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1. Introduction 

1.1 Project Description 
Dunmore Lakes Sand Project (DLSP) is a sand extraction operation owned and operated by Boral 

Resources (NSW) Pty Ltd, located on Tabbita Road, Dunmore (the site) within the Shellharbour Local 

Government Area. The site trades under the name of Dunmore Sand & Soil (DS&S) and covers an 

area of 88 hectares and is bound by the Princes Highway to the east and private property, 

predominantly agricultural grazing land, to the south, north and west.  See Figure 1 below. 

 

Figure 1 Dunmore Lakes Sand Project Site Location 

Operation of DLSP involves the sequential dredging and excavation of approximately eight million 

tonnes of sand and soil from Stage 2, 3 & 4. The method of extraction includes both sand and soil 

extraction by excavator and dredge, followed by washing, processing and material blending. 
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Upon the completion of sand extraction, the ponds areprogressively backfilled with virgin excavated 

natural materials (VENM) to create landforms for rehabilitation in accordance with the final 

approved landform concept plan. The reconstructed landform will ultimately support lakes, wetlands 

and revegetated Endangered Ecological Communities. 

1.2 Objectives 
This Water Management Plan aims to consolidate all the monitoring, management and reporting 

actions relating to water quality from the development consent (DA 195-8-2004) and environment 

protection licence requirements (EPL 11147) of the DLSP into one document.   

The management actions detailed within remain largely the same as originally described within the 

EMP. This document primarily aims to incorporate the data from monitoring since the original plan 

and to inform current and future management decisions.  

1.3 Responsibility and Implementation 
The Quarry Manager carries ultimate responsibility for the implementation of the Water 

Management Plan and providing the necessary resources required for its implementation. During all 

stages of the Dunmore Lakes Sand Project, the Quarry Manager will have overall responsibility for 

ensuring contractors, employees and service providers comply with all laws, regulations, licences, 

approvals and conditions of DA 195-8-2004. 

The site Environmental Co-ordinator is responsible for carrying out the monitoring and reporting 

requirements of this plan. They are also responsible for responding to exceedances and co-

ordinating the management response actions to these exceedances detailed in this plan. 

Operation personnel (Quarry Supervisors) are responsible adjusting quarry operations as 

appropriate to minimise or preferentially eliminate impacts on neighbouring waterbodies and/or 

neighbours. Other site personnel are to report any environmental incidents or hazards they observe 

which could affect water quality on the site to the shift supervisors and/or Quarry Manager. 

1.4 Alignment with Other Plans 
This document updates the Water Management Plan prepared by R. W. Corkery & Co for  Stages 2, 3 

and 4 of the Dunmore Lakes Sand Project which was a chapter in the site Environmental 

Management Plan (EMP) (R. W. Corkery & Co, 2006).   
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The groundwater monitoring program for the site has been prepared by Environmental Earth 

Sciences Pty Ltd (EES) which is part of the Groundwater Monitoring and Management Plan (GMMP) 

which is provided in Appendix B. 

A number of other management plans apply to the site which informs the Water Management Plan. 

These are: 

 Rehabilitation Management Plan: This plan outlines the Riparian Area Management Plan 

which specifies works undertaken to tributaries described in the Water Management Plan. It 

also describes how the constructed landforms and remaining lakes will be progressively 

rehabilitated. 

 Waste Management Plan: This plan describes the acceptance, verification procedures and 

monitoring of waterbodies after the placement of Virgin Extracted Natural Materials (VENM) 

and Potential Acid Sulphate Soils (PASS). 

2. Relevant Legislation 
Key environmental legislation that relates to this WMP includes: 

 Environmental Planning and Assessment Act 1979 (EP&A Act) 

 Environmental Planning and Assessment Regulation 2000 (EPA Reg) 

 Water Management Act 2000 (WMA) 

 Water Act 1912 (Water Act) 

 Protection of the Environment Operations Act 1997 (POEO Act). 

2.1 Development Consent  
Development consent for Stages 2, 3 and 4 of the Dunmore Lakes Sand Project was issued by the 

Minister for Infrastructure and Planning on 29 June 2005, and further modified in June 2016. This 

document outlines a list of consent conditions which must be complied with. Table 1 presents the 

CoA relevant to this plan and where they have been addressed. A copy of the Development Consent 

No. 195-8-2004 is available on the Boral Dunmore website 

https://www.boral.com.au/locations/boral-quarries-dunmore .  

https://www.boral.com.au/locations/boral-quarries-dunmore
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Table 1 Conditions of Approval Relevant to the Water Management Plan 

Condition Description Section(s) Addressed 

3 (22) Except as may be expressly provided by an Environment 
Protection Licence, the Applicant must comply with section 
120 of the Protection of the Environment Operations Act 
1997 during the carrying out of the development. 

Section 4.3 

3 (23) Except as may be expressly provided by an Environmental 
Protection Licence, the Applicant must ensure that the 
discharges from any licenced discharge point/s do not cause 
additional exceedances of the criteria in Table 6: 

Section 4.3 

3 (24) The Applicant must ensure that water quality in the dredge 
ponds and in groundwater comply with the water quality 
objectives in Table 7, or other such level as approved by the 
Secretary 

Section 4 

3 (25) The Applicant must ensure that any pond subject to 
dredging or backfilling, or containing turbid water due to 
recent dredging or backfilling, must be maintained and 
operated to prevent discharges of any turbid water (as 
defined in Tables 6 and 7) from these ponds 

Section 8 

3 (26) The Applicant must cease backfilling activities not less than 
12 hours prior to the commencement of overflow from any 
dredge pond. No backfilling must occur when the dredge 
ponds are overflowing. 

Section 7 

3 (27) The Applicant must ensure that the flood storage capacity of 
the site is no less than the pre-existing flood storage capacity 
at all stages of the development. Details of the available 
flood storage capacity must be reported in the Annual 
Review. 

Section 7 

3 (28) The access road entrance off Tabbita Road, processing and 
stockpile area, and the fines return pond(s) must be 
constructed and maintained so as to prevent inundation by 
floodwaters caused by the 1 in 100 year ARI flood level. Prior 
to the commissioning of the processing area, the Applicant 
must provide certification to the Secretary that this 
condition has been complied with. 

Section 7 

3 (29) Following the cessation of dredging and backfilling 
operations, the Applicant must commission a suitably 
qualified hydrologist to define the flood-related limits of the 
final landform. The flood study must be undertaken in 
consultation with the Department and Shellharbour Council, 
and to the satisfaction of the Secretary 

Section 7 

3 (30) Within 3 months of the date of this consent, the Applicant 
must prepare a Water Management Plan for the 
development, in consultation with DPI Water and the 
Department, and to the satisfaction of the Secretary. This 
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plan must be prepared by a qualified 
hydrogeologist/hydrologist and include: 
a) a Water Balance; 
b) an Erosion and Sediment Control Plan; 
c) a Surface Water Monitoring Program; 
d) a Ground Water Monitoring Program; and 
e) a Surface and Ground Water Response Plan, to address 
any potential adverse impacts associated with the 
development. 

 
 
Section 6 
Section 8 
Section 4 
Section5/Appendix B 
Section 9, Section 10 

3 (31) The Water Balance must: 
a) include details of all water extracted and used by the 
development; and 
b) provide for the reporting of annual water extraction and 
maximum instantaneous pumping rates to the Department 
in accordance with the licence under the Water Act 1912. 

 
Section 6.1 
 
Section 6.2 

3(32) The Erosion and Sediment Control Plan must: 
a) be consistent with the requirements of the Department of 
Housing’s Managing Urban Stormwater: Soils and 
Construction manual; 
b) identify activities that could cause soil erosion and 
generate sediment; 
c) describe measures to minimise soil erosion and the 
potential for the transport of sediment to downstream 
waters; 
d) describe the location, function, and capacity of erosion 
and sediment control structures; and 
e) describe what measures would be implemented to 
maintain the structures over time. 

 
Section 8 
 
 
Section 8.1 
 
Section 8.2 
 
 
Section 8.3 
 
Section 8.4 

3 (33) The Surface Water Monitoring Program must include: 
a) detailed baseline data on surface water flows and quality 
in all waterbodies and wetlands within the site; 
b) surface water impact assessment criteria; 
c) a program to monitor surface water flows and quality; 
d) a program to monitor bank and bed stability; 
e) a protocol for the investigation, notification and 
mitigation of identified exceedances of the surface water 
impact assessment criteria; and 
f) a program to monitor the effectiveness of the Erosion and 
Sediment Control Plan. 

 
Section 4.1 
 
Section 4.2,4.3 
Section 4.4 
Section 8 
Section 9 
 
 
Section 8 

3 (34) The Ground Water Monitoring Program must include: 
a) detailed baseline data on ground water levels, flows and 
quality, based on statistical analysis; 
b) ground water impact assessment criteria; 
c) a program to monitor regional ground water levels and 
quality; 
d) a program to monitor ground water level effects on 
adjacent wetlands, vegetation, and on ground water supply 
to adjoining properties; and 
e) a protocol for the investigation, notification and 

(All in Appendix B) 
Section 4 
 
Section 8.1 
Section 5 
 
Section 5 
 
 
Section 8.2 
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mitigation of identified exceedances of the groundwater 
impact assessment criteria. 

3 (35) Each year, the Applicant must: 
a) review the Water Management Plan; 
b) update each sub-plan; and 
c) report the results of this review in the Annual Review, 
including: 
d) the results of monitoring; 
e) details of the review for each sub-plan; 
f) amendments to the sub-plans; and 
g) details of the measures undertaken/proposed to address 
any identified issues. 

Section 11 

4 (1)  As soon as practicable after obtaining monitoring results 
showing: 
a) an exceedance of any relevant criteria in Schedule 3, the 
Applicant must notify the affected landowners in writing of 
the exceedance, and provide regular monitoring results to 
each affected landowner until the development is again 
complying with the relevant criteria; and 

Section 9 

4 (2) If an owner of privately-owned land considers the 
development to be exceeding the relevant criteria in 
Schedule 3, then he/she may ask the Secretary in writing for 
an independent review of the impacts of the development 
on his/her land. 

Section 9 

4 (3) If the Secretary is satisfied that an independent review is 
warranted, then within 2 months of the Secretary’s decision 
the Applicant must: 
a) commission a suitably qualified, experienced and 
independent person, whose appointment has been 
approved by the Secretary, to: 
• consult with the landowner to determine his/her concerns; 
• conduct monitoring to determine whether the 
development is complying with the relevant criteria in 
Schedule 3; and 
• if the development is not complying with these criteria 
then identify measures that could be implemented to ensure 
compliance with the relevant criteria; and 
b) give the Secretary and landowner a copy of the 
independent review. 

Section 9 

5 (2) The Applicant must ensure that the Management Plans 
required under this consent are prepared in accordance with 
any relevant guidelines, and include: 
a) detailed baseline data; 
b) a description of: 
• the relevant statutory requirements (including any 
relevant approval, licence or lease conditions); 
• any relevant limits or performance measures/criteria; and 
• the specific performance indicators that are proposed to 
be used to judge the performance of, or guide the 

Entire Document 
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implementation of, the development or any management 
measures; 
c) a description of the measures that would be implemented 
to comply with the relevant statutory requirements, limits, 
or performance measures/criteria; 
d) a program to monitor and report on the: 
• impacts and environmental performance of the 
development; and 
• effectiveness of any management measures (see (c) 
above); 
e) a contingency plan to manage any unpredicted impacts 
and their consequences; 
f) a program to investigate and implement ways to improve 
the environmental performance of the development over 
time; 
g) a protocol for managing and reporting any: 
• incidents; 
• complaints; 
• non-compliances with statutory requirements; and 
• exceedances of the impact assessment criteria and/or 
performance criteria; and 
h) a protocol for periodic review of the plan. 
Note: The Secretary may waive some of these requirements 
if they are unnecessary or unwarranted for particular 
management plans. 

5 (3) To ensure the strategies, plans or programs under this 
consent are updated on a regular basis, and that they 
incorporate any appropriate mitigation measures to improve 
the environmental performance of the development, the 
Applicant may at any time submit revised strategies, plans or 
programs to the Secretary for approval. With the agreement 
of the Secretary, the Applicant may also submit any strategy, 
plan or program required by this consent on a staged basis. 
With the agreement of the Secretary, the Applicant may 
revise any strategy, plan or program approved under this 
consent without consulting with all the parties nominated 
under the applicable conditions of consent. 

Section 11 

5 (4) Within 3 months of the submission of an: 
a) incident report under condition 7 below; 
b) Annual Review under condition 9 below; 
c) audit report under condition 10 below; and 
d) any modifications to this consent, 
the Applicant must review, and if necessary revise, the 
strategies, plans, and programs required under this consent, 
to the satisfaction of the Secretary 

Section 11 
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2.2 EPL 11147 
The Environment Protection Authority (EPA) issues environment protection licences (EPLs) to the 

owners or operators of various industrial premises under the Protection of the Environment 

Operations Act 1997 (POEO Act). EPL 11147 can be found on the Boral website 

https://www.boral.com.au/our-commitment/environmental-reporting.  

2.3 Controlled Activity Approvals 
A Controlled Activity Approval (CAA) under the WMA 2000 is required prior to undertaking any 

works within 40 metres of Rocklow Creek or the Western, Northern and Eastern Tributaries, or any 

water feature connected to these protected waters. 

A CAA was issued to the project on 14 December 2015 for undertaking works on the Western 

Tributary. Realignment of the Western Tributary was undertaken in accordance with the CAA and 

with regard to the guidance provided in the Controlled activities on waterfront land – Guidelines for 

instream works on waterfront land (DPI Water, 2012). 

A further Controlled Activity Approval (10CX122266) was issued to the project on the 18 December 

2017. This approval was for undertaking works for the Stage 3 Extraction within 10 metres of 

Rocklow Creek.  

3. Catchment Overview 
This section provides an overview of the water catchment within which the DLSP lies.  

3.1 Land Use 
The site is characterised by existing sand extraction activities (i.e. in Stage 2) and agricultural land 

that has been predominantly cleared of native vegetation for the grazing of cattle. Land use in the 

surrounding locality includes: 

 Agricultural land to the north and south, primarily cattle grazing. 

 Commercial and industrial development, including Dunmore Hard Rock Quarry immediately 

to the west, Dunmore Resource and Recycling Facility in the east, and Holcim Australia’s 

Albion Park Quarry further to the north.  

 Residential development, including Dunmore Lakes Estate to the south, Shell Cove and 

Shellharbour to the north-east. Critical public infrastructure including the Princes Highway 

and the South Coast Rail Line are located to the east. 

https://www.boral.com.au/our-commitment/environmental-reporting
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 A wetland listed under State Environmental Planning Policy No 14 – Coastal Wetlands (SEPP 

14) (Coastal Wetland No 374a) is located downstream, on the eastern side of the Princes 

Highway. The north-western edge of the wetland is about 350 metres from the site. A 

number of other wetlands are present on the site, as described in Section 3.5, however 

these are upstream of the operational areas. 

3.2 Topography 
The site is located upon the Illawarra Coastal Plains and is characterised by low lying alluvial land 

(Cumberland Ecology 2010).  The site lies within an area of flat to gently inclined alluvial plains on 

the Illawarra coastal plain. Surrounding relief is generally less than 20 metres and slopes are 

generally less than 30%. The entire site is low-lying at approximately 1.5 metres to two metres AHD 

(R.W. Corkery & Co 2004).  

The site is subject to periodic inundation caused by flooding of Rocklow Creek and the Minnamurra 

River (Cumberland Ecology 2010). 

3.3 Climate 
Regional meteorological data has been sourced from the Bureau of Meteorology (2017) 

(www.bom.gov.au, verified 2 September 2016). Kiama (Bombo Headland) weather station, 

approximately 4.6 km from the Project Site. Mean maximum and minimum monthly temperatures 

and mean monthly rainfall recorded between 2001 and 2017 and are presented in Table 2. As no 

daily total evaporation data was available from the Kiama weather station, data from the Nowra 

RAN Air Station No. 068076 has been provided for comparison. 

Table 2 Local Climate Conditions 

 Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

 Max Temp (0C) 24.9 24.4 23.7 22.0 19.8 17.8 16.9 18.0 20.2 21.7 22.3 23.5 

Min Temp (0C) 18.7 18.7 17.7 15.6 13.1 11.5 9.9 10.6 12.1 13.9 15.6 17.1 

Rainfall (mm) 78.3 98.4 90.4 90.3 28.4 80.9 67.2 46.2 52.8 88.4 56.0 86.1 

Evaporation (mm) 208 160 143 117 93 84 96 127 144 174 180 211 

Notes: Red indicates annual maximum, Blue indicates annual minimum 
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Dunmore’s climate can be described as temperate with mild winters (average daily maximum 

temperature 6.9°C in July) and mild summers (average daily maximum temperature 24.9°C in 

January). Average annual rainfall recorded at Dunmore is about 1187 mm and the rainfall pattern 

has a late spring to summer dominant trend. Monthly total evaporation rates are larger than the 

average monthly rainfall and it is therefore during the times of more intense rainfall over late spring 

and summer that the potential for aquifer recharge or deep drainage of freshwater in the aquifer is 

the greatest. 

3.4 Drainage Network 

3.4.1 Upstream 
The site lies within the catchment of Rocklow Creek, a tributary of the Minnamurra River. Both the 

Minnamurra River catchment (120km2) and the Rocklow Creek catchment (21km2) originate from 

the Illawarra Range to the west of the site. 

The Stage 2 area is drained by a modified tributary of Rocklow Creek referred to as the “Western 

Tributary”. Drainage to this tributary originates from three sub-catchments within and beyond the 

Stage 2 area (see to Figure 2). The three sub-catchments are fed by the following tributaries: 

 Catchment A: Western Tributary 

 Catchment B: Northern Tributary 

 Catchment C: Eastern Tributary 

Table 3 lists the catchment areas of Catchments A, B or C, upstream from the Stage 2 boundary. The 

combined catchment upstream of Stage 2 is approximately 7 km2, where around one-third is 

forested. 

Table 3 Catchment Land Use 

 Catchment  A Catchment B Catchment C Total 

Forested Area % 51 38 12 34 

Cleared Area % 49 62 88 66 

Catchment Area (km2) 1.75 3.2 2.05 7.0 

Note: Catchment areas are calculated to upstream boundary of Stage 2. 

 



 

16 
 

3.4.2 Stage 2 
Stage 2 is largely drained by a modified tributary of Rocklow Creek, referred to as the Western 

Tributary. Currently, the Western and Northern tributaries drain into the Stage 2 Pond. The Eastern 

Tributary flows across the north-eastern corner of the Stage 2 area then runs in a southerly direction 

just outside the eastern boundary of the site (within the adjacent Roads and Maritime Services 

easement). Water from the Eastern Tributary also drains into the north-eastern wetland which 

periodically drains water into the Stage 2 pond. 

A valved discharge pipe transfers water from the Stage 2 pond into the secondary settling pond. 

Water is the transferred from the secondary settling pond into Stage 3. The intention of this transfer 

is to manage the water levels of the Stage 2 Pond and limit discharge offsite in overflow events. 

A drainage channel does exist which can discharge water under Tabbitta Road and into the re-

aligned Western Tributary for discharge off-site. At the entry of this drainage channel is a valved 

discharge pipe. This valved discharge pipe will remain closed to keep the Stage 2 pond offline, unless 

controlled discharge is required to mitigate flood capacity.  The details of the design of the realigned 

Western Tributary are described in Section 6.4.2 of the Rehabilitation Management Plan 

As the site is underlain by sand, rainfall and overland flow rapidly permeates into the ground, 

resulting in minimal surface water flow over the site. What little runoff there is within the site, 

including from the unsealed roads and processing area within the Stage 2 boundary, generally drains 

to the Stage 2 ponds where dilution occurs with clean water in the large Stage 2 lake prior to 

discharge from the site. 

3.4.3 Stage 3 
Stage 3 is drained by the lower reaches of the re-aligned Western Tributary and Rocklow Creek. The 

percentages of forested and cleared areas in the Rocklow Creek catchment are similar to those of 

the Western Tributary.  

During large rain events, stormwater originating from the Dunmore Hard Rock Quarry which exceeds 

the designed capacity can drain into Rocklow Creek to the west of the Stage 3 site operations via the 

Dunmore Quarry Lower Dam spillway. A perimeter bund restricts flow from Dunmore Hard Rock 

Quarry stockpile area entering Rocklow Creek in the vicinity of the DLSP operations. 
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3.4.4 Stage 4 
Stage 4 drains mainly towards Rocklow Creek. A small section drains towards the Western Tributary 

which flows beneath Tabbita Road immediately to the west of the entrance to the hard rock quarry. 

The drainage lines within the site are man-made drains cut into the cleared flat sandy plains. In 

contrast, the creek system downstream from the Princes Highway to the east is generally heavily 

vegetated with natural creek banks. 

In the longer term strategy of the site, operational ponds will accept the natural inflows from the 

western, northern and eastern tributaries (for Stage 2) and Rocklow Creek itself (for Stage 3). At this 

time, with the dredge pond approaching its maximum area, the impacts of turbid inflows (from 

upstream) would be negligible when compared with the volume of water in the dredge pond. The 

drainage flow of natural water ways and operational water through the various sections of the site is 

summarised below in Figure 2. 
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19 
 

Figure 2 Overview of Site Drainage 

 

3.5 Identified Water Bodies and Wetlands 
The waterbodies and wetlands contained within, or surrounding the DLSP as shown in Figure 2 are: 

 Western Tributary; 

 Northern Tributary; 

 Eastern Tributary; 

 North-eastern Wetland; 

 North-western Wetland; 

 Southern Wetland/Rocklow Creek Swamp; 

 Rocklow Creek (upstream of Rocklow Creek Swamp); 

 Man-made Rocklow Creek alignment; and 

 Rocklow Creek (downstream of Illawarra Railway Line) 

 Coastal Wetland No.374a (SEPP 14 Wetland) 

3.6 Flooding Behaviour 
Rocklow Creek joins the Minnamurra River approximately 1km downstream of the site. The 

confluence occurs in an area that is a tidal wetland classified under SEPP 14, and as a consequence, 

there is periodic tidal influence on the surface water flows of Rocklow Creek and its tributaries in the 

Stage 3 area. This tidal influence is less pronounced in Stage 2 which is located outside the SEPP 14 

classified tidal wetland area.  

As a consequence of the sandy substrate beneath the site, normal runoff from the identified 

catchments rapidly infiltrate into the ground allowing for minimal surface water flow over the site. 

Furthermore, the location of the site at the confluence point of two sub-catchments of the 

Minnamurra River and the presence of the groundwater table close to the natural surface (see 

Section 5), creates a very high potential for flooding. 

Back-up flooding (up Rocklow Creek) from the Minnamurra River catchment is the main cause of 

flooding on the site. Relevant studies indicate major floods occur in the Dunmore area at a 

frequency of at least once every 10 years. During these major floods, it will be expected that the site 

will be inundated in parts to a depth of 1.0m to 1.5m and remain inundated for a few days.  
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Peak tidal flows in Rocklow Creek and Minnamurra River influence both flooding levels on the site 

and the duration of inundation. The extent of inundation during future floods will depend upon the 

rate at which the floodwaters flow upstream through the culvert network beneath the upgraded 

Princes Highway. 

The culvert network for the North Kiama by-pass was designed and constructed to match the 

openings of the downstream railway embankment which was designed and constructed following a 

flood study completed by Webb McKeown (1989) – predicting a 1% Annual Exceedance Probability 

(AEP) flood level of up to 3.3m on Rocklow Creek. 

The culvert system would, therefore, not impact on local flooding regimes, which based on previous 

flood studies of Rocklow Creek, (including Webb McKeown 1989), are considered to approximate 

the following:  

 100 year Average Recurrence Interval (ARI): 3.6m AHD 

 20 year Average Recurrence Interval (ARI): 3.3m AHD 

 10 year Average Recurrence Interval (ARI): 3.2m AHD 

3.7 Tidal Effects on Water Quality 
The natural tidal flows from Minnamurra and Rocklow Creek have the potential for tidal saline 

inflows to affect groundwater quality of the southern section of the site. This is amplified by the 

presence of the groundwater table close to the natural surface. 

The EIS undertaken by R.W Corkery in 2004 states that Groundwater within the Stage 2 area and the 

northern half of Stage 3 is predominantly fresh water. Slightly brackish water (TDS > 2 500mg/L) is 

present beneath the southern side of Stage 3. 

Monitoring from EES since 2004 indicates that there is a tidal influence in groundwater bores 

adjacent to Rocklow Creek. This concept is explored more in Section 6 of the Groundwater 

Monitoring and Management Plan located in Appendix B.  

Despite this it is important to highlight that the natural features of the groundwater within Stage 3 

will affect surface water quality within the Stage 3 dredging operations as they move south. 

Section 14 of the WMP will discuss the implications of the observations initially highlighted in the EIS 

in 2004 which has been confirmed during the systematic monitoring of the site since 2004. 
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4 Surface Water Monitoring Program 
It is recognised that the operation of the Dunmore Lakes Sand Project has the potential, albeit 

limited, to impact on the quality and quantity of surface water on and surrounding the site. The aim 

of the Surface Water Monitoring Program (SWMP) is to assess the impacts of the development and 

to ensure any potential impacts of sand extraction and progressive rehabilitation on surface water 

and associated water systems are identified and mitigated.  

The SWMP also provides the data to determine the effectiveness of the Flooding and Stormwater 

Control Plan in Section 6 and the Erosion Control and Sediment Control Plan in Section 7. In addition, 

the SWMP allows for the identification of exceedances so that the Exceedance Protocol in Section 

8.2 can be enacted. 

The program has been developed following a review and analysis of the monitoring completed since 

2005 and in accordance with DA195-8-2004, specifically Condition 3(33) which is detailed in Section 

2.1. 

4.1 Baseline Surface Water Quality 
Surface water recharge from within the site catchment is the major contributor to local groundwater 

and therefore groundwater monitoring data provides an accurate indication of surface water quality. 

This notwithstanding, DS&S has conducted opportunistic monitoring of total dissolved solids (TDS) 

and turbidity at points on the Western and Northern Tributary of Rocklow Creek and Rocklow Creek 

itself at locations identified on Figure 3. Table 4presents a summary of the surface water quality 

monitoring (pH and electrical conductivity (EC)) undertaken until July 2005. 

Table 4 Baseline Water Quality at DW-9, DW-10, DW-11 and DW-12 

 DW-9 DW-10 DW-11 
(EPL 12) 

DW-12 
(EPL 11) 

Date pH EC 
(μS/cm) 

pH EC 
μS/cm 

TDS 
(mg/L) 

Turbidity 
(NTU) 

TDS 
(mg/L) 

Turbidity 
(NTU) 

11/08/03 8.26 547 7.45 853 - - - - 

28/08/03 7.86 907 7.83 737 - - - - 

01/10/03 - - 8.42 738 - - - - 

31/10/03 - - 7.42 1928 - - - - 

2/12/03 7.95 857 7.90 1528 - - - - 

30/12/03 7.65 934 7.50 1365 - - - - 

30/04/04 7.7 865 7.7 1176 - - - - 
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31/05/04 7.8 794 7.6 1267 - - - - 

28/06/04 7.6 998 7.6 904 - - - - 

30/07/04 7.5 576 7.7 287 - - - - 

30/08/04 7.6 630 7.5 278 - - - - 

29/09/04 7.6 635 7.5 318 - - - - 

28/10/04 7.7 548 7.4 342 - - - - 

29/11/04 7.5 683 7.4 481 - - - - 

22/12/04 7.5 634 7.3 467 - - - - 

31/01/05 7.4 569 7.4 378 - - - - 

01/03/05 7.3 546 7.5 358 - - - - 

30/03/05 7.5 634 7.3 398 - - - - 

28/04/05 7.3 598 7.4 324 - - - - 

31/05/05 7.5 627 7.5 315 - - - - 

29/06/05 7.3 623 7.3 375 - - - - 

01/07/05     119 8.6 412 142 

04/07/05     134 29.8 402 167 

06/07/05     368 17 354 4.6 

08/07/05     356 17.3 376 7.6 

Average 7.60 695 7.55 698 244 18 386 80 

ANZECC 
Guideline 

6.5-
8 

125-
2200 

6.5-
8 

125-
2200 

- 6-50 - 6-50 

 

4.2 Impact Assessment and Objectives 
Under most circumstances, all surface water runoff and storage at the Dunmore Lakes Sand Project 

will be contained on site. Consequently, the majority of surface water monitoring will be undertaken 

in the various natural and operational water bodies on site with monitoring sites also maintained 

where licensed discharge to Rocklow Creek occurs following heavy rainfall. 

The main objectives of the surface water monitoring program are to determine: 

 Whether surface water overflowing from the site complies with the relevant criteria; 

 Discharge from the site complies with the relevant criteria;  

 The quality of water contained in the various water bodies satisfies the nominated 

objectives. 

 Furthermore, the ongoing program of upstream monitoring will assist to understand the 

influence (if any) of site activities on water quality. 
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The conditions of DA 195-8-2004, draw the clear distinction between criteria that must be complied 

with for surface water flowing from the site and objectives for the various operational water bodies 

on site. 

4.3 Water Quality Compliance Criteria 
Water discharged from the site is not to exceed the criteria identified in Table 5 in compliance with 

Condition 3(23) of DA 195-8-2004. These limits apply to points DW-20a/b (Stage 2) and DW-21a/b 

(Stage 3). DW 20a/b monitors discharge from catchment drainage from Stage 2 and upstream. 

DW21a/b is to be monitored when Stage 3 approaches 40m of Rocklow Creek. This occurred on 

18/05/2017. Discharges occur from operational ponds on site during  flooding, and controlled 

discharge. 

Water Discharge Pollution Limits 

Table 5 Summary of Water Discharge Pollution Limits 

Pollutant Unit of Measure 100 Percentile Concentration Limit 

pH pH +/- 1.0 from background 

6.6-8.6 as of September 2018 

Total Suspended Solid (TSS) (mg/L) 50 

Source: DA 195-8-2004 – Table 6 

 

Water within the dredge ponds are to comply with the Water Quality Objectives described in 

Condition 3 (24) which are reproduced in Table 6 below. These objectives apply to the Stage 2 pond 

DW-14. Dredging ceased in the Stage 2 Pond in October 2016 and only backfilling operations are 

ongoing. The Stage 3 pond (DW-19) has been the active dredge pond since October 2016. 

Table 6 Water Quality Objectives 

Parameter Unit of Measure Water Quality Objectives 

Turbidity NTU 5-20 

pH pH 6.5 – 8.5 

Salinity µS/cm <1 500 

Dissolved oxygen mg/L >6 

Total phosphorus µg/L 5-50 
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Total nitrogen µg/L 100-500 

Chlorophyll-a µg/L 2-10 

Faecal coliforms Median No./100mL <1000 

Enterococci Median No./100mL <230 

Algae and blue-green algae No. cells/mL <15 000 

Sodium mg/L 400 

Potassium ion mg/L 50 

Magnesium ion mg/L 50 

Chloride ion mg/L 300 

Sulphate ion mg/L 250 

Bicarbonate ion mg/L 750 

Soluble Iron ion mg/L 6 

Ammonium ion mg/L 20 

Source: DA 195-8-2004 – Table 7  

 

The Department acknowledges that short term exceedances of these objectives may occur during 

natural events such as heavy rainfall or tidal saline water inflow. It is noted that Condition 3(24) 

provides for the nomination (and approval) of other water quality objectives throughout the life of 

the project. The need to seek a variation of any of the water quality objectives will be assessed once 

systematic monitoring of the various water bodies is underway. 

4.3.2 After Receiving PASS for Backfilling 
EPL 11147 includes a number of requirements, including water quality monitoring requirements, 

specifically relating to the disposal of Potential Acid Sulfate Soils (PASS) at the site. The water quality 

monitoring requirements include: 

 Monitoring pH daily during the placement of PASS into water  

 Monitoring pH daily for one month from the date the last load of PASS was placed 

underwater 

 Monitoring pH weekly at all other times  

 Groundwater monitoring including monitoring pH up and down gradient at least once per 

every 3 months and for a minimum of 1 year after the last load of PASS has been disposed 

of.  
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 The pH of the pond in which PASS is placed is to remain above 6.5 at all times. 

After a period of time with consultation with EPA and other associated agencies, DS&S will negotiate 

for the monitoring of the pond to cease if monitoring shows a consistent, stable pH above the 6.5 

threshold. 

There are strict receiving protocols for accepting VENM denoted as PASS. See the current Dunmore 

Lakes Sand Project Waste Management Plan and EPL 11147 for more details. As of September 2018, 

only the Stage 2 Pond has been subjected to backfilling with PASS. 

4.3.3 Other Surface Water Compliance Criteria 
One of the primary issues of concern regarding the operation of Stages 2, 3 and 4 of DLSP is the 

potential to damage the downstream wetland communities as a consequence of altered 

groundwater flow and surface water flooding patterns. 

Assessing impacts on water occurrence, flow and flooding will involve reviewing the effectiveness of 

water diversion works such as the Rocklow Creek realignment and determining whether water flows 

to downstream water bodies are decreased as a consequence of Stages 2, 3 and 4 of the Dunmore 

Lakes Sand Project. 

Impact assessment will be as follows: 

 There will be no alteration to tidal or flood flows outside natural fluctuation. 

 There will be no decline in the biodiversity of vegetative cover of upstream and downstream 

wetlands. 

4.4 Monitoring Sites, Location and Frequency 
Figure 3 shows all the past and future monitoring sites assigned during the life of the site. The site 

numbers have a prefix of DW (i.e. Dunmore Water). The Table 7 presents a summary of monitoring 

site locations.  
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Figure 3 Historical and Future Monitoring Points (Source: R.W Corkery & Co, 2006) 
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Table 7 Surface Water Monitoring Parameters and Frequency 

Purpose Location* Parameter to be Analysed Criteria or Goal Frequency 

Background Water 

Quality 

DW-9 

DW-10 

DW-11 (EPL 

12) 

DW-12 (EPL 

11) 

• pH 

• Total Suspended Solids (mg/L)  

• Electrical Conductivity (μs/cm) 

• Dissolved Oxygen (mg/L)  

• Turbidity (NTU)  

• NH4 (mg/L)  

• Total N as NO3 (mg/L) 

• Total P (μg/L) 

• SO4 (mg/L) 

• K (mg/L)  

• Mg (mg/L) 

• Soluble Fe (mg/L)  

• HCO3 - (mg/L) 

• Cl (mg/L)  

• Na (mg/L)  

• Faecal coliforms (Median 

No./100mlL 

• Chlorophyll-a (μg/L)  

• Enterococci (Median No./100mL)  

• Algae and blue-green algae 

(No.cells/mL)  

None 

(background 

reference only) 

 Monthly 

 

 Within 24 hours of 

20mm rainfall event 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Operational 

Compliance: 

Operational Pond 

Water Quality 

DW-14 

DW-15 

DW-19  

Water level (m AHD)_____________________ 

• pH._________________________________ 

• Total Suspended Solids (mg/L) ___________ 

• Electrical Conductivity (μs/cm)___________ 

• Dissolved Oxygen (mg/L)________________ 

• Turbidity (NTU)________________________ 

• NH4 (mg/L)___________________________ 

• Total N as NO3 (mg/L)__________________ 

• Total P (μg/L)_________________________ 

• SO4 (mg/L) ___________________________ 

• K (mg/L)_____________________________ 

• Mg (mg/L)____________________________ 

• Soluble Fe (mg/L)______________________ 

• HCO3 - (mg/L)________________________ 

• Cl (mg/L)_____________________________ 

• Na (mg/L)____________________________ 

• Faecal coliforms (Median 

No./100mL____________________________ 

• Chlorophyll-a (μg/L) ___________________ 

• Enterococci (Median No./100mL)_________ 

• Algae and blue-green algae (No.cells/mL) __ 

- 

6.5 to 8.5 

50 

<1 500 

>6 

5 – 20 

20 

100 – 500 

5-50 

400  

50 

50 

6  

750 

300 

400 

 

<1 000  

2 – 10 

<230 

<15 000 

 Monthly 

 

 Monthly monitoring 

for blue green algae 

and chlorophyll-a 

between November 

and April 

 

 Monthly 

measurements of 

water level in active 

dredge ponds and 

fines return pond. 
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Operation 

Compliance –After 

Receiving PASS for 

Backfilling  

Stage 2 

DW14 

Stage 3 

DW19 

• pH__________________________________ >6.5  Daily after last load of 

PASS recieved for one 

month 

 

 Weekly at all other 

times 

Operational 

Compliance: 

Surface Water 

Discharge 

DW-20a/b 

DW-21a/b 

• pH__________________________________ 

 

• Total Suspended Solids (mg/L)___________ 

+/- 1.0 from 

background 

50 

 Monthly when 

operating with 40m of 

on-site water body 

 

 Within 24 hours of 

20mm rainfall event 

 

 

*See figure xxx  and Table xxx for more details on monitoring site locations 

 

4.5 Summary of Water Quality Data 
Since commencement of operations at the site, Boral has conducted ongoing water quality 

monitoring. A summary of the available laboratory results from up-stream, operational ponds and 

discharge monitoring locations is provided in Table 8 to Table 13. The tables present minimum, 

maximum and average values.   

Averages do not present an indication of individual monitoring results and/or associated 

exceedances of EPL criteria. Information on exceedances is available in the Annual Reviews and 

Annual Reports compiled by Boral. The data presented in this section is used to inform the 

management actions and plans detailed in later sections of the WMP. 

Values shown in orange indicate where particular water quality parameters were outside of the 

Water Quality Objectives (CoA 3(24)).  Values shown in red indicate where water quality parameters 

were outside of the Discharge Pollution Limits stipulated in the CoA 3(23). 

DW-11 (EPL 12), DW-12 (EPL11) DW-14 (Stage 2 pond), DW-19 (Stage 3 Pond) and DW20a/b 

(EPL(Discharge via Western Tributary) and DW21a/b have been presented due to being the relevant 

operational compliance monitoring points. 

For clarity, only pH, Total Suspended Solid (TSS), turbidity and conductivity are presented in the 

following sections. Results presented are up to the last published Annual Review (end of June 2017). 



 

29 
 

Appendix A details the average laboratory results for surface water monitoring points. DW-9, DW-10 

and DW-13 present the water levels of water entering the Stage 2 Pond (DW-14). DW-16, DW-17 

and DW-18 describe the background data of water entering the vicinity of the Stage 3 Dredge Pond 

(DW-19) and discharges off site (DW-20a/b and DW21a/b). 

4.5.1 Background Water Quality 
Table 8 Upstream Water Quality DW-11 (EPL12) 

Date  
pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2006-2007 - - - 1 201 32 2 12 7 761 913 837 

2007-2008 - - - 3 56 30 2 160 44 258 258 258 

2008-2009 - - - 0 2 1 - - - 1025 1035 1030 

2009-2010 7.1 7.5 7.3 6 16 9 7 90 36 692 1064 888 

2010-2011 6.5 8.9 7.5 1 125 15 1 200 35 342 1015 682 

2011-2012 6.8 8.5 7.2 0 38 12 1 75 29 331 882 564 

2012-2013 7.1 7.6 7.4 2 77 13 3 130 32 284 798 594 

2013-2014 7.5 7.8 7.6 3 92 20 6 240 72 453 831 605 

2014-2015 6.7 8.3 7.6 1 63 14 2 100 26 77 1025 646 

2015-2016 7.2 8.3 7.8 1 42 15 4 19 11 321 827 619 

2016-2017 7 8.3 7.8 2 313 47 3 380 76 167 821 623 

 

Upstream inflows are subject to impacts from land uses such as agriculture and quarry discharges 

not associated with Boral. Inflows upstream at DW-11 are irregular and typically occur during high 

rainfall events. Inflows from DW-11 have the potential to transport water with turbidity values 

outside the Water Quality Objectives denoted in 3(24) into the site boundary at Stage 2.  

There are no compliance criteria applicable to DW-11; the monitoring undertaken at this point is 

used as background data by Boral to establish the impacts of land use upstream of the site. 

Table 9 Upstream Water Quality DW-12 (EPL 11) 

Date 
pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2006-2007 - - - 0 30 9 2 13 7 755 909 832 

2007-2008 - - - 2 35 24 3 10 6 - - - 

2008-2009 - - - - - - - - - - - - 

2009-2010 - - - - - - - - - - - - 
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2010-2011 5.9 6.6 6.2 0 3 2 3 22 9 202 314 259 

2011-2012 6 6.3 6.2 0 2 2 9 15 14 202 239 220 

2012-2013 6.2 6.5 6.4 1 18 4 1 27 9 170 335 249 

2013-2014 6.4 7.1 6.6 0 66 23 8 24 14 180 305 213 

2014-2015 6.4 7 6.7 1 13 5 5 26 13 203 236 217 

2015-2016 6.5 6.6 6.6 0 2 1 7 7 7 250 421 336 

2016-2017 6.4 7.4 6.9 2 1108 162 8 950 479 242 242 242 

 

Upstream inflows are subject to impacts from land uses such as agriculture and quarry discharge not 

associated with Boral. Inflows upstream at DW-12 are irregular and typically occur during high 

rainfall events. Upstream inflows from DW-12 has are generally have lower turbidity and lower pH 

than DW-11. There was an outlier result on the 07/06/2017 which heavily skewed results for this 

period. 

There are no compliance criteria applicable to DW-12, the monitoring undertaken at this point is 

used as background date by Boral to establish the impacts of land use upstream of the site. 

4.5.2 Operational Water Quality 
 

Table 10 Operation Water Quality Stage 2 Pond DW-14 

Date 
pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2006-2007 N/A N/A N/A 61 61 61 28 28 28 N/A N/A N/A 

2007-2008 N/A N/A N/A 21 2278 307 20 5590 570 1859 2760 2310 

2008-2009 N/A N/A N/A 2 208 50 8 95 42 2130 3210 2608 

2009-2010 7.4 8.2 7.8 6 76 28 8 75 33 2680 3000 2833 

2010-2011 6.8 8.1 7.6 3 60 22 6 75 28 923 2640 1912 

2011-2012 7 7.9 7.7 1 24 10 6 95 31 680 1187 966 

2012-2013 7.8 8.6 8.1 0 54 18 13 45 29 917 1187 1071 

2013-2014 7 8.5 8.1 5 42 20 23 60 36 315 1049 843 

2014-2015 7.8 8.3 8.1 15 49 30 7 65 44 553 1097 874 

2015-2016 7.7 8.7 8.1 10 53 30 14 80 47 319 682 534 

2016-2017 7.9 8.4 8.1 5 44 22 12 95 42 374 667 537 
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Discharge limits for TSS do not apply to water quality in the dredge ponds and are presented for 

demonstrative purposes only. Typically pH values are within the specified values with only very 

sporadic and minor exceedances.  

Typically values for turbidity are above Water Quality Objectives. There was a large outlier value on 

30/11/07 which caused a large skew in 2007-08 results. Upstream water quality flowing in to site 

from DW-11 and in some cases DW-12 also above the turbidity thresholds described in the Water 

Quality Objectives. 

Conductivity was above WQO until 2011 and then fell below the conductivity values in the WQO. 

The drop in conductivity is likely attributed to fresh surface water with low conductivity flowing in 

from the Western (DW-13) Northern (DW-10) and Eastern tributary (DW-9) after the Stage 2 pond 

was sufficiently sized to accept these inflows. The data for these points is presented in Appendix A. 

 

Table 11 Operational Water Quality Stage 3 Dredge Pond DW-19 

Date pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2016-2017 7.2 8.0 7.6 8 49 28 8 60 32 525 2390 1377 

 

pH is within WQO stated in Condition 3 (24). TSS limits only apply to discharge and as such do not 

apply to the Stage 3 dredge pond and are only presented for demonstrative purposes.  Turbidity 

values are above Water Quality Objectives within Condition 3 (24). 

The average conductivity of the Stage 3 Pond is below Water Quality Objectives described in 

Condition 3 (24). Early stages of sand extraction in Stage 3 were mostly to the north of the site and 

by excavation. As dredging continues south in 2017-18 and beyond it is expected that the brackish 

nature of the groundwater and tidal inflow described in Section 3.7 will increase conductivity levels 

above the Water Quality Objectives. 

Boral will need to initiate discussions with the secretary about modification of the WQO as per the 

Condition 3(24) terms once sufficient data confirming this prediction is present. This concept is 

explored in greater detail in Section 14 of the WMP and in the 2017-18 Annual Review. 
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4.5.3 Discharge Water Quality 
Table 12 Discharge Water Quality Western Tributary DW20a/b 

Date pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2006-2007 6.5 8.1  15 33 24 23 23 23 N/A N/A N/A 

2007-2008 N/A N/A N/A 3 3 3 7 10 9 587 598 593 

2008-2009 N/A N/A N/A 2 281 65 6 70 25 787 25900 4778 

2009-2010 6.1 7.1 6.7 6 143 37 3 75 22 843 29100 7268 

2010-2011 6.2 6.9 6.6 2 30 10 3 60 13 152 838 485 

2011-2012 6.5 7.3 6.9 0 94 13 2 100 15 135 847 524 

2012-2013 5.2 7.9 6.7 3 91 21 3 60 20 269 18000 1606 

2013-2014 7.0 7.4 7.3 3 92 19 7 50 21 341 735 534 

2014-2015 7.1 7.8 7.3 3 22 19 7 28 21 491 1306 534 

2015-2016 6.9 8.0 6.9 14 60 14 9 70 26 387 17450 387 

2016-2017 7.4 8.0 7.7 4 63 24 6 85 38 447 1860 661 

 

On 08/09/2016 the Western Tributary was re-aligned and the monitoring point went from 20a 

(Culvert 4) to 20b (Culvert 3). Prior to Stage 3 operations in October 2016, the vicinity of DW20a/b 

was used for agriculture and was impacted by livestock and farming practices.  

Since the area was closed off to farming there were no exceedances of the Pollution Discharge Limits 

for pH.  Exceedances for TSS are very sporadic and restricted to one high rain event on 17/12/2015 

and a special sample taken after the construction of the re-aligned Western Tributary on 22/09/2016 

from which no discharge occurred off-site. Further details can be found in the associated Annual 

Reviews located on the Boral Website. 

Conductivity and turbidity limits from the Water Quality Objectives do not apply to discharge point 

DW20a/b and are shown for demonstrative purposes only. 

Table 13 Discharge Water Quality Rocklow Creek DW21a/b 

Date 
pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

Min Max Mean Min Max Mean Min Max Mean Min Max Mean 

2016-2017 7.1 8 7.4 5.6 41 19.7 8.9 27 15 1990 14320 4674 

 



 

33 
 

Monitoring at DW21a began in 18/05/2017 as operation expanded to within 40m of the man-made 

channel.  DW21a is the current location of the point into Culvert 2. As of September 2018, this area 

is still open for agriculture and is impacts by livestock and farming practices. It also impacted by the 

saline groundwater within the southern section of Stage 3 and tidal inflows of Rocklow Creek  as 

described in Section 3.7.  

pH and TSS limits are within Discharge Pollution Limits detailed in Condition 3 (23) and conductivity 

and turbidity thresholds described in the Water Quality Objectives in Condition 3(24) do not apply 

for discharge points and are shown for demonstrative purposes only. 

5 Groundwater Monitoring Program 
Environmental Earth Science NSW (EES) were commissioned to prepare a Groundwater Monitoring 

and Management Plan (GMMP). The GMMP is to be a sub-plan to the Water Management Plan 

(WPM) prepared in accordance with Schedule 3(34) for Development Consent DA 195-8-2004 and is 

located in its entirety in Appendix B. 

6 Site Water Balance 
Due to the restricted nature of potable water use on the site1, the water balance focuses on the 

water supply requirements associated with the major uses (dust suppression, water used during 

sand processing and water exported in sand products). 

6.1 Water Supply 
Water is used for dust suppression and sand processing and is sourced from the fines pond and 

dredge pond under a groundwater Water Access Licence (WAL24477) issued under the Water 

Management Act 2000. The licence permits the taking of 65ML of water from the Sydney Basin 

South Groundwater Source and is subject to a number of conditions. Associated ‘work approvals’ 

include 10WA106713 and 10WA106714.  

Surface water enters the site ponds from the Western Eastern and Northern Tributaries and flows 

out of the ponds back into the re-aligned Western Tributary. The influence of surface water on the 

                                                           

1
 Potable water is only used in the amenities block in the main office which accommodates approximately four 

full-time staff and is used by operators and contractors intermittently each day. 
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site water balance is therefore considered to be neutral. Water extracted from the ponds is 

measured and considered in relation to the applicable groundwater licence. 

6.2 Site Water Extraction and Use 

6.2.1 Dust Suppression 
Water for dust suppression is extracted from the fines pond by a pump. The pumping rate is 

estimated to be approximately 80 L/second. The quantity of water required for dust suppression 

varies depending on the operational stage and the number of rain days experienced at the site. 

Based on operations within Stage 3 in 2017, it was anticipated that approximately five 30,000L 

tanker loads of water would be used on non-rain days.  There are approximately 200 no-rain days 

per year at this location and therefore the water required for dust suppression is estimated to be 

approximately 30 ML per year 

6.2.2 Water Exported in Sand Products 
Water is extracted with the sand during dredging operations, with additional water added to this 

during processing. Pumping rates and volumes are shown in Table 14. Most of this water returns via 

overland flow to the fines return pond (i.e. flows back into the system) and these volumes are 

reported for information only. However, some residual water is exported from the site along with 

the sand product (approximately 8% of exported sand product by weight is water). The exported 

water volumes are estimated in Table 15 and based on 2017 production rates is estimated to be 

32.12 ML/year. 

Table 14 Water Used in Sand Products 

Processing Steps Pumping Rate (L/s) Water Required (ML/12hr day) 

Dredge pump (combined water and sand) 250 10.8 

Pump to sand wash bin for dust washing 150 6.5 

Pump for oversize screen sprayers 50 2.2 

Total N/A 19.5 
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Table 15 Estimated Water in Exported Sand Products 

Product Production (t) Moisture Content (%) Water use (ML) 

FY13 Fine Sand 254 000 8 20.32 

FY14 Fine Sand 365 000 8 29.2 

FY15 Fine Sand 309 000 8 24.72 

FY16 Fine Sand 424 000 8 33.92 

FY17 Fine Sand 401 582 8 32.12 

 

6.2.3 Off-site Discharges 
Discharges occur from the site when the ponds overflow during high rainfall events, which are not 

measured and outside of the scope of the water balance. 

6.3 Water Balance Calculation 
Based on the water used for dust suppression (30 ML/year) and the water exported in sand products 

(32.12 ML/year), the total water demand is 62.12 ML/year2 . This volume is nearing the water 

extraction licence limit of 65 ML/year and Boral will consider the need to increase the licence limit. 

The water balance will be calculated each year and presented in the Annual Review. 

 
 

 

 

7 Stormwater and Flooding Control Plan 

7.1 Stormwater Management Phases 
DS&S recognises three separate phases of stormwater management for the Dunmore Lakes Sand 

Project. 

                                                           

2
 Note that the water used in sand processing either returns to the fines pond (i.e. no net loss) or is exported in 

sand products (accounted for as part of the water balance). 
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 Early extraction stages within Stages 2 and 3 (2C, 2B, 2D and 3B1). 

 Longer-term extraction within Stages 2 and 3 (remaining stages). 

 Within the final landform. 

As of September 2018, the site is currently in the longer-term extraction stage.  

7.1.2 Early Extraction Stages Stormwater Management 
Operational ponds, ie. active dredge ponds and fines ponds, will be maintained “off-line” where “off-

line” refers to the situation where natural drainage lines of the site will not enter these ponds, ie. 

there will be no discharge to natural drainage lines. 

7.1.3 Longer Term Extraction Stormwater Management 
In the longer term, the operational ponds will accept natural in-flows from the western and northern 

tributaries of Rocklow Creek, and Rocklow Creek itself. At this time, and with the dredge pond 

approaching its maximum area, the impacts of any turbid inflows (from upstream) would be 

negligible as the inflow would be negligible when compared with the volume of water in the dredge 

pond. 

7.1.4 Final Landform Stormwater Management 
The natural flows of Rocklow Creek and its tributaries will be directed to the lakes of the final 

landform. This water will be discharged to the continuance of Rocklow Creek after settling within 

these lakes. 

7.2 Stormwater Management Control 
To manage stormwater such that downstream water quality is not adversely affected, DS&S will 

implement the following controls.  

When on-line operational ponds are overflowing, backfilling operations will cease, in compliance 

with Condition 3(25). 

DS&S will cease backfilling operations in the event water levels reduce freeboard in the operational 

ponds to a level 30cm below the overflow level. This will assist in complying with Condition 3(26) 

which requires backfilling operations to cease at least 12 hours prior to the commencement of 

overflow. 
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7.3 Flood Controls 
This sub-section has been prepared to ensure compliance with Conditions 3(27), 3(28) and 3(29) of 

DA 195-8-2004. 

 Condition 3(27): This will be achieved by ensuring that the volume created between the 

existing ground level and the water level in the created lakes exceeds the volume of land 

created above the existing ground level. Topographic surveys will be conducted throughout 

the life of the project which could be used to demonstrate the extent of flood storage 

capacity on the site. 

 Condition 3(28): Bewsher (2004) identified the 1 in 100 year flood level to be 3.6m AHD. As 

such, the access road entrance onto the processing and stockpile area and confining bunds 

for the fines return pond(s) will all be constructed above 3.6m AHD. Each constructed facility 

or structure will be surveyed on completion to confirm the constructed elevation. The 

Secretary will subsequently be informed of these site surveys once they are completed. 

 Condition 3(29):  As specified by the condition, prior to the cessation of dredging and 

backfilling operations, DS&S will commission a qualified hydrologist to prepare a flood study 

of the final landform. The Department of Planning and Shellharbour City Council will be 

consulted during the preparation of the study which will focus on defining the flood related 

limits of the final landform. The endorsement of the Secretary will be obtained prior to 

cessation of activities on the site. 

 

 

 

8 Erosion and Sediment Control Plan 
Erosion on the site of the Dunmore Lakes Sand Project is unlikely to be a major issue given the flat 

topography, minimal surface water flows onto or off the site and the moist nature of material 

extracted and stockpiled. Similarly, while the potential exists for sediment to be transported from 

the site, this is unlikely to happen given the preference of DS&S to maintain the active ponds “off-

line” along with the adoption of those controls identified in Section 6 Stormwater and Flooding 

Control Plan. 
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Notwithstanding the low potential for erosion and/or sedimentation, and in accordance with 

Condition 4(32), the Erosion and Sediment Control Plan (ESCP) has been prepared generally 

consistent with the requirements of the Department of Housing’s Managing Urban Stormwater: Soils 

and Construction Manual (DoH 2004). 

An Erosion and Sediment Control Checklist forms a section of the Site Monthly Checklist. The ESCC is 

undertaken weekly and after 20mm of rain within a 24 hour period. If a corrective action is required 

from these inspections it is entered into the Site Incident Management System (SIMS) for correction.  

A copy of this inspection is found in Appendix C 

8.1 Sources of Erosion and Sedimentation 
Runoff from the two upstream catchments (Stage 2 area) and from Rocklow Creek (Stage 3 area) will 

continue to flow into the site throughout the life of the project and beyond. Flood waters will also 

back up from Rocklow Creek resulting in the inundation of the site. The major potential sources of 

erosion and transport of sediment on the site will therefore be: 

 uncontrolled surface water run-on to the site from the upstream catchments; 

 discharge from dredge ponds in the case of an overflow; 

 inundation of surface water over disturbed areas as a result of floodwaters backed up 

from Rocklow Creek; and 

 wave erosion on banks of operational ponds and lakes of final landforms. 

Other potential sources of erosion and sedimentation include: 

 surface water runoff from the processing and product stockpile areas; 

 discharges of water at erosive velocities; and 

 runoff from roads at erosive velocities. 

 Elevated winds may also result in erosion from exposed surfaces 

8.2 Erosion and Sediment Control Management 
Based on the major potential sources of erosion and sedimentation on the site, erosion and 

sediment control management will be primarily focussed on: 

 controlling run-on from upstream catchments onto the site; 

 controlling the inundation of backed-up flood waters from Rocklow Creek; 
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 managing the discharge / overflow of surface water from the site; and 

 stabilising the banks of operational ponds and lakes of the final landform. 

An erosion and sediment control checklist is completed fortnightly or after a 20mm rain event by the 

Environmental Co-ordinator.  This checklist ensures personnel are vigilant and are actively 

implementing measures to reduce erosion. This ESC is displayed in Appendix XXX 

8.3 Erosion and Sediment Control Structures 
The primary erosion and sediment control structures to be used on site are as follows: 

 The constructed 3.7m high perimeter bund around the active fines return pond and 

processing area. If necessary, external surfaces of bunds will be vegetated to avoid sediment 

runoff. 

 The re-instated natural alignment of Rocklow Creek. 

 The constructed discharge points for overflowing surface water from Stage 2 and Stage 3. 

 Scour protection for surface water in-flows (if required). 

 Silt-stop fencing will be installed as required, especially during the construction phase, to 

assist in reducing the suspended sediment level of surface water flows from road 

construction and other areas of activity. 

8.4 Management of Erosion and Sediment Control Structures 
The constructed erosion and sediment control structures will be inspected quarterly (or following 

heavy rains or flood events) with their general condition, along with any maintenance requirements 

recorded. It is the responsibility of the Quarry Manager to ensure that these inspections occur and 

that the requested maintenance (of the Quarry Manager) is undertaken. 

Maintenance may include actions such as: 

 filling erosion channels; 

 installing scour protection to surface water inflow points; 

 erecting silt-stop fencing; or 

 repairing damage to bund walls or discharge points. 

Details of inspections undertaken and maintenance works performed will be included in the relevant 

section of each Annual Review. 
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9 Surface Water Response Plan 

9.1 Surface Water Trigger Levels 
On identification of an exceedance of the impact assessment criteria presented in Section 3.3.1, the 

exceedance protocol in Section 8.2 will be followed. The Surface Water Trigger Levels are taken off 

the default Water Quality Objectives presented in Table 6 and the Pollution Discharge 

9.2 Exceedance Protocol 
On identification of an exceedance of the impact assessment criteria presented in Section XXX, the 

following protocol will be followed. 

Step 1: Confirmation of Exceedance 

The analysing laboratory will be contacted to ensure no error has been made in storing, analysing or 

recording the sample or result. Should this investigation conclude the treatment, analysis and result 

recording for the sample are satisfactory, DS&S will proceed to the notification step of the protocol. 

Step 2: Notification of exceedance 

In the case where the nominated criteria contained within Schedule 3 of DA195-8-2004 or EPL11147 

is exceeded, the Environment Co-ordinator will notify the Secretary, EPA and NRAR and relevant 

agencies, and affected land owners within 7 day of confirmation as to the nature of the exceedance. 

An exceedance of a compliance criteria value will require the preparation of a corrective action plan. 

Step 3: Corrective Action 

(a) A sample from the monitoring site from which the exceedance was recorded will be re-sampled 

where possible3 and re-assessed to confirm an exceedance of criteria. A compliant result following 

reassessment will be considered a sufficient response, however, the monitoring point and 

parameter will be noted for reference in the event a future exceedance is recorded. A second non-

compliant result will require further corrective actions (see 3(b)). 

(b) DS&S will prepare a corrective action plan to return the component of the overall operation to 

compliance. Preparation of the action plan may require the assistance of a specialist consultant in 

                                                           

3
 In the case of surface water discharge, this may not be possible due to the temporary nature of water 

discharge. 
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the relevant field. Details regarding the preparation of the corrective action plan will be included in 

the relevant Annual Review and EPL Annual Return and to the DPE prior to implementation, if 

requested. 

Step 4: Independent Review 

If an owner of privately-owned land considers the development to be exceeding the relevant criteria 

in Schedule 3, then he/she may ask the Secretary in writing for an independent review of the 

impacts of the development on his/her land. 

If the Secretary is satisfied that an independent review is warranted, then within 2 months of the 

Secretary’s decision then DSS will: 

(a) commission a suitably qualified, experienced and independent person, whose appointment has 

been approved by the Secretary, to: 

 consult with the landowner to determine his/her concerns; 

 conduct monitoring to determine whether the development is complying with the 

relevant criteria in Schedule 3; and 

 if the development is not complying with these criteria then identify measures that 

could be implemented to ensure compliance with the relevant criteria; and 

(b) give the Secretary and landowner a copy of the independent review. 

(c) If the independent review determines that the quarrying operations are complying with the 

relevant criteria in schedule 3, then DS&S may discontinue the independent review with the 

approval of the Director-General. 

(d) If the independent review determines that the quarrying operations are not complying with the 

relevant criteria in schedule 3, then DS&S will: 

i. prepare a corrective action plan (as described in 3(b)) which will take all practicable 

measures, in consultation with the landowner, to ensure that the development returns 

to compliance with the relevant criteria; and 

ii. conduct further monitoring to determine whether these measures ensure compliance; 

or 
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iii. secure a written agreement with the landowner to allow exceedances of the relevant 

criteria in schedule 3, to the satisfaction of the Director-General. 

(e) If the additional monitoring referred to above (4(d)(ii)) determines that the operations are 

complying with the relevant criteria in schedule 3, then the independent review will be discontinued 

with the approval of the Secretary. 

If the monitoring determines the development as non-compliant with the relevant criteria of DA195-

8-2004 or EPL11147, and an agreement between DS&S and the affected land owner is unable to be 

reached, the matter may be referred to the Director General by either DS&S or the affected 

landowner for resolution. If the matter cannot be resolved within 21 days, the Secretary shall refer 

the matter to an Independent Dispute Resolution Process. 

(f) If the independent review determines that the operations are not complying with the relevant 

criteria in schedule 3, but that another operation or operations are contributing to this non-

compliance, then DS&S will, with the agreement of the landowner and other quarry(s), prepare and 

implement a Cumulative Noise and/or Air Quality Impact Management Plan to the satisfaction of the 

Secretary. 

This plan must provide details of the joint approach to be adopted by DS&S and other operations to 

manage cumulative air quality and/or noise impacts at the landowner’s dwelling. 

If DS&S is unable to finalise an agreement with the landowner and/or other quarry(s), and/or 

prepare a Cumulative Noise and/or Air Quality Impact Management Plan, then DS&S or the affected 

landowner may refer the matter to the Secretary for resolution. If the matter cannot be resolved 

within 21 days, the Secretary shall refer the matter to an Independent Dispute Resolution Process. 

(g) If the landowner disputes the results of the independent review, either DS&S or the landowner 

may refer the matter to the Secretary for resolution. If the matter cannot be resolved within 21 

days, the Secretary shall refer the matter to an Independent Dispute Resolution Process. 

Step 5: Reassessment 

Non-compliance with environmental criteria will require re-assessment to demonstrate a return to 

compliance by re-sampling and re-analysing the particular parameter(s) from the offending site 

following the completion of the action plan. Should scheduled monitoring occur within 2 weeks of 
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completion of the action list, the re-sampling can be delayed. A third exceedance will require a 

return to Step 2 of the protocol and automatic assistance of a specialist consultant in Step 3. 

Step 6: Notification (of compliance) 

DS&S will notify the Director General, EPA and other relevant government agency(ies) and local 

stakeholder(s) of the return to compliance following the successful completion of Step 4. 

Step 7: Reporting 

The recorded exceedance, corrective actions and reassessment will be reported to the CCC and 

included in each relevant Annual Review. 

 

 

 

 

 

 

 

 

10 Groundwater Response Plan  
Section 8 of the Groundwater Monitoring and Management Plan (located in Appendix XXXX) details 

the trigger levels and contingency plans in the case of a trigger level being reached.  

11. Reporting and Review 

11.1 Reporting 
Reporting on the implementation of this Plan would include the following: 

 The results of all environmental monitoring and inspections 
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 Analysis and discussion of the results against the relevant criteria, past 

performance/trends and environmental conditions at time of monitoring 

 Any community/stakeholder complaints or non-conformances with licences/criteria, 

including any responses provided or actions undertaken in response to the complaint or 

non-conformance 

 Adequacy of site-specific environmental safeguards and management measures 

 Any remediation actions or changes to management and mitigation measures. 

 Identify any discrepancies between the predicted and actual impacts of the 

development, and analyse the potential cause of any significant discrepancies; and  

 Describe what measures will be implemented over the current financial year to improve 

the environmental performance of the development.  

 The monitoring results are to be reported in the Annual Review which provides a 

summary of the environmental performance of the development to the satisfaction of 

the Secretary as per the development consent 

11.2 Review 
Condition 3 (35) states that each year, the Applicant must: 

 review the Water Management Plan; 

 update each sub-plan; and 

 report  on the details of the review and any amendments to the plan or sub-plans in the 

annual review  

In addition as per Condition 5 (4), the Water Management Plan will be reviewed and if deemed 

necessary update the WMP within 3 months of the submission of an:  

 incident report  

 Annual Review.  

 Independent audit report under; and  

 any modifications to DA 195-8-2004,  

If any of the triggers outline in Condition 5(4) occurs in the close proximity of the yearly review of 

the Water Management Plan then Boral may request Secretary Approval to combine these updates. 
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12 Training 
Environmental induction training will be delivered to relevant all staff and subcontractors involved in 

the Project. This will be delivered by the relevant Boral personnel (e.g. Quary Manager or 

Environment Co-ordinator). All personnel will be required to sign an induction sheet, a copy of which 

will be maintained on site and appropriate records maintained.  

Where identified by the Environment Co-ordinator, additional site-specific training may be 

developed and implemented and delivered to relevant personnel/contractors as required regarding 

sensitive environmental issues. Specific training may include: 

 Training in the use and location of spill kits  

 Training in the procedures for accepting PASS and associated water quality monitoring 

requirements 

 Management and environmental incident response training. 

13 Improvement Strategies and Recommendations 
Systematic monitoring of surface and groundwater since 2005 has given the site a significant data 

set to draw conclusions about the existing environment.  It is noted that Condition 3(24) provides for 

the nomination (and approval) of other water quality objectives throughout the life of the project.  

Initial investigation from the EIS by R.W Corkery described that the groundwater within the Southern 

Section of Stage 3 contains slightly brackish water (TDS >2,500) which corresponds to a salinity far 

greater than the 1,500µS/cm threshold within the Water Quality Objectives detailed in Condition 3 

(24). As the dredging moves south in Stage 3, the infiltration of this brackish water into the Stage 3 

dredge pond will be unavoidable and completely expected based on the natural conditions present 

in Stage 3. Once the Stage 3 pond becomes saline it is expected that the Fines Return Pond will also 

experience an increase in conductivity levels. This impact is beyond the provision for short term 

exceedances due to tidal inflow as noted below Table 7 in Condition 3 (24). 

In addition, default trigger values for physical and chemical stressors for south-east Australia for 

slightly disturbed ecosystems (lowland rivers) describe limits for turbidity as 6-50 NTU.  Upstream 

water quality detailed in Section 4.5.1 is consistent with these 6-50 values. 
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It is expected that the size of the ponds allows for the settling of turbid water however dredging and 

backfilling operations are also undertaken in the dredge ponds for which Condition 3(24) apply.  The 

5-20 turbidity threshold described in Condition 3 (24) will also require discussion with the Secretary 

It is suggested that a discussion about modification to the Water Quality Objectives is initiated as 

soon as practical.  

14 References 
Bewsher Consulting 2004 cited in R. W. Corkery & Co 2006. 

R. W. Corkery & Co. Pty Ltd (2006) Dunmore Lakes Sand Project Stages 2, 3 and 4: Environmental 

Management Plan incorporating an Environmental Monitoring Program, R. W. Corkery & Co. 

Orange, NSW. 

Webb McKeown 1989 cited in R.W Corkery & Co 2006 
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Appendix A Surface Water Monitoring Results 
Table 16 DW-9 Surface Water Monitoring Lab Results 

    
Water Quality Objectives (only applies to water quality in dredge ponds. At DW 9 it is measured as 

baseline data for water entering Stage 2 from the Eastern Tributary) 
    6.5-8.5 50 5 to 20 <1500 

    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2005-2006 Average 7.4       
2006-2007 Average 7.5 68 

 
582 

2007-2008 Average 7.4 17 258.3 562 
2008-2009 Average 7.3 47 187.2 815 
2009-2010 Average 6.7 75 47.5 689 
2010-2011 Average 6.6 73 25.1 607 
2011-2012 Averages 6.4 179 56.9 372 
2012-2013 Average 6.7 102 42.5 453 
2013-2014 Average 7.0 42 100.5 225 
2014-15 Average 7.6 12 22.3 461 
2015-16 Average 7.4 27 38 351 

2016-2017 Average 7.4 23 18 271 
Values in light grey indicated Field Measurements 
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Table 17 DW-10 Surface Water Monitoring Lab Results 

    
Water Quality Objectives (only applies to water quality in dredge ponds. At DW 10 it is measured as baseline data for 

water entering the site from the Northern Tributary) 
    6.5-8.5 50.0 5 to 20 <1,500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2005-2006 Average 7.1       
2006-2007 Average 7.4 8.2   881 
2007-2008 Average 8.1 56.9 292.7 389 
2008-2009 Average 7.1 23.7 20.8 766 
2009-2010 Average 6.2 63.9 44.7 561 
2010-2011 Average 6.4 42.7 21.3 332 
2011-2012 Averages 6.5 8.3 9.6 298 
2012-2013 Average 6.7 15.4 20.5 409 
2013-2014 Average 6.8 24.0 15.0 318 
 2014-2015 Average 7.0 15.6 15.3 330 
2015-2016 Average 6.8 10.7 12.5 381 
2016-2017 Average 7.5 14.5 18.1 486 

Values in light grey indicate Field Measurements 
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Table 18 DW-11 Surface Water Monitoring Lab Results 

    
ANZECC Water Quality Objectives (only applies to water quality in dredge ponds. At DW-11 it is 

measured as baseline data for water entering the site from Catchment B) 
    6.5-8.5 50 5 to 20 <1,500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2006-2007 Average 7.6 31.8 7 837 
2007-2008 Average 8.1 30.0 43.9 258 
2008-2009 Average 7.3 1.3   1030 
2009-2010 Average 7.3 9.4 36.0 888 
2010-2011 Average 7.5 15.3 34.7 682 
2011-2012 Average 7.2 12.2 28.5 564 
2012-2013 Average 7.4 13.3 32.4 594 
2013-2014 Average 7.6 19.9 71.6 605 
2014-2015 Average 7.6 13.7 26.3 646 
2015-2016 Average 7.8 15.5 11.4 619 
2016-2017 Average 7.8 46.6 76.0 623 

Values in light grey indicate Field Measurements 
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Table 19 DW-12 Surface Water Monitoring Lab Results 

    
ANZECC Water Quality Objectives (only applies to water quality in dredge ponds. At DW-11 it is 

measured as baseline data for water entering the site from Catchment B) 
    6.5-8.5 50 5 to 20 <1,500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2006-2007 Average 7.6 9 7.5 832 
2007-2008 Average 7.9 24 6.3   
2008-2009 Average         
2009-2010 Average         
2010-2011 Average 6.2 2 9.0 259 
2011-2012 Average 6.2 2 14.4 220 
2012-2013 Average 6.4 4 8.7 249 
2013-2014 Average 6.6 23 14.4 213 
2014-2015 Average 6.7 5 13.3 217 
2015-2016 Average  6.6 1 6.9 336 
2016-2017 Average 6.9 161.6 478.8 242 

Values in light grey indicate Field Measurements 
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Table 20 DW-13 Surface Water Monitoring Lab Results 

    
ANZECC Water Quality Objectives (only applies to water quality in dredge ponds. At DW-13 it is 

measured as baseline data for water entering Stage 2 from the Western Tributary) 
    6.5-8.5 50 5 to 20 <1,500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU)  Electrical Conductivity               
(μS/cm) 

2005-2006 Average 7.4     608 

2006-2007 Average 7.5 12.8   862 

2007-2008 Average 7.6 33.2 29.0 704 

2008-2009 Average 7.2 17.5 7.5 781 

2009-2010 Average 6.8 17.3 14.1 847 

2010-2011 Average 6.7 12.5 17.9 551 

2011-2012 Average 6.8 10.1 16.4 493 

2012-2013 Average 6.9 17.2 24.0 614 

2013-2014 Average 7.2 76.1 18.7 529 

2014-2015 Average 7.4 8.0 15.5 620 

2015-2016 Average 7.6 74.6 16.2 417 

2016-2017 Average 7.3 7.2 7.8 490 

Values in light grey indicate Field Measurements 
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Table 21 DW-14 Surface Water Monitoring Lab Results 

 

 

 

 

 

 

Table 22 DW-15 Surface Water Monitoring Lab Results 

6.5-8.5 50 5 to 20 300 250 <1,500 6 50 50 400 0.005 to 0.05 N/A N/A 750 >6 <1000 2 to10 <230 <15000

pH TSS          
(mg/L)

Turbidity 
(NTU)

Chloride 
(mg/L)

Sulphate 
(mg/L)

Conductivity 
(μS/cm)

Fe       
(mg/L)

K          
(mg/L)

Mg    
(mg/L)

Na    
(mg/L)

Total P   
(mg/L)

Ammonia  
(mg/L)

TKN         
(mg/L)

Bicarbonate   
(mg/L)

Dissolved 
Oxygen 
(mg/L)

Faecal 
Coliforms 
(n/100mL)

Chlorphyll-
a (μg/L)

Enteroccoci 
(n/100mL)

Algae/Blue 
green 
algae   
(n/mL)

7.2 61.2 28 193.8 373.7 0.1 7.0 16.5 35.1 0.08 0.1 413.0 7.6
8 306.7 570 293.3 822.5 2310 0.1 8.4 19.8 101.0 0.142 0.34 0.05 7.3

7.4 49.7 42 451.4 546.4 2608 0.2 15.3 44.0 241.9 0.056 0.26 0.5 185.6 8.4 28 34 4186
7.8 28.4 33 544.1 494.7 2833 0.1 22.4 56.2 323.8 0.04 0.19 0.5 197.0 8.6 54 20.9 18195
7.6 22.1 28 369.5 303.0 1912 0.3 15.1 36.8 196.1 0.052 0.58 0.5 146.2 6.3 18 3.5 407 10756
7.7 10.5 30.9 140.2 127.3 966 0.5 8.8 17.0 81.1 0.053 0.07 0.5 117.9 7.9 60 8.3 17 6099
8.1 17.6 28.7 192.1 120.8 1071 0.3 11.4 21.7 93.5 0.150 0.17 0.5 129.2 7.4 10 3.7 10 10648
8.1 20.0 36.3 154.7 103.0 843 0.5 10.4 15.3 80.3 0.080 0.07 0.5 135.5 8.8 28 10.6 64 27512
8.1 29.5 43.5 125.9 91.2 874 0.3 8.2 24.9 81.7 0.09 0.06 0.5 153.7 6.6 56 70.3 7 1343
8.1 26.9 44.6 59.3 69.4 535 0.2 6.5 12.1 51.2 0.19 0.1 0.9 130.8 9.0 11 7.5 4 8663

2012-2013 Average

2016-2017 Average
Values in light grey indicate Field Measurements

2013- 2014 Average
 2014-2015 Average

2007-2008 Average
2008-2009 Average
2009-2010 Average
2010-2011 Average
2011-2012 Average

Water Quality Objectives (See Current Water Management Plan for Exceedance Protocol and Trigger Values Actions If Values are above thresholds and/or Notify Environmental Coordinator)

Laboratory Analysis

Year

2006-2007Average

6.5-8.5 50.0 5 to 20 300.0 250.0 <1,500 6.0 50.0 50.0 400 0.005 to 0.05 N/A N/A 750 >6 <1000 2 to10 <230 <15000

pH TSS (mg/L) Turbidity 
(NTU)

Chloride 
(mg/L)

Sulphate 
(mg/L)

Conductivity 
(μS/cm)

Fe        
(mg/L)

K           
(mg/L)

Mg    
(mg/L)

Na    
(mg/L)

Total P   
(mg/L)

Ammonia  
(mg/L) TKN (mg/L) Bicarbonate   

(mg/L)

Dissolved 
Oxygen 
(mg/L)

Faecal 
Coliforms 
(n/100mL)

Chlorphyll-
a (μg/L)

Enteroccoci 
(n/100mL)

Algae/Blue 
green 
algae   
(n/mL)

142.1 28.0 373.7 1044 0.1 7.0 16.5 35.1 0.1 7.6
167.3 103.0 333.2 504.4 0.5 6.5 20.9 114.5 0.21 0.3 0.5 7.6

7.5 114.3 361.3 457.1 556.2 2674 0.6 15.6 44.5 247.9 0.05 0.2 0.5 167.2 8.4 13.0 76 2306
7.7 549.7 318.3 586.4 550.2 2933 0.1 22.9 61.7 329.8 0.05 0.1 0.5 203.5 8.5
8.0 11.4 15.0 355.2 282.9 1825 0.2 13.4 30.3 176.5 0.05 0.1 0.5 6.1 65 6.3 1691 2062
8.1 15.9 27.2 176.8 159.8 1117 0.2 10.5 18.7 101.6 0.04 0.1 0.5 6.9 30 25.4 47 29379

2012-2013 Average 8.2 28.2 37.5 207.3 135.5 1160 0.3 13.4 20.4 109.2 0.26 0.3 0.5 7.6 20 10.8 10 3619
2013-2014 Average 8.4 47.5 54.6 189.5 129.9 1019 0.3 16.0 18.7 120.0 0.07 0.1 0.5 8.8 83 7.7 308 7217
2014-2015 Average 8.1 76.0 102.4 132.5 122.1 973 0.3 9.5 24.7 98.6 0.10 0.0 0.6 8.2 117 281.7 25 689

8.2 152.4 203.2 73.6 84.2 655 0.2 10.3 16.5 68.4 0.09 0.1 0.5 8.7 38 7.8 12 3475
8.0 136.0 187.3 282.6 151.1 1347 0.0 12.5 25.7 137.6 0.07 0.0 1.6 8.7 11 12.2 7 5910

Year

2011-2012 Average

2016-2017 Average
Values in light grey indicate Field Measurements

2015-2016 Average

2006-2007 Average
2007-2008 Average
2008-2009 Average
2009-2010 Average
2010-2011 Average

Water Quality Objectives (See Current Water Management Plan for Exceedance Protocol and Trigger Values Actions If Values are above thresholds and/or Notify Environmental Coordinator)

Laboratory Analysis
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Table 23 DW-16 Surface Water Monitoring Lab Results 

6.5-8.5 50 5 to 20 300 250 1500 6 50 50 400 0.005 to 0.05 N/A N/A 750 >6 1000 2 to10 230 15000

pH TSS (mg/L) Turbidity 
(NTU)

Chloride 
(mg/L)

Sulphate 
(mg/L)

Conductivity 
(μS/cm)

Fe      
(mg/L)

K            
(mg/L)

Mg    
(mg/L)

Na    
(mg/L)

Total P   
(mg/L)

Ammonia  
(mg/L)

TKN   
(mg/L)

Bicarbonate   
(mg/L)

Dissolved 
Oxygen 
(mg/L)

Faecal 
Coliforms 
(n/100mL)

Chlorphyll-
a (μg/L)

Enteroccoci 
(n/100mL)

Algae/Blue 
green 
algae   
(n/mL)

2.7 5.7 49.4 60 0.7 3.2 8.3 14.6 0.0 7.8
7.7 142.5 20.1 89.0 85.2 703 0.2 4.3 15.4 54.4 0.14 0.1 0.5 7.3
6.4 176.4 42.8 127.1 133.3 981 0.5 6.7 26.3 98.4 0.76 0.7 142.3 8.3 24 86161
6.7 39.5 15.4 316.7 208.1 1573 0.3 9.7 36.2 169.6 0.43 0.4 96.8 8.6 400 38508
7.2 11.3 4.2 77.5 64.3 661 0.2 3.1 17.4 68.9 0.21 0.1 0.5 6.9 140 165 493
7.0 17.1 7.5 62.4 65.5 592 0.2 2.8 15.3 53.7 0.10 0.1 0.7 2.9
7.0 9.4 10.7 64.0 72.2 558 0.3 5.2 12.7 45.5 0.08 0.3 0.5 4.2 50 6.1 80 4851
7.4 99.5 28.8 120.3 66.0 714 0.2 5.4 15.3 71.0 0.18 0.0 0.5 3.7
7.7 368.3 176.6 72.0 87.7 630 0.1 5.2 17.0 53.0 0.10 0.1 0.5 7.8
7.6 25.5 30.0 54.1 45.0 564
7.9 19.2 34.2 159.5 84.0 680 0.1 8.0 16.7 85.3 0.14 0.0 1.4 10.9 7 3.8 3671

2015-2016 Average
2016-2017 Average

Values in light grey indicate Field Measurements

2012-2013 Average
2013-2014 Average
2014-2015 Average

 Water Quality Objectives (only applies to water quality in dredge ponds. At DW-16 these parameters are measured to give baseline data of the water quality transferring from Stage 2 into Stage 3)

Laboratory Analysis

Year

2006-2007 Average
2007-2008 Average
2008-2009 Average
2009-2010 Average
2010-2011 Average
2011-2012 Average

Table 24 DW-19 Surface Water Monitoring Lab Results 

6.5-8.5 50 5 to 20 300 250 1500 6 50 50 400 0.005 to 0.05 20 N/A 750 >6 1000 2 to10 230 15000

pH TSS (mg/L) Turbidity 
(NTU)

Chloride 
(mg/L)

Sulphate 
(mg/L)

Conductivity 
(μS/cm)

Fe         
(mg/L)

K          
(mg/L)

Mg    
(mg/L)

Na    
(mg/L)

Total P   
(mg/L)

Ammonia  
(mg/L) TKN (mg/L) Bicarbonate   

(mg/L)

Dissolved 
Oxygen       
(% sat)

Faecal 
Coliforms 
(n/100mL)

Chlorphyll-
a (μg/L)

Enteroccoci 
(n/100mL)

Algae/Blue 
green 
algae   
(n/mL)

7.6 28.1 31.7 279.3 93.3 1377 0.1 11.5 22.2 111.0 0.5 0.01 1.5 80.0 10 3.9 6 4565
Values in light  grey indicate Field Measurements

Water Quality Objectives (See Current Water Management Plan for Exceedance Protocol if values are above threshold and/or Notify Environmental Coordinator)

Laboratory Analysis

Year

2016-2017 Average
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Table 25 DW-17 Surface Water Monitoring Lab Results 

 

 

  

Water Quality Objectives (only applies to water quality in dredge ponds. At DW-17 it is measured as 
baseline data for water entering Stage 3 from Redundant Man-made Channel) 

  
6.5-8.5 50 5 to 20 1500 

  

Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2006-2007 Average 7.6 9.1   1900 

2007-2008 Average 7.4 12.3 8.0 14440 

2008-2009 Average 6.9 19.6 28.0 1276 

2009-2010 Average 6.8 61.2 205.3 624 

2010-2011 Average 6.6 77.2 77.4 384 

2011-2012 Average 6.5 27.2 25.3 254 

2012-2013 Average 6.9 19.8 21.6 4740 

2013-2014 Average 7.1 409.1 576.6 501 

2014-2015 Average 7.2 26.5 44.8 532 

2015-2016 Average 7.4 24.7 17.1 644 

2016-2017 Average 7.3 34 29.4 5041 

Values in light grey indicate Field Measurements 
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Table 26 DW-18 Surface Water Monitoring Lab Results 

    
Water Quality Objectives (only applies to water quality in dredge ponds. At DW-18 it is measured 

as baseline data for water entering Stage 3 from upstream Rocklow Creek) 
    6.5-8.5 50 5 to 20 1500 
    Laboratory Parameters 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2006-2007 Average 6.8 25.3 42.5 3140.0 
2007-2008 Average 7.8 9.8 15.8 665.0 
2008-2009 Average 7.2 241.0 148.0 855.8 
2009-2010 Average 6.6 149.5 57.9 1246.9 
2010-2011 Average 6.7 31.2 18.0 424.1 
2011-2012 Average 6.8 13.4 14.1 444.1 
2012-2013 Average 6.8 27.6 26.4 807.6 
2013-2014 Average 7.1 20.9 36.2 548.1 
2014-2015 Average 7.1 32.1 21.2 702.5 
2016-2017 Average 7.2 18.7 16.1 614.6 

Values in light grey indicate Field Measurements 
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Table 27 DW20a/b Surface Water Monitoring Lab Results 

 

 

 

    
Water Discharge Pollution Limits apply to pH and TSS.  (See Current Water Management Plan for 

Exceedance Protocol if values are above thresholds and/or Notify Environmental Coordinator) 
    6.5-8.5 50 5 to 20 1500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2006-2007 Average 7.1 24.0 23.0 426 
2007-2008 Average 7.8 3.2 8.5 593 
2008-2009 Average 6.9 64.7 24.6 4778 
2009-2010 Average 6.7 36.6 21.5 7268 
2010-2011 Average 6.6 10.0 13.4 485 
2011-2012 Average 6.9 13.1 15.4 524 
2012-2013 Average 6.7 21.1 19.5 1606 
2013-2014 Average 7.3 19.5 21.0 534 
2014-2015 Average 7.4 12.7 13.6 681 
2015-2016 Average 7.4 30.6 25.3 2062 
2016-2017 Average 7.7 26.4 32.2 1308 

Values in light grey indicate Field Measurements 
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Table 28 DW-21a/b Surface Water Monitoring Lab Results 

    
Water Discharge Pollution Limits apply to pH and TSS.  (See Current Water Management Plan for Exceedance Protocol if values 

are above thresholds and/or Notify Environmental Coordinator) 
    6.5-8.5 50 5 to 20 1500 
    Laboratory Analysis 

Year pH TSS (mg/L) Turbidity (NTU) Conductivity (μS/cm) 

2016-2017 
Average 7.4 19.7 14.6 4676 
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Appendix B Groundwater Monitoring and Management Plan 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 
 
 
 
 
 

GROUNDWATER MONITORING 
AND MANAGEMENT PLAN            
BORAL DUNMORE SAND AND SOIL  

 

17 AUGUST 2018 

118076_GMMP 

V2 

 

 

 



 

Glaeba (02) Pty Ltd trading as Environmental Earth Sciences NSW 
82-84 Dickson Avenue, Artarmon, NSW, 2064 

PO Box 380 North Sydney, NSW, 2059 
P. 61 2 9922 1777 E. info@eesigroup.com 

www.eesigroup.com 

17 August 2018 
 
 
Dunmore Sand & Soil Pty Ltd 
c/- Boral Quarries 
38 Tabbita Road 
Dunmore   NSW   2529 
 
Attention: Ben Williams 
  Environmental Coordinator 
 
 
Dear Ben, 
 
Update to the Groundwater Monitoring and Management Plan (GMMP) for 38 Tabbitta 
Road, Dunmore, NSW 
 
Please find enclosed a copy of our report entitled as above.  Thank you for the opportunity to 
do so and we look forward to providing innovative, cost-effective science-based solutions to 
meet your environmental requirements now and in the future. 

Should you have any queries, please do not hesitate to contact us on (02) 9922 1777. 
 
 
For and on behalf of 
Environmental Earth Sciences NSW 
 
 
Project Manager / Proposal Author 
Loretta Visintin 
Environmental Scientist 
 

 

Project Director / Internal Reviewer  
Mark Stuckey 
Senior Principal Soil Scientist, Hydrogeologist & Risk Assessor 
Contaminated Land/ Site Auditor (NSW, QLD & VIC) 
 

 

118076_GMMP_V2  

 



 

 i 118076_V2 

TABLE OF CONTENTS 

1 INTRODUCTION ........................................................................................................................... 1 

2 OBJECTIVES ................................................................................................................................ 1 

3 SITE IDENTIFICATION AND SETTING ....................................................................................... 2 

3.1 LOCATION AND PROPERTY DESCRIPTION 2 

3.2 SURROUNDING LAND USE 2 

4 SUMMARY OF THE CONCEPTUAL SITE MODEL .................................................................... 5 

4.1 PHYSICAL SETTING 5 

4.1.1 Climate 5 

4.1.2 Topography and hydrology 5 

4.2 GEOLOGY AND SOILS 6 

4.2.1 Geology 6 

4.2.2 Soil landscape 6 

4.3 HYDROGEOLOGY 6 

4.3.1 Background 6 

4.3.2 Aquifers and aquitards 6 

4.3.3 Groundwater flow direction and velocity 7 

5 GROUNDWATER MONITORING PROGRAM ............................................................................. 7 

5.1 GROUNDWATER MONITORING NETWORK 7 

5.2 HISTORICAL CONTEXT OF GROUNDWATER MONITORING NETWORK 7 

5.3 PROPOSED NEW BORE LOCATIONS 8 

5.4 GROUNDWATER MONITORING METHODOLOGY 13 

6 SUMMARY OF GROUNDWATER CHARACTERISTICS .......................................................... 13 

6.1 GROUNDWATER LEVEL RESPONSE PATTERNS 13 

6.2 HYDRAULIC GRADIENT AND GROUNDWATER FLOW DIRECTION 14 

6.3 GROUNDWATER PHYSICAL CHARACTERISTICS 15 

6.4 GROUNDWATER CHEMICAL CHARACTERISTICS 15 

7 MONITORING REVIEW AND REPORTING .............................................................................. 16 

8 CONTINGENCY PLANS AND TRIGGERS ................................................................................ 16 

8.1 TRIGGER LEVELS 16 

8.2 CONTINGENCY PLAN 17 

8.2.1 Initial Stage: assessment of data reliability 18 

8.2.2 Second Stage: implementation of contingency measures 18 



 

 ii 118076_V2 

9 LIMITATIONS ............................................................................................................................. 19 

10 REFERENCES ............................................................................................................................ 19 

11 GLOSSARY OF TERMS............................................................................................................. 20 

 

Table of Figures 

Figure 1: Site Locality Map 

Figure 2: Site Layout and Bore Locations 

Figure 3: Inferred Groundwater Contours - Low Tide 

Figure 4: Inferred Groundwater Contours - High Tide  

 

Appendices 

APPENDIX A: Groundwater Chemical Characteristics 

APPENDIX B: Groundwater Physical Characteristics 

APPENDIX C: Hydrographs 
 

APPENDIX D: Geological borelogs 
 

 



 

 1 118076_V2 

1 INTRODUCTION 

Environmental Earth Sciences NSW was commissioned by Boral Dumore Sand and Soil Pty 
Ltd (DS&S) to prepare a Groundwater Monitoring and Management Plan (GMMP) for 38 
Tabbita Rd, Dunmore NSW 2529 (“the site”).  The GMMP is to be a sub-plan to the Water 
Management Plan (WPM) prepared in accordance with Schedule 3(34) for Development 
Consent DA 195-8-2004 (2004) for Stages 2, 3 & 4. 

The Dunmore Lakes Sand Project (Stages 2 – 4) has been approved for the extraction and 
processing of approximately eight million tonnes of sand and soil under Development 
Consent 195-8-2004 (2004), issued on 29 June 2005 under the Environmental Planning and 
Assessment Act 1979.  It is recognised that the operation of the Dunmore Lakes Sand 
Project has the potential to influence the groundwater beneath the site.  To manage the 
potential impact on groundwater, DS&S has implemented a groundwater monitoring and 
management program. 

Groundwater chemical and physical data has been collected at the site over a period of 13 
years (2004 – 2017) from a historical monitoring network totalling approximately 35 bores in 
both the shallow and deep portions of the underlying unconsolidated water-table aquifer from 
which the sand resource is obtained.   

Monthly groundwater monitoring is undertaken by DS&S personnel and quarterly download 
events of pressure transducer data loggers (‘divers’) is undertaken by Environmental Earth 
Sciences to enable an interpretation of groundwater flow direction, tidal influences and 
aquifer response to rainfall.  

2 OBJECTIVES 

The objectives of this GMMP are to present the DS&S groundwater monitoring program 
based upon DA195-8-2004 conditional requirements following alterations to the existing 
monitoring network and inclusion of additional data into a trigger level assessment.  The aim 
of the GMMP is to ensure any potential impacts on the aquifer system and its beneficial uses 
and receptors, as a result of the sand extraction and processing works, are monitored, 
managed, and mitigated. 
 
The program has been developed following a review and analysis of the monitoring 
completed since 2004 and in accordance with DA195-8-2004, specifically Condition 3(34) 
which is reproduced below: 
 
 detailed baseline data on groundwater levels, flows and quality, based on statistical 

analysis; 

 groundwater impact assessment criteria; 

 a program to monitor regional groundwater levels and quality; 

 a program to monitor groundwater levels effects on adjacent wetlands, vegetation and on 
groundwater supply to adjoining properties; and 
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 a protocol for the investigation, notification and migration of identified exceedances of the 
groundwater impact assessment criteria.  

3 SITE IDENTIFICATION AND SETTING 

3.1 Location and property description 

The site is located adjacent to Tabbitta Road, Dunmore and to the east of the Princes 
Highway which bisects the locality north to south.  The remaining boundaries are generally 
aligned with the natural edge of the Dunmore sand deposit.  The suburb of Dunmore is 
located inland of the coastal suburb of Minnamurra and predominantly supports commercial/ 
industrial uses.  Residential properties in the suburb of Shell Cove are located approximately 
2 km to the north east. 

Site identification details are provided in Table 1.  A plan of the regional locality of the site is 
provided in Figure 1.  Figure 2 gives an indication of site layout and land-use, including the 
location of historical, existing and proposed groundwater bores. 

Table 1:  Site Identification 

Item Details 

Site Owner Boral Limited 

Address 38 Tabbita Road, Dunmore, NSW 2529 

Lot & Plan number Lot 5 DP1030504, Lot 6 DP611159, Lot 1 DP213575, Lot 5 
DP1001931, Lot 6 DP1001931, Lot 3 DP1030504 

Size of investigation area Approx. 65 ha 

Zoning Rural – Primary Production 

Local Government Authority Shellharbour City Council 

 

3.2 Surrounding land use 

Land use over the 2,200 hectare Rocklow Catchment varies from grazing cattle and horses 
on small lot holdings to dredging (quarries), industrial (landfilling), commercial, residential 
and recreational (golf course).  Large areas of native remnant vegetation are found around 
Rocklow Creek and Minnamurra River and on the upper slopes of the catchment to the west 
of the site.  
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4 SUMMARY OF THE CONCEPTUAL SITE MODEL 

4.1 Physical Setting 

4.1.1 Climate 

Regional meteorological data has been sourced from the Bureau of Meteorology (2017) 
(www.bom.gov.au, verified 2 September 2016) Kiama (Bombo Headland) weather station, 
approximately 4.6 km from the Project Site.  Mean maximum and minimum monthly 
temperatures and mean monthly rainfall recorded between 2001 and the present are 
presented in Table 2.  As no daily total evaporation data was available from the Kiama 
weather station, data from the Nowra RAN Air Station No. 068076 has been provided for 
comparison. 

Table 2:  Average Monthly Climate Data 

 Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

Maximum 
Temp (oC) 

24.9 24.4 23.7 22.0 19.8 17.8 16.9 18.0 20.2 21.7 22.3 23.5 

Minimum 
Temp (oC) 

18.7 18.7 17.7 15.6 13.1 11.5 9.9 10.6 12.1 13.9 15.6 17.1 

Rainfall (mm) 78.3 98.4 90.4 90.3 28.4 80.9 67.2 46.2 52.8 88.4 56.0 86.1 

Evaporation 
(mm) 

208 160 143 117 93 84 96 127 144 174 180 211 

Notes: Red indicates annual maximum, Blue indicates annual minimum 

 
Dunmore’s climate can be described as temperate with mild winters (average daily maximum 
temperature 6.9oC in July) and mild summers (average daily maximum temperature 24.9oC in 
January).  Average annual rainfall recorded at Dunmore is about 1187.0 mm and the rainfall 
pattern has a late spring to summer dominant trend.  Monthly total evaporation rates are 
larger than the average monthly rainfall and it is therefore during the times of more intense 
rainfall over late spring and summer that the potential for aquifer recharge or deep drainage 
is the greatest. 

4.1.2 Topography and hydrology 

Rocklow Creek has a catchment area of 22 km2 and the Minnamurra River has an area of 
approximately 120 km2 (Environmental Earth Sciences 2004).  The lower Rocklow Creek 
catchment (location of site) is situated on level to gently inclined (0-5%) wide alluvial plains, 
which contain scattered swamps on Quaternary sediments (Hazelton, 1992).  The catchment 
drains to Rocklow and Dunmore Creeks, which have their confluence east of the highway 
and flow south-east into the estuary of the Minnamurra River, approximately 1,100 m south-
east of the site (Figure 2).  The lower catchment is subject to floods and has water-logging 
issues due to the permanently high water tables (Hazelton, 1992). 
 
The confluence between Rocklow Creek and the Minnamurra River occurs approximately 
one kilometre downstream of the site in an area that is a tidal wetland and contains areas 
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that have been classified under SEPP 14.  These shallow water-tables have been shown to 
provide an effective barrier for deep percolation of surface waters in this area (Environmental 
Earth Sciences, 2004).  This results in little surface movement of waters during rainfall 
events which causes extensive water logging and exacerbates flooding. 

4.2 Geology and soils 

4.2.1 Geology 

The local geology has been described in the Kiama 1:50,000 Geological series sheet 9028-1 
(Bowman 1974) as Quaternary (3 Million years old [Myo]) alluvium, comprising of gravel, 
beach and dune sand.  Alluvium is underlain by early to late Permian aged (225-275 Myo) 
Bumbo Latite member resulting in an unconfined aquifer.  The geology around the perimeter 
of the site forms the sides of a valley as a result of Bumbo Latite outcropping along the edge 
of a ‘drowned’ river valley.  The valley is in-filled with unconsolidated sediments being 
Quaternary aged and consisting of gravels, swamp deposits and sand dunes.   

4.2.2 Soil landscape 

The site is situated on the Killalea Soil Landscape (Hazelton, 1992).  This soil landscape 
describes soils with moderate to deep (50-150 cm) Prairie Soils occurring on drainage plains, 
Alluvial Soils (Podosols) occurring on the alluvial plains, and Humic Gleys in swamps and 
low-lying areas. 

4.3 Hydrogeology 

4.3.1 Background 

The alluvial sands (where the site is located) and the low-lying topography have combined to 
create an unconfined aquifer system overlying competent bedrock (with some associated silt 
and clay) to a reported depth exceeding 18 m below the surface (Environmental Earth 
Sciences, 2004 and 2013a).  The area is recharged from hills to the north-west and west. 

Rainfall recharge is expected to be rapid, with infiltration estimated at between 75 to 90%.  
Despite this, moderate to high intensity rainfall events that are regular occurrences in this 
area will rapidly fully recharge the aquifer, resulting in 100% run-off (zero recharge or 
infiltration) in such situations. 

4.3.2 Aquifers and aquitards 

The unconfined aquifer on site can be defined as a homogenous isotropic aquifer that 
exhibits only slight hydraulic conductivity variations across the site.  Based on the above 
findings, the uppermost aquifer (water bearing zone) beneath the site is likely to be present 
in the Quaternary alluvium at <2 m depth. 

Within the alluvium, sands and gravels would be the primary aquifers, with finer grained silts 
and clays acting as aquitards.  The alluvial aquifer is underlain by an aquitard/ aquiclude of 
clay overlying latite bedrock.  However within the alluvial aquifer matrix, finer grained 
sediments are limited to discrete horizontal lenses within a predominant sand matrix 
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(Environmental Earth Sciences, 2004).  This indicates that localised zones of higher porosity 
and transmissivity associated with sands will be encountered throughout the aquifer. 

4.3.3 Groundwater flow direction and velocity 

The general concept for groundwater occurrence below the site is that alluvial groundwater is 
unconfined, relatively shallow and fresh as the water-table responds relatively rapidly to 
recharge via rainfall.  Groundwater flows towards the local creek systems and south-east 
towards the Minnamurra River and coast.  Whilst the creeks systems are tidally influenced, 
amplitude is small and flow is overall to the south-east (see Figures 3 and 4 for groundwater 
pressure gradients at low and high tide respectively). 

Recharge mechanisms are expected to be as direct rainfall recharge or recharge to the 
aquifer from the creeks during periods of flow, particularly when the water-table is depressed 
following a dry climatic period of low rainfall. 

Due primarily to the low hydraulic gradients in the aquifer (generally 0.1% or 0.001 m/m), 
which are a subdued reflection of the flat topography/ low relief, groundwater attenuation 
rates have been calculated (using site-specific hydraulic conductivity measurements) as 1-16 
m/year (Environmental Earth Sciences, 2013a). 

5 GROUNDWATER MONITORING PROGRAM 

Ongoing groundwater monitoring is required to monitor the status of groundwater quality as a 
result of past and present dredging activities.  The basis for groundwater monitoring is in 
accordance with Condition 3(34) of development consent 195-8-2004 for the site.  The 
following sections summarise the groundwater monitoring program. 

5.1 Groundwater monitoring network 

As of July 2018, the current active network consists of four bores located within Stage 3 and 
off-site to the south-east (Figure 2).  The locations, elevations and construction details of 
groundwater monitoring bores are summarised in Table 3.  Note that (as indicated on Figure 
2 and in Table 3), a number of bores have been destroyed.  This occurred from 2016-2018 
by the encroachment of sand excavation activities in Stage 3 as anticipated and the 
inadvertent damage to two bores in Stage 2 (ID: DG-21 and DG-31) rendering them no 
longer viable. 

5.2 Historical context of groundwater monitoring network 

The monitoring program is reviewed on an annual basis, with recommendations for the 
frequency and locations of active groundwater monitoring informed by the staging progress 
at the site as a whole and potential impacts on nearby groundwater receptors.   

Groundwater monitoring bores associated with Stage 1 (ID: DG-1, DG-2 and DG-3) were 
made redundant from the monitoring program in the 2015-16 Annual Review (Environmental 
Earth Sciences, 2016).  Sand dredging activities at Stage 1 ceased in March 2009, with the 
area being considered fully rehabilitated.  No further monitoring of bores associated with 
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Stage 1 was required and they are thus inactive.  Bore DG-1 is recommended for monitoring 
of background static water levels (SWLs), as outlined in Section 8.1 below.  

As of the 2016-17 Annual Review (Environmental Earth Sciences, June 2017), Stage 2 was 
reported as near completion however monitoring was still recommended for bores associated 
with Stage 2 (ID: DG-21, DG-31).  These bores were reported as damaged in late 2017 and 
mid-2018 respectively.  These bores have been scheduled for imminent replacement as of 
July 2018 as they are still considered a necessary to the groundwater monitoring network of 
the site.  Replacement bores for those destroyed in Stage 2 are recommended in Section 
5.3.  In August 2018, DG-35 and DG-36 were installed to the network to monitor the north 
and northwest of the site. 

Stage 3 sand extraction was approaching full capacity in July 2018.  The following bores 
were associated with Stage 3 monitoring (ID: DG-17, DG-54, DG-56, DG-59, DG-60, BH-A, 
BH-B, BH-C, BH D, BH-E and BH-F).  In 2013 five monitoring bores were installed to 
investigate potential tidal influence within Stage 3 prior to dredging commencing (ID: BHA, 
BH-B, BH-C, BH-D, BH-E and BH-F).  Four of these bores (BH-B, BH-C, BH-D and BH-E) 
have subsequently been destroyed by the advancing sand excavation front.  The remaining 
bore BH-A is located within approximately 10 m of the dredge pond and no longer provides 
reliable data.  The five bores installed in 2013 were intended for monitoring until eventual 
destruction for Stage 3 dredge expansion.   

Of the bores in Stage 3, DG-59 and DG-60 remain active as of July 2018.  Installation of two 
bores within the vicinity of Stage 3 are recommended in Section 5.3 to continue the Stage 3 
groundwater monitoring program.  

Active groundwater bores located off-site to the south-east include the nested bores DG-5 
and DG-6.  These bores continue to provide data on groundwater levels and chemistry 
down-gradient of the site from both the shallow and deeper portions of the aquifer.  The 
groundwater monitoring bore locations as of July 2018 are illustrated in Figure 2.  

5.3 Proposed new bore locations 

Replacement monitoring bores for DG-21 and DG-31 in similar locations to the original bores 
is recommended to continue to monitor Stage 2.   
 
Additional monitoring bores are proposed to expand the network that was lost in 2016 - 2018 
due to dredge pond expansion of Stage 3.  A replacement for DG-17 is recommended to the 
west of Stage 3, and DG-7 is recommended to the east of Stage 3.  All proposed bore 
locations are illustrated in Figure 2.  
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Table 3:  Monitoring bore network 

Bore 
ID 

Easting Northing 
Elevation 
(mAHD) 

Depth 
(m) 

Screen 
interval 
(mBGL) 

Status1 
Diver 

installed1 
Comments 

BHA 301383 6167892 2.225 5.2 2.2-5.2 To decommission - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Considered no longer reliable: within ~10 m of 

dredge pond.  

BHB 301450 6167890 - 5.1 2.1-5.1 Destroyed - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in November 2016 due to 

Stage 3 dredge pond expansion. 

BHC 301531 6167902 - 5.2 2.2-5.2 Destroyed - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in November 2016 due to 

Stage 3 dredge pond expansion. 

BHD 301620 6167901 1.760 5.1 2.1-5.1 Destroyed - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in October 2015 due to Stage 

3 dredge pond expansion. 

BHE 301595 6167932 - 5.1 2.1-5.1 Destroyed - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in November 2016 due to 

Stage 3 dredge pond expansion. 
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Bore 
ID 

Easting Northing 
Elevation 
(mAHD) 

Depth 
(m) 

Screen 
interval 
(mBGL) 

Status1 
Diver 

installed1 
Comments 

BHF 301505 6167931 2.225 5.2 2.2-5.2 Destroyed - Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in February 2018 due to Stage 

3 dredge pond expansion. 

DG1 301753 6167355 2.225 - - Proposed for 
monitoring water 

levels against 
trigger values 

- 2015-16 Annual review recommended that 
monitoring cease due to completion of Stage 1 

(Environmental Earth Sciences, 2016).   

Recommend to monitor standing water levels 
monthly to measure background groundwater 

levels. 

DG2 301665 6167434 2.598 - - Inactive - 2015-16 Annual review recommended that 
monitoring cease due to completion of Stage 1 

(Environmental Earth Sciences, 2016) 

DG3 302005 6167259 1.866 - - Inactive - 2015-16 Annual review recommended that 
monitoring cease due to completion of Stage 1 

(Environmental Earth Sciences, 2016) 

DG4 301966 6167408 2.083 - - Inaccessible  - No longer accessible.  Removed from monitoring 
network. 

DG5 301883 6167521 1.717 - - Active Yes Nested well; deep well contains diver. 

DG6 301844 6167628 1.647 - - Active - Nested well; deep well contains diver.  

DG7    -   Pending 
installation 

 Scheduled to install pending Council approval.   
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Bore 
ID 

Easting Northing 
Elevation 
(mAHD) 

Depth 
(m) 

Screen 
interval 
(mBGL) 

Status1 
Diver 

installed1 
Comments 

DG17 301279 6167877 - - - Pending re-
installation 

- Proposed to re-install in similar location with a 
diver to continue to monitor water levels. 

DG21 301699 6168236 1.616 11.3 - Pending re-
installation 

- Proposed to re-install at similar location with a 
diver to monitor water levels as bore had been 

damaged (June 2017).  

2015-16 Annual review recommended that 
monitoring reduce to six-monthly intervals 

(Environmental Earth Sciences, 2016).   

DG31 301363 6168137 3.087 11.0 -  Pending re-
installation 

- Proposed to re-install at similar location with a 
diver to monitor water level as bore had been 

damaged (2017).  

Scheduled for quarterly water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).   

DG35      Active   Installed 1 August 2018 

DG36      Active   Installed 1 August 2018 

DG54 301403 6167969 2.311 11.5 - Decommissioned - Scheduled for bi-annual water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in 2017/2018 due to Stage 3 

dredge pond expansion. 

DG56 301639 6168017 1.369 10.5 - Decommissioned - Scheduled for bi-annual water level monitoring 
with diver until destroyed by dredging operations 

(Environmental Earth Sciences, 2016).  
Decommissioned in 2017 /2018 due to Stage 3 

dredge pond expansion. 
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Bore 
ID 

Easting Northing 
Elevation 
(mAHD) 

Depth 
(m) 

Screen 
interval 
(mBGL) 

Status1 
Diver 

installed1 
Comments 

DG59 301125 6167718 1.763 8.69 - Active Yes  

DG60 301275 6167683 1.501 1.9 - Active -  

Notes: 
1. Correct as of July 2018 

2. – no information available 

3. mAHD – metres above Australian Height Datum 

4. mBGL – metres Below Ground Level 
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5.4 Groundwater monitoring methodology 

The methodology and frequency of monitoring of the active groundwater monitoring network 
is detailed in Table 4 below.   

Table 4:  Groundwater monitoring methodology 

Parameter Frequency Details 

Water level monitoring/ data 
logger 

  

 Standing Water Level (SWL) 
Monthly and 

quarterly  

On a monthly basis, all active groundwater bores (as 
listed in Table 3) are gauged by DS&S to assess the 
groundwater flow regime and changes.  Standing water 
levels are gauged manually from the surveyed point on 
the casing.  Data is logged and recorded by DS&S staff.  

Data loggers in select groundwater bores (as listed in 
Table 3) are downloaded and analysed at quarterly 
intervals by a qualified groundwater consultant. 

Field ground water quality parameters 

 pH and EC Monthly 

All active groundwater bores (as listed in Table 3) are 
monitored for physical parameters and field 
measurements by DS&S personnel.  Data is logged and 
recorded by DS&S staff.  

Laboratory chemical analysis 

 pH, electrical conductivity 
(EC), PO4, Total N, Na, K, 
Mg, Cl, SO4, HCO3, NH4; 

 dissolved Fe; and 

 Recommended: Ca, NO3 
and F 

Quarterly 

Groundwater sampling is undertaken by a qualified 
groundwater consultant. Groundwater bores should be 
sampled using an appropriate method in order to obtain 
a representative sample of formation groundwater.   

Following stabilisation of field parameters, samples 
should be placed into laboratory-supplied bottles 
containing appropriate preservatives for the selected 
analytical testing (noting the requirement for filtration 
prior to placement in acid preserved bottles for some 
analytes such as metals).  Samples should be stored in 
a dark cool Esky for transit to the laboratory within 24-
48 hours of sample collection. 

6 SUMMARY OF GROUNDWATER 
CHARACTERISTICS 

Groundwater chemical and physical data has been collected at the site over a period of 14 
years (2004 – 2018) from a historical monitoring network including approximately 35 bores in 
both the shallow and deep portions of the underlying unconsolidated water-table aquifer.   

6.1 Groundwater level response patterns 

Water level data from a network of locations (bores DG5, BHA, BHD, BHF, DG31 and DG59) 
has been monitored using pressure transducer data loggers (‘divers’) at quarterly intervals 
and a frequency of 60 minutes by Environmental Earth Sciences personnel since 2012.  
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Water level data from October 2013 to July 2017 has been compared to both rainfall totals 
and tidal data which confirm the susceptibility of the aquifer beneath site to rapid rainfall 
recharge (Appendix C, Chart 1) and tidal influences (Appendix C, Charts 2 and 3). 
 
Fluctuations in the water-table level of up to one metre AHD can be seen during rainfall 
events up to 150 mm.  This observation fits the conceptual site model (CSM) of aquifer 
effective porosity being close to 30% and recharge from rainfall being close to 100% of total 
recharge at the water-table level (Environmental Earth Sciences, 2013a).  Bores BH-D (prior 
to November 2016) and bore DG59 within Stage 3 both share a similar rapid rainfall 
response pattern and appeared to be more easily influenced by minor rainfall events <20 
mm.   

The up-gradient groundwater bore DG31 generally displays a dampened response (lower 
overall fluctuations) compared to the other bores onsite which is likely as result of it being 
located further up the catchment and closer to the edge of the aquifer/ unconsolidated 
sediments. 

Groundwater fluctuations in response to tidal influxes in bores on the eastern side of the 
Princess Highway (bore DG5) have historically been larger (approximately double) compared 
to bores on the western side (Appendix C, Chart 3) while the tidal amplitudes at bores BHA, 
BHD and BHF are very similar.  This indicates a reduced tidal impact on groundwater levels 
further up the Rocklow Creek catchment (as expected).   

Impacts of extraction activities in the form of dewatering on groundwater levels are monitored 
by comparing the up-gradient (bore DG31) and down-gradient (DG5) bores at the site.  Since 
monitoring began, water level at these locations has remained consistent when compared to 
historical level data, and as such impacts to regional groundwater levels are considered to be 
minimal.  

DS&S staff obtain the standing water level (SWL) of all active bores in the monitoring 
network on a monthly basis and record the data internally.  It is recommended that all bores 
(current and proposed) be surveyed to a common datum (metres Australian Height Datum 
(mAHD)) to enable the illustration of groundwater contours and to facilitate the presentation 
of all monitoring data.  

6.2 Hydraulic gradient and groundwater flow direction 

Groundwater flow modelling is undertaken to ensure that backfilling of voids onsite is 
undertaken in a manner, and with materials with suitable physical characterises so that it 
does not significantly affect the direction or rate of groundwater flow.  

The groundwater hydraulic gradient at each bores installed with a diver is determined by 
comparing the average standing water level (SWL, converted to mAHD) to the down-gradient 
bore DG5.  The inferred groundwater contours during both low tide (Figure 3) and high tide 
(Figure 4) events between 10/11 October 2013 and 10/11 October 2016 indicate that the 
water table continues to be influenced by tidal influxes.   

Over the past three years since dredging commenced in Stage 3 there has been little to no 
change to the groundwater flow directions with a consistent north-east to south-east pressure 
gradient draining towards Rocklow Creek and the Minnamurra River. 
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6.3 Groundwater physical characteristics 

Monthly monitoring (or following periods of high rainfall, >20mm in 24 hours) of groundwater 
field chemistry has been undertaken at 10 deep bores (DG1 to DG6, DG21, DG31, DG54 
and DG56) and 14 shallow bores (DG1 to DG6, DG17, DG60 and BHA-BHF) across Stages 
2 and 3 since 2001 (bore DG1-DG6), 2005 (DG31 and DG56) and 2013 (BHA-BHF), 
respectively.   

In general groundwater on site is mildly acidic to mildly alkaline and fresh to slightly saline 
with pH and EC field readings falling within the upper/ lower pH (6.5-8.5) and EC (>1500 
µS/cm) limits.  Results of pH and EC readings taken since 2013 and compared to site criteria 
are presented graphically in Appendix B. 

No exceedances of the upper pH limit (8.5) were noted during 2013-2017 and the remaining 
exceedances of the lower pH limit (6.5) are marginal and sporadic.  These exceedances are 
not of concern and will likely be buffered by the large amount of calcium carbonate (CaCO3) 
present within the soil matrix as shell fragments within the Quaternary sediments 
(Environmental Earth Sciences, 2004).  The calcium and bicarbonate (in addition to 
magnesium and sulfate present in seawater), when dissolved into the aquifer, will act to 
buffer any organic acids present in the system. 

Some exceedances of EC were recorded during 2013-2017 but were limited to the tidally 
influenced bores on the eastern side of the Princess Highway (DG1, DG4, DG5, DG6) and 
bores adjacent to Rocklow Creek (DG21, DG59 and DG31). 

6.4 Groundwater chemical characteristics 

The bores sampled within the DS&S site have a similar ionic composition, indicating that 
water is generally Na-Cl/ Mg-SO4/HCO3 dominated and chemically similar to regional 
groundwater of the Dunmore area.  Results of quarterly groundwater monitoring undertaken 
by DS&S between 2013 and 2017 are presented graphically in Appendix A. 

It should be noted that monitoring commenced at bores BHA-BHF before dredging was 
undertaken in Stage 3 and as such these bores provide a useful indication of background 
groundwater chemistry.  Most groundwater bores were compliant with site criteria with a few 
notable exceptions limited to the tidally influenced bores in the south-eastern corner of site 
(bores DG1 to DG6) and some sporadic exceedances across the remaining bores of 
magnesium (bores DG56 and DG59), chloride (bore DG59), bicarbonate (bore DG59), 
potassium (bores DG21 and BHE), sulfate (bore DG31) and dissolved iron (bore BHB). 

The consistency visible in the data set at both on-site (Environmental Earth Sciences, 2017) 
and surrounding bores (Environmental Earth Sciences 2004 and 2012) as well as the 
distribution of bores with concentrations exceeding site criteria demonstrates the following: 
 dilution effects of freshwater recharge at bores located toward the western extent of the 

aquifer; and  

 tidal influences to groundwater in the bores adjacent to Rocklow Creek (DG4 – DG6). 

This indicates there are limited to no chemical impacts from dredging activities occurring in 
Stage 3 on regional groundwater.  It is however recommended that additional ions (calcium, 
nitrate and fluoride) be voluntarily included in the ionic balance suite to provide a more 
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conclusive indication of the confidence in the data set obtained, and allow reliance upon the 
chemical conclusions drawn. 

7 MONITORING REVIEW AND REPORTING 

The results of the groundwater monitoring are to be reported in the Annual Review which 
provides a summary of the environmental performance of the development to the satisfaction 
of the Secretary.  This review is to include an update of this Groundwater Monitoring and 
Management sub-plan, including (where necessary) updates to the following: 
 

 detailed baseline data on groundwater levels, flows and quality, based on statistical 
analysis; 

 groundwater impact assessment criteria; 

 a program to monitor regional groundwater levels and quality; 

 a program to monitor groundwater levels effects on adjacent wetlands, vegetation and on 
groundwater supply to adjoining properties;  

 recommendations for restoration or replacement of any bores in the monitoring network; 
and 

 a protocol for the investigation, notification and migration of identified exceedances of the 
groundwater impact assessment criteria.  

8 CONTINGENCY PLANS AND TRIGGERS 

Groundwater samples are to undergo laboratory analysis for the analytes detailed in Table 6 
in accordance with the Water Quality Objectives (site criteria) detailed in Condition 3(24) of 
DA 195-8-2004.  The Department of Planning and Environment acknowledges that short 
term exeedances of these objectives may occur during natural events such as heavy rainfall 
or tidal saline water inflows.   

8.1 Trigger levels 

Trigger levels to monitor significant changes in aquifer water levels (physical) and 
groundwater quality (chemical) have been developed as part of this Groundwater Monitoring 
and Management sub-plan (see Tables 5 and 6 respectively).  The trigger levels have been 
calculated by adding or subtracting two standard deviations from the historical mean and a 
distinction has been made between bores west and east of the Princess Highway to account 
for the significant variation in tidal influences experienced across the site (see Section 6 for 
details).   
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Table 5:  Physical triggers – groundwater levels 

Location Bores Units 
Trigger Value 

Upper Limit Lower Limit 

Down gradient  
DG1 mAHD 2.31 0.32 

DG5 mAHD 1.91 0.17 

 
Physical trigger levels presented in Table 5 have been calculated in mAHD from all bores 
installed with pressure transducer data loggers.  Potential dredging impacts to the aquifer 
system will likely be indicated by a reduction in groundwater levels (lower limit) while an 
increase in groundwater levels (upper limit) will likely reflect the susceptibility of the aquifer to 
rainfall recharge and tidal influences. 
 
Chemical triggers have been updated from the default water quality objectives provided in 
DA 195-8-2004 (reproduced in Table 6) using site specific historical data collected prior to 
dredging of Stage 3 (October 2013 to October 2016). 

Table 6:  Chemical Triggers – groundwater chemistry 

Analyte Units 
Trigger Value 

DA Criteria Western bores 1 Eastern bores 2 

pH - 6.5-8.5 6.5-8.5 6.5-8.5 

Electrical Conductivity (EC) µS/cm <1,500 1,500 33,000 

Phosphorous (PO4)3 µg/L 5-50 3 4.0 0.7 

Total Nitrogen µg/L 100-500 - - 

Sodium (Na) mg/L 400 560 5,500 

Potassium (K) mg/L 50 50 170 

Magnesium (Mg) mg/L 50 90 420 

Chloride (Cl) mg/L 300 1,400 6,900 

Sulfate (SO4) mg/L 250 300 1,170 

Bicarbonate (HCO3) mg/L 750 400 420 

Dissolved Iron (Fe) mg/L 6 3.0 4.0 

Ammonium (NH4) mg/L  20 1.0 3.0 

Notes:  
1. Western bores: BHA to BHF; DG17, DG21, DG31, DG36, DG59, DG60 are those located west of the Princes Highway 

2. Eastern bores: DG1 to DG7 are those generally located east of the Princes Highway 

3. Note value is for total phosphorous not phosphate (multiply by 3.06 when reported as phosphorus) 

 

8.2 Contingency plan 

The results of each monitoring round shall be reviewed and assessed against the trigger 
conditions shown below (Triggers A to Trigger C in Table 7).  The contingency plan will be 
implemented by taking a staged approach, if any of the adopted triggers are identified.   
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Table 7:  Contingency plan 

Trigger level Trigger 

Trigger A Three consecutive quarterly exceedances of site groundwater physical and chemical triggers. 

Trigger B Identified changes in the groundwater flow direction of more than 90 degrees 

Trigger C 
Three consecutive quarterly observations indicating a steady decrease in physical 

groundwater levels identified at site boundary bores (DG1 or DG5) 

 
Initially, if any trigger is identified, the reliability of the data (either chemical or physical) will 
be reviewed, which may consist of a review of data download (for data loggers), sampling 
and laboratory and QA/QC procedures which are appropriate to ascertain whether the trigger 
is an artefact of uncertainties in measurements.  For chemical data, a repeat of the 
measurement may be required to assess the reliability of the data, which may include re-
sampling or re-analysis of the original sample by the laboratory (if holding times are not 
exceeded).   
 
Secondly, if the trigger exceedance is confirmed, contingency measures will be implemented.  
These contingency measures are detailed in the following sections. 

8.2.1 Initial Stage: assessment of data reliability 

The reliability assessment will consist of a review of the field protocols, data download 
procedure (for data loggers) and analytical data quality.  If required, re-sampling, re-
measuring of groundwater levels or analysis of water from wells in which exceeding chemical 
concentrations or physical levels were encountered will be undertaken, and the subsequent 
data will be compared to the previous results.   
 
If a trigger is exceeded, the groundwater from the impacted bore(s) will be re-sampled and 
re-analysed two weeks (or as soon as possible) after the initial sampling event that produced 
the exceedence.  The second stage of the contingency plan will be implemented if 
groundwater data suggests the exceedence is a trend rather than an anomaly. 

8.2.2 Second Stage: implementation of contingency measures 

If the second stage is required, the following will be implemented: 
 existing site conditions and dredging activities will be reviewed to assess if any site 

condition have changes which was the cause of the exceedence; 

 adequacy of the data to determine if any exceedences may cause impact off-site by 
suitably qualified and experienced environmental professionals (scientists, engineers 
and/ or hydrogeologists); 

 review of groundwater flow directions; and 

 review of the bore network and need to install additional bores; 

 factors that may limit the dispersion, attenuation, diffusion or dilution of dissolved 
chemicals within the groundwater will be assessed; and 
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 a review will be conducted to determine an appropriate course of action, such as site 
specific assessment of risk.  This review will be conducted prior to the next quarterly 
engagement with Environmental Earth Sciences. 

9 LIMITATIONS 

This report has been prepared by Environmental Earth Sciences NSW ACN 109 404 006 in 
response to and subject to the following limitations: 

1. The specific instructions received from Boral Dunmore Sand & Soil; 

2. The specific scope of works set out in PO118126 issued by instructing company for and 
on behalf of Boral Dunmore Sand & Soil, is included in Section 3 (Scope of Work) of this 
report; 

3. May not be relied upon by any third party not named in this report for any purpose except 
with the prior written consent of Environmental Earth Sciences NSW (which consent may 
or may not be given at the discretion of Environmental Earth Sciences NSW); 

4. This report comprises the formal report, documentation sections, tables, figures and 
appendices as referred to in the index to this report and must not be released to any third 
party or copied in part without all the material included in this report for any reason; 

5. The report only relates to the site referred to in the scope of works being located at 38 
Tabbitta Road, Dunmore (“the site”); 

6. The report relates to the site as at the date of the report as conditions may change 
thereafter due to natural processes and/or site activities; 

7. No warranty or guarantee is made in regard to any other use than as specified in the 
scope of works and only applies to the depth tested and reported in this report;  

8. Fill, soil, groundwater and rock to the depth tested on the site may be fit for the use 
specified in this report.  Unless it is expressly stated in this report, the fill, soil and/or rock 
may not be suitable for classification as clean fill if deposited off site;  

9. This report is not a geotechnical or planning report suitable for planning or zoning 
purposes; and 

10. Our General Limitations set out at the back of the body of this report. 
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11 GLOSSARY OF TERMS 

The following descriptions are of terms used in the text of this report. 

Alluvial.  Describes material deposited by, or in transit in, flowing water. 

Anaerobic.  Reducing or without oxygen. 

Aquifer.  A rock or sediment in a formation, group of formations, or part of a formation which 
is saturated and sufficiently permeable to transmit economic quantities of water to wells and 
springs. 

Bore.  A hydraulic structure that facilitates the monitoring of groundwater level, collection of 
groundwater samples, or the extraction (or injection) of groundwater.  Also known as a well, 
monitoring well or piezometer, although piezometers are typically of small diameter and only 
used for measuring the groundwater elevation or potentiometric surface. 

Dissolved Oxygen (DO).   Oxygen in the gaseous phase dissolved in water.  Measured 
either as a concentration in mg/L or as a percentage of the theoretical saturation point, which 
is inversely related to temperature.  At 19, 20 and 21 degrees Celsius, the oxygen 
concentrations in mg/L corresponding to 100% saturation are 9.4, 9.2 and 9.0 respectively. 

Electrical Conductivity (EC).  The EC of water is a measure of its ability to conduct an 
electric current.  This property is related to the ionic content of the sample, which is in turn a 
function of the total dissolved (ionisable) solids (TDS) concentration.  An estimate of TDS in 
fresh water can be obtained by multiplying EC by 0.65. 

Gradient.  The rate of inclination of a slope.  The degree of deviation from the horizontal; 
also refers to pressure. 
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Groundwater.  The water held in the pores in the ground below the water table. 

 

Groundwater Elevation. The elevation of the groundwater surface measured relative to a 
specified datum such as the Australian Height Datum (mAHD) or an arbitrary survey datum 
onsite, or “reduced level” (mRL).  

Heavy Metals.  All metallic elements whose atomic mass exceeds that of calcium (20) and 
includes lead (Pb), copper (Cu), Zinc (Zn), cadmium (Cd), and tin (Sn).   

Hydraulic Conductivity (K).  A coefficient describing the rate at which water can move 
through a permeable medium.  It has units of length per time. The units for hydraulic 
conductivity are typically m3/day/m2 or m/day. 

Hydraulic Gradient (i). The rate of change in total head per unit of distance of flow in a 
given direction – the direction is that which yields a maximum rate of decrease in head. 
Hydraulic Gradient is unit less. 

Hydraulic Head (h).  The sum of the elevation head and the pressure head at a point in an 
aquifer.  This is typically reported as an elevation above a fixed datum, such as sea level. 

Infiltration.  The passage of water, under the influence of gravity, from the land surface into 
the subsurface. 

Ionic Exchange.  Adsorption occurs when a particle with a charge imbalance, neutralises 
this charge by the attraction (and subsequent adherence of) ions of opposite charge from 
solution.  There are two types of such a charge: pH dependent; and pH independent or 
crystalline charge.  Metal hydroxides and oxy-hydroxides represent examples of the former 
type, whilst clay minerals are representative of the latter and are normally associated with 
cation exchange.  

Ions.  An ion is a charged element or compound as a result of an excess or deficit of 
electrons.  Positively charged ions are called cations, whilst negatively charged ions are 
called anions.  Cations are written with superscript +, whilst anions use - as the superscript.  
The major aqueous ions are those that dominate total dissolved solids (TDS).  These ions 
include: Cl-, SO4

2-, HCO3
-, Na+, Ca2+, Mg2+, K+, NH4

+, NO3
-, NO2

-, F-, PO4
3- and the heavy 

metals.   

Organics.  Chemical compounds comprising atoms of carbon, hydrogen and others 
(commonly oxygen, nitrogen, phosphorous, sulfur).  Opposite is inorganic, referring to 
chemical species not containing carbon. 

Oxidation.  Was originally referred only to the addition of oxygen to elements.  However 
oxidation now encompasses the broader concept of the loss of electrons by electron transfer 
to other ions.   

Permeability (k).  Property of porous medium relating to its ability to transmit or conduct 
liquid (usually water) under the influence of a driving force.  Where water is the fluid, this is 
effectively the hydraulic conductivity.  A function of the connectivity of pore spaces. 
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Piezometric or Potentiometric Surface.  A surface that represents the level to which water 
will rise in cased bores.  The water table is the potentiometric surface in an unconfined 
aquifer. 

pH.  A logarithmic index for the concentration of hydrogen ions in an aqueous solution, which 
is used as a measure of acidity.   

Purge (wells).  The pumping out of well water to remove drilling debris or impurities; also 
conducted to bring fresh groundwater into the casing for sample collection.  The later 
ensures that a more representative sample of an aquifer is taken. 

QA/QC.  Quality Assurance / Quality Control. 

Recharge Area location of the replenishment of an aquifer by a natural process such as 
addition of water at the ground surface, or by an artificial system such as addition through a 
well 

Recovery.  The rate at which a water level in a well rises after pumping ceases. 

Redox potential (Eh).  The oxidation/reduction potential of the soil or water measured as 
milli-volt. 

Saturated Zone.  A zone in which the rock or soil pores are filled (saturated) with water. 

Standing Water Level (SWL). The depth to the groundwater surface in a well or bore 
measured below a specific reference point – usually recorded as metres below the top of the 
well casing or below the ground surface. 

Total Dissolved Salts (TDS).  The total dissolved salts comprise dissociated compounds 
and undissociated compounds, but not suspended material, colloids or dissolved gases.   

Water table.  Interface between the saturated zone and unsaturated zones.  The surface in 
an aquifer at which pore water pressure is equal to atmospheric pressure. 

Well.  A hydraulic structure that facilitates the monitoring of groundwater level, collection of 
groundwater samples, or the extraction (or injection) of groundwater.  Also known as a Bore. 

 



 

General Limitations 6 April 2009 Page 1 of 1 

ENVIRONMENTAL EARTH SCIENCES GENERAL 
LIMITATIONS 
Scope of services 
The work presented in this report is Environmental Earth Sciences response to the specific scope of works 
requested by, planned with and approved by the client.  It cannot be relied on by any other third party for any 
purpose except with our prior written consent.  Client may distribute this report to other parties and in doing so 
warrants that the report is suitable for the purpose it was intended for.  However, any party wishing to rely on this 
report should contact us to determine the suitability of this report for their specific purpose. 

Data should not be separated from the report 
A report is provided inclusive of all documentation sections, limitations, tables, figures and appendices and should 
not be provided or copied in part without all supporting documentation for any reason, because misinterpretation 
may occur. 

Subsurface conditions change 
Understanding an environmental study will reduce exposure to the risk of the presence of contaminated soil and 
or groundwater.  However, contaminants may be present in areas that were not investigated, or may migrate to 
other areas.  Analysis cannot cover every type of contaminant that could possibly be present.  When combined 
with field observations, field measurements and professional judgement, this approach increases the probability 
of identifying contaminated soil and or groundwater.  Under no circumstances can it be considered that these 
findings represent the actual condition of the site at all points. 

Environmental studies identify actual sub-surface conditions only at those points where samples are taken, when 
they are taken.  Actual conditions between sampling locations differ from those inferred because no professional, 
no matter how qualified, and no sub-surface exploration program, no matter how comprehensive, can reveal what 
is hidden below the ground surface.  The actual interface between materials may be far more gradual or abrupt 
than an assessment indicates.  Actual conditions in areas not sampled may differ from that predicted.  Nothing 
can be done to prevent the unanticipated.  However, steps can be taken to help minimize the impact.  For this 
reason, site owners should retain our services. 

Problems with interpretation by others 
Advice and interpretation is provided on the basis that subsequent work will be undertaken by Environmental 
Earth Sciences NSW.  This will identify variances, maintain consistency in how data is interpreted, conduct 
additional tests that may be necessary and recommend solutions to problems encountered on site.  Other parties 
may misinterpret our work and we cannot be responsible for how the information in this report is used.  If further 
data is collected or comes to light we reserve the right to alter their conclusions. 

Obtain regulatory approval 
The investigation and remediation of contaminated sites is a field in which legislation and interpretation of 
legislation is changing rapidly.  Our interpretation of the investigation findings should not be taken to be that of 
any other party.  When approval from a statutory authority is required for a project, that approval should be 
directly sought by the client. 

Limit of liability 
This study has been carried out to a particular scope of works at a specified site and should not be used for any 
other purpose.  This report is provided on the condition that Environmental Earth Sciences NSW disclaims all 
liability to any person or entity other than the client in respect of anything done or omitted to be done and of the 
consequence of anything done or omitted to be done by any such person in reliance, whether in whole or in part, 
on the contents of this report.  Furthermore, Environmental Earth Sciences NSW disclaims all liability in respect of 
anything done or omitted to be done and of the consequence of anything done or omitted to be done by the client, 
or any such person in reliance, whether in whole or any part of the contents of this report of all matters not stated 
in the brief outlined in Environmental Earth Sciences NSW’s proposal number and according to Environmental 
Earth Sciences general terms and conditions and special terms and conditions for contaminated sites. 

To the maximum extent permitted by law, we exclude all liability of whatever nature, whether in contract, tort or 
otherwise, for the acts, omissions or default, whether negligent or otherwise for any loss or damage whatsoever 
that may arise in any way in connection with the supply of services.  Under circumstances where liability cannot 
be excluded, such liability is limited to the value of the purchased service. 
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APPENDIX A: GROUNDWATER CHEMICAL 
CHARACTERISTICS  
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APPENDIX B: GROUNDWATER PHYSICAL 
CHARACTERISTICS  
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APPENDIX C: HYDROGRAPHS 
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APPENDIX D: GEOLOGICAL BORELOGS 
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Geological Borelog
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Dunmore Sand & Soil , 38 Tabbitta Road Dunmore

1.1m BGL
Hollow flights
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Dunmore Groundwater 

NATURAL
Soft, dark brown, silty CLAY, fine to coarse 
angular gravels (80%).

NATURAL
Weather latite

End of hole at 10.5 m (refusal on latite)
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End of well at 8.0 m.

Latite
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Geological Borelog
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Dunmore Sand and Soil, 38 Tabbitta Rd Dunmore

 0.8m BGL
Hollow flights
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Dunmore Groundwater

FILL
Road base, dark brown, silty SAND, gravel and 
cobble used as bund.

NATURAL
Soft, dark brown, silty CLAY, organics (50%).

NATURAL
Soft, brown/grey, medium grained, clayey SAND.

Becoming grey.

NATURAL
Soft, brown/grey, medium grained, clayey SAND, 
shell grit.

NATURAL
Soft, brown/grey, medium grained, clayey SAND, 
coarse gravels.

NATURAL
Firm, dark grey/brown, CLAY, shells (5%).
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Elevated from ground surface.

Water strike at 1.1 m BGL

Rootlets and plant matter.

Becoming more clayey.

Estuarine clays.
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Dunmore Sand and Soil, 38 Tabbitta Rd Dunmore

 0.8m BGL
Hollow flights
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01/08/18
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LV
Dunmore Groundwater

NATURAL
Loose, dark grey/brown, medium grained, clayey 
SAND.

End of hole at 8 m. 
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Environment Inspection Checklist DSS-ENV-FO-01 

 This checklist must be completed once a month, by an allocated person as decided by the Site Management. Actions arising 
from the inspection are to be listed in the spaces provided below, uploaded to SIMs and tracked by Site Managers. All completed 
checklists showing signed-off actions must be kept on file. 

Inspector Name:  Date:  Signature:  

Weekly Stormwater 
ESC Check 
(insert date) 

Week 1  Week 2  Week 3  Week 4  

 

Item Checklist Item Status Comments 

C NC N/A 
  GENERAL REQUIREMENTS  

1.  Inspect site entrance – check sediment on road, product 
build up on rail line, rubbish, drag ou, signage for covering 
loads and going through wheel wash – action clean up 

    

2.  Inspect site boundary – Fences in good condition etc.      

3.  Check extraction boundaries are clearly marked out and 
intact.  

    

4.  Any complaints received in the last month have been 
recorded and managed through SIMS. All relevant 
complaints discussed at toolbox/pre-start meetings. 

    

5.  Site Emergency Response plan and PIRMP current and 
displayed . 

    

6.  All SWMS prepared have addressed relevant environmental 
management aspects (dust, noise, water, erosion etc). 

    

LAND MANAGEMENT 
7.  No vegetation cleared with out approval as per GRP-HSEQ-

8-03 Land Management.  
    

8.  Future vegetation clearing planned in next month has 
approval as per GRP-HSEQ-8-03 Land Management. 

    

9.  Any spills added to the site Contaminated Land Register     

FLORA AND FAUNA MANAGEMENT 
10.  No major infestations of Weeds and Feral animals.     

11.  No evidence of animal interaction on site, No animals being 
fed on site. Any wildlife found on site communicated to site 
supervisor and wildlife hotline contacted for injured wildlife.  

    

12.  All weed management inspections and records (identified 
weeds, chemicals and volumes used, etc.) filed in 
Environmental Management Records. 

    

     REHABILITATION MANAGEMENT 
13.  Rehabilitated areas and areas undergoing rehabilitation 

inspected – Area clearly marked, no sign of disturbance.  
    

14.  Review site operations, identify any areas for rehabilitation 
potential as per site rehabilitation management plan and plan 
future work where appropriate. 

    

     WASTE MANAGEMENT 
15.  Designated Waste areas/bins available and inspected 

- Recyclables (Cans, bottles, paper) 
- Oily waste (Rags, filters, empty containers, oil) 
- General waste / Other 

    

16.  Waste Register/ Records maintained and up to date 
detailing; Waste Sources Quantities, Disposal Methods, 
Disposal Routes. 
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Confined Spaces Inspection Checklist HSEQ-6-04-F04 Item Checklist Item Status Comments 

C NC N/A 
17.  No evidence of illegal dumping on site – report any to HSE.     

18.  Operational and Workshop area tidy – good general house 
keeping and no evidence of littering and rubbish.  

    

19.  Waste storage tanks, in working order and have no leaks      

  NOISE & BLAST MANAGEMENT 
20.  Check activities, plant and equipment isn't causing un-usual 

or excessive noise. (Annual Assessment due in July). 
    

 AIR MANAGEMENT 
21.  Dust controls in place and in working order such as – Water 

Carts, Bag Filters, Enclosed Equipment etc. Record any 
broken, unworking systems or areas that require 
maintenance  

    

22.  No Air Emission from  broken down plant and machinery     

23.  Deposited Dust monitoring completed on schedule (monthly)     

24.  All monitoring data recorded, reviewed, and any 
exceedances investigated. 

    

25.  Are all dust monitoring stations secured and not obstructed     

  HYDROCARBON / SPILL MANAGEMENT 
26.  Spill response equipment available - spill kits, MSDS, PPE     

27.  Bunds used for the storage of hydrocarbons and chemicals 
able to capture 110% of stored liquid. Not filled with rain water 

    

28.  Flammable liquids stored in designated area fitted with dry 
chemical or carbon dioxide extinguisher 

    

29.  Dangerous Goods are clearly labelled, sealed and returned to 
bund/cabinet after use. No fuel containers/paint tins lying 
around site. 

    

30.  Batteries are stored on pallet above ground     

31.  Storage areas are appropriately signed     

32.  Any spills entered into SIMS      

33.  Above Ground Storage Tanks (ASTs) – No visible leaks, 
include in comments condition of valves, pumps, lines, and 
correct signange. 

    

34.  Inspect Fuel bay area – Check for evidence of spillage or 
leaks, check spill capture area and clean-up if required. 

    

35.  Inspect the oil bay for: 
 No used rubbis, rags, are bins emptied 
 Is there sufficient lighting 
 Clean rags available 
 Items stored safely and correctly 
 Are doors and locks in good operation 
 Are there any slip, trip and/or fall hazards 
 Warning signs visible and in good condition 
 Are fire fighting equipment available and in working 

order 

    

 
WATER MANAGEMENT 
36.  Site monthly water quality monitored.     
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Confined Spaces Inspection Checklist HSEQ-6-04-F04 Item Checklist Item Status Comments 

C NC N/A 
37.  Any discharges from the site (controlled and/or uncontrolled) 

have been monitored and water quality recorded, with 
exceedances referred to the environmental coordinator 
(Refer to Water Management Plan) 

    

38.  
 

 

Stormwater Management / Erosion and Sediment Control Inspection 
(TO BE COMPLETED WEEKLY AND FOLLOWING >20mm RAINFALL) 

39.  Is clean water runoff areas directed away from dirty water 
catchments? 

    

40.  Are sand mining, processing and site access facilities 
confined to the minimum practical area and are nearby 
waterways being protected? 

    

41.  Is there any evidence of erosion onsite (gullies,landslips,rill 
erosion, sheet erosion, subsidence,stream bank instability) 
associated with project activities? 

    

42.  Have upstream/downstream flow entry/exit points been 
inspected for signs of erosion? Has scour protection been 
installed if required? 

    

43.  Have the banks of the operational dredge ponds and final 
landform lakes been inspected for signs of erosion? Has 
mitigation been carried out if required?   

    

44.  Are there any other areas around the site that require 
installation of erosion and sediment controls? (Check 
through flow chart, Appendix F, Blue Book Volume 2E: 
Mines and Quarries). See Enviro Officer for more 
information if required. 

    

45.  Are natural waterways being maintained offline for as long 
as possible? (Western Tributary, Northern Tributary, 
Rocklow Creek) 

    

46.  Is there evidence of erosion on the site access road or road 
side drainage networks? 

    

47.  Do any erosion controls need to be repaired or have 
sediment removed from them 

    

48.  Are erosion and sediment control inspections being 
undertaken monthly and after high rainfall events (i.e. =/> 
20 mm in 24 hours)? 

    

49.  Are permanent/final bunds vegetated? Are temporary 
bunds in need of maintenance? 

    

50.  Has backfilling of the operational ponds ceased either: 12 
hours prior to the commencement of overflows and/or when 
freeboard in 30cm below the overflow level? 

    

51.  Has backfilling of ponds ceased when they are 
overflowing? 

    

52.  Do water quality monitoring results indicate that the erosion 
and sediment controls are suitable for meeting the water 
quality objectives/criteria? 

    

53.  Are there any additional controls that could be implemented 
to minimise erosion and sedimentation. 
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Environment Inspection Checklist DSS-ENV-FO-01 

 Detail any items that require attention and/or remedial action. Actions are to be uploaded to SIMS as 
incident type ‘Environmental’. The Site Manager must monitor progress and completion of actions. 

Finding/Actions Required  
Item 
No. 

Comment Action Taken By Who By When SIMs No. 
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