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Glossary 

Alluvial aquifer Permeable zones that store and produce groundwater from 

unconsolidated alluvial sediments (clays, sands, gravels and other 

materials). Shallow alluvial aquifers are generally unconfined aquifers. 

Aquifer Rock or sediment in a formation, group of formations, or part of a 

formation that is saturated and sufficiently permeable to transmit 

economic quantities of water. 

Aquifer properties The characteristics of an aquifer that determine its hydraulic behaviour 

and its response to abstraction. 

Aquifer, confined An aquifer that is overlain by low permeability strata. The hydraulic 

conductivity of the confining bed is significantly lower than that of the 

aquifer. 

Aquifer, semi-confined An aquifer overlain by a low-permeability layer that permits water to 

slowly flow through it. During pumping, recharge to the aquifer can occur 

across the confining layer – also known as a leaky artesian or leaky 

confined aquifer. 

Aquifer, unconfined Also known as a water table aquifer. An aquifer in which there are no 

confining beds between the zone of saturation and the surface. The water 

table is the upper boundary of an unconfined aquifer. 

Aquitard A low-permeability unit that can store groundwater and also transmit it 

slowly from one aquifer to another. Aquitards retard but do not prevent 

the movement of water to or from an adjacent aquifer. 

Australian Height Datum 

(AHD) 

The reference point (very close to mean sea level) for all elevation 

measurements, and used for correlating depths of aquifers and water 

levels in bores. 

Bore A structure drilled below the surface to obtain water from an aquifer or 

series of aquifers. 

Conceptual model A simplified and idealised representation (usually graphical) of the 

physical hydrogeologic setting and the hydrogeological understanding of 

the essential flow processes of the system. This includes the identification 

and description of the geologic and hydrologic framework, media type, 

hydraulic properties, sources and sinks, and important aquifer flow and 

surface-groundwater interaction processes. 

Contamination Contamination is the presence of a non natural compound in soil or 

water, or unwanted compound in chemicals or other mixtures. 

Discharge The volume of water flowing in a stream or through an aquifer past a 

specific point in a given period of time. 
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Drawdown A lowering of the water table in an unconfined aquifer or the pressure 

surface of a confined aquifer caused by pumping of groundwater from 

bores and wells. 

Electrical Conductivity (EC) A measure of a fluid’s ability to conduct an electrical current and is an 

estimation of the total ions dissolved. It is often used as a measure of 

water salinity. 

Groundwater The water contained in interconnected pores or fractures located below 

the water table in an unconfined aquifer or located at depth in a confined 

aquifer. 

Groundwater system A system that is hydrogeologically more similar than different in regard to 

geological province, hydraulic characteristics and water quality, and may 

consist of one or more geological formations. 

Hydraulic conductivity The rate at which water of a specified density and kinematic viscosity can 

move through a permeable medium (notionally equivalent to the 

permeability of an aquifer to fresh water). 

ISBL Inside battery limits 

microSiemens per 

centimetre (µS/cm) 

A measure of water salinity commonly referred to as EC (see also 

Electrical Conductivity). Most commonly measured in the field with 

calibrated field meters. 

Monitoring bore A non-pumping bore, is generally of small diameter that is used to 

measure the elevation of the water table and/or water quality. Bores 

generally have a short well screen against a single aquifer through which 

water can enter. 

OSBL Outside battery limits 

pH potential of Hydrogen; the logarithm of the reciprocal of hydrogen-ion 

concentration in gram atoms per litre; provides a measure on a scale 

from 0 to 14 of the acidity or alkalinity of a solution (where 7 is neutral, 

greater than 7 is alkaline and less than 7 is acidic). 

Piezometer See monitoring bore 

Piezometric surface The potential level to which water will rise above the water level in an 

aquifer in a bore that penetrates a confined aquifer; if the potential level 

is higher than the land surface, the bore will overflow and is referred to 

as artesian. 

Recharge The process which replenishes groundwater, usually by rainfall infiltrating 

from the ground surface to the water table and by river water reaching 

the water table or exposed aquifers. The addition of water to an aquifer. 

Sand aquifer Shallow unconfined aquifer that is found in aeolian and beach deposited 
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unconsolidated sands. 

Screen A type of bore lining or casing of special construction, with apertures 

designed to permit the flow of water into a bore while preventing the 

entry of aquifer or filter pack material. 

Standing water level (SWL) The height to which groundwater rises in a bore after it is drilled and 

completed, and after a period of pumping when levels return to natural 

atmospheric or confined pressure levels. 

Water bearing zone Geological strata that are saturated with groundwater but not of sufficient 

permeability to be called an aquifer. 

Water quality  Term used to describe the chemical, physical, and biological 

characteristics of water, usually in respect to its suitability for a particular 

purpose. 

Water table The top of an unconfined aquifer. It is at atmospheric pressure and 

indicates the level below which soil and rock are saturated with water. 
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1. Introduction 

This Groundwater Monitoring Program (GMP) has been prepared as a condition of 
the Part 3a approval for the construction phase of the Newcastle Gas Storage 
Facility (NGSF) located at Tomago. The GMP relates to both groundwater and 
surface water monitoring. The project was determined and approved by the 
Planning Assessment Commission under Section 75J of the EP&A Act on the 10 
May 2012. 

There are two areas that are subject of the GMP activities: 

1. The main NGSF site that is underlain by the Tomago Sandbeds and a potable 
water supply groundwater resource; and 

2. The area adjacent to the Hunter River aligned with the pipeline crossing that 
links the NGSF and the Hexham receiving station. This area is underlain by 
estuarine sediments and is not a useful groundwater source. 

The Tomago Sandbeds is an important beneficial aquifer while the estuarine 
sediments beside the Hunter River do not contain any useful aquifers. The focus 
of this GMP is mostly the NGSF site, although for completeness the Hunter River 
site is also included in this program. 

The two areas and the respective groundwater and surface water monitoring 
locations are shown on Figure 1 (Tomago Sands site) and Figure 2 (Hunter River 
site). This GMP should be read in combination with the baseline monitoring 
reports for the NGSF site and the pipeline crossing site (Coffey Geotechnics, 
2012a and 2012b), and the draft sub-plans that address the groundwater and 
surface water management (Coffey Geotechnics, 2011a and 2011b) across the 
respective sites for the respective contractors. The draft sub-plans have been 
repackaged for the NGSF site and are pending for the Pipeline route and Hexham 
receiving Station; all are/will be consistent with this GMP. 

This GMP is essentially a consolidation of the proposed monitoring programs 
described in the respective sub-plans prepared for the Construction Environment 
Management Plan (CEMP). 

This GMP is relevant for the construction phase of the NGSF only. A new (or 
updated) monitoring program will be developed, in consultation with HWC and 
NOW, for the operational phase of the NGSF. 
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Figure 1:  Groundwater and Surface Water Monitoring Locations – Gas 
Storage Site 
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Figure 2: Groundwater Monitoring Bore Locations Hunter River (note, 
with the installation of MW17 in October 2013, MW10 will no longer be 
monitored) 
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1.1. Objectives 

The purpose of the GMP is to provide a framework which describes how AGL will 
assess and manage the different shallow groundwater systems at each site. The 
primary objectives of the GMP are to: 

a. detail the monitoring strategy being implemented to monitor the water level 
impacts of the project on beneficial (sand dune) aquifers and minor 
(estuarine) aquifers; 

b. detail the monitoring strategy being implemented to monitor the water quality 
impacts of the project on beneficial aquifers (including associated 
groundwater users, surface waters and groundwater dependent ecosystems). 

1.2. Responsibilities 

AGL Upstream Investments Pty Ltd (AGL) will be responsible for compliance with 
the monitoring and reporting activities of this GMP at both the main NGSF site 
and the Hunter River site.   

1.3. Approval Conditions 

The primary groundwater condition (B25) relating to monitoring programs and 
attaching to the Part 3a project approval is: 

Groundwater Monitoring Programme 

Prior to the commencement of construction, the Proponent shall develop a 
Groundwater Monitoring Programme in consultation with NOW and HWC and 
to the satisfaction of the Director-General. The programme shall detail the 
monitoring strategy that would be implemented to monitor the water quality 
impacts of the project on beneficial aquifers (including associated groundwater 
users, surface waters and groundwater dependent ecosystems). The programme 
shall: 

a) identify surface and groundwater monitoring locations demonstrating their 
appropriateness for obtaining representative water quality and water level 
data on construction and operational impacts in relation to beneficial aquifers, 
groundwater users and surface waters; 

b) provide details of the monitoring points (including location, depth of 
monitoring, duration and frequency of monitoring and parameters to be 
monitored); 

c) identify performance criteria, including monitoring criteria to detect early 
indicators of drawdown impacts or water quality impacts to beneficial 
aquifers; 

d) identify the frequency of reporting on monitoring results; 
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e) identify procedures for contingency or remedial action where adverse impacts 
are identified, such that the adverse impacts are remediated to the extent 
practicable prior to any impact to other groundwater users, and/ or 
rehabilitation measures applied where the project is identified as adversely 
affecting any groundwater dependent ecosystems/ communities; and 

f) identify mechanisms for the regular review and update of the programme in 
consultation with NOW and HWC as required. 

In submitting the programme for the Director General’s approval, the Proponent 
shall provide written evidence of consultation with NOW and HWC on the 
robustness and acceptability of the monitoring programme, including issues 
raised by these agencies and how these have been addressed. The programme 
shall be reviewed and updated at the conclusion of construction activities. 

This GMP relates to all parts of Condition B25 being the monitoring program and 
the development of suitable monitoring networks and remedial action plans. 

This version of the GMP relates to the construction programs associated with the 
NGSF. The program will be updated at the completion of construction and prior to 
commencing operations at the site. 
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2. Background 

This chapter provides summary information relating to the site, geology and 
hydrogeology for the Tomago and Hexham areas. More details are provided in 
the Environmental Assessment for the NGSF and pipeline areas (Coffey Natural 
Systems, 2011), the baseline groundwater reports (Coffey Geotechnics, 2012a, 
2012b, 2012c and 2012d), and the draft surface water and groundwater 
management sub-plans (Coffey Geotechnics, 2011a and 2011b). 

2.1. Site Setting 

NGSF Site 

The proposed gas plant is located in the northeast corner of Lot 105 DP 1125747 
in the Port Stephens Local Government Area (LGA). This site is north of the 
Tomago Aluminium Smelter on land currently owned by Tomago Aluminium 
Company (TAC). This lot is also known as 5 Old Punt Road, Tomago. The site is 
approximately 13 km northwest of the Newcastle central business district, 8 km 
south of Raymond Terrace and 4 km east of the Hexham industrial area.  

Hunter River Site 

The Hunter River pipeline crossing is approximately 800m downstream of the 
Hexham Bridge on the Pacific Highway. This stretch of the Hunter River from 
Hexham/Tomago to the Hunter Estuary Wetlands has been identified under SEPP 
14 Coastal Wetlands as an important environmental conservation area (see 
Figure 3). The Hunter Estuary Wetlands Ramsar Site consists of two components, 
the Kooragang Nature Reserve and Wetlands Centre, previously known as 
Shortland Wetlands, approximately 3.5 km east of Tomago and Hexham. 
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Figure 3:  Wetlands Surrounding NGSF Site 
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2.2. Geological and Hydrogeological Setting 

2.2.1. Geology 

NGSF Site 

The geology of the main NGSF site consists of Quaternary (Pleistocene and 
Recent) age sands, silts and clays known as the Tomago Sandbeds. The gas plant 
site is located in the south western portion of the Tomago Sandbeds area. 

The Tomago Sandbeds consists of extensive inner barrier sand ridges extending 
from Tomago to Port Stephens in the northeast and about 5 km to 15 km inland 
from the present coastline. The Tomago Sandbeds comprise fine to medium 
grained, well sorted, quartzose beach sand with discontinuous indurated sand 
layers.  

Hunter River Site 

The areas close to the Hunter River and nearby areas associated with the pipeline 
are underlain by Quaternary (Recent) age estuarine clays, silts and minor sands. 
These sediments occur in association with the Hunter River floodplain and tidal 
flats. There is also known to be some reclaimed fill in the area of the pipeline 
crossing. 

2.2.2. Hydrogeology 

NGSF Site 

The groundwater in the Tomago Sandbeds aquifer is of good quality and is used 
by Hunter Water to supplement water supplies to Newcastle and the Tomaree 
Peninsula, and for consumptive uses such as mining, industrial, recreation 
(watering of golf courses, playing fields and recreation reserves), irrigation, 
domestic and stock supply. The whole of this sand dune aquifer is known as the 
Tomago, Tomaree and Stockton Groundwater Source. It is an important potable 
water supply source and is vulnerable to contaminating site activities. 

The gas plant project site and northern section of the gas pipeline corridor are 
located above the Tomago Sandbeds and within the Hunter Water Special Area 
for potable water supply (see Figure 4). 
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Figure 4:  NGSF and Hunter Water Special Area 
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The aquifer is recharged by local rainfall and there is no runoff from the site. All 
rain that falls across the area is either transpired by the vegetation or recharges 
the shallow water table in the unconfined sand aquifer. 

The closest Hunter Water Corporation (HWC) water supply pumping station is 
Pump Station 20, which is approximately 500 m north of the gas plant site (see 
Figure 1). Groundwater beneath the site flows northwest towards Pump Station 
20. 

Wetlands in the vicinity of the site include a low lying area shown as “Mosquito 
Swamp” on some maps, approximately 700 m to the east. Further to the north 
east are two wetlands identified as SEPP14 wetlands and known as “Siddons 
Swamp” and “Blind Harrys Swamp” (see Figure 5). These low lying areas are 
prone to water inundation when groundwater levels rise in response to prolonged 
rainfall. There are two minor water features but no permanent wetlands located 
within the site. 
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Figure 5:  Surface Water Features surrounding Newcastle Gas Storage Facility site 
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Hunter River Site 

The remainder of the project area (most of the pipeline route, Hunter River 
crossing and the Hexham receiving station) is located in areas with underlying 
groundwater but which does not form part of the Tomago, Tomaree and Stockton 
Groundwater Source.  

There is some minor rainfall recharge however most shallow groundwater is 
controlled by sea levels and is influenced by tidal movements. Groundwater in 
these areas discharges to the adjoining Hunter River. 

This shallow groundwater is not a beneficial groundwater source. 
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3. Water Management Framework 

In NSW, drilling activities that intersect groundwater systems and groundwater 
abstractions from different groundwater sources are managed by the NSW Office 
of Water (NOW). There are numerous groundwater policies and licensing systems 
that apply to different areas and different projects. Only those policies and plans 
that are relevant to the Newcastle Gas Storage Facility (NGSF) (both the main 
site and pipeline areas) are discussed in this Groundwater Monitoring Program 
(GMP). 

The access, taking and use of groundwater in NSW is currently managed and 
implemented by the NOW under two primary legal instruments — the Water 
Management Act 2000 (WMA) and the Water Act 1912 (WA).  

In this area, the Tomago-Tomaree Groundwater Water Sharing Plan (WSP) has 
been gazetted and applies to the sand dune unconfined aquifer (primarily to 
manage abstractions from the Tomago Sandbeds and to protect sensitive 
environmental receptors). The estuarine sediments at Tomago also fall within the 
area of the Tomago-Tomaree Groundwater Water Sharing Plan. The southern 
bank of the Hunter River at Hexham is located within the Newcastle Water Source 
area under the Water Sharing Plan for the Hunter Unregulated and Alluvial Water 
Sources 2009.  

3.1. Groundwater Policies 

There are several overarching policies that apply to the development and 
management of groundwater systems across NSW.  These include: 

› The NSW State Groundwater Policy Framework (Department of Land and 
Water Conservation (DLWC) 1997).  The NSW State Groundwater Policy 
Framework introduces three policy documents:  

» NSW Groundwater Quality Protection Policy (DLWC, 1998) 
» NSW Groundwater Quantity Management Policy (draft) (DLWC, 2001) 
» NSW Groundwater Dependent Ecosystem Policy (DLWC, 2002).  

The NSW State Groundwater Policy Framework aims to slow, halt or reverse 
degradation in groundwater resources, ensure long-term sustainability of the 
biophysical characteristics of the groundwater system, maintain the full range of 
beneficial uses of these resources and maximise the economic benefit to the 
region and state.  

Other policies of interest include: 

› Aquifer Interference Policy (NOW, 2012) 

The Aquifer Interference Policy defines aquifer interference activities and 
describes how these will be managed under the licensing and approvals regime in 
the Water Management Act 2000. The policy focuses on high risk activities such 
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as mining, coal seam gas, sand and gravel extraction, construction dewatering, 
aquifer injection activities, and other activities that have the potential to 
contaminate groundwater or result in unacceptable loss of storage or other 
structural damage to an aquifer.   

3.2. Bore licences 

Bore licences are held and required for monitoring bore purposes. 

Even though groundwater abstractions for this area are covered under the Water 
Management Act 2000, all monitoring bore licences for this project have been 
issued under the Water Act 1912. These licences are tabulated in Table 3.1.  

Table 3.1: Bore Licences for the Newcastle Gas Storage Project 

Licence No Local Bore No Lot and DP Site and Purpose 

20BL172529 (2010 
program) 

MW1, MW2, MW3 Part of Lot 107 DP 
1125747 

NGSF boundary 
monitoring bores for EA 

20BL172769 (2011 
program) 

MW3A, MW4, MW5, 
MW6, MW7, (BH4, BH8, 
BH11, BH15 – now 
decommissioned) 

Part of Lot 107 DP 
1125747 

Additional NGSF 
boundary and internal 
monitoring bores for 
baseline program 

20BL172802 MW8, MW9 Lot 142 DP605461 Forgacs land at Tomago 
for monitoring bores for 
baseline program 

20BL172804 MW10, MW11 Lot 1 DP 194650 Trojay land at Hexham 
for monitoring bores for 
baseline program 

20BL173058 MW12, MW13 Road reserve south of 
Lot 1 DP 194650 

Pipeline route to 
Hexham receiving 
station for CLM 
assessment 

20BL173614 MW17 Lot 1 DP813606 Pipeline route to 
Hexham receiving 
station for CLM 
assessment 

This GMP and these bore licences only relate to the groundwater monitoring and 
associated compliance activities.  

It is understood that no new bore licences would be required if subsequent 
monitoring bores are installed in the future. Any future monitoring bores within 
the project area would be constructed within a Water Source covered by a Water 
Sharing Plan, and as such would be defined as exempt monitoring bores, thereby 
satisfying exemption condition 36c of the Water Management (General) 
Regulation 2011, which defines exemptions from section 91B(1) of the Water 
Management Act 2000. This is the case for the MW14, MW15, and MW16 bores 
installed in October 2013.  

Under current arrangements, all temporary dewatering for pipeline construction 
requires a licence. For the NGSF site, some minor dewatering activities will or 
have occurred. The principal contractor (CBI) received 2 bore licences 
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(20BL173394 (LNG Tank Sump) and 20BL173395 (LNG Process Area Sump)) 
from NOW in December 2012 for excavation (for temporary industrial dewatering 
construction activities in two locations on the NGSF site and potentially for 
pipeline construction activities. In March 2013, CBI were granted by NOW 
temporary assignment of water allocations (total of 60 ML) under WAL35946. To 
date (November 6, 2013) a total of 32.54 ML of dewatering has occurred under 
these licences.  
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4. Monitoring Program and Reporting 

Government (through the NSW Office of Water (NOW)) requires a high level of 
groundwater monitoring associated with this facility because it is located on a 
high value shallow aquifer used for potable water supply. These requirements 
generally relate to: 

› A formal groundwater monitoring/management program 
› Installation and monitoring of dedicated monitoring bores 
› Monitoring surface water sites 
› Collection of periodic water level, water quality and volumetric data 
› Reporting of data and trends 
› Development of contingency and remedial action plans where adverse 

impacts are identified. 

This GMP covers all these elements.   

4.1. Proposed Monitoring Network and Frequency 

AGL has devised a GMP for the NGSF to allow for quantitative documentation of 
aquifer trends (both water levels and water quality), and aquifer responses due 
to the construction and operation of the NGSF. Adhering to a comprehensive and 
rigorous program will help to ensure that the potential impacts of the 
construction phase are rapidly detected and remediated to avoid long-term or 
costly problems. Monitoring on and immediately adjacent to the gas storage 
facility site is required together with monitoring at the Hunter River pipeline 
crossing entry and exit locations. 

The objectives of the groundwater monitoring program include assessment of 
construction impacts on the local sand dune aquifer so as to protect the drinking 
water resource and nearby Groundwater Dependent Ecosystems (GDEs), 
including: 

› Changes in groundwater levels; 
› Changes in groundwater flow direction;  
› Changes in aquifer properties;  
› Changes in surface water-groundwater interaction;  
› Changes in residence time; and 
› Changes in water quality. 

There are 10 groundwater monitoring locations at this site and four surface water 
locations at the present time (see Figure 1), including three locations installed in 
late 2013.  

There are no primary GDEs identified on-site, instead there are low-lying areas 
within the dunes where the water table is intersected on the eastern boundary of 
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the site. The initial two surface water monitoring locations, SW1 and SW2, were 
part of the surface water monitoring program conducted between June 2011 and 
December 2011, as part of the pre-construction baseline monitoring program for 
the Project (described in the Surface Water Management Sub Plan (SWMSP)). 

The proposed construction groundwater monitoring program is summarised in 
Table 4.1. It only covers the monitoring network and frequency that will apply 
during the construction program. There is substantial site coverage both at the 
NGSF site and also at the pipeline crossing site to monitor shallow groundwater 
trends (and associated surface water trends) during the construction phase.  

Table 4.1: Construction Groundwater Monitoring Program Summary 

Project Stage 
Number of 
monitoring sites 

Water Level 
Frequency 

Water Quality 
Frequency 

Reporting 
Frequency 

Construction (on or 
adjacent Gas 
Storage Plant) 

10 existing bores   
(MW1, MW2, 
MW3A, MW4, MW5, 
MW6, MW7, MW14, 
MW15, MW16) + 1 
proposed bore 

4 existing surface 
water sites (SW1, 
SW2, SW3 and 
SW4) plus 
proposed Holding 
Pond site 

6 bores with 
continuous data 
loggers (MW1, 
MW2, MW3A, MW4, 
and MW6, together 
with new Holding 
Pond bore) and 6 
measured quarterly 
(MW5, MW7, + 
four replacement 
bores) 

2 surface water 
sites measured 
quarterly (SW1 and 
SW2) plus holding 
pond 

Monthly1 Data monthly  
(to AGL)1 

Interpreted report 
quarterly  

AGL provide data 
to HWC and NOW 
quarterly 

Construction 
(OSBL) 
Pipeline and Hunter 
River locations 

7 existing bores 
(MW8-MW13, 
MW17)  (note, 
MW10 will no 
longer be 
monitored but 
remains in place) 

3 with continuous 
data loggers (MW8 
,MW11 and MW17) 
and 3 measured 
quarterly (MW9,  
MW12 and MW13) 

Monthly1 Data monthly  
(to AGL)1 

Interpreted report 
quarterly  

AGL provide data 
to HWC and NOW 
quarterly 

Key - 1 – Review required frequency after 12 months but will be at least quarterly; 

In accordance with condition B25 of the Project Approval issued by the Planning 
Assessment Commission, the Groundwater Monitoring Program will be reviewed 
and updated once construction activities cease. At this time the network will be 
revised and probably augmented on the NGSF site, however the pipeline and 
Hunter River sites are expected to be decommissioned after the pipeline is 
completed and becomes operational. 
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4.1.1. Groundwater Monitoring Network 

NGSF Site 

There were 11 existing monitoring bores (seven along the boundaries and four 
within the NGSF site) at the commencement of construction. These are detailed 
in Table 4.2 and shown on Figure 1. These bores were the basis of the baseline 
monitoring reports (Coffey Geotechnics, 2012a and 2012c). The original locations 
of the groundwater monitoring sites were selected as appropriate to provide site 
characterisation and for detection of potential groundwater contamination based 
on likely groundwater flow directions.  

In September 2012 it was concluded that all of the four internal monitoring bores 
(‘BH’ series) were to be abandoned (which occurred in November 2012), due to 
conflicting site activities, and would be replaced on completion of site levelling 
and initial site construction activities with new monitoring bores in appropriate 
locations.  

A risk assessment was completed (on the basis of risk posed by specific 
construction related activities to the underlying shallow aquifer and taking into 
account groundwater flow direction), and following consultation with NOW and 
HWC, four locations were identified for replacement monitoring bores. These 
bores are/will be located at the following locations (subject to specific site access 
conditions): 

o North of the holding pond, south of temporary (during construction 
period) parking lot (to be constructed early 2014) 

o North of temporary ablution blocks (MW15) 
o North of the concrete bund of the LNG tank (MW16) 
o An additional boundary bore halfway between MW5 and MW6 (MW14) 

In October 2013 three replacement monitoring bores were constructed (MW14, 
MW15, MW16), with the remaining fourth bore to be constructed in early 2014. 

Table 4.2: Gas Plant Project Site Monitoring Bores and Levels 

Bore ID 
Easting 

(m MGA) 
Northing 
(m MGA) 

Total 
Depth 

(m bgl) 

Screened 
Interval 
(m bgl) 

Groundwater 
Depth                

(m bgl) 

Groundwater 
Level               

(m AHD) 

MW1 380829 6368998 4.2 1.7 to 4.2 2.10 1.90 

MW2 381681 6368871 3.5 0.5 to 3.5 0.08 3.27 

MW3A 381200 6368608 6.2 2.5 to 5.5 3.07 3.71 

MW4 380879 6368810 6.4 2.3 to 5.3 3.01 2.42 

MW5 381028 6368973 6.0 2.1 to 5.1 1.16 2.51 

MW6 381202 6368946 5.7 2.0 to 5.0 1.26 2.88 

MW7 381408 6368910 5.7 1.5 to 4.5 0.63 3.17 

BH4* 381266.6 6368734 8.4 5.4 to 8.4 2.98 3.86 

BH8* 381166.3 6368863 10.3 7.3 to 10.3 1.46 3.34 
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BH11* 380974.2 6368842 8.5 5.5 to 8.5 3.36 3.61 

BH15* 381089.2 6368730 5.5 2.0 to 5.5 2.08 3.58 

MW14 381130.4 6368957 3.5 0.5 to 3.5 1.5 2.28 

MW15 381011.6 6368930 5.5 2.5 to 5.5 3.8 3.0 

MW16 381265.3 6368865 3.5 0.5 to 3.5 1.1 3.3 

Key -  m AHD – Australian Height Datum; m bgl – metres below ground level.  
Groundwater levels for MW1-MW7 recorded on 20 June 2011, groundwater levels for BH4, BH8, 
BH11 and BH15 recorded on 2 August 2011, and groundwater levels for MW14-MW16 recorded on 
15 October 2013.  
* - Bore was decommissioned (plugged and abandoned) in November 2012 and no longer exists.  

Hunter River Site 

There are 7 existing monitoring bores along the pipeline and at the pipeline 
crossing site at the commencement of construction, including an additional bore 
(MW17) installed in October 2013. These are detailed in Table 4.3 and shown on 
Figure 2. These bores were the basis of the baseline monitoring reports (Coffey 
Geotechnics, 2012b and 2012d). As a result of the inclusion of MW17, MW10 will 
no longer be monitored within the monitoring program (MW17 is positioned more 
appropriately for monitoring the entry point of the pipeline). MW10 will remain 
intact until at least the end of the construction period. 

Table 4.3: Hunter River Crossing and Pipeline Monitoring Bores and Levels 

Bore ID 
Easting 

(m MGA) 
Northing 
(m MGA) 

Total 
Depth 

(m bgl) 

Screened 
Interval 
(m bgl) 

Groundwater 
Depth                

20 June 
2011   

(m bgl) 

Groundwater 
Level               

20 June 
2011  

(m AHD) 

MW8 377838 6367400 5.1 1.0 to 4.0 0.20 1.27 

MW9 377783 6367427 5.6 1.0 to 4.0 0.52 1.11 

MW10 377367 6367060 6.3 2.3 to 5.3 0.80 0.74 

MW11 377300 6367060 6.2 2.0 to 5.0 0.74 1.21 

MW12 377246 6367052 4.0 1.0 to 4.0 nc nc 

MW13 377142 6367042 4.0 1.0 to 4.0 nc nc 

MW17 377142 6367041 3.5 0.5 to 3.5 0.6 0.86 

Key - m AHD – Australian Height Datum  m bgl – metres below ground level  
 nc – not constructed at this time 

Groundwater levels for MW8-MW11 recorded on 20 June 2011 and groundwater levels for MW17 
recorded on 15 October 2013. 

Baseline Monitoring 

A 6 month baseline monitoring program from June to December 2011 has been 
completed prior to construction works commencing. An additional baseline event 
was completed in late March 2012. The baseline data includes four sets of data 
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from quarterly monitoring events at 11 groundwater locations (seven boundary 
and four internal sites) and two surface water locations on-site (Coffey 
Geotechnics, 2012a and 2012c) and at 6 locations off-site (Hunter River pipeline 
crossing) (Coffey Geotechnics, 2012b and 2012d). 

Results of this baseline monitoring are shown in the Appendix.  

Construction Monitoring 

Monitoring of groundwater occurs regularly (monthly to start and then at least 
quarterly) throughout the construction phase of the project. 

During the first 12 months the construction monitoring program will involve 
monthly monitoring of the existing groundwater monitoring bores (11 locations 
on/near gas plant site plus 6 near Hunter River crossing) and any additional 
bores that are installed as a result of the Risk Assessment of potential 
groundwater contamination sources referred to in Section 4.1.1. After 
consultation with the Principal Contractor, HWC and NOW, AGL has installed and 
is now monitoring additional bores (three) immediately down gradient of high risk 
areas identified within the construction site with one additional bore planned to 
be installed in early 2014 (pending construction activities).  

After 12 months, the construction monitoring program has been reviewed to 
determine whether analytical suites and frequencies should be increased or 
decreased, based on an assessment of results obtained up to that point. At the 
May 2013 AGL-NOW-HWC meeting, it was decided that, as a result of the 
additional monitoring bores not being constructed yet, monitoring will continue 
for at a frequency of monthly for at least another 3 months post the first 12 
months (i.e. until at least November 2013). The frequency will be reviewed again 
in November 2013 (15 months after commencement). Monitoring of groundwater 
quality will continue throughout the construction phase at a frequency of at least 
quarterly. 

After internal review of the analytical suite in August 2013, it has been decided 
there is no reason to reduce or increase the number of analytes that are being 
monitored, with the exception of the inclusion of quarterly pathogen monitoring 
at MW5 that commenced in March 2013 (as detailed below). In the future, if it is 
believed there is reason to increase or decrease the analytical suite this will occur 
with consultation of NOW and HWC have been consulted. 

For each groundwater sampling event, field water quality measurements will be 
recorded including field pH, electrical conductivity (EC), redox potential, 
temperature and dissolved oxygen. Samples will be sent to a NATA accredited 
laboratory, for analysis of: 

› General parameters – total suspended solids (TSS), total dissolved solids 
(TDS) and EC;  

› Major cations – calcium, magnesium, potassium and sodium;  
› Major anions – alkalinity, chloride, sulphate and fluoride;  
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› Dissolved metals – arsenic, cadmium, chromium, copper, lead, nickel, zinc 
and iron;  

› Total petroleum hydrocarbons (TPH), benzene, toluene, ethyl benzene and 
xylenes (BTEX); 

› Nutrients – total nitrogen, total kjeldahl nitrogen (TKN), nitrate, nitrite and 
total phosphorus. 

Sampling and analysis of a volatile organic compounds (VOC) and semi-volatile 
organic compounds (SVOC) suite will also be undertaken at the start and end of 
the construction program for all sites (except those at the Hunter River and 
pipeline locations). 

In addition, following the recommended action by the independent environmental 
auditor, pathogens (total coliforms, faecal coliforms and Escherichia coli) are to 
be monitored at quarterly intervals from March 2013 at monitoring bore site MW5 
(which is located down gradient (in terms of groundwater flow) from the onsite 
sewage holding tank) as well as the bore MW15 (which is down gradient of the 
ablution block), which will commence in December 2013.  

Table 4.4 summarises the detail of the respective groundwater monitoring 
programs for the NGSF and the pipeline sites.  

Construction phase groundwater monitoring results to date are detailed in the 
following monitoring reports: Coffey Geotechnics (2012e, 2012f, 2013a, 2013b, 
2013c, 2013d, 2013g, 2013h, 2013i and 2013j).  

 

Table 4.4: Groundwater monitoring requirements 

Management Practice Monitoring Responsibility Timing 

Groundwater monitoring 
during first 12 months of 
construction at the 11 
locations on Gas Plant 
site (7 boundary and 4 
internal sites, plus any 
additional bores 
identified as necessary 
in Risk Assessment) and 
at 6 locations off-site 
(pipeline and Hunter 
River crossing). 

Continuous loggers and 
monthly sampling for the 
initial 12 months of 
construction.  
Suite of analytes as 
described above. 
Reports to be provided 
to HWC and NOW six 
monthly. 

AGL to monitor all bores 
on or adjacent to the 
Gas Plant site and all 
bores in proximity to 
pipeline and Hunter 
River crossing. 

During first 12 months of 
construction. 

http://en.wikipedia.org/wiki/Escherichia_coli�
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Management Practice Monitoring Responsibility Timing 

Groundwater monitoring 
beyond first 12 months 
of construction at the 11 
locations on Gas Plant 
site (7 boundary and 4 
internal sites, plus any 
additional bores 
identified as necessary 
in Risk Assessment) and 
at 6 locations off-site 
(pipeline and Hunter 
River crossing). 

Continuous loggers and 
sampling at a frequency 
of not less than 
quarterly throughout 
construction.  
Suite of analytes as 
described above. 
Gas plant site report to 
be provided to HWC and 
NOW six monthly. 

AGL to monitor all bores 
on or adjacent to the 
Gas Plant site and all 
bores in proximity to 
pipeline and Hunter 
River crossing. 

Following the first 12 
months of construction 
until commissioning. 

Groundwater inflow and 
re-injection rates will be 
monitored during 
excavation works and 
trenching. 

Prior to re-injection, 
water quality parameters 
including pH would be 
measured.  

Daily inspections ISBL – Principal 
Contractor 

OSBL - Contractor 

During construction 

Maintain dedicated 
refuelling and chemical 
storage areas 

Daily inspections ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by AGL 
(Environment Manager, 
Project Manager or 
delegates). 

During construction 

Regularly check 
groundwater levels and 
pH in the bores adjacent 
to the HDD entry and 
exit pits (MW8, MW9, 
MW11, MW12, MW13, 
MW17)  

Weekly OSBL – Contractor 

Periodic checks by AGL 
(Environment Manager 
or delegate). 

During construction 

Regularly inspect water 
level and pH in HDD drill 
pits 

Weekly and after rain 
events 

OSBL – Contractor 

Periodic checks by AGL 
(Environment Manager 
or delegate) 

During construction 

Groundwater monitoring 
bores at risk of being 
destroyed during the 
construction program 
will be appropriately 
decommissioned. 

Monitor bore integrity 
weekly.  
Decommission in 
advance of necessary 
site works, or if 
damaged, decommission 
properly.  
Replace bores as 
necessary.  

ISBL – Monitoring by 
Principal Contractor.  
Decommissioning by 
Principal Contractor.  

OSBL – Monitoring by 
Contractor.  
Decommissioning by 
Principal Contractor 

Periodic checks by AGL 
(Environment Manager 

During construction (this 
occurred in October 
2012) 
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Management Practice Monitoring Responsibility Timing 

or delegate) 

4.1.2. Surface Water Monitoring Network 

NGSF Site 

There are two surface water monitoring sites along the eastern boundary of the 
site at the commencement of construction and two surface monitoring sites 
upstream and downstream of the proposed stormwater discharge location 
(labelled SW1, SW2, SW3 and SW4 as shown in Figure 1). Summary details are 
provided in Table 4.5. It is unsure whether these will remain available during 
drier periods (compared to the above average rainfall conditions that have 
existed in 2010, 2011 and early 2012).  

Table 4.5: Gas Plant Project Site Surface Water Monitoring Sites 

Surface Water 
Monitoring Site 

ID 

Easting            
(m mga) 

Northing         
(m mga) 

Top of pvc 
casing            

(m ahd) 

Ground level 1       
(m ahd) 

SW1 381689 6368839 4.36 3.35 

SW2 381648 6368583 4.87 3.74 

SW32 379407 6368748 Open water (Not surveyed) 

SW42 379381 6368770 Open water (Not surveyed) 

Key - m AHD – Australian Height Datum.   
1 Ground at the base of the surface water pools which is equal to gauge zero on the staff gauges. 
2Locations not surveyed, therefore are approximate 

Baseline Monitoring 

For the SW1 and SW2 sites, a 6 month baseline monitoring program from June to 
December 2011 has been completed prior to construction works commencing. An 
additional baseline event was completed in late March 2012. The baseline data 
includes seven sets of data from monthly monitoring events at the two on-site 
surface water features (SW1, SW2) (Coffey Geotechnics, 2012a and 2012c). This 
data complements the baseline data from the quarterly monitoring events at the 
11 groundwater locations (7 boundary and 4 internal sites). 

For the SW3 and SW4 sites, a 8 month baseline monitoring program commenced 
from September 2012 – April 2013.  

Results of the baseline monitoring are shown in the Appendix.  

Construction Monitoring 

Monitoring of surface water will occur regularly (at least quarterly) throughout 
the construction phase of the project. 
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During the first 12 months of construction, monitoring of surface water quality 
will be conducted monthly by AGL (provided there is ponded water available to 
sample). The construction monitoring program will involve monitoring at SW1 
and SW2 and also include new on-site locations where there is surface water 
ponding or surface water collection prior to off-site disposal or groundwater 
infiltration. This will include at least the Holding Pond area (as shown in Figure 6) 
and upstream and downstream of the stormwater discharge location (SW3 and 
SW4, as shown in Figure 1). Collection of the Holding Pond area water samples 
will be at a location in proximity to the outlet prior to pumping off-site via the 
pipeline to Old Punt Road (Stormwater Option 1).  

After 12 months, the construction monitoring program will be reviewed to 
determine whether analytical suites and frequencies should be increased or 
decreased, based on an assessment of results obtained up to that point. 
Monitoring of surface water quality will continue throughout the construction 
phase at a frequency of at least quarterly. At the May 2013 AGL-NOW-HWC 
meeting, it was decided that, as a result of the additional monitoring bores not 
being constructed yet, monitoring for both surface water and groundwater will 
continue for at a frequency of monthly for at least another 3 months post the first 
12 months (i.e. until at least November 2013). The frequency will be reviewed 
again in November 2013. Monitoring of groundwater quality will continue 
throughout the construction phase at a frequency of at least quarterly. 

After internal review of the analytical suite in August 2013, it has been decided 
there is no reason to reduce or increase the number of analytes that are being 
monitored for the surface water monitoring sites. In the future, if it is believed 
there is reason to increase or decrease the analytical suite this will occur with 
consultation of NOW and HWC have been consulted. 

For each sampling event, field water quality measurements will be recorded 
including field pH, electrical conductivity (EC), redox potential, turbidity, 
temperature and dissolved oxygen. Samples will be sent to a NATA accredited 
laboratory, for analysis of: 

› General parameters – total suspended solids (TSS), turbidity, total dissolved 
solids (TDS) and EC;  

› Major cations – calcium, magnesium, potassium and sodium;  
› Major anions – alkalinity, chloride, sulphate and fluoride;  
› Dissolved and total metals – arsenic, cadmium, chromium, copper, lead, 

nickel, zinc and iron;  
› Total petroleum hydrocarbons (TPH), benzene, toluene, ethyl benzene and 

xylenes (BTEX); 
› Nutrients – total nitrogen, total kjeldahl nitrogen (TKN), nitrate, nitrite and 

total phosphorus. 

Sampling and analysis of a volatile organic compounds (VOC) and semi-volatile 
organic compounds (SVOC) suite should also be undertaken at the start and end 
of the construction program. 
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Surface water sampling locations are also important for control of groundwater 
quality, especially in the on-site Holding Pond and any other sediment pond areas 
during the construction phase of the Project. Table 4.6 summarises the surface 
water monitoring program.  

Construction phase surface water monitoring results to date are detailed in the 
following monitoring reports: Coffey Geotechnics (2012e, 2013a, and 2013c).  

Table 4.6: Surface water monitoring requirements 

Management Practice Monitoring Responsibility Timing 

Conduct surface water 
monitoring at the gas 
plant site (SW1, SW2, 
SW3, SW4, and Holding 
Pond outlet) and any 
other sediment ponds 
created for the 
construction period 
(ISBL only). 

During first 12 months of 
construction monitoring will 
be monthly for the suite of 
analytes described above. 
 
 
Surface water monitoring 
beyond the first 12 months of 
construction will be not less 
than quarterly. 

Reports to be provided to 
HWC and NOW six monthly 
(in combination with 
groundwater reporting). 

AGL  During construction. 

AGL will provide 
monitoring reports to 
HWC 6 monthly. 

Maintain dedicated 
refuelling and chemical 
storage areas 

Daily inspections ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Cover/vegetate 
stockpiles where 
material is to remain on 
site for a long period of 
time 

Daily inspections of stockpiles ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Restrict traffic to defined 
roads 

Daily inspections ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Prevent the movement 
of sediment away from 
stockpiles and 
construction areas by 
installing temporary 
erosion and sediment 
control structures. 

Weekly and after rain events ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Minimise on-site vehicle 
activity on disturbed 
surfaces during and after 

Daily inspections during and 
after rain events 

ISBL – Principal 
Contractor 

During construction 
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Management Practice Monitoring Responsibility Timing 

rain events OSBL - Contractor 

Periodic checks by 
AGL 

Construct upslope 
diversion drains to 
collect and divert water 
around the work areas 

Weekly and after rain events ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Regularly inspect erosion 
control structures and 
bunded areas 

Weekly and after rain events ISBL – Principal 
Contractor 

OSBL - Contractor 

Periodic checks by 
AGL 

During construction 

Regularly inspect water 
level and pH in HDD drill 
pits 

Weekly and after rain events OSBL - Contractor 

Periodic checks by 
AGL 

During construction 
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Figure 6:  NGSF Site Layout including Wetland - Holding Pond 
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4.2. Baseline Data and Adopted Thresholds 

The following approach applies to both groundwater and surface water locations 
at the NGSF site and groundwater locations at the pipeline crossing site. Natural 
background concentrations are higher for some analytes at the Hunter River 
(estuarine) sites compared to the NGSF (sand dune) sites. This is simply the 
result of different geology and different prevailing groundwater conditions. As a 
result, it is proposed that the NHMRC, NRMMC 2011 Australian drinking water 
guideline values have no relevance and therefore should not apply at the Hunter 
River and pipeline monitoring sites. 

Groundwater and surface water monitoring results (key analytes) will be 
evaluated against natural background concentrations that were determined 
during baseline monitoring in 2011 and early 2012. Where key analytes were not 
detected during baseline monitoring the ANZECC 2000 / NHMRC, NRMMC 2011 
Australian drinking water guideline values are applied at the NGSF site, and the 
ANZECC 2000 guideline values are applied at the Hunter River-pipeline site. 
Thresholds are defined in this GMP (Appendix A) for both the NGSF site and the 
Hunter River and pipeline site. These thresholds are adopted in the respective 
GMSP and SWMSP for the NGSF and Hunter River and pipeline sites.  

The results of the construction-phase groundwater monitoring program will be 
analysed using the exponentially weighted moving average (EWMA) method, 
which is an effective method for identifying trends. This method was 
recommended by Coffey after they performed a thorough investigation of the 
most appropriate way to present the water quality data from the NGSF site 
during construction. EWMA is a weighted average presentation which takes 
account of recent values using a weighting that diminishes over time.  

Due to the limited dewatering volumes expected during the construction period 
(unlikely to exceed a total of 60 ML and 10 L/s), drawdown impacts are not 
considered a potential issue and thresholds are not defined. 

4.3. Contingency Plan 

Spill Response 

In the event of a significant spill on-site, a Spill Response Plan as outlined in the 
Contractor’s Emergency Response Plan would be adopted immediately. For the 
anticipated chemicals to be used during construction, a significant spill volume 
would be one that exceeds a threshold of 20 L.   

A spill response strategy has been developed and is illustrated as a contingency 
plan flow chart in Figure 7. Similar responses would occur if a diffuse 
contaminant plume was detected in the groundwater monitoring network or if 
acidic conditions were detected due to drawdown in the vicinity of the HDD entry 
and exit points. 
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If a significant chemical spill or leakage occurs, including potential impacts from 
illegal dumping, or if a diffuse contaminant plume was detected in the 
groundwater monitoring network or if parameters measured otherwise exceed 
adopted thresholds, a response plan will be developed and implemented by 
AGL/Principal Contractor that includes the following measures: 

› Confirm the source and location of the contamination. 
› Clean up the contamination in the immediately affected area. 
› Assess the surface water/groundwater quality with respect to relevant 

background concentrations and guidelines. 
› Advise OEH, NOW and HWC of the spill or leakage. 
› Investigate the most appropriate remedial response (most likely to be 

hydraulic containment for significant spills and leaks). 
› Undertake hydraulic containment by installing down gradient (new) pumping 

bores. 
› Install additional monitoring bores down gradient of the spill and increase 

monitoring frequency. 
› Pump the reclaimed water to a treatment facility for treatment/disposal and 

re-inject to groundwater if the water meets relevant site criteria.  

A conceptual layout of a hydraulic containment system is illustrated in Figure 8. 
The interception pumping bore/s would be located down gradient of the spill area 
and monitoring bores would be established both up gradient and down gradient 
of the pumping bore/s to ensure that the hydraulic containment system is 
performing adequately.  

A treatment facility would be established on the site to remove the contaminants 
from the groundwater pumped from the hydraulic containment system to meet 
appropriate standards and be returned to the groundwater system provided 
testing confirms that water quality is acceptable for discharge to this groundwater 
source. Treated groundwater would be returned up gradient and/or across 
gradient from the spill area and away from direct flow to the HWC pumping bores 
(if possible). Once the groundwater cleanup goals are achieved, stakeholders 
would be advised and hydraulic containment operation would cease. 

If the treated groundwater is unsuitable for direct discharge, then the 
groundwater may require off-site disposal to an appropriate facility.   
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Figure 7:  Spill Contingency Plan Flow Chart 
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Figure 8:  Hydraulic Containment System Schematic 
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Illegal Dumping 

Reasonable measures will be taken to maintain security of the construction site to 
prevent third parties gaining unlawful access to the site. 

If any evidence of illegal dumping of wastes on the project area is observed the 
dumped material will be removed immediately and this will be treated as an 
environmental incident. If any liquid sludge or chemical waste is observed then 
appropriate sampling and monitoring will be implemented to determine whether 
any impact to groundwater or surface water has occurred or is likely. 

Horizontal Directional Drilling 

Groundwater contamination from exposure of acid sulfate soils (ASS) is a 
potential risk for pipeline excavations near the Hunter River, in particular the pit 
excavations associated with the HDD entry and exit points. Monitoring bores in 
these areas are important to monitor potential changes in groundwater levels 
that may lead to oxidation of Potential Acid Sulfate Soils (PASS).  

Two monitoring bores have been installed in the vicinity of each pit (MW10-MW11 
at the entry point in Hexham and MW8-MW9 at the exit point in Tomago) to 
monitor groundwater levels during construction. Groundwater levels recorded at 
the four bores in June 2011 ranged from 0.2 to 0.8 m below ground level and pH 
levels were slightly acidic ranging from 5.8 to 6.4. Two automatic water level 
loggers have been installed on either side of the Hunter River, within monitoring 
bores MW8 and MW11. Two additional monitoring bores (MW12 and MW13) were 
installed along the pipeline route to the Hexham receiving station in late 2011. 

In late 2013, an additional bore (MW17) was installed to account for a change in 
location of the HDD entry point at Hexham. As a result of the relocation, MW10 
will no longer be monitored (as it will no longer be in close proximity to the entry 
point). Groundwater levels and quality for MW17 were similar to those quoted 
above.  

Should adverse impacts develop due to groundwater drawdown in PASS material, 
a contingency plan would be implemented. The response would be triggered by a 
decrease in groundwater levels and / or pH levels, as outlined below: 

› If groundwater drawdown in the monitoring bores MW8, MW9, MW11, MW12, 
MW13, MW17 is more than 0.5 m (but less than 1 m) outside the normal 
range including tidal variations, then monitoring frequency would increase 
from monthly to weekly to check groundwater levels and pH trends; 

› If groundwater drawdown in monitoring bores MW8, MW9, MW11, MW12, 
MW13, MW17 is more than 1 m outside the normal range including tidal 
variations, or if pH levels fall below 4, then a response plan will be 
implemented that includes the following measures: 

» Active re-injection of groundwater through infiltration trenches or gravel 
drains. The materials required for the infiltration system should be 
readily available if required in a short time frame. 
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» Monitoring frequency would increase from monthly to weekly to check 
groundwater levels and pH trends. Ongoing weekly monitoring to assess 
trends after re-injection is commenced. Monitoring can return to normal 
if water levels recover to within normal range. 

» Review of the response measures by AGL. 

If groundwater quality exceeds adopted thresholds, the water would be pumped 
to a treatment facility for treatment/disposal. However the water will be re-
injected to groundwater at an upgradient site if the water meets relevant site 
criteria.  

Exceedence of groundwater quality threshold 

Should a trend in water quality results exceed the adopted groundwater threshold 
value for a particular analyte, NOW and HWC would be notified and a response 
plan would be developed via a consultative process relevant to the specific event. 

Drawdown impacts 

As there are no plans to extract groundwater, drawdown impacts are not 
considered a potential issue and no contingency plan is warranted. 

4.4. Review and update of the program 

The GMP is scheduled to be reviewed annually. The next revision (Version G) is to 
be expected late 2014. 

Copies of the new GMPs will be sent to HWC and NOW for information and 
comment (if required) after each review.  

In addition, regular meetings (at least 6 monthly) will be conducted with NOW 
and HWC, including at key stages of the construction program, to discuss 
progress of the development, monitoring results from the program and any 
required actions. 

It should be emphasised this GMP is written for the construction phase of the 
NGSF only. A new (or updated) program will be developed, in consultation with 
HWC and NOW, for the operational phase of the NGSF. 
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Appendix A:   
Part 1 - SUMMARY OF GUIDELINES AND ADOPTED WATER 

QUALITY THRESHOLDS – GAS STORAGE SITE  
 

Part 2 – SUMMARY OF GUIDELINES AND ADOPTED WATER 
QUALITY THRESHOLDS – HUNTER RIVER AREA 

Newcastle Gas Storage Facility
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Part 1a – Newcastle Gas Storage Facility (NGSF) Site – Groundwater (Coffey, 2013i) 

Analyte  Units  LOR  EcosystemGuidelines1  

Drinking 
Water 
Guidelines2  

Groundwater 
Baseline 
Results 
Range  

Adopted 
Groundwater 
Thresholds  

General Parameters  
Field pH pH unit 0.1 6.5 to 8.0 3 6.5-8.5 6 3.4 to 6.6 3.0 to 7.0 
Electrical Conductivity @ 25°C µS/cm 1 N/A N/A 102 to 195 1000 
Total Dissolved Solids @180°C mg/L 10 N/A 600 6 86 to 420 600 
Suspended Solids (SS) mg/L 5 N/A N/A <5 to 4780 5000 
Cations  
Calcium mg/L 1 N/A N/A <1 to 5 N/A 
Magnesium mg/L 1 N/A N/A 1 to 6 N/A 
Sodium mg/L 1 N/A N/A 12 to 28 N/A 
Potassium mg/L 1 N/A N/A <1 to 3 N/A 
Anions  
Total Alkalinity as CaCO3 mg/L 1 N/A N/A <1 to 8 N/A 
Chloride mg/L 1 N/A N/A 18 to 40 N/A 
Fluoride mg/L 0.1 N/A 1.5 <0.1 to 0.2 1.5 
Sulfate mg/L 1 N/A 500 <1 to 29 500 
Dissolved Metals  
Arsenic mg/L 0.001 0.013 0.01 <0.001 to 0.002 0.01 
Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 to 

0.0001 
0.002 

Chromium mg/L 0.001 0.001 4 0.05 4 <0.001 to 0.002 0.05 
Copper mg/L 0.001 0.0014 2 <0.001 to 0.006 0.02 
Lead mg/L 0.001 0.0034 0.01 <0.001 to 0.011 0.02 
Nickel mg/L 0.001 0.011 0.02 0.001 to 0.007 0.02 
Zinc mg/L 0.005 0.008 3 6 <0.005 to 0.113 0.2 
Iron mg/L 0.05 0.3 5 0.3 6 <0.05 to 2.24 5 
Nutrients       
Nitrate as N mg/L 0.01 0.7 50 <0.01 to 0.53 1 
Nitrite as N mg/L 0.01 N/A 3 <0.01 3 
Nitrite + Nitrate as N mg/L 0.01 N/A N/A <0.01 to 0.53 4 
Total Kjeldahl Nitrogen as N mg/L 0.1 N/A N/A <0.1 to 1.2 4 
Total Nitrogen as N mg/L 0.1 0.5 3 N/A <0.1 to 1.3 4 
Total Phosphorus as P mg/L 0.01 0.05 3 N/A <0.01 to 1.65 2 
Total Petroleum Hydrocarbons  
C6-C9 µg/L 20 N/A N/A <20 to 20 <20 
C10-C14 Post Silica Gel Clean Up µg/L 50 N/A N/A <50 <50 
C15-C28 Post Silica Gel Clean Up µg/L 100 N/A N/A <100 <100 



 

 

Groundwater Monitoring Program 
Newcastle Gas Storage Facility Project 

A-2 

C29-C36 Post Silica Gel Clean Up µg/L 50 N/A N/A <50 <50 
C10-C36 Post Silica Gel Clean Up (sum) µg/L 50 N/A N/A <50 <50 
BTEX  
Benzene µg/L 1 950 1 <1 <1 
Toluene µg/L 2 180 5 800 <2 <2 
Ethylbenzene µg/L 2 80 5 300 <2 <2 
meta- & para-Xylene µg/L 2 N/A N/A <2 <2 
ortho-Xylene µg/L 2 350 N/A <2 <2 
Total Xylenes µg/L 2 N/A 600 <2 <2 
Coliforms  
Total coliforms cfu/100ml - N/A N/A - - 
Faecal coliforms cfu/100ml - N/A N/A - - 
E. Coli cfu/100ml - N/A <LOR - <LOR 

Notes: 
1 ANZECC (2000) Fresh Water Ecosystem Trigger Values for 95% Species Protection 
2 NHMRC (2011) Drinking Water Guidelines (Health) 
3 Range of values for NSW lowland rivers 
4 Chromium guidelines are for Chromium VI 
5 ANZECC Indicative Interim Working Level (IIWL) – Low Reliability Trigger Values 
6 NHMRC (2011) Drinking Water Guidelines (Aesthetic) 
LOR means laboratory limit of reporting 
N/A means not applicable – no guideline available 
 

Part 1b – Newcastle Gas Storage Facility (NGSF) Site – Surface water (Coffey, 2013i) 

 
Analyte  Units  LOR  Ecosystem 

Guidelines1  
Drinking 
Water 
Guidelines2  

ISBL Surface 
Water 
Baseline 
Results Range  

Adopted 
ISBL 
Surface 
Water 
Thresholds  

OSBL 
Surface 
Water 
Baseline 
Results 
Range  

Adopted 
OSBL 
Surface 
Water 
Thresholds  

General Parameters   
Field pH  pH unit 0.1 6.5 to 8.0 3 6.5-8.5 6 3.6 to 6.2 3.0 to 8.0 5.1 to 7.6 4.5 to 8.0 
Electrical Conductivity @ 25°C  µS/c m 1 N/A N/A 41 to 308 1000 425 to 1560 1600 
Total Dissolved Solids @180°C  mg/L 10 N/A 600 6 25 to 228 600 210 to 846 850 
Suspended Solids (SS)  mg/L 5 N/A N/A <5 to 530 1000 8 to 180 1000 
Cations   
Calcium mg/L 1 N/A N/A <1 to 4 N/A 7 to 26 N/A 
Magnesium mg/L 1 N/A N/A <1 to 5 N/A 8 to 37 N/A 
Sodium mg/L 1 N/A N/A 4 to 38 N/A 62 to 230 N/A 
Potassium mg/L 1 N/A N/A <1 to 4 N/A 4 to 7 N/A 
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Anions   
Total Alkalinity as CaCO3  mg/L 1 N/A N/A <1 to 3 N/A <1 to 14 N/A 
Chloride  mg/L 1 N/A N/A 6 to 61 N/A 118 to 524 N/A 
Fluoride  mg/L 0.1 N/A 1.5 0.3 to 1.2 1.5 2 to 3.2 3.5 
Sulfate  mg/L 1 N/A 500 1 to 38 500 8 to 58 500 
Total Metals   
Arsenic mg/L 0.001 0.013 0.01 <0.001 to 0.004 0.01 <0.001 to 

0.002 
0.01 

Cadmium mg/L 0.0001 0.0002 0.002 <0.0001 to 
0.0009 

0.002 <0.0001 to 
0.0002 

0.002 

Chromium mg/L 0.001 0.001 4 0.05 4 <0.001 to 0.022 0.05 0.002 to 0.005 0.05 
Copper  mg/L 0.001 0.0014 2 <0.001 to 0.008 0.02 <0.001 to 

0.009 
0.02 

Lead  mg/L 0.001 0.0034 0.01 <0.001 to 0.007 0.01 <0.001 to 
0.003 

0.01 

Nickel  mg/L 0.001 0.011 0.02 0.001 to 0.006 0.02 0.004 to 0.012 0.02 
Zinc mg/L 0.005 0.008 3 6 0.025 to 0.188 0.5 0.008 to 0.092 0.5 
Iron mg/L 0.05 0.3 5 0.3 6 0.2 to 15.5 16 7.67 to 19 19 
Nutrients   
Nitrate as N  mg/L 0.01 0.7 50 <0.01 to 2.65 3 <0.01 to 0.09 3 
Nitrite as N  mg/L 0.01 N/A 3 <0.01 3 <0.01 3 
Nitrite + Nitrate as N  mg/L 0.01 N/A N/A <0.01 to 2.65 6 <0.01 to 0.09 6 
Total Kjeldahl Nitrogen as N  mg/L 0.1 N/A N/A 0.2 to 7.2 9 0.9 to 3.3 9 
Total Nitrogen as N  mg/L 0.1 0.5 3 N/A 0.2 to 8.2 9 0.9 to 3.3 9 
Total Phosphorus as P  mg/L 0.01 0.05 3 N/A <0.01 to 0.15 0.5 <0.01 to 0.13 0.5 
Total Petroleum Hydrocarbons   
C6-C9 Fraction  µg/L 20 N/A N/A <20 <20 <20 <20 
C10-C14 Post Silica Gel Clean Up  µg/L 50 N/A N/A <50 <50 <50 to 70 <50 
C15-C28 Post Silica Gel Clean Up  µg/L 100 N/A N/A <100 to 120 <100 <100 to 550 <100 
C29-C36 Post Silica Gel Clean Up  µg/L 50 N/A N/A <50 to 60 <50 <50 to 270 <50 
C10-C36 Post Silica Gel Clean Up 
(sum)  

µg/L 50 N/A N/A <50 to 180 <50 <50 to 890 <50 

BTEX   
Benzene µg/L 1 950 1 <1 <1 <1 <1 
Toluene  µg/L 2 180 5 800 <2 <2 <2 <2 
Ethylbenzene  µg/L 2 80 5 300 <2 <2 <2 <2 
meta- & para-Xylene  µg/L 2 N/A N/A <2 <2 <2 <2 
ortho-Xylene  µg/L 2 350 N/A <2 <2 <2 <2 
Total Xylenes  µg/L 2 N/A 600 <2 <2 <2 <2 

Notes: 
1 ANZECC (2000) Fresh Water Ecosystem Trigger Values for 95% Species Protection 
2 NHMRC (2011) Drinking Water Guidelines (Health) 
3 Range of values for NSW lowland rivers 
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4 Chromium guidelines are for Chromium VI 
5 ANZECC Indicative Interim Working Level (IIWL) – Low Reliability Trigger Values 
6 NHMRC 2011 Drinking Water Guidelines (Aesthetic) 
LOR means laboratory limit of reporting 
N/A means not applicable – no guideline available 
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Part 2 – Hunter River and Pipeline Site (Coffey, 2013j) 
Analyte Units LOR Ecosystem 

Guidelines1 
Groundwater 
Baseline 
Results 
Range 
(2011/12) 

Adopted 
Groundwater 
Thresholds 

General Parameters       
Field pH  pH unit 0.1 7.0 to 8.5 2 5.1 to 7.3 5.0 to 8.0 
Electrical Conductivity @ 
25°C  

µS/cm 1 N/A 1220 to 12300 15000 

Total Dissolved Solids 
@180°C  

mg/L 10 N/A 776 to 5930 7000 

Suspended Solids (SS)  mg/L 5 N/A 27 to 8440 9000 
Cations       
Calcium mg/L 1 N/A 17 to 188 N/A 
Magnesium  mg/L 1 N/A 17 to 249 N/A 
Sodium mg/L 1 N/A 182 to 1850 N/A 
Potassium mg/L 1 N/A 8 to 89 N/A 
Anions       
Total Alkalinity as CaCO3  mg/L 1 N/A 292 to 863 N/A 
Chloride  mg/L 1 N/A 63 to 3400 N/A 
Fluoride  mg/L 0.1 N/A 0.2 to 1.1 1.5 
Sulfate  mg/L 1 N/A <2 to 511 N/A 
Dissolved Metals       
Arsenic mg/L 0.001 0.013 5 <0.001 to 0.018 0.02 

Cadmium  
mg/L 0.0001 0.0055 <0.0001 to 

0.0001 
0.0055 

Chromium mg/L 0.001 0.0044 3 <0.001 to 0.004 0.05 
Copper  mg/L 0.001 0.0013 <0.001 to 0.014 0.02 
Lead  mg/L 0.001 0.0044 <0.001 to 0.002 0.01 
Nickel  mg/L 0.001 0.07 0.001 to 0.008 0.07 
Zinc mg/L 0.005 0.015 <0.005 to 0.031 0.08 
Iron mg/L 0.05 0.3 4,5 <0.05 to 33 35 
Nutrients       
Nitrate as N  mg/L 0.01 0.7 <0.01 to 0.6 1 
Nitrite as N  mg/L 0.01 N/A <0.01 to 0.02 3 
Nitrite + Nitrate as N  mg/L 0.01 N/A <0.01 to 0.61 4 
Total Kjeldahl Nitrogen as N  mg/L 0.1 N/A 0.6 to 11.7 15 
Total Nitrogen as N  mg/L 0.1 0.3 2 0.9 to 11.7 15 
Total Phosphorus as P  mg/L 0.01 0.03 2 0.06 to 7.61 10 
Total Petroleum 
Hydrocarbons  
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C6 - C9 Fraction  µg/L 20 N/A <20 <20 
C10 - C14 Fraction  µg/L 50 N/A <50 to 100 <50 
C15 - C28 Fraction  µg/L 100 N/A <100 to 1040 <100 
C29 - C36 Fraction  µg/L 50 N/A <50 to 410 <50 
C10 - C36 Fraction (sum)  µg/L 50 N/A <50 to 1550 <50 
BTEX       
Benzene  µg/L 1 700 <1 <1 
Toluene  µg/L 2 180 4 <2 <2 
Ethylbenzene  µg/L 2 5 4 <2 <2 
meta- & para-Xylene  µg/L 2 N/A <2 <2 
ortho-Xylene  µg/L 2 350 4 <2 <2 

 
Notes: 
1 ANZECC (2000) Marine Water Ecosystem Trigger Values for 95% Species Protection 
2 Range of values for NSW estuaries 
3 Chromium guidelines are for Chromium VI 
4 ANZECC Indicative Interim Working Level (IIWL) – Low Reliability Trigger Values 
5 ANZECC (2000) Fresh Water Ecosystem Trigger Values for 95% Species Protection (no marine trigger value) 
LOR means laboratory limit of reporting 

N/A means not applicable – no guideline available 
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