A low flow water cut was intercepted at 72 mbgl. Groundwater inflow was also encountered
at 96 mbgl. Groundwater inflows of approximately 0.7 L/s were intercepted between 109 and
118 mbgl and at 122 mbgl groundwater inflow of approximately 0.14 L/s was encountered.
No groundwater was intercepted between 126 and 147 mbgl, however by the base of hole,
groundwater inflow was approximately 4 L/s. A 4 m bentonite plug was installed at the
bottom of the hole. The bore was constructed with 50 mm ID uPVC casing with a 1 m sump
and screened between 142 mbgl and 145 mbgl. A gravel pack was installed to 1 m above
the slotted casing and the annulus was sealed with a 2 m bentonite plug, followed by cement
to the surface. A painted steel monument was concreted in place to protect the uPVC
standpipe above ground.

The borehole was developed by airlift for one hour and a static water level of 5.07 mbgl was
recorded during the first monitoring round after drilling.

4.4.2 Windermere
4.42.1 MBWO01

Borehole MBWOL1 was drilled into the shallow alluvium to a final depth of 11 mbgl on 26 July
2010 using the truck mounted air rotary drilling rig (122 mm in diameter).

A single low flow water cut was encountered from 5 to 9 mbgl. The bore was constructed
with 50 mm uPVC casing slotted between 6 and 9 mbgl and a 1 m sump was constructed at
the base of the bore. A gravel pack was installed to 2 m above the slotted casing and the
annulus was sealed with bentonite, followed by 1.5 m of backfill to the surface. A painted
steel monument was concreted in place to protect the uPVC standpipe above ground.

The borehole was developed by airlift for one hour and a static water level of 4.5 mbgl was
recorded during the first monitoring round after drilling.

4422 MBWO02

Borehole MBWO02 was drilled to a maximum depth of 60.35 mbgl using the truck mounted air
rotary drilling rig. It was completed in the major fractured rock aquifer (uppermost Denman
Formation). Drilling commenced on 24 July and was completed on 25 July 2010.

A minor water cut was intercepted between 6 — 7.5 mbgl with inflows of approximately 0.1-
0.2 L/s. Significant water was present in water cuts at 30 mbgl and at 50 mbgl with
groundwater inflows estimated up to 5 L/s. The bore was backfilled to 57.18 mbgl and a 1 m
bentonite plug was installed at the new base of the hole. The bore was constructed with 50
mm ID uPVC casing with a 1 m sump and screened between 49.18 mbgl and 55.18 mbgl. A
gravel pack was installed to 2 m above the slotted casing and the annulus was sealed with a
2 m bentonite plug, followed by cement to the surface. A painted steel monument was
concreted in place to protect the PVC standpipe above ground.

The borehole was developed by airlift for approximately one hour until groundwater ran clear

and water quality parameters stabilised. A static water level of 5.03 mbgl was recorded
during the first monitoring round after drilling.
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4423 MBWO03

Borehole MBWO03 was drilled into the Whybrow Seam to a final depth of 77.5 mbgl using the
truck mounted air rotary drilling rig. Drilling commenced on 26 July and was completed on
the 27 July 2010.

Water cuts were intercepted at 30 mbgl with inflows of 3 L/s. Groundwater inflow increased
with depth to approximately 6 L/s at the base of the hole. A 0.5 m bentonite plug was
installed at the base of the hole. The bore was constructed with 50 mm ID uPVC casing with
a 1 m sump and screened between 70 mbgl and 76 mbgl. A gravel pack was installed to 2 m
above the slotted casing and the annulus was sealed with a 1 m bentonite plug, followed by
cement to the surface. A painted steel monument was concreted in place to protect the PVC
standpipe above ground.

The borehole was developed by airlift for one hour and a static water level of 5.07 mbgl was
recorded during the first monitoring round after drilling.

4424 MBWO04

The deep monitoring borehole was the first drilled and commenced on 19 July with the bore
completed on 24 July 2010. It was drilled to a depth of 162 mbgl and completed in the
Wambo Seam. The truck mounted air rotary drilling rig was used to construct the bore.

Following a minor water seep at 5 mbgl, groundwater inflow was encountered at
approximately 2 L/s at 30 mbgl and at 2.5 L/s at 39 mbgl. Significant groundwater inflow was
encountered at 50 mbgl at a rate of 10 L/s. Continuous airlifts every 12 m recorded inflow
rates between approximately 3 and 5 L/s to the base of the hole. A 0.5 m bentonite plug was
put at the bottom of the hole. MBWO04 produced a significant volume of water which was
unexpected based on previous drilling programs at Broke and ‘Spring Mountain’. On 22 July,
the site control measures, including the settlement pits, agricultural tank and CAC tankers
reached capacity and drilling operations ceased. Following consultation with AGL project
staff and to facilitate the completion of drilling without generating more airlift water, it was
decided to allow controlled ponding of settled groundwater to the lucerne paddock to the
west of the drill site. This controlled event is described in more detail in Section 4.3.4.

The bore was constructed with 50 mm ID uPVC casing with a 1 m sump and screened
between 154.4 mbgl and 160.4 mbgl. A gravel pack was installed to 2 m above the slotted
casing and the annulus was sealed with a 2 m bentonite plug, followed by cement to the
surface. A painted steel monument was concreted in place to protect the PVC standpipe
above ground.

The borehole was developed by airlift for two hours and a static water level of 5.41 mbgl was
recorded during the first monitoring round after drilling.

Surveying

45.1 Spring Mountain

The ‘Spring Mountain’ monitoring bores were surveyed by AGL surveyors in August 2010, to
relate the groundwater levels at each site to a standard datum. Survey details are presented
in Table 4-4.
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Table 4-4 ‘Spring Mountain’ survey levelling details

Bore MGA Coordinates Elevation (mAHD) agii\?:tg?;fr?(sji?rg)
Easting Northing Ground level Top of casing

MBMPO1 326287.45 6375413.15 100.56 101.47 0.91

MBMP02 326288.7 6375420.7 100.43 101.34 0.91

MBMPO03 326292.65 6375441.45 99.85 100.66 0.81

Groundwater level monitoring at ‘Spring Mountain’ took place on 30 June 2010. The manual
groundwater (depth to water) levels recorded at the ‘Spring Mountain’ monitoring site are
corrected to groundwater elevations in Table 4-5.

Table 4-5 ‘Spring Mountain’ manual groundwater levels in June 2010
Bore Formation Groundwater level Depth to water
(mAHD) (mbgl)
MBMPO1 Alluvium 99.03 1.53
MBMPO02 Fractured rock (Denman Formation) 89.63 10.8
MBMPO03 Whybrow Seam 88.76 11.09

Key: mbgl — metres below ground level

Manual groundwater levels at ‘Spring Mountain’ ranged between 88.76 mAHD and 99.03
mMAHD during the June 2010 groundwater monitoring event. The Whybrow Seam aquifer
(MBMPO3) has the lowest groundwater level, followed by the fractured rock aquifer
(MBMPO02) with a slightly higher groundwater elevation. The alluvial aquifer (MBMPO01) has
the highest groundwater elevation.

45.2 Windermere

The ‘Windermere’ monitoring bores were surveyed by AGL surveyors in August 2010, to
relate the groundwater levels at each site to a standard datum. Survey details are presented
in Table 4-6.

Table 4-6 ‘Windermere’ survey levelling details

Bore MGA Coordinates Elevation (mAHD) a|;§3:;$;5:3i?rg)
Easting Northing Ground level Top of casing

MBWO01 314379.2 6386796 61.57 62.39 0.82

MBWO02 314372.5 6386798 61.57 62.61 1.04

MBWO03 314386.8 6386794 61.43 62.37 0.94

MBWO04 314367.5 6386800 61.53 62.43 0.90

Groundwater level monitoring at Windermere took place from 16 to 18 August 2010. The
manual (depth to water) groundwater levels recorded at the Windermere monitoring site are
corrected to groundwater elevations in Table 4-7.
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Table 4-7 ‘Windermere’ manual groundwater levels in August 2010

Bore Formation Groundwater level Depth to water
(mAHD) (mbagl)

MBWO01 Alluvium 57.08 4.49

MBW02 Fractured rock (Denman Formation) 56.55 5.02

MBWO03 Whybrow Seam 56.36 5.07

MBWO04 Wambo Seam 56.12 5.41

Key: mbgl — metres below ground level

Manual groundwater levels at ‘Windermere’ ranged between 56.12 mAHD and 57.08 mAHD
during the August 2010 groundwater monitoring event. The Wambo Seam has the deepest

groundwater level, followed by the Whybrow Seam and then the fractured rock aquifer. The

alluvial aquifer had the highest groundwater elevation.

Groundwater quality - field parameters

Water quality parameters pH, dissolved oxygen, electrical conductivity (EC), redox potential
(ORP) and temperature were recorded for groundwater from each monitoring bore during
drilling and during the final development of the bores. Table 4-8 summarises the measured
water quality recorded following development of the ‘Spring Mountain” monitoring bores.
Table 4-9 summarises the measured water quality recorded during the first sampling round
of the ‘Windermere’ monitoring bores in mid August. No water quality parameters could be
recorded directly after development of the ‘Windermere’ monitoring bores due to failure of
the measuring equipment.

Table 4-8 Water quality after development of the bores — ‘Spring Mountain’
) Depth EC ORP Temperature
Bore Screened aquifer H o
A mbg) P @skem)  (mv) (°C)
MBMPO1  Alluvium 6.5 9.05 434 -511 16.7

MBMPo2 ' acturedrock 120.5 913 6,670 515 19.7
(Denman Formation)

MBMP03  Whybrow Seam 150 8.15 6,780 -50.4 25.4
Table 4-9 Water quality during first monitoring round — ‘Windermere’
) Depth EC ORP Temperature
Bore Screened aquifer H
q (mbg) (uSfem)  (mv) (°C)
MBWO01  Alluvium 11 7.2 19,520 36.2 19.6

MBwop racturedrock 60.35 734 9,940 20 20.8
(Denman Formation)

MBWO03  Whybrow Seam 84.2 7.28 9,380 -49.2 21.8
MBWO04  Wambo Seam 162 9.8 9,690 40.7 16.7

Water quality field parameters indicate that groundwater in the shallow bore at ‘Spring
Mountain’ is less saline than groundwater in the deeper coal seams. This is consistent with
local rainfall recharge and the potential for downward flow at this site. However, water quality
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for the ‘Windermere’ site show the opposite with the shallow borehole having the highest
salinity.

pH readings are alkaline for the ‘Spring Mountain’ site and neutral at the ‘Windermere’ site,
except for the deep monitoring bore MBWO04.

Hydraulic testing

In August 2010 falling head tests (‘slug’ tests) were undertaken in monitoring bores screened
in the shallow alluvium (MBMPO1 and MBWO01), the shallow fractured rock (MBMPO02 and
MBWO02) and the Whybrow Seam (MBMPO03 and MBWO03). The monitoring bore into the
Wambo Seam at ‘Windermere’ was tested, but recovery was too slow to obtain reliable test
results. The analysis of the falling head tests is presented in Appendix E and the results from
these tests are summarised in Table 4-10.

Falling head tests consist of the rapid introduction of water (approximately 50 litres of potable
town water) to the monitoring bore to produce a temporary rise in the standing water level
(SWL). For bore MBMPO2 a slug, consisting of a bailer filled with concrete, was used instead
to create a rise in head. The rate at which the water levels returns to its original SWL is used
to calculate the approximate permeability of the aquifer.

Prior to the commencement of the falling head tests, the loggers installed into each of the
bores were reset to measure water levels at 1 second intervals. Manual groundwater levels
were measured prior to the test and after the introduction of water to monitor the changing
water levels.

The Hvorslev method (Hvorslev, 1951) was used to analyse the slug test data. The field data
is plotted on a semi logarithmic scale using excel (as shown in Appendix E).

Table 4-10 Calculated values of hydraulic conductivity from falling head tests

Bore Aquifer monitored Screened Hydraulic conductivity
q interval (mbgl) (K) (m/day)
Spring Mountain

MBMPO1 Alluvium 2.8-5.8 38
MBMP02 Fractured rock 112.5-1185

(Denman Formation) 0.004
MBMPO3 Whybrow Seam 142.0-145.0 0.5

Windermere

MBWO1 Alluvium 6.0-9.0 20
MBW02 Fractured rock 49.2-55.2

(Denman Formation) 2.9
MBWO03 Whybrow Seam 70.0-76.0 11
MBWO04 Wambo Seam 154.4-160.4 Undetermined

The alluvium is the most permeable aquifer. The hydraulic conductivity of the alluvium is
slightly lower at the ‘Windermere’ site at 20 metres per day (m/day) than at the ‘Spring
Mountain’ site at 38 m/day. This is consistent with the observed lithology. At the ‘Spring
Mountain’ site the alluvium consisted mainly of silty sand and gravel, while at the
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‘Windermere’ site sediments comprised mainly silty and sandy clay. The permeability values
are consistent with alluvial monitoring bores at the Broke site (PB, 2010).

The permeability of shallow fractured rock aquifers ranged from 0.004 m/day at the ‘Spring
Mountain’ site to 2.9 m/day at the ‘Windermere’ site. It is likely that the screened section at
‘Windermere’ is adjacent to more highly fractured rock.

The permeability of the Whybrow Seam ranged from 0.5 to 1.1 m/day.

These coal seams are considered to be poor aquifers. Deeper coal seams that are the target
of the CSG exploration program have even lower permeability (Chris Holmes, pers. comm.)
and are not considered aquifers. The confining claystone layers between the upper aquifers
and the deeper coal seams are assumed to have low permeability, and while not tested as
part of this investigation, would be expected to have permeabilities around 10° m/day.

Reinstatement

Following the conclusion of all drilling and development activities, each site was restored to
natural conditions by AGL'’s earthworks contractor. Prior to backfilling of the settlement pits,
all remaining water and drilling fines were removed from site. The newly installed boreholes
were covered with steel monuments which were concreted in place and the ground around
the drilling site was regraded.

Discussion

Spring Mountain

The alluvium across the site (associated with Monkey Place Creek) is between 5 and 7 m
deep and comprises mainly silty sand, gravels and some clay deposits. The bore logs for the
deeper monitoring bores show shallow coal seams (associated with the Newcastle Coal
Measures) between 5 and 10 mbgl (MBMPO02) and 10 and 16 mbgl (MBMPO3).

The geological logs for boreholes MBMP02 and MBMPO3 are generally consistent with
AGL'’s exploration borehole logs (MK01-MKO03). The vertical geological profile shows a fine
grained sandstone sequence inter-bedded with shales and occasional claystone deposits,
which can provide hydraulic isolation between aquifers. MBMPO03 was installed in the
Whybrow Seam, which occurred from 142 to 145 mbgl.

Groundwater level elevations for the three monitoring bores suggest a downward
groundwater hydraulic gradient at the ‘Spring Mountain’ site, since groundwater level
elevations are decreasing as the screened geology becomes deeper.

Initial water quality results from measurements taken during and post drilling indicate that the
groundwater in the shallow alluvium aquifer is fresh with an electrical conductivity less than
500 uS/cm. The water quality of the deeper bores is slightly saline with conductivities ranging
from approximately 6,600 to 6,800 uS/cm. These salinities are consistent with the potential
for downward flow at this site.

Windermere

The alluvium at the ‘Windermere’ site (associated with Wollombi Brook) is between 10 and
12 m deep and comprises mainly clayey sand and sandy/silty clay.
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The geological logs for boreholes MBW02, MBWO03 and MBWO04 are broadly consistent with
AGL'’s exploration borehole logs, however local faulting has resulted in minor displacement.
The vertical geological profile shows a sequence of predominantly inter-bedded sandstone
and siltstone, with significant coal layers (>1 m) present throughout the geological profile.
MBWO03 was installed in the Whybrow Seam, which occurred from 73 to 76 mbgl, and
MBWO04 was installed in the Wambo Seam, occurring from 155 to 159 mbg|.

MBWO04 produced a significant volume of water (5 to 10 L/s) during drilling and airlifting
which was not encountered in previous drilling programs at Broke and ‘Spring Mountain’.
High flow water cuts were encountered within the fractured sandstone with the highest
groundwater inflow of approximately 10 L/s occurring at 50 mbgl. This large inflow is
associated with locally highly fractured bedrock.

Groundwater level elevations for the four monitoring bores suggest a downward hydraulic
gradient at the ‘Windermere’ site, since groundwater level elevations are decreasing as the
screened geology becomes deeper.

Water quality results indicate that the groundwater in the shallow alluvium aquifer is saline

with an electrical conductivity of approximately 20,000 uS/cm. The water quality of the
deeper bores is slightly saline with conductivities ranging from 9,380 to 9,940 uS/cm.
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Conclusions

The monitoring bore program successfully installed three monitoring bores at ‘Spring
Mountain’, Broke, and four monitoring bores at ‘Windermere’, Bulga. One bore at each
location is installed within the shallow alluvium, one within the major fractured rock aquifer
(Denman Formation), and one within the Whybrow Seam (Jerrys Plains Subgroup of the
Wittingham Coal Measures). At the ‘Windermere’ site an additional monitoring bore was
installed within the deep Wambo Seam (Jerrys Plains Subgroup of the Wittingham Coal
Measures).

All drilling and water management activities were fully compliant with the Part V licence
issued by NOW under the Water Act 1912 and construction was in accordance with standard
(water well) industry practice and national guidelines. All airlifted groundwater was captured
in pits and tanks at the ‘Spring Mountain’ site and disposed offsite. Most airlifted groundwater
(except for approximately 120,000 litres) was captured in pits and tanks at the ‘Windermere’
site and disposed offsite. The remaining groundwater was pumped to ground and contained
in a small depression on the adjacent floodplain. There were no offsite impacts and no
impacts to drainage lines adjacent to site. The drilling, water release, and containment
approach adopted by AGL at the ‘Windermere’ site was investigated by DIl and was found to
be compliant with AGL'’s water licence, and did not constitute pollution of waters. There was
a temporary impact to a small area of irrigated lucerne which has since been remediated.

Spring Mountain

The alluvial aquifer is between 5 and 7 m deep at the ‘Spring Mountain’ site. The initial water
quality assessment of the alluvial groundwater indicated fresh water quality (salinity of 434
puS/cm). The static groundwater level in the shallow alluvium was measured at 1.45 mbgl.

The shallow fractured rock aquifer showed a geological profile of fine grained sandstone
sequence inter-bedded with shales and occasional claystone deposits, which can provide
hydraulic isolation between aquifers. Initial water quality of this aquifer is slightly saline
(6,670 uS/cm) and the static groundwater level was measured at 10.68 mbgl.

The Whybrow Seam water bearing zone, which occurred from 142 to 145 mbgl, had slightly
saline water quality (6,780 uS/cm) and a static groundwater level of 11.25 mbgl was
measured.

There is rainfall recharge to the shallow alluvial aquifer in this area and there is potential for
groundwater to move downwards between fractured rock aquifers, however given the shale
and claystone deposits and poorer water quality, there is likely to be hydraulic isolation
between aquifers.

Less than 40,000 L of groundwater was tankered and removed during the drilling and
construction program and disposed offsite.

Windermere

The alluvial aquifer is between 10 and 12 m deep at the ‘Windermere’ site. Groundwater
within the eastern fringe of the alluvium is saline (19,520 uS/cm) and the static groundwater
level was measured at 4.5 mbgl.
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The shallow fractured rock aquifer showed a geological sequence of predominantly inter-
bedded sandstone and siltstone, with significant coal layers (>1 m thick) present throughout
the geological profile. The groundwater quality of this aquifer is slightly saline (9,940 uS/cm)
and the static groundwater level was measured at 5.03 mbgl.

The Whybrow Seam water bearing zone, which occurred from 73 to 76 mbg|, contains
slightly saline groundwater (9,380 uS/cm) and a static groundwater level of 5.07 mbgl was
measured.

The Wambo Seam water bearing zone, which occurred from 155 to 159 mbgl, contains
slightly saline groundwater (9,690 uS/cm) and a static groundwater level of 5.41 mbgl was
measured.

The groundwater is more saline than the fractured rock aquifers at ‘Spring Mountain’. There
is potential for groundwater to move downwards between fractured rock aquifers, however
given the shale and claystone deposits and variable water quality, there is likely to be
hydraulic isolation between aquifers.

Some 400,000 L of groundwater was removed during the drilling and construction program.

280,000 L was contained and tankered offsite for disposal while 120,000 L was pumped to a
small depression on the floodplain west of the drill site.
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Figure 1-1 Location map - Spring Mountain
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PR ERiNcKERHOFF Figure 1-2 Location map — Windermere
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