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Glossary 
Aquifer A groundwater bearing formation sufficiently permeable to 

transmit and yield groundwater. 

Australian height datum A common national surface level datum approximately 
corresponding to mean sea level. 

Bore Constructed connection between the surface and a groundwater 
source that enables groundwater to be transferred to the surface 
either naturally or through artificial means. 

Catchment The land area draining through the main stream, as well as 
tributary streams, to a particular site. 

Drawdown A reduction in piezometric or hydraulic head within an aquifer. 

Fracture Cracks within the strata that develop naturally or as a result of 
underground works. 

Goaf An area within an underground mine where extractable material 
has been removed. 

Groundwater Subsurface water that occurs in soils and geological formations. 

Hydrogeology The area of geology that deals with the distribution and 
movement of groundwater in soils and rocks. 

Longwall Longwall mining is a form of underground coal mining where a 
block of coal is mined using a longwall shearer.  

Outcrop Where the bedrock is exposed at the ground surface. 

Overburden The strata between the coal seam being extracted and the 
surface. 

Permian Age The youngest geological period of the Palaeozoic era, covering 
a span between approximately 290 and 250 million years ago. 

Quaternary The most recent geological period spanning from approximately 
2.5 million years ago to present. 

Runoff The amount of rainfall which actually ends up as streamflow, 
also known as rainfall excess. 

Strata Layers of rock above, below and including the coal seam. 

Subsidence The vertical difference between the pre-mining surface level and 
the post-mining surface level at a point. 

Surface water Water that is derived from precipitation or pumped from 
underground and may be stored in dams, rivers, creeks and 
drainage lines. 

Triassic The geological period that spans between approximately 250 
and 200 million years ago. 
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1. Introduction 
Mandalong Mine is an existing underground coal mine operation located in the Lake Macquarie 
Local Government Area (LGA) approximately 130 km north of Sydney near Morisset in New 
South Wales (NSW) as shown in Figure 1-1. After purchasing Mandalong Mine in August 2002, 
Centennial Mandalong Pty Limited (Centennial Mandalong), which is a wholly owned subsidiary 
of Centennial Coal Company (Centennial), operates the Mine. 

Centennial Mandalong currently operate under Development Consent SSD-5144. Mandalong 
Mine currently holds mining leases ML1443, ML1543 and ML1722; Consolidated Coal Leases 
CCL762 and CCL746, Authorisation A404 and exploration lease EL6317. The boundary of the 
mine holding boundary and EL6317 is shown in Figure 1-1. The approved Mandalong Southern 
Extension Project will extract coal from ML1722 and mine lease application MLA457 that lies 
within EL6317. The existing and approved Mandalong Mine workings are shown in Figure 1-2. 

1.1 Objectives of this Plan 

Condition 12 of EL6317 requires a Groundwater Monitoring and Modelling Plan (GMMP) to be 
prepared. This GMMP has been developed in accordance with the Department of Primary 
Industries Water (DPI Water) guideline entitled Groundwater Monitoring and Modelling Plans – 
Information for Prospective Mining and Petroleum Exploration Activities (2014). The specific 
requirements of Condition 12 are outlined in Table 1-1, along with the sections of this GMMP 
where these have been addressed. 

Table 1-1   EL6317 Licence Condition 12 

Condition (summarised) Where addressed 
within this report 

Ensure that the Groundwater Monitoring and Modelling Plan: 

Describes methods for identifying aquifers, their depths, behaviour, 
containing layers and connectivity with surrounding aquifers or 
surface water systems 

Section 3.4 and 6.3.1 

Describes methods for collection of data relevant to the type, 
quantity and quality of water contained within aquifer systems likely 
to be encountered during prospecting operations 

Section 6.3 

Provides for the future development of a conceptual model of 
regional groundwater behaviour 

Section 5 

Provides for the future development of a calibrated computer model 
of regional groundwater behaviour, to enable the impacts of any 
proposed mining operations to be assessed 

Section 5 

Describes how records of all data will be contained Section 6.4 

Describes the staging process for implementation of the plan Section 6 

Both conceptual and calibrated computer models of groundwater behaviour have already been 
developed for Mandalong Mine as part of the Groundwater Impact Assessment (GWIA) for the 
Mandalong Mine Southern Extension Project. The models represent the groundwater sources 
and their properties throughout the mine holding boundary and EL6317 and predict groundwater 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 6 

impacts from mining operations. Therefore this GMMP for EL6317 focuses on the collection of 
data to further refine the existing models. The GMMP is not an operational Groundwater 
Management Plan and therefore does not incorporate a trigger, action, response plan. 
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2. Regulatory context 
2.1 Legislation 

2.1.1 Water Act 1912 

The Water Act 1912 governs access, trading and allocation of licences associated with both 
surface and underground water for water sources where a Water Sharing Plan (WSP) has not 
commenced. The elements to which the Water Act 1912 applies include extraction of water from 
a river, extraction of water from underground sources, aquifer interference and capture of 
surface runoff in dams.   

The GMMP area is covered by the WSP for Hunter Unregulated and Alluvial Water Sources and 
the WSP for the North Coast Fractured and Porous Rock Groundwater Sources and therefore 
the Water Act 1912 does not apply to the GMMP area. 

2.1.2 Water Management Act 2000 

The Water Management Act 2000 (WM Act) is intended to ensure that water resources are 
conserved and properly managed for sustainable use benefitting both present and future 
generations. It is also intended to provide formal means for the protection and enhancement of 
the environmental qualities of waterways and their in-stream uses as well as to provide for 
protection of catchment conditions.  

An amendment to the WM Act (section 60I) came into effect on 1 March 2013. This amendment 
provides that it is an offence for a person without an access licence to take, remove or divert 
water from a water source, or relocate water from one part of an aquifer to another part of an 
aquifer, in the course of carrying out a mining activity. Various activities are captured by the 
provisions of the amendment including mining, mineral exploration and petroleum exploration.   

The area covered by this GMMP is located within the WSP area for the Hunter Unregulated and 
Alluvial Water Sources (HUA WSP), which commenced in August 2009 and regulates the 
interception and extraction of surface water and alluvium within the defined WSP area. The 
alluvium within the area covered by this GMMP is located within the Dora Creek and South Lake 
Macquarie water sources of the WSP. Therefore, any interference and extraction of alluvial 
groundwater throughout the GMMP area generally requires a water access licence (WAL) under 
the WM Act.  

The WSP for the North Coast Fractured and Porous Rock Groundwater Sources (NCFPR WSP) 
commenced on 1 July 2016 and regulates the interception and extraction of groundwater from 
the fractured and porous rock aquifer within the WSP boundary. Centennial Mandalong held a 
licence under the Water Act 1912 (20BL173524) to extract up to 1,825 ML/year of flooded mine 
working water from the existing Cooranbong void. This licence is to be converted to a WAL and 
a water supply works approval (20WA217077) under the NCFPR WSP. 

Water Management (General) Regulation 2011 

Clause 18 of the Water Management (General) Regulation 2011 exempts certain activities from 
the requirement of a WAL, including the taking of water for prospecting and fossicking activities 
approved under the Mining Act 1992 up to a maximum of 3 ML per water year. Should more 
than 3 ML per year of groundwater need to be taken during the installation of the exploration 
boreholes specified in this GMMP, Mandalong Mine is likely to have sufficient licensed 
entitlement from the NCFPR WSP for the 2016/2017 water year. 

Section 91 of the WM Act details the requirements for controlled activity approval to carry out 
work on waterfront land, which includes the bed of any river, lake or estuary and any land within 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 10 

40 m of its high water mark. Clause 39 of the Water Management (General) Regulation 2011 
exempts activities carried out in accordance with any lease or licence under the Mining Act 
1992. Thus, controlled activity approvals will not be required for the drilling and construction of 
the proposed boreholes. However, it remains an offence to harm waterfront land when carrying 
out an exempt controlled activity. 

2.2 Policies and Guidelines 

2.2.1 NSW Aquifer Interference Policy 

The Aquifer Interference Policy (AIP) clarifies groundwater licensing and groundwater impact 
assessment requirements in NSW. 

A water licence is required whether water is taken for consumptive use or whether it is taken 
incidentally by the aquifer interference activity (such as groundwater filling a void) even where 
that water is not being used consumptively as part of the activity’s operation. Sufficient access 
licences must be held to account for all water taken from a groundwater or surface water source 
as a result of an aquifer interference activity, both for the life of the activity and after the activity 
has ceased.  

The AIP also requires that potential impacts on groundwater sources be assessed. The AIP 
provides thresholds for the degree of impact an activity can have on the water table, 
groundwater pressure and water quality changes. For assessment against the AIP the following 
data is recommended:  

 Identification of aquifers, surface waters, Groundwater Dependent Ecosystems (GDEs), 
Culturally Significant Sites (CSS) and groundwater users on which potential impacts of the 
prospective activities are to be considered.  

 Establishment of baseline groundwater condition including level and quality based on 
sampling of existing bores or new monitoring bores.  

 Details of potential water level, pressure or quality impacts on nearby water users, within 
source or in connected groundwater or surface water sources.  

 Details of potential water level, pressure or quality impacts on nearby water users who are 
exercising their right to take water under a basic landholder right.  

 Details of potential water level, pressure or quality impacts on nearby groundwater 
receptors including GDEs and CSSs.  

 Details of potential for increased saline or contaminated water inflows to aquifers or 
connected groundwater or surface water sources.  

 Details of the potential to cause or enhance hydraulic connection between aquifers. 

 Details of the potential for river bank instability, or high wall instability or fracture to occur. 

 Details of the management of waste water. 

The AIP defines the minimum standards required for groundwater models, and the data that are 
applied to models. For mining activities it is generally required that groundwater inflows be 
estimated based on complex modelling platform that is: 

 Calibrated and validated (where practical) to the available baseline data that has been 
collected at an appropriate frequency and scale and over a sufficient period of time to 
incorporate typical temporal variations. In instances where an activity has a high likelihood 
of causing more than minimal harm to a “reliable water supply”, at least two years of 
baseline data is required.  
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 Consistent with the Australian Groundwater Modelling Guidelines (Barnett et al., 2012). 

 Independently reviewed and determined to be robust and reliable, and deemed fit-for-
purpose to the satisfaction of the Minister. 

This GMMP has been developed with consideration to the above data and assessment 
requirements. 

2.2.2 Australian Groundwater Modelling Guidelines 

The Australian Groundwater Modelling Guidelines (AGMG) defines three classes of confidence 
level classification (Class 1, Class 2 and Class 3 in increasing level of confidence) for 
groundwater models. The AGMG states that a model with a confidence classification of Class 2 
is appropriate for ‘Providing estimates of dewatering requirements for mines and excavations 
and the associated impacts’. Therefore the groundwater monitoring program for Mandalong 
Mine has been developed with the aim of providing sufficient data for a groundwater model with 
a Class 2 level of confidence. 

According to the AGMG, the data requirements for a Class 2 groundwater model include: 

 Groundwater head observations and bore logs. 

 Metered groundwater-extraction data. 

 Streamflow and baseflow estimates available at a few points. 

 Reliable irrigation-application data (where relevant) available in part of the area or part of 
the model duration. 

Other key indicators of a Class 2 groundwater model that affect data requirements include: 

 Transient calibration to historic data. 

 Model predictive timeframe is between 3 and 10 times the duration of transient calibration. 

 Stresses are between 2 and 5 times greater than those included in calibration. 
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3. Existing Environment 
3.1 Landforms and watercourses 

The land within EL6317 is characterised by relatively flat and low lying rural areas bordered by 
densely timbered ridgelines. Surface topography ranges from less than 30 m Australian Height 
Datum (AHD) throughout the rural areas to up to over 200 m AHD along the ridgelines. 

The M1 Motorway is located immediately to the east of EL6317 while the southern extent of 
Lake Macquarie, Lake Munmorah and Budgewoi Lake are located approximately 5 km to the 
east. The Jilliby Creek catchment and the Jilliby State Conservation Area are located to the 
south and west of EL6317 respectively. The Mandalong Valley is located to the north of EL6317 
while the Watagan State Forest is located to the northwest. 

The main watercourses that intersect EL6317 include: 

 Upper reaches of Morans Creek. 

 Upper reaches of Wyee Creek. 

 Upper reaches of Mannering Creek. 

 Upper reaches of Buttonderry Creek. 

The other main watercourses to the north of EL6317 that intersect the mine holding boundary 
include: 

 Stockton Creek. 

 Dora Creek. 

 Jigadee Creek. 

These watercourses are shown in Figure 3-1. Mannering Creek and Wyee Creek flow to the 
east into Lake Macquarie. Morans Creek is a tributary of Stockton Creek. Jigadee Creek and 
Stockton Creek are both tributaries of Dora Creek. Dora Creek flows into Lake Macquarie. 

3.2 Geology 

Mandalong Mine is located in the Newcastle Coalfield, which occupies the north-eastern portion 
of the Sydney Basin. The Mandalong Mine site is underlain by Triassic claystone, sandstone 
and conglomerate, as well as Quaternary alluvial sediments along watercourses. The Triassic 
rocks are underlain by the Permian Newcastle Coal Measures, which regionally dips to the 
south at approximately 1 to 2 degrees.  

The stratigraphy at Mandalong Mine is summarised in Table 3-1. This information has been 
sourced from the Newcastle Coalfields Regional Geology 1:100,000 map (NSW Department of 
Mineral Resources, 1995) and exploration logs for Mandalong Mine. 
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Table 3-1   Stratigraphic sequence 

Period Stratigraphy Formation Lithology 

Group Subgroup 

Quaternary    Alluvium 

Triassic Narrabeen Clifton Patonga Claystone 

Tuggerah Formation 

Munmorah Conglomerate 

Dooralong Shale 

Conglomerate, 
sandstone, 
siltstone, claystone 

Permian Newcastle 
Coal 
Measures 

Moon Island 
Beach 

West Wallarah Seam Conglomerate, 
sandstone, 
siltstone, tuff, coal 

Awaba Tuff  Tuff 

The approximate boundaries of the Quaternary alluvial sediments in the vicinity of the 
Mandalong Mine Site are shown in Figure 3-1 and have been derived from the Soil Landscapes 
of the Newcastle 1:100,000 Sheet (Matthei, 1995) and the Soil Landscapes of the Gosford-Lake 
Macquarie 1:100,000 Sheet (Murphy, 1993).   

The Newcastle Coal Measures are overlain by the Triassic Narrabeen Group. The Narrabeen 
Group comprises variable sequences of interbedded claystones, siltstones and fine to coarse 
grained sandstones. The Munmorah Conglomerate is a sandstone-dominated formation within 
the Narrabeen Group which typically occurs between 60 and 140 m above the Newcastle Coal 
Measures (or a depth of approximately 40 m to 340 m below ground level). The Munmorah 
Conglomerate at Mandalong Mine has been found to contain a thick pebbly sandstone/ 
conglomerate layer which is geotechnically important in reducing surface subsidence impacts 
over longwall panels. 

Depth of cover to the target seam (West Wallarah) ranges from approximately 200 metres in the 
north-east of EL6317 to 450 metres in the south west. This represents a greater depth of cover 
than the existing Mandalong Mine workings (approximately 150 – 350 metres depth of cover 
above the existing Mandalong workings and generally less than 100 metres depth of cover 
above the Cooranbong workings). Depth of cover contours are shown in Figure 3-2. 
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3.3 Rainfall 

A continuous daily rainfall dataset was obtained as SILO Patched Point Data from the 
Queensland Climate Change Centre of Excellence (QCCCE), which is based on historical data 
from a particular Bureau of Meteorology (BOM) station with missing data ‘patched’ in from 
interpolations from nearby stations. SILO data was obtained for the BOM Cooranbong 
(Avondale) Station (station number 61012). Daily rainfall records from January 1901 to June 
2016 were utilised. 

Key statistics for the rainfall dataset are as follows: 

 Minimum annual rainfall – 531 mm in 1944. 

 Average annual rainfall – 1110 mm. 

 Median annual rainfall – 1062 mm. 

 Maximum annual rainfall – 1994 mm in 1950. 

Monthly rainfall averages ranged from 60.9 mm in August to 126.3 mm in February. 

The SILO dataset was also used to generate a Cumulative Rainfall Departure (CRD) curve. 
CRD is the monthly accumulation of the difference between the observed monthly rainfall and 
long term average monthly rainfall. 

The CRD over the period 1901 to 2016 is shown in Figure 3-3. Any increase in the CRD reflects 
above average rainfall while a decrease in CRD reflects below average rainfall. The CRD curve 
only deviates from zero due to atypical (above and below average) rainfall. 

 

Figure 3-3  CRD Curve for Cooranbong (1901 – 2016) 

3.4 Hydrogeology 

The groundwater sources in the Mandalong Mine area are generally low yielding and 
predominantly within the Quaternary alluvium, weathered and/or fractured sandstone and coal 
seams. They would be classified as ‘less productive’, in accordance with the NSW Aquifer 
Interference Policy since the yields are generally less than 5 L/s and/or the total dissolved solids 
(TDS) concentration is typically greater than 1,500 mg/L.   
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3.4.1 Alluvial water sources 

The alluvium in the vicinity of the mine holding boundary and EL6317 forms an unconfined 
shallow aquifer with a water table typically ranging in depth from less than 1 m and up to about 
3 m below ground level (bgl), and aquifer thickness less than 20 m. The alluvial groundwater is 
moderately acidic to slightly alkaline, brackish to saline, extremely hard and of sodium chloride 
type. Reported groundwater electrical conductivity (EC) at Mandalong Mine monitoring bores 
exceeds 10,000 µS/cm at some locations.  

Due to the relatively high silt and clay content of the alluvium, the groundwater yields are 
relatively low (typically less than 1 L/s). The environmental value of the alluvial groundwater is 
considered to be ‘primary industry’ (specifically stock watering), with the saline groundwater only 
suitable for stock watering. 

3.4.2 Porous and fractured rock water sources 

Coal seams 

The piezometric head within the Permian coal seams tends to reflect the natural topography and 
the orientation and dip of the seams, with reduced pressures at major surface drainage areas 
and in areas of coal extraction. Where coal seam groundwater has not been depressurised, the 
groundwater head generally tends to be in the order of 0 m AHD due to the coastal 
environment.  

The Great Northern Seam is hydraulically connected to the West Wallarah Seam and subcrops 
to the north of Mandalong Mine in the vicinity of the Awaba Colliery. It is considered that this 
area is a recharge zone for this seam.  

Permeability testing undertaken in 1996 and 1997 on the West Wallarah Seam and overburden 
strata in the existing Mandalong Mine area is reported in Pacific Power International (1997). 
Results indicate a variable hydraulic conductivity for the seam, ranging from 10-9 to 10-5 m/s 
(0.03 to 300 m/year). Areas of higher hydraulic conductivity coincide with areas where the coal 
is more intensively jointed or fractured, although the majority of the seam was generally found to 
be of lower hydraulic conductivity.  

Groundwater inflows into the existing Mandalong Mine workings are reported by Centennial 
Mandalong to be relatively low (i.e. less the 1 ML/day). This underground water is slightly 
alkaline and brackish to saline. 

Overburden rock 

The overburden and interseam strata within the Newcastle Coalfield tend to have very low 
hydraulic conductivities (in the order of 0.0003 to 0.03 m/year), unless joints or fracturing 
creates a secondary permeability (Pacific Power International, 1997). Groundwater within the 
overburden rock above the West Wallarah Seam primarily occurs within weathered or fractured 
Triassic sandstone. There is generally a downward vertical hydraulic gradient within the Triassic 
and Permian strata that overlay the West Wallarah Seam.  

Based on the groundwater monitoring program for the current Mandalong Mine operations, 
groundwater within the sandstone/siltstone of the Tuggerah Formation and Munmorah 
Conglomerate has been found to be saline and slightly acidic to strongly alkaline. 

3.4.3 Groundwater receptors 

NSW Bore Database Search 

A search of the NSW Groundwater Bore Database was undertaken as part of previous 
assessments (GHD, 2013a). The search identified 68 registered bores within a 3 km radius of 
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EL6317. The majority (40) are registered as monitoring/test bores and the remainder (28) being 
registered for domestic and/or stock use. Approximate bore locations are shown in Figure 3-4 
and bore details are outlined in Appendix A.  

The registered domestic and stock bores that were identified primarily extract groundwater from 
the Triassic sandstone and conglomerate formations, with yields generally less than 1 L/s. 
Domestic and stock bores are mostly located to the south and east of EL6317 while the majority 
of bores to the north of EL6317 are Mandalong Mine groundwater monitoring bores. 

Overall, the search of the NSW Groundwater Bore Database indicates that groundwater usage 
and reliance for domestic, irrigation and stock watering purposes is generally limited in the 
vicinity of EL6317.  

Groundwater dependent ecosystems 

The potential vegetation GDEs within EL6317 have been mapped by RPS (2013) and include: 

 Alluvial Tall Moist Forest. 

 Coastal Narrabeen Forest. 

 Swamp Oak Sedge Forest. 

 Riparian Melaleuca Swamp Woodland. 

 Wyong Paperbark Swamp Forest. 

These GDEs generally coincide with the creeks and drainage lines within the GMMP area. It is 
considered that all or part of these vegetation communities are potentially GDEs and they are 
shown in Figure 3-5. There are no GDEs within EL6317 that are listed in Schedule 4 of the 
WSPs. The shallowest depth of cover between a potential GDE within EL6317 and the coal 
seam is approximately 200 m. 
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4. Existing monitoring and management 
4.1 Mandalong Mine groundwater monitoring network 

A groundwater monitoring network has been progressively established at Mandalong Mine since 
1997 and consists of monitoring bores installed in alluvial and porous and fractured rock 
groundwater sources. The bores and VWPs are monitored monthly for groundwater levels and 
groundwater quality (pH and electrical conductivity (EC)), although some bores also contain 
water level loggers for continuous monitoring of groundwater levels. 

Details of the groundwater bores at Mandalong Mine are summarised in Table 4-1. Monitoring 
bore locations are shown in Figure 4-1. As indicated in Table 4-1 there are some bores that are 
now dry or blocked, monitoring has ceased or the bore has been decommissioned. 

Table 4-1   Groundwater monitoring bore details 

Bore Monitoring period Lithology Longwall area 

BH01 Aug 1997 – present Alluvium – 

BH02 Aug 1997 – present Alluvium LW3 

BH02A Oct 2005 – present1 Sandstone LW3 

BH02B Dec 2005 – present1 Alluvium LW3 

BH02C Dec 2005 – present1 Alluvium LW3 

BH03 Aug 1997 – present Alluvium – 

BH03A Nov 2005 – present Alluvium – 

BH03B Dec 2005 – present Sandstone – 

BH04 Aug 1997 – present Alluvium – 

BH05 Aug 1997 – present Alluvium – 

BH06 Aug 1997 – present1 Alluvium LW7 

BH06A Nov 2005 – present1 Sandstone LW7 

BH06B 
Dec 2005 – May 20091 
(dry since June 2009) 

Sandstone LW7 

BH07 Aug 1997 – present1 Alluvium LW10/11 

BH07A 
Dec 2005 – present1 

(bore blocked) 
Conglomerate LW10/11 

BH07B Jan 2006 – present1 Siltstone LW10/11 

BH08 Aug 1997 – present1 Alluvium LW11 

BH08A No data – blocked1 Sandstone LW11 

BH09 Aug 1997 – present Alluvium LW12 
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Bore Monitoring period Lithology Longwall area 

BH09A Jun 2010 – present Mudstone/sandstone LW12 

BH09B July 2010 – present Mudstone/sandstone LW12 

BH10 Aug 1997 – present Alluvium LW16 

BH10A Jun 2010 – present Mudstone/sandstone LW16 

BH10B Jun 2010 – present Sandstone LW16 

BH11 Aug 1997 – present Alluvium LW15 

BH12 Aug 1997 – present Alluvium LW14/15 

BH13 Aug 1997 – present Alluvium LW18 

BH14 Aug 1997 – present Alluvium LW17 

BH15 
Sep 2003 – February 2015 

(bore blocked since Oct 2013) 
Fassifern Seam – 

BH16 No data - dry Great Northern Seam – 

BH17 
Apr 2003 – Apr 2008 (now 

decommissioned) 
Conglomerate LW5 

BH17A Oct 2005 – present1 Alluvium LW5 

BH18 
Apr 2003 – Oct 2007 (now 

decommissioned) 
Conglomerate LW5 

BH19 
Apr 2003 – Nov 2006 (now 

decommissioned) 
Conglomerate LW4 

BH20 Dec 2003 – present1 Conglomerate LW1 

BH20A Dec 2003 – present1 Alluvium LW1 

BH20B Oct 2004 – present1 Siltstone LW1 

BH21 Dec 2003 – present1 Conglomerate LW2 

BH21A Dec 2003 – present1 Alluvium LW2 

BH22A Dec 2005 – present1 Alluvium LW9 

BH22B Dec 2005 – present1 Sandstone LW9 

BH22C 
Dec 2005 – Oct 20081 (now 

blocked) 
Conglomerate LW9 

BH23 Jan 2006 – present1 Conglomerate LW4/5 

BH23A Jan 2006 – present1 Mudstone LW4/5 

BH23B Jan 2006 – present1 Alluvium LW4/5 
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Bore Monitoring period Lithology Longwall area 

BH24A Jun 2010 – present Alluvium LW15 

BH24B Jun 2010 – present Sandstone LW15 

BH24C Jun 2010 – present Mudstone/sandstone LW15 

BH25A Jun 2010 – present Alluvium LW14 

BH25B Jun 2010 – present Sandstone LW14 

BH25C Jun 2010 – present Mudstone/sandstone LW14 

BH26A Oct 2011 – present Alluvium LW22 

BH26B Oct 2011 – present Sandstone LW22 

BH26C Oct 2011 – present Conglomerate LW22 

BH27A Oct 2011 – present Alluvium LW18/19 

BH27B Oct 2011 – present Sandstone LW18/19 

BH27C Oct 2011 – present Conglomerate LW18/19 

MSGW01 September 2011 – present 
Mannering Creek 

alluvium 
– 

MSGW03A September 2011 – present Morans Creek alluvium – 

MSGW03B September 2011 – present Sandstone (Tuggerah) – 

MSGW03C September 2011 – present 
Conglomerate 
(Munmorah) 

– 

MSGW04A September 2011 – present Morans Creek alluvium – 

MSGW04B September 2011 – present Sandstone (Tuggerah) – 

MSGW04C September 2011 – present 
Conglomerate 
(Munmorah) 

– 

V1 October 2011 – present West Wallarah Seam – 

V2 October 2011 – present West Wallarah Seam – 

V3 October 2011 – present Shale (Dooralong) – 

V4 October 2011 – present 
Conglomerate 
(Munmorah) 

– 

V5 October 2011 – present 
Conglomerate 
(Munmorah) 

– 

Note: V1 – V5 are VWPs. 

1. Monitoring to cease in 2016 once approved by DPI Water 
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4.2 Mandalong/Cooranbong underground water management 

Underground water accumulating within the existing Cooranbong void originates from: 

 Groundwater seepage from the coal seam and adjacent strata (predicted by the 
hydrogeological model, Section 5). 

 Supply of potable water to mining equipment within the Mandalong workings (approximately 
0.7 ML/day) and subsequent transfer of dirty mine water to the Cooranbong underground 
storage area (approximately 0.4 to 0.7 ML/day). 

 Transfer of surface water from Sediment Dams 1 and 2 at the Cooranbong Services Site 
(approximately 80 ML/year). 

 Transfer of surface water from the 5 ML Dam at the Cooranbong Services Site 
(approximately 50 ML/year). 

 Transfer of surface water from the Gross Pollutant Trap (GPT) at the Cooranbong Services 
Site (also referred to as Coal Handling Plant (CHP) Settlement Tank). 

As shown in Figure 4-2, dirty water from the Mandalong workings is pumped at a rate of 
approximately 0.4 ML/day from the 69 c/t area into the Cooranbong void. It is understood that 
some of the water within the Mandalong workings (originating from potable supply and 
groundwater seepage) remains within the longwall goaf areas.  

The water transferred from the Mandalong workings is first allowed to settle at the Cooranbong 
settlement area shown in Figure 4-2. This water is then pumped at a rate of approximately 0.4-
0.7 ML/day from 151 c/t pump station to the Cooranbong underground storage dam. The bore 
20BL173524 extracts water from this underground storage dam.  

Water that is transferred from the Cooranbong Services Site enters the Cooranbong void via a 
series of passive infiltration bores. The location of this transfer is shown in Figure 4-2. This 
water then drains under gravity to the Cooranbong underground storage dam. 
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4.3 Baseline monitoring results 

4.3.1 Groundwater levels and quality 

Alluvial water sources 

Groundwater hydrographs for each of the alluvial monitoring bores monitored within and in the 
vicinity of EL6317 (MSGW01, MSGW03A and MSGW04A) have been plotted and compared to 
the CRD curve. These hydrographs are shown in Appendix B. 

The recorded groundwater elevations (m AHD) for each of alluvial monitoring bore are shown in 
black. Groundwater elevation at MSGW01 and MSGW04A has fluctuated over time within a 
range of 2 m while MSGW03A was often dry. It should be noted that groundwater elevations 
presented in the hydrographs have been recorded manually and that the limit of reading of the 
tape measure is considered to be 10 mm. When considering the accuracy achievable by a field 
technician, the limit of accuracy of an individual measurement may be up to ± 50 mm. 
Therefore, groundwater monitoring is unlikely to detect changes in groundwater level of less 
than 10 mm at a particular bore from one month to the next. When water pressure loggers have 
been used to monitor groundwater levels, the limit of accuracy for corrected levels is also 10 
mm since this is the accuracy of the top of casing (TOC) elevation measurement. 

The CRD curve is shown in blue in each hydrograph in Appendix B. HARTT (Hydrograph 
Analysis: Rainfall and Time Trends) analysis has been undertaken for each alluvial dataset (up 
to June 2016) to establish the relationship between groundwater levels and rainfall and detect 
underlying trends in groundwater level that are independent of rainfall. The best fit HARTT 
regression line is shown in red in each hydrograph. The HARTT statistical output for each 
alluvial hydrograph is given in Table 4-2. 

Table 4-2   HARTT Analysis results for monitoring bores 

Bore R2 Rainfall 
Coeff. a 
(m/mm) 

P rain Time 
Coeff. 
b (m/mth) 

P Time c 
(m) 

MSGW01 0.440 0.002 0.000 -0.018 0.000 42.501 

MSGW03A 0.113 0.009 0.283 -0.021 0.712 34.510 

MSGW04A 0.299 0.001 0.000 -0.011 0.000 25.218 

The R2 value of the HARTT regression line gives a measure of the quality of fit of the non-linear 
regression line to the observed hydrograph. This value was greater than 50% for none of the 
hydrographs analysed, indicating that these hydrographs are influenced by variables other than 
the HARTT variables (CRD and linear time trends) alone. A lower R2 values indicate that the 
bore is situated at location where the hydrograph cannot be adequately modelled by the HARTT 
variables and that other factors are affecting groundwater levels. 

The p-value for the rainfall variable a is less than 0.05 for MSGW01 and MSGW04A, indicating 
that there is a significant relationship between groundwater level and CRD at these locations. 
The rainfall coefficient suggests that alluvial groundwater levels at MSGW01 and MSGW04A 
respond by 1 to 2 mm per mm of CRD (or atypical rainfall), which is less than the limit of 
accuracy of groundwater level measurements. Due to this strong relationship it is difficult to 
identify the underlying trend visually. It is likely that a significant relationship with rainfall was not 
detected for MSGW03A as this monitoring bore is dry much of the time. 

The p-value for the time variable b is less than 0.05 for MSGW01 and MSGW04A, indicating 
statistically significant linear time trends (independent of rainfall) at these locations. Where the 
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p-value is greater than 0.05, time trends are statistically insignificant and the time coefficient b 
cannot be relied upon to describe historical trends or predict future groundwater levels.  

As of July 2016 longwall mining at Mandalong is occurring over 1 km to the north and north east 
of MSGW04A and mining is occurring approximately 6 km north north-east of MSGW01. Due to 
the large distances from these monitoring bores and mine workings, the decreasing trends at 
these monitoring bores are not considered to be related to mining. 

Groundwater sampling of alluvial bores is undertaken on a monthly basis, with the exception of 
MSGW03A which is sampled when there is sufficient water in the bore. Monitoring bores are 
sampled for EC and pH in the field and samples are collected for laboratory analysis of major 
ions and dissolved metals including aluminium, arsenic, cadmium, chromium, cobalt, copper, 
iron, lead, manganese, mercury, nickel, selenium and zinc.  

Time series plots of EC and pH reported at alluvial monitoring bores are shown in Appendix B. 
Monitoring data indicates that groundwater at the alluvial monitoring bores is slightly to 
moderately acidic and brackish to saline. 

Porous and fractured rock water sources 

According to Ferdowsian et al. (2000) the HARTT method is generally limited to the analysis of 
relatively shallow groundwater from unconfined aquifers. Therefore, a visual assessment of 
hydrographs from deeper bores was undertaken to identify potential trends in groundwater level 
of porous and fractured rock groundwater sources in EL6317. Hydrographs for deeper 
monitoring bores in EL6317 are shown in Appendix B. 

Visual assessment of the hydrograph at MSGW03B indicates that groundwater levels respond 
to periods of below and above average rainfall. Between the commencement of monitoring at 
MSGW03B in October 2011 and February 2013, MSGW03B was sampled on a monthly basis, 
while after this period MSGW03B has been sampled once every three months. The frequency of 
sampling (in conjunction with rainfall trends) may explain the decreasing trend in groundwater 
levels between September 2011 and January 2013. 

Groundwater levels at MSGW03C were consistently around 25 m AHD between September 
2011 and June 2012. Purging of bore MSGW03C for sampling in June 2012 resulted in 
groundwater levels falling. Groundwater levels recovered over a number of months to return to 
pre-sampling levels. Since June 2014 groundwater levels at MSGW03C have been gradually 
falling, with groundwater level decreasing from 24.759 m AHD in June 2014 to 22.734 m AHD in 
June 2016.  

Groundwater levels at MSGW04B were relatively consistent at around 22.5 m AHD for the first 
12 months of monitoring between September 2011 and September 2012. Following this period 
of monitoring groundwater levels at MSGW04B have shown a decreasing trend with 
groundwater levels reaching 11.861 m AHD in June 2016. 

Groundwater levels at MSGW04C were relatively constant at around 20 m AHD for the first 12 
months of monitoring. Following this initial period if monitoring groundwater levels have shown a 
large amount of variability. This variability in groundwater levels is due to purging of the bore for 
sampling. MSGW04C was most recently sampled in November 2014 and November 2015. 
Following sampling of the bore groundwater levels recovered over a number of months. 

Groundwater sampling of MSGW03B and MSGW04B has been undertaken quarterly. Since 
November 2014 sampling of MSGW04C has been undertaken annually. These monitoring 
bores are sampled for EC and pH in the field and samples are collected for laboratory analysis 
of major ions and dissolved metals including aluminium, arsenic, cadmium, chromium, cobalt, 
copper, iron, lead, manganese, mercury, nickel, selenium and zinc. 
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Time series plots of EC and pH reported at fractured and porous rock monitoring bores are 
shown in Appendix B. Monitoring data indicates that deeper groundwater varies from slightly 
acidic to very basic and is brackish to saline. 

4.3.2 Underground water levels 

Water levels in the Cooranbong underground water storage dam have been monitored by 
Centennial Mandalong since December 2011. The measured water levels (corrected to AHD) 
between December 2011 and June 2016 are shown in Figure 4-3. The following observations 
have been made over this period:  

 For the period prior to March 2013, the average rate of dewatering of the Cooranbong 
underground storage dam was 1.5 ML/day and the water level rose by approximately 5 m 
over this period. 

 Over the period March to August 2013, the underground water level rose by a further 4 m 
since the pump was not in operation for most of this time.   

 Between mid-August 2013 and February 2014, the average extraction rate was 
approximately 2.6 ML/day and the water level reduced by 6 m.   

 Between February and September 2014, there was no extraction of water from the 
Cooranbong underground storage dam and the water level rose by approximately 11 m.   

 Between October 2014 and January 2015, the average extraction rate was approximately 
1.9 ML/day and the water level reduced by 1 m.   

 Between January and March 2015 there was no pumping for most of this time and the 
water level rose 2 m.   

 Between March and May 2015, the average extraction rate was approximately 2 ML/day 
and the water level dropped 0.15 m.   

 Between June 2015 and November 2015, the average extraction rate was 3.0 ML/day and 
the water level reduced by 8.83 m. 

 During December 2015 and January 2016, the average extraction rate was 2.7 ML/day and 
the water level reduced by 0.22 m. 

 Between February 2016 and May 2016, the average extraction rate was 1.6 ML/day and 
the water level rose 1.6 m. This included a period where pumping ceased between April to 
May 2016 for LDP001 upgrade. 

 During June 2016, the average extraction rate was 3.3 ML/day and the water level reduced 
by 1.12 m. 

Based on an assessment of the floor contours of the Cooranbong workings, the underground 
water storage dam has a capacity of approximately 4,200 ML (assuming void height of 3 m and 
void ratio of 0.4). Once the underground water storage dam reaches full capacity, the water 
would spill south back towards the active Mandalong workings. 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 30 

 

Figure 4-3  Underground water levels – Cooranbong underground storage 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 31 

5. Existing hydrogeological model 
Conceptual and calibrated computer groundwater models were developed as part of the GWIA 
(GHD, 2013a) for the Mandalong Mine Southern Extension Project. As part of the GWIA the 
calibrated computer model was used to predict groundwater inflow from the coal seam and 
adjacent groundwater sources and associated depressurisation as a result of the Mandalong 
Mine workings. The calibrated computer groundwater model was updated and recalibrated as 
part of the Mandalong Production Tonnage Project (GHD, 2016). 

The development of the models and the predicted impacts on groundwater have been 
summarised in this section. Further details are provided in GHD (2013a), GHD (2013b) and 
GHD (2016). 

5.1 Conceptual groundwater model 

The conceptual groundwater model for Mandalong Mine has been developed to define the 
hydrogeological domain, define boundary conditions (including sources and sinks to the 
groundwater sources), describe groundwater flow, nominate aquifer properties and outline 
model assumptions and limitations. 

5.1.1 Hydrogeological domain 

The vertical domain of the conceptual hydrogeological model extends from the ground surface 
to the Awaba Tuff which underlays the West Wallarah Seam. The model (GHD, 2016) has been 
divided into eight layers and six hydrogeological units as follows: 

 Layer 1: Alluvium and Triassic sandstone. 

 Layer 2: Triassic sandstone (Tuggerah Formation). 

 Layer 3: Triassic conglomerate (Munmorah Conglomerate). 

 Layer 4: Permian overburden. 

 Layer 5: Permian overburden. 

 Layer 6: Permian overburden. 

 Layer 7: Coal (West Wallarah/Great Northern seam). 

 Layer 8: Awaba Tuff. 

The degree of vertical definition (i.e. six hydrogeological units) reflects the level of detail 
available in existing data from exploration logs and groundwater monitoring bores. Refining the 
Permian overburden to three layers allows for better representation of the fracture profile and 
change in aquifer material properties with height above the mined coal seam. The degree of 
vertical definition provides sufficient separation of alluvial water sources from the porous and 
fractured rock water sources and the coal seam to fulfil the model objectives. 
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5.1.2 Boundary conditions and groundwater flow 

The alluvial groundwater sources are unconfined aquifers that are associated with the 
waterways within the hydrogeological domain. They extend to a maximum depth of 15 m bgl 
and are underlain by Triassic sandstone. The spatial extent of alluvium has been defined using 
Soil Landscapes of the Gosford-Lake Macquarie 1:100,000 Sheet (Murphy, 1993). The alluvial 
groundwater sources are recharged by net rainfall and catchment runoff (and by Lake 
Macquarie at lower reaches along the eastern boundary of the hydrogeological domain) and 
discharge into connected surface waterways (and into Lake Macquarie at lower reaches). Lake 
Macquarie is represented by a General Head Boundary (GHB) set at 1 m AHD. It is assumed 
that the flow of alluvial groundwater across the northern, western and southern boundaries of 
the hydrogeological domain is relatively small since the boundaries generally cross the upper 
catchments. Therefore, no flow boundaries have been defined in these areas. 

Since there is limited surface water level or flow data available, and the waterways are generally 
ephemeral and intermittent, it is assumed that all connected waterways are ‘water-gaining’ 
streams and function as drains. The alluvial groundwater discharges into these waterways 
(drains) at elevations corresponding to the elevations of the stream beds. In the case where 
alluvial groundwater rises to the ground surface, the resulting surface water flow must be 
removed from the model using drains. 

The Triassic sandstone is a porous/fractured rock groundwater source that outcrops throughout 
much of the mine holding boundary and EL6317 and underlies the alluvium in lower lying areas. 
The outcropping areas are recharged by net rainfall and catchment runoff. Piezometric head is 
generally assumed to reduce towards the southeast, reflecting the dip of the strata and Lake 
Macquarie to the east. Therefore the southern and eastern boundaries are defined as GHBs 
and it is along these boundaries that groundwater from the Triassic sandstone exits the 
hydrogeological domain. GHB elevations are approximate values based on consideration of the 
coastal environment and limited piezometric head data for deeper aquifers within the mine 
holding boundary and EL6317. The northern and western boundaries of the model are therefore 
the up gradient extents of this hydrogeological unit and are defined by no flow boundaries. 
Groundwater also flows vertically downward from the alluvium to the underlying Triassic 
sandstone, reflecting the vertical hydraulic gradients observed from the groundwater monitoring 
program. As with the alluvium, drainage cells have been placed at ground surface along the 
outcropping areas of the Triassic sandstone to remove water that rises to the surface. 

The Munmorah Conglomerate, Permian overburden and Awaba Tuff hydrogeological units are 
low yielding confined groundwater sources. The piezometric head of these units is also 
assumed to reduce towards the southeast, reflecting the dip of the strata and Lake Macquarie to 
the east. Therefore the southern and eastern boundaries are defined as GHBs and the northern 
and western boundaries represent areas of subcrop and are defined as no flow boundaries. The 
GHBs have been set at 0 m AHD, as defined for the Triassic sandstone. The base of the Awaba 
Tuff is defined by a no flow boundary and represents the vertical extent of the hydrogeological 
domain. 

The coal seam (West Wallarah/Great Northern) is a confined porous/fractured rock groundwater 
source adjacent to lower yielding units. GHBs and no flow boundaries have been defined as for 
adjacent units. Drain cells have been used to represent existing areas of first workings and 
secondary extraction within the coal seam throughout the Mandalong and Cooranbong and 
Mandalong South workings. Drain elevations have been set at the floor of the mine workings. 

5.2 Numerical groundwater model 

A calibrated computer groundwater model was developed as part of the GWIA for the 
Mandalong Mine Southern Extension Project (GHD, 2013a). The calibrated computer 
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groundwater model was updated and recalibrated as part of the Mandalong Production 
Tonnage Project (GHD, 2016). Numerical modelling was undertaken using the MODFLOW-
NWT solver with the Upstream Weighting flow package. MODFLOW-NWT is a version of 
MODFLOW 2005 that provides a different formulation of the groundwater flow equation (Newton 
formulation) designed to solve models that are non-linear due to unconfined cells or non-linear 
boundary conditions. MODFLOW 2005 is a three-dimensional finite difference groundwater flow 
model from the United States Geological Survey and is one of the industry standard codes for 
numerical groundwater modelling. The model was built using the Groundwater Modelling 
System (GMS) graphical user interface (version 9.2). GMS is a three-dimensional user interface 
for the MODFLOW groundwater modelling code. 

5.2.1 Model calibration 

As part of the model development for the GWIA, calibration of the hydrogeological model was 
initially undertaken under steady state conditions (GHD, 2013b). Material properties and the net 
recharge coefficient were adjusted in order to minimise the residual errors between modelled 
and observed steady state groundwater levels and to achieve the other calibration targets. 

Observation datasets for the standpipe monitoring bores (shown in Figure 4-1 and bore details 
are provided in Table 4-1) were used to define observed steady state groundwater levels. 

Calibration was undertaken by trial and error. The following calibration targets were adopted: 

 The model must converge with a head change criterion between iterations of less than 
0.1 m. 

 Water balance error must be less than 1%. 

 The scaled root mean square error (SRMSE) of residuals must be less than 5%. 

The lowest SRMSE obtained (using realistic material properties) for a converging steady state 
run was 4.4%. The water balance error for this run was 0.001%. 

The steady state model was converted into a transient model. For the Mandalong Production 
Tonnage Project (GHD, 2016) the transient model was run from 1990 to 2016 using annual 
stress periods and monthly time steps. Drain cells were established throughout Layer 7 in 
accordance with available historical mining schedules, including the schedule of development of 
secondary workings at Mandalong Mine since 2005. To simplify the model setup, drain cells to 
be activated in a particular year (as specified in the longwall development schedule) were 
activated at the beginning of the calendar year.  

As part of the Mandalong Production Tonnage Project the transient model was calibrated by 
adjusting material properties of the strata, particularly the coal seam and the fractured and un-
fractured Permian overburden (Layer 4, 5 and 6), so that the total groundwater flow into the 
Mandalong and Cooranbong workings in years 2014 and 2015 was as close as possible to the 
calculated inflow over the period from May 2014 to June 2015 of 0.79 ML/day (GHD, 2016). 
Recharge was set to 0.007 m/year (net recharge for the calibrated steady state model) and was 
not adjusted during transient calibration so that results were not affected by non-average 
rainfall. 

5.2.2 Predictive simulations 

Following calibration, the numerical model was run to the end of 2050 to cover the period of 
proposed mining up to 2037 plus an additional 13 years following completion of mining. The 
transient model was used to estimate total groundwater inflows into the Cooranbong, 
Mandalong and Mandalong South workings during mining and following completion of mining. 
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Drain cells were established throughout Layer 7 in accordance with the mining schedules for 
Mandalong and Mandalong South. As outlined in Section 5.2.1, drain cells to be activated in a 
particular year (as specified by the longwall development schedule) were activated at the 
beginning of the calendar year. The fractured material zone in Layers 4, 5 and 6 was extended 
to coincide with the areas of secondary extraction within Mandalong South. 

5.2.3 Impact assessment 

A Groundwater Impact Assessment (GWIA) (GHD, 2013a) was developed for the Mandalong 
Mine Southern Extension Project. The GWIA (GHD, 2013a) utilised the results of the 
hydrogeological model (GHD, 2013b) to assess potential impacts on groundwater sources as a 
result of the Mandalong Mine Southern Extension Project. Potential impacts were assessed in 
accordance with the criteria defined in the Aquifer Interference Policy. 

As part of the recalibrated hydrogeological model (GHD, 2016), predicted groundwater inflows 
into the Mandalong mine workings for the recalibrated model are less than the predicted 
groundwater inflows presented in GHD (2013b). Therefore any impacts on aquifers and any 
groundwater drawdown is predicted to be no greater than the impacts presented and assessed 
in the Mandalong South Extension Project GWIA (GHD, 2013a). 

As discussed in the GWIA (GHD, 2013a), tensile and compressive cracks may develop within 
the surface zone and may result in localised increases in hydraulic conductivity and porosity. 
These stresses were not modelled by the hydrogeological model because it is likely that they 
will only result in temporary reductions in water table levels within the surface zone (as 
observed within the Mandalong Mine area) and they will not result in an increased movement of 
shallow groundwater to underlying aquifers. In addition, shallow subsidence cracks tend to fill 
over time and the hydraulic conductivity and porosity may return to pre-mining values. 
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6. Proposed exploration drilling 
This GMMP has been developed with consideration to the requirements of the AIP and 
Australian Groundwater Modelling Guidelines, as well as the existing monitoring undertaken 
within the mine holding boundary and EL6317 and the areas of predicted drawdown. 

6.1 Priority monitoring requirements within EL6317 

Based on the review of existing groundwater monitoring (Section 4) and model predictions 
(Section 5.2.3) the following groundwater monitoring requirements have been identified for 
EL6317: 

 Monitoring in the north eastern and south western areas of EL6317. 

 Monitoring of deeper strata in the south eastern areas of EL6317. 

It is recommended that monitoring focus on: 

 Areas with lower depth of cover (particularly where alluvial sediments are present). 

 Locations close to groundwater receptors including GDEs and registered bores. 

 Longwalls with greater widths (proposed longwall widths are shown in Figure 6-1). 

6.2 Proposed exploration drilling 

Centennial Mandalong propose to undertake an exploration and drilling program over the next 
several years. Centennial Mandalong propose to drill up to 40 boreholes within EL6317. The 
proposed general locations of these boreholes are shown in Figure 6-2. 

6.3 Recommended groundwater monitoring locations 

In order to assist with future calibration and validation of the existing groundwater model, a 
number of boreholes are proposed to be converted to groundwater monitoring locations.  

The general location and proposed target strata of the monitoring locations are summarised in 
Table 6-1. It is proposed that at each monitoring location two standpipes are installed with 
depths of approximately 50 m bgl and 150 m bgl respectively. Standpipes will be installed 
instead of VWPs to allow for the collection of water quality data.  

It is proposed that a monitoring location is located in the north eastern area of EL6317 in an 
area where depth of cover is less than 200 m, as this cover is relatively shallow compared to the 
rest of the Mandalong South workings. Drilling location MLS31A is an example of a proposed 
monitoring location that fulfils these criteria. If drilling is not undertaken at MLS31A then an 
adjacent exploration borehole that fulfils the above criteria could be converted to a groundwater 
monitoring location. The location of MLS31A is shown in Figure 6-2. 

It is proposed that a monitoring location is located in the south western area of EL6317 in the 
vicinity of the proposed exploration borehole MLS15A. Monitoring in the vicinity of MLS15A is 
proposed as this location is in the south western area of EL6317, is located above a proposed 
longwall with a width of 200 m and the depth of cover to the target seam is less than 350 m 
which is less than the majority of the south western area of EL6317. The location of MLS15A is 
shown in Figure 6-2. If drilling is not undertaken at MLS15A then an adjacent exploration 
borehole that fulfils the above criteria could be converted to a groundwater monitoring location. 

It is proposed that a monitoring location is installed in the south eastern area of EL6317 in the 
vicinity of MLS24A. MLS24A is proposed as a monitoring location as it is located in the south 
eastern area of EL6317 and is located above a proposed longwall with a width of 190 m. The 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 36 

location of MLS24A is shown in Figure 6-2. If drilling is not undertaken at MLS24A then an 
adjacent exploration borehole that fulfils the above criteria could be converted to a groundwater 
monitoring location. The proposed drilling locations are all located outside the mapped alluvium 
and therefore all proposed monitoring locations will target the fractured and porous rock aquifer. 
Monitoring of alluvium is not a priority for the refinement of the groundwater model, although will 
be monitored during mining in the Mandalong South area. 

It is considered that the proposed monitoring locations described above provide sufficient 
coverage in the eastern extent of EL6317 for calibration and validation of the hydrogeological 
model. Therefore, it is not considered that as part of this GMMP an additional groundwater 
monitoring bore be established above the eastern end of longwall 38 in the area of the 
endangered ecological community, Wyong Paperbark Swamp Forest where depth of cover is 
less than 200 m. It is recommended that monitoring in this area be established in the alluvium 
and fractured and porous rock aquifer as part of the Water Management Plan developed as part 
of the Extraction Management Plan for longwall 38. 

In addition, it is not considered that as part of this GMMP an additional groundwater monitoring 
bore be established above the northern end of longwall 64 in the area of landholder bore 
GW078601 and the endangered ecological community, Alluvial Tall Moist Forest. It is 
recommended that monitoring in this area be established in the alluvium and fractured and 
porous rock aquifer as part of the Water Management Plan developed as part of the Extraction 
Management Plan for longwall 64. 

It is recommended that consultation should occur with the owner of bore GW078601 and their 
permission sought to include this bore in the Mandalong Mine groundwater monitoring network. 

The proposed and existing monitoring locations are considered to provide coverage that fulfils 
the requirements of the Australian Groundwater Monitoring Guidelines for a Class 2 model listed 
in Section 2.2.2. 

Table 6-1   Proposed monitoring locations 

Location Bore Depth 
(m bgl) 

Recommended target strata 

North eastern area of 
EL6317 (e.g. MLS31A) 

50 Munmorah Conglomerate 

150 Permian Overburden 

South western area of 
EL6317 (e.g. MLS15A) 

50 Triassic Overburden 

150 Munmorah Conglomerate 

South eastern area of 
EL6317 (e.g. MLS24A) 

50 Triassic Overburden 

150 Permian Overburden 

 

  



180m

180m

180m

180m

180m

180m

200m

200m

200m

200m

200m

200m

180m
180m
180m
180m

180m
180m

180m
180m

160m
160m

200m
200m

200m
160m

200m

160m
160m
160m

160m
160m
160m

25
26

27
28

30
31

32
33
34

35
36

62

63 64

55
56

57
58

59
60
61

38
39

40
41

42
43

44
45
46
47
48
49
50
51

52
53

29

37

180m

160m
160m

160m 54

20
0m

20
0m

20
0m

STOCKTON CREEK

JILL IBY
JILL IBY CREEK

MORANS CREEK

WYEE CREEK

MANNERINGCREEK

BUTTONDERRY CREEK

Figure 6-1
G:\22\0105001\GIS\Maps\Deliverables\Hunter\Mandalong\2218426\2218426_GMMP_008_Longwallwidths_A.mxd

0 400 800 1,200 1,600200

Metres

LEGEND

© 2016. Whilst every care has been taken to prepare this map, GHD, Geoscience Australia, GSS and Centennial  make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and 
responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in
any way and for any reason.

Job Number
Revision 0

22-18426

Date 18 Aug 2016o
Mandalong Mine
Groundwater Monitoring and Modelling Plan

Proposed longwall widths

Data source:  Commonwealth of Australia (Geoscience Australia): 250K Topographic data Series 3 2006; GSS: Imagery, 2012. Centennial: Boundary, workings, 2016.  Created by: smacdonald

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 56

Paper Size A4

EL6317 Boundary
Mandalong Mine Holding
Boundary

Mandalong Mine Workings
Mandalong South Workings
Waterway



MANNE RING CREE K

WYEE CREEK

MORANS CREEK

BUTTONDERRY CREEK

MLS01A

MLS02A

MLS03A

MLS06A
MLS05A

MLS08A

MLS10A

MLS04A

MLS19A

MLS07A

MLS09A

MLS13A

MLS15A

MLS14A

MLS28A

MLS11A

MLS12A

MLS25A

MLS27A

MLS24A

MLS26A

MLS23A
MLS22A

MLS18AMLS16A

MLS29A

MLS30A

MLS21AMLS20A

MLS17A

MLS31A

MLS32

MLS33

MLS34
MLS36

MLS35

MLS37

MLS38

MLS39

MLS40

Figure 6-2
G:\22\0105001\GIS\Maps\Deliverables\Hunter\Mandalong\2218426\2218426_GMMP_009_Drilling_A.mxd

0 260 520 780 1,040130

Metres

LEGEND

© 2016. Whilst every care has been taken to prepare this map, GHD, Geoscience Australia, GSS and Centennial make no representations or warranties about its accuracy, reliability, completeness or suitability for any particular purpose and cannot accept liability and 
responsibility of any kind (whether in contract, tort or otherwise) for any expenses, losses, damages and/or costs (including indirect or consequential damage) which are or may be incurred by any party as a result of the map being inaccurate, incomplete or unsuitable in
any way and for any reason.

Job Number
Revision 0

22-18426

Date 18 Aug 2016o
Mandalong Mine
Groundwater Monitoring and Modelling Plan

Approximate proposed drilling 
locations within EL6317

Data source:  Commonwealth of Australia (Geoscience Australia): 250K Topographic data Series 3 2006; GSS: Imagery, 2012. Centennial: Boundary, workings, drilling, 2016.  Created by: smacdonald

Level 3, GHD Tower, 24 Honeysuckle Drive, Newcastle NSW 2300 T 61 2 4979 9999 F 61 2 4979 9988 E ntlmail@ghd.com W www.ghd.com.au

Map Projection: Transverse Mercator
Horizontal Datum:  GDA 1994
Grid: GDA 1994 MGA Zone 56

Paper Size A4

Proposed drilling location
Recommended for
groundwater monitoring - if
drilled
Mandalong Mine Workings

Mandalong Mine Holding
Boundary
EL6317 Boundary
Mandalong South Mine
Workings

Waterway



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 39 

6.3.1 Bore installation 

Monitoring bores will be constructed in accordance with the Minimum Construction 
Requirements for Water Bores in Australia (ADIA, 2012). 

Logging of strata encountered during drilling will occur in conjunction with recording of water 
inflow zones and an estimation of water yields if possible (note that this is generally not possible 
with mud drilling). Following geophysical logging, standpipes monitoring bores will be installed 
Standpipes will be installed instead of VWPs to allow for the collection of water quality data. All 
aquifers and permeable zones, other than the targeted zone, shall be identified and adequately 
sealed to prevent aquifer interconnection between zones of different pressure and water quality. 
All waste, including drill cuttings, will be removed from the site for disposal at the completion of 
drilling. 

Collection of water quality parameters will occur during development of standpipe monitoring 
bores and the standing water level will be recorded following development of the standpipes. 

6.3.2 Monitoring parameters and frequency 

Manual monitoring of standpipe levels and groundwater quality sampling will occur monthly until 
at least two years of monthly data are available. Groundwater samples will be analysed for pH, 
EC, major cations, major anions and dissolved metals. 

Proposed monitoring locations will have loggers installed to enable the continuous logging of 
piezometric pressure and groundwater levels. Piezometric pressure and groundwater levels will 
be downloaded on a regular frequency (every one to three months). 

6.3.3 Monitoring methodology 

As specified in DIPNR (2003), groundwater monitoring should be undertaken in general 
accordance with ‘A Practical Guide for Groundwater Sampling’ (Jiwan & Gates, 1992). Low flow 
sampling techniques will be used where practical for purging and sampling of bores (rather than 
using bailers or submersible pumps) to minimise aquifer disturbance and reduce the volume of 
groundwater extracted during sampling.  

In general, the groundwater monitoring methodology is as follows:  

 Gauging of groundwater levels prior to purging. 

 Purging of monitoring bores using a low flow peristaltic pump or Micropurge system. To 
limit the disturbance of possible sediments in the base of each bore, the sample tubing at 
each bore should be lowered to approximately the middle of the screened interval for 
purging and sample collection.  

 Measurement of groundwater field parameters (pH, EC) using a calibrated water quality 
meter and a flow cell during purging. pH and EC readings should be recorded in the field 
once they have stabilised.  

 If groundwater samples are to be collected, they are to be transferred into suitably 
preserved laboratory supplied sample containers once field parameters have stabilised. All 
sample containers are to be clearly labelled with sample number, sample location, sample 
depth and sample date. The sample containers are to be transferred to a chilled esky for 
sample preservation prior to and during shipment to the testing laboratory. A Chain-of-
Custody (CoC) form should be forwarded with the samples to the testing laboratory. 

 Decontamination of all non-dedicated sampling equipment between monitoring locations. 
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If a bore is too deep and low flow sampling cannot be undertaken with available pumping 
equipment, bailing is acceptable for sample collection provided that there is sufficient removal of 
stagnant water in the bore prior to sampling so that the sample is representative of the aquifer. 

6.4 Data collection and reporting 

It is the responsibility of the Mine Manager to ensure that this GMMP is implemented and 
adhered to. The Mine Manager shall enlist the assistance of Mandalong Mine personnel 
(Environment and Community Coordinator) to coordinate monitoring, data collection, reporting 
and the implementation of repairs and/or replacement of monitoring equipment where 
appropriate. 

All monitoring data must be combined into a single spreadsheet or database that is updated 
monthly. Groundwater level/VWP data may be held in a separate electronic document to the 
groundwater quality data. If an external consultant undertakes the monitoring and data 
collection, Centennial Mandalong must be provided with updated spreadsheets on a monthly 
basis. 

6.4.1 Annual review 

Centennial Mandalong currently develops an Annual Review report that contains an 
assessment of the past 12 months of groundwater monitoring data. It is recommended that the 
monitoring data reported as part of this GMMP be included in the Annual Review. Modelled 
groundwater levels will be compared to monitored data and model re-calibration of the 
hydrogeological model will be undertaken if necessary. 
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Appendix A – Groundwater bore search 
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Bore No Licence 
No 

Location Use Depth 
(m) 

SWL 
(bgl) 

Salinity 
(ppm) 

Yield 
(L/s) 

Aquifer 

mN mE 

GW015275 20BL006262 6327914 356866 Domestic 4.50 3.90 Fresh 0.15 Clay/ Sand 

GW015287 20BL006666 6335997 351406 Irrigation 
Stock 

- - - - - 

GW021578 20BL013946 6334454 355396 Domestic 
Stock 

2.40-3.60 2.40 Fair 0.13 Clay / Sand 

GW033297 20BL026199 6321296 349041 Domestic 17.60-
19.70 

4.60 Unknown 0.25 Clay/ 
Sandstone/ 

Shale 

GW034950 20BL027960 6335463 356963 Domestic 
Stock 

38.10 14.90 Poor 0.25 Clay/ 
Sandstone 
Soft Shale/ 

Conglomerate 

GW047948 20BL136073 6319695 351111 Domestic - - - - Rock 

GW051560 20BL111424 6323132 348262 Farming 
Stock 

28.00-
29.00 

13.00 Unknown 5.00 Clay/ 
Sandstone 

GW052255 20BL116708 6333638 356445 Stock 40.00-
114.00 

8.70 (Unknown) 0.08-0.23 Shale/ 
Sandstone/ 

Conglomerate 

GW053092 20BL117678 6327205 356798 Domestic - - - - Sand 

GW054183 20BL113807 6335126 352923 Domestic - - - - - 

GW056461 20BL122630 6324685 347072 Domestic 
Stock 

22.00-
23.00 

9.00 Unknown 2.52 Soil Clay 

GW058789 20BL125583 6320435 351125 Domestic 
Stock 

15.00-
23.50 

- Salty - Clay/ Clay 
Sandy/ 

Ironstone/ 
Sandstone 

GW059092 20BL135236 6320805 349178 Domestic 
Stock 

24.00-
25.00 

15.00 Salty 1.26 Clay/ Shale 
Sandstone 

GW064662 20BL137176 6327028 359443 Domestic 7.00-
10.00 

7.00 Unknown 0.00 Clay/ 
Sandstone/ 

Conglomerate 

GW068414 20BL140728 6320976 357486 Domestic 18.50-
22.90 

6.00 Fresh 0.40 Shale/ Clay/ 
Sandstone 

GW078043 20BL166520 6332856 351532 Domestic 
Stock 

19.50-
30.50 

16.00-
18.00 

- - Sand/ 
Conglomerate
/ Sandstone 

GW078084 20BL166612 6334696 357181 Domestic 
Stock 

6.20-
21.60 

5.00 0.05-0.10 Fresh Clay/ Sandy 
Clay/ 

Sandstone/ 
Mudstone/ 

Shale/ 
Conglomerate 

GW078110 20BL166773 6332939 352956 Monitoring 
Bore 

5.50-
10.50 

- 1500.00 - Clay/ Silt/ 
Sand 

GW078111 20BL166774 6332885 353423 Monitoring 
Bore 

- - 1290.00 - Clay/ Silt/ 
Sand 

GW078113 20BL166764 6333865 353009 Monitoring 
Bore 

4.60-
12.50 

2.35 1630.00  Clay/ Silt/ 
Sand/ 

Claystone 

GW078114 20BL166765 6334400 355863 Monitoring 
Bore 

10.00-
12.20 

3.48 650.00 - Clay/ Silt/ 
Sand/ 

GW078115 20BL166766 6333746 355319 Monitoring 
Bore 

7.30-
10.70 

0.99 5370.00 - Clay/ Sand/ 
Claystone 

GW078116 20BL166767 6333987 354978 Monitoring 
Bore 

5.50-8.20 1.74 10880.00 - Clay/ Sand 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 45 

Bore No Licence 
No 

Location Use Depth 
(m) 

SWL 
(bgl) 

Salinity 
(ppm) 

Yield 
(L/s) 

Aquifer 

mN mE 

GW078117 20BL166768 6334007 354252 Monitoring 
Bore 

6.40-
15.40 

1.68 2380.00 - Clay/ Sand/ 
Sandstone 

GW078118 20BL166769 6334980 353418 Monitoring 
Bore 

9.10-
15.50 

2.38 820.00 - Clay/ Sand 

GW078119 20BL166770 6334731 353204 Monitoring 
Bore 

4.60-9.10 2.66 230.00 - Sand/ 
Siltstone 

GW078131 20BL166771 6333532 353466 Monitoring 
Bore 

7.30-8.20 1.58 310.00 - Clay/ Sand/ 
Claystone 

GW078132 20BL166772 6333351 353702 Monitoring 
Bore 

8.20-
14.60 

1.65 5100.00 - Clay/ Silt/ 
Sand/ 

Claystone 

GW078136 20BL166760 6335236 356136 Monitoring 
Bore 

4.50-
10.40 

4.50 370.00 - Clay/ Silty/ 
Sand 

GW078137 20BL166761 6334886 355416 Monitoring 
Bore 

4.50-5.50 5.35 2720.00 - Clay/ Sand 

GW078139 20BL166762 6334477 354851 Monitoring 
Bore 

2.50-5.50 2.90 1560.00 - Sand/ Clay/ 
Silty 

GW078140 20BL166740 6333731 356434 Test Bore 164.00-
166.20 

16.00 634.00 0.20 Sandy Clay/ 
Sandstone/ 

Clay/ 
Conglomerate

/ Coal 

GW078601 20BL167108 6332103 354731 Domestic 
Stock 

15.80-
16.00 

4.50 1600.00 1.10 Clay/ 
Ironstone/ 

Sandstone/ 
Shale 

GW078601 20BL167108 6332103 354731 Domestic 
Stock 

15.80-
16.00 

4.50 1600.00 1.10 Clay/ 
Ironstone/ 

Sandstone/ 
Shale 

GW078609 20BL167586 6323656 348866 Domestic 
Stock 

20.00-
70.00 

- - - Sandstone/ 
Mudstone 

GW078610 20BL167642 6330465 347495 Domestic 
Stock 

15.00-
18.00 

- - - - 

GW079772 20BL166740 6333546 356385 Test Bore 7.00-
158.00 

8.00 1500.00-
2900.00 

0.10-0.20 Clay/ Sand/ 
Sandstone/ 

Conglomerate
/ Coal 

GW080394 20BL168560 6329529 347251 Domestic 
Stock 

22.20-
22.40 

18.00 6230.00 2.60 Clay/ 
Claystone/ 
Sandstone/ 

Shale 

GW080608 20BL169008 6321471 349661 Domestic 
Stock 

41.00-
45.00 

3.20 - 0.40 Sand/ Shale 

GW080833 20BL169377 6320133 356274 Test Bore - - - - - 

GW080833 20BL169377 6320133 356274 Test Bore - - - - - 

GW105311 20BL157071 6333045 351296 Domestic 
Stock 

- - - - Clay/ 
Sandstone/ 
Mudstone/ 
Siltstone/ 
Quartz/ 

Conglomerate 

GW200302 20BL170639 6320184 354830 Test Bore 51.50-
51.70 

- 7750.00 0.35 Clay/ 
Sandstone/ 
Siltstone/ 

Conglomerate 

GW200379 20BL169930 6324827 358197 Monitoring 
Bore 

- 5.60 - - Clay 
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Bore No Licence 
No 

Location Use Depth 
(m) 

SWL 
(bgl) 

Salinity 
(ppm) 

Yield 
(L/s) 

Aquifer 

mN mE 

GW200380 20BL169930 6324782 357960 Monitoring 
Bore 

- 5.00 - - Clay 

GW200418 20BL168768 6320120 354740 Test Bore - - - - Clay 

GW200419 20BL168768 6320242 354958 Test Bore - - - - Sand/ Clay 

GW200420 20BL168768 6320343 355056 Test Bore - - - - Sand/ Clay 

GW200505 20BL167731 6322022 350914 Domestic 
Stock 

26.40-
49.30 

18.50 Fresh 0.25 Clay/ Gravel/ 
Conglomerate 

GW200509 20BL168194 6330372 346985 Domestic 
Stock 

93.10-
93.40 

0.00 - 0.01 Clay/ 
Mudstone/ 
Sandstone 

GW200569 20BL169377 6319969 356279 Test Bore 24.00-
66.00 

 4750.00 1.10 Clay/ 
Sandstone/ 
Sand/ Shale 

GW200671 20BL171584 6321257 356845 Monitoring 
Bore 

- 3.20 - - - 

GW200672 20BL171584 6321175 356876 Monitoring 
Bore 

- - - - - 

GW200673 20BL171585 6321142 356927 Monitoring 
Bore 

- - - - - 

GW200674 20BL171585 6321130 356967 Monitoring 
Bore 

- - - - - 

GW200675 20BL171585 6321171 356945 Monitoring 
Bore 

- - - - - 

GW200676 20BL171584 6321205 356870 Monitoring 
Bore 

- - - - - 

GW200677 20BL171585 6321258 356939 Monitoring 
Bore 

- - - - - 

GW200678 20BL171586 6321280 357066 Monitoring 
Bore 

- - - - - 

GW200679 20BL171585 6321242 356900 Monitoring 
Bore 

- - - - - 

GW200854 20BL172371 6320417 354927 Monitoring 
Bore 

2.30-2.90 2.30 - - Clay 

GW200915 20BL166066 6335014 357208 Domestic 
Stock 

- - - - - 

GW200938 20BL167846 6322112 351483 Domestic 
Stock 

17.80-
31.30 

14.00 Fresh 0.50 Clay/ Sandy 
Clay/ Clay/ 

Conglomerate 

GW201396 20BL172477 6333360 353820 Monitoring 
Bore 

2.50-9.00 2.50 - - Clay/ Sandy 
Clay/ Clayey 
Sand/ Sand 

GW201399 20BL172479 6333760 352912 Monitoring 
Bore 

27.00-
30.10 

27.00 - - Clay/ Sandy 
Clay/ Clayey 
Sand/ Clay/ 
Siltstone/ 

Sandstone/ 
Mudstone 

GW201401 20BL172480 6334737 353283 Monitoring 
Bore 

29.50-
32.85 

29.50 - - Clay/ Sand/ 
Sandy Clay/ 
Clayey Sand/ 

Siltstone/ 
Mudstone 

GW201403 20BL172481 6333976 353034 Monitoring 
Bore 

16.00-
21.00 

16.00 - - Sandy Clay/ 
Clay/ 

Mudstone/ 
Sandstone 
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Bore No Licence 
No 

Location Use Depth 
(m) 

SWL 
(bgl) 

Salinity 
(ppm) 

Yield 
(L/s) 

Aquifer 

mN mE 

GW201404 20BL172481 6333977 353073 Monitoring 
Bore 

24.00-
34.10 

24.00 - - Sand/ Clay/ 
Siltstone/ 

Sandstone/ 
Mudstone 
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Appendix B – Groundwater monitoring data 
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Alluvial monitoring bores – hydrographs 
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Alluvial monitoring bores – pH and EC 

 

 



 

GHD | Report for Centennial Mandalong Pty Ltd - Mandalong Mine, 2218426 | 51 

 

Fractured and porous rock monitoring bores – hydrographs 
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Fractured and porous rock monitoring bore – pH and EC 
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This report: has been prepared by GHD for Centennial Mandalong Pty Ltd and may only be used and 
relied on by Centennial Mandalong Pty Ltd for the purpose agreed between GHD and the Centennial 
Mandalong Pty Ltd as set out in section 1 of this report. 

GHD otherwise disclaims responsibility to any person other than Centennial Mandalong Pty Ltd arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally 
permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Centennial Mandalong Pty Ltd and 
others who provided information to GHD (including Government authorities)], which GHD has not 
independently verified or checked beyond the agreed scope of work. GHD does not accept liability in 
connection with such unverified information, including errors and omissions in the report which were 
caused by errors or omissions in that information. 

The opinions, conclusions and any recommendations in this report are based on information obtained 
from, and testing undertaken at or in connection with, specific sample points. Site conditions at other parts 
of the site may be different from the site conditions found at the specific sample points. 

Investigations undertaken in respect of this report are constrained by the particular site conditions, such as 
the location of buildings, services and vegetation. As a result, not all relevant site features and conditions 
may have been identified in this report. 

Site conditions (including the presence of hazardous substances and/or site contamination) may change 
after the date of this Report. GHD does not accept responsibility arising from, or in connection with, any 
change to the site conditions. GHD is also not responsible for updating this report if the site conditions 
change. 
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