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GROUNDWATER MONITORING PROGRAM

1. COMMITMENT AND POLICY

1.1 Purpose

This Groundwater Monitoring Program has been developed to ensure compliance with the
development consent conditions for the Mt Owen, Ravensworth East and Glendell Mines.
The objective of this program is to:

1 provide details of historical baseline monitoring data in the surrounding aquifers and
regional groundwaters;

1 detail the integrated groundwater monitoring strategy for the Mt Owen Complex,
including extending the existing groundwater monitoring program to include the
monitoring requirements for the Glendell Mine;

1 provide information on regional groundwater levels;

1 provide information on the water quality in the surrounding aquifers;

1 outline relevant groundwater and stream health impact assessment criteria;

1 provide an estimate of the groundwater contribution to the Mt Owen Complex water
balance through groundwater seeping into the open cut workings;

1 provide details on the groundwater pressure response in the surrounding coal measures;
1 establish a protocol for the assessment and response to monitoring data; and

1 provide methods to assess compliance with the conditions of development consents,
environmental protection licences and legislation relating to groundwaters.

1.2 Scope

This Groundwater Monitoring Program is part of a set of documents prepared to support a
Water Management Plan (WMP) required by the development consents for Mt Owen

(DA 14-1-2004), Ravensworth East (DA 52-03-99) and Glendell Mines (DA 80/952). This
program outlines the groundwater monitoring and reporting required to be undertaken by
XMO at the Mt Owen Complex to meet the requirements of Condition 36, Schedule 4 of
DA 14-1-2004, Condition 36, Schedule 4 of DA 52-03-99 and Condition 34, Schedule 3 of
DA 80/952.

All monitoring is to be undertaken in accordance with XMO procedures for environmental
monitoring and evaluation outlined in the Mt Owen Complex Environmental Management
Strategy (EMS).
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2. PLANNING

2.1 Introduction

The Mt Owen Complex is located in the Hunter coalfields of New South Wales,
approximately 25 kilometres north-west of Singleton (refer to Figure 1.1). The Complex is
owned and managed by Xstrata Mt Owen Pty Limited (XMQO) which is a wholly owned
subsidiary business unit of Xstrata Coal Australia Pty Ltd (Xstrata). The Mt Owen Complex
currently consists of three adjacent open cut coal mines; Mt Owen, Ravensworth East and
Glendell Mines. Both Mt Owen and Ravensworth East Mines are operated by Thiess Pty Ltd
(Thiess) under a contract agreement with XMO. XMO own and operate the Glendell Mine.

The Mt Owen Complex is bounded by Liddell Colliery, Ravensworth Underground,
Ravensworth West and Narama open cut mines to the west and Ashton and Glennies Creek
underground mines to the south. The Complex is bordered by the Bowmans, Stringybark
and Yorks Creek catchment areas to the west, the Swamp Creek catchment area to the
south and the Bettys Creek catchment area to the east. Ravensworth State Forest is
located north-east of the Complex. Development and operation of the Complex and the
surrounding mines has resulted in extensive modifications to the local topography and the
watercourses in the surrounding area (refer to Figure 1.2).

2.2 Groundwater Regime and Impacts

The Mt Owen Complex is situated within two general aquifer types:

1 the alluvial aquifer associated with Bowmans, Yorks, Swamp, Bettys and Main Creeks; and

1 a regional hardrock/coal measures aquifer associated with the underlying coal measures.

The properties of the aquifers vary significantly. The alluvial aquifer is unconsolidated and in
places is highly permeable, while the hardrock/coal measures aquifer exhibits varying levels
of groundwater storage and transmission. The groundwater system is complex due to the
local geology and as a result of historical and current mining operations in the surrounding
area.

The most significant hydrogeological factors at the Mt Owen Complex are the occurrences of
the Hebden Thrust and Glennies Creek syncline to the east of the Mt Owen Mine and the
Camberwell anticline-dome feature extending through the Glendell Mine to the west of the
Ravensworth East Mine. Rock mass jointing is expected along the hinges or flanks of these
structures and may serve to influence groundwater flows (MER, 1998). The interburden
within the Mt Owen Complex is occasionally jointed which permits groundwater transition
through the overall joint matrix (MER, 1998).
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2.21 Previous Groundwater Investigations

A number of regional groundwater investigations have been undertaken at the Mt Owen
Complex throughout the approvals process to assess the local groundwater system and the
impacts of mining on the local groundwater regimes. These include:

T Mt Owen Mine

A Mackie Environmental Research (MER) (2003) Mt Owen Operations Environmental
Impact Statement (EIS) Hydrogeological Studies . Prepared to support the EIS
(Umwelt 2003).

1 Ravensworth East Mine

A MER (1998) Ravensworth East Open Cut Mine: Groundwater Management Studies
Prepared to support the EIS (ERM, 1999).

A MER (1997) Ravensworth West Extension i Groundwater Study
1 Glendell Mine
A Rust PPK Pty Ltd (PPK), 1996. FI ood St udy Be GkenddsMnér e ek

A Golder Associates Pty Ltd 2002a. Geotechnical Investigation for Proposed Mine
Infrastructure

A Golder Associates Pty Ltd 2002b. Glendell Project Geotechnical Evaluation for Open
Pit Mining .

A Golder Associates Pty Ltd 2002c. Mine Inflow Predicti ons and Pit Dewatering
Requirements for Proposed Open Pit Mine.

The relevant findings of these reports are discussed in detail in later sections of this report.

2.22 Licensed Bores

There are nine licensed groundwater bores located within the predicted zone of influence
surrounding the Mt Owen Complex. The majority of these bores are located to the south and
west of the Mt Owen Complex and are owned by either Xstrata or surrounding coal
companies (refer to Figure 2.1). The nearest private water supply bore is located over
2 kilometres to the east of Mt Owen Mine and is no longer used.

2.23 Groundwater Inflows into Open Cut Pits

Previous studies undertaken by MER (1998, 2003) and Golder Associates (2002) have
modelled groundwater inflows for the mining operations at the Mt Owen, Ravensworth East
and Glendell Mines. These predictions were based on detailed groundwater modelling and
outlined in the Environmental Impact Statements (EIS) for Mt Owen (Umwelt, 2003) and
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Ravensworth East Mines (ERM, 1999) and the Glendell Mine Environmental Assessment (EA)
(Umwelt 2007). The results of the modelling are summarised in Table 2.1.

Table 2.1 - Predicted Groundwater Inflows at the Mt Owen Complex

.. . Predicted Inflow Ranges into
Mining Operation .
gop Open Cut Pits (ML/day)
Mt Owen 0.471 0.6 ' (upper bounds: 0.6 1 1.0)
Ravensworth East 0.671 2.12
Glendell 0.671 1.2
Sources:  Umwelt (2003), ERM (1999), Umwelt (2007)
Note 1: Ranges based on low conductivity in aquifers (Umwelt, 2003)
Note 2: Estimated seepage is for the cumulative conditions including Mt Owen pit level and recovery of water

levels in Ravensworth spoils. Seepage does not include evaporative losses (ERM, 1999)

2.24 Impacts of Existing Activities on Alluvial Aquifer

The alluvial lands adjacent to the ephemeral creeks contain unconsolidated and variably
saturated sediments. The shallow alluvial sequences within the surrounding creek beds
comprise Quaternary to Recent age sediments consisting of unconsolidated silts, sands and
gravel beds.
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2.241 Alluvial Deposits

The Mt Owen Complex is located within the catchments of Yorks Creek, Swamp Creek,
Bowmans Creek and Bettys Creek. Bowmans Creek is adjacent to the western boundary
and Main Creek is adjacent to the eastern boundary.

Alluvial deposits occur to varying degrees in the lands surrounding Yorks Creek, Swamp
Creek, Bettys Creeks and Main Creek. The most extensive alluvial deposits are in the lands
surrounding Bowmans Creek. These sediments are typically 8 metres to 12 metres deep
and have high hydraulic conductivities within the drainage lines where groundwater levels
within the alluvium are known to raise rapidly following storm events.

The alluvial deposits typically comprise loams overlying silty and clayey sands. The
Bowmans Creek alluvium includes occasional cleaner sand zones with a coarse relatively
clean gravel zone characterising the basal transition to underlying weathered coal measures
(MER, 2003). Sheet wash and hill slope runoff also contribute to coalluvial deposits along
the perimeter of Bowmans Creek alluvial lands, along Bettys Creek and other localised
drainages (MER, 2003).

2.242 Creek Diversions and Connectivity

A number of diversions are either currently in place or are to be constructed at the Mt Owen
Complex, including diversions of:

1 the upper reaches of Swamp Creek into Yorks Creek (completed);

1 the upper reaches of Bettys Creek into Main Creek (to be completed); and

1 the middle reaches of Bettys Creek around the Mt Owen Complex (completed).

Continued mining operations at the Mt Owen Complex in the upper reaches of the Yorks
Creek, Swamp Creek and Bettys Creek catchments will intercept shallow areas of the
Swamp and Bettys Creek alluviums. With the diversions outlined above in place the
underlying alluvium may still be sufficiently transmissive to facilitate leakage into the mine
pit during prolonged wet periods (MER, 2003).

Additional diversions proposed as part of the Glendell Mine include:
1 diversion of Swamp Creek around the mine infrastructure area; and

1 diversion of Bettys Creek around the southern Glendell Mining Lease boundary.

The diversions to be constructed at the Glendell Mine will intercept the Bettys and Swamp
Creek alluvial aquifers. Detailed information on the Swamp Creek diversion is provided in
the WMP (Umwelt, 2008). The applications for Part 2 licences under Water Act 1912  for the
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Bettys Creek diversion will be incorporated into the WMP when completed. The existing and
proposed diversions are shown on Figure 2.2.

Continued mining operations associated with the Mt Owen Complex will intersect
approximately 400 metres of the Swamp Creek alluvium however it is not predicted that
significant inflows of groundwater from the Swamp Creek alluviums into open cut pits will
occur (MER, 2003).

The monitoring requirements for the alluvial aquifers at Glendell Mine are presented in
Section 5.1.
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2.243 Hydraulic Properties and Alluvial Water Levels

The alluvial sequences within the Mt Owen Complex have highly variable hydraulic features
and receive recharge from direct hill slope runoff as well as receiving minor recharge from
the deeper formations (PPK 1996).

Previous investigations and mapping by Golder Associates (2002) in the lower reaches of
the Bettys and Swamp Creek catchments adjacent to Glendell Mine found that the alluvium
ranges from sandy clay to gravel that varies in thickness from approximately 3 metres to
8 metres. Golder Associates (2002) concluded that the groundwater levels in the lower
catchment alluvium were typically 3.5 metres to 4.5 metres below ground level with
variations in water levels occurring in response to climatic conditions.

Investigations by MER (2003) indicated that the unconsolidated alluvial deposits within the
major (Bowmans Creek) and minor (ephemeral creeks) drainages are typically between
8 metres and 12 metres thick. The Bowmans Creek alluvium predominately comprises a
basal gravel sequence within overlying sands, with the alluvial piezometers recording
groundwater depths ranging from 1 metre to 4 metres. Alluvium within the minor drainages
typically exhibits a more silty profile and reduced saturated thickness (MER, 2003).

2.244 Existing Alluvial Water Quality

Groundwater quality within the regional alluvial deposits can vary significantly. This is due
to a number of factors including drainage area, drainage sources, leakage from underlying
coal measures, geology of the area and subsurface hydraulic gradients. The Department of
Water and Energy (DWE) conducts regular monitoring downstream of the Mt Owen Complex
at Bowmans Creek Bridge (gauging station 210130). The monitoring results indicate that
water quality is highly dependent on depth, with high flows resulting in low salinity
concentrations and vice versa, with a maximum electrical conductivity concentration in dry
years of 2190 7 S/cm. Ephemeral creek systems within the area typically exhibit moderate
to high salinity levels (Umwelt, 2007).

2.25 Impacts of Existing Activities on Hardrock/Coal Measures Aquifer

Numerous studies have been undertaken into the effects of mining operations at the
Mt Owen Complex intercepting the underlying hard rock aquifers at Mt Owen, Ravensworth
East and Glendell Mines. The studies have sought to estimate the groundwater inflows into
the open cut mines, the anticipated zone of depressurisation and the effect on the local
groundwater flow regimes.

2.251 Formation and Geology

The geology underlying the Mt Owen Complex is dominated by the bedrock formations of
Permian age associated with the Wittingham Coal Measures which form part of the
Singleton Supergroup. This bedrock sequence comprises sandstones, siltstones and coal
measures, with minor interbanded conglomerates and tuffs. The coal measures are the
main aquifer zones within the Wittingham Coal Measures sequences. The coal measures
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provide groundwater storage and transmission through intra-bed cleats and limited natural
porosity.

The Camberwell Anticline runs approximately north-west to south-east through the centre
of the Glendell Mine area and then to the west of the Ravensworth Mine operations.
Formation of the anticline has resulted in fracturing, faulting and jointing within the coal
measures and surrounding interburden.

2.252 Groundwater Transmission and Depressurisation

The hardrock/coal measures aquifer provides limited groundwater storage and transmission
capacity, with the interburden lithologies comprising sandstones, siltstone and shales.
These formations exhibit extremely low permeabilities with groundwater transmission
dependent on the occurrence and frequency of jointing (MER, 2003). The fracturing,
faulting and jointing formed by the Camberwell Anticline facilitates groundwater movement.
This surficially weathered bedrock formation provides a conduit for recharge to the
underlying Wittingham Coal Measures (Umwelt 2003).

The interburden sequences between the coal measures act as aquitards or aquicludes, with
vertical conductivity 10 times to over of 100 times less than the hydraulic conductivity of
the coal seams (Golder, 2002).

The zone of depressurisation surrounding the Mt Owen Complex will extend with continued
mining operations and merge with established depressurisation zones at Ravensworth East
Mine and surrounding mining operations. The surrounding mining operations include
Glennies Creek underground mine and Ashton Mine.

Glennies Creek underground mine is located immediately to the east of Glendell Mine (refer
to Figure 1.2). Mining at Glennies Creek is currently in the Middle Liddell seam at depths
of 300 metres to 350 metres. This seam is down dip of the Glendell Mine with mining
operations in this area also contributing to depressurisation of regional coal seam aquifers.
Mining at Glennies Creek underground is significantly deeper than that proposed at Glendell
Mine and as a result will control regional depressurisation to the east of Glendell Mine
(Umwelt, 2007).

Ashton Mine is located immediately to the south of Glendell Mine between the Main Northern
Railway and Glennies Creek (refer to Figure 1.2). Ashton Mine is currently an open cut
mine but will include underground mining in the future. This mining will also control
regional depressurisation to the south of Glendell Mine (Umwelt, 2007).

Modelling of the Mt Owen Complex indicates that due to the depth of the Mt Owen North Pit
an inward hydraulic sink will form around the pit for several kilometres (MER, 2003). This
will combine with the approximate 1 kilometre and 3 kilometre zones of depressurisations
caused by the Glendell and Ravensworth East open cut mining operations respectively.
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2.3 Baseline Data

The development consents for Mt Owen, Ravensworth East and Glendell Mines require that
the Groundwater Monitoring Program details baseline data on groundwater levels and
quality in and around the Mt Owen Complex (refer to Section 1.2). The details of this
monitoring program are outlined in Section 4.11 and 4.12 and the results of the baseline
monitoring are discussed in Section 4.13 to 4.15.

3. IMPLEMENTATION

3.1 Adopted Groundwater Impact Assessment Criteria

The baseline monitoring results indicate that despite fluctuations in some water quality
parameters, groundwater quality at the Mt Owen Complex has remained relatively
consistent at each monitoring location throughout the period of monitoring. The
groundwater monitoring program has indicated that baseline concentrations of pH and
electrical conductivity in the underlying aquifers are outside the ANZECC (2000) default
trigger values contained in Table 4.6.

The baseline data has been analysed using cumulative distribution plots to determine the
80th percentile values that ANZECC (2000) recommend as being suitable for trigger values
for pH and electrical conductivity in the alluvial and hardrock/coal measures aquifers. The
80th percentile values are presented in Table 3.1. Where the 80th percentile value is lower
than the ANZECC (2000) guidelines, the ANZECC (2000) default trigger values have been
used.

Table 3.1 - Adopted Trigger Values for Key Water Quality Parameters

H Electrical Conductivity
P (i S/cm)
Monitoring 80th 80th
Location Percentile Maximum Percentile Maximum
Trigger Reported Trigger Reported
Value Value
Alluvial Aquifers 6.57 8.01 6.27 11.5 12,800 25,990
Hardrock/Coal 6.57 8.0 6.1 11.2 12,250 21,900
Aquifers

Note 1: Use ANZECC (2000) default trigger values

The site-specific groundwater trigger values in Table 3.1 represent the 80th percentile and
maximum of the historical baseline monitoring results. Section 3.3.2.3 of ANZECC (2000)
suggests that that if a trigger value is exceeded the aim of further site-specific
investigations is to assess if a O6pot ermoweadr, givensk o6 or
the range in the groundwater quality reported in Tables 3.3 and 3.4 and summarised in
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Table 3.1, the adoption of the 80th trigger values could result in ongoing, unwarranted
investigations into the natural variation of groundwater quality. Therefore, the 80th
percentile of the historical baseline monitoring results will be used to initiate a review of the
monitoring trends and exceedance of the maximum reported groundwater quality results
will act as a trigger for further investigations.

3.11 Inorganic Substances

ANZECC (2000) outlines trigger values for a range of inorganic substances. There is
insufficient baseline data for inorganics available from the baseline monitoring undertaken
during the previous groundwater monitoring program at the Mt Owen Complex to facilitate
an analysis of the background trends.

It is proposed that monitoring of inorganics be continued as part of the ongoing monitoring
program, and the results be reviewed progressively during the life of the monitoring
program to help determine appropriate trigger values for inorganics at the Mt Owen
Complex.

3.2 Groundwater Monitoring Program

This program includes monitoring of the following elements of the alluvial and hardrock/coal
measures aquifers underlying the Mt Owen Complex:

71 groundwater seepage into open cut pits;
1 groundwater levels, aquifer depressurisation and groundwater gquality; and

1 impacts on groundwater dependent ecosystems and riparian vegetation.

3.21 Groundwater Seepage into Open Cut Pits

The contribution of groundwater to the open cut pits will be monitored at the Mt Owen
Complex by the measurement of all water pumped from open cut pits. The results of this
monitoring will be recorded and the volume of the groundwater contribution will be
determined as part of the Mt Owen Complex water balance prepared as part of the Mt Owen
Complex WMP. A quarterly review of groundwater seepage data will be undertaken and will
include consideration of relevant meteorological and rainfall data.
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3.211 Intersection of Alluvium

As discussed in Section 2.242 it is predicted that the continued mining operations
associated with the Mt Owen Complex will intersect the Swamp Creek alluvium. These
activities are not expected to result in significant inflows of groundwater from the Swamp
Creek alluviums into open cut pits (MER 2003). In order to monitor the impacts of the
continued operations, it is proposed to construct a series of test pits prior to mining along
the boundary of the Swamp Creek alluvium in order to:

f confirm the predicted groundwater inflows (refer to Section 2.23);
1 map the extent of Swamp Creek alluvium; and

{ assess potential areas of high permeability.

In addition, the groundwater leakage to and from the surrounding creek alluviums will be
monitored following the construction of all creek diversions. This monitoring will involve
visual inspections of the bed profile and condition and routine monitoring at monitoring
locations NPZ13, NPZ16, GA1 and GA?2 (refer to Figure 3.1).

A quarterly review of groundwater seepage data will be undertaken and will include
consideration of relevant meteorological and rainfall data. In the event that the review
indicates that groundwater inflows vary from the predictions outlined in Section 2.23 the
data will be investigated to determine whether additional modelling or further investigation
is required.

3.22 Groundwater Levels and Quality

Groundwater monitoring will continue to be undertaken at the existing monitoring locations
described in Section 2.3 (refer to Figure 3.1). The monitoring schedule outlines the
frequency and parameters at the water monitoring locations.

The monitoring of the groundwater levels will facilitate continued monitoring of the pressure
response within the coal measures and the water table within shallow strata near or
beneath the alluvium.

A quarterly review of water level and quality monitoring data will be undertaken and will
include consideration of relevant meteorological and rainfall data.

If monitoring of these parameters is proposed to be discontinued, XMO will consult with the
Office of Environment and Heritage (OEH) and the Department of Planning and
Infrastructure (DoPI) during the revision of the monitoring program. Any revisions to the
monitoring program will also be discussed in the AEMR.
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4. MEASUREMENT AND EVALUATION

4.1 Baseline Data

4.11 Monitoring Locations

XMO has established a groundwater monitoring program in the area with a network of
22 piezometers installed at the groundwater monitoring locations presented in Figure 3.1.
Groundwater quality monitoring has been undertaken to provide baseline groundwater data
within and surrounding the Mt Owen Complex. A number of the piezometers are paired and
are either of a large or small diameter targeting shallow alluvial and deeper hardrock/coal
measures aquifers. Several monitoring locations are located adjacent to the active mining
areas to monitor groundwater pressure losses near the open cut pits.

4.12 Monitoring Parameters

The Groundwater Monitoring Program requires the continuation of monitoring at the
locations outlined in Section 4.11. This program requires the quarterly monitoring at all
monitoring locations for the following parameters:

1 water level;
1 pH;and

1 electrical conductivity (EC).

Additional six monthly monitoring of speciation and rare elements and monitoring of alluvial
aquifer water levels using continuous loggers is to be undertaken at a number of monitoring
locations as described in Section 4.14 and 4.15.

The program for ongoing monitoring at each monitoring location is presented in Section
3.2.

The results of the groundwater monitoring program outlined are summarised in Section
4.13 to 4.15.

<Document ID> Status: Draft Effective: N/A Page 20 of 45
groundwater monitoring program Version: 0.1 Review: N/A

THIS DOCUMENT IS UNCONTROLLED UNLESS VIEWED ON THE INTRANET




X

xstrata

coal

<Site>

<Business Function> Plan

New: England
Highyay

Camberwell
- Village

e Mt Owen Complex
xstrata

Licensed Groundwater
Extraction Bores

Figure 4.1 Groundwater Monitoring Locations
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4.13 Groundwater Inflows into Open Cut Pits

The total water extracted from the open cut pits is measured and reported as part of the
Annual Environmental Reporting (AEMR) for the Mt Owen Complex. This information is
analysed with catchment rainfall and meteorological information to determine the volumes
of groundwater seeping into open cut pits.

Table 4.3 - Future Predicted Groundwater Inflows (ML/year)

Ravensworth . . Mt Owen

Year East Mine Mt Owen Mine | Glendell Mine Complex
Total Inflows

2008 650 190 146 986
2009 662 194 183 1038
2010 673 198 219 1090
2011 685 201 268 1154
2012 697 205 316 1218
2013 709 206 365 1280
2014 720 208 389 1317
2015 732 209 414 1355
2016 744 211 438 1392
2017 755 212 438 1405
2018 767 214 438 1419
2019 767 215 438 1420
2020 767 215 438 1420
2021 o! 215 438 1420
2022 o! 215 438 1420
2023 o! 215 438 1420

Sources: ERM (1999), Umwelt (2003), Umwelt (2007)

Note 1: End of current development consent for Ravensworth East Mine i will not report to Complex mine water management
system

4.14 Groundwater Levels

Groundwater levels have been monitored at selected locations on a monthly basis since
2005 (refer to Figure 3.1). Most monitoring locations have shown fluctuations in the depths
to water level throughout their respective monitoring periods.
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There has been an overall decrease in water levels in the majority of the monitoring
locations which is likely to be predominantly related to the extension of the
depressurisations zone due to continued operations at the Mt Owen Complex. The decrease
in water depth at NPZ1 and the South Bore can be directly attributed to the proximity of the
monitoring locations to the Mt Owen North Pit expansion and Mt Owen Eastern Rail Pit
respectively. The increases in water levels at NPZ9 can be attributed to the change of
operation and continual filling of the tailings emplacement area adjacent to the rail loop.
Minor fluctuations in water levels may be associated with the levels of rainfall throughout
the monitoring period and reflects the natural fluctuations in groundwater levels during wet
and dry periods.

The groundwater monitoring results show that the current groundwater conditions are
generally consistent with the predictions in the Mt Owen EIS (Umwelt, 2003). The shallow
alluvial aquifers are showing responses to prevailing dry conditions with water levels either
remaining constant or decreasing slightly.

Fluctuations in groundwater levels are used to determine the pressure response in
underlying aquifers and these results are reported in the AEMR for the Mt Owen Complex. A
loss of aquifer pressure within the hard rock aquifer may impact upon any groundwater
extraction bores located within the zone of depressurisation associated with mining. There
are no identified privately registered boreholes in use or groundwater users within the
depressurisation zone predicted for operations at the Mt Owen Complex (Umwelt, 2007).

4.15 Groundwater Quality

Groundwater quality monitoring in the aquifers underlying the Mt Owen Complex was
established by XMO in 2005 and involved monthly water quality monitoring at seven
monitoring locations (North Bore, South Bore, East Bore, GW1, GW2, NPZ9 (Large) and
NP10 (Large)) (refer to Figure 3.1). Quarterly monitoring at the current monitoring
locations began in September 2006 (refer to Figure 3.1). The results of the groundwater
quality monitoring are summarised in Section 4.151 and 4.152.

4.151 Alluvial Aquifers

The Mt Owen Complex Groundwater Monitoring Program for the alluvial aquifers comprises
quarterly monitoring at 18 monitoring locations (refer Figure 3.1). The range in water
quality of the alluvial aquifers for the period from January 2005 to date is outlined in Table
4.4,
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Table 4.4 - Quarterly Water Quality Monitoring in the Alluvial Aquifers

o H Electrical Conductivity

Monitoring P (i S/cm)

Location

Minimum Maximum Minimum Maximum

Bettys Ck Alluvium 6.2 11.5 3,620 13,030

Yorks Ck Alluvium ! 6.8 9.5 5,880 25,990

Main Ck Alluvium 7.6 9.9 1,860 9,800
Swamp Ck Alluvium 7.1 9.4 1,370 11,430
Note 1: An el evated EC measurement of 125,990 17TS/cm was reported at

been excluded from the table. It is assumed that this value was reported incorrectly and assumed to be 125.917 S/ ¢ m.

Additional groundwater quality monitoring is scheduled at the alluvial aquifer monitoring
locations every six months. These samples are to be analysed for a suite of inorganic
substances.

4.152 Hardrock/Coal Measures Aquifer

The Mt Owen Complex Groundwater Monitoring Program for the hardrock/coal measures
aquifer comprises quarterly monitoring at 14 monitoring locations including three
monitoring locations used to monitor pressure losses (refer to Figure 3.1). The range in
water quality of the hardrock/coal measures aquifer for the period from January 2005 to
March 2008 is outlined in Table 4.5.

Table 4.5 - Quarterly Water Quality in the Hardrock/Coal Measures Aquifer

Electrical Conductivity

Monitoring PH (i S/cm)
Location

Minimum Maximum Minimum Maximum
Hardrock/Coal 6.1 11.2 2,280 21,900

Measures Aquifer

Pressure Loss
Monitoring 6.4 7.8 3,400 11,000
Locations?

Note 1: monitoring locations East Bore, South Bore and Bore 264

The results presented in Table 4.5 indicate the deeper hardrock/coal measures aquifer
typically exhibits high salinity levels.
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Additional groundwater monitoring is scheduled at all hardrock/coal measures aquifer
monitoring location every six months. These samples are to be analysed for a suite of
inorganic substances.

4.2 Groundwater Impact Assessment Criteria

4.21 Trigger Value Determination

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2000)
(ANZECC) apply to the quality of both surface waters and groundwaters since they have
been developed to protect environmental values relating to above-ground uses such as
irrigation and stock use. The quality of groundwater should be maintained so that in the
event it reaches the surface it will not detrimentally impact the environmental values or
water quality objectives of the surrounding ecosystem.

ANZECC (2000) recommends that wherever possible site-specific data is used to define
trigger values for physical and chemical factors which can adversely impact the
environment. However, the default values provided by ANZECC (2000) can be used where
there is insufficient baseline data available.

The trigger values are not assessment criteria but are used to initiate investigations into the
groundwater quality as reported by the monitoring program.

The approach recommended by ANZECC (2000) for developing site-specific trigger values
for highly disturbed ecosystems is to formulate trigger values based on the 80th percentile
of the site-specific monitoring data. The objective of this approach is to develop
conservative, site-specific trigger values for use as a means to improve water quality in
highly disturbed ecosystems.

This approach to the defining of site-specific trigger values does not account for the water
quality variability due to the properties of the aquifers present in the region surrounding the
Mt Owen Complex. It is considered that applying a 80th percentile trigger value may not
adequately reflect the water quality dynamics of the region and may initiate investigations
into groundwater quality that can be associated with natural water quality variations.

A more appropriate approach involves the statistical analysis of baseline monitoring data to
determine trigger values that consider the water quality properties of the two aquifer types
present at the Mt Owen Complex, with trigger values developed for alluvial and
hardrock/coal measures aquifers.

The results of the baseline monitoring are discussed in Section 4.22.
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In the event that suitable site-specific trigger values cannot be developed, the default
trigger values defined by ANZECC (2000) for lowland rivers in slightly disturbed ecosystems
in south-east Australia are given in Table 4.6.

Table 4.6 - ANZECC (2000) Default Trigger Values for Key Water
Quality Parameters

Water Quality Variable Trigger Value
pH range 6.57 8.0
Conductivity (uS/cm) 125 - 2200

Source: ANZECC (2000) Australian and New Zealand Guidelines for Fresh and Marine Water Quality

4.22 Discussion of Baseline Monitoring

Baseline data has been collected as part of the Mt Owen Complex Groundwater Monitoring
Program. As described in Section 2.24 and 4.151, the alluvial aquifer exhibits variable
water quality that is highly influenced by depth. The water quality of the hardrock/coal
measures aquifer is dependent on the properties of its constituent coal and interburden
sequences as described in Section 2.25 and 4.152. As such the baseline monitoring
results collected by the monitoring program outlined in Section 4.1 have been analysed to
provide an indication of water quality in the alluvial and hardrock/coal measures aquifers
present at the Mt Owen Complex.

4.221 Alluvial Aquifers

The water quality of the alluvial aquifers is variable and dependent on flow levels, with
previous investigations indicating that high flows result in low salinity concentrations (refer
to Section 2.244).

pH levels recorded in the alluvial aquifers range from 6.2 to 10.4 with two samples collected
at monitoring location NPZ1 recording levels above 10.9 (up to a pH of 11.5) in September
and December 2006.

Electrical conductivity levels recorded in the alluvial aquifers range from 1,370 7 S/ cta
21,000 7 S/ c mith one sample collected at monitoring location GW1 recording a
concentration of 25,590 7 S/ ¢ im July 2007. A measurement of 125, 990 1 S/
reported at monitoring location GW1 in July 2007 however it was assumed that this value

cm wa

refer

was reported incorrectly and should have been reported as 1259 1 S/ cm (
Figure 3.1).

The results presented in Table 4.3 indicate that the alluvial aquifers typically exhibit high
pH and electrical conductivity levels. This is consistent with observations of the ephemeral
creeks outlined by MER (2003, 1997) and Golder (2002). The increase in electrical
conductivity concentrations typically corresponds with decreased water levels in the
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alluviums. The decrease in the water levels in the alluviums is predominantly driven by
periods of low rainfall.

4.222 Hardrock/Coal Measures Aquifer

The water quality of the hardrock/coal measures aquifer underlying the Mt Owen Complex is
dependent on the hydraulic conductivities and water transmission properties of its
constituent coal and interburden (refer to Section 2.252).

pH levels recorded in the hardrock/coal measures aquifers range from 6.2 to 10.9 with two
samples collected at monitoring location NPZ1 recording levels above 10.9 (up to a pH of
11.2) in September and December 2006.

Electrical conductivity levels recorded in the hardrock/coal measures aquifers range from
2,280 11 &/ 138001 S/ cwith two samples collected at monitoring locations NPZ3
(Large) and NPZ 4 (Large) recording values of 21,900 T S/ c am June 2006 and
21,4207 S/ c in September 2007 respectively and monitoring location GW1 recording
25,5901 S/ cimJuly 2007.

4.3 Impacts on Groundwater Dependent Ecosystems and
Riparian Vegetation

Monitoring of the impacts on the groundwater dependent ecosystems and riparian
vegetation will be undertaken in accordance with the Mt Owen Complex Flora and Fauna
Management Plan (Umwelt, 2006) and the Mt Owen Complex Biodiversity and Land
Management Plan (XMO, 2006).
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4.4 Monitoring Standards

Groundwater monitoring at the Mt Owen Complex will be undertaken in accordance with
relevant Australian Standards, legislation and OEH approved methods for sampling. The
Australian Standards and OEH approved methods relevant to the Groundwater Monitoring
Program include (but are not limited to):

1 NSW DECC, 2004, Approved Methods for the Sampling and Analysis of Water Pollutants in
New South Wales.

1 AS/NZS 5667.1:1998 Water Quality 1 Sampling i Guidance on the Design of Sampling
Programs, Sampling Technigues, and the Preservation and Handling of Samples.

1 AS/NZS 5667.11:1998 Water Quality - Sampling - Guidance on Sampling of Groundwaters.

5. REVIEW AND IMPROVEMENT

5.1 Reporting and Review of Results

5.11 Groundwater Seepage into Open Cut Pits

The Mt Owen Complex Health, Safety, Environment and Community (E&C) Manager will
report the measurements of all water pumped from mine pits after each pumping event and
conduct regular monitoring of groundwater leakage from alluviums after the construction of
creek diversions. The volumes of seepage into the open cut pits will be determined as part
of the water balance prepared for the Mt Owen Complex WMP and the results reviewed as
part of the review of the water balance. The results of this monitoring will be reviewed
quarterly and reported as required in the AEMR. If significant inflows from the alluvial
groundwater into the mine pits are identified the measures outlined in the Surface Water
and Groundwater Response Plan, prepared as part of the Mt Owen Complex WMP, shall be
implemented.

The data collected as part of this monitoring will be used to validate the groundwater inflow
predictions (refer to Section 5.3).

5.12 Intersection of Alluvium

The Mt Owen Complex E&C Manager will report the results of the test pit investigations and
conduct regular monitoring of bed profiles and seepage from alluviums after the
construction of creek diversions. These results will be reported as outlined in Section 5.11.

<Document ID> Status: Draft Effective: N/A Page 28 of 45
groundwater monitoring program Version: 0.1 Review: N/A

THIS DOCUMENT IS UNCONTROLLED UNLESS VIEWED ON THE INTRANET




X
xstrata

coal

<Site>

<Business Function> Plan

In the event that the test pits indicate the presence of extensive areas of high permeability,
the Mt Owen Complex E&C Manager will conduct a site-specific investigation in accordance
with the protocols outlined in the Surface and Groundwater Response Plan prepared as part
of the Mt Owen Complex WMP. This investigation may indicate that reassessment of the
mining plan is necessary to limit ground disturbance adjacent to the alluvium.

When a site-specific investigation has been undertaken the findings will be reported in the
AEMR.

5.13 Levels and Water Quality

All monitoring is to be undertaken in accordance with XMO procedures for environmental
monitoring and evaluation outlined in the Mt Owen Complex EMS. The Mt Owen Complex
E&C Manager will be responsible for the quarterly review of the monitoring results and
associated trends in water quality. Measured values will be compared to background trends
in water quality and an investigation of potential cause undertaken when a deviation from
background trends is identified and / or when water quality parameters record levels
outside the maximum reported groundwater quality results presented in Table 3.1. The Mt
Owen Complex E&C Manager will be responsible for all investigations into groundwater
quality in accordance with the protocol described in Section 5.2.

Monitoring results will be reviewed quarterly and reported as required in the AEMR and
reported to the Mt Owen Complex Community Consultative Committee in accordance with
the Mt Owen Complex procedure for environmental reporting outlined in the Mt Owen
Complex EMS. Reporting will include a comparison of water quality trends with those of
previous years and will highlight any results that are inconsistent with trends in baseline
data. In addition, the results of the monitoring program will be provided to a suitably
qualified groundwater consult for the verification of predictive groundwater inflow models.
This will be undertaken every 3 years as part of the review of the Groundwater Monitoring
Program (refer to Section 5.5) or in the event of significant onsite operational changes.

All monitoring data will be retained in an appropriate format on site and will be used to
review the effectiveness of the Mt Owen Complex water management system on an ongoing
basis.

5.14 Reporting of Exceedances

If monitoring results identify an exceedance of the performance criteria outlined in
Section 4.2 of this Plan, XMO will notify DoPI of the exceedance/incident. Notified parties
will be provided with quarterly monitoring results until it can be demonstrated that the
operation is compliant with the relevant criteria.
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5.2 Investigations

Where the groundwater monitoring reports results outside the groundwater impact
assessment criteria presented in Table 3.1 the Mt Owen Complex E&C Manager shall act in
accordance with Section 3.3.2.3 of ANZECC (2000) as follows:

The guideline trigger values are the concentrations (or loads) of the key

performance indicators, below which there is a low risk that adverse biological

effects will occur. The physical and chemical trigger values are not designed to

be used as 6émagic numbersé or threshold values
problem is inferred if they are exceeded. Rather they are designed to be used in

conjunction with professional judgement, to p rovide an initial assessment of the

state of a water body regarding the issue in question.

Section 3.3.2.3 of ANZECC (2000) suggests that that if a trigger value is exceeded the aim

of further site-speci fi ¢ investigations i s ktbo oas saens sacitfuad dp
exists. The groundwater impact assessment criteria listed in Table 3.1 represent the

maximum reported groundwater quality results of the historical baseline monitoring data.

In the event that any water quality measurement is found to deviate from background
trends and/or record levels outside the maximum reported groundwater quality results
presented in Table 3.1 the Mt Owen Complex E&C Manager will be responsible for initiating
further site-specific investigations when:

1 in his/her professional judgement, the deviation from background trends and impact
assessment criteria could result in environmental harm;

1 three (3) consecutive values are outside the maximum reported groundwater quality
results presented in Table 3.1; or

1 the measurement varies significantly from background water quality trends.

A site-specific investigation will then be instigated in accordance with the protocols outlined
in the Surface and Groundwater Response Plan prepared as part of the Mt Owen Complex
WMP.

When a water quality measurement has been investigated the findings of the investigation
will be reported in the AEMR.
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5.3 Independent Review

If a landowner considers the operation to be in exceedance of the impact assessment
criteria, they may request an independent review of the effects of the operation on their
land. Such a request must be made in writing to the Director-General of DoPI. If the
Director-General determines that an independent review is to be undertaken, XMO must
follow the procedures outlined in the relevant development consent.

5.4 Model Validation

The groundwater inflow predictions for Glendell Mine will be validated after three years (or if
significant changes to mining operations occur) in conjunction with the review of the Mt
Owen Complex WMP. After this time the historical monitoring data collected as part of the
groundwater monitoring program and relevant test pit investigations will be used to validate
the groundwater predictions made in the Glendell EA (Umwelt, 2007).

This model validation will be reported on as per Section 5.11.

5.5 Program Review

This monitoring program shall be reviewed every three years including a review of
monitoring locations and parameters for analysis. If any significant changes to the program
are required as an outcome of the review, the DoPI will be consulted and the revised
program submitted to the DoPI. Any revisions to the monitoring program will also be
discussed in the AEMR.

6. DEFINITIONS

Term Definition

Alluvim Sediment deposited by a flowing stream, e.g. clay, silt, sand, etc.
AEMR Annual Environmental Management Report

Aquifer A water-bearing rock formation

Bore A hole formed by boring or augering

DA Development Application

DoPI Department of Planning and Infrastructure

E&C Environmental and Community

EA Environmental Assessment

EIS Environmental Impact Statement

EMS Environmental Management Strategy
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Term
EPL
GDA
MS/cm
ML
NOW
OEH

Piezometer

WMP

XMO

<Business Function> Plan

Definition

Environmental Protection Licence

Geocentric Datum Australia

microsiemens per centimetre is the standard measure of conductivity
megalitres or millions of litres, e.g. 5 ML is the same as 5 million litres
NSW Office of Water

Office of Environment and Heritage

A small diameter bore lined with a slotted tube used for determining the
standing water level of groundwaters

Water Management Plan

Xstrata Mt Owen Pty Ltd

7. ACCOUNTABILITIES

The Mt Owen Complex E&C Manager is responsible for managing the Groundwater
Monitoring Program. This duty includes assessing compliance with the conditions listed in
the respective development consents and Environmental Protection Licences (EPL) for the
Mt Owen Complex. The Mt Owen Complex Operations Manager is responsible for providing
adequate resources to undertake the activities required by this program.

If a contractor is engaged to undertake groundwater monitoring on behalf of XMO, all
monitoring undertaken by the contractor must be in accordance with this Groundwater
Monitoring Program and all relevant monitoring standards (as outlined in Section 4.4).

The responsibilities of the relevant personnel at the Mt Owen Complex and under this
program are summarised in Table 6.1

Role

E&C Manager

Operations Manager

Accountabilities for this document

Responsible for ensuring that monitoring, periodic environmental
inspections and site-specific inspections are undertaken.

Responsible for providing adequate resources to undertake the activities
required by this program.
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Groundwaters
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8.5 Other
ERM, 1999. Ravensworth East Mine Environmental Impact Statement.
1 Golder Associates Pty Ltd 2001. Glendell Project Geotechnical Evaluation for Open
Pit Mining . Prepared for Glendell Joint Venture
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study . EIS working paper prepared for Peabody Resources Limited.
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Glendell Coal.

1 Umwelt (Australia) Pty Limited, 2003. Environmental Impact Statement Mt Owen
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1 Umwelt (Australia) Pty Limited 2006. Mt Owen Complex Flora and Fauna
Management Plan . Prepared for Xstrata Mt Owen Pty Limited.

1 Umwelt (Australia) Pty Limited 2007. Environmental Assessment for Modification of
Glendell Mine . Prepared for Xstrata Mt Owen Pty Limited

1 Umwelt (Australia) Pty Limited 2008. Mt Owen Complex Water Management Plan
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9. APPENDICES
9.1 Groundwater Monitoring Program Requirements!
Table 1.1 i Groundwater Monitoring Program Requirements?
3
= | o
N6|lay NS
w283 | af
<2 | 8% St
ol 2 4] Relevant
<9 59 <’ Consent Conditions Section of
Qv (] c a® Program
c 9 32 ) =9
0 5 0 a.‘ s 03
ST | EMmE| T T
© 2| SQ¢F| 52
= TN O =
S3| g (&} o @
36 36 The applicant shall regularly monitor (to the satisfaction of the
Governor General):
36a) | 36a) 1 the volume of groundwater seeping into the open cut workings; | Section 3.21
36 b) | 36 b) 1 regional groundwater levels and quality in the surrounding Section 3.22
aquifers;
36c) | 36¢) 1 the groundwater pressure response in the surrounding coal Section 4.1
measures; and
36d) | 36d) 1 reporting the results of this monitoring in the AEMR. Section 5.1
34 The groundwater monitoring program must include:
34 a) 1 detailed baseline data, based on sound statistical analysis, to Section 4.1
benchmark the pre mining natural variation in groundwater
levels, yield and quality (including privately owned groundwater
bores within the predicted drawdown impact zone);
34 b) 1 groundwater impact assessment criteria (including monitoring Section 4.2
bores);
34 ¢) 1 a program for accurately delineating the boundary of the Bettys | Section 3.21
Creek and Swamp Creek alluvial aquifers in any areas
intersected by mining;
34 d) 1 a program to monitor: Section 2.22
A impacts on the groundwater supply of potentially affected
landowners;
A impacts on the Bettys Creek and Swamp Creek alluvial Section 3.21
aquifers; and 3.22
A connectivity and groundwater leakage to/from Bettys Creek | Section 3.21
and Swamp Creek following diversion;
A impacts on groundwater dependent ecosystems and Section 4.3
riparian vegetation;
A the volume of ground water seeping into the open cut mine | Section 3.21
workings;
A regional ground water levels and quality in the alluvial, coal | Section 3.22

seam, and overburden/interburden aquifers; and

<Document ID>

groundwater monitoring program

Status: Draft
Version: 0.1

Effective: N/A
Review: N/A

THIS DOCUMENT IS UNCONTROLLED UNLESS VIEWED ON THE INTRANET

Page 35 of 45




X

xstrata

coal

<Site>

<Business Function> Plan

Table 1.1 i Groundwater Monitoring Program Requirements’ (Cont.)

A the groundwater pressure response in the surrounding coal | Section 3.22
measures;
34 e) 1 procedures for the verification of the groundwater model; and Section 5.3
34 f) 1 reporting procedures for the results of the monitoring program Section 5.1
and model verification. and 5.3

Note 1: The Groundwater Monitoring Program must be consistent with the current version of Approved Methods for the
Sampling and Analysis of Water Pollutants in New South Wales (Department of Environment and Climate Change

- DECC, 2004).
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9.2 Details of Groundwater Monitoring Locations
Table 4.1 - Details of Groundwater Monitoring Locations
I - . . Target .
Monitoring Site Purpose and Easting |Northing Litholo Target Seam/Drill Construction
Location Description Groundwater Licence (GDA) (GDA) ay Seams Depth Details
North East of Pit C Shallow water table of Bettys Creek Existing Licence in place (refer to Licence No.20BL169336)
East Pit C Pressure losses near pit ! Existing Licence in place (refer to Licence No.20BL169335)
South Pit C Pressure losses near pit ! Existing Licence in place (refer to Licence No.20BL169333)
Ravensworth — . . .
GW1 East Shallow water table of Yorks Creek Existing Licence in place (refer to Licence No.20BL168116)
Bettys Creek
NPZ1 : 60 m
Bettys Creek Shallow water table of Bettys Creek 323213 | 6413286 Alluvium No seam Shallow dual
20BL171542 . No seam piezometer
NPZ1a Hard Rock Aquifer 130 m
Bettys Creek
NPZ3 . No seam 6m i
Bettys Creek Shallow water table of Bettys Creek | 351105 | 6410365 Alluvium Shallow triple
20BL171544 ) piezometer
NPZ3a Hard Rock Aquifer No seam 30 mand 60 m
NPZ4 isati - Yorks Creek Alluvium No seam 60 m
West Dump Depressurisation on north-west 319534 | 6415151 ' Shallow dual
NPZ4a 20BL171537 Hard Rock Aquifer No seam 110 m piezometer
Bettys Creek
NPZ6 i isati . Ravensworth 65 m
South of Pit C Regional southward depressurisation 322577 | 6410410 Alluvium Shallow dual
20BL171534 . piezometer
NPZ6a Hard Rock Aquifer Ravensworth 102 m
NPZ7 i isati Main Creek Alluvium Lemington 62 m
South of Pit C Regional southward depressurisation 323811 | 6410786 ' g Shallow dual
NPZ7a 20BL171538 Hard Rock Aquifer No seam 110 m piezometer
NPZ8 i isati Main Creek Alluvium 60 m
South of Pit C Regional southward depressurisation 324761 | 6412715 / \_(et to be Shallow dual
NPZ8a 20BL171543 Hard Rock Aquifer installed 130 m piezometer
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Table 4.1 - Details of Groundwater Monitoring Locations (cont.)

<Business Function> Plan

. . . . Target .
Monitoring Site Purpose and Easting | Northing . . Construction
Location Description Groundwater Licence (GDA) (GDA) Lithology Target Seams SeaDr:l{t?‘rlll Details
Bettys Creek
NPZ9 Mt Owen Rail Tailing Pit 1 A”y : Ravensworth 22 m Shallow dual
320643 | 6412905 uvium .
Loop 20BL171541 . piezometer
NPZ9a Hard Rock Aquifer No seam 50 m
Bettys Creek
NPZ10 Mt Owen Rail Tailings Pit 1 320961 | 6411696 AIKJvium No seam 27 m Shallow dual
Loop 20BL171545 . piezometer
NPZ10a Hard Rock Aquifer No seam 61 m
NPZ11 Ravensworth | Pressure losses towards Bowmans Creek Yorks Creek Alluvium No seam 61m Shallow dual
318061 | 6412639 . ) .
NPZ11a East 20BL171540 Hard Rock Aquifer U Pikes Gully 102 m piezometer
NPZ12 Ravensworth | Pressure losses towards Bowmans Creek Yorks Creek Alluvium Unknown 48 m Shallow dual
318439 | 6411522 . ) .
NPZ12a East 20BL171540 Hard Rock Aquifer L Pikes Gully 97 m piezometer
Swamp Creek .
NPZ13 i . L Pikes Gull 70m
Glendell Pressure losses near pit 318297 | 6409571 Alluvium y Shallow dual
20BL171539 ) ) piezometer
NPZ13a Hard Rock Aquifer L Liddell 134 m
NPZ14 Shallow water table of Bettys Creek Bettys _Creek L Liddell >l m Shallow dual
NPZ14 Glendell 20BL171536 319468 | 6407091 Alluvium biezometer
a Hard Rock Aquifer Hebden 91m
Bettys Creek .
NPZ15 i . Lemington 59 m
Glendell Pressure losses near pit 320785 | 6407938 Alluvium g Shallow dual
20BL171546 . piezometer
NPZ15a Hard Rock Aquifer No Seam 130 m
Swamp Creek .
NPZ16 . Lemington 60 m
Glendell Pressure losses towards Swamp Creek 318181 | 6409127 Alluvium g Shallow dual
20BL171536 . . piezometer
NPZ16a Hard Rock Aquifer U Liddell 173 m
GA1 Glendell Pressure losses towards Swamp Creek 318468 | 6408316 Swamp_Creek Unknown Unknown EX|§t|ng single
20BI171535 Alluvium piezometer
GA2 Glendell Pressure losses towards Swamp Creek 318667 | 6407429 Swamp Creek Unknown Unknown Existing single

20BL171547

Alluvium

piezometer
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Table 4.2 - Stage 2 Piezometer Details

Piezo- Area Purpose and Easting | Northing Lot/DP Parish County Drill Depth | Construction
Bore Groundwater (GDA) (GDA) Details
ID Licence
NV10 Stage 2 Monitoring near Stage| 316906 | 6415147 | 352/867083 Liddell Durham 10 m Shallow triple
2 TSF 21 m&39m| Piezometer
NV11 Stage 2 Monitoring near Stage| 316888 | 6415301 | 352/867083 Liddell Durham 12 m Shallow triple
2 TSF 22 m&42 m| Piezometer
NV12 Stage 2 Monitoring near Stage| 316934 | 6414988 | 352/867083 Liddell Durham 11m Shallow triple
2 TSF 25m & 39 m| Piezometer
NV13 Stage 2 Monitoring near Stage| 316920 |64150671| 352/867083 Liddell Durham 12 m Shallow triple
2 TSF 23 m&39m| Piezometer
NV14 Stage 2 Monitoring near Stage| 316896 | 6415221 | 352/867083 Liddell Durham 10 m Shallow triple
2 TSF 21 m&39m| Piezometer
NV15 Stage 2 Monitoring near Stage| 316884 | 6415303 | 352/867083 Liddell Durham 8m Shallow dual
2 TSF 35 m piezometer
NV16 Stage 2 Monitoring near Stage| 316939 | 6414855 | 352/867083 Liddell Durham 10 m Shallow triple
2 TSF 23 m&39m| Piezometer
NV17 Stage 2 Monitoring near Stage| 317009 | 6414576 | 352/867083 Liddell Durham 11m Shallow triple
2 TSF 26 m & 36 m| Piezometer
NV18 Stage 2 Monitoring near Stage| 317136 | 6414315 | 352/867083 Liddell Durham 16 m Shallow dual
2 TSF 39 m piezometer
NV19 Stage 2 Monitoring near Stage| 317381 | 6414115 | 352/867083 Liddell Durham 25m Shallow dual
2 TSF 39m piezometer
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9.3 Mt Owen Complex Groundwater Monitoring Schedule

<Business Function> Plan

Table 4.7 i Mt Owen Complex Groundwater Monitoring Schedule

Monitoring Location ! | Site Description | Water Level (m) pH EC
North Bore East of Pit C
East Bore Pit C
South Bore Pit C
GW 1 Ravensworth East
NPZ1 Bettys Ck
NPZ1a
NPZ3 Bettys Ck
NPZ3a
NPZ4 West Dump
NPZ4a
NPZ6 South of Pit C
NPZ6a
NPZ7 South of Pit C
NPZ7a
NPZ8 South of Pit C
NPZ8a
NPZ9 Mt Owen Rail Loop
NPZ9a
NPZ10 Mt Owen Rail Loop
NPZ10a
NPZ11 Ravensworth East
NPZ11la
NPZ12 Ravensworth East
NPZ12a
NPZ13 Glendell
NPZ13a
NPZ14 Glendell
NPZ14
NPZ15 Glendell
NPZ15a
NPZ16 Glendell
NPZ16a
GA1l Glendell
GA2
NV10 Stage 2 TSF
NV10
NV10
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Table 4.7 i Mt Owen Complex Groundwater Monitoring Schedule (cont.)

NV11

Stage 2 TSF

NV11

NV11

NV12

Stage 2 TSF

NV12

NV12

NV13

Stage 2 TSF

NV13

NV13

NVi4

Stage 2 TSF

NV1i4

NVi4

NV15

Stage 2 TSF

NV15

NV16

Stage 2 TSF

NV16

NV16

NV17

Stage 2 TSF

NV17

NV17

NV18

Stage 2 TSF

NV18

NV19

Stage 2 TSF

NV19

NV20

Stage 2 TSF

NV20

]]I]]]II”

Note 1: refer to Table 4.1 and Table 4.2 for monitoring locations

Key:

Currently monitored with continuous depth loggers
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9.4 Mt Owen Complex Groundwater Monitoring Schedule for Speciation
Table 4.8 - Mt Owen Complex Groundwater Monitoring Schedule for Speciation

Dissolved Silica b Total
Metals Total Metals* ICPAESy Phosphorus |Ionic Balance®
(Iron) (as P)

Dissolved Dissolved
Major Anions? Major Cations?
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Table 4.8 - Mt Owen Complex Groundwater Monitoring Schedule for Speciation (cont)

(Iron) (as P)
NPZ12

Dissolved Dissolved D::Z::I’: d Total Metals* Silica by Pho.I;OtI?tI)rus Ionic Balance®
Major Anions? Major Cations? ICPAES P

NV10

NV10
NV10

NV11
NV11
NV11
NV12
NV12
NV12
NV13
NV13
NV13
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Table 4.8 - Mt Owen Complex Groundwater Monitoring Schedule for Speciation (cont)

Note 1: Hydroxide, Carbonate, Bicarbonate and Total Alkalinity as CaCOs3

Note 2: Sulphate as SO4% and Silicon

Note 3: Calcium, Magnesium, Sodium, Potassium

Note 4: Aluminium, Arsenic, Barium, Lithium, Manganese, Rubidium, Selenium, Strontium, Zinc, Boron
Note 5: Total Anions, Total Cations, Ionic Balance
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