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 1 INTRODUCTION

 1.1 Background
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 1.2 Attended Noise Monitoring Locations
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 1.3 Terminology & Abbreviations
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 2 CONSENT & CRITERIA

 2.1 Project Approval & Project Specific Criteria
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Table 2.1: ACP NOISE IMPACT ASSESSMENT CRITERIA

�,�	.
-��. ���4�5,/
/04�
06���7-�	�����,��7,/���.
�,.
��

��,89�'7
/
�,�

�
06���7-�	�����,��7,/���.
�,.
��

���9�7
/
�,�

(� *45*45*% �%

(* *45*45*% �%

(� *45*45*% �%

�������$
4
��
���
 ��6���
�����1��
������	

3����	����	����4����"���
��������4�������
�
���	����
��	���
�"��"�����������	���
�
�����4��"
�����������
�������

� 	�
����
������"��4�����
�������������
	���	���
�
���2�

�& �
�
������
�����4���
�����"�
�5�

�& ���������
�������������
	���"����"�
�"��� 	�����.��6�5�

	& �
�������������������"���)��6������
�������*7������������
��������5�����

�& ��������
���
�����
���	���
�
�������������"���)8!6*77�(

.���
���
,���
�����������
��
"���
����
��������
����
���
�����"����'
��"�������
���
���
�������,��
�����
���

�,�1�
"��������'����
����������<
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 2.3 Modifying Factors
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 2.3.1 Tonality and Intermittent Noise
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 2.3.2 Low-Frequency Noise
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 3 METHODOLOGY

 3.1 Overview
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 3.2 Attended Noise Monitoring
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 3.3 Vertical Temperature Gradient Estimation

.�"��������
��1������
����������
��1�
,���
�����"����
����'
���
������
"������"���
"�����
��������
��

B���
&����
/
��
���
( �G<

G�1������
�����'��
,����
��
���
��"��������
��E��������
,��2���
���
�2�
2������
��������
2��
����������

����'
���
�����2��'
���"���	

G�1������
�����'��
S
7�����
���'��
��"�
T
��2��
���'��
��"�8
$
7�

5U�����
���'��
T
��2��
���'��V89

)����	

� W����
���'��
��"��������
��
���
��"��������
"�������
��
�

"�����
�,�1�
'�����
��1��
��
;�P

� !�2��
���'��
��"��������
��
���
��"��������
"�������
��
�

"�����
�,�1�
'�����
��1��
��
;�P
���

� W����
���'��
T
��2��
���'��
��
���
1�������
��E������
,��2���
;�
���
;�
72����
��
�*
"�����8<

�����
"��������'����
����9
����
��
2���
�����9
2��
�������
���"
;�<



Ashton Coal - Environmental Noise Monitoring January 2019
19007_R01 Page 9

 3.4 Modifying Factors
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 3.5 Noise Monitoring Equipment
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 4 RESULTS

 4.1 Total Measured Noise Levels
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 4.3 Attended Noise Monitoring
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Table 4.2: LAeq,15minute GENERATED BY ACP AGAINST IMPACT ASSESSMENT CRITERIA – JANUARY 2019

��	��
�/� ���.�����,

�/���
7,

<
/���-,,�

74�

=��
��4�&&7

�.
�,.
�/

�*

�.
�,.
�/

�--�
,�>�9�
����

��,8��*
!

�:	,,��/	, 

(� ��5
�5�
��
��	*� �<� D
<� *% X�� G� (��

(* ��5
�5�
��
��	�� �<- D
<- *% X�� G� (��

(� ��5
�5�
��
��	

 �<4 D�<� *% X�� G� (��

�����2

*( !�
���
�������������������������
�������
��
����4�����������
	�����������
��5

'( ��
�����
��
����
�
�����������������
�
����"��4�����
�������������
	���	���
�
���2����
�����4���
�����"�
�: ��
�������������������"��

)��������������	����$�����"�
�"���4�*7�������&5������������
���
�����
���	���
�
�������������"���)�!6*77�5

)( ���
�������������
�������1:*.�
�
����-�
�
��������!�5����

A( ���
��� 	�����	��	��
���������������"��
	�	���
�
�����
��
���	���
�
�������	
9���
��������������	��������������	�
���
���
�����

����
	����(

.�,��
�<*
��"�����
"�������
!��9�"�����
��1���
���"
�� 
2���
�"����
������"���
��������<
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 4.4 Atmospheric Conditions
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Table 4.4: MEASURED ATMOSPHERIC CONDITIONS – JANUARY 2019
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 5 SUMMARY OF COMPLIANCE
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AA.1 ASHTON COAL OPERATIONSPROJECT APPROVAL
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AA.2 ASHTON COAL OPERATIONS ENVIRONMENT PROTECTION LICENCE
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B     CALIBRATION CERTIFICATES
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Report on 

Yancoal – Ashton Coal 

Annual Groundwater Monitoring Review 2019 

 

1 Introduction 

The Ashton Coal Project (ACP) is located 14 km north-west of Singleton in the Hunter Valley region of 
New South Wales (NSW) (Figure 1.1). The ACP consists of decommissioned open cut and active 
underground mining to access a series of coal seams within the Permian Foybrook Formation.  
Ashton Coal Operations Ltd (ACOL) is wholly owned and operated by Yancoal Australia Limited 
(Yancoal). 

Between 2003 and 2011, coal was recovered from eleven seams of varying thickness, down to and 
including the Lower Barrett Seam (LB), from an open cut mine known as the North-East Open Cut 
(NEOC). Between 2007 and 2016, underground longwall (LW) mining extracted coal from the 
Pike’s Gully Seam (PG), the Upper Liddell (ULD) and the Upper Lower Liddell Seams (ULLD). Mining in 
longwall panel LW202 within the ULLD extracted coal between June 2018 and August 2019. Works on 
longwall panel LW203 within the ULLD began in October 2019. 

The underground mine is located south of the New England Highway and includes a diversion of 
Bowmans Creek via two excavated and lined channels. The channels have re-routed Bowmans Creek to 
areas located above abandoned longwall panels. 

1.1 Objective 

The ACOL development consent (DA 309-11-2001-i – 11 February 2002; last modified June 2016), 
requires that groundwater be monitored for potential impacts from mining. In 2018, the Department of 
Planning and Environment (DPE) approved the current water management plan (WMP; Ashton 
document HSEC Management System Plan Doc. No. 3.4.1.8 version 10, dated 01 March 2018).  
The WMP outlines the groundwater monitoring program and establishes trigger values for groundwater 
levels and quality in the various groundwater systems located within the ACP site. 

This report summarises the monthly data collected by Australasian Groundwater and Environmental 
Consultants Pty Ltd (AGE) from January 2019 to December 2019. The aim of this report is to provide 
a consolidated summary of groundwater conditions at ACP throughout 2019. 

1.2 Scope 

The scope undertaken to achieve the objectives includes: 

• review and assess rainfall, groundwater levels, pH, electrical conductivity (EC) and water 
chemistry data from groundwater monitoring campaigns; 

• comparison of groundwater monitoring results against WMP triggers; 

• notify ACOL of exceedances which require the enactment of the WMP groundwater response 
plan; and 

• make recommendations regarding the groundwater monitoring network and program, where 
necessary, to ensure ongoing quality control/assurance of groundwater monitoring. 
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2 Physical setting 

The Ashton underground mine is located south of the New England Highway, bounded by the Hunter 
River to the south and two Hunter River tributaries – Glennies Creek and Bowmans Creek to the east 
and west, respectively (Figure 1.1). Underground operations intend extracting four coal seams; PG, ULD, 
ULLD and LB, via a longwall arrangement. 

The underground workings (LW1 to LW8) extracted coal from the PG seam and underlying ULD seam 
(LW101 to LW108). Noteworthy, LW notation increases from east westward 1 to 8. Currently, longwall 
mining is taking place within LW203 of the ULLD seam (LW201 to LW208). LW203 is situated centrally 
within the mining lease (ML), with the Hunter River and the Hunter River alluvium to the south. 
The final LW panels within ULLD seams are located down dip of LW203, in the western portion of the 
ML.  

2.1 Climate and rainfall 

Climate monitoring data was collected by Ashton Weather Station and the Bureau of Meteorology (BOM) 
station at Bulga (South Wambo) (BOM station 061191), located about 19 km south-west of Ashton.   
Data was previously sourced from Singleton STP (BOM station 061937), which was decommissioned in 
February 2019. The Ashton Weather station has 14 years of rainfall data for the period 1 July 2005 to 
present, while the Bulga (South Wambo) station has 61 years of rainfall data dating from 1959 to 2019. 
A summary of average monthly rainfall from the Bulga (South Wambo) station and the Ashton Weather 
station for 2019 is presented in Table 2.1. Rainfall is highest throughout November to March; whereas 
the winter months are generally drier. The data presented in Table 2.1 shows that rainfall at Ashton in 
2019 was only above average for two months of 2019 (January and March), and rainfall at the Bulga 
(South Wambo) station was only above average for one month (March).  

Table 2.1 Average Monthly Rainfall 2019 – Ashton Coal and Bulga 

Month 
Ashton average monthly 

rainfall (mm) 
% of long-term 

average 

Bulga (South 
Wambo) average 
monthly rainfall 

(mm) 

% of long-term 
average 

Jan 62.3 107% 86.6 69% 

Feb 73.1 43% 84.2 25% 

Mar 86.2 280% 66.7 218% 

Apr 57.1 16% 45.9 7% 

May 33.1 59% 40.3 29% 

Jun 71.1 29% 44.1 15% 

Jul 23.4 29% 30.0 45% 

Aug 30.9 96% 34.2 64% 

Sep 40.3 100% 38.5 56% 

Oct 42.3 4% 54.3 8% 

Nov 74.8 29% 61.8 50% 

Dec 59.5 0% 71.5 0% 
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An evapotranspiration (ET) rate of 765 mm/year was sourced from the Bureau of Meteorology (BOM)1 
database for the Camberwell area. 

Long-term rainfall trends can be characterised using the Cumulative Rainfall Departure (CRD) method 
(Bredenkamp et al., 1995). CRD shows trends in rainfall relative to the long-term monthly average and 
provides a historical record of wetter and drier periods. A rising gradient in the CRD plot indicates 
periods of above average rainfall, while a declining slope indicates periods of below average rainfall. 
CRD has been used in this study to provide context to variations in groundwater levels and chemistry.  

The CRD for Ashton weather station and Bulga (South Wambo) (BOM station 061191) are shown on 
Figure 2.1. CRD trends for both stations show below average rainfall for 2019 from March onwards, as 
represented by a declining CRD slope.  

  

Figure 2.1 Cumulative Rainfall Departure – Ashton Coal and Bulga 

  

 

1 Bureau of Meteorology (2016). Average annual & monthly evapotranspiration. Available at: 
http://www.bom.gov.au/jsp/ncc/climate_averages/evapotranspiration/index.jsp 
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2.2 Surface water 

The Ashton mine lease is bounded by Bowmans Creek to the west, Bettys Creek (tributary of Bowmans 
Creek) to the north, Glennies Creek to the east side and Hunter River to the south. Both Bowmans and 
Glennies Creeks are an affluent of the Hunter River. The three main water courses are described below: 

• Hunter River is the main surface water body with a catchment area at Bowmans Creek of 
13,590 km2. The flow is regulated by Glenbawn Dam and by other licensed extractions and 
releases. 

• Glennies Creek and its associated alluvium are located to the east of the underground workings 
and the PG sub-crop area. The catchment area is approximately 600 km2. Up to half of the 
Glennies Creek catchment feeds into Lake St. Clair, located within the far north-eastern section 
of the catchment. Water from Lake St. Clair discharges into Glennies Creek under controlled 
release.  

• Bowmans Creek natural channel is above the longwall panel LW6B/LW106B and its associated 
alluvium is over LW5 to LW8. It is the main water course over the underground workings area. 
Bowmans creek was diverted in two locations to minimise the impact of mining on both the 
creek and the potential inflows to the underground workings. The construction of the eastern 
diversion commenced in March 2011 and the western diversion commenced in February 2012. 
Both diversions were commissioned in November 2012 and are located within the Bowmans 
Creek Alluvium (BCA). The diversions were designed to replicate the natural creek setting in 
terms of channel cross-sectional variability in bed level and ecological features 
(i.e. resting pools). The diversions were lined with a geosynthetic clay liner to minimise leakage 
from the creek.  

• Bowmans Creek flow is not regulated and is monitored according to the WMP. The streamflow 
gauging station no. 210130, regulated by WaterNSW, was installed in October 1993 and is used 
as a flow baseline for Bowmans creek with a catchment area of 240 km2. This station is located 
in the middle section of the creek on the ML, upstream to the western diversion.  
Since August 2018, Bowmans Creek has been dry at the gauge. 

2.3 Mining 

The longwall panels accessing the ULLD (including active LW203) are generally offset 24 m to the east 
and 10 m south from the overlying ULD longwall panels. This offset is designed to reduce the resulting 
subsidence and associated impacts to the surrounding environment. That said, the northern extent of 
PG, ULD, ULLD longwalls, and the main gate road are aligned resulting in a “stacked edge” where 
subsidence impacts are slightly more noticeable at the surface than elsewhere. 

The start and end dates of longwall panel mining at ACP are summarised in Table 2.2. 

Table 2.2  Longwall panel schedule 

Longwall panel Target seam Start date End date 

LW1 PG 12/03/2007 15/10/2007 

LW2 PG 10/11/2007 21/07/2008 

LW3 PG 20/08/2008 3/03/2009 

LW4 PG 2/04/2009 15/10/2009 

LW5 PG 4/01/2010 7/06/2010 

LW6A PG 9/07/2010 22/11/2010 
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Longwall panel Target seam Start date End date 

LW7A PG 22/03/2011 8/08/2011 

LW7B PG 3/10/2011 17/01/2012 

LW8 PG 27/02/2012 5/06/2012 

LW101 ULD 31/07/2012 16/06/2013 

LW6B PG 14/07/2013 10/10/2013 

LW102 ULD 10/11/2013 24/07/2014 

LW103 ULD 21/08/2014 21/06/2015 

LW104A ULD 23/07/2015 16/01/2016 

LW104B ULD 3/02/2016 11/04/2016 

LW105 ULD 17/05/2016 26/09/2016 

LW106A ULD 18/10/2016 31/05/2017 

LW201 ULLD 7/07/2017 04/05/2018 

LW202 ULLD 07/06/2018 20/08/2019 

LW203 ULLD 08/10/2019 Present 

2.4 Conceptual hydrogeology 

2.4.1 Hydrostratigraphy 

Ashton is located in the central Hunter Valley of NSW where the lower sequences of the Wittingham 
Coal Measures (Singleton Supergroup) subcrop (Figure 2.2). Within the Ashton mining lease, 
the Hebden seam to the Bayswater seam (inclusive) subcrop. The underground operation targets the 
PG, ULD, ULLD and the LB seams.  

The Wittingham Coal Measures dip west south-west in the Ashton area, an orientation locally controlled 
by the Camberwell Anticline to the east of the mine and the Bayswater Syncline to the west. 
The top target coal seam at Ashton, the PG seam, subcrops under the Glennies Creek Alluvium (GCA) 
approximately 150 m east of the mine, while the lowest target coal seam, the LB seam, subcrops under 
regolith approximately 2 km to the east of the mine. In the western portion of the mining area, the 
overburden above the PG seam ranges in thickness between 100 m (north end of LW7) and 190 m (south 
end of LW7). 

The stratigraphic sequence in the region comprises two distinct units: Quaternary alluvium and Permian 
strata. The Permian strata comprise coal seams (typically 2 m to 2.5 m thick) with overburden and 
interburden (typically 30 m thick between successive seams) consisting of sandstone, siltstone, 
tuffaceous mudstone, and conglomerate.  The Quaternary alluvium consists of unconsolidated silt, sand 
and gravel in the alluvial floodplains of the Hunter River (HR), Bowmans Creek (BC) and Glennies Creek 
(GC). The alluvium unconformably overlies the Permian within the floodplains of the HR, BC and GC. 
Elsewhere, the Permian is overlain by a regolith comprising colluvium, eluvium and completely 
weathered rock, which interfaces with the floodplain alluvium at the flanks of the valleys. 
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Figure 2.2 Singleton Super Group sequence stratigraphy (AGE, 2016)  
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2.4.1.1 Quaternary alluvium/Regolith 

Ashton is overlain by Quaternary alluvium associated with the HR, BC and GC. The Bowmans Creek 
Alluvium (BCA) and Glennies Creek Alluvium (GCA) are in direct connection to the Hunter River 
alluvium (HRA). The Quaternary/recent aged alluvium/colluvium along the HR, GC and BC flood plains 
comprises two distinct depositional units; a surficial fine-grained sediment and a coarser basal material. 
The surficial alluvium comprises shallow sequences of clay, silty sand and sands. Along the minor 
drainage lines, the surficial alluvium is typically constrained within 500 m of the creeks and is between 
7 m to 15 m thick. 

Away from the floodplain areas, the Permian coal measures sequence is overlain by a layer of regolith, 
comprising colluvium/eluvium, and completely weathered rock that collectively have soil rather than 
rock properties and interface with the alluvium at the flanks of the floodplain areas.  The regolith layer 
varies in thickness, though is typically 15 m to 20 m thick above rock. 

2.4.1.2 Permian strata 

The Wittingham Coal Measures comprise Permian aged coal seams interbedded with siltstone, 
sandstone, shales and conglomerates. The Wittingham Coal Measures are up to 400 m thick at Ashton, 
but regionally they range from approximately 250 m to 600 m thickness. At Ashton, the lower portion 
of the Wittingham Coal Measures is present on site. The profile extends from above the Bayswater seam 
to the Hebden seam (Figure 2.2).  

Locally, the Wittingham Coal Measures are further divided to (AGE, 2016): 

• four main target coal seams – PG, ULD, ULLD and the LB; 

• a large number of coal seams and plies of varying thickness, including the Bayswater seam, up 
to 20 Lemington seam plies, the Arties seam, and a number of Liddell seam and Barrett seam 
plies that are not proposed to be mined in the Ashton underground mine; and 

• interburden sediments comprising siltstone, sandstone, conglomerate and claystone. 

Over 20 plies of the Lemington seam profile and the overlying Bayswater seam are present within the 
PG seam overburden. The largest Lemington seam plies are of similar thickness as the four target seams 
and may have similar hydraulic properties. 

2.4.2 Recharge 

Recharge is interpreted to occur from direct rainfall to the ground surface, infiltrating into the 
formations through the thin soil cover and regolith. The coal measures also occur at subcrop in localised 
zones beneath the HRA, GCA, and the BCA. In these areas, the Permian coal measures are interpreted to 
be recharged by downward seepage and then downdip flow along the most permeable strata in the 
sequence, primarily the coal seams (Aquaterra, 2009 and AGE, 2016).  

The combined surface water catchment area potentially providing recharge to the Ashton area is 
significantly greater in size than the mine area itself. Ashton is located immediately adjacent the 
confluences of the Hunter River with Bowmans and Glennies Creeks. The Ashton surface and 
underground infrastructure is located entirely within the Bowmans and Glennies Creek catchments, 
which extend approximately 30 km and 45 km to the north of Ashton, respectively.  

Bowmans and Glennies Creek have up to fourth order tributaries up-stream of the site and rainfall falling 
within the respective catchments flows through the Ashton area. The Bowmans and Glennies Creeks 
catchments span approximately 300 km2 and 600 km2, respectively. 
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2.4.3 Groundwater flow 

The Quaternary alluvium and regolith combined is interpreted (AGE, 2016) to be an unconfined 
groundwater system that is recharged by rainfall infiltration, streamflow and upward leakage from the 
underlying stratigraphy, particularly along GC and BC.  

The water table in the alluvium/regolith is a subdued reflection of topography. Groundwater within the 
HRA flows generally in an easterly direction, while groundwater within GCA and the BCA flows generally 
in a southerly direction towards the HR, with local flow towards the respective river/creeks.  

The direction of groundwater flow for the coal seams is influenced by the local geomorphology and 
structural geology as well as the long history of mining within the region. Groundwater flow within the 
Permian coal measures is understood to be to the south-west consistent with the dip direction of the 
coal seams. 

The mining of the PG seam and ULD seam has impacted the groundwater regime at Ashton. Mining has 
induced subsidence cracking that extends to the ground surface above parts of Ashton, and to a lesser 
height above the goaf in other areas where the cover depth above the PG seam is greater (i.e. near the 
western side of the mine area). It is likely that in areas of shallower cover depth, this cracking has 
penetrated both the overburden of the PG, along with the BCA. Surface cracking is also visible along and 
across the longwall panel areas immediately following subsidence. This surface cracking is expected to 
extend for only a limited depth below surface and may or may not intersect with the subsidence cracking 
emanating up from the goaf, depending on cover depth and subsidence magnitude.   

There is also potential for recharge from the GCA through connectivity with the PG seam (AGE, 2016), 
which hydraulic testing showed was significantly more permeable close to outcrop than at depth  
(Peter Dundon and Associates, 2006). Inflows into the workings during mining of LW1 were not 
significantly greater than during mining of LW1 tailgate (TG1A). This would indicate that mining of LW1 
did not increase the connectivity or flow from the PG seam in subcrop beneath the GCA. Although inflows 
were higher during mining of TG1A than subsequent inflows from subsided strata during extraction of 
LW1, the total inflows to the end of LW1 were below predicted inflows, and the observed impacts on 
GCA were less than predicted, confirming that the proximity to Glennies Creek has not resulted in an 
unexpected level of connectivity and inflows from the Glennies Creek floodplain. 

The presence of subsidence cracking over parts of the underground mine increases the potential 
connectivity of the mine with the water within the creeks and associated alluvium. Planned LW panels 
within the underlying ULLD and LB seams may allow for reactivation of subsidence and subsidence 
related fracturing within these areas (AGE, 2016).  

 The conceptual hydrogeology is depicted in Figure 2.3. 
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Figure 2.3 Conceptual hydrogeology – north-west to south-east – not to scale 
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3 Groundwater management plan  

The previous WMP (2016) was updated and submitted to DPI Water for approval in June 2017. 
The updated WMP (2018) (herein referred to as WMP) includes a slightly modified monitoring network 
that includes alluvial and coal measure bores east of Glennies Creek. The WMP includes a wider array of 
monitoring bores in the network, and targeted water quality triggers. Details of these monitoring 
locations are summarised in Appendix D. The groundwater monitoring plan, including monitoring 
parameters and frequency, is summarised in Appendix B. The WMP received approval in March 2018, 
therefore, groundwater monitoring in 2019 was conducted as per WMP version 10, 2018. 

3.1 Groundwater monitoring network 

The ACOL groundwater monitoring network consists of more than 100 monitoring bores. Of these, 
64 bores and ten vibrating wire piezometer (VWP) installations are monitored as part of the WMP 
throughout monthly, quarterly, and annual campaigns (Appendix A). The WMP outlines the monitoring 
plan and key monitoring locations in areas potentially sensitive to mining impacts.  

Monitoring of groundwater levels, VWP pressure heads, and water quality parameters at these bores 
sufficiently captures the lateral groundwater system behaviour of the alluvial aquifers, the interburden 
and the coal seam aquifers at the site. The current groundwater monitoring network is considered 
suitable to detect changes to groundwater across the site.  

The WMP monitoring locations and respective monitoring targets are presented in Figure 3.1.  
Details of these monitoring locations are summarised in Appendix A (Table A1). 

The groundwater monitoring program includes the monitoring of: 

• groundwater levels; 

• groundwater (piezometric) pressures; 

• field water quality parameters – pH, EC, temperature and total dissolved solids (TDS); 

• groundwater sampling for minor chemical lab analysis (including pH, EC, TDS, major ions 
(calcium, magnesium, sodium, potassium, chloride and sulfate as SO4) and alkalinity); 

• groundwater sampling for comprehensive chemical lab analysis (including pH, EC, TDS, major 
ions, alkalinity, cations/anions, arsenic, cadmium, chromium, copper, iron, lead, manganese, 
nickel, selenium, zinc, turbidity, cyanide, nitrate, nitrite, Kjeldahl nitrogen, total nitrogen and 
total phosphorous); and 

• monitoring of groundwater levels and EC as required by Environmental Protection Licence 
(EPL) 11879. 

Monitoring frequency is as follows (Appendix B): 

• monthly monitoring at selected alluvial piezometers for water level and field water quality; 

• monthly monitoring of water level and piezometric pressure in longwall-specific piezometers 
during active extraction at relevant longwalls; 

• quarterly monitoring at selected piezometers for water level, field water quality and minor 
chemical analysis;  

• biannual monitoring for bores specified by EPL 11879; and 

• annual sampling at selected piezometers for minor and comprehensive chemical analysis. 

The groundwater monitoring plan, including monitoring parameters and frequencies, is summarised in 
Appendix B (Table B1). 
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3.2 Trigger values 

The WMP outlines trigger values for groundwater level and quality for monitoring bores in the 
Bowmans Creek Alluvium (BCA), Glennies Creek Alluvium (GCA) and the Hunter River Alluvium (HRA).  

A recorded water level below the defined trigger level at a monitoring bore at any time between  
March 2018 and the end of mining of LW204 in the ULLD, sustained for three consecutive months, would 
trigger a response under the WMP. Groundwater elevation trigger levels are summarised in Table 3.1. 
Groundwater quality trigger levels are summarised in Table 3.2. As for groundwater elevation, three 
consecutive measurements outside of these values trigger a response under the WMP. In addition, if 
a recorded value at a monitoring bore differs extremely from the preceding three readings at that 
location and there are no unusual events that could have caused the difference, a response would be 
triggered. The WMP groundwater response plan, for cases where trigger values are exceeded, is 
summarised in Appendix C. 

Table 3.1 Groundwater elevation trigger levels for alluvial monitoring bores 

Aquifer Monitoring bore 
Base of alluvium 

elevation  
(mAHD) 

Assigned trigger value end of mining  
in LW204 (Upper Lower Liddell Seam)  

(mAHD) 

BCA* 

WMLP311 55.64 57.5 

WMLP323 59.47 59.2 

WMLP328 49.42 55.15 

T2A 49.69 54.17 

GCA 

WML120B 51.12 51.45 

WML129 45.44 49.8 

WML239 50.82 49.78 

WMLP343 50 51.33 

WMLP346 49.18 51.35 

WMLP349 48.84 50.82 

WMLP358 50.16 50.79$ 

HRA 

WMLP279 45.1 48.82 

WMLP280 44.92 48.63 

WMLP337 48.05 47.73 

WMLP336 47.87 48.15 

Notes:  *  Bowmans Creek alluvium is approved to be dewatered in areas above the mine plan by end of mining of the Upper 
Liddell seam (Aquaterra 2009). Trigger values are therefore intended as a guide representing updated, more 
conservative, impact predictions from the updated groundwater model (AGE, 2016).  

$  This water level trigger is based on the second lowest water level measured, as the lowest measured water level is an 
outlier in the dataset. 
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Table 3.2 Groundwater quality trigger levels for alluvial monitoring bores 

Aquifer Monitoring bore 
Groundwater pH 
trigger - Lower  
(5th percentile) 

Groundwater pH 
trigger - Upper  

(95th percentile) 

Groundwater EC 
trigger (µS/cm)  
(95th percentile) 

BCA 

WMLC113C 6.6 7.4 1445 

WMLP311 6.5 8 1289 

WMLP323 6.5 8.1 1241 

WMLP326 6.6 7.5 2078 

WMLP328 6.6 8.2 1175 

T2A 6.7 7.7 1422 

GCA 

WML120B 6.4 7.7 1387 

WML129 6.7 8 740 

WML239 6.3 7.4 984 

WMLP343 

6.2# 8# 

1059& 

WMLP346 1005& 

WMLP349 2900& 

WMLP358 600& 

HRA 

WMLP279 6.3 7.5 1276 

WMLP280 6.6 7.9 2034 

WMLP337 6.8 7.8 3254 

WMLP336 6.2 8.2 1708 

Notes: Data reviewed for trigger derivation includes historical data to June 2017.  
#  Temporary triggers – the new bore additions to the Glennies Creek alluvium monitoring network have minimal 
historical pH monitoring data. In these cases, rather than establishing a statistically based trigger, the previous 
Glennies Creek alluvium quality triggers have been maintained. These triggers will be adjusted in future based on data 
collected under this WMP.  
&  Temporary triggers – the new bore additions to the Glennies Creek alluvium monitoring network have minimal 
historical monitoring data. In these cases, rather than establishing a statistically based trigger based on the 95th 
percentile, a temporary trigger has been established as 200 µS/cm above the highest measured EC value.  
These triggers will be adjusted in future based on data collected under this WMP. 

3.3 Sampling methods 

Groundwater sampling at Ashton in 2019 adhered to the following standards and procedures: 

• Australian Government – National Water Commission (2012). “Minimum Construction 
Requirements for Water Bores in Australia”. Third edition ISBN  978-0-646-56917-8.  

• Standards Australia (1998). “Water Quality – Sampling. Part 1: Guidance on the design of sampling 
programs, sampling techniques and the preservation and handling of samples”. Australian/New 
Zealand Standard 5667.1:1998. 

• Sundaram, B. (2009). “Groundwater Sampling and Analysis – A Field Guide”, Australian 
Government – Geoscience Australia. GeoCat 60901.   
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Groundwater levels/pressure heads at Ashton in 2019 were measured as follows:  

• manual measurements using a water level dipper; 

• download of VWP data; 

• downloadable pressure transducer (PT); and 

• telemetric PT. 

Groundwater quality field parameters were measured using a calibrated water quality meter. 
Water quality laboratory analysis is conducted by National Association of Testing Authorities (NATA) 
accredited group Australian Laboratory Services (ALS). 

Throughout 2019, groundwater sampling was conducted by AGE Hydrogeologist, Walter Rowlands. 
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4 Groundwater monitoring results 

Groundwater monitoring and sampling was conducted at the locations and frequencies outlined in the 
WMP (Section 7.3). Groundwater levels and quality trends for alluvial bores are presented in Figure 4.1 
through Figure 4.22. Groundwater levels and quality data for non-alluvial monitoring locations are 
presented in Figure 4.23 through Figure 4.30. 

4.1 Alluvium monitoring 

4.1.1 WMP compliance groundwater levels 

The groundwater level trends and trigger levels for the BCA, GCA and HRA compliance monitoring bores 
are presented in Figure 4.1, Figure 4.2, Figure 4.3 and Figure 4.4, respectively. Daily rainfall 
measurements and CRD have also been plotted and used to compare water level trends. The river and 
creek water levels (sourced from WaterNSW online database2) are presented graphically in Figure 4.5.  

The following observations can be noted for 2019: 

• BCA regulatory bore water levels declined throughout 2019 (Figure 4.1). Over the course of the 
year, two of the four BCA trigger bores ran dry; T2A during May and WMLP311 during August. 
All BCA trigger bores were recorded below respective trigger values over three consecutive 
measurements, triggering the response protocol outlined in the WMP (Appendix C). 
An investigation into declining groundwater levels in T2A was undertaken 
(AGE, 2019 – Appendix G). It was concluded that monitoring bore T2A was the first of a group 
of bores likely to soon be dry in the BCA if prevailing drought conditions continued. 
Numerous other BCA bores were observed to be dry in 2019 including; PB1, RA18 and 
WMLP311. Groundwater level decline within these bores corresponds to a declining CRD. 
Unlike the GCA and HRA, the BCA is not a regulated stream. It should be noted that ACP is 
approved to intercept the BCA groundwater resource under DA 309-11-2011-i MOD 5. 

• GCA groundwater levels were generally stable throughout the year (Figure 4.2 and Figure 4.3). 
A minor decline in groundwater levels was recorded between January to September 2019. 
Water levels rose in response to increased storage water release from Lake St Clair over the last 
quarter of 2019. 

• HRA regulatory bore water levels were relatively steady throughout the year, with overall 
variation within ±0.2 m (Figure 4.4). The stability of HRA water levels can be partly attributed 
to controlled releases upstream of the HR section that traverses ACP. 

• Surface water elevation in Bowmans Creek remained dry at WaterNSW gauges over 2019 
(Figure 4.5). The Glennies Creek water level was relatively steady throughout the year, with 
several sharp declines being suspected false readings recorded at the gauge. Hunter River 
elevation was stable during 2019. One large spike was observed following high rainfall in March, 
and a separate spike was recorded in December. The December spike may be an artefact as there 
was no recorded rainfall at this time. 

The site area has experienced a period of prolonged below average rainfall over the last 12+ months, as 
indicated by a declining CRD. Groundwater levels, not associated with regulated water bodies, are 
declining primarily due to decreased rainfall recharge. No mining impacts outside of predictions are 
noted in the alluvium. 

 

2 WaterNSW (2019). Real-time water data. Available at: http://realtimedata.water.nsw.gov.au/water 

http://realtimedata.water.nsw.gov.au/water.stm?ppbm=STATE_OVERVIEW&so&3&sofkm_url
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Figure 4.1 Bowmans Creek alluvium trigger bore hydrographs 

 

Figure 4.2 Glennies Creek alluvium trigger bore hydrographs (1) 
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Figure 4.3 Glennies Creek alluvium trigger bore hydrographs (2) 

 

Figure 4.4 Hunter River alluvium trigger bore hydrographs 
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Figure 4.5 Surface water level hydrographs 

4.1.2 Other alluvium groundwater levels 

Groundwater level trends observed in 2019 for other BCA and HRA monitoring bores across the 
monitoring network are presented in Figure 4.6 and Figure 4.7, respectively. Daily rainfall 
measurements and CRD have been plotted and used to assess water level trends. As for the BCA 
regulatory bores, the other BCA alluvial bores also recorded an overall decline in water levels. 
Monitoring bores PB1 and RA18 were observed to be dry during October 2019. With the exception of 
a period of heavy rainfall in March/April, WML113C was also dry throughout 2019. HRA trigger bores 
recorded water levels that varied by no more than ±0.2 m. The HRA bores responded to increased 
rainfall throughout March. No mining impacts outside of predictions are noted. 
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Figure 4.6 Other Bowmans Creek alluvium monitoring bore hydrographs 

 

Figure 4.7 Other Hunter River alluvium monitoring bore hydrographs 
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4.1.3 pH, electrical conductivity and major ions 

All alluvial bores across the ACP monitoring network were sampled for pH, EC and major ions 
throughout 2019, and the results are presented graphically in Figure 4.8 through to Figure 4.22. 
A complete table of results for the aforementioned parameters is presented in Error! Reference source 
not found.; together with comprehensive analysis measurements recorded during annual sampling in 
August 2019. All associated laboratory files can be found in Appendix F. 

As has been the case in preceding years, groundwater pH in alluvial bores was slightly acidic to neutral 
in 2019. Three bores recorded an exceedance of pH trigger values throughout the year (T2A, WML113C 
and WML129), however the events were not consecutive and as such did not require a response under 
the WMP. Values for pH were stable in 2019, generally ranging from pH 6.5 to 7.5, with only a few 
outliers outside this range. Discrepancies in pH were minor and considered within natural variation. 
The specific pH ranges measured within the BCA, GCA and HRA in 2019 were: 

• BCA – pH 6.37 (T3A) to 8.66 (RA18);  

• GCA – pH 6.09 (WML129) to 7.69 (WMLP343); and  

• HRA – pH 6.58 (WMLP336) to 7.48 (WMLP279). 

Groundwater EC was fresh to slightly brackish across the BCA, GCA and HRA monitoring network over 
2019; mirroring the conditions in previous years. Three bores exceeded EC triggers over three 
consecutive periods during 2019 – monitoring bores WMLP311, WMLP323 and WMLP328. 
These bores are all BCA bores and have been investigated on two recent occasions (AGE, 2018 
(Appendix H); AGE, 2018a, AGE, 2019). These investigations concluded that BCA EC levels have 
increased as a result of reduced rainfall recharge. This trend is expected to continue without significant 
rainfall recharge in the BCA.  

GCA and HRA EC levels in 2019 were steady overall, with only minor fluctuations occurring throughout 
the year. HRA Monitoring bore WMLP338 recorded a significantly higher EC than previous 
measurements during November 2019. However, a significant amount of organic matter enters this bore 
given the lack of a monument and the occasional displacement of the well lid by cattle. It is possible that 
EC was influenced by external material in this bore. This noted, no EC exceedances were observed for 
GCA or HRA trigger bores in 2019. For alluvial bores, the observed EC ranges in 2019 were: 

• BCA – 964 (WML113C) to 2,627 µS/cm (WMLP326); 

• GCA – 316 (WML129) to 1,034 µS/cm (WMLP349); and 

• HRA – 615 (WMLP336) to 2,957 µS/cm (WMLP337). 

River and creek EC levels (sourced from the WaterNSW online database) were also examined over 2019. 
Bowmans Creek remained dry at the gauge throughout 2019. Glennies Creek EC was stable, with sudden 
groundwater level declines likely due to an issue with the gauge. Hunter River EC oscillated over the 
course of 2019, with fluctuations remaining within historic ranges.  

The major ion content of each alluvial system was also assessed in 2019 as shown in the classification 
table and Piper diagram from August 2019 (Appendix E). The cation water type in all monitoring bores 
was Na and Mg dominant. With respect to anions, Cl dominates over the SO4 ions in the alluvial 
monitoring bores. The BCA and HRA water types are similar and can be distinguished from the GCA 
water types due to the water source and the recharge/discharge mechanism associated with each body. 
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Figure 4.8 Bowmans Creek alluvium trigger bore pH trends (1) 

 

Figure 4.9 Bowmans Creek alluvium trigger bore pH trends (2) 
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Figure 4.10 Glennies Creek alluvium trigger bore pH trends (1) 

 

Figure 4.11 Glennies Creek alluvium trigger bore pH trends (2)  
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Figure 4.12 Hunter River alluvium trigger bore pH trends 

 

Figure 4.13 Other Bowmans Creek alluvium bore pH trends 
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Figure 4.14 Other Hunter River alluvium bore pH trends 

 

Figure 4.15 Bowmans Creek alluvium trigger bore EC trends (1) 
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Figure 4.16 Bowmans Creek alluvium trigger bore EC trends (2) 

 

Figure 4.17 Glennies Creek alluvium trigger bore EC trends (1) 
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Figure 4.18 Glennies Creek alluvium trigger bore EC trends (2) 

 

Figure 4.19 Hunter River alluvium trigger bore EC trends 
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Figure 4.20 Other Bowmans Creek alluvium bore EC trends 

 

Figure 4.21 Other Hunter River alluvium bore EC trends 



 

 

Australasian Groundwater and Environmental Consultants Pty Ltd 
Yancoal – Ashton Coal – Annual Groundwater Monitoring Review – v02.01 (G1922H) |  29 

 

Figure 4.22 Surface water EC trends 
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4.1.4 Dissolved metals, select nutrients, turbidity and cyanide 

Comprehensive lab analysis during August 2019 incorporated the measurement of select dissolved 
metals, select nutrients, turbidity and cyanide as tabulated in Appendix D. Dissolved metals 
concentrations were compared against ANZECC|ARMCANZ livestock limits (ANZECC & ARMCANZ, 
2000), revealing no breaches for any of the metals assessed (arsenic, cadmium, chromium, copper, lead, 
nickel, selenium and zinc). Manganese and iron were detected at very low concentrations, though 
neither of these metals are regarded as specifically toxic at such concentrations; and no 
ANZECC|ARMCANZ livestock limit is established for these metals.  

Select nutrients analysis included nitrite and nitrate as N, total Kjeldahl nitrogen as N, total nitrogen as 
N and total phosphorous as P. All N related concentrations were low, and no nitrate concentration was 
close to 400 mg/L. Nor was any nitrite concentration near 30 mg/L as defined in the ANZECC|ARMCANZ 
livestock standards. Total N figures were significantly less than the short-term trigger range of 
25- 125 mg/L. Several bores exceeded the lower trigger of P concentration (0.8-12 mg/L), however it is 
outlined in the guidelines that the value or range for P needs to be determined specific to a site. 
No site- specific analysis has been conducted at Ashton to define an appropriate P trigger at this time. 
Turbidity does not have a defined livestock limit for comparison, though analysis of the results indicates 
that bores that are typically hand bailed rather than pumped yield the greatest turbidity. 
Cyanide concentrations were so low across samples that no reading was detected above the limit of 
reporting (LOR). Cyanide levels did not breach any outlined standards. 

4.2 Coal measure and coal measure overburden (CMOB) aquifer 
monitoring 

Groundwater level and quality measurements for coal measure and CMOB monitoring bores were taken 
throughout 2019. Longwall specific VWP pressure heads were also recorded. Hydrographs for these 
bores are presented in Figure 4.23 through to Figure 4.32. 

4.2.1 Coal measure and CMOB aquifer groundwater levels 

The groundwater level trends for coal measure and CMOB monitoring bores are presented in  
Figure 4.23 and Figure 4.24, respectively. Groundwater level measurements for LW202 specific 
monitoring bores are presented in Figure 4.25, and groundwater trends for the recently started longwall 
LW203 are depicted in Figure 4.26. Longwall specific VWP readings for LW202 are shown in Figure 4.27 
and LW203 specific measurements are presented in Figure 4.29. Daily rainfall measurements and CRD 
have also been plotted and used to compare water level trends. 

The following observations can be noted for 2019: 

• Water levels were relatively stable in coal measure bores, excepting monitoring bore WML262 
which decreased nearly 5 m overall (Figure 4.23). 

• Groundwater elevation in CMOB bores display a general decline in 2019, which corresponds to 
a declining CRD (Figure 4.24). 

• Groundwater levels in monitoring bores within the vicinity of LW202 and LW203 remained 
stable over 2019, with the exception of WML262 (Figure 4.25 and Figure 4.26, respectively). 
Monitoring bore WML262 (ULD seam) decreased almost 5 m over six months, with the rate of 
decline increasing notably from June 2019 onwards. This bore has shown an enhanced rate of 
decline since late 2011 and appears to have been impacted by mining. 

• VWP measurements in WMLC248 (adjacent LW201/202) remained stable throughout the year 
with the exception of readings in the ULLD seam which declined overall (Figure 4.27).  
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• VWP measurements in WMLP269 (adjacent LW203/204) demonstrated various trends over 
2019 (Figure 4.28). Pressure heads measured by the Lemington 5, Lemington 7 and Lemington  
8-9 sensors remained stable. Pressure head increases were observed for Lemington 11-12 and 
Lemington 15 sensors overall, whilst the Lemington 19 sensor noticeably declined. No impacts 
associated with mining of LW203 are evident from VWP monitoring between October and 
December 2019. However, it should be noted that VWP WMLP269 is not situated particularly 
close to LW203 and is only used as the monitoring reference as it is the closest proximity VWP 
to current mining operations. 

• Overall, coal measure and CMOB bores did not appear to be impacted by mining outside of 
predictions in 2019 – except for monitoring bore WML262 in the ULD seam which demonstrated 
a significantly larger rate of decline than surrounding bores from June 2019 onwards. 

 

Figure 4.23 Coal measure bore hydrographs 
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Figure 4.24 Coal measure overburden bore hydrographs 

 

Figure 4.25 Hydrographs for monitoring bores in vicinity of LW202 
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Figure 4.26 Hydrographs for monitoring bores in vicinity of LW203 

 

Figure 4.27 Hydrographs for VWP WMLC248 in vicinity of LW202 
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Figure 4.28 Hydrographs for VWP WMLP269 in vicinity of LW203 

4.2.2 pH, electrical conductivity and major ions 

Coal measure and CMOB bores across the ACP monitoring network were sampled for pH, EC and major 
ions during 2019, and the results are presented graphically in Figure 4.29 through to Figure 4.32.  
A complete table of results for the aforementioned parameters is presented in Appendix D; together 
with comprehensive analysis measurements recorded during annual sampling in August 2019.  
All associated laboratory files can be found in Appendix F. 

Groundwater pH in coal measure and CMOB bores was generally neutral to slightly alkaline in 2019, as 
has been the case in previous years. pH was stable over 2019, predominantly ranging from pH 6.75 to 8. 
Exceptions to the outlined pH range were few and minor, with the degree of variation considered within 
natural variation. The specific pH ranges measured within coal measure and CMOB bores in 2019 were: 

• Coal measure – pH 5.64 (WML119) to 8.20 (WML262); and 

• CMOB – pH 6.63 (WML115B) to 7.67 (T4P). 

Groundwater EC was fresh to brackish across the coal measure and CMOB monitoring network in 2019. 
EC levels were relatively steady throughout 2019, with no prevailing trend being evident. 
Minor fluctuations occurred during the year, though the overall trend was stable. EC ranges for coal 
measure and CMOB bores in 2019 were: 

• Coal measure – 749 (WML120A) to 4,458 µS/cm (WML183); and 

• CMOB – 1,019 (T2P) to 3,203 µS/cm (WML115B). 
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The major ion content for coal measure and CMOB bores was also assessed in 2019 (Appendix E). 
The cation water type in all monitoring bores was Na and Mg dominant. With respect to anions, 
Cl dominates SO4 ions in coal measure and CMOB monitoring bores. The coal measure water types are 
easily distinguished from the CMOB water types with coal measure bores bearing greater 
Mg concentration, whilst CMOB bores contained higher Ca concentrations. 

 

Figure 4.29 Coal measure bore pH trends 

 

Figure 4.30 Coal measure overburden bore pH trends 
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Figure 4.31 Coal measure bore EC trends 

 

Figure 4.32 Coal measure overburden bore EC trends 
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4.2.3 Dissolved metals, select nutrients, turbidity and cyanide 

Comprehensive lab analysis during August 2019 incorporated the measurement of select dissolved 
metals, select nutrients, turbidity and cyanide as tabulated in Appendix D. 

. Dissolved metals concentrations were compared against ANZECC|ARMCANZ livestock limits (ANZECC 
& ARMCANZ, 2000), revealing no breaches for any of the metals assessed (arsenic, cadmium, chromium, 
copper, lead, nickel, selenium and zinc). Manganese and iron were detected at very low concentrations, 
though neither of these metals are regarded as specifically toxic at such concentrations; and no 
ANZECC|ARMCANZ livestock limit is established for these metals.  

Select nutrients analysis included nitrite and nitrate as N, total Kjeldahl nitrogen as N, total nitrogen as 
N and total phosphorous as P. All N related concentrations were low, and no nitrate concentration was 
close to the livestock drinking water guideline of 400 mg/L, nor was any nitrite concentration near 
30 mg/L as defined in the ANZECC|ARMCANZ livestock standards. Total N figures fell well below the 
short-term trigger range of 25-125 mg/L stipulated in the standards. Several bores exceeded the lower 
trigger of P concentration (0.8-12 mg/L), however it is outlined in the guidelines that the value or range 
for P needs to be determined specific to a site. No site-specific analysis has been conducted at Ashton to 
define an appropriate P trigger at this time. Turbidity does not have a defined livestock limit for 
comparison, though analysis of the results demonstrates that bores that are typically hand bailed rather 
than pumped yield the greatest turbidity. Cyanide concentrations were so low across samples that no 
reading was detected above the limit of reporting (LOR). Cyanide levels did not breach any outlined 
standards. 
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5 EPL 11879 monitoring bores 

Results for 2019 monitoring of EPL 11879 monitoring bores (per Licence Variation March 2019) are 
summarised in Table 5.1 (levels) and Table 5.2 (EC). Several of the monitoring bores listed in EPL 11879 
have been destroyed (RA02, RM04, RM05, RM06, RM07 and RM09) and can no longer be monitored. 

Table 5.1 EPL 11879 monitoring bore groundwater levels (2019) 

Bore ID 
Feb 2019 Aug 2019 Dec 2019 

Groundwater levels (mTOC) 

GM1 10.27 9.44 12.72 

GM3A dry$ 7.59 7.61 

GM3B dry$ 15.62 15.66 

PB1 6.90 7.38 dry 

RA02 destroyed destroyed destroyed 

RM01 dry dry dry 

RM02 12.71 13.09 13.15 

RM03 dry dry dry 

RM04 destroyed destroyed destroyed 

RM05 destroyed destroyed destroyed 

RM06 destroyed destroyed destroyed 

RM07 destroyed destroyed destroyed 

RM09 destroyed destroyed destroyed 

RM10 7.52 7.96 8.62 

RSGM1 8.20 8.31 dry 

Notes: $ Water level tagged was below the screen, so declared ‘effectively dry’. 
mtoc = metres top of casing. 
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Table 5.2 EPL 11879 monitoring bore groundwater EC measurements (2019) 

Bore ID 
Feb 2019 Aug 2019 Dec 2019 

Groundwater EC (µS/cm) 

GM1 2,021 1,952 1,961 

GM3A dry$  -# -# 

GM3B dry$ 6,944 -# 

PB1 1,371 1,449 dry 

RA02 destroyed destroyed destroyed 

RM01 dry dry dry 

RM02 2,306 2,458 -# 

RM03 dry dry dry 

RM04 destroyed destroyed destroyed 

RM05 destroyed destroyed destroyed 

RM06 destroyed destroyed destroyed 

RM07 destroyed destroyed destroyed 

RM09 destroyed destroyed destroyed 

RM10 1,186 1,215 1,227 

RSGM1 2,660 2,290 dry 

Notes: $ Water level tagged was below the screen, so declared ‘effectively dry’. 
# Registered a water level, but insufficient water to sample. 
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6 Mine inflow 

Ashton underground mine inflows are calculated through a review of dewatering abstraction volumes 
and a water balance assessment. The water balance assessment is the most appropriate tool to assess 
mine inflows as the volume of abstracted water comprises water from a number of sources, including 
but not limited to groundwater, surface water, incidental take and groundwater transitioning from the 
point of entry to the abstraction point. The transition time of this “stored” water is assumed to be in the 
order of years and is normally not considered inflow that has occurred in the past year. It is considered 
that the stored water is largely from the groundwater sources (predominantly hardrock) rather than 
surface water. A proportion of abstracted water is understood to have in-flowed prior to 2019 and was 
stored temporarily in the goaf. A proportion of the 2019 incidental take has continued to be stored 
underground or was lost through coal moisture and water vapour via outgoing air.  

Data utilised in the assessment includes: 

• metered water volumes pumped to the mine from the various sources; 

• metered water abstracted from the mine; 

• partitioned water takes (from the groundwater modelling) from the surface water sources and 
the separate groundwater sources; and 

• estimate of stored water pumped from the mine. 

These volumes are summarised in Table 6.1. During 2019, Ashton abstracted 393.9 ML of water via 
borehole 5 (BH5), borehole 6 (BH6) and the underground portal. Of that volume, 188.6 ML was 
introduced into the mine as operational water; therefore, the difference of 205.3 ML is considered 
a portion of the incidental water take. The remainder of the predicted incidental water (215.7 ML) is 
considered to be stored in the underground workings or to have been lost through the coal moisture 
and water vapour via out-by air. The value for estimated stored volume of incidental take of 215.7 ML 
is considered large and the water level in the underground workings has not increased recently. 
Therefore, we suggest that this value is not entirely representative of the inflow and that further 
investigation needs to be undertaken. Additionally, the site abstraction rate and metering should also 
be reviewed. 

The groundwater model (AGE, 2016) predicted that the underground inflow rate into the mine for the 
period of 2019 would have been 13.3 L/sec. The average 2019 water abstraction rate was 12.5 L/sec. 
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Table 6.1 Breakdown of abstracted water volumes (2019) 

Total water 
abstracted from 
mine via BH5, 
BH6 and Portal 

 

393.9 ML 

Mine water input 
(metered) 

188.6 ML   

Estimate of 
abstracted water 
considered inflow 
water 

205.3 ML 

421.0 ML 

Total predicted 
incidental water-
take for 2019 (from 
2016 GW model – 
Scenario 5: mining 
LW101-106A, 
followed by LW201-
LW204)  

Portion of 
incidental water 
take considered 
stored in 
underground 
and/or lost via coal 
moisture and water 
vapour in out-by air 

215.7 ML 

  



 

 

Australasian Groundwater and Environmental Consultants Pty Ltd 
Yancoal – Ashton Coal – Annual Groundwater Monitoring Review – v02.01 (G1922H) |  42 

7 Summary 

Groundwater monitoring over the 2019 reporting period was consistent with the requirements outlined 
in the WMP. A summary of the findings of this report is as follows: 

• Numerous water level and EC trigger exceedances were observed during 2019, prompting 
enactment of WMP protocol. All water level and EC exceedances occurred in BCA bores. 
Data from the previous BCA EC investigation (AGE, 2018) was reviewed, and a new investigation 
was undertaken in response to declining groundwater levels in monitoring bore T2A 
(AGE, 2019). These previous investigations indicate that a lack of rainfall recharge is the main 
driver of these BCA exceedances, which are likely exacerbated by underground mining at ACP. 
It should be noted that ACP is approved to intercept the BCA groundwater resource under DA 
309-11-2011-i MOD 5. 

• All BCA regulatory bore water levels were measured below trigger values over the year. Two of 
four BCA trigger bores ran dry throughout 2019; T2A during May and WMLP311 during August. 
This is chiefly attributed to prevailing drought conditions in the region, coupled with drawdown 
from underground operations. 

• GCA groundwater levels increased overall in 2019. GCA elevation was stable, declining slightly 
at some locations between January and September 2019. Groundwater elevation in the GCA is 
closely correlated with water release from Lake St Clair. 

• HRA regulatory bore water levels were relatively steady in 2019, varying ±0.2 m overall.  

• Bowmans Creek remained dry at the gauge throughout 2019. Glennies Creek and  
Hunter River water levels were relatively steady over the year, with sudden water level changes 
considered to be false readings. 

• Water levels in coal measure bores were stable during 2019, with the exception of WML262 
which decreased nearly 5 m overall. This bore continues to decline at a notably higher rate than 
surrounding bores. A preliminary analysis of groundwater level decline in this bore has been 
undertaken. The cause of decline in this bore should be investigated further should this trend 
continue. 

• Groundwater elevation in CMOB bores generally decreased over the year. This decline is 
attributed to long term drought conditions. 

• Groundwater elevations in longwall specific VWP WMLC248 (adjacent LW201/202) remained 
stable throughout 2019, with the exception of pressure head in the ULLD seam which slightly 
declined. Longwall specific VWP WMLP269 (adjacent LW203/204) displayed variable 
groundwater elevation trends over 2019. Groundwater elevation measured by the 
Lemington 5, 7 and 8-9 sensors were stable; whilst the Lemington 11-12 and 15 sensors 
displayed an increase in pressure head. Pressure head in the Lemington 19 sensor declined. 
Overall, the groundwater impacts associated with mining of LW202/203 were within those 
predicted. 

• Groundwater pH measurements were stable during 2019. No consecutive pH exceedances 
occurred, and slight changes in pH are attributed to natural variation.  

• BCA EC levels increased in 2019 due to a decline in BCA water levels. This trend is expected to 
persist if the BCA resource continues to decline. 

• GCA, HRA, coal measure and CMOB EC levels were relatively steady over the year.  
Minor fluctuations were noted, though no significant trends were identified. 

• Major ion analysis indicated that the CMOB, BCA and HRA water types are similar and can be 
distinguished from the GCA and the coal measure water types, which is due to the water source 
and the recharge/discharge mechanism associated with each body. 
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• Dissolved metals, select nutrients, turbidity and cyanide concentrations within ACP monitoring 
bores were compared against ANZECC|ARMCANZ livestock limits (ANZECC & ARMCANZ, 2000), 
revealing no breaches for any of the analytes assessed. Several bores exceeded the lower trigger 
of phosphorous concentration (0.8-12 mg/L), however it is outlined in the guidelines that the 
value or range for phosphorous needs to be determined specific to a site. No site-specific analysis 
has been conducted at Ashton to define an appropriate phosphorous trigger at this time. 

• EPL 11879 listed monitoring bore water levels declined overall throughout 2019.  
EC in some EPL 11879 bores increased, while in others EC decreased overall.  

• Underground mine inflows are within predicted limits, but a review of site data is recommended 
to confirm the accuracy of abstraction volume estimates. 

Generally, the site has experienced no mining impacts to the GCA and HRA alluvial aquifers and impacts 
are within predictions in the coal measures. A lack of rainfall recharge has impacted groundwater levels 
in the BCA and shallow CMOB bores. 
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Table A1 GWMP monitoring bore locations 

ID Type 
Easting  

(GDA94 Z56) 
Northing  

(GDA94 Z56) 
Top of casing  

(mAHD) 
Depth  

(m) 

Ashton Well Monitoring bore 318355 6406029 62 - 

GM1 EPL Monitoring bore^ 318431 6407214 67 203 

GM3A EPL Monitoring bore^ 320246.5 6405976.9 59 16.2 

GM3B EPL Monitoring bore^ 320250.9 6405976.7 59 7.5 

PB1 EPL Monitoring bore^ 317545 6405301 61.1 7.8 

RA02 EPL Monitoring bore^ 317712.8 6405233 55.2 11.3 

RA18 Monitoring bore 317821.8 6405434.2 62.6 8.5 

RA27 Monitoring bore 317952.1 6403738 61.6 15.5 

RM01 EPL Monitoring bore^ 318041 6404109.5 69.4 10.8 

RM02 EPL Monitoring bore^ 317942 6404506 61.1 12.9 

RM03 EPL Monitoring bore^ 317667 6404844.5 62.1 11 

RM10 EPL Monitoring bore^ 317589 6405292 61.6 10.8 

RSGM1 EPL Monitoring bore^ 317655 6406302 65.6 8.5 

T2-A Monitoring bore 317583.3 6405217.4 60.8 8.9 

T2-P Monitoring bore 317587 6405222 60.7 14.9 

T3-A Monitoring bore 317654.2 6404708 59.9 10.8 

T3-P Monitoring bore 317650 6404702 59.8 30.5 

T4-A Monitoring bore 317685.8 6404323.1 58.6 10.7 

T4-P Monitoring bore 317683 6404319 58.5 31.9 

T5 Monitoring bore 317946.1 6406549.4 65.3 8.8 

WML113A Vibrating wire piezometer 317369 6404529 60.2 - 

WML113C Monitoring bore 317377 6404526 60.2 50 

WML115B Monitoring bore 317881 6406704 66.4 40 

WML115C Monitoring bore 317888 6406710 66.2 6.2 

WML119 Monitoring bore 319255.3 6403930.1 61.5 35 

WML120A Monitoring bore 319292 6404579.6 60.4 20 

WML120B Monitoring bore 319293.6 6404587.5 60.1 9 

WML129 Monitoring bore 319468.4 6403527.8 55.3 7 

WML181 Monitoring bore 319215 6403958.3 64.3 32 

WML183 Monitoring bore 319188.2 6404325.2 76.7 45.5 

WML213 Vibrating wire piezometer 317210 6404154 61.5 316 

WML239 Monitoring bore 319345 6404044.8 58.8 13.5 

WML245 Vibrating wire piezometer 320035 6404835 64.9 101 

WML261 Monitoring bore 319320.2 6404705.9 58.7 39 
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ID Type 
Easting  

(GDA94 Z56) 
Northing  

(GDA94 Z56) 
Top of casing  

(mAHD) 
Depth  

(m) 

WML262 Monitoring bore 319220.1 6403927.7 63.2 60.3 

WMLP269 Vibrating wire piezometer 317850 6404073 65.5 65.5 

WMLC144 Vibrating wire piezometer 319500 6404170 59.3 132 

WMLC248 Vibrating wire piezometer 319326 6404721 58.5 144.6 

WMLC334 Vibrating wire piezometer 318589 6403088 75.9 218.5 

WMLC335 Vibrating wire piezometer 318892 6402936 64.5 200.5 

WMLP277 Monitoring bore 317643.2 6403958.5 59 13 

WMLP278 Monitoring bore 317626.3 6403894.2 62.3 12.5 

WMLP279 Monitoring bore 317298.9 6403991.8 62.7 17.4 

WMLP280 Monitoring bore 317797.6 6403793.4 62.5 16 

WMLP301 Monitoring bore 319235 6403858 60.2 10 

WMLP302 Monitoring bore 319299.6 6404600.2 59.7 10.5 

WMLP308 Monitoring bore 318222.7 6406373 65.7 9.1 

WMLP311 Monitoring bore 318178.9 6406047.9 63.6 7.6 

WMLP320 Monitoring bore 317457.2 6405388 61.5 8 

WMLP323 Monitoring bore 318242.2 6406594.7 64.5 7.3 

WMLP324 Monitoring bore 318240 6406594 64.5 14.1 

WMLP325 Monitoring bore 318181 6406050 63.7 14.6 

WMLP326 Monitoring bore 317571 6404103.2 59.3 11.2 

WMLP327 Monitoring bore 317573 6404103 59.4 18 

WMLP328 Monitoring bore 317927.3 6405611.6 62.8 12.1 

WMLP336 Monitoring bore 318965.4 6402841.9 60.6 15.5 

WMLP337 Monitoring bore 318418 6403129 59.9 13.5 

WMLP338 Monitoring bore 318624.7 6402794 58.8 12.9 

WMLP343 Monitoring bore 319623 6404606 61 11.9 

WMLP346 Monitoring bore 319366.5 6404457.2 60.68 12.5 

WMLP349 Monitoring bore 319516 6404198 58.3 10 

WMLP358 Monitoring bore 319560 6403704 59.49 9.66 

WMLP361 Vibrating wire piezometer 317722 6405962 62.9 191 

WMLP363 Vibrating wire piezometer 317963 6406634 66 164 

YAP016 Monitoring bore 318438 6407195 66.8 7.3 

Notes: *  Resurveyed post mining.  

^  Field coordinates not surveyed. 
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Table B1 Summary of groundwater monitoring program 

ID Type 
Data recording 

method 
Targets Monthly Quarterly Annually 

Ashton Well 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

GM1 
EPL Monitoring 

bore* 
- 197-203m deep (BAR seam?) Water level only Monthly plus field EC only 

Quarterly plus field parameters 
and comprehensive analysis 

GM3A 
EPL Monitoring 

bore* 
- GCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

GM3B 
EPL Monitoring 

bore* 
- GCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

PB1 
EPL Monitoring 

bore* 
- BCA Water level only Monthly plus field EC only Quarterly plus minor lab analysis 

RA02 
EPL Monitoring 

bore* 
- BCA + CMOB Water level only Monthly plus field EC only 

Quarterly plus field parameters 
and comprehensive analysis 

RA18 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

RA27 
Monitoring 

bore 
- HRA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

RM01 
EPL Monitoring 

bore* 
- BCA Water level only Monthly plus field EC only Quarterly plus minor lab analysis 

RM02 
EPL Monitoring 

bore* 
- BCA + CMOB Water level only Monthly plus field EC only Water level and field EC only 

RM03 
EPL Monitoring 

bore* 
- BCA + CMOB Water level only Monthly plus field EC only Quarterly plus minor lab analysis 

RM10 
Monitoring 

bore 
- BCA + CMOB 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus minor lab analysis 

RSGM1 
EPL Monitoring 

bore* 
- Coal measure (BWS) Water level only Monthly plus field EC only 

Quarterly plus field parameters 
and comprehensive analysis 

T2-A 
Monitoring 

bore 
Pressure transducer BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 
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ID Type 
Data recording 

method 
Targets Monthly Quarterly Annually 

T2-P 
Monitoring 

bore 
Pressure transducer CMOB Water level only 

Monthly plus field parameters  
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

T3-A 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

T3-P 
Monitoring 

bore 
- CMOB Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

T4-A 
Monitoring 

bore 
- BCA + BWS Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

T4-P 
Monitoring 

bore 
- CMOB Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

T5 
Monitoring 

bore 
Pressure transducer BCA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

WML113A 
Vibrating wire 

piezometer 
- 

BW2, Lem4, Lem9, Lem11-12, 
Lem15 

Pressure head Pressure head Pressure head 

WML113C 
Monitoring 

bore 
- BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WML115B 
Monitoring 

bore 
- CMOB & Lem3-4 Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

WML115C 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

WML119 
Monitoring 

bore 
- PG Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WML120A 
Monitoring 

bore 
- PG Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WML120B 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WML129 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 
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ID Type 
Data recording 

method 
Targets Monthly Quarterly Annually 

WML181 
Monitoring 

bore 
- PG Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WML183 
Monitoring 

bore 
- PG Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WML213 
Vibrating wire 

piezometer 
- 

BWS, Lem 8-9, Lem 15, Lem 
19, PG, ULD, ULLD, LB 

Pressure head Pressure head Pressure head 

WML239 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WML245 
Vibrating wire 

piezometer 
- ULD, MLD, LB, LB-HEB int Pressure head Pressure head Pressure head 

WML261 
Monitoring 

bore 
- ULD Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WML262 
Monitoring 

bore 
- ULD Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WMLP269 
Vibrating wire 

piezometer 
- 

Lem 5, Lem 7, Lem 8-9, Lem 
11-12, Lem 15, Lem 19 

Pressure head Pressure head Pressure head 

WMLC144 
Vibrating wire 

piezometer 
- 

ULD, MLD1, MLD2, ULLD, 
LLLD, UBS, LB 

Pressure head Pressure head Pressure head 

WMLC248 
Vibrating wire 

piezometer 
- ULLD, ULLL, LB, HEB Pressure head Pressure head Pressure head 

WMLC334 
Vibrating wire 

piezometer 
- 

Lem 13, Lem 15, Lem 18/19, 
Art, ULD, ULLD, UB, LB 

Pressure head Pressure head Pressure head 

WMLC335 
Vibrating wire 

piezometer 
- 

Lem 15B, Lem 17, PG Upper, 
Art, ULDB, LLLD, UB, LB 

Pressure head Pressure head Pressure head 

WMLP277 
Monitoring 

bore 
Pressure transducer HRA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

WMLP278 
Monitoring 

bore 
- HRA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 
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ID Type 
Data recording 

method 
Targets Monthly Quarterly Annually 

WMLP279 
Monitoring 

bore 
- HRA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP280 
Monitoring 

bore 
- HRA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP301 
Monitoring 

bore 
- Arties Seam Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WMLP302 
Monitoring 

bore 
- Arties Seam Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WMLP308 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

WMLP311 
Monitoring 

bore 
Pressure transducer BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP320 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

WMLP323 
Monitoring 

bore 
Pressure transducer BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP324 
Monitoring 

bore 
Pressure transducer CMOB Water level only 

Monthly plus field parameters 
and minor lab analysis 

Quarterly plus comprehensive 
analysis 

WMLP325 
Monitoring 

bore 
Pressure transducer CMOB Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

WMLP326 
Monitoring 

bore 
- BCA Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

WMLP327 
Monitoring 

bore 
- CMOB Water level only Monthly plus field parameters Quarterly plus minor lab analysis 

WMLP328 
Monitoring 

bore 
Pressure transducer BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP336 
Monitoring 

bore 
- HRA + CMOB 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 
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ID Type 
Data recording 

method 
Targets Monthly Quarterly Annually 

WMLP337 
Monitoring 

bore 
- HRA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP338 
Monitoring 

bore 
- HRA Water level only Monthly plus field parameters 

Quarterly plus comprehensive 
analysis 

WMLP343 
Monitoring 

bore 
Pressure transducer GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP346 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP349 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP358 
Monitoring 

bore 
- GCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

WMLP361 
Vibrating wire 

piezometer 
VWP datalogger 

Lem 5, Lem 8, Lem 15A, Art, 
ULD 

Pressure head Pressure head Pressure head 

WMLP363 
Vibrating wire 

piezometer 
VWP datalogger 

CMOB, Lem 8, Lem 9-10 int, 
Lem 12, Lem 14, Lem 15, PG 

roof, ULD 
Pressure head Pressure head Pressure head 

YAP016 
Monitoring 

bore 
Pressure transducer BCA 

Water level and field 
parameters 

Monthly plus minor lab 
analysis 

Quarterly plus comprehensive 
analysis 

Note: *Per EPL 11879. 
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In the event of a groundwater assessment criterion (Table 23 and Section 7.2) being exceeded, the 
following protocol will be followed: 

1. Check and validate the data which indicates an exceedance of the criterion, including whether 
the exceedance is ongoing. 

2. A preliminary investigation will be undertaken to establish the cause(s) and determine whether 
changes to the water management system or operations are required. This will involve the 
consideration of the monitoring results in conjunction with: 

a) site activities being undertaken at the time; 

b) activities at nearby operations (cumulative affects); 

c) groundwater extraction by others; 

d) baseline monitoring results and natural fluctuations; 

e) predictive modelling; 

f) groundwater monitoring at nearby locations; 

g) the prevailing and preceding meteorological and streamflow conditions; and 

h) changes to the land use/activities being undertaken nearby. 

3. If the preliminary investigation shows that the impact is linked to activities undertaken by ACOL, 
a report will be emailed to the DPE and any other relevant department. Causal factors will be 
addressed and rectified if possible. Contingency measures will be developed in consultation with 
the DPE and any other relevant department and implemented in response to the outcomes of 
the investigation. 

4. Remedial/compensatory measures will be developed in consultation with DPE and any other 
relevant department and implemented in response to the outcomes of the investigations. 

5. Monitoring would be implemented as required to confirm the effectiveness of remedial 
measures.  

6. Where required, an independent hydrogeologist will be engaged to conduct investigations. 
ACOL will seek the Secretary of DPE’s approval in selecting a hydrogeologist.  

Any exceedances and responses taken to ameliorate these exceedances will be reported in the Annual 
Review. 
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Table D1  Annual groundwater quality results – field and laboratory (2019) 

Bore ID 

Geology Laboratory ID Date 

pH Value 
(Field) 

pH Value 
(Lab) 

pH RPD EC (Field) 
EC 

(Lab) 
EC RPD 

Total 
Dissolved 

Solids (TDS) 

Units pH pH % µS/cm µS/cm % mg/L 

Limit of Reporting (LOR)   0.01     1   10 

ANZECC livestock limits       5970 5970*   4000 

PB1 BCA ES1925152-002 7/08/2019 7.11 7.97 -11.41 1449 1620 -11.14 1024 

RA18 BCA ES1925152-003 7/08/2019 8.66 7.92 8.93 1062 1250 -16.26 701 

RM10 BCA ES1925152-004 7/08/2019 7.08 7.94 -11.45 1215 1380 -12.72 854 

T3A BCA ES1925150-003 6/08/2019 6.86 7.10 -3.44 2215 2510 -12.49 1240 

T4A BCA ES1925152-009 5/08/2019 7.26 7.93 -8.82 1405 1610 -13.60 828 

WML113C BCA ES1925150-005 6/08/2019 7.16 7.26 -1.39 986 1120 -12.73 568 

WMLP308 BCA ES1925151-008 2/08/2019 7.01 7.43 -5.82 1445 1730 -17.95 844 

WMLP311 BCA ES1925152-011 5/08/2019 7.15 7.21 -0.84 1325 1510 -13.05 728 

WMLP320 BCA ES1925152-006 7/08/2019 7.03 7.86 -11.15 1192 1360 -13.17 834 

WMLP323 BCA ES1925152-012 5/08/2019 6.96 7.29 -4.63 1223 1510 -21.00 696 

WMLP326 BCA ES1925152-007 5/08/2019 7.22 8.06 -10.99 1385 1590 -13.78 977 

YAP016 BCA ES1925151-010 1/08/2019 7.08 7.60 -7.08 1224 1410 -14.12 664 

T2P CMOB ES1925150-002 6/08/2019 6.79 7.26 -6.69 1071 1210 -12.19 609 

T3P CMOB ES1925150-004 6/08/2019 7.55 7.84 -3.77 1804 1840 -1.98 989 

T4P CMOB ES1925152-010 5/08/2019 7.36 8.02 -8.58 1762 1990 -12.15 965 

WML115B CMOB ES1925152-005 1/08/2019 6.63 7.79 -16.09 3055 3450 -12.14 2309 

WMLP324 CMOB ES1925152-013 5/08/2019 7.13 7.72 -7.95 1414 1570 -10.46 786 

WMLP325 CMOB ES1925152-014 5/08/2019 7.37 7.97 -7.82 1955 2330 -17.50 1140 

WMLP327 CMOB ES1925152-008 5/08/2019 6.86 7.98 -15.09 1869 2100 -11.64 1350 

GM1 Coal ES1925151-001 1/08/2019 6.87 7.48 -8.50 1952 2250 -14.18 1030 

WML119 Coal ES1925155-001 8/08/2019 6.98 7.07 -1.28 1205 1460 -19.14 739 

WML120A Coal ES1925151-002 7/08/2019 6.93 7.53 -8.30 804 923 -13.78 473 

WML181 Coal ES1925155-003 8/08/2019 7.56 7.35 2.82 2176 2540 -15.44 1310 

WML183 Coal ES1925151-004 7/08/2019 6.89 7.63 -10.19 4351 5140 -16.63 2440 

WML261 Coal ES1925151-006 7/08/2019 7.00 7.42 -5.83 1275 1450 -12.84 720 
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Bore ID 

Geology Laboratory ID Date 

pH Value 
(Field) 

pH Value 
(Lab) 

pH RPD EC (Field) 
EC 

(Lab) 
EC RPD 

Total 
Dissolved 

Solids (TDS) 

Units pH pH % µS/cm µS/cm % mg/L 

Limit of Reporting (LOR)   0.01     1   10 

ANZECC livestock limits       5970 5970*   4000 

WML262 Coal ES1925155-004 8/08/2019 8.20 8.14 0.73 2726 3210 -16.31 1690 

WMLP301 Coal ES1925155-005 8/08/2019 7.91 8.18 -3.36 2793 3140 -11.70 1620 

WMLP302 Coal ES1925151-007 7/08/2019 6.88 7.09 -3.01 1095 1180 -7.47 746 

GM3B GCA ES1925152-001 1/08/2019 7.65 8.11 -5.84 6944 7960 -13.63 5649 

WML120B GCA ES1925151-003 7/08/2019 7.07 7.26 -2.65 487 553 -12.69 266 

WML129 GCA ES1925155-002 8/08/2019 7.20 7.20 0.00 337 373 -10.14 198 

WML239 GCA ES1925151-005 1/08/2019 6.98 7.48 -6.92 693 806 -15.08 408 

WMLP343 GCA ES1925154-001 2/08/2019 7.02 7.60 -7.93 743 866 -15.29 401 

WMLP346 GCA ES1925154-002 2/08/2019 6.91 7.43 -7.25 500 579 -14.64 277 

WMLP349 GCA ES1925154-003 2/08/2019 6.76 7.18 -6.03 864 984 -12.99 480 

WMLP358 GCA ES1925151-009 1/08/2019 6.81 7.11 -4.31 381 439 -14.15 255 

RA27 HRA ES1925150-001 6/08/2019 6.95 7.30 -4.91 1418 1570 -10.17 785 

WMLP277 HRA ES1925150-006 6/08/2019 7.16 7.47 -4.24 1353 1540 -12.93 775 

WMLP278 HRA ES1925150-007 6/08/2019 7.19 7.60 -5.54 1302 1480 -12.80 708 

WMLP279 HRA ES1925150-008 6/08/2019 6.89 7.38 -6.87 956 1060 -10.32 520 

WMLP280 HRA ES1925150-009 6/08/2019 6.87 7.54 -9.30 1444 1630 -12.10 780 

WMLP336 HRA ES1925155-006 8/08/2019 6.94 6.60 5.02 636 732 -14.04 370 

WMLP337 HRA ES1925155-007 8/08/2019 6.97 7.24 -3.80 2801 3260 -15.15 1880 

WMLP338 HRA ES1925155-008 8/08/2019 6.93 6.76 2.48 1763 2000 -12.60 1120 
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Bore ID 

Geology Laboratory ID 

Calcium Magnesium Sodium Potassium Chloride 

Units mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 1 1 1 1 1 

ANZECC livestock limits           

T3A BCA ES1925150-003 57 61 359 <1 614 

T4A BCA ES1925152-009 56 30 205 1 290 

WML113C BCA ES1925150-005 56 21 120 4 176 

WMLP308 BCA ES1925151-008 78 36 200 3 294 

WMLP311 BCA ES1925152-011 65 37 175 3 239 

WMLP323 BCA ES1925152-012 85 34 137 2 215 

YAP016 BCA ES1925151-010 26 19 218 2 202 

T2P CMOB ES1925150-002 84 34 94 3 210 

T3P CMOB ES1925150-004 45 39 297 4 352 

T4P CMOB ES1925152-010 58 39 287 3 321 

WMLP324 CMOB ES1925152-013 82 43 164 3 220 

WMLP325 CMOB ES1925152-014 80 46 316 3 464 

GM1 Coal ES1925151-001 71 49 294 3 399 

WML119 Coal ES1925155-001 23 22 223 4 231 

WML120A Coal ES1925151-002 35 28 93 2 133 

WML181 Coal ES1925155-003 11 10 476 2 478 

WML183 Coal ES1925151-004 125 188 713 9 860 

WML261 Coal ES1925151-006 36 35 191 2 261 

WML262 Coal ES1925155-004 10 10 640 3 444 

WMLP301 Coal ES1925155-005 5 4 665 3 459 

WMLP302 Coal ES1925151-007 28 31 154 2 199 

WML120B GCA ES1925151-003 20 14 57 <1 60 

WML129 GCA ES1925155-002 15 8 40 2 39 

WML239 GCA ES1925151-005 46 19 74 1 117 

WMLP343 GCA ES1925154-001 51 23 75 <1 121 

WMLP346 GCA ES1925154-002 26 15 56 <1 63 

WMLP349 GCA ES1925154-003 33 20 119 <1 178 

WMLP358 GCA ES1925151-009 28 13 26 <1 58 
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Bore ID 

Geology Laboratory ID 

Calcium Magnesium Sodium Potassium Chloride 

Units mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 1 1 1 1 1 

ANZECC livestock limits           

RA27 HRA ES1925150-001 43 29 220 <1 262 

WMLP277 HRA ES1925150-006 44 27 213 <1 259 

WMLP278 HRA ES1925150-007 59 28 185 <1 241 

WMLP279 HRA ES1925150-008 59 29 102 2 182 

WMLP280 HRA ES1925150-009 56 32 208 <1 282 

WMLP336 HRA ES1925155-006 36 18 64 1 102 

WMLP337 HRA ES1925155-007 103 123 346 5 694 

WMLP338 HRA ES1925155-008 82 58 213 7 416 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Australasian Groundwater and Environmental Consultants Pty Ltd 
Yancoal – Ashton Coal – Annual Groundwater Monitoring Review – v02.01 (G1922H) |  Appendix D |  5 

Bore ID 

Geology Laboratory ID 

Hydroxide 
Alkalinity as 

CaCO3 

Carbonate 
Alkalinity as 

CaCO3 

Bicarbonate 
Alkalinity as 

CaCO3 

Total 
Alkalinity 

Sulfate as 
SO4 

Units mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 1 1 1 1 1 

ANZECC livestock limits         1000 

T3A BCA ES1925150-003 <1 <1 139 139 112 

T4A BCA ES1925152-009 <1 <1 205 205 88 

WML113C BCA ES1925150-005 <1 <1 138 138 67 

WMLP308 BCA ES1925151-008 <1 <1 179 179 175 

WMLP311 BCA ES1925152-011 <1 <1 188 188 119 

WMLP323 BCA ES1925152-012 <1 <1 212 212 130 

YAP016 BCA ES1925151-010 <1 <1 208 208 108 

T2P CMOB ES1925150-002 <1 <1 144 144 66 

T3P CMOB ES1925150-004 <1 <1 307 307 65 

T4P CMOB ES1925152-010 <1 <1 344 344 94 

WMLP324 CMOB ES1925152-013 <1 <1 238 238 187 

WMLP325 CMOB ES1925152-014 <1 <1 331 331 89 

GM1 Coal ES1925151-001 <1 <1 261 261 170 

WML119 Coal ES1925155-001 <1 <1 334 334 8 

WML120A Coal ES1925151-002 <1 <1 189 189 11 

WML181 Coal ES1925155-003 <1 <1 467 467 <1 

WML183 Coal ES1925151-004 <1 <1 772 772 364 

WML261 Coal ES1925151-006 <1 <1 251 251 33 

WML262 Coal ES1925155-004 <1 36 767 890 <1 

WMLP301 Coal ES1925155-005 <1 39 773 805 <1 

WMLP302 Coal ES1925151-007 <1 <1 205 205 22 

WML120B GCA ES1925151-003 <1 <1 124 124 14 

WML129 GCA ES1925155-002 <1 <1 90 90 7 

WML239 GCA ES1925151-005 <1 <1 155 155 13 

WMLP343 GCA ES1925154-001 <1 <1 182 182 7 

WMLP346 GCA ES1925154-002 <1 <1 145 145 <1 

WMLP349 GCA ES1925154-003 <1 <1 151 151 18 
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Bore ID 

Geology Laboratory ID 

Hydroxide 
Alkalinity as 

CaCO3 

Carbonate 
Alkalinity as 

CaCO3 

Bicarbonate 
Alkalinity as 

CaCO3 

Total 
Alkalinity 

Sulfate as 
SO4 

Units mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 1 1 1 1 1 

ANZECC livestock limits         1000 

WMLP358 GCA ES1925151-009 <1 <1 85 85 3 

RA27 HRA ES1925150-001 <1 <1 210 210 86 

WMLP277 HRA ES1925150-006 <1 <1 222 222 80 

WMLP278 HRA ES1925150-007 <1 <1 224 224 82 

WMLP279 HRA ES1925150-008 <1 <1 170 170 35 

WMLP280 HRA ES1925150-009 <1 <1 217 217 81 

WMLP336 HRA ES1925155-006 <1 <1 143 143 23 

WMLP337 HRA ES1925155-007 <1 <1 422 422 125 

WMLP338 HRA ES1925155-008 <1 <1 268 268 80 
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Bore ID 

Geology Laboratory ID 

Arsenic Cadmium Chromium Copper Iron Lead Manganese Nickel Selenium Zinc 

Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 0.001 0.0001 0.001 0.001 0.05 0.001 0.001 0.001 0.01 0.005 

ANZECC livestock limits 0.5 0.01 1 0.4   0.1   1 0.02 20 

T3A BCA ES1925150-003 <0.001 <0.0001 0.004 <0.001 0.09 <0.001 0.050 <0.001 <0.01 0.006 

T4A BCA ES1925152-009 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.098 <0.001 <0.01 0.007 

WML113C BCA ES1925150-005 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.020 0.001 <0.01 0.019 

WMLP308 BCA ES1925151-008 <0.001 <0.0001 <0.001 <0.001 0.59 <0.001 0.081 0.433 <0.01 0.013 

WMLP311 BCA ES1925152-011 <0.001 <0.0001 <0.001 <0.001 0.17 <0.001 0.081 0.433 <0.01 0.013 

WMLP323 BCA ES1925152-012 0.003 <0.0001 <0.001 <0.001 <0.05 <0.001 0.305 0.002 <0.01 0.010 

YAP016 BCA ES1925151-010 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.003 <0.001 <0.01 <0.005 

T2P CMOB ES1925150-002 0.003 <0.0001 <0.001 <0.001 0.09 <0.001 0.266 0.002 <0.01 0.006 

T3P CMOB ES1925150-004 <0.001 <0.0001 <0.001 <0.001 0.24 <0.001 0.049 <0.001 <0.01 <0.005 

T4P CMOB ES1925152-010 <0.001 <0.0001 <0.001 <0.001 0.27 <0.001 0.035 <0.001 <0.01 0.007 

WMLP324 CMOB ES1925152-013 <0.001 <0.0001 <0.001 <0.001 0.12 <0.001 0.318 0.005 <0.01 0.009 

WMLP325 CMOB ES1925152-014 <0.001 <0.0001 0.010 <0.001 0.71 <0.001 0.314 0.001 <0.01 <0.005 

GM1 Coal ES1925151-001 <0.001 <0.0001 <0.001 <0.001 0.47 <0.001 0.454 <0.001 <0.01 0.035 

WML119 Coal ES1925155-001 <0.001 <0.0001 0.012 <0.001 1.10 <0.001 0.101 0.010 <0.01 0.011 

WML120A Coal ES1925151-002 <0.001 <0.0001 <0.001 <0.001 0.66 <0.001 0.117 <0.001 <0.01 <0.005 

WML181 Coal ES1925155-003 <0.001 <0.0001 0.001 <0.001 0.44 <0.001 0.023 <0.001 <0.01 <0.005 

WML183 Coal ES1925151-004 <0.001 <0.0001 <0.001 <0.001 0.06 <0.001 0.108 0.002 <0.01 0.017 

WML261 Coal ES1925151-006 <0.001 <0.0001 <0.001 <0.001 0.98 0.001 0.036 <0.001 <0.01 <0.005 

WML262 Coal ES1925155-004 <0.001 <0.0001 <0.001 <0.001 0.15 <0.001 0.040 0.001 <0.01 0.007 

WMLP301 Coal ES1925155-005 <0.001 <0.0001 <0.001 <0.001 0.06 <0.001 0.015 <0.001 <0.01 0.005 

WMLP302 Coal ES1925151-007 <0.001 <0.0001 <0.001 <0.001 1.44 <0.001 0.025 <0.001 <0.01 0.005 

WML120B GCA ES1925151-003 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.004 <0.001 <0.01 <0.005 

WML129 GCA ES1925155-002 0.002 <0.0001 <0.001 <0.001 0.44 <0.001 0.170 0.001 <0.01 0.014 

WML239 GCA ES1925151-005 <0.001 <0.0001 <0.001 0.002 0.08 <0.001 0.015 <0.001 <0.01 0.010 

WMLP343 GCA ES1925154-001 <0.001 <0.0001 <0.001 0.002 <0.05 0.002 0.017 0.002 <0.01 0.053 

WMLP346 GCA ES1925154-002 <0.001 <0.0001 0.001 0.002 0.63 <0.001 0.070 0.002 <0.01 0.007 

WMLP349 GCA ES1925154-003 <0.001 <0.0001 <0.001 <0.001 0.72 <0.001 0.142 0.001 <0.01 0.008 

WMLP358 GCA ES1925151-009 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.013 0.001 <0.01 0.019 
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Bore ID 

Geology Laboratory ID 

Arsenic Cadmium Chromium Copper Iron Lead Manganese Nickel Selenium Zinc 

Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Limit of Reporting (LOR) 0.001 0.0001 0.001 0.001 0.05 0.001 0.001 0.001 0.01 0.005 

ANZECC livestock limits 0.5 0.01 1 0.4   0.1   1 0.02 20 

RA27 HRA ES1925150-001 <0.001 <0.0001 <0.001 0.003 0.10 0.006 0.037 0.003 <0.01 0.030 

WMLP277 HRA ES1925150-006 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.218 0.002 <0.01 0.005 

WMLP278 HRA ES1925150-007 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.060 0.001 <0.01 <0.005 

WMLP279 HRA ES1925150-008 <0.001 <0.0001 <0.001 <0.001 0.26 <0.001 0.200 <0.001 <0.01 <0.005 

WMLP280 HRA ES1925150-009 <0.001 <0.0001 <0.001 <0.001 0.14 <0.001 0.099 0.002 <0.01 0.007 

WMLP336 HRA ES1925155-006 <0.001 <0.0001 <0.001 <0.001 0.20 <0.001 0.057 0.003 <0.01 0.029 

WMLP337 HRA ES1925155-007 <0.001 <0.0001 <0.001 <0.001 <0.05 <0.001 0.183 0.004 <0.01 0.023 

WMLP338 HRA ES1925155-008 0.001 <0.0001 <0.001 <0.001 0.90 <0.001 0.659 0.006 <0.01 0.102 
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Bore ID 

Geology Laboratory ID 

Turbidity 
Total 

Cyanide 

Nitrite + 
Nitrate 

as N 

Total Kjeldahl 
Nitrogen as N 

Total 
Nitrogen 

as N 

Total 
Phosphorous 

as P 

Total 
Anions 

Total 
Cations 

Ionic 
Balance 

Units NTU mg/L mg/L mg/L mg/L mg/L meq/L meq/L % 

Limit of Reporting (LOR) 0.1 0.004 0.01 0.1 0.1 0.01 0.01 0.01 0.01 

ANZECC livestock limits                   

T3A BCA ES1925150-003 483 <0.004 2.34 0.9 3.2 0.44 22.40 23.50 2.29 

T4A BCA ES1925152-009 22.2 <0.004 0.72 1.1 1.8 0.96 14.10 14.20 0.34 

WML113C BCA ES1925150-005 876 <0.004 0.65 0.5 1.2 0.50 9.12 9.84 3.84 

WMLP308 BCA ES1925151-008 70 <0.004 0.14 0.4 0.5 0.15 15.50 15.60 0.38 

WMLP311 BCA ES1925152-011 239 <0.004 0.25 0.5 0.8 0.16 13.00 14.00 3.72 

WMLP323 BCA ES1925152-012 620 <0.004 0.32 1.0 1.3 0.36 13.00 13.00 0.16 

YAP016 BCA ES1925151-010 1.3 <0.004 0.08 <0.01 <0.1 0.02 12.10 12.40 1.19 

T2P CMOB ES1925150-002 34.8 <0.004 0.26 1.7 2.0 0.27 10.20 11.20 4.60 

T3P CMOB ES1925150-004 15.3 <0.004 0.09 1.6 0.5 0.11 17.40 18.50 2.95 

T4P CMOB ES1925152-010 6.8 <0.004 <0.01 0.3 0.3 0.02 17.90 18.70 2.13 

WMLP324 CMOB ES1925152-013 3560 <0.004 0.02 0.7 0.8 0.15 14.80 14.80 0.04 

WMLP325 CMOB ES1925152-014 76 <0.004 0.02 0.6 0.6 0.15 21.60 21.60 0.10 

GM1 Coal ES1925151-001 71.8 <0.004 0.01 0.3 0.3 0.34 20.00 20.40 1.07 

WML119 Coal ES1925155-001 23.2 <0.004 <0.01 1.6 1.6 0.15 13.40 12.80 2.28 

WML120A Coal ES1925151-002 10.3 <0.004 <0.01 0.1 0.1 0.05 7.76 8.15 2.45 

WML181 Coal ES1925155-003 19.8 <0.004 <0.01 0.8 0.8 0.05 22.80 22.10 1.53 

WML183 Coal ES1925151-004 183 <0.004 <0.01 1.5 1.5 0.16 47.30 53.00 5.68 

WML261 Coal ES1925151-006 9.5 <0.004 <0.01 0.2 0.2 0.04 13.14 13.00 0.11 

WML262 Coal ES1925155-004 129 <0.004 <0.01 6.9 6.9 2.30 30.30 29.20 1.80 

WMLP301 Coal ES1925155-005 260 <0.004 <0.01 2.4 2.4 0.51 29.00 29.60 0.94 

WMLP302 Coal ES1925151-007 2.4 <0.004 0.01 0.2 0.2 0.05 10.20 10.70 2.54 

WML120B GCA ES1925151-003 5.8 <0.004 0.03 <0.01 <0.1 0.05 4.46 4.63 1.85 

WML129 GCA ES1925155-002 174 <0.004 0.02 0.4 0.4 0.56 3.04 3.20 2.46 

WML239 GCA ES1925151-005 14.6 <0.004 <0.01 <0.01 <0.1 0.04 6.67 7.10 3.16 

WMLP343 GCA ES1925154-001 354 <0.004 0.66 0.8 1.5 0.26 7.20 7.70 3.39 

WMLP346 GCA ES1925154-002 0.8 <0.004 <0.01 <0.1 <0.1 0.05 4.67 4.97 3.04 

WMLP349 GCA ES1925154-003 7.2 <0.004 <0.01 <0.1 <0.1 0.05 8.41 8.47 0.33 
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Bore ID 

Geology Laboratory ID 

Turbidity 
Total 

Cyanide 

Nitrite + 
Nitrate 

as N 

Total Kjeldahl 
Nitrogen as N 

Total 
Nitrogen 

as N 

Total 
Phosphorous 

as P 

Total 
Anions 

Total 
Cations 

Ionic 
Balance 

Units NTU mg/L mg/L mg/L mg/L mg/L meq/L meq/L % 

Limit of Reporting (LOR) 0.1 0.004 0.01 0.1 0.1 0.01 0.01 0.01 0.01 

ANZECC livestock limits                   

WMLP358 GCA ES1925151-009 59.2 <0.004 0.06 <0.1 <0.1 0.20 3.40 3.60 2.88 

RA27 HRA ES1925150-001 119 <0.004 0.46 0.2 1.7 0.40 13.40 14.10 2.64 

WMLP277 HRA ES1925150-006 966 <0.004 0.21 0.8 1.0 1.24 13.40 13.70 1.02 

WMLP278 HRA ES1925150-007 183 <0.004 0.49 0.9 1.4 0.90 13.00 13.30 1.20 

WMLP279 HRA ES1925150-008 572 <0.004 0.10 0.7 0.8 2.17 9.26 9.82 2.93 

WMLP280 HRA ES1925150-009 80.2 <0.004 0.23 0.5 0.7 0.42 14.00 14.50 1.75 

WMLP336 HRA ES1925155-006 5.9 <0.004 0.78 <0.1 0.8 0.07 6.21 6.09 1.02 

WMLP337 HRA ES1925155-007 3990 <0.004 0.12 1.2 1.3 1.48 30.60 30.40 0.28 

WMLP338 HRA ES1925155-008 4240 <0.004 0.58 11.4 12.0 3.04 18.80 18.30 1.20 
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Appendix E Groundwater chemistry – aquifer speciation 
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Table E1 August 2019 Ashton monitoring bore water classifications 

Bore ID Geology Individual Water Type General Water Type 

T2P CMOB Ca-Na-Mg-Cl-HCO3 
Ca-Na 

WMLP358 GCA Ca-Na-Mg-Cl-HCO3 

T4A BCA Na-Ca-Cl-HCO3 

Na-Ca 

WML113C BCA Na-Ca-Cl-HCO3 

WMLP278 HRA Na-Ca-Cl-HCO3 

WMLP280 HRA Na-Ca-Cl-HCO3 

WMLP308 BCA Na-Ca-Cl-SO4 

WML239 GCA Na-Ca-Mg-Cl-HCO3 

WMLP279 HRA Na-Ca-Mg-Cl-HCO3 

WMLP311 BCA Na-Ca-Mg-Cl-HCO3 

WMLP336 HRA Na-Ca-Mg-Cl-HCO3 

WMLP343 GCA Na-Ca-Mg-Cl-HCO3 

WMLP349 GCA Na-Ca-Mg-Cl-HCO3 

WMLP323 BCA Na-Ca-Mg-Cl-HCO3-SO4 

WMLP324 CMOB Na-Ca-Mg-Cl-HCO3-SO4 

WML129 GCA Na-Ca-Mg-HCO3-Cl 

WMLP346 GCA Na-Ca-Mg-HCO3-Cl 

RA27 HRA Na-Cl-HCO3 

Na-Cl 

T3P CMOB Na-Cl-HCO3 

T4P CMOB Na-Cl-HCO3 

WML119 Coal Na-Cl-HCO3 

WML181 Coal Na-Cl-HCO3 

WMLP277 HRA Na-Cl-HCO3 

WMLP301 Coal Na-Cl-HCO3 

WMLP325 CMOB Na-Cl-HCO3 

YAP016 BCA Na-Cl-HCO3 

WML262 Coal Na-HCO3-Cl Na-HCO3 

WML120A Coal Na-Mg-Ca-Cl-HCO3 

Na-Mg 

WMLP338 HRA Na-Mg-Ca-Cl-HCO3 

WML120B GCA Na-Mg-Ca-HCO3-Cl 

T3A BCA Na-Mg-Cl 

GM1 Coal Na-Mg-Cl-HCO3 

WML183 Coal Na-Mg-Cl-HCO3 

WML261 Coal Na-Mg-Cl-HCO3 

WMLP302 Coal Na-Mg-Cl-HCO3 

WMLP337 HRA Na-Mg-Cl-HCO3 
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Figure E1 August 2019 Ashton monitoring bore Piper Diagram 
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Appendix F Laboratory certificate of analysis and chain of custody 
documents (August 2019) 
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1925150

:: LaboratoryClient AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL 

CONSULTANTS PTY LTD

Environmental Division Sydney

: :ContactContact COSTANTE  CONTE Customer Services ES

:: AddressAddress 4 HUDSON STREET

HAMILTON NSW 2303

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555

:Project G1922H ASHTON ANNUAL SAMPLING Date Samples Received : 08-Aug-2019 16:47

:Order number ---- Date Analysis Commenced : 08-Aug-2019

:C-O-C number ---- Issue Date : 15-Aug-2019 14:58

Sampler : WALTER  ROWLANDS

Site : ----

Quote number : EN/222

9:No. of samples received

9:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES1925150

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

ES1925150

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WML113CT3-PT3-AT2-PRA27Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

06-Aug-2019 12:3006-Aug-2019 14:0006-Aug-2019 13:2006-Aug-2019 15:0506-Aug-2019 07:45Client sampling date / time

ES1925150-005ES1925150-004ES1925150-003ES1925150-002ES1925150-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

7.30 7.26 7.10 7.84 7.26pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1570 1210 2510 1840 1120µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

785 609 1240 989 568mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

119 34.8 483 15.3 876NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 <1 <1mg/L13812-32-6

210Bicarbonate Alkalinity as CaCO3 144 139 307 138mg/L171-52-3

210 144 139 307 138mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

86Sulfate as SO4 - Turbidimetric 66 112 65 67mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

262Chloride 210 614 352 176mg/L116887-00-6

ED093F: Dissolved Major Cations

43Calcium 84 57 45 56mg/L17440-70-2

29Magnesium 34 61 39 21mg/L17439-95-4

220Sodium 94 359 297 120mg/L17440-23-5

<1Potassium 3 <1 4 4mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic 0.003 <0.001 <0.001 <0.001mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017440-43-9

<0.001Chromium <0.001 0.004 <0.001 <0.001mg/L0.0017440-47-3

0.003Copper <0.001 <0.001 <0.001 <0.001mg/L0.0017440-50-8

0.006Lead <0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

0.037Manganese 0.266 0.050 0.049 0.020mg/L0.0017439-96-5

0.003Nickel 0.002 <0.001 <0.001 0.001mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

0.030Zinc 0.006 0.006 <0.005 0.019mg/L0.0057440-66-6

0.10Iron 2.38 0.09 0.24 <0.05mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 <0.004mg/L0.00457-12-5
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Work Order :

:Client

ES1925150

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WML113CT3-PT3-AT2-PRA27Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

06-Aug-2019 12:3006-Aug-2019 14:0006-Aug-2019 13:2006-Aug-2019 15:0506-Aug-2019 07:45Client sampling date / time

ES1925150-005ES1925150-004ES1925150-003ES1925150-002ES1925150-001UnitLORCAS NumberCompound

Result Result Result Result Result

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N 0.02 <0.01 <0.01 <0.01mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.46Nitrate as N 0.24 2.34 0.09 0.65mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.46 0.26 2.34 0.09 0.65mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.2 1.7 0.9 1.6 0.5mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.7^ 2.0 3.2 1.7 1.2mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.40 0.27 0.44 0.11 0.50mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

13.4ø 10.2 22.4 17.4 9.12meq/L0.01----Total Anions

14.1ø 11.2 23.5 18.5 9.84meq/L0.01----Total Cations

2.64ø 4.60 2.29 2.95 3.84%0.01----Ionic Balance



5 of 6:Page

Work Order :

:Client

ES1925150

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

----WMLP280WMLP279WMLP278WMLP277Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----06-Aug-2019 08:4006-Aug-2019 11:2006-Aug-2019 10:3506-Aug-2019 09:25Client sampling date / time

--------ES1925150-009ES1925150-008ES1925150-007ES1925150-006UnitLORCAS NumberCompound

Result Result Result Result ----

EA005P: pH by PC Titrator

7.47 7.60 7.38 7.54 ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1540 1480 1060 1630 ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

775 708 520 780 ----mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

966 183 572 80.2 ----NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 <1 ----mg/L13812-32-6

222Bicarbonate Alkalinity as CaCO3 224 170 217 ----mg/L171-52-3

222 224 170 217 ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

80Sulfate as SO4 - Turbidimetric 82 35 81 ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

259Chloride 241 182 282 ----mg/L116887-00-6

ED093F: Dissolved Major Cations

44Calcium 59 59 56 ----mg/L17440-70-2

27Magnesium 28 29 32 ----mg/L17439-95-4

213Sodium 185 102 208 ----mg/L17440-23-5

<1Potassium <1 2 <1 ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic <0.001 <0.001 <0.001 ----mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 ----mg/L0.00017440-43-9

<0.001Chromium <0.001 <0.001 <0.001 ----mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 <0.001 ----mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 ----mg/L0.0017439-92-1

0.218Manganese 0.060 0.200 0.099 ----mg/L0.0017439-96-5

0.002Nickel 0.001 <0.001 0.002 ----mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 ----mg/L0.017782-49-2

0.005Zinc <0.005 <0.005 0.007 ----mg/L0.0057440-66-6

<0.05Iron <0.05 0.26 0.14 ----mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 ----mg/L0.00457-12-5
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Work Order :

:Client

ES1925150

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

----WMLP280WMLP279WMLP278WMLP277Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----06-Aug-2019 08:4006-Aug-2019 11:2006-Aug-2019 10:3506-Aug-2019 09:25Client sampling date / time

--------ES1925150-009ES1925150-008ES1925150-007ES1925150-006UnitLORCAS NumberCompound

Result Result Result Result ----

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 <0.01 ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.21Nitrate as N 0.49 0.10 0.23 ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.21 0.49 0.10 0.23 ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.8 0.9 0.7 0.5 ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

1.0^ 1.4 0.8 0.7 ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

1.24 0.90 2.17 0.42 ----mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

13.4ø 13.0 9.26 14.0 ----meq/L0.01----Total Anions

13.7ø 13.3 9.82 14.5 ----meq/L0.01----Total Cations

1.02ø 1.20 2.93 1.75 ----%0.01----Ionic Balance
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1925151

:: LaboratoryClient AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL 

CONSULTANTS PTY LTD

Environmental Division Sydney

: :ContactContact COSTANTE  CONTE Customer Services ES

:: AddressAddress 4 HUDSON STREET

HAMILTON NSW 2303

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555

:Project G1922H ASHTON ANNUAL SAMPLING Date Samples Received : 08-Aug-2019 16:47

:Order number ---- Date Analysis Commenced : 08-Aug-2019

:C-O-C number ---- Issue Date : 15-Aug-2019 15:11

Sampler : WALTER  ROWLANDS

Site : ----

Quote number : EN/222

10:No. of samples received

10:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES1925151

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

ES1925151

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WMLP239WML 183WML 120BWML 120AGM1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

01-Aug-2019 13:5007-Aug-2019 13:2507-Aug-2019 12:5007-Aug-2019 12:2501-Aug-2019 08:55Client sampling date / time

ES1925151-005ES1925151-004ES1925151-003ES1925151-002ES1925151-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

7.48 7.53 7.26 7.63 7.48pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

2250 923 553 5140 806µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

1030 473 266 2440 408mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

71.8 10.3 5.8 183 14.6NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 <1 <1mg/L13812-32-6

261Bicarbonate Alkalinity as CaCO3 189 124 772 155mg/L171-52-3

261 189 124 772 155mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

170Sulfate as SO4 - Turbidimetric 11 14 364 13mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

399Chloride 133 60 860 117mg/L116887-00-6

ED093F: Dissolved Major Cations

71Calcium 35 20 125 46mg/L17440-70-2

49Magnesium 28 14 188 19mg/L17439-95-4

294Sodium 93 57 713 74mg/L17440-23-5

3Potassium 2 <1 9 1mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic <0.001 <0.001 <0.001 <0.001mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017440-43-9

<0.001Chromium <0.001 <0.001 <0.001 <0.001mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 <0.001 0.002mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

0.454Manganese 0.117 0.004 0.108 0.015mg/L0.0017439-96-5

<0.001Nickel <0.001 <0.001 0.002 <0.001mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

0.035Zinc <0.005 <0.005 0.017 0.010mg/L0.0057440-66-6

0.47Iron 0.66 <0.05 0.06 0.08mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 <0.004mg/L0.00457-12-5
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Work Order :

:Client

ES1925151

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WMLP239WML 183WML 120BWML 120AGM1Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

01-Aug-2019 13:5007-Aug-2019 13:2507-Aug-2019 12:5007-Aug-2019 12:2501-Aug-2019 08:55Client sampling date / time

ES1925151-005ES1925151-004ES1925151-003ES1925151-002ES1925151-001UnitLORCAS NumberCompound

Result Result Result Result Result

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 <0.01 <0.01mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.01Nitrate as N <0.01 0.03 <0.01 <0.01mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.01 <0.01 0.03 <0.01 <0.01mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.3 0.1 <0.1 1.5 <0.1mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.3^ 0.1 <0.1 1.5 <0.1mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.34 0.05 0.05 0.16 0.04mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

20.0ø 7.76 4.46 47.3 6.67meq/L0.01----Total Anions

20.4ø 8.15 4.63 53.0 7.10meq/L0.01----Total Cations

1.07ø 2.45 1.85 5.68 3.16%0.01----Ionic Balance
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Work Order :

:Client

ES1925151

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

YAP016WMLP358WMLP308WMLP302WMLP261Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

01-Aug-2019 09:4001-Aug-2019 13:1002-Aug-2019 13:5507-Aug-2019 11:5507-Aug-2019 11:20Client sampling date / time

ES1925151-010ES1925151-009ES1925151-008ES1925151-007ES1925151-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

7.42 7.09 7.43 7.11 7.60pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1450 1180 1730 439 1410µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

720 532 844 222 664mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

9.5 2.4 70.0 59.2 1.3NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 <1 <1mg/L13812-32-6

251Bicarbonate Alkalinity as CaCO3 205 179 85 208mg/L171-52-3

251 205 179 85 208mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

33Sulfate as SO4 - Turbidimetric 22 175 3 108mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

261Chloride 199 294 58 202mg/L116887-00-6

ED093F: Dissolved Major Cations

36Calcium 28 78 28 26mg/L17440-70-2

35Magnesium 31 36 13 19mg/L17439-95-4

191Sodium 154 200 26 218mg/L17440-23-5

2Potassium 2 3 <1 2mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic <0.001 <0.001 <0.001 <0.001mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017440-43-9

<0.001Chromium <0.001 <0.001 <0.001 <0.001mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 <0.001 <0.001mg/L0.0017440-50-8

0.001Lead <0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

0.036Manganese 0.025 0.118 0.013 0.003mg/L0.0017439-96-5

<0.001Nickel <0.001 0.002 0.001 <0.001mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

<0.005Zinc 0.005 0.010 0.019 <0.005mg/L0.0057440-66-6

0.98Iron 1.44 0.59 <0.05 <0.05mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 <0.004mg/L0.00457-12-5
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Work Order :

:Client

ES1925151

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

YAP016WMLP358WMLP308WMLP302WMLP261Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

01-Aug-2019 09:4001-Aug-2019 13:1002-Aug-2019 13:5507-Aug-2019 11:5507-Aug-2019 11:20Client sampling date / time

ES1925151-010ES1925151-009ES1925151-008ES1925151-007ES1925151-006UnitLORCAS NumberCompound

Result Result Result Result Result

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 <0.01 <0.01mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

<0.01Nitrate as N 0.01 0.14 0.06 0.08mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

<0.01 0.01 0.14 0.06 0.08mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.2 0.4 0.4 <0.1 <0.1mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.2^ 0.4 0.5 <0.1 <0.1mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.04 0.05 0.15 0.20 0.02mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

13.1ø 10.2 15.5 3.40 12.1meq/L0.01----Total Anions

13.0ø 10.7 15.6 3.60 12.4meq/L0.01----Total Cations

0.11ø 2.54 0.38 2.88 1.19%0.01----Ionic Balance
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 7ES1925152

:: LaboratoryClient AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL 

CONSULTANTS PTY LTD

Environmental Division Sydney

: :ContactContact COSTANTE  CONTE Customer Services ES

:: AddressAddress 4 HUDSON STREET

HAMILTON NSW 2303

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555

:Project G1922H ASHTON ANNUAL SAMPLING Date Samples Received : 08-Aug-2019 16:49

:Order number Date Analysis Commenced : 08-Aug-2019

:C-O-C number ---- Issue Date : 14-Aug-2019 17:09

Sampler : WALTER  ROWLANDS

Site : ----

Quote number : EN/222

14:No. of samples received

14:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WML115BRM10RA18PB1GM3BClient sample IDSub-Matrix: WATER

 (Matrix: WATER)

01-Aug-2019 10:4007-Aug-2019 10:0007-Aug-2019 08:5007-Aug-2019 09:4501-Aug-2019 11:45Client sampling date / time

ES1925152-005ES1925152-004ES1925152-003ES1925152-002ES1925152-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

8.11 7.97 7.92 7.94 7.79pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

7960 1620 1250 1380 3450µS/cm1----Electrical Conductivity @ 25°C



4 of 7:Page

Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

T4-PT4-AWMLP327WMLP326WMLP320Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

05-Aug-2019 14:3505-Aug-2019 13:5505-Aug-2019 12:5505-Aug-2019 12:3007-Aug-2019 10:25Client sampling date / time

ES1925152-010ES1925152-009ES1925152-008ES1925152-007ES1925152-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA005P: pH by PC Titrator

7.86 8.06 7.98 7.93 8.02pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1360 1590 2100 1610 1990µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

---- ---- ---- 828 965mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

---- ---- ---- 22.2 6.8NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

----Hydroxide Alkalinity as CaCO3 ---- ---- <1 <1mg/L1DMO-210-001

----Carbonate Alkalinity as CaCO3 ---- ---- <1 <1mg/L13812-32-6

----Bicarbonate Alkalinity as CaCO3 ---- ---- 205 344mg/L171-52-3

---- ---- ---- 205 344mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

----Sulfate as SO4 - Turbidimetric ---- ---- 88 94mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

----Chloride ---- ---- 290 321mg/L116887-00-6

ED093F: Dissolved Major Cations

----Calcium ---- ---- 56 58mg/L17440-70-2

----Magnesium ---- ---- 30 39mg/L17439-95-4

----Sodium ---- ---- 205 287mg/L17440-23-5

----Potassium ---- ---- 1 3mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

----Arsenic ---- ---- <0.001 <0.001mg/L0.0017440-38-2

----Cadmium ---- ---- <0.0001 <0.0001mg/L0.00017440-43-9

----Chromium ---- ---- <0.001 <0.001mg/L0.0017440-47-3

----Copper ---- ---- <0.001 <0.001mg/L0.0017440-50-8

----Lead ---- ---- <0.001 <0.001mg/L0.0017439-92-1

----Manganese ---- ---- 0.098 0.035mg/L0.0017439-96-5

----Nickel ---- ---- <0.001 <0.001mg/L0.0017440-02-0

----Selenium ---- ---- <0.01 <0.01mg/L0.017782-49-2

----Zinc ---- ---- 0.007 0.007mg/L0.0057440-66-6

----Iron ---- ---- <0.05 0.27mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

----Total Cyanide ---- ---- <0.004 <0.004mg/L0.00457-12-5
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Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

T4-PT4-AWMLP327WMLP326WMLP320Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

05-Aug-2019 14:3505-Aug-2019 13:5505-Aug-2019 12:5505-Aug-2019 12:3007-Aug-2019 10:25Client sampling date / time

ES1925152-010ES1925152-009ES1925152-008ES1925152-007ES1925152-006UnitLORCAS NumberCompound

Result Result Result Result Result

EK057G:  Nitrite as N by Discrete Analyser

----Nitrite as N ---- ---- <0.01 <0.01mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

----Nitrate as N ---- ---- 0.72 <0.01mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

---- ---- ---- 0.72 <0.01mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

---- ---- ---- 1.1 0.3mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

----^ ---- ---- 1.8 0.3mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

---- ---- ---- 0.96 0.02mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

----ø ---- ---- 14.1 17.9meq/L0.01----Total Anions

----ø ---- ---- 14.2 18.7meq/L0.01----Total Cations

----ø ---- ---- 0.34 2.13%0.01----Ionic Balance
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Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

----WMLP325WMLP324WMLP323WMLP311Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----05-Aug-2019 10:3005-Aug-2019 08:5005-Aug-2019 08:1505-Aug-2019 09:45Client sampling date / time

--------ES1925152-014ES1925152-013ES1925152-012ES1925152-011UnitLORCAS NumberCompound

Result Result Result Result ----

EA005P: pH by PC Titrator

7.21 7.29 7.72 7.97 ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1510 1510 1570 2330 ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

728 696 786 1140 ----mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

239 620 3560 76.0 ----NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 <1 ----mg/L13812-32-6

188Bicarbonate Alkalinity as CaCO3 212 238 331 ----mg/L171-52-3

188 212 238 331 ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

119Sulfate as SO4 - Turbidimetric 130 187 89 ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

239Chloride 215 220 464 ----mg/L116887-00-6

ED093F: Dissolved Major Cations

65Calcium 85 82 80 ----mg/L17440-70-2

37Magnesium 34 43 46 ----mg/L17439-95-4

175Sodium 137 164 316 ----mg/L17440-23-5

3Potassium 2 3 3 ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic 0.003 <0.001 <0.001 ----mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 ----mg/L0.00017440-43-9

<0.001Chromium <0.001 <0.001 0.010 ----mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 <0.001 ----mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 ----mg/L0.0017439-92-1

0.081Manganese 0.305 0.318 0.314 ----mg/L0.0017439-96-5

0.433Nickel 0.002 0.005 0.001 ----mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 ----mg/L0.017782-49-2

0.013Zinc 0.010 0.009 <0.005 ----mg/L0.0057440-66-6

0.17Iron <0.05 0.12 0.71 ----mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 ----mg/L0.00457-12-5
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Work Order :

:Client

ES1925152

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

----WMLP325WMLP324WMLP323WMLP311Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

----05-Aug-2019 10:3005-Aug-2019 08:5005-Aug-2019 08:1505-Aug-2019 09:45Client sampling date / time

--------ES1925152-014ES1925152-013ES1925152-012ES1925152-011UnitLORCAS NumberCompound

Result Result Result Result ----

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 <0.01 ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.25Nitrate as N 0.32 0.09 0.02 ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.25 0.32 0.09 0.02 ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.5 1.0 0.7 0.6 ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.8^ 1.3 0.8 0.6 ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.16 0.25 0.36 0.15 ----mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

13.0ø 13.0 14.8 21.6 ----meq/L0.01----Total Anions

14.0ø 13.0 14.8 21.6 ----meq/L0.01----Total Cations

3.72ø 0.16 0.04 0.10 ----%0.01----Ionic Balance



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 6ES1925155

:: LaboratoryClient AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL 

CONSULTANTS PTY LTD

Environmental Division Sydney

: :ContactContact COSTANTE  CONTE Customer Services ES

:: AddressAddress 4 HUDSON STREET

HAMILTON NSW 2303

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555

:Project G1922H ASHTON ANNUAL SAMPLING Date Samples Received : 08-Aug-2019 16:50

:Order number Date Analysis Commenced : 08-Aug-2019

:C-O-C number ---- Issue Date : 15-Aug-2019 13:18

Sampler : WALTER  ROWLANDS

Site : ----

Quote number : EN/222

8:No. of samples received

8:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

Neil Martin Team Leader -  Chemistry Chemistry, Newcastle West, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES1925155

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

ES1925155

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WMLP301WML262WML181WML129WML119Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

08-Aug-2019 11:1508-Aug-2019 13:2008-Aug-2019 12:4008-Aug-2019 10:1508-Aug-2019 12:10Client sampling date / time

ES1925155-005ES1925155-004ES1925155-003ES1925155-002ES1925155-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA005: pH

7.07 7.20 7.35 8.14 8.18pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

1460 373 2540 3210 3140µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

739 198 1310 1690 1620mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

23.2 174 19.8 129 260NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 <1 <1mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 36 39mg/L13812-32-6

334Bicarbonate Alkalinity as CaCO3 90 467 767 773mg/L171-52-3

334 90 467 890 805mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

8Sulfate as SO4 - Turbidimetric 7 <1 <1 <1mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

231Chloride 39 478 444 459mg/L116887-00-6

ED093F: Dissolved Major Cations

23Calcium 15 11 10 5mg/L17440-70-2

22Magnesium 8 10 10 4mg/L17439-95-4

223Sodium 40 476 640 665mg/L17440-23-5

4Potassium 2 2 3 3mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic 0.002 <0.001 <0.001 <0.001mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 <0.0001 <0.0001mg/L0.00017440-43-9

0.012Chromium <0.001 0.001 <0.001 <0.001mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 <0.001 <0.001mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 <0.001 <0.001mg/L0.0017439-92-1

0.101Manganese 0.170 0.023 0.040 0.015mg/L0.0017439-96-5

0.010Nickel 0.001 <0.001 0.001 <0.001mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 <0.01 <0.01mg/L0.017782-49-2

0.011Zinc 0.014 <0.005 0.007 0.005mg/L0.0057440-66-6

1.10Iron 0.44 0.44 0.15 0.06mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 <0.004 <0.004mg/L0.00457-12-5
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Work Order :

:Client

ES1925155

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

WMLP301WML262WML181WML129WML119Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

08-Aug-2019 11:1508-Aug-2019 13:2008-Aug-2019 12:4008-Aug-2019 10:1508-Aug-2019 12:10Client sampling date / time

ES1925155-005ES1925155-004ES1925155-003ES1925155-002ES1925155-001UnitLORCAS NumberCompound

Result Result Result Result Result

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 <0.01 <0.01mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

<0.01Nitrate as N 0.02 <0.01 <0.01 <0.01mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

<0.01 0.02 <0.01 <0.01 <0.01mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

1.6 0.4 0.8 6.9 2.4mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

1.6^ 0.4 0.8 6.9 2.4mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.15 0.56 0.05 2.30 0.51mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

13.4ø 3.04 22.8 30.3 29.0meq/L0.01----Total Anions

12.8ø 3.20 22.1 29.2 29.6meq/L0.01----Total Cations

2.28ø 2.46 1.53 1.80 0.94%0.01----Ionic Balance
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Work Order :

:Client

ES1925155

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

--------WMLP338WMLP337WMLP336Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------08-Aug-2019 09:1008-Aug-2019 08:2508-Aug-2019 09:35Client sampling date / time

----------------ES1925155-008ES1925155-007ES1925155-006UnitLORCAS NumberCompound

Result Result Result ---- ----

EA005: pH

6.60 7.24 6.76 ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

732 3260 2000 ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

370 1880 1120 ---- ----mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

5.9 3990 4240 ---- ----NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 ---- ----mg/L13812-32-6

143Bicarbonate Alkalinity as CaCO3 422 268 ---- ----mg/L171-52-3

143 422 268 ---- ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

23Sulfate as SO4 - Turbidimetric 125 80 ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

102Chloride 694 416 ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

36Calcium 103 82 ---- ----mg/L17440-70-2

18Magnesium 123 58 ---- ----mg/L17439-95-4

64Sodium 346 213 ---- ----mg/L17440-23-5

1Potassium 5 7 ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic <0.001 0.001 ---- ----mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 ---- ----mg/L0.00017440-43-9

<0.001Chromium <0.001 <0.001 ---- ----mg/L0.0017440-47-3

<0.001Copper <0.001 <0.001 ---- ----mg/L0.0017440-50-8

<0.001Lead <0.001 <0.001 ---- ----mg/L0.0017439-92-1

0.057Manganese 0.183 0.659 ---- ----mg/L0.0017439-96-5

0.003Nickel 0.004 0.006 ---- ----mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 ---- ----mg/L0.017782-49-2

0.029Zinc 0.023 0.102 ---- ----mg/L0.0057440-66-6

0.20Iron <0.05 0.90 ---- ----mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide <0.004 <0.004 ---- ----mg/L0.00457-12-5
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Work Order :

:Client

ES1925155

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

--------WMLP338WMLP337WMLP336Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------08-Aug-2019 09:1008-Aug-2019 08:2508-Aug-2019 09:35Client sampling date / time

----------------ES1925155-008ES1925155-007ES1925155-006UnitLORCAS NumberCompound

Result Result Result ---- ----

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 0.03 ---- ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.78Nitrate as N 0.12 0.55 ---- ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.78 0.12 0.58 ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

<0.1 1.2 11.4 ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

0.8^ 1.3 12.0 ---- ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.07 1.48 3.04 ---- ----mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

6.21ø 30.6 18.8 ---- ----meq/L0.01----Total Anions

6.09ø 30.4 18.3 ---- ----meq/L0.01----Total Cations

1.02ø 0.28 1.20 ---- ----%0.01----Ionic Balance



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4ES1925154

:: LaboratoryClient AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL 

CONSULTANTS PTY LTD

Environmental Division Sydney

: :ContactContact COSTANTE  CONTE Customer Services ES

:: AddressAddress 4 HUDSON STREET

HAMILTON NSW 2303

277-289 Woodpark Road Smithfield NSW Australia 2164

:Telephone ---- :Telephone +61-2-8784 8555

:Project G1922H ASHTON ANNUAL SAMPLING Date Samples Received : 08-Aug-2019 16:50

:Order number ---- Date Analysis Commenced : 08-Aug-2019

:C-O-C number ---- Issue Date : 15-Aug-2019 15:12

Sampler : WALTER  ROWLANDS

Site : ----

Quote number : EN/222

3:No. of samples received

3:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Ankit Joshi Inorganic Chemist Sydney Inorganics, Smithfield, NSW

Celine Conceicao Senior Spectroscopist Sydney Inorganics, Smithfield, NSW

Ivan Taylor Analyst Sydney Inorganics, Smithfield, NSW

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

ES1925154

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

Sodium Adsorption Ratio (where reported): Where results for Na, Ca or Mg are <LOR, a concentration at half the reported LOR is incorporated into the SAR calculation. This represents a conservative approach 

for Na relative to the assumption that <LOR = zero concentration and a conservative approach for Ca & Mg relative to the assumption that <LOR is equivalent to the LOR concentration.

l
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Work Order :

:Client

ES1925154

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

--------WMLP349WMLP346WMLP343Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------02-Aug-2019 08:3002-Aug-2019 09:3502-Aug-2019 10:30Client sampling date / time

----------------ES1925154-003ES1925154-002ES1925154-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EA005P: pH by PC Titrator

7.60 7.43 7.18 ---- ----pH Unit0.01----pH Value

EA010P: Conductivity by PC Titrator

866 579 984 ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA015: Total Dissolved Solids dried at 180 ± 5 °C

401 277 480 ---- ----mg/L10----Total Dissolved Solids @180°C

EA045: Turbidity

354 0.8 7.2 ---- ----NTU0.1----Turbidity

ED037P: Alkalinity by PC Titrator

<1Hydroxide Alkalinity as CaCO3 <1 <1 ---- ----mg/L1DMO-210-001

<1Carbonate Alkalinity as CaCO3 <1 <1 ---- ----mg/L13812-32-6

182Bicarbonate Alkalinity as CaCO3 145 151 ---- ----mg/L171-52-3

182 145 151 ---- ----mg/L1----Total Alkalinity as CaCO3

ED041G: Sulfate (Turbidimetric) as SO4 2- by DA

7Sulfate as SO4 - Turbidimetric <1 18 ---- ----mg/L114808-79-8

ED045G: Chloride by Discrete Analyser

121Chloride 63 178 ---- ----mg/L116887-00-6

ED093F: Dissolved Major Cations

51Calcium 26 33 ---- ----mg/L17440-70-2

23Magnesium 15 20 ---- ----mg/L17439-95-4

75Sodium 56 119 ---- ----mg/L17440-23-5

<1Potassium <1 <1 ---- ----mg/L17440-09-7

EG020F: Dissolved Metals by ICP-MS

<0.001Arsenic <0.001 <0.001 ---- ----mg/L0.0017440-38-2

<0.0001Cadmium <0.0001 <0.0001 ---- ----mg/L0.00017440-43-9

<0.001Chromium 0.001 <0.001 ---- ----mg/L0.0017440-47-3

0.002Copper 0.002 <0.001 ---- ----mg/L0.0017440-50-8

0.002Lead <0.001 <0.001 ---- ----mg/L0.0017439-92-1

0.017Manganese 0.070 0.142 ---- ----mg/L0.0017439-96-5

0.002Nickel 0.002 0.001 ---- ----mg/L0.0017440-02-0

<0.01Selenium <0.01 <0.01 ---- ----mg/L0.017782-49-2

0.053Zinc 0.007 0.008 ---- ----mg/L0.0057440-66-6

<0.05Iron 0.63 0.72 ---- ----mg/L0.057439-89-6

EK026SF:  Total CN by Segmented Flow Analyser

<0.004Total Cyanide 0.010 <0.004 ---- ----mg/L0.00457-12-5
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Work Order :

:Client

ES1925154

G1922H ASHTON ANNUAL SAMPLING:Project

AUSTRALASIAN GROUNDWATER AND ENVIRONMENTAL CONSULTANTS PTY LTD

Analytical Results

--------WMLP349WMLP346WMLP343Client sample IDSub-Matrix: WATER

 (Matrix: WATER)

--------02-Aug-2019 08:3002-Aug-2019 09:3502-Aug-2019 10:30Client sampling date / time

----------------ES1925154-003ES1925154-002ES1925154-001UnitLORCAS NumberCompound

Result Result Result ---- ----

EK057G:  Nitrite as N by Discrete Analyser

<0.01Nitrite as N <0.01 <0.01 ---- ----mg/L0.0114797-65-0

EK058G:  Nitrate as N by Discrete Analyser

0.66Nitrate as N <0.01 <0.01 ---- ----mg/L0.0114797-55-8

EK059G:  Nitrite plus Nitrate as N (NOx)  by Discrete Analyser

0.66 <0.01 <0.01 ---- ----mg/L0.01----Nitrite + Nitrate as N

EK061G: Total Kjeldahl Nitrogen By Discrete Analyser

0.8 <0.1 <0.1 ---- ----mg/L0.1----Total Kjeldahl Nitrogen as N

EK062G: Total Nitrogen as N (TKN + NOx) by Discrete Analyser

1.5^ <0.1 <0.1 ---- ----mg/L0.1----Total Nitrogen as N

EK067G: Total Phosphorus as P by Discrete Analyser

0.26 0.05 0.04 ---- ----mg/L0.01----Total Phosphorus as P

EN055: Ionic Balance

7.20ø 4.67 8.41 ---- ----meq/L0.01----Total Anions

7.70ø 4.97 8.47 ---- ----meq/L0.01----Total Cations

3.39ø 3.04 0.33 ---- ----%0.01----Ionic Balance
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TKD/BDM/DWI:kc  
G1922I_T2A Monitoring bore investigation 
23 September 2019 

 
 
 
Attention: Lachlan Crawford 
 
Company Name 
Ashton Coal Operations Pty Ltd 

PO Box 2216   
GREENHILLS  NSW  2323  
 
via email  
 
 
Dear Lachlan, 

RE: Ashton Coal Mine – T2A Monitoring Bore Investigation  
 

1 Introduction 

The Ashton Coal Mine (Ashton) routinely monitors groundwater levels and quality in the groundwater 
systems overlying the underground mining area. The monitoring network targets the Quaternary 
alluvium and Permian interburden/coal units with open monitoring bores and vibrating wire 
piezometers (VWP). Monitoring campaigns are conducted on a monthly basis to collect water level and 
quality data from the monitoring network. The data collected from key monitoring is reviewed on a 
monthly basis, whilst the remainder of bores are reviewed annually in accordance with the Water 
Management Plan (WMP1). 

A review of data from monitoring bores located on Bowmans Creek Alluvium (BCA) was undertaken as 
part of the June 2019 monthly monitoring campaign. The June 2019 review indicated that groundwater 
levels within monitoring bore T2A (BCA monitoring bore) bore had dropped below the trigger level of 
54.17 mAHD for the previous three consecutive rounds. This has triggered the response protocol 
relating to exceedance of groundwater trigger values in the WMP. Additionally, monitoring bore T2A 
had run dry as of 13 June 2019. Ashton engaged Australasian Groundwater and Environmental 
Consultants Pty Ltd (AGE) to investigate and report on this issue. This letter summarises the results of 
the investigation. 

 

 

1 Water Management Plan (WMP) – reviewed and updated by Gilbert & Associates Pty Ltd and Australasian Groundwater and 
Environmental (AGE) on behalf of Ashton and approved by the NSW Department of Planning & Environment (DPE) on 
27 October 2015. The groundwater monitoring program was changed and came into force the 1st November 2015. 
Further amendments to the WMP following DPE comments saw the latest iteration issued on 11 May 2016.  

mailto:brisbane@ageconsultants.com.au
mailto:newcastle@ageconsultants.com.au
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2 Groundwater levels 

Manual and electronic groundwater level measurements are recorded monthly at monitoring bore T2A.  
Figure 2.1 shows the groundwater level trend measured in bore T2A compared to daily rainfall and the 
Cumulative Rainfall Departure ((CRD) Bredenkamp, et al.1995). The CRD is a summation of the monthly 
departure of rainfall from the long-term average monthly rainfall and is based on Ashton meteorological 
site data. 

 

Figure 2.1 T2A hydrograph 

Figure 2.1 shows that the groundwater levels at bore T2A has been gradually decreasing commensurate 
with a declining CRD, indicative of the below average rainfall in the area over an extended period. 
Groundwater levels within T2A have declined below the trigger value of 54.17 mAHD since 
12 March 2019. The last recorded manual groundwater level measurement at T2A was 53.73m AHD 
(17 May 2019), with subsequent measurements in June, July and August 2019 showing the bore to be 
dry.  

Field notes from the May sampling round indicate the bore contained very little water and there was 
difficulty in obtaining a sample, with only a small amount of brown coloured groundwater recovered. 
The Ontoto brand pressure transducer (PT) deployed in T2A appears to have been exposed to the 
atmosphere during this sampling event and has remained dry thereafter, displaying a false reading 
below the base of the bore (as measured post subsidence at this location, and discussed in the next 
section (refer Figure 2.1).  
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 BCA alluvium potentiometric contours 

Groundwater elevations within T2A and surrounding bores were contoured using the latest available 
concurrent water levels (17 May 2019) for the BCA bores nearby to T2A, and are shown on Figure 2.2. 
The location, survey data and groundwater levels relating to bores surrounding T2A is summarised in 
Table 2.1.  

As would be expected, Figure 2.2 shows alluvial groundwater flows under a gentle gradient from north 
to south in the vicinity of Bowmans Creek, roughly mirroring the morphology of the creek. 
Monitoring bores RA18, RM10 and T2A are located closest to the edge of the mapped alluvial boundary. 
However, T2A is ‘shielded’ from the alluvial groundwater flow by a spur of less permeable Permian aged 
strata that extends into the eastern portion of the alluvial sediments (refer Figure 2.2). 

Table 2.1 shows the last recorded groundwater level in T2A was 0.48 m above the base of the bore in 
May 2019. The elevation of the top of casing and the base of the relevant BCA bores shows these bores 
have been affected by between 0.06 and 0.68 m of subsidence. As a result, the water level is now below 
the base of T2A following the May sampling round. The condition of the slotted casing within T2A is 
unknown. It is also not known whether the slotted casing extends to the base of the borehole at T2A, or 
if the bore is fitted with a sump.   
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Table 2.1 Survey and groundwater data - T2A and surrounding bores 

Bore ID Easting* Northing* 

Casing 
elevation – Pre 

subsidence 
(mAHD) 

Casing 
elevation – Post 

subsidence 
(mAHD) 

Base of bore 
elevation - Pre 

subsidence 
(mAHD) 

Base of bore 
elevation - Post 

subsidence¹ 
(mAHD)  

Groundwater 
elevation 
(mAHD)  

May 2019 

T2A 317583 6405217 61.85 61.64 53.46 53.25 53.73 

PB1 317545 6405301 - 60.46 - 52.81 54.59 

RM10 317589 6405292 61.55 61.49 51.22 51.16 53.83 

RA18 317821 6405434 63.16 62.48 54.94 54.26 54.88 

WMLP320 317457 6405388 61.96 61.92 53.06 53.02 54.29 

WMLP328 317927 6405611 62.76  -  50.69 - 54.06 

Notes: *  Coordinates: GDA94 Zone 56. 

¹  Measured May 2017. 
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 Water levels vs base of bore depth 

Groundwater levels relative to the base elevations of each monitoring bore located near to T2A and 
screened in the BCA are shown in Figure 2.3. This shows groundwater levels have declined in all bores 
adjacent to T2A and within the BCA from December 2017 to June 2019. Whilst T2A is the only bore to 
have run dry in the area, a number of other BCA bores also have very little water remaining in the bore 
casing; most notably RA18, which is also situated on the edge of the alluvial boundary. 

The data also shows water levels in all the BCA have bores have been declining at a generally similar 
rate since December 2018. This is in line with the below average rainfall that has been experienced in 
this region over the same time period. 
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Figure 2.3 T2A and surrounding bores – groundwater levels and base of bores 
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3 Conclusion 

Groundwater level data recorded for the BCA monitoring bores shows water levels have been declining 
at a similar rate in recent times (since December 2018), most likely as a result of below average rainfall. 
Monitoring bore T2A (and RA18, RM10) are situated nearby to the edge of the alluvium. Notably, both 
bores are assessed to have the least amount of groundwater above the base of the bore when compared 
to other BCA monitoring bores. With the continuing groundwater level decline within the alluvium, the 
alluvial fringes appear to have been the first monitoring bores to become dry, as observed in monitoring 
bore T2A. Monitoring bore RA18 is nearly dry, with only 0.62 m of water remaining within the base of 
the bore. 

The May sampling round appears to have removed the last remaining water within T2A and the bore 
did not recharge. The reasons for this are unclear. It may be that the last remaining water within T2A 
was stored within a sump and this water was removed during sampling.  

Another possibility is the screen is blocked and/or damaged due to mine subsidence, thereby hindering 
groundwater flow into the bore. However, the rate of groundwater level decline seen within T2A and 
that of neighbouring bores would suggest that groundwater levels are generally declining within the 
BCA alluvium, having now fallen below the elevation necessary to saturate the fringes of the alluvium. 

If you have any queries, please do not hesitate to call. 

Yours faithfully, 

 

Kaan Duz 
Project Hydrogeologist 
Australasian Groundwater and Environmental Consultants Pty Ltd 
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Appendix H July Monitoring Exceedance Review – Investigation of 
Monitoring bore WMLP311 
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BM (G1922E.Yancoal Ashton WMLP311 EC exceedance) 
31 July 2018 

 
 
Yancoal Australia  
Ashton Coal Mine 
Camberwell NSW 
via email 
 
 
Attention: Lachlan Crawford 
cc:    Phillip Brown  
 
 
Dear Lachlan, 

 

RE: Ashton Coal Mine – July Monitoring Exceedance Review – 
Investigation of Monitoring Bore WMLP311  

 

 Introduction 1

The Ashton Coal Mine (Ashton) routinely monitors groundwater levels and quality in the groundwater 
systems overlying the underground mining area. The monitoring network targets the Quaternary 
alluvium and Permian interburden / coal units with open monitoring bores and vibrating wire 
piezometers (VWP). Monitoring campaigns are conducted on a monthly basis to collect water level and 
quality data from the monitoring network. The data collected from key monitoring is reviewed on a 
monthly basis, whilst the remainder of bores are reviewed annually in accordance with the Water 
Management Plan (WMP1). 

The monitoring bore WMLP311 is screened in the Bowmans Creek Alluvium (BCA). In July 2018, the 
bore was found to have exceeded the site WMP electrical conductivity (EC) trigger for three 
consecutive monitoring rounds.  

The WMP requires three consecutive exceedances of the EC trigger be investigated. Ashton engaged 
Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) to investigate and report on 
this issue. This letter summarises the results of the investigation. 

  

                                                             

1 Water Management Plan (WMP) - reviewed and updated by Gilbert & Associates Pty Ltd and Australasian Groundwater and 
Environmental (AGE) on behalf of Ashton and approved by the NSW Department of Planning & Environment (DPE) on 
27 October 2015. The groundwater monitoring program was changed and came into force the 1st November 2015. 
Further amendments to the WMP following DPE comments saw the latest iteration issued on 1 March 2018.  

mailto:brisbane@ageconsultants.com.au
mailto:newcastle@ageconsultants.com.au
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In addition to the WMLP311 EC exceedance, two adjacent monitoring bores have water level 
measurements close to their respective triggers. Whilst three consecutive groundwater level 
exceedances have not been recorded as of the July 2018 monitoring round, it should be noted that 
WMLP328 (screened in BCA), recorded groundwater level exceedances in the last two monitoring 
rounds, and WMLP323 (screened in BCA) recorded a general decline in groundwater levels and an 
increase in EC values. This general trend of decreasing groundwater levels and increasing EC is 
observed throughout the northern area of the BCA.  

This letter, however, specifically addresses the three recorded exceedances in WMLP311. 

Figure 1.1 below shows the locations of WMLP311, WMLP 323 and WMLP328. The figure also shows 
the extent of mapped Quaternary alluvium, the inferred extent of saturated alluvium (after Aquaterra 
20092) and the location of mined longwall panels. 

  

                                                             

2 Aquaterra (2009), Ashton Underground Mine Extension of Development Consent Area - Groundwater Impact 
Assessment 
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 Investigation and results  2

 Monitoring bore – WMLP311 2.1

Monitoring bore WMLP311 was drilled by Hunter Drilling and installed under the supervision of 
Aquaterra on 24 January 2011 at the request of Ashton.  The purpose of this bore was to assess how 
the BCA and the weathered profile of the underlying coal measures overburden interact. This bore 
overlies the unmined section of longwall panel LW5 (refer Figure 1.1).  

WMLP311 was installed to a depth of 7.6 metres below ground level (mbgl) and is screened within 
alluvial sand and gravel between 3.6 mbgl and 6.6 mbgl. WMLP323 and WMLP328 are both screened 
in similar material and at similar depths to WMLP311.  

The Ashton WMP outlines the groundwater monitoring program and lists trigger criteria 
(groundwater level and quality) to be used to assess the potential for mining to impact the alluvial 
groundwater system. The WMP includes bore specific groundwater level triggers for the BCA and 
water quality impact assessment criteria for each of the three alluvial aquifers on site – BCA, Glennies 
Creek Alluvium (GCA) and the Hunter River Alluvium (HRA). 

As described within the WMP, the groundwater trigger values account for natural variation using data 
collected between 2011 to 2015 as well as approved impacts3 indicated by predicted drawdown4. 
The result is a practical trigger level that accounts for both approved mining impacts and natural 
variability. 

In a similar fashion to groundwater levels, groundwater quality exhibits a degree of natural variation. 
Water quality triggers are based on groundwater quality records and use the calculated 5th and 95th 
percentile of the historical data for pH and EC. These percentiles are more conservative than those 
outlined in the procedure recommended by ANZECC/ARMCANZ (2000). The trigger criteria and latest 
recorded measurements for groundwater levels and EC within WMLP311, WMLP323 and WMLP328  
are shown in Table 2.1. Exceedances are shown in orange. 

Table 2.1 WMLP311, WMLP323 andWMLP328 groundwater levels, EC trigger 
criteria, EC monitoring results and exceedances 

Bore ID 
Groundwater 
level trigger 

(mAHD) 

Groundwater 
EC trigger 
(µS/cm)              

(95th 
percentile) 

June 2018 
groundwater 

level               
(mAHD) 

July 2018 
groundwater 

level 
(mAHD) 

May 2018 
EC 

(µS/cm) 

June 2018 
EC (µS/cm) 

July 2018 
EC (µS/cm) 

WMLP311 57.5 1289 58.37 58.28 1293 1332 1354 

WMLP323 59.2 1241 59.76 59.7 1207 1217 1240 

WMLP328 55.15 1175 54.99 54.84 1172 1150 1172 

 

  

                                                             

3 Aquaterra (2009). “Bowmans Creek Diversion: Groundwater Impact Assessment Report”. Reference No. 
S55G/011g, dated 21 October 2009. 

4 RPS (2014). “Ashton coal groundwater model”. Reference No. S55N/022b, dated 09 May 2014. 
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Figure 2.1 shows the long term trend of the WMLP311 groundwater level and EC compared to the 
cumulative rainfall departure (CRD).  The CRD is an analysis of the monthly rainfall compared with the 
long-term average for the same month. A rising trend in the CRD plot indicates months of above 
average rainfall, whilst a falling slope indicates periods when rainfall is below the monthly average. A 
sharp decline in the CRD can be clearly seen from the beginning of 2017 to the present day. This 
decline is a reflection of the below average rainfall the region is currently experiencing. Longwall panel 
start or finish dates are indicated by a vertical dashed line. 

Figure 2.2 shows the EC results for WMLP311, WMLP323 and WMLP328 compared to the CRD within 
this dry period. Figure 2.3 shows the groundwater levels for WMLP311, WMLP323 and WMLP328 
compared to the CRD over the same time period.  

 
 

Figure 2.1  WMLP311 groundwater level and EC results vs CRD 
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Figure 2.2 WMLP311, WMLP323 and WMLP328 EC results vs CRD 

 
Figure 2.3 WMLP311, WMLP323 and WMLP328 groundwater level results vs CRD 
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With respect to monitoring bore WMLP311, it can be seen that notable increases in groundwater level 
coincide with periods of increasing CRD, indicating that the BCA is recharged by rainfall/runoff 
recharge and from Bowmans Creek itself, whether directly from the surface or via through flow within 
the alluvial aquifer. The historically low present day groundwater levels seen within WMLP311 also 
correspond to a period of no flow and historically low surface water levels within Bowmans Creek 
(refer Figure 2.4). Figure 2.4 shows that Bowmans Creek has had low or no flow for the past 12 
months.  

 
Figure 2.4 Surface water level trends 

Figure 2.1, Figure 2.2 and Figure 2.3 also show that: 

 An inverse relationship exists between groundwater levels and EC values. This relationship is 
most clearly defined over the latest period of below average rainfall (2017/2018); 

 Bores screened within the BCA all showed a decline in groundwater level and an increase in EC 
over this dry period, and; 

 Whilst WMLP311 has not been undermined, the commencement or termination of longwall 
panels appears to have no bearing on either groundwater level or EC in WMLP311. 

The trend in EC measurements appears to be relatively steady over the history of monitoring at the 
site. Of the 61 historic WMLP311 EC measurements, five are above the EC trigger of 1,289 µS/cm. 
Periods of low and or declining EC coincide with periods of increasing CRD, such as mid-2012 and 
early-2016. The reverse of this can also be seen in mid-2014 and the present day, with elevated EC 
records coinciding with periods of declining CRD, indicating EC within this bore is influenced by 
climatic conditions. With the exception of the above mentioned time periods, the trend in groundwater 
EC in WMLP311 appears to generally oscillate between 1,000 and 1,250 µS/cm.  

The trend in pH measurements also appear to loosely correlate to CRD and also suggest the observed 
variability is due to climatic conditions. A general increase in pH was noted in 2017/2018, which 
coincided with a period of decreasing CRD, and hence reduced average rainfall (Figure 2.5). 



 

Australasian Groundwater and Environmental Consultants Pty Ltd 
Ashton Coal Mine– WMLP311 EC exceedance Investigation (G1922E)  |  8 

 

Figure 2.5 WMLP311, WMLP323 and WMLP328 pH results vs CRD 

Table 2.1 summarises statistics for the WMLP311 monitoring data. This data shows that the EC for this 
bore is often close to the trigger value of 1,289 µS/cm. As discussed, extended periods of below 
average rainfall result in higher EC readings in WMLP311.  

Table 2.2 Summary of WMLP311 quality statistics 

Parameter Value (µS/cm) pH 

Range 790 – 1,400 6.31 – 8.20 

Average 1,121 7.01 

Median 1,119 6.90 

95th percentile 1,317 7.76 

5th percentile 920 6.52 

 

A copy of the bore construction log for WMLP311 is included as Attachment 1. The bore construction 
logs show bore WMLP311 is screened within sands and gravels of the BCA. The log also shows that a 
siltstone unit associated with the Permian Coal Measures subcrops directly beneath the alluvium. 
Other nearby bores (T3A) are known to have subcropping coal seams less than 5 m beneath the base 
of the alluvium. Whilst WMLP311 only intersected approximately 1 m of Permian strata, it is likely that 
coal would have been intersected had the borehole continued much deeper. Given the likely proximity 
of coal seams to the base of the alluvium there is the potential for groundwater exchange between the 
alluvium and the more saline groundwater associated with the fractured rock. The possibility of this 
groundwater exchange is even more likely given the reduced hydraulic head associated with the 
historically low groundwater levels in alluvial monitoring bore WMLP311 and surface water in 
Bowmans Creek.  
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 Summary 3

In summary: 

 An inverse relationship exists between groundwater levels and EC values in WMLP311, and 
also in WMLP323 and WMLP328 although no exceedance protocol has been required. This 
relationship is most clearly defined over the latest period of below average rainfall 
(2017/2018) and is further supported by available pH data; and 

 Groundwater levels in BCA bores are strongly influenced by rainfall. The current extended 
period of below average rainfall has seen a commensurate decline in groundwater levels 
within BCA bores; in particular WMLP328; 

 Whilst WMLP311 has not been undermined, the commencement or termination of longwall 
panels appears to have no bearing on either groundwater levels or EC in WMLP311. 

Given time, a return to average rainfall values, and in increased hydraulic head in Bowmans Creek and 
associated alluvium, it is likely that EC levels within WMLP311 will decline from the current level of 
1,354 µS/cm and return to levels nearer the average of 1,121 µS/cm. 

This is likely to be the case for the whole of the northern portion of the BCA on site and the motive for 
why WMLP323 and WMLP328 have presented low water levels and elevated EC values. 

Although the impacts are not considered mining related, they are within the approved impacts. 
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Attachment 1 WMLP311 bore construction log 
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